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STATEMENT 

This thesis is submitted in accordance with the University of Sydney (Higher Degree by 

Research) Rules 2011 (as amended 13 December 2017), Part 5 Higher Doctorates. I declare 

that I have been the author or co-author of each of the publications in the thesis. My role in 

each publication is described in the next section. None of the publications have been previously 

submitted by me for a degree of The University of Sydney or any other university or institution. 

All the work is original. 

 
The 66 peer-reviewed journal publications in this thesis are a subset of my 440 publications to 

the end of June 2020. These 66 publications were selected to illustrate my career contributions 

to research in Australia and internationally, and the linkages between them, on the thesis topic 

of “Measuring the public health impact of vaccines: disease burden, vaccine coverage, safety 

and effectiveness”. The published work is primarily derived from research and scholarship 

during my tenure as Deputy Director and then Director of the National Centre for 

Immunisation Research and Surveillance of Vaccine-Preventable Diseases from 1997 to 2017, 

and academic appointment as Conjoint Associate Professor and subsequently Conjoint 

Professor in the University of Sydney.  

 
Each paper in the thesis has multiple authors which reflects the normal practice in my field and 

my personal practice, when working with postgraduate students and junior colleagues, to list 

them first in authorship. I would typically be listed as second or last author, but in all listed 

publications my contribution was, at minimum, substantial from conception to final 

publication. This is outlined in the candidate’s role in publications, with further detail in the 

description of the themes of published work. 
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CANDIDATE’S ROLE IN THESIS PUBLICATIONS 

My role in the initiation, conduct or direction of the research papers included in the 
thesis is described in the table below. 
 

PAPER 
 

No CITATION CANDIDATE’S ROLE 

1.1 McIntyre P, Gidding H, Gilmour R, Lawrence G, 
Hull B, Horby P, Wang H, Andrews R, Burgess 
M. Vaccine preventable diseases and 
vaccination coverage in Australia, 1999-2000. 
Commun Dis Intell 2002; 26 Suppl:1-126.   

I developed the definitions and 
reporting structure for this 
publication, and wrote most the text 
for this report, the first of what 
became a series.  

1.2 Jardine A, Deeks SL, Patel MS, Menzies RI, 
Gilbert GL, McIntyre PB. An evaluation of the 
Australian National Serosurveillance Program. 
Communicable Diseases Intelligence 2010; 
34:14-21.    

I conceived and supervised the 
conduct of this study which was 
carried out by a Master of Applied 
Epidemiology student, Andrew 
Jardine.  

1.3 Zurynski Y, McIntyre P, Booy R, Elliott EJ, on 
behalf of the PAEDS Investigators Group. 
Paediatric Active Enhanced Disease 
Surveillance: a new surveillance system for 
Australia. J Paediatr Child Health. 
2013;49(7):588-94.   

I advocated for the establishment of 
active hospital-based sentinel 
surveillance of vaccine-preventable 
diseases and vaccine safety in 
Australia based on a prior Canadian 
model and led it initial development, 
described here. 

1.4 Top KA, Macartney K, Bettinger J, Tan B, Blyth 
C, Marshall H, Vaudry W, Halperin S, McIntyre 
P Active surveillance of acute paediatric 
hospitalisations demonstrates the impact of 
vaccination programmes and informs vaccine 
policy in Canada and Australia. Euro Surveill 
2020 25: 1-12  
doi.org/10.2807/15607917.ES.2020.25.25.19
00562. 

I conceived the notion of a paper 
comparing the Australian and 
Canadian systems and chronicling 
their contributions in an international 
context. I was senior author, with Dr 
Katrina Top from Dalhousie 
University, Canada, as lead author.  

2.1.1 Thomas PF, McIntyre PB, Jalaludin BB. Survey 
of pertussis morbidity in adults in western 
Sydney. Med J Aust 2000; 173:74-6.   

I conceived and led this study, 
conducted by Dr Paul Thomas, a public 
health medicine trainee. This work led 
on to research in 2.1.8. 

2.1.2 Bonacruz-Kazzi G, McIntyre P, Hanlon M, 
Menzies R. Diagnostic testing and discharge 
coding for whooping cough in a children’s 
hospital. Journal of Paediatrics and Child 
Health 2003; 39:586-90. 

I conceived and supervised this study, 
conducted by Dr Bonacruz-Kassi, 
paediatric physician trainee. This work 
led on to publication 2.1.9. 

2.1.3 Poynten M, McIntyre PB, Mooi FR, Heuvelman 
KJ, Gilbert GL. Temporal trends in circulating 
Bordetella pertussis strains in Australia. 
Epidemiology & Infection 2004; 132:185-193.  

I conceived and co-led this study with 
Professor Lyn Gilbert as laboratory 
lead. First author, Dr Mary Poynten, 
was then a microbiology trainee. 
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2.1.4 
 
 

Horby P, MacIntyre CR, McIntyre PB, Gilbert 
GL, Staff M, Hanlon M, Heron L, Cagney M, 
Bennett C. A boarding school outbreak of 
pertussis in adolescents: value of laboratory 
diagnostic methods. Epidemiology and 
Infection 2005; 133:229-36.  

I had a key role in the conception and 
design of this study, conducted by  
then public health medicine trainee 
(now Professor) Dr Peter Horby, who I 
jointly supervised with then Dr (now 
Professor) Raina MacIntyre. 

2.1.5 Quinn HE, McIntyre PB. Pertussis epidemiology 
in Australia over the decade 1995–2005 – 
trends by region and age group. Communicable 
Diseases Intelligence 2007; 31:205-15. 

I conceived the concept of this 
synthesis of available Australian data 
on pertussis over a decade, working 
closely with epidemiologist Dr Helen 
Quinn on its design and conduct.  

2.1.6 Quinn HE, McIntyre PB, Backhouse JL, Gidding 
HF, Brotherton J, Gilbert GL. The utility of 
seroepidemiology for tracking trends in 
pertussis infection. Epidemiology and Infection 
2010; 138:426-33. 

I established the capacity for pertussis  
seroepidemiology in Australia through 
a collaboration I developed with the 
lead European laboratory in Sicily, and 
worked with Dr Quinn on the methods 
and conduct of this overview.  

2.1.7 Campbell P, McIntyre P, Quinn H, Hueston L, 
Gilbert GL, McVernon J. Increased population 
prevalence of low pertussis toxin antibody 
levels in young children preceding a record 
pertussis epidemic in Australia. PLoS One 2012; 
7: e35874. 

This study arose out of a collaboration I 
initiated with Dr (now Professor) Jodie 
McVernon and was closely involved 
with development of the methods for 
analysis, led by her PhD student Patricia 
Campbell (University of Melbourne).  

2.1.8 Liu BC, McIntyre P, Kaldor JM, Quinn HE, Ridda 
I, Banks E. Pertussis in older adults: prospective 
study of risk factors and morbidity. Clin Infect 
Dis. 2012; 55(11):1450. 

I collaborated closely with CIA Dr (now 
A/Professor) Bette Liu on the 
development and execution of the 
pertussis component of this project 
grant, based on evaluating data from 
the 45 and Up Cohort Study.  

2.1.9 Hale S, Quinn HE, Kesson A, Wood NJ, McIntyre 
PB. Changing patterns of pertussis in a 
children's hospital in the polymerase chain 
reaction diagnostic era. J Pediatr. 2016; 
170:161-5.e1. 

I conceived and led this study, which 
drew on the findings from study 2.1.2 
to examine how changes in diagnostic 
methods had impacted on 
identification of pertussis in infants. 
Conducted by then medical student Dr 
Sophie Hale for an honours thesis.  

2.1.10 Clarke M, McIntyre PB, Blyth CC, Wood N, 
Octavia S, Sintchenko V, et al. The relationship 
between Bordetella pertussis genotype and 
clinical severity in Australian children with 
pertussis. J Infect. 2016; 72:171-8.  

This was part of a NHMRC project 
grant I was invited to join by Professor 
Ruiting Lan focusing on clinical 
correlates of pertussis genotypes. I led 
the design and analysis by Masters 
student Michelle Clark (U Adelaide).   
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2.2.1 Torvaldsen S, Simpson JM, McIntyre P. 
Effectiveness of pertussis vaccination in New 
South Wales, Australia, 1996 to 1998. European 
Journal of Epidemiology. 2003; 18:63-9.  

I was the primary supervisor for PhD 
student Siranda Torvaldsen who 
developed the methods for this 
analysis, later used in 2.2.4 and 2.2.5.  

2.2.2 Torvaldsen S, McIntyre PB. The effect of the 
preschool pertussis booster on national 
notifications of disease in Australia. Pediatric 
Infectious Disease Journal 2003; 22:956-9. 

My PhD student Siranda Torvaldsen 
used routinely collected data in a 
before after ecologic design to 
evaluate the presence of indirect 
impacts from introduction of acellular 
pertussis boosters in pre-schoolers, 
later  confirmed in other studies. 

2.2.3 Elliott E, McIntyre P, Ridley G, Morris A, Massie 
J, McEniery J, Knight G. A national study of 
infants hospitalized with pertussis in the 
acellular vaccine era. Pediatric Infectious 
Disease Journal 2004; 23:246-52. 
 

I conceived and designed this study,   
conducted through the Australian 
Paediatric Surveillance Unit. It was the 
first reported study of patterns of 
pertussis hospitalisations in the 
acellular era and built on methods in 
1.1 and 2.1.2. 

2.2.4 Quinn HE, McIntyre PB. The impact of 
adolescent pertussis immunization 2004 to 
2009 – lessons from Australia. Bulletin of the 
World Health Organization 2011; 89:666-74. 

I conceived and led this study, 
conducted by epidemiologist Dr Helen 
Quinn to examine patterns of notified 
adolescent pertussis in relation to 
vaccine program characteristics.  

2.2.5 Quinn HE, Snelling TL, Macartney KK, McIntyre 
PB. Duration of protection after first dose of 
acellular pertussis vaccine in infants. 
Pediatrics. 2014;133: e513-9. 

I conceived the design for this study, 
conducted by epidemiologist Dr Helen 
Quinn. It pioneered deriving controls 
from a universal immunization 
register, matched to notified cases by 
date and region of birth.  

2.2.6 Quinn HE, Snelling TL, Habig A, Chiu C, Spokes 
PJ, McIntyre PB. Parental Tdap boosters and 
infant pertussis: a case-control study. 
Pediatrics. 2014; 134:713-20. 

I conceived the concept and design of 
this study to evaluate the 
effectiveness of parental pertussis 
boosters (cocooning), conducted as 
an evaluation of the unique NSW 
funded parental booster program.  

2.2.7 Liu B, Wen-Qiang He, Newall AT, Quinn HE, 
Bartlett M, Hayen A, Sheppeard V, Rose N, 
MacIntyre CR, McIntyre PB Effectiveness of 
acellular pertussis vaccine in older adults: 
nested matched case-control study Clin Infect 
Dis 2020; 11: 340-350 doi: 10.1093/cid/ciz821. 

This study was conceived by me and I 
worked on its design with CIA Dr (now 
A/Professor) Bette Liu for a successful 
NHMRC project grant, based on work 
in 2.1.8 using the 45 and Up cohort 
study.  

2.3.1 Wood N, McIntyre P, Marshall H, Roberton D. 
Acellular pertussis vaccine at birth and one 
month induces antibody responses by two 
months of age. Pediatric Infectious Disease 
JournaI 2010; 29:209-15. 

I conceived a trial of acellular pertussis 
vaccine given shortly after birth as a 
monovalent preparation not including 
diphtheria or tetanus antigens. This 
paper reports a pilot study funded by 
Financial Markets for Children and led 
by then PhD student Dr (now 
A/Professor) Nicholas Wood.  
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2.3.2 Wood N, Marshall H, White OJ, Holt PG, 
McIntyre P. Antibody and cell-mediated 
immunity to pertussis 4 years after 
monovalent acellular pertussis vaccine at birth. 
Pediatr Infect Dis J. 2014; 33:511-7.  

This study reported the 
immunological status of pilot study 
2.3.1 participants 4 years after 
completion.  

2.3.3 Wood N, Nolan T, Marshall H, Richmond P, 
Gibbs E, Perrett K, McIntyre P. Immunogenicity 
and safety of monovalent aceullar pertussis 
vaccine at birth: a randomised clinical trial. 
JAMA Pediatr. 2018; 172:1045-1052 doi: 
10.1001/jamapediatrics.2018.2349. 

This study was led by me as CIA under 
an NHMRC project grant. The grant  
established a network of four clinical 
trial sites, recruiting over 400 infants  
to evaluate neonatal acellular 
pertussis vaccine in a design arising 
from outcomes of 2.3.1.  

3.1.1 McIntyre P, Menzies R, Krause V, Selvey L, Hall 
R, Misrachi A, Andrews R, Giele C, Gill J. 
Surveillance of pneumococcal disease in 
Australian States and Territories. Commun Dis 
Intell 2000; 24:93-5. 

This report documented establishing a 
national surveillance network for 
invasive pneumococcal disease in 
Australian States and Territories 
which I led with Dr Vicki Krause.  

3.1.2 McIntyre PB, Gilmour RE, Gilbert GL, Kakakios 
AM, Mellis CM. Epidemiology of invasive 
pneumococcal disease in urban New South 
Wales, 1997-1999. Med J Aust 2000; 173 
Suppl: S22-6. 

This paper documents the pre-vaccine 
epidemiology of invasive 
pneumococcal disease in NSW and 
was conducted under a project grant 
with me as CIA.  

3.1.3 Yin JK, Jayasinghe S, Charles P, King C, Chiu C, 
Menzies R, McIntyre P. Determining the 
contribution of Streptococcus pneumoniae to 
community-acquired pneumonia in Australia. 
Medical Journal of Australia 2017; 207: 396-
400. 

This analysis was conceived by me in 
response to lack of data on prevalence 
of pneumococcal infection as a cause 
of adult pneumonia if blood cultures 
negative. Unpublished data was 
obtained from study of Charles et al.   

3.2.1 Jardine A, Menzies RI, Deeks SL, Patel MS, 
McIntyre PB. The impact of pneumococcal 
conjugate vaccine on rates of myringotomy 
with ventilation tube insertion in Australia. 
Pediatric Infectious Disease Journal 2009; 
28:761-5. 

This analysis was conducted by 
Master of Applied Epidemiology 
student Dr Andrew Jardine using 
analytic methods conceived by me – 
using ICD coded data on myringotomy 
as a proxy for severe otitis media.  

3.2.2 Jardine A, Menzies RI, McIntyre PB. Reduction 
in hospitalizations for pneumonia associated 
with the introduction of a pneumococcal 
conjugate vaccination schedule without a 
booster dose in Australia. Pediatric Infectious 
Disease Journal 2010; 29:607-12. 

This study was also conceived by me - 
using sub-categories of ICD-coded all 
cause pneumonia to evaluate vaccine 
impact by age. These methods were  
later used for studies 3.2.5 and 5.4  

3.2.3 Menzies RI, Jardine A, McIntyre PB. 
Pneumonia in elderly Australians – reduction in 
presumptive pneumococcal but no change in 
all cause pneumonia hospitalisations post 7 
valent pneumococcal conjugate vaccine. Clin 
Infect Dis. 2015; 61:927-33.  

This study was an extension of 3.2.2 
examining later trends in comparison 
with international reports. Conducted 
by my PhD student Robert Menzies.  

3.2.4 Jayasinghe S, Chiu C, Menzies R, Lehmann D, 
Cook H, Giele C, Krause V, McIntyre PB 
Evaluation of impact of 23 valent 
pneumococcal polysaccharide vaccine 

This study was conceived by me as a 
response to lack of international data 
on 23 valent pneumococcal vaccine in 
used as a booster post doses of 
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following 7 valent pneumococcal conjugate 
vaccine in Australian Indigenous children. 
Vaccine. 2015; 33:6666-74.   

conjugate vaccine. It required 
assembling a network of investigators 
from 3 regions to obtain data, 
conducted by my PhD student Sanjay 
Jayasinghe.  

3.2.5 Jayasinghe S, Menzies R, Chiu C, Toms C, Blyth 
CC, Krause V, McIntyre P. Long-term impact of 
a "3 + 0" schedule for 7- and 13-valent 
pneumococcal conjugate vaccines on invasive 
pneumococcal disease in Australia, 2002–
2014. Clin Infect Dis. 2017; 64:175-183. doi: 
10.1093/cid/ciw720. 

This study was conceived by me to 
evaluate the impact of the 
internationally unique Australian 
approach of 3 pneumococcal 
conjugate vaccine doses without 
booster. Conducted by PhD student 
Sanjay Jayasinghe using the Australian 
IPD data set described in 3.1.1.  

3.2.6 Jayasinghe S, Chiu C, Quinn H, Menzies R, 
Gilmour R, McIntyre P. Effectiveness of seven 
and thirteen valent pneumococcal conjugate 
vaccines in a schedule without a booster dose: 
A ten year observational study Clin Infect Dis. 
2018; 67:367-374. 

I worked intensively with PhD student 
Sanjay Jayasinghe to apply the case-
control methodology from 2.2.5 and 
2.2.6 and develop methods to 
evaluate waning immunity for this 
analysis.   

  3.2.7 Meder K, Jayasinghe S, Beard F, Dey A et al with 
McIntyre P (senior author) Long-term impact 
of pneumococcal conjugate vaccines on 
invasive disease and pneumonia 
hospitalisations in Indigenous and non-
Indigenous Australians Clin Infect Dis. 2020; 
70:2607-2615 doi: 10.1093/cid/ciz731. 

This national study was led and 
designed by me, with Master of Applied 
Epidemiology student Kelly Meder 
conducting analyses on 15 years of data 
on IPD and non-IPD pneumonia in 
Indigenous and non-Indigenous adults 
and children in the conjugate vaccine 
era.  

3.3.1 Ridda I, Macintyre CR, Lindley R, Gao Z, Sullivan 
JS, Yuan FF, McIntyre PB Immunological 
responses to pneumococcal vaccine in frail 
older people. Vaccine 2009; 27:1628-36. doi: 
10.1016/j.vaccine.2008.11.098. 

The concept for this trial, comparing 
immune responses to pneumococcal 
polysaccharide and conjugate 
vaccines in frail elderly adults, was 
developed by me with CIA Raina 
MacIntyre for a NHMRC project grant.  

3.3.2 MacIntyre CR, Ridda I, Gao Z, Moa AM, 
McIntyre PB, Sullivan JS, et al. A randomized 
clinical trial of the immunogenicity of 7-valent 
pneumococcal conjugate vaccine compared to 
23-valent polysaccharide vaccine in frail, 
hospitalized elderly. PLoS ONE. 2014; 9: 
e94578. 

This is a later report for this trial using 
a more complete suite of immunologic 
measures. I worked extensively with 
CIA MacIntyre on the interpretation of 
these data for the final publication.  

3.3.3 MacIntyre CR, Ridda I, Trent MJ, McIntyre P 
Persistence of immunity to conjugate and 
polysaccharide vaccines in frail hospitalised 
older adults in long-term follow up  Vaccine 
2019; 37: 5016-24. 

I had a major role in development of 
this long-term trial follow up, carried 
out by Raina MacIntyre’s PhD student 
Iman Ridda, and collaborated with 
Raina on the final analysis.  
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4.1 Lister S, McIntyre PB, Burgess MA, O’Brien ED. 
Immunisation coverage in Australian children: 
a systematic review 1990-1998. Commun Dis 
Intell 1999; 23: 145-70. 

I conceived and led the conduct of this 
systematic review which aimed to 
document all data on child 
immunization coverage in Australia 
prior to the national childhood 
register. 

4.2 Hull BP, Lawrence GL, MacIntyre CR, McIntyre 
PB. Immunisation coverage in Australia 
corrected for under-reporting to the Australian 
Childhood Immunisation Register. Australian 
and New Zealand Journal of Public Health 
2003; 27:533-8. 

I conceived and co-led the conduct of 
this study (with 4.3). It was based on 
telephone interviews of a random 
national sample of parents with 
children recorded as overdue on the 
register.  

4.3 Lawrence GL, MacIntyre CR, Hull BP, McIntyre 
PB. Effectiveness of the linkage of childcare 
and maternity payments to childhood 
immunisation. Vaccine 2004; 22:2345-50. 

I conceived and co-led this study, with 
Raina MacIntyre and lead author 
Glenda Lawrence, using children 
confirmed as incompletely immunized 
as cases and register-based controls.  

4.4 Hull BP, McIntyre PB. Timeliness of childhood 
immunisation in Australia. Vaccine 2006; 
24:4403-8. 

I developed the methods for this 
study and steered its conduct with 
epidemiologist Brynley Hull.   

4.5 Hull BP, Deeks SL, McIntyre PB. The Australian 
Childhood Immunisation Register – a model for 
universal immunisation registers? Vaccine 
2009; 27:5054-60. 

I conceived and led this study, which 
both outlined the operation of the 
Australian register and reviewed the 
limited international literature on 
immunization registers and 
coverage. 

4.6 Beard FH, Hull BP, Leask J, Dey A, McIntyre PB. 
Trends and patterns in vaccination objection, 
Australia, 2002–2013. Med J Aust. 2016; 204: 
275.e1-6.   

I conceived the design for this study,  
using a unique feature of the 
Australian register - recording 
whether families had a registered 
objection to immunization – with 
public health physician Frank Beard 
as first author.  

5.1 Moore HC, Fathima P, Gidding HF, de Klerk N, 
Liu B, Sheppeard V, Effler PV, Snelling TL, 
McIntyre P, Blyth CC Assessment of on-time 
vaccination coverage in population subgroups: 
A record linkage cohort study. Vaccine 2018; 
36:4062-4069  
doi: 10.1016/j.vaccine.2018.05.084. 

This study was the first of a series 
arising from a NHMRC project grant 
which I instigated as a collaboration 
between NSW and WA. Led by Drs 
Moore and Gidding on NHMRC 
fellowships. Used extended range of 
variables from individual record 
linkage to analyse timeliness with 
adjustment for variables not 
available from register data  as in 4.4  
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5.2 Gidding HF, McCallum L, Fathima P, Moore HC, 
Snelling TL, Blyth CC, Jayasinghe S, Giele C, de 
Klerk N, Andrews RM, McIntyre PB. 
Effectiveness of a 3 + 0 pneumococcal 
conjugate vaccine schedule against invasive 
pneumococcal disease among a birth cohort of 
1.4 million children in Australia. Vaccine 2018; 
36:2650-6. 

This study was led by Heather 
Gidding, with me as senior author, to 
apply more rigorous case-control 
methods to measure vaccine 
effectiveness in a sub-national 
cohort, compared with the larger 
national, but more methodologically 
constrained, study in 3.2.7. 

5.3 Gidding HF, Sheridan S and 7 authors including 
McIntyreP Impact of Childhood Pneumococcal 
Conjugate Vaccine on Non-notified Clinically 
Suspected Invasive Pneumococcal Disease in 
Australia Pediatr Infect Dis J. 2019; 38:860-865     
doi: 10.1097/INF.0000000000002314. 

This study was conceived by me and 
led by Heather Gidding with the aim 
of replicating methods from a Finnish 
study evaluating pneumococcal 
conjugate vaccine effectiveness 
against less specific outcomes.   

5.4 Fathima P, Gidding H, McIntyre P, McCallum L 
et al Effectiveness of pneumococcal conjugate 
vaccine against pneumonia hospitalisations in 
Australian children: a linked cohort study 
Lancet Child Adolesc Health. 2019; 3:713-724. 

I had extensive methodological input 
into this study led by PhD student 
Parveen Fathima to evaluate PCV 
effectiveness against coded 
pneumonia in Aboriginal and non-
Aboriginal children.   

6.1 Lawrence G, Menzies R, Burgess M, McIntyre P, 
Wood N, Boyd I, Purcell P, Isaacs D. Surveillance 
of adverse events following immunisation: 
Australia 2000-2002. Communicable Diseases 
Intelligence 2003; 27:307-23. 

I had extensive involvement in 
establishing methodologies for 
longditudinal analysis of adverse 
events following immunization 
reported to the Australian regulator.  
Developed with post-doctoral fellow 
Glenda Lawrence and epidemiologist 
Robert Menzies. 

6.2 Turnbull FM, McIntyre PB, Achat HM, Wang H, 
Stapledon R, Gold M, Burgess MA. National 
study of adverse reactions after vaccination 
with Bacille Calmette-Guerin. Clinical Infectious 
Diseases 2002; 34:447-53. 

I made a significant contribution to  
the design, analysis and manuscript 
preparation for this first Australian 
national-level report of safety 
following introduction of a new 
strain of BCG vaccine - one of the 
largest internationally.  

6.3 Brotherton JM, Gold MS, Kemp AS, McIntyre 
PB, Burgess MA, Campbell-Lloyd S. Anaphylaxis 
following quadrivalent human papillomavirus 
vaccination. Canadian Medical Association 
Journal 2008; 179:525-33. 

I made a substantial contributions to 
the design, analysis and manuscript 
writing for this largest analysis of 
potential anaphylaxis due to HPV 
vaccine by my PhD student Dr (now 
A/Professor) Julia Brotherton, 
comparing it to another recent 
school-based program.  

   6.4 Buttery JP, Danchin MH, Lee KJ, Carlin JB, 
McIntyre PB, Elliott EJ, Booy R, Bines JE, for the 
PAEDS/APSU Study Group. Intussusception 
following rotavirus vaccine administration: 
post-marketing surveillance in the National 
Immunization Program in Australia. Vaccine 
2011; 29:3061-6. 

This study reported on initial findings 
from active surveillance conducted 
using the PAEDS infrastructure set up as 
described in 1.3. I made a significant 
contribution to its design and analysis.  
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6.5 Carlin JB, Macartney KK, Lee KJ, Quinn HE, 
Buttery J, Lopert R, Bines J, McIntyre PB. 
Intussusception risk and disease prevention 
associated with rotavirus vaccines in Australia's 
national immunization program. Clin Infect Dis. 
2013; 57:1427-34. 

This study was conceived by me and 
funded by the Therapeutic Goods 
Administration with the aim of more 
rigorously examining the initial signal 
identified in 6.4. It required extensive 
work to obtain the required cross-State 
collaboration and statistical expertise, 
applying a method new for Australia – 
self-controlled case series – with case-
control methods from 2.2.5 and 3.2.7.  

6.6 Dey A, Gidding HF, Menzies R, McIntyre P. 
General practice encounters following seasonal 
influenza vaccination as a proxy measure of 
early-onset adverse events. Vaccine. 2014 17; 
32: 2204-8 doi: 10.1016/j.vaccine.2014.02.044. 

This study was conceived by me to 
evaluate use of routinely collected 
general practice encounter data 
linked to influenza vaccine receipt, as 
both datasets are held by Medicare 
Australia, for future rapid response.   

6.7 Guo B, Page A, Wang H, Taylor R, McIntyre P. 
Systematic review of reporting rates of adverse 
events following immunization: an 
international comparison of post-marketing 
surveillance programs with reference to China. 
Vaccine. 2013;31(4):603-17. 

I conceived this systematic review, 
by PhD candidate Biao Guo 
(University of Queensland) to 
compare vaccine safety surveillance 
in China with elsewhere, drawing on 
data from the analysis platform 
established in 6.1.  

7.1 Gidding HF, Warlow M, MacIntyre CR, 
Backhouse J, Gilbert GL, Quinn HE, McIntyre 
PB. The impact of a new universal infant and 
school-based adolescent hepatitis B 
vaccination program in Australia. Vaccine 2007; 
25:8637-41. 
 

This study used data from the 
serosurveillance system described in 
1.2, led by me as senior author, with 
the concept of using prevalence of 
specific serologic markers to 
compare the impact of different 
methods of delivering Hepatitis B 
programmes (school-based vs 
other).  

7.2 Aratchige PE, McIntyre PB, Quinn HE, Gilbert 
GL. Recent increases in mumps incidence in 
Australia: the “forgotten” age group in the 1998 
Australian Measles Control Campaign. Medical 
Journal of Australia 2008; 189:434-7 

I conceived and led the conduct of 
this study by public health medicine 
trainee Dr Padmari Aratchige to 
integrate disease surveillance (1.1) 
and serosurveillance data (1.2).  

7.3 Gidding HF, Wallace C, Lawrence GL, McIntyre 
PB. Australia’s national Q fever vaccination 
program. Vaccine 2009; 27:2037-41   

I made a significant contribution to 
the design and analysis of this 
evaluation of impact of a nationally 
funded Q fever vaccine program, led 
by NHMRC Fellow Heather Gidding  

7.4 Marshall HS, McIntyre P, Richmond P, Buttery 
JP, Royle JA, Gold MS, et al. Changes in patterns 
of hospitalized children with varicella and of 
associated varicella genotypes after 
introduction of varicella vaccine in Australia. 
Pediatr Infect Dis J. 2013; 32:530-7 

I made substantial contributions to 
the design, analysis and reporting of 
this study using the PAEDS active 
network (1.3 and 1.4).  

7.5 Heywood AE, Wang H, Macartney KK, McIntyre I conceived and designed this study 
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P. Varicella and herpes zoster hospitalizations 
before and after implementation of one-dose 
varicella vaccination in Australia: an ecological 
study. Bull World Health Organ. 2014; 
92(8):593-604 

by epidemiologist and PhD student 
Anita Heywood to examine ICD-
coded hospitalisations in the context 
of varicella vaccine uptake to 
evaluate the impact of the one-dose 
Australian approach  

7.6 Lawrence GL, Wang H, Lahra M, Booy R, 
McIntyre PB. Meningococcal disease 
epidemiology in Australia 10 years after 
implementation of a national conjugate 
meningococcal C immunization programme. 
Epidemiology and Infection 2016; 144:2382-91   

I had a major role in the design and 
analysis of this study led by post-
doctoral fellow Dr Glenda Lawrence 
to evaluate Meningococcal C 
conjugate vaccine impact using the 
Australian single dose approach.   

7.7 Archer B, Chiu C, Jayasinghe S, Richmond P, 
McVernon J, Lahra M, Andrews R, McIntyre P 
on behalf of the Australian Technical Advisory 
Group on Immunisation (ATAGI) 
Meningococcal Working Party. Epidemiology of 
invasive meningococcal B disease in Australia, 
1999–2015: priority populations for 
vaccination. Medical Journal of Australia 2017; 
207: 382-7 

I had a major role in the design and 
analysis of this study examining the 
epidemiology of meningococcal 
disease in the years following the  
national Meningococcal C program. 
The analytic methods were tailored 
to document incidence and severity 
of serotype B disease, relevant to  
policy development for serotype B 
vaccines  

8.1 Menzies R, McIntyre P. Vaccine preventable 
diseases and vaccination policy for indigenous 
populations. Epidemiologic Reviews. 2006; 
28:71-80   

I supervised this systematic review 
by PhD student Robert Menzies, the 
first to examine immunization 
programs for Indigenous people in 
high-income countries. 

8.2 McIntyre PB, O'Brien KL, Greenwood B, van de 
Beek D. Effect of vaccines on bacterial 
meningitis worldwide. Lancet. 2012; 380:1703-
11 

I was invited by the Lancet to lead 
this overview of the impact of 
vaccines on bacterial meningitis 
globally, recruiting eminent co-
authors.  

8.3 Wiley KE, Zuo Y, Macartney KK, McIntyre PB. 
Sources of pertussis infection in young infants: 
a review of key evidence informing targeting of 
the cocoon strategy. Vaccine 2013;31(4):618-
25 

I had a major role in the conception 
and design of this systematic review 
by PhD student Kerrie Wiley of a 
topic of major international interest 
for applicability of the cocoon 
strategy (see also 2.2.6) 

8.4 Chow MY, Khandaker G, McIntyre P. Global 
childhood deaths from pertussis: a historical 
review. Clinical Infectious Diseases 2016; 63 
Suppl 4: S134-41 

I conceived and led this systematic 
review of pertussis mortality 
globally, initially commissioned by 
the World Health Organisation and 
conducted by PhD student Maria 
Chow  
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8.5 McIntyre P, Walls, T.  Global Public Health 
Impact of Vaccines in Children.         Oxford 
Research Encyclopaedia of Global Public Health 
2020.     
https://oxfordre.com/publichealth/view/10.10
93/acrefore/9780190632366.001.0001/acrefor
e-9780190632366-e-64   

I was commissioned to write this 
major review of global impact for the 
on-line Oxford Public Health 
Encyclopaedia Board Member 
Professor Noni Macdonald, Canada. 
This major initiative required 
extensive design over 18 months with 
co-author Tony Walls.  

https://oxfordre.com/publichealth/view/10.1093/acrefore/9780190632366.001.0001/acrefore-9780190632366-e-64
https://oxfordre.com/publichealth/view/10.1093/acrefore/9780190632366.001.0001/acrefore-9780190632366-e-64
https://oxfordre.com/publichealth/view/10.1093/acrefore/9780190632366.001.0001/acrefore-9780190632366-e-64
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DESCRIPTION OF THE THEMES OF THE PUBLISHED WORK 

The publications in the thesis are grouped into eight chapters, with each publication 

identified by a two or three number code depending on the number of subsections in 

each chapter e.g. publication 1.2 is the second publication in Chapter one and 3.2.3 is 

the third publication in the second subsection of Chapter three. 

 
For each publication I provide a brief description of the results and how the results 

have contributed to knowledge in the field. I also signal where a study or series of 

studies has caused a significant change in research and/or practice. 

 
To provide objective measures of impact, for each publication citations in peer-

reviewed journals derived from Google Scholar in January 2021 and accompanying 

editorials are provided. I also indicate where a publication describes development of 

platforms for research or methodology or has had a significant impact on 

immunization policy. Where relevant, I provide my individual ranking on 

Expertscape.com - a website, operating since 2003, which generates international 

author rankings based on publications cited in the PubMed database – currently for 

2010 to 2021. Their ranking is derived from data on publication type (review versus 

original article), author order and journal impact factor.  

 
Chapter 1 – Development of data sources  
 
Chapter 1 includes 4 publications which summarise my key contributions to the 

development of three vaccine-preventable disease surveillance platforms: first, 

integration of data on notifications, coded hospitalisations and mortality to 

summarise disease burden and vaccine coverage; second serosurveillance and third 

active hospital-based surveillance. 

 

Paper 1.1 was the second published report of integrated data on notifications, coded 

hospitalisations and deaths for vaccine-preventable diseases in Australia, for which I 

was first author and was the first report to include data from the then Australian 

Childhood Immunisation Register. The report’s methods and data sources established 

an integrated system for disease burden reporting suitable for longditudinal 

monitoring which is available in few other countries and has 114 citations.  

Paper 1.2 is a report of an evaluation of the contribution of the serosurveillance 
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program as a new data source for vaccine-preventable diseases in Australia. As noted 

in a Canadian review, it is one of only four such long-standing programs 

internationally.1 Established at the inception of NCIRS in 1998, I took on lead 

responsibility for the overall management of the program, now in its fifth iteration, in 

2004. Papers 2.1.6, 2.1.7, 7.1 and 7.2 in this thesis refer to papers on pertussis, 

hepatitis b and mumps seroepidemiology. Publications arising from the 

serosurveillance program with me as senior author since 2008 on other vaccine-

preventable diseases have studied diphtheria2, tetanus3, poliomyelitis4, Q fever5, 

rubella6, measles7 and human papilloma virus.8,9  

Paper 1.3 describes the establishment of the PAEDS active sentinel hospital 

surveillance system, and its initial focus on two diseases for which routine 

surveillance data were not available (varicella – see paper 7.4 and acute flaccid 

paralysis10) and adverse events not well captured by passive surveillance 

(intussusception – see papers 6.4 and 6.5 and post vaccination seizures11) 44 citations.  

Paper 1.4 reviewed active hospital-based surveillance internationally, and how the 

Canadian IMPACT and the Australian PAEDS model could inform comparable 

countries of potential contributions, published in Eurosurveillance (IF 6.4) with me as 

senior author.  

 
Chapter 2 – Pertussis  
 

Chapter 2 focuses on disease due to Bordetella pertussis and research contributions 

under three subsections: measuring prevalence and severity, measuring the 

effectiveness and impact of pertussis vaccines and clinical trials conducted to evaluate 

the immunogenicity and safety of acellular pertussis vaccine given within 4 days of 

birth. The independent group Expertscape ranks me 4th in the world for published 

work in pertussis among 9789 authors with medline-listed publications on pertussis 

globally since 2010.12  

 

Subsection 2.1: Pertussis prevalence and severity  

The measurement of prevalence and severity of pertussis was a key issue in the late 

1990s due to apparent resurgence in infant pertussis in Australia13 and 

internationally,14 but comparisons within and between countries were problematic 

because available measures were restricted to culture of Bordetella pertussis and 
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diagnosis based on clinical features.15 Additionally, serological diagnosis of pertussis 

in adults was first described in Australia in the 1980s16 and had come into common 

use in primary care, driving case notifications. The 11 papers in subsection 1 

encapsulate my contributions to better understanding of pertussis disease burden in 

the context of increasing case numbers, expanded use of diagnostic tests, and changes 

in pertussis vaccines and schedules, with a focus on disease severity measures by age 

group rather than simple case counts.  

 

Paper 2.1.1 was one of the first internationally to attempt to more accurately 

measure pertussis burden in adults by correlating clinical features with serologic 

diagnosis. Australia was one of very few countries in the late 1990s where serological 

diagnosis was widely used15 and this, together with legislative requirements for 

laboratories to notify cases meeting serologic criteria for diagnosis, had led to a steep 

increase in case numbers and questioning of the validity of these cases. The study 

enrolled 76 adults over 20 years of age who had been notified with pertussis based on 

positive serology. Almost all (73) reported a coughing illness, and over 80% of these 

had classical clinical symptoms of prolonged paroxysmal cough, often with whoop and 

sleep disturbance. This study provided strong support for the validity of diagnosis of 

pertussis from a single high antibody titre rather than requiring paired serology. It 

has been cited 66 times and was the subject of an editorial.17  

Paper 2.1.2 remains the first in the international literature to attempt to validate 

hospitalizations coded as pertussis in children against clinical and laboratory 

criteria. We examined the validity of using hospitalisations coded as whooping cough 

to measure severe disease burden more accurately than by relying on notifications 

alone. The study found that of 71 hospitalizations coded as whooping cough, 29 (41%) 

were culture positive with 90% notified to public health, contrasting with 40 culture 

negative cases, of whom only 20% were notified. However, only 3/71 (4%) of 

hospitalisations coded as pertussis did not meet the case definition, suggesting that 

ICD coded data was a reliable index of severe childhood pertussis. It has been cited 22 

times, including studies examining pertussis hospitalisations in Sweden18 and 

Denmark.19    

Paper 2.1.3 arose from a collaboration I established with investigators in the 

Netherlands who had identified Bordetella pertussis strain characteristics associated 

with reduced effectiveness of the whole cell vaccine in use in that country.20  As the 
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issue of strain changes contributing to reduced vaccine effectiveness was also of 

concern in Australia, an opportunistic longditidinal national sample of pertussis 

isolates was obtained through participating laboratories and sent to the Netherlands 

for analysis. Changes similar to the Netherlands were not demonstrated. However, 

this work led to a collaboration with the laboratory of Professor Ruiting Lan at 

University of NSW. I provided methodological advice and developed clinical 

collaborations to measure clinical correlates of pertussis strain variation in a NHMRC 

project grant, which led to several publications21,22 including 2.1.10.  63 citations 

Paper 2.1.4 described a study of adolescent pertussis which helped address key 

questions about the relationship of pertussis diagnostic test positivity to symptoms. 

Uniform high exposure in a crowded boarding school dormitory provided an 

opportunity to evaluate how serologic criteria and PCR positivity related to symptoms 

in the context of an outbreak investigation.  The study showed that while PCR 

positives were detected in this setting with or without symptoms, pertussis toxin IgG 

over the threshold previously defined by Dutch investigators of 125IU/ml correlated 

strongly with symptom severity.23 No PCR positive students who did not develop 

cough had a PT IgG titre above this threshold, which although found among students 

who had a cough falling short of case definitions, was more common in students with 

more severe symptoms. This supported the use of the Dutch threshold in 

seroepidemiologic studies in Australia including 2.1.6 and 2.1.7.  41 citations.  

Paper 2.1.5 was the first national longditudinal study of public health notifications 

for pertussis in Australia. It covered the decade (1995-2005) during which pertussis 

vaccines had changed from whole cell to acellular, an adolescent dose added, the  dose 

at 18 months removed, and diagnostic tests had substantially changed. It identified 

large regional differences in the timing of pertussis epidemics and progressive 

changes in the age distribution of cases, with adults over 20 years of age accounting 

for the highest numbers of cases in all regions by 2005, but infants below 6 months of 

age having the highest disease incidence in all years. It has been cited 109 times and 

established the framework for subsequent reports.24   

Paper 2.1.6 describes findings from serial measurement of pertussis toxin IgG (PT 

IgG) in national serosurveys (1.2 and 2.1.4). I established capacity to conduct 

meaningful pertussis seroepidemiology using PTIgG, through collaboration with the 

European Seroepidemiology Network, where the laboratory of Professor Giammanco 

had established standardization for PTIgG,25 use of thresholds suggested by Dutch 
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investigators,23 and 2.1.4.  Trends in age-specific PTIgG seroprevalence correlated 

with other measures of pertussis activity, paving the way for 2.1.7. It has been cited 

29 times and is now accepted internationally as an epidemiological tool.26  

Paper 2.1.7 used methods established in 2.1.6 but extended them to examine 

seroprevalence of low PTIgG for the first time. This study demonstrated that a 

progressive increase in low PTIgG in the 1-4 year age group preceded a large pertussis 

epidemic, and occurred in the age group no longer eligible for a pertussis booster at 

18 months following introduction of acellular vaccines. It has been cited 89 times.   

Paper 2.1.8 evaluates pertussis morbidity in adults more than a decade after 2.1.1, in 

the acellular vaccine era, by correlating notification and hospitalization for pertussis 

with other risk factors collected systematically from the 45 and Up cohort, a large 

adult cohort established in NSW. It demonstrated that risk of hospitalization was more 

than 5 times as high among adults over 75 years compared with adults 45 to 64 years 

and has been cited 37 times. Risk factors for hospitalization with pertussis were 

evaluated for this cohort in a subsequent paper.27 

Paper 2.1.9 was designed to examine changes in the incidence of hospitalization by 

age group in the same hospital where 2.1.2 was conducted. Because culture had 

continued to be performed as well as PCR, the common standard of pertussis culture 

positivity could be used across both periods corresponding to whole cell and acellular 

vaccine use. As measured by culture positive cases, hospitalizations had not increased 

in infants less than 6 months (not eligible for full immunization), whereas culture-

positive hospitalizations significantly increased among older infants in the acellular 

compared to the whole cell vaccine era. Cited 4 times 

Paper 2.1.10 was a component of a NHMRC project grant evaluating changes in 

pertussis strain characteristics and correlating these with clinical parameters. Severe 

cases were largely confined to infants less than 3 months of age, among whom 

pertactin deficient isolates were not more common, but almost all isolates carried the 

pertussis toxin promoter gene PTX3. Cited 28 times  

 

Subsection 2.2: Effectiveness and impact of pertussis vaccines  

Measurement of the effectiveness of pertussis vaccines has been a key issue for over 

40 years, with evidence of low effectiveness of whole cell vaccines used in Canada28 
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and the Netherlands14 and subsequent concerns about rapid waning of effectiveness 

for acellular vaccines. The 7 papers in this subsection document work initiated by me 

over the past 15 years to establish methodologies to evaluate pertussis vaccine 

effectiveness which take into account changes in diagnostic methods.  

 

Paper 2.2.1 documents work by my PhD student Siranda Torvaldsen on one of the 

first studies to estimate effectiveness of whole cell pertussis vaccine. These methods 

were used in later work with acellular vaccines in 2.2.5 and 2.2.6. It has 36 citations.  

Paper 2.2.2, also part of Siranda Torvaldsen’s PhD, compared notification rates in 

successive birth cohorts eligible for the preschool booster with those not eligible to 

impute impact. This birth cohort approach was referred to by investigators in 

Denmark14 and the Netherlands29 to evaluate introduction of preschool boosters in 

those countries. 54 citations 

Paper 2.2.3 was one of the first internationally to report on patterns of pertussis 

hospitalisation in the acellular compared with the whole cell era using national 

reporting by paediatricians through the Australian Paediatric Surveillance Unit. It 

identified the importance of unimmunized infants less than 8 weeks of age among 

cases and that the most common identified pertussis contacts were parents and 

siblings. It has been cited 143 times. 

Paper 2.2.4 was the first long-term evaluation of the impact of adolescent pertussis 

boosters. It used notifications over a 5 year period compared with pre-introduction 

baselines in target age groups, stratified by regions using different implementation 

strategies, using relative incidence as a metric. The data suggested that the region 

where a “whole of high school” approach had been followed by vaccination of each 

new cohort entering high school had the largest impact, potentially including a 

reduction in pertussis among infants. 80 citations. 

Paper 2.2.5 used a novel case-control approach to evaluate acellular pertussis 

vaccine effectiveness in infants by age and dose number through matching notified 

cases to controls with the same date and region of birth in the Australian Childhood 

Immunisation Register. Negotiation of permission to use the register for this purpose 

was lengthy but paved the way for multiple subsequent studies. This was the largest  

study of the effectiveness of acellular vaccines in infants and one of only three to 

examine protection after the first vaccine dose. It demonstrated significant 
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effectiveness (53.7%; 43.8-61.9) after a single dose, supporting earlier protection 

from an earlier first dose, and significant waning of effectiveness by the third year of 

life, supporting the need for a booster in the second year of life, both with important 

policy implications. It has been cited 78 times. 

Paper 2.2.6 also adopted a case-control approach to evaluate the effectiveness of 

parental pertussis boosters (funded in the state of New South Wales from 2009) for 

protection of infants too young to receive pertussis vaccine. Public health staff 

collaborated in ascertainment of parental receipt of boosters among infant pertussis 

cases and identification of control infants matched by birth date and region. This study 

was the first internationally to report on the effectiveness of the cocoon strategy, 

finding that if both parents had received pertussis vaccine at least 4 weeks before 

onset of disease in the infant there was a statistically significant 51% reduction in 

infant disease compared with a non-significant 3% reduction if vaccine was received 

less than 4 weeks before onset. This study has been cited 81 times. 

Paper 2.2.7 received project grant funding from the NHMRC to ascertain pertussis 

vaccination status among 45 and Up cohort members who had notified pertussis and 

nested control subjects. It is the largest study internationally of acellular pertussis 

vaccine effectiveness in older adults and found evidence of effectiveness against PCR 

proven pertussis but not for serologically diagnosed disease, raising important 

questions about case identification. In an accompanying editorial it was noted as 

“providing important new data for the field.30 “  

 

Subsection 2.3: Trials of acellular monovalent pertussis vaccine after birth   

In the early 2000s, early administration of acellular pertussis vaccine in the days after 

birth rather than a first dose at 6 to 8 weeks of age seemed a promising strategy given 

legal and ethical hurdles to the competing paradigm of maternal vaccination in 

pregnancy.31 The 3 trials reported here commenced with a pilot study comparing 

doses of acellular pertussis vaccine without diphtheria and tetanus at birth, one and 

two months with commencement at 2 months. Informed by these results, and in 

keeping with logistic requirements for implementation, the NHMRC-funded 

randomized trial of monovalent pertussis vaccine called for vaccination within 4 days 

of birth followed by standard combination vaccine at 6 weeks of age.  

Paper 2.3.1 documented immunogenicity and safety in a pilot study of 76 newborns. 
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This approach was chosen by US investigators for evaluation in a baboon model in  

comparison with maternal vaccination and demonstrated equivalent protection.32 

Cited 75 times. 

Paper 2.3.2 followed pilot study participants to 4 years of age to examine responses 

to a booster dose. There was a non-significant trend to lower PTIgG responses among 

birth dose recipients. Cited 50 times.  

Paper 2.3.3 reports the NHMRC funded multicentre trial which included 440 infants 

randomized to monovalent acellular pertussis vaccine at birth. It found that vaccine 

administered at birth was immunogenic and safe, but associated with reduced levels 

of antibody to co-administered antigens at 8 months of age. Published in JAMA 

Pediatrics with accompanying editorial.33 Although maternal immunization is now the 

dominant strategy to prevent early infant pertussis, it has several problems including 

securing high uptake and potential immune interference.33 In the future, vaccines 

containing only pertussis antigens, without diphtheria or tetanus which are not 

required for infant protection and are likely the drivers of immune interference, may 

emerge for general use, which would also facilitate neonatal immunization.34 Cited 22 

times.  

 

Chapter 3 – Pneumococcal disease  
 

Chapter 3 focuses on disease due to Streptococcus pneumoniae and my research 

contributions under three subsections: measuring pneumococcal disease, measuring 

the effectiveness and impact of pneumococcal vaccines and outcomes of a 

comparative trial of pneumococcal conjugate and polysaccharide vaccines in the frail 

elderly. The independent group Expertscape ranks me number 36 in the world for 

published work on bacterial vaccines, including pertussis, Haemophilus influenzae 

type b, pneumococcal and meningococcal vaccines among 62590 authors with 

medline-listed publications between 2010 and 2021 and fifth in Australia for 

published work on pneumococcal infections.12  

 

 
Subsection 3.1:  Measuring pneumococcal disease 

 
Paper 3.1.1 This paper is a summary of data presented on the status of pneumococcal 

disease surveillance in all eight Australian jurisdictions at a national workshop I convened 
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in 1999. The workshop recommended first serotyping of all invasive (sterile site) 

pneumococcal isolates across Australia and second that invasive pneumococcal disease 

(IPD) be made notifiable at national level. These two recommendations had been 

implemented by 2002 and led to Australia having one of the three largest and longest 

running datasets on IPD globally along with UK and US and facilitated studies 3.2.4-7.  

Paper 3.1.2 This paper described the epidemiology of IPD in urban New South Wales in 

the pre-vaccine era and was funded by a project grant from the NHMRC. It appeared in a 

supplement of the Medical Journal of Australia I negotiated following a national workshop 

to include epidemiological data on IPD presented from four jurisdictions and was drove 

the establishment of pneumococcal serotyping capacity in NSW. Cited 42 times. 

Paper 3.1.3 is a summary of all the available published data on Streptococcus pneumoniae 

as a cause of community-acquired pneumonia in Australia to support policy development 

with respect to projected impact of conjugate pneumococcal vaccine on non-bacteraemic 

community-acquired pneumonia. It identified that the proportion of community-acquired 

pneumonia in adults which was pneumococcal had significantly reduced across pre-

vaccine years. 7 citations. 

 

Subsection 3.2:  Measuring effectiveness and impact of pneumococcal vaccines   

 

Papers 3.2.1, 3.2.2 and 3.2.3 used ICD-coded hospitalization data to measure the impact of 

the 7-valent pneumococcal conjugate vaccine on conditions where Streptococcus 

pneumoniae is known to be a major causative organism, but blood cultures are usually  

negative, so not identified by studies of invasive pneumococcal disease but much more 

common. Much of this work arose because of the need to evaluate the impact of the 

Australian pneumococcal conjugate vaccine (PCV) schedule, unique among high income 

countries but common globally, of 3 primary doses without a routine booster.  

 

Paper 3.2.1 examined myringotomy hospitalisations in children as a proxy for severe 

middle ear disease. It identified reductions of similar magnitude to those documented in 

the United States, despite the Australian schedule not including a booster dose. 42 

citations.  

Paper 3.2.2 examined community-acquired pneumonia hospitalisations in various 

categories deemed to be progressively less likely to have pneumococcal aetiology. It 

demonstrated large decreases among children less than 5 years of age, especially those less 
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than two years, with lesser but statistically significant decreases in older age groups. 

Importantly and somewhat surprisingly at the time, there were substantial declines in the 

large category of pneumonia of unspecified cause as well as categories expected to have a 

significant pneumococcal contribution, but not among codes where an alternate causative 

organism was specified. 90 citations. 

Paper 3.2.3 extended the analytic approach of 3.2.2 to 6.5 years from 2.5 years post 

introduction of the 7-valent vaccine and found that although reductions in presumptive 

pneumococcal pneumonia were seen in all age groups, reductions in all-cause pneumonia 

were not seen over the age of 4 years, in contrast to similar analyses from the United States. 

Like 3.1.3, this paper was designed to support policy decisions on the role of conjugate 

pneumococcal vaccines in older adults. 17 citations.  

 

Papers 3.2.4, 3.2.5 and 3.2.6 used invasive pneumococcal disease data generated largely 

through the surveillance system described in 3.1.1 and so were able to separately examine 

vaccine and non-vaccine serotypes. They formed the largest part of the PhD thesis by my 

student Sanjay Jayasinghe. 

 

Paper 3.2.4 synthesised the data available from regional databases invasive 

pneumococcal disease database and the national database with the aim of providing data 

about the unique approach taken in Australia for Indigenous children living in areas of high 

pneumococcal disease incidence and high serotype diversity of the fourth vaccine dose 

being 23 valent polysaccharide vaccine rather than of conjugate vaccine. Serotypes in the 

13 valent but not the 7 valent vaccine decreased in Indigenous children, especially 

serotype 19A, significantly more than in non-Indigenous children in Australia and in 

contrast to similar populations in Alaska. These were important findings because at this 

time immunogenicity data from a trial of polysaccharide vaccine in Fiji were suggesting 

unfavorable responses to polysaccharide vaccine, not subsequently confirmed.35 8 

citations.  

Paper 3.2.5 used data from the Australian national IPD dataset to demonstrate that 

reductions in IPD due to serotypes in 13 valent, but not 7 valent, vaccine were substantially 

less than observed for serotypes in the 7 valent vaccine following its introduction or 

reported from comparable countries using other vaccine schedules. 34 citations.  

Paper 3.2.6 followed on from 3.2.5 and applied a similar case-control approach to that 

pioneered in 2.2.5 to measure vaccine effectiveness of 7 valent and 13 valent conjugate 
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vaccines, using the national dataset. It found that despite estimates of vaccine effectiveness 

apparently similar to those from comparable settings, with schedules including a booster 

dose in the second year of life, breakthrough infections due to vaccine serotypes were 

significantly more common and formed a significant part of the evidence base for a 

schedule change in Australia. It was accompanied by an Editorial commentary in Clinical 

Infectious Diseases.36 11 citations. 

Paper 3.2.7 was a study bringing together the experience documented in Papers 3.2.1 to 

3.2.6 to examine invasive pneumococcal disease data and data on ICD coded 

hospitalisations for pneumonia in both Indigenous and non-Indigenous Australians of all 

ages across the 7 valent and 13 valent pneumococcal conjugate vaccine eras for a total of 

15 years to 2016. It demonstrated different patterns between Indigenous and non-

Indigenous populations and between invasive disease and community acquired 

pneumonia with invasive disease. It was accompanied by an Editorial commentary in 

Clinical Infectious Diseases,36 and has had significant impact on thinking about PCV 

schedules.  

 

Subsection 3.3:  Pneumococcal vaccine trial in frail elderly 

 

Papers 3.3.1 to 3.3.3 describe a series of results from a NHMRC funded project grant which 

randomized frail elderly persons to receive 7 valent pneumococcal conjugate vaccine 

(7vPCV) and 23 valent polysaccharide vaccine (23vPPV) with those receiving conjugate 

vaccine receiving a dose of 23v PPV 6 months later. The trial was conceived at a time when 

there was very limited data on the comparative immunogenicity and safety of conjugate 

and polysaccharide vaccines in adults, none in elderly or frail adults and no adult efficacy 

data. Conjugate vaccines were more than fivefold the cost of 23vPPV and if they could be 

cost-effective, the much higher disease burden due to pneumococcal infection in the 

elderly, especially the frail elderly, made this a subgroup of particular interest.  

 

Paper 3.3.1 reported antibody to four serotypes common to 7vPCV and 23vPPV measured 

by an in-house ELISA assay. It was one of the first trials to incorporate rigorous 

measurement of frailty using established indices and suggested that frailty index was a 

more accurate indicator of vaccine response than age alone. It has been cited 116 times.  

Paper 3.3.2 extended the analyses in 3.3.1 by measuring antibody responses to 10  

serotypes by ELISA and also by functional (opsonophagocytic) antibodies which had been 
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become the gold standard, following demonstration that ELISA antibody could be present 

but fail to prevent disease due to important serotypes such as 19A.37 It found vaccine 

recipients with no antibody at baseline, which was associated with frailty, could respond 

to both polysaccharide and conjugate vaccines, with evidence of enhanced responses to 

some serotypes when a conjugate vaccine dose was followed by a polysaccharide vaccine 

dose. 24 citations.  

Paper 3.3.3 followed up of participants in both study arms at 6 years after their initial 12 

month visit and obtained data on 63% of the original cohort. Follow-up studies of such 

cohorts are rare but have important policy implications. Antibody levels as measured by 

ELISA were still above baseline but opsonophagocytic antibody, believed to be more 

closely correlated with protection, was no longer detectable to many serotypes and did not 

differ by study arm.   

  

Chapter 4 – Measurement of vaccine coverage   
 

Chapter 4 comprises five publications on the measurement of vaccine coverage 

especially through use of immunization registers, also known as immunization 

information systems. Data on vaccine coverage by region, down to small areas, and in 

relevant population subgroups using well defined criteria, is important for program 

monitoring and evaluation.  Efficient, accurate information systems are now 

recognized globally as essential infrastructure for immunization programs, as well as 

serving as a tool for research.38  

Paper 4.1 is a systematic review which gathered material, both published and in the grey 

literature, on immunization coverage in at national, state or regional level between 1990 

and 1998 in comparison with early estimates of childhood coverage in the first years after 

the Australian Childhood Immunisation Register (ACIR) was established in 1996. The 

review demonstrated that, at national level, only the periodic surveys conducted by the 

Australian Bureau of Statistics had high methodological quality and were higher than 

initial estimates from the ACIR, consistent incomplete reporting.  49 citations.  

Paper 4.2 and Paper 4.3 were both based on a national sample of children recorded as 

incompletely immunized according to records in the ACIR at milestone ages, such as 12 

months.  In the early years of the register’s operation, and in accordance with the findings 

in 4.1, under-estimation of immunization coverage had been a significant issue identified 
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in a number of regional studies.39 

Paper  4.2  developed a method of classifying parental responses to a telephone survey of 

children recorded as under-immunised for age and used this to estimate under-reporting 

to the ACIR – the estimate derived (of approximately 3%) stood the test of time and was 

estimated to be similar in a recent study, despite progressive increases in overall reported 

immunization coverage.40    70 citations. 

Paper 4.3 used the methods developed to verify fully immunized status to confirm that 

children were incompletely immunized (“cases”) for comparison with those recorded by 

the ACIR as completely immunized (“controls”) to identify factors associated with 

completed immunization. Eligibility for financial incentives and parental report of 

awareness of incentive eligibility was associated with full immunization - one of very few 

studies internationally to have examined this issue.41 63 citations. 

Paper 4.4 was the first study of the timeliness of immunization outside the United States 

and put forward measures of timeliness subsequently used by other studies, including 

those for specific vaccines42 and annual trend reporting43 in Australia. Cited 122 times. 

Paper 4.5 was a review of the characteristics and performance of the Australian Childhood 

Immunisation Register as compared with other registers internationally and alternate 

systems for monitoring coverage such as the National Immunisation Survey in the US.   112 

citations.  

Paper 4.6 drew on previous work and the unique characteristic of the Australian register 

in recording children whose parents identified themselves as “conscientious objectors” to 

immunization. Methodological innovations included using registration with Medicare after 

12 months of age as a proxy for being born overseas and classifying children by objection 

status and receipt of all or some vaccines. These methods identified that proxy overseas 

born children were 14 times more likely to be recorded as both having received no 

vaccines and having no objection recorded and that these children resided primarily in 

major cities, whereas children with a recorded objection tended to cluster in rural areas. 

These methods have been used for prospective tracking and supported other hesitancy 

research. 66 citations. 
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Chapter 5 – Use of linked vaccine register and disease data 

  
Chapter 5 includes 4 papers arising from a NHMRC project grant enabling the first 

individual level linkage of disease and immunization register data in two Australian states 

– New South Wales and Western Australia. The concept of this grant and the studies arising 

from it arose from previous work.  Individual-level linkage enhances the methodologic 

rigor of studies and the outputs from this grant have enabled advocacy for the benefits of 

extending and facilitating linkage of immunization records at national level.  

Assembly of the cohort and its characteristics have been described elsewhere.44  

 

Paper 5.1 This, the first analysis from the large linked data set, was able to examine a large 

range of variables and their associated with delayed immunization at population level. 

Aboriginality, residence in areas of greater socio-economic disadvantage and being the 

third or subsequent child in a family were all independently associated with significantly 

delayed receipt of vaccine doses due by 6 months of age. 

Papers 5.2, 5.3 and 5.4 related to aspects of pneumococcal disease which could not be 

examined through routine surveillance data such as that used in Papers 3.2.1-3.2.7.  

Paper 5.2 measured pneumococcal vaccine effectiveness for one, two and three doses and 

was able to estimate indirect protection of unvaccinated infants in the context of high 

coverage in the vaccinated population. Indirect protection was higher for non-Indigenous 

infants with lower baseline incidence.  

Paper 5.3 used ICD coded hospitalisations to evaluate a wider range of conditions than 

routinely used, but which were potentially due to pneumococcal infection, for association 

beyond chance with receipt of pneumococcal conjugate vaccine (PCV). It was modelled on 

a Finnish paper but identified substantial differences in the importance of specific ICD 

codes in the Australian setting. In both studies, the higher baseline incidence of IPD-

compatible, but non-notified, diagnostic codes amplified the total impact of PCV by 50-

80%.  

Paper 5.4 focused on the impact of pneumococcal conjugate vaccines on pneumonia, 

extending the analyses in Papers 3.2.2 and 3.2.3 by separately examining vaccine 

effectiveness and impact separately in Indigenous and non-Indigenous children. Indirect 

reductions in pneumonia-coded hospital admissions were seen in unvaccinated non-

Aboriginal children with low incidence of pneumonia, but were not significant in 
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Aboriginal children living in remote regions who had the highest incidence, among whom  

only direct vaccine impacts were seen. These findings have implications for the likely 

magnitude of indirect PCV effects on all cause pneumonia in other high-incidence 

populations. 

 

Chapter 6 – Vaccine safety - surveillance systems and research   
 

Chapter 6 comprises six publications in which I had a key role, including establishing 

methodology for ongoing population-based reporting of passive vaccine safety 

surveillance data and studies evaluating safety of individual vaccines  

 
Paper 6.1 describes the establishment of a framework for longditudinal population-

based reporting of passive surveillance of adverse events following immunization. 

This was based on validated vaccine safety reports through the Therapeutic Goods 

Administration, and denominator data for children through the ACIR, allowing 

incidence rate calculations by vaccine and age group for children less than 7 years of 

age. There was substantial variation in reported rates by jurisdiction, but overall rates 

were comparable to passive surveillance safety systems in the United States (VAERS). 

Variations were substantially less for reports classified as severe, consistent with 

differential reporting rather than true differences in incidence. Only the Netherlands 

internationally has a similar annual reports.45 When the unanticipated safety event 

due to one formulation of seasonal influenza vaccine for children emerged in 2010,46 

the availability of systematically reported incidence of adverse events by age group 

for children for the previous 10 years allowed the magnitude of the increase for 

influenza vaccine to be quantified.47  Cited 106 times.  

Paper 6.2 described the first national investigation of a vaccine safety signal in 

Australia, when concerns arose that there were significantly higher rates of local 

complications following BCG vaccine following use of a vaccine from a different 

manufacturer. The study enrolled 918 subjects and among the 414 who were less than 

6 months of age found the risk of an adverse reaction was significantly increased if 

BCG was given by a vaccinator without specific training but was not related to vaccine 

batch. It has been cited 103 times.   

Paper 6.3 described investigation of an apparently higher rate of anaphylaxis 

following HPV vaccine in the setting of school administration to adolescent females. 
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The study was one of the first to apply Brighton Collaboration definitions of 

anaphylaxis and was able to directly compare ascertainment of anaphylaxis with a 

recently completed school-based delivery program for Meningococcal C vaccine. It 

was accompanied by editorial commentary 48 and has been cited 170 times.  

Paper 6.4 described the results of monitoring of intussusception in infants receiving 

either of two rotavirus vaccines (Rotarix and Rotateq) used in the Australian National 

Immunisation Program in the 18 months immediately following their introduction. 

This was one of the first studies undertaken by the hospital active surveillance 

programme (PAEDS) described in Papers 1.3 and 1.4. Comparing incidence of 

intussusception by age, dose number and days post vaccine receipt, with historical 

age-specific incidence of intussusception from hospitalization data pre-vaccine, the 

study found suggestive evidence of a significant increase in intussusception among 

first dose recipients of both vaccines and was the first study to have evaluated 

concomitantly. It has been cited 298 times.   

Paper 6.5 arose from the need to evaluate the findings from sentinel surveillance in 

6.4 to inform vaccine policy. All Australian states were engaged in structured review 

of hospitalisations coded as intussusception in the vaccine-eligible age group, with 

age-matched control infants identified from the Australian Childhood Immunisation 

Register and application of two analytic methods: self-controlled case series and case-

control methods derived from Paper 2.2.5 and 3.2.7. A significantly increased risk of 

intussusception within 1-7 days after receipt of the first dose was identified and was 

similar by both methods and for both vaccines. This study has been cited 185 times, 

was accompanied by an editorial49 and nominated as Editor’s Choice in one of the 

premier journals in the field - Clinical Infectious Diseases.  

Paper 6.6 was conceived as a means to rapidly evaluate putative safety signals at 

primary care level, making use of the fact that Medicare Australia holds data for both 

vaccine receipt by vaccine type and brand and for general practice encounters. This 

approach was able to establish that GP consultation rates by age group for the day 

after receipt of one brand of influenza vaccine in 2010 were substantially higher than 

the day before for this vaccine, for other brands of influenza vaccine for the same 

brand in previous years. This established proof-of-concept for potential rapid 

application in the future. It has been cited by a major review of immunization 

information systems.50  
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Paper 6.7 was a systematic review of adverse event reporting from China and 

internationally. Of eligible studies reporting population-based estimates of incidence 

internationally, 8 of 22 were annual reports arising from the format developed in 

Paper 6.1. The review highlighted that China has an annual birth cohort of 16 million, 

requiring more than 500 million vaccine doses annually made by over 30 domestic 

manufacturers. Substantial heterogeneity in adverse event reporting rates existed 

within China, suggesting the need for harmonization of processes in this large country.  

 
Chapter 7 – Impact studies other than pertussis and pneumococcal 
vaccines  

 
Chapter 7 includes 6 papers on measurement of vaccine impact for diseases other 

than pertussis and pneumococcal disease including vaccines against Hepatitis B, 

varicella, meningococcal C disease, mumps and Q fever.  

 

Paper 7.1 evaluated the seroprevalence of serological markers of Hepatitis B infection, 

with Hepatitis B uniquely suited to this approach because of the ability to differentiate 

infection-acquired from vaccine-acquired immunity. This study was the first study 

internationally to use baseline pre-vaccine seroprevalence to measure the impact of 

introduction of a universal infant Hepatitis B vaccine  program on immunity to Hepatitis B 

infection. It also documented significantly higher   seroprevalence of Hepatitis B surface 

antibody in adolescents, indicating vaccine-acquired immunity, in regions of Australia 

where school-based delivery programs had been in place. The need for school-based 

delivery had been contentious in Australia and this study supported their superior 

performance and promoted their establishment nationally for other adolescent vaccine 

programs, such as HPV vaccine. 46 citations.  

Paper 7.2 This study examined seroprevalence of mumps antibody, again using data 

generated through the national serosurveillance programme, alongside disease 

surveillance data for clinical notifications of mumps and coded hospitalisations. It clearly 

demonstrated that higher disease notification rates corresponded to lower seroprevalence 

of mumps antibody using a birth cohort analytic approach to specifically examine the 

cohort not eligible for school-based catch up with measles-mumps-rubella vaccine. 29 

citations.  

Paper 7.3 reported on a national evaluation of Australia’s unique Q fever vaccination 
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program using surveillance data for notified disease, hospitalisations and vaccine safety. It 

found a reduction in notified cases and hospitalisations due to Q fever of over 50% in young 

adult males, who comprised almost all of the high-risk workforce working in abbatoirs, and 

that vaccine safety was acceptable. Given that Australia was the only country with a 

registered Q fever vaccine, this evaluation was of international significance and has been 

cited 129 times. 

Paper 7.4 was undertaken through the PAEDS surveillance network (Papers 1.3 and 1.4). 

It compared coded hospitalisations for varicella and zoster at study hospitals, previously 

validated as a reliable measure of clinical disease51 in years before and after the 

introduction of varicella vaccine into the National Immunization Program, adding clinical 

validation and collection of specimens for laboratory diagnosis through the active 

surveillance network. The study found a 70% reduction in hospitalization post vaccine and 

that only 20% of immunocompetent and vaccine-eligible children admitted in the post-

vaccine period had been immunized, with a doubling in the proportion of total 

hospitalisations among immune-compromised children. 41 citations.  

Paper 7.5 also used hospitalization data to evaluate vaccine impact against varicella and 

zoster, in the context of vaccine coverage data from the ACIR, which allowed 

documentation of coverage during periods when varicella vaccine was approved for use, 

recommended but not funded and then funded through the National Immunisation 

Programme (NIP). It was also able to compare vaccine coverage by 24 months of age for 

the dose recommended at 18 months with coverage reached by 60 months of age. 

Incidence of hospitalization decreased significantly during the period prior to NIP funding 

(with only modest uptake) and more steeply after NIP introduction – during both periods, 

coverage was higher at 60 months than at 24 months, reaching 90% 5 years post NIP 

funding. Also notable was that higher incidence among Aboriginal and Torres Strait 

children during the pre-NIP funded period became identical to among non-Indigenous 

children in the post NIP period. Cited 71 times. 

Paper 7.6 evaluated the impact of vaccines against Meningococcal serogroup C disease 

over the decade since vaccine introduction in 2003. The evaluation was complicated by 

changes in laboratory identification of invasive meningococcal disease (primarily 

availability of molecular diagnosis enabling identification of serogroup even in culture-

negative cases), and regional differences in serogroup C incidence in the pre-vaccine 

period. The incidence of serogroup C disease was adjusted by assuming that serogroup 

distribution in cases of unknown serogroup did not differ from that in typed cases and was 
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compared with changes in incidence of non-C (primarily serogroup B) disease. A 90% 

reduction in C incidence was found in age groups not eligible for the vaccine program or 

catch-up, significantly less than the 98% reduction in targeted age-groups but significantly 

more than the 40-45% reduction in B incidence seen in all age-groups. Reductions were 

constant across the decade, with no trend to increasing vaccine failures over time, leading 

to a policy decision that no vaccine booster dose was required. Cited 24 times. 

Paper 7.7 also examined invasive meningococcal disease, examining the detailed 

epidemiology of serogroup B disease between 1999 and 2015 and used the same methods 

as Paper 7.6 to interpret trends in age-specific incidence over time. In contrast to 

serogroup C disease, there was much greater skewing of the age distribution to infants less 

than 12 months of age, among whom C disease had been uncommon, and a substantially 

higher incidence of B disease in Indigenous children, whereas for C disease incidence was 

similar by Indigenous status. These data were influential in policy decisions about the 

vaccines targeting the B serogroup, approved for use in Australia from 2013. 22 citations. 

 

Chapter 8 – Reviews of vaccines and vaccine-preventable diseases 

 
Chapter 8 comprises four major reviews on topics related to vaccine programs and 

vaccine impact of international relevance.    

Paper 8.1 synthesized data from publications and unpublished reports on the pre 

and post-vaccine incidence of 5 diseases: invasive Haemophilus influenzae type b 

(Hib) disease, Hepatitis A, Hepatitis B, Influenza and Pneumococcal disease in 

Indigenous populations in four high-income English-speaking countries – Australia, 

New Zealand, Canada and the United States. All these diseases had substantially 

higher incidence pre-vaccine among all Indigenous populations and in 2006, when 

the review was published, most countries had vaccine program in place against 

them. The review highlighted the significantly lesser impact typically seen with 

targeted as opposed to universal programs, but noted that targeted programs could 

be effective in regions where a high proportion of the population identified as 

Indigenous. 45 citations. 

Paper 8.2 was an invited review for a Lancet on the global impact of vaccines on 

bacterial meningitis as part of series on bacterial meningitis. The review focused on 

the three most common causes of bacterial meningitis globally: Haemophilus 
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influenzae type b, Streptococcus pneumoniae and Neisseria meningitidis and 

highlighted important differences between them in high-income, low incidence and 

low-income, high incidence settings. For Haemophilus influenzae meningitis, one 

serotype (b) accounted for the great majority of cases and was largely confined to the 

age group less than 5 years, with near elimination without serotype replacement 

documented in all age groups in both high and low incidence settings. In contrast, for 

Streptococcus pneumoniae, much wider serotype distribution, especially in high 

incidence settings, and varying levels of replacement limited impact on meningitis due 

to any pneumococcal serotype despite impact on vaccine serotypes comparable to Hib 

meningitis. For Neisseria meningitidis, there was much more variability in incidence 

and evidence from some high-income settings of significant decreases in meningitis 

in the absence of specific interventions such as immunization. Cited 281 times.  

Paper 8.3 was a systematic review conducted by PhD student Kerrie Wiley of studies 

identifying the source of infection for young infant with pertussis, an issue of 

particular relevance for the cocoon strategy, which relies on giving pertussis vaccine 

to adult contacts to protect unimmunized infants and was evaluated by Paper 2.2.6. 

This review has been cited 191 times.  

Paper 8.4 was a systematic review of papers reporting population-based data on 

mortality due to pertussis in the pre and post-immunization eras in high and low 

income countries globally aimed at informing maternal immunization strategies. 

While the review identified substantial reductions in pertussis mortality in children 

in high-income countries with improvements in living conditions pre-vaccine, there 

was a >98% reduction in residual deaths post widespread infant immunization, with 

the small remaining mortality burden limited to infants too young to immunize. In 

contrast, pre-vaccine incidence in the small number of low-income countries with 

available data was as high as the highest pre-vaccine historical estimates from high-

income countries. Cited 31 times.  

Paper 8.5 is a major review commissioned by the Oxford Research Encyclopaedia of 

Public Health which first appeared in May 2020.  It includes consideration of the scope 

and methodological limitations of comprehensive measurement of vaccine impact and 

charts the progress of vaccine coverage and disease prevention since the Expanded 

Programme of Immunisation.   
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Executive summary
In June 2000 the first report of the morbidity and mortality from vaccine preventable diseases (VPDs) in
Australia (1993 to 1998) using nationally collected data was published. The striking feature was the
progressive decline in the incidence of all the childhood VPDs except pertussis. Even more striking was the
more than 99 per cent decline in the number of deaths from these diseases since the prevaccination era,
despite the Australian population increasing 2.8 fold and the close association this rate of decline has had
with the introduction of specific vaccination programs. It is important, however, that the downward trend in
morbidity and mortality from VPDs is maintained and carefully monitored, and that changes are interpreted
in relation to vaccination coverage.

Aim

This report aimed to bring together four national sources of routinely collected data about VPDs and
vaccination (deaths, notifications, hospitalisations and vaccination coverage) for all age groups between
1999 and 2000 and to compare them with the data for 1993 to 1998.

Methods

Data sources included notifications from the National Notifiable Diseases Surveillance System (NNDSS),
hospitalisation data from the Australian Institute of Health and Welfare (AIHW) National Hospital Morbidity
Database, deaths from the AIHW Mortality Database and vaccination coverage according to the Australian
Childhood Immunisation Register (ACIR). All data sources were expected to have some limitations, the most
important being under-reporting for notifications and vaccination encounters, and coding errors in the
hospital morbidity data.

Table 1. Notifications, hospitalisations and deaths from diseases preventable by vaccines on the
childhood vaccination schedule, Australia, 1995 to 2000*

ix
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Disease† Notifications Hospitalisations Deaths
Average per year Average per year Average per year

1995–1999 2000 July 95–June 99 July 1999–June 2000 1995–1999 2000

Diphtheria 0 0 2 1 0 0

Hib (<5 yrs) 30 10 62 37 0.8 0

Measles 615 107 96 67 0.6 0

Mumps 165‡ 212 54 54 0.2 2

Pertussis 5870 5942 798 349 1.8 1

Polio 0 0 2§ 2§ 0 0

Rubella 1933 322 67 29 0 0

Tetanus 5 6 31 32 1 2

Total 8618II 6599 1111II 571 4.4II 5

* Notifications where the month of onset was between January 1995 and December 2000; hospitalisations where the month of separation
was between 1 July 1995 and 30 June 2000; deaths where the date of death was recorded between 1995 and 2000.

† See Chapter 3 for case definitions.

‡ Only the Australian Capital Territory, New South Wales and Victoria reported mumps notifications for the entire period. For these
States/Territories the average number of mumps notifications per year from 1995–1999 was 104 and there were 152 notifications in
2000.

§ Principal diagnosis only. See page 53 for comment.

II Average per year for the total does not equal the sum of that for each disease, due to rounding.



Results

Notifications for the 8 diseases covered by the routine childhood vaccination schedule declined by 23 per
cent, from an average of 8618 cases each year in 1995–1999 to 6599 in 2000 (Table 1). Hospitalisations
fell by 49 per cent, from an average of 1111 per year in 1995–1999 to 571 in 1999/2000. Deaths remained
unchanged at 5 per year over the review period. Tetanus caused 1 or 2 of the deaths each year. Only one of
the 5 deaths in 2000 was in an infant with pertussis; the other 4 deaths (2 tetanus, 2 mumps) were in women
aged over 80 years. Pertussis was the reason for the majority of notifications (90%) and hospitalisations
(61%). The notification rate for pertussis in 2000 (31.0 per 100 000) was the highest since the outbreak year
of 1997 (58.9 per 100 000). Most of the pertussis notifications (58%) were in adults, but the majority of
hospitalisations (70%) were in children aged 0–14 years. There were notable declines in the number of notifi-
cations of invasive Haemophilus influenzae type b (Hib) disease in children under 5 years of age (66%), and in
the number of notifications of measles (83%) and rubella (83%). There were no notifications of diphtheria or
poliomyelitis.

In 2000 there were more notifications for acute hepatitis B (n=395) than for any other year since national
surveillance commenced in 1996. Many of the notifications (25%) were in the 20–24 year age group. Even
so, acute hepatitis A caused more notifications (n=812) in 2000.

Of vaccine preventable diseases not included on the childhood schedule during the review period the greatest
morbidity and mortality at all ages in 2000 resulted from influenza (67 deaths), pneumococcal disease (50
deaths), meningococcal disease (28 deaths), acute hepatitis B (7 deaths) and varicella (5 deaths). In 2000
varicella, influenza, pneumococcal and meningococcal disease caused almost 9000 hospital admissions
with more than one-third of these occurring in children aged 0–4 years.

Vaccination coverage estimated using ACIR data reached the targets set by the Immunise Australia program.
By September 2001 coverage for the first 3 doses of diphtheria, tetanus, pertussis and Hib vaccines,
assessed at 1 year of age, had reached 90 per cent, while coverage for measles-mumps-rubella (MMR)
vaccine, assessed at 2 years of age, had reached 93 per cent. At the age of 2 years 88 per cent of children
were fully immunised. It is likely that these data underestimated coverage by 2–5 per cent, and that the
increase in coverage partly reflected better reporting to the ACIR by providers.

Comment

This is the second comprehensive report on VPDs and vaccination coverage in Australia using multiple data
sources. It provides a valuable comparison with the first report, as well as a baseline for ongoing
measurement of trends and the impact of interventions.

In 2000 Australia had the lowest measles notification rate on record (0.6 per 100 000) with 107 notifications
and no measles deaths since 1995. These low rates are the result of both high routine immunisation
coverage and the Measles Control Campaign which was conducted in late 1998, when 1.7 million primary
school children were vaccinated with MMR vaccine. There has also been a marked decline in both Hib disease
and rubella. Measles, rubella and Hib disease are now close to elimination in Australia.

Pertussis caused the greatest morbidity from a disease preventable by the current childhood schedule,
indicating the need for additional interventions aimed at controlling spread of this infection in children and
adults.

Hepatitis B vaccination has been recommended for all infants born since May 2000 and for adolescents since
1997, but these initiatives are likely to take at least 10 years to impact on the incidence of acute hepatitis B.
The need for a program aimed at young adults (aged 20–25 years) is also indicated.

Morbidity and mortality from varicella, influenza, pneumococcal disease and meningococcal disease,
especially in children aged 0–4 years, could be reduced by the use of vaccines now available in Australia.

x
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1 - Introduction
In June 2000 the first report of the morbidity and mortality from vaccine preventable diseases (VPDs) in
Australia (1993 to 1998) using nationally collected data was published.1 The striking feature was the
progressive decline in the incidence of all the childhood VPDs except pertussis. Even more striking has been
the 99 per cent decline in the number of deaths from these diseases since the prevaccination era, despite
the Australian population increasing 2.8 fold (Table 2), and the close association this rate of decline has had
with the introduction of specific vaccination programs.2

The 1990s saw the introduction of a number of major surveillance and vaccination initiatives in Australia:

• a national disease notification system in 1991;

• the Australian Childhood Immunisation Register in 1996,3 and 

• the Seven Point Plan in 1997 (this included the Measles Control Campaign in the later part of 1998).4

It is important to measure the ongoing impact of vaccination initiatives. This second report uses similar
methods to the first and brings together four national sources of routinely collected data about VPDs and
vaccination (deaths, notifications, hospitalisations and vaccination coverage) for all age groups between
1999 and 2000, and compares them with the data for 1993 to 1998.

The diseases covered in this report include those for which vaccines for children were funded nationally during
the review period (diphtheria, Haemophilus influenzae type b (Hib) disease, hepatitis B (from 2000), measles,
mumps, pertussis, poliomyelitis, rubella and tetanus), those for which vaccines were available but only funded
or recommended for specific risk groups (hepatitis A, invasive pneumococcal disease, influenza) and varicella
and meningococcal disease (for which new vaccines became available in 2000 and late 2001, respectively).
The report does not cover some other diseases which are vaccine-preventable, such as tuberculosis, for which
reports can be found elsewhere.5

This and the previous report, both from the National Centre for Immunisation Research and Surveillance
(NCIRS), provide evidence of the impact of changes in vaccination policy over the past decade, the most
evident in the current review period being the effects of the Measles Control Campaign. These reports provide
baselines against which further initiatives can be evaluated. 

Table 2. Deaths from diseases commonly vaccinated against, Australia 1926 to 2000*

1
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* Sources: Feery B. One hundred years of vaccination. Public Health Bulletin 1997; 8:61-63; Feery B. Impact of immunization on disease
patterns in Australia. Med J Aust 1981;2:172-176. Deaths recorded for 1966–1975 and 1996–2000 updated with data provided by 
ABS and the Australian Institute of Health and Welfare Mortality Database.

†   Excludes deaths from subacute sclerosing panencephalitits.

Indicates decade in which community vaccination started for the disease.

Period Diphtheria Pertussis Tetanus Poliomyelitis Measles† Population estimate

1926–1935 4073 2808 879 430 1102 6 600 000

1936–1945 2791 1693 655 618 822 7 200 000

1946–1955 624 429 625 1013 495 8 600 000

1956–1965 44 58 280 123 210 11 000 000

1966–1975 11 22 82 2 146 13 750 000

1976–1985 2 14 31 2 62 14 900 000

1986–1995 2 9 21 0 32 17 300 000

1996–2000 0 9 5 0 0 18 734 000



2 - Methods

Vaccine preventable diseases data
Three sources of routinely collected data were used for this report. Notification data were obtained from the
National Notifiable Diseases Surveillance System (NNDSS), hospitalisation data from the Australian Institute
of Health and Welfare (AIHW) National Hospital Morbidity Database, and mortality data from the AIHW
Mortality Database (unpublished data).

Notifications

The NNDSS database was established in its current form in 1991, and includes information about cases of
vaccine preventable diseases reported by laboratories and health workers to State/Territory authorities under
their current public health legislation. State/Territory notification criteria are based on the National Health and
Medical Research Council (NHMRC) surveillance case definitions.6 However, application of these definitions
and even the definitions themselves may differ between jurisdictions. In 1999 to 2000 pneumococcal
disease, influenza and varicella were not notifiable to the NNDSS.

We used the same data sets extracted from NNDSS as those used for the 1999 and 2000 ‘Australia’s
Notifiable Disease Status’ reports.7,8 Disease notification data for cases with an onset between 1 January
1999 and 31 December 2000 (2 years) are included in this report. Those with onset dates between 1 January
1993 and 31 December 1998 were reported previously.1 The variables extracted for analysis were disease,
date of disease onset, age at onset, sex and State/Territory of residence. The fields for laboratory confir-
mation, vaccination status and Aboriginality were too incomplete to warrant analysis. Data from each
State/Territory were included only when that jurisdiction had been reporting for a complete year (see Appendix 2,
‘Notifications by State/Territory and year’, for the years in which States/Territories were reporting). Differences
in surveillance systems between jurisdictions may have accounted for some of the differences in notification
rates. Where there were known differences that were likely to differentially affect notification rates, these have
been described under the disease of interest.

Hospitalisations

The AIHW National Hospital Morbidity Database has received administrative, demographic and clinical
information about patients admitted to public and private hospitals in Australia since 1993. Data are received
by financial year of separation (discharge) and the two most recent years for which data are available
(1998/1999 and 1999/2000) were examined. Cases with separation dates between 1 July 1993 and 30
June 1998 (5 years) were reported previously.1 In the current report all hospitalisations with a separation date
in 1998/1999 or 1999/2000 were included, whereas in the previous report only those with admission and
separation dates in the 5-year review period were examined. Data were extracted based on the International
Statistical Classification of Diseases and Related Health Problems, 10th Revision, Australian Modification, 
1st Edition (ICD-10-AM). However, in 1998/1999 Queensland, South Australia, Western Australia and
Tasmania were still using ICD-9-CM (International Classification of Diseases, 9th Revision, Clinical
Modification). AIHW provided the mapped ICD-10-AM codes for this year and we reviewed mapping tables
provided by the National Centre for Classification in Health to ensure that all disease-specific ICD-9-CM codes
corresponded to the ICD-10-AM codes examined. The ICD-10-AM codes are provided in each disease section
and where these do not directly correspond to the ICD-9-CM codes used in the previous report, this is stated.
Eligible separations were those with the code of interest listed in the principal diagnosis (the diagnosis chiefly
responsible for the admission of the patient to hospital) or in any other diagnoses. The proportion of
separations for which the diseases were coded as the principal diagnosis is reported for each disease. For
hepatitis B, only principal diagnoses were included. Where the ICD-10-AM code for a disease specifies a
severe manifestation (eg, measles encephalitis) the number and type of these were reported as compli-
cations. The variables extracted for analysis were: date of admission, financial year of separation, age at
admission, sex, State/Territory of residence, length of stay (LOS), mode of separation (whether a patient died
while in hospital), hours of mechanical ventilation  (as a measure of critical care) and diagnosis (principal and
other diagnoses — up to 31 diagnoses were recorded for each admission) coded using ICD-10-AM.
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Deaths

Death data were obtained from the AIHW Mortality Database. These data are supplied annually to the AIHW
from the Registrars of Births Deaths and Marriages in each State and Territory via the Australian Bureau of
Statistics (ABS). Deaths include those in Australian waters as well as on Australian soil, whereas ABS
published data exclude deaths in Australian waters. Since 1997, the International Classification of Disease,
10th Revision (1992), ICD-10 has been used to identify the cause of death. Although multiple causes of death
have been recorded since 1997, only those where the underlying cause of death was the disease of interest
are used in this report. Analysis was by year of registration for those deaths recorded in 1998 to 2000 
(3 years). The variables extracted for each death were: underlying cause, age, year death was reported, sex,
and State/Territory in which death was recorded.

Calculations

All rates were calculated using ABS mid-year estimated resident populations, and are presented as annual
rates or average annual rates per 100 000 total population or population in age, sex or geographical
subgroups, as appropriate. Average annual rates were calculated by dividing the total number of cases for the
period of investigation by the sum of each year’s population for the same period. For hospitalisation data, the
mid-year population estimate for the first half of the financial year was used as the denominator — eg, the
1998 mid-year population estimate was used to calculate rates for 1998/1999. For notification data, the
denominator population for each year included only jurisdictions notifying cases for that entire year. Averages
were calculated for rates of notifications and hospitalisations, and for bed days per year. Medians and ranges,
rather than averages, were used to describe the distribution of notifications and hospitalisations per month,
and length of stay per admission, as these data were not normally distributed.

Report structure for individual diseases

For each disease data are generally presented in the following format:

• secular trends — describing the pattern of notifications and hospitalisations over time, with reference to
seasonality and outbreaks;

• severe morbidity and mortality — presents hospital bed days, length of stay, critical care, principal
diagnosis, complications and mortality by age group in standard categories;

• age and sex distribution — presents data by age and sex groups as relevant for each particular disease;

• geographical distribution — case numbers and rates by State/Territory, as shown in Appendices 2 and 3,
are discussed;

• comment — discussion of the data presented.

Vaccination coverage data
During the review period of this report there was one source of data about national vaccination coverage: the
Australian Childhood Immunisation Register (ACIR). The ACIR commenced in January 1996 and is
administered by the Health Insurance Commission for the Commonwealth Department of Health and Ageing.
The ACIR records details, as supplied by vaccination providers, about the vaccination status of children aged
less than 7 years. Vaccination coverage estimates derived from ACIR data have been reported in
Communicable Diseases Intelligence since early 1998. A complete description of the method for calculating
coverage estimates by age cohorts is given elsewhere.9 In this report we have described trends in ACIR
vaccination coverage estimates for all vaccines on the current childhood schedule.
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Notes on interpreting data

Vaccine preventable diseases data

Comparisons between the notification, hospitalisation and death databases should be made with caution as
they differ in their purposes, reporting mechanisms and accuracy. To provide the most recent information
available and to account for the varied reporting formats, different time periods have been reviewed for each
data set. As there were no unique identifying codes to link records for the same individual across databases
and because of differences in the accuracy of each database, it was not possible to analyse deaths and
hospitalisations as a subset of notifications.

The rates presented here are crude rates and may be confounded by differences in the population structure
(i.e., age, ethnicity and population density) between jurisdictions. It is also important to note that jurisdictions
with small populations may have high rates even with low absolute numbers of cases, so that a small change
in numbers results in a large change in rates.

Notification data

A major limitation of the notification data is that they represent only a proportion of the total cases occurring
in the community. This proportion may vary between diseases, with infections diagnosed by a laboratory test
more likely to be notified. Data accuracy may also vary between States/Territories due to the use of different
case definitions for surveillance and varying reporting requirements by medical practitioners, laboratories and
hospitals. In addition, data accuracy may change over time as new diagnostic tests are introduced or
surveillance practices change.

Hospitalisation data

Comparisons over time and between jurisdictions should be more valid for hospitalisation data than for notifi-
cation data, because methods of collecting hospitalisation data are more uniform. However, some variation
in hospital access, admission practices and record coding may occur between regions and over time. In
1998/1999 most States and Territories began using ICD-10-AM and in 1999/2000 all jurisdictions were
using the new classification. This change has impacted on the sensitivity and specificity of some diagnostic
codes (see each disease section for details where appropriate). The most notable impact has been on the
number of hospitalisations for ‘acute’ hepatitis B as, unlike the previously used ICD-9-CM, ICD-10-AM allows
differentiation between acute and unspecified infection.

There are also limitations associated with the use of ICD codes to identify cases. Hospital coding errors have
been reported to occur more commonly for diseases that the coder was less familiar with (eg, rare diseases)
and for admissions with multiple diagnoses.10 Assignation of codes is based on information in medical
records, as recorded by clinicians, and there are few strict case definitions. For some diseases, such as
Haemophilus influenzae type b infection, the ICD-9-CM and ICD-10-AM codes lack specificity. This is in contrast
to the more stringent case definitions used for notification data. It must also be noted that the hospitalisation
database contains a record for each admission, which means that there are separate records for each
readmission or inter-hospital transfer. This is unlikely to have a major impact on the numbers reported for
most diseases reviewed, as they are acute illnesses. However, for diseases where it was likely that
readmissions could have affected the numbers reported, a frequency of ‘date of birth’ was examined as a
proxy measure of the number of multiple admissions. For diseases where the results of this analysis indicated
that readmissions might have significantly affected the numbers reported, this is indicated in the comments
section. For hospitalisations where the code of interest was not the principal diagnosis, the code of interest
will have been recorded as a co-morbidity (additional or secondary diagnosis), the relative importance of
which cannot be gauged.
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Death data

Mortality data were analysed by year of registration rather than by year of death, as annual reports to AIHW
are by year of registration, so not all deaths occurring in a year would be included in that year’s data.
Approximately 6 per cent of deaths in a particular calendar year are registered in the subsequent year, with
the bulk comprising that calendar year’s December deaths.

Only those deaths where the underlying cause of death was the disease of interest are reported here. Hence
deaths where the disease of interest was a contributing cause of death are not included.

The problems associated with the accuracy of the ICD codes used for hospital separations may also apply to
the mortality data. As noted for hospitalisation data, the move from ICD-9 to ICD-10 codes (which occurred in
1997) may impact on the comparability of some death data and this must be borne in mind when comparing
years. This is especially important for numbers of deaths where the underlying cause was recorded as
hepatitis B. Prior to the use of ICD-10, acute, chronic and unspecified infections could not be differentiated.

Vaccination coverage data

Limitations of data available from the ACIR must be considered when it is used to estimate vaccination
coverage. Vaccine coverage estimates calculated using ACIR data should be considered minimum estimates
due to under-reporting.3,11 However, reporting of vaccination encounters to the ACIR by providers improved
significantly since the last vaccine preventable diseases (VPD) report due to the implementation of various
financial incentives for both general practitioners and parents.12 This resulted in improved accuracy of vaccine
coverage estimates calculated using ACIR data. Another limitation of ACIR data is that records are only held
for children up to 7 years of age. Also, coverage is calculated only for children registered on Medicare;
however, by the age of 12 months it is estimated that over 98 per cent of Australian children have been
registered with Medicare.9
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3 - Vaccine preventable diseases 

Diphtheria
Diphtheria is an acute bacterial infection caused by Corynebacterium diphtheriae. The major manifestation is
a membranous inflammation of the upper respiratory tract. Damage to other organs including the
myocardium, nervous system and kidneys, caused by the organism’s exotoxin, may also occur.13,14

Notifications, hospitalisations and deaths

There have been no notifications of, or deaths due to, diphtheria during the review period. There were 2
hospitalisations in 1998/1999–1999/2000 coded as laryngeal diphtheria. Both were female, aged 1 and 39
years, respectively, both had diphtheria recorded as their principal diagnosis and both had a length of stay of
3 days.

Comment

Diphtheria has become rare in Australia. Over the past 8 years only 14 people, predominantly adults, had
hospitalisations coded as diphtheria, with 3 of these in the last 4 years. There have, however, been no notifi-
cations of diphtheria for over 8 years, so it is probable that even the small number of hospitalisations
recorded are not true cases. At the time of writing this report, hospitalisations for Victoria were being reviewed
by the Department of Human Services as they believe them to be incorrect.

The epidemiology of diphtheria in Australia is similar to that in Western Europe, the United States of America
(USA) and the United Kingdom. Numbers have declined and almost all recent cases in the United Kingdom,
the USA and countries bordering the Newly Independent States of the Soviet Union have been associated with
imported infections.15 Hence, there is still the possibility of an imported case occurring in Australia, partic-
ularly from developing countries,16 such as recently occurred in New Zealand where an unimmunised child
was infected by a contact returning from Bali.17 It is therefore important for Australia to retain high levels of
immunity through high vaccination coverage.
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Case definitions

Notifications

Isolation of toxigenic Corynebacterium diphtheriae and one of the following: 

• pharyngitis and/or laryngitis (with or without membrane); or

• toxic (cardiac or neurological) symptoms.

Hospitalisations

The ICD-10-AM codes used to identify hospitalisations were: A36.0, pharyngeal diphtheria; 
A36.1, nasopharyngeal diphtheria; A36.2, laryngeal diphtheria; A36.8 + I41.0, diphtheritic
myocarditis.

Deaths

The ICD-10 code A36 (diphtheria) was used to identify deaths.



Haemophilus influenzae type b disease
Haemophilus influenzae (Hib) is a fastidious Gram-negative bacterium which occurs in both encapsulated and
unencapsulated forms. Before Hib vaccines became available one encapsulated serotype, type b (Hib),
caused at least 95 per cent of infections due to H. influenzae in children.18,19 Prior to the introduction of Hib
vaccination the most common manifestation of invasive Hib disease was meningitis, with children aged less
than 18 months most at risk.19-21 Aboriginal children had a particularly high risk of Hib meningitis with rates
among the highest recorded anywhere in the world.22 Survivors of Hib meningitis commonly had neurological
sequelae such as deafness and intellectual impairment. Epiglottitis was the other major category of infection,
most often occurring in children over the age of 18 months. Less common manifestations of Hib disease
include cellulitis, septic arthritis, pneumonia, pericarditis, osteomyelitis and septicaemia.

Secular trends

There were a total of 68 Hib notifications (average annual notification rate 0.2 per 100 000) during the review
period (Table 3). A median of 3 cases (range 0–5) were notified per month (Figure 1). There were 429 hospital-
isations (average annual rate 1.1 per 100 000) for presumed Hib, with a median of 18 cases (range 8–35)
hospitalised per month. Acute epiglottitis accounted for 361 (84%) of these hospitalisations and meningitis
for 68 (16%). Hospitalisations occurred throughout the year but were slightly more frequent during the winter
months.
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Case definitions

Notifications

a) A clinically compatible illness (meningitis, epiglottitis, cellulitis, septic arthritis, osteomyelitits,
pneumonia, pericarditits or septicaemia) and either:

• the isolation of Haemophilus influenzae type b from blood; or

• detection of Hib antigen (in a clinically compatible case); or

• detection of Gram-negative bacteria where the organism fails to grow in a clinical case.

or

b) A confident diagnosis of epiglottitis by direct vision, laryngoscopy or X-ray.

Hospitalisations and deaths

There were no ICD-10-AM/ICD-10 codes which specified Hib as a causative organism. Two ICD-10-
AM/ICD-10 codes were used to identify presumed Hib cases: G00.0 (Haemophilus meningitis), and
J05.1 (acute epiglottitis). The ICD-10-AM/ICD-10 codes for H. influenzae pneumonia, H. influenzae
septicaemia and H. influenzae infection were not included as these were thought to be less
specific for invasive H. influenzae type b disease.



Figure 1. H. influenzae type b (Hib) notifications and presumed Hib hospitalisations* for all ages,
Australia, 1993 to 2000†, by month of onset or admission

* Hospitalisations for H. influenzae meningitis and acute epiglottitis.

† Notifications where the month of onset was between January 1993 and December 2000, hospitalisations where the month of admission
was between 1 July 1993 and 30 June 2000.

Severe morbidity and mortality

At all ages, the number and rate of hospitalisations were higher than the number and rate of notifications
(Table 3). The principal diagnosis was H. influenzae meningitis or acute epiglottitis in 329 (77%) of the hospital-
isations. Over the review period a total of 2182 hospital bed days (average, 1091 days per year) were recorded
for patients with presumed Hib. Children 0–4 years of age had a longer median length of stay than older
children. Once hospitalised, older adults were more likely than younger adults or children to require critical
care (Table 4). In the 3 years 1998 to 2000, H. influenzae meningitis was recorded as the underlying cause of
death for 2 children (less than 10 years old) and acute epiglottitis for 3 adults aged at least 50 years.
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Table 3. H. influenzae type b (Hib) notifications, presumed Hib hospitalisations* and deaths,
Australia, 1998 to 2000,† by age group

Age group Notifications Hospitalisations LOS‡ per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)

No. Rate§ No. (^) Rate§ (^) Median No. Rate§

0–4 31 1.2 74 (63) 2.9 (2.5) 4 1 0.0

5–14 8 0.1 35 (25) 0.7 (0.5) 2 1 0.0

15–24 1 0.0 31 (23) 0.6 (0.4) 2 0 -

25–59 13 0.1 193 (155) 1.0 (0.8) 3 2 0.0

60+ 15 0.2 96 (63) 1.6 (1.0) 4 1 0.0

* Hospitalisations for H. influenzae meningitis and acute epiglottitis.

† Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

‡ LOS = length of stay in hospital.

§ Average annual age-specific rate per 100 000 population.

|| Includes cases with unknown ages.

^ Principal diagnosis (hospitalisations).

All ages|| 68 0.2 429 (329) 1.1 (0.9) 3 5 0.0
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Age and sex

All measures of Hib and Haemophilus influenzae disease (notifications, hospitalisations and deaths) were
higher in males than females, with male:female ratios of 1.1:1, 1.6:1 and 4:1, respectively. In children aged
0–4 years, H. influenzae meningitis and acute epiglottitis hospitalisations were equally common (37 cases of
each). Overall, children aged 0–4 years accounted for 46 per cent (31/68) of all notifications, 54 per cent
(37/68) of all meningitis hospitalisations and 20 per cent (1/5) of all deaths, but only 10 per cent (37/361)
of all epiglottitis hospitalisations (Figure 2). The age-specific notification rate closely matched the age-specific
H. influenzae meningitis hospitalisation rate.

Figure 2. H. influenzae type b (Hib) notification and presumed Hib hospitalisation rates, Australia,
1998 to 2000,* by age at admission

Table 4. Indicators of severe morbidity for hospitalised cases of H. influenzae type b infection,
Australia, 1998 to 2000,* by age group

Age group Requiring critical care†

(years) No. % total Median no. of hours‡

0–4 1 1.3 8

5–14 1 2.9 121

15–24 0 0 -

25–59 9 4.7 191

60+ 6 6.2 114

* Hospitalisations for H. influenzae meningitis and acute epiglottitis where the month of hospital separation was between 
1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.
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* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000.

Since 1993, all measures of invasive Hib disease in children aged 0–4 years have fallen (Figure 3). Despite
a small rise in 1997/1998, meningitis and epiglottitis hospitalisation rates fell from a rate of 20.6 per 
100 000 in 1993/1994 to 2.9 per 100 000 in 1999/2000. Six deaths were recorded in this age group in
1993 and none in 2000.

All ages 17 4.0 120
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Figure 3. H. influenzae type b (Hib) notification and presumed Hib hospitalisation* rates and
numbers of deaths for children aged 0–4 years, Australia, 1993 to 2000†
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* Hospitalisations for H. influenzae meningitis and acute epiglottitis.

† Notifications with onset dates between July 1993 and June 2000; hospitalisations with separations between July 1993 and June 2000;
deaths where the date of the death was recorded between 1993 and 2000.

Geographical variation

The reduction in notified cases has been seen across all States and Territories (Appendices 2 and 3).

Comment

The dramatic reduction in the incidence of invasive Hib disease seen following the introduction of conjugated
vaccines in 1993 has been maintained. Hib is now a rare disease in children and deaths are very rare. Now
that Hib disease is so uncommon, surveillance data require even more careful interpretation since small
errors can result in big proportional changes.

Hospitalisation data probably overestimate Hib cases, because the hospitalisation codes lack specificity.
Since the introduction of Hib vaccination, the assumption that almost all hospitalisations for acute epiglottitis
and H. influenzae meningitis are due to Hib infection may no longer hold true. This is especially the case for
epiglottitis in adults, which may be due to organisms other than H. influenzae.23 In 1993/1994, 28 per cent
of acute epiglottitis hospitalisations in children aged less than 5 years were also coded as having an 
H. influenzae infection (ICD-9-CM code 041.5). In contrast, in 1998/1999 and 1999/2000 no hospitalisation
coded as acute epiglottitis was also coded as having an H. influenzae infection (ICD-10-AM code A49.2).
Hospitalisation data may overestimate incidence if cases are counted twice when a patient is transferred
between hospitals. If records with the same gender, date of birth and residential area code are assumed to
represent multiple hospitalisation episodes for the same person, there were 13 dual admissions and one
triple admission amongst the 361 acute epiglottitis hospitalisations.
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Notifications, on the other hand, probably underestimate Hib cases. First, cases of epiglottitis are probably
less likely to be notified through laboratory confirmation, as they are often diagnosed on clinical grounds
alone. Figure 2 indicates that clinicians may be more likely to notify cases of H. influenzae meningitis than
cases of acute epiglottitis. Second, there is evidence from the United Kingdom that enthusiasm for reporting
of Hib disease may decline following the successful implementation of an immunisation program.24 Overall it
is likely that notifications, because they are usually linked to laboratory identification of Hib, more closely
represent the true incidence of Hib disease than hospitalisations.

In 2000, Australia instituted a new Hib immunisation schedule for all children, comprising PRP-OMP vaccine
at 2 and 4 months of age with a booster at 12 months of age. Between 1993, when Hib immunisation
commenced in Australia, and 2000, PRP-OMP vaccine had been used only for Aboriginal and Torres Strait
Islander children. Other children received HbOC vaccine at 2, 4 and 6 months and a booster at 18 months of
age. This recent change may further reduce the burden of Hib disease since the primary immunisation series
will now be completed at 4 months as opposed to 6 months of age.



Hepatitis A
Infection with the hepatitis A virus (HAV), a picorna virus, may produce a wide range of symptoms from
subclinical hepatitis, to acute hepatitis with jaundice, to fulminant hepatitis. Onset of clinical symptoms is
usually abrupt with fever, anorexia, malaise, nausea and abdominal discomfort followed by jaundice. The
single most important factor in determining the outcome of HAV infection is age. Over 90 per cent of infections
acquired before the age of 5 years are silent, with the proportion of infected individuals showing symptoms
increasing to 90 per cent in adults.13,14

Secular trends

There were 2371 hepatitis A notifications in 1999 to 2000 (average annual notification rate 6.2 per 100 000)
(Table 5). A median of 105 cases (range 34–181) were notified per month. There were 1432 hospitalisations
(average annual hospitalisation rate 3.8 per 100 000) with a median of 61 admissions (range 16–77) per
month.

Notification and hospitalisation rates declined in 1999 and again in 2000 compared with previous years
(Figure 4). There was no apparent seasonality in notifications or hospitalisations.
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Case definitions

Notifications

a) Detection of anti-hepatitis A virus IgM antibody, in the absence of recent vaccination.

or

b) A clinical case of hepatitis (jaundice, elevated aminotransferase levels without a 
non-infectious cause) and an epidemiological link to a serologically confirmed case.

Hospitalisations and deaths

The ICD-10-AM/ICD-10 codes B15 (hepatitis A) were used to identify hospitalisations and deaths.
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Severe morbidity and mortality

There were 8324 hospital bed days (average 4162 per year) recorded for patients with an ICD-10-AM code for
hepatitis A. Hepatitis A was the principal diagnosis in 47 per cent of these hospitalisations (667 cases,
average annual rate 1.8 per 100 000). The median length of stay for those aged 60 years or more was almost
double that for younger age groups (Table 5). In 1998 to 2000, hepatitis A was recorded as the underlying
cause of 8 deaths (0.2 per 100 000). Five deaths occurred in the 60 year and over age group and 2 in children
aged 0–4 years. Both deaths in children occurred in 1998 in Queensland.

Only 2 hospitalisations coded as hepatitis A were recorded as requiring critical care (Table 6). Hepatitis A with
hepatic coma (ICD-10-AM B15.0) was recorded for 11 admissions, none of which were in children aged less
than 5 years.

Table 5. Hepatitis A notifications, hospitalisations and deaths, Australia, 1998 to 2000,* by age group

Figure 4. Hepatitis A notifications and hospitalisations, Australia, 1993 to 2000,* by month of
onset or admission
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* Notifications where the month of onset was between January 1993 and December 2000, hospitalisations  where the month of admission
was between 1 July 1993 and 30 June 2000.

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. (||) Rate‡ (||) Median No. Rate‡

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis.

All ages§ 2371 6.2 1432 (667) 8.8 (1.8) 3 8 0.2

0–4 168 6.6 40 (25) 1.6 (1.0) 3 2 0.1

5–14 438 8.3 105 (78) 2.0 (1.5) 2 0 -

15–24 521 9.6 215 (144) 4.0 (2.7) 3 0 -

25–59 1114 6.0 818 (363) 4.4 (2.0) 3 1 0.0

60+ 126 2.0 254 (57) 4.2 (0.9) 5 5 0.1
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Table 6. Indicators of severe morbidity* for hospitalised cases of hepatitis A, Australia, 1998 
to 2000,* by age group

Age group Requiring critical care† Complication 
(years) hepatic coma 

No. % total Median no. of hours‡ No. % total

0–4 1 2.5 8 0 0

5–14 0 0 - 2 1.9

15–24 0 0 - 3 1.4

25–59 0 0 - 2 0.2

60+ 1 0.4 1222 4 1.6

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

Age and sex distribution

The overall male:female ratio was 1.3:1 for notifications, 1.1:1 for hospitalisations and 1:3.0 for deaths. 
The sex ratio differed between age groups for notifications and hospitalisations. It was highest for cases aged
15–34 and 35–59 years (1.5:1 for notifications and 1.2:1 for hospitalisations for both age groups). 
For children under 15 years and adults over 59 years the ratio was close to 1.1:1.

Notification and hospitalisation rates for all age/sex groups declined in the 2-year review period compared
with previous years (Figures 5 and 6). The highest rates of both notification and hospitalisation occurred
among males aged 15–34 years (average annual notification and hospitalisation rates were 12.6 and 5.0 per
100 000, respectively). This group and females aged 15–34 years have had the highest notification rates over
the 8-year period shown in Figure 5 (1993 to 2000). 

Figure 5. Hepatitis A notification rates, Australia, 1993 to 2000,* by age group, sex and year 
of onset
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Geographical distribution

Notification and hospitalisation rates varied by jurisdiction (Appendices 2 and 3). Notification rates were lower
in all jurisdictions in 2000 compared with 1999, while hospitalisation rates increased in some jurisdictions.
Overall, the highest rates occurred in the Northern Territory (average annual rates 34.3 per 100 000 for notifi-
cations and 8.1 per 100 000 for hospitalisations). Notification rates were also higher in Western Australia
(average annual rate 12.6 per 100 000) than in Australia as a whole (Appendix 2). 

Comment

In Australia, as in other industrialised countries, hepatitis A appears sporadically with epidemic peaks.14

The increase in total hepatitis A cases as a result of the outbreak associated with consumption of Wallis Lake
oysters25 was evident in the peak in notifications and hospitalisations in February 1997. Other outbreaks that
occurred between 1993 and 1999 among younger adults who used illicit drugs and men who have sex with
men are also evident in the data.26 In 1998, 2 deaths occurred in Queensland in Indigenous children aged
less than 5 years;27 5 of the other 6 deaths in the 3 years 1998 to 2000 were in people aged 60 years or more.

Like other developed countries, Australia has seen a change in the epidemiology of hepatitis A over recent
decades. Adolescents and young adults have lower seroprevalence rates than older adults.28 Important
groups at risk of acquiring hepatitis A are people who travel to countries where hepatitis A is endemic, people
who use illicit drugs and men who have sex with men.

Illicit drug use is an important risk factor for hepatitis A and may account for the higher notification and
hospitalisation rates among males and females aged 15–34 years.26 This has been reported as the most
likely mode of transmission in an increasing proportion of sporadic hepatitis A notifications in several
jurisdictions.29-31 The higher rate of notifications and hospitalisations for men aged 15–59 years is also related
to hepatitis A outbreaks amongst men who have sex with men.26,31

Hepatitis A vaccines have been used to prevent disease32 as well as to control outbreaks.33 Vaccination is
recommended for selected at-risk groups and occupations in Australia,34 and since the deaths in Queensland
in 1999 an Indigenous childhood hepatitis A vaccination program has been implemented (Hanna J, personal
communication). In the USA, hepatitis A vaccine is now part of the routine vaccination schedule for States with
high hepatitis A notification rates.35 Studies in several countries have indicated that universal hepatitis A
vaccination of adolescents would be cost-effective.36,37 The data presented here show that hepatitis A
contributes to infectious disease morbidity and mortality in Australia and may warrant further general or
targeted public health intervention.

Figure 6. Hepatitis A hospitalisation rates, Australia, 1993 to 2000,* by age group, sex and year
of separation
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Secular trends

In the 2 years 1999 and 2000, there were 702 notifications (average annual rate 1.8 per 100 000) with a
median of 28 notifications per month (range 17–51) (Figure 7, Table 7). Between 1998/1999 and
1999/2000 there were 345 hospitalisations with a principal diagnosis of acute hepatitis B (average annual
rate 0.9 per 100 000) with a median of 13 hospitalisations per month (range 7–21). Ninety-eight per cent
(337/345) of these hospitalisations were coded as ‘acute hepatitis B without delta-agent and without hepatic
coma’ (ICD-10-AM B16.9). In 2000, there were more notifications of acute hepatitis B than for any other year
since surveillance began in most States and Territories in 1993 (Appendix 2). Except for a slight increase
between 1997/1998 and 1998/1999, hospitalisations have declined every year since 1993/1994 (Appendix 3).
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Acute hepatitis B
Acute infection with hepatitis B virus (HBV), a hepadnavirus, may produce a range of conditions from
subclinical hepatitis to acute hepatitis with jaundice and, rarely, fulminant hepatitis. Only a small proportion
of HBV infections are clinically recognised, with less than 10 per cent of children and 30–50 per cent of adults
experiencing clinical symptoms.38 Onset of illness, when it occurs, is usually insidious with anorexia, vague
abdominal discomfort, nausea and vomiting, sometimes arthralgia and rash, often progressing to jaundice.
The risk of an acute infection becoming chronic is greatest in those infected as infants. Chronic infection can
lead to cirrhosis of the liver and hepatocellular carcinoma.39

Case definitions

Notifications

People who have a positive hepatitis B surface antigen (HBsAg) and one of the following:

• hepatitis B core antibody (Anti-HBc) IgM;

or

• demonstration of a clinical illness consistent with acute viral hepatitis (jaundice, elevated
aminotransferase.

Hospitalisations

ICD-10-AM code used to identify hospitalisations was B16 (acute hepatitis B). 

As in the previous report, hospitalisations were included only where the relevant ICD code was the
principal diagnosis. Acute hepatitis B was the principal diagnosis in 15 per cent of all hospitali-
sations with acute hepatitis B. This is a much lower proportion than for the other diseases but
similar to previous analyses of hepatitis B hospitalisations.1

Deaths

ICD-10 code B16 (acute hepatitis B) was used to select deaths from acute hepatitis B.
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Figure 7. Acute hepatitis B notifications, and hospitalisations,* Australia, 1993 to 2000,† by month
of onset or admission
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* Prior to July 1994, hospitalisations for acute hepatitis B could not be distinguished from hospitalisations for chronic hepatitis B infection.

† Notifications where the month of onset was between January 1993 and December 2000, hospitalisations where the month of admission
was between 1 July 1993 and 30 June 2000.

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. Rate‡ Median No. Rate‡

0–4 2 0.0 3 0.1 2 0 -

5–14 10 0.2 8 0.1 1.5 0 -

15–24 299 5.5 84 1.6 3 1 0.0

25–59 367 2.0 226 1.2 3 29 0.1

60+ 24 0.4 24 0.4 4 17 0.2

Table 7. Acute hepatitis B notifications, hospitalisations and deaths, Australia, 1998 to 2000,*
by age group

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.

Severe morbidity and mortality

For patients with a principal diagnosis of acute hepatitis B, 1796 hospital bed days (average 898 per year)
were recorded. The median length of stay was 3 days, with longer stays for adults aged 60 years and over
(Table 7). There were 47 deaths recorded in the 3 years 1998 to 2000, 30 in males and 17 in females. All the
deaths were in individuals aged 20 years or more and 62 per cent (29/47) were aged 50 years or more. Coma
and the need for critical care occurred exclusively in individuals aged over 15 years (Table 8). 

All ages§ 702 1.8 345 0.9 3 47 0.1
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Age and sex distribution

In 1999 and 2000, the notification rate increased in young adults aged 15–29 years and in 2000 it was the
highest ever recorded for these age groups (Figure 8). The notification rate has remained stable or has
declined in other age groups. In almost all age groups there were more male than female notifications, with
an overall male:female ratio of 1.7:1.

Table 8. Indicators of severe morbidity* for hospitalised cases of acute hepatitis B, Australia,
1998 to 2000,* by age group

Age group Requiring critical care† Complication 

(years) hepatic coma§

No. % total Median no. of hours‡ No. % total

0–4 0 0 - 0 0

5–14 0 0 - 0 0

15–24 2 2.4 106 0 0

25–59 1 0.4 429 5 2.2

60+ 0 0 - 0 0

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

§ ICD-10-AM codes B16.0 and B16.2.

Figure 8. Acute hepatitis B notification rates, Australia, 1993 to 2000,* by age group
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All ages 3 0.9 208 5 1.4
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During 1998/1999 and 1999/2000, hospitalisation rates were highest in adults aged between 20 and 29
years (Figure 9). Like notifications, hospitalisations occurred predominantly in males with an overall
male:female ratio of 2.3:1. The male:female ratio of notifications and hospitalisations has not altered
between 1993 to 1998 and the current review period.

Figure 9. Acute hepatitis B hospitalisation rates, Australia, 1998 to 2000,* by age group and sex
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* Hospitalisations where the principal diagnosis was acute hepatitis B and the month of separation was between 1 July 1998 and 
30 June 2000.

Geographical distribution

Victoria recorded the highest number of notifications, hospitalisations and deaths (n=20) during the review
period (Appendix 2). The Northern Territory had the highest average annual notification rate at 6.5 per 
100 000 and also the highest average annual hospitalisation rate at 1.6 per 100 000. The increase in notifi-
cations between 1998 and 2000 has been observed in all States and Territories except the Northern Territory,
where notification rates have declined. 

Comment

Overall there were more hospitalisations and deaths than would be expected given the number of notifi-
cations and the epidemiology of the disease. It is likely that this is caused by a combination of (a) misclassi-
fication of hospitalisations and deaths due to chronic infection as acute infection and (b) undernotification.
Misclassification appears especially apparent in the death data, where only 5 of the 47 deaths had acute
hepatitis B with hepatic coma (B16.0 or B16.2) recorded as the underlying cause of death.

The ratio of notifications to hospitalisations has changed since 1993 with notifications increasing while
hospitalisations have decreased. There has been no shift in the age distribution of cases that might explain
a decrease in the severity of disease. The decline in hospitalisations is likely to be a reflection of changes to
coding practices. In 1998/1999 ICD-10-AM replaced ICD-9-CM, although some States/Territories continued
to use ICD-9-CM in 1998/1999. The 4 ICD-9-CM codes used to select hospitalisations between 1994/1995
and 1997/1998 included ‘acute or unspecified’ hepatitis B, whilst ICD-10-AM can differentiate between acute
and unspecified hepatitis B. The ICD-10-AM codes used in this report are therefore more specific for acute
HBV disease.
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The variation in notification rates between States/Territories may be due to differences in surveillance
methods but could also be a real difference resulting from differences in the proportion of the population at
increased risk of hepatitis B infection (eg, Indigenous people). The Australian Capital Territory and Victoria
instituted enhanced surveillance of acute hepatitis B in January 2000 and July 2001 respectively, and this
can be expected to influence notification rates in these jurisdictions.

The increase in acute hepatitis B notifications between 1998 and 2000 is largely confined to young adults
aged 15–29 years. In young adults, acute hepatitis B infection is likely to be the result of sexual transmission
or transmission associated with intravenous drug use. One possible explanation for the increased notification
rate is improved reporting. Since the increase is observed in all States/Territories except the Northern
Territory, any improvement in notification completeness would have to be a widespread phenomenon.
Alternatively, the increase in notifications may represent a real increase in new infections, in which case
attention should be focused on reducing the risk of acute hepatitis B in the current cohort of young adults.
Adolescent hepatitis B immunisation commenced in Australia in 1997. Although we would hope to begin to
see a decline in the notification rate in the 15–19 year age group from 1999 onwards, the effect of active
adolescent immunisation programs in Victoria40 and South Australia has yet to be observed in the notification
rates.

In the Northern Territory hepatitis B vaccine has been routinely given at birth to Aboriginal infants since 1988,
and to all infants since August 1990. In the rest of Australia ‘at-risk’ infants have been given hepatitis B
vaccine since 1987 (except in South Australia, which began in 1996). It is therefore of interest that the
Northern Territory is the only jurisdiction with an overall decrease in notification rates for acute hepatitis B.
Universal infant hepatitis B immunisation was introduced in the rest of Australia in May 2000. The effect of
this policy on the reported incidence of acute hepatitis B would not be expected to become apparent until the
first cohort of vaccinated infants reaches adolescence (around 2015).

Acute hepatitis B is only one measure of the burden of disease caused by HBV. The prevalence of chronic HBV
infection reflects historical transmission patterns and in the longer term the impact of immunisation policies
will be reflected in trends in chronic infection and its sequelae, such as hepatocellular carcinoma.41



22

Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000

Influenza
Influenza A and B viruses can cause major epidemics of respiratory disease. Often indistinguishable on a
clinical basis from disease caused by other respiratory viruses, symptoms can include abrupt onset of fever,
myalgia, headache, sore throat and acute cough. Influenza epidemics usually occur during the Winter months
causing increased hospitalisation for pneumonia and exacerbation of chronic diseases and also resulting in
increased mortality, particularly among the elderly and those with chronic diseases.

Secular trends

In 1998/1999–1999/2000 there were 8590 hospitalisations coded as influenza (an average annual rate of
22.8 per 100 000). There was a clear seasonal pattern with dramatic increases over the Winter months
(Figure 10). The median number of admissions per month was 158 (range 78–1474) with maximums of 1474
and 1124 admissions occurring in July 1998 and July 1999, respectively. In the previous year, 1997, a peak
occurred in August when there were 1773 admissions.

Case definitions

Notifications

Influenza was not a nationally notifiable disease throughout the review period, therefore national
notification data have not been included.

Hospitalisations

The ICD-10-AM codes used to identify hospitalisations were: J10 (influenza due to identified
influenza virus) and J11 (influenza, virus not identified). In this report, we did not make the
distinction between admissions where a virus was identified and those where it was not. Some
States and Territories were still using ICD-9-CM in 1998/1999 and this does not differentiate
between the two categories (see also Chapter 2).

Deaths

The ICD-10 codes used to identify deaths were: J10 (influenza due to identified influenza virus)
and J11 (influenza, virus not identified).

Figure 10. Influenza hospitalisations, Australia, July 1993 to June 2000, by month of admission
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Severe morbidity and mortality

A total of 57 516 hospital bed days were recorded for people with an ICD-10-AM code for influenza. 
The median length of stay was at least 3 times higher for older people than it was for any other age group —
6 days among people aged 60 years (Table 9). Influenza was the principal diagnosis for 64 per cent of the
hospitalisations. Of the 8590 hospitalisations, 103 people were recorded as having died in hospital (Table 10).
Most of these deaths, 87 per cent (90/103), occurred among people aged 60 years or more.

From 1 January 1998 to 31 December 2000, there were 258 deaths for which influenza was recorded on the
death certificate as the underlying cause. Of these, 221 (86%) were aged 60 years or more.

Age group Hospitalisations LOS† per Deaths
(years) 2 years admission 3 years

(July 1998–June 2000) (days) (1998–2000)
No. (||) Rate‡ (||) Median No. Rate‡

Table 9. Influenza hospitalisations and deaths, Australia, 1998 to 2000,* by age group

* Hospitalisations where the month of separation was between 1 July 1998 and 30 June 2000; deaths where the date of death was
recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis.

Table 10. Indicators of severe morbidity and mortality* for hospitalised cases of influenza,
Australia, 1998 to 2000,* by age group

Age group Requiring critical care† Died in hospital

(years) No. % total Median no. of hours‡ No. % total

0–4 13 0.7 30 3 0.2

5–14 4 0.8 33 0 0

15–24 5 0.7 89 2 0.3

25–59 15 0.5 131 8 0.3

60+ 18 0.6 119 90 3.2

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

0–4 1803 (1264) 70.6 (49.5) 2 12 0.3

5–14 522 (351) 9.9 (6.6) 2 2 0.0

15–24 683 (427) 12.7 (8.0) 1 2 0.0

25–59 2808 (1679) 15.3 (9.1) 2 21 0.1

60+ 2774 (1775) 45.5 (29.1) 6 221 2.4

All ages§ 8590 (5496) 22.8 (14.6) 3 258 0.5

All ages 55 0.6 91 103 1.2
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Age and sex distribution

Among the age groups specified in Table 9, hospitalisation rates were highest in children aged under 5 years
(70.6 per 100 000). Although overall hospitalisation rates were lower among people aged 60 years or more,
the rates increased with increasing age, ranging from 26.9 per 100 000 for those aged 60–64 years to 96.9
per 100 000 for those aged 85 years or more. Among children aged less than 5 years, the hospitalisation
rates were highest among infants (144.8 per 100 000 population aged <1 year) (Figure 11).

The overall male:female ratio was 1:1.2; however, this was not consistent across all age groups. Males were
predominant among those aged less than 5 years (male:female ratio 1.3:1.0) whereas there were more
females than males among people aged 60 years or more (male:female ratio 1:1.3).

Figure 11. Influenza hospitalisation rates, Australia, 1993 to 2000,* by age group and sex
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* Hospitalisations where the month of separation was between 1 July 1998 and 30 June 2000.

Geographical distribution

There was a wide variation in average crude hospitalisation rate for the 2-year review period, ranging from 4.9
per 100 000 in the Australian Capital Territory (n=30) to 38.4 per 100 000 in Western Australia (n=1420)
(Appendix 3). In all States and Territories, influenza hospitalisations increased over the Winter months.

During 1993/1994–1999/2000, the Winter of 1997 was the period during which most States and Territories
recorded the highest number of hospitalisations. The exceptions were Queensland and the Northern Territory,
where hospital admissions were highest during the winters of 1996 and 1998, and South Australia where
hospital admissions were highest during the Winter of 1998.

Comment

Laboratory confirmation plays a critical role in differentiating influenza from other respiratory pathogens.
Although notification data were not available for inclusion in this report, data from sentinel sites also show
influenza or influenza-like illness to be circulating at similar time periods, although the magnitude of the
increases and populations affected vary.42,43 Hospitalisation data referred to in this report are based on
discharge coding and it is possible that some of those with less specific influenza codes (eg, J11) may be due
to other respiratory pathogens such as respiratory syncytial virus (RSV).44
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Influenza A and B viruses are known to cause major epidemics of respiratory disease resulting in severe
morbidity and increasing numbers of deaths. Annual influenza vaccination is the primary method of
prevention and is currently recommended for all people aged 65 years or more, all Aboriginal and Torres Strait
Islander people aged 50 years or more, and people aged 6 months or more who are considered to be at high
risk, such as those who have chronic disorders of the pulmonary or circulatory systems or other chronic
illnesses requiring regular follow-up or hospitalisation.34 Heath-care workers and others caring for or living with
high risk people should also be vaccinated, not only to protect themselves, but also because they can act as
a vehicle for introduction of the virus.45



26

Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000

Measles
Measles is an acute and highly communicable disease caused by a morbillivirus. The clinical picture includes
a prodromal fever, rash, conjunctivitis, coryza, cough and Koplik spots on the buccal mucosa. Complications
include otitis media, pneumonia and encephalitis. Subacute sclerosing panencephalitis (SSPE) occurs very
rarely as a late sequel.14

Secular trends

Between January 1999 and December 2000 there were 336 notified cases of measles, an average annual
notification rate of 0.9 per 100 000 (Table 11). The number of notifications generally decreased over the
review period (Figure 12) leading in 2000 to the lowest notification rate on record (0.6 per 100 000; Appendix 2).
In the 2-year review period the median number of notifications per month was 11 (range 2–59).

In 1998/1999 and 1999/2000, there were 145 hospitalisations with the ICD-10-AM code B05 (measles). In
each of these 2 years the hospitalisation rate was 0.4 per 100 000, similar to that seen in the 2 years prior
to 1997/1998 (Appendix 3). The median number of hospitalisations per month was 4 (range 0–22). Like the
notifications, the number of hospitalisations peaked in March and October of 1999.

Case definitions

Notifications

a) An illness characterised by all the following features:

• a generalised maculopapular rash lasting three or more days; and

• a fever (at least 38˚C if measured); and

• cough or coryza or conjunctivitis or Koplik spots.

or

b) Demonstration of measles specific IgM antibody.

or

c) A fourfold or greater change in measles antibody titre between acute and convalescent phase
sera obtained at least 2 weeks apart, with tests preferably conducted at the same laboratory.

or

d) Isolation of measles virus from a clinical specimen.

or

e) A clinically compatible case epidemiologically related to another case.

Hospitalisations and deaths

The ICD-10-AM/ICD-10 code B05 (measles) was used to identify hospitalisations and deaths.
SSPE was not included in these analyses.



Severe morbidity and mortality

In the 2-year review period, hospital separations for measles accounted for 483 hospital bed days. The
median length of stay (LOS) was 3 days, but adults and adolescents aged at least 15 years tended to stay in
hospital longer than younger people (Table 11). Of the 145 hospitalisations, 111 (77%) had measles recorded
as the principal diagnosis. Complications arising from measles infection were recorded for 28 (19%)
separations. Seven (5%) hospitalisations were coded as having neurological complications (6 as encephalitis,
1 as meningitis), 11 (8%) as pneumonia, 3 (2%) as otitis media and 9 (6%) as intestinal or other complications
(Table 12). Multiple complications were recorded for 2 hospitalisations.

There were no deaths recorded from measles between 1998 and 2000 (Table 11).
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Figure 12. Measles notifications and hospitalisations, Australia, 1993 to 2000,* by month of onset
or admission
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* Notifications where the month of onset was between January 1993 and December 2000, hospitalisations where the month of admission
was between 1 July 1993 and 30 June 2000.

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. (||) Rate‡ (||) Median No. Rate‡

0–4 109 4.3 55 (42) 2.2 (1.6) 2 0 -

5–14 49 0.9 23 (20) 0.4 (0.4) 2 0 -

15–24 107 2.0 38 (29) 0.7 (0.5) 4 0 -

25–59 69 0.4 28 (19) 0.2 (0.1) 3.5 0 -

60+ 1 0.0 1 (1) 0.0 (0.0) 1 0 -

Table 11. Measles notifications, hospitalisations and deaths, Australia, 1998 to 2000,* by age group

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis (hospitalisations).

All ages§ 336§ 0.9 145 (111) 0.4 (0.3) 3 0 -
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Age group Requiring critical care† Measles Measles
(years) encephalitis pneumonia

No. % total Median no. of hours‡ No. % total No. % total

0–4 0 0 - 0 0 6 11

5–14 0 0 - 1 4 2 9

15–24 0 0 - 2 5 3 9

25–59 0 0 - 3 11 0 0

60+ 0 0 - 0 0 0 0

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

Table 12. Indicators of severe morbidity* for hospitalised cases of measles, Australia, 
1998 to 2000,* by age group

Age and sex distribution

As in the previous review period, measles notification and hospitalisation rates were highest in 0–4 year olds
(Figures 13 and 14) especially those less than 2 years of age. However, rates for 0–4 year olds have been
decreasing since 1997, and in the most recent year reviewed were the lowest on record (notification rate for
2000: 2.5 per 100 000; hospitalisation rate for 1999/2000, 2.0 per 100 000). The proportion of notifications
in the 0–4 year age group in 1999/2000 was 32 per cent; this has been declining since 1998 when it was
66 per cent. The proportion of hospitalisations in this age group in 1998/1999–1999/2000 was 38 per cent,
similar to that in the previous 5-year review period (42%). 

Notification rates for 5–19 year olds have also been declining since 1997 and in 2000 were the lowest ever
reported (0.6 per 100 000, Figure 13). Similarly, hospitalisation rates for 5–9 year olds were lower in both
1998/1999 (0.4 per 100 000) and 1999/2000 (0.5 per 100 000) than in the previous 5 years combined
(5.0 per 100 000). The 10–19 year age group had its lowest hospitalisation rate on record in 1999/2000 (0.3
per 100 000), while rates for 5–9 year olds, although the lowest on record in 1998/1999 (0.2 per 100 000,
3 hospitalisations), increased in 1999/2000 (1.0 per 100 000, 13 hospitalisations, Figure 14). Over the 2-
year review period, 5–9 year olds accounted for 23 per cent of both notifications and hospitalisations for
measles, which is in contrast with the previous review period when they accounted for a much greater
proportion (58% of the notifications and 43% of the hospitalisations). 

Adults aged 20–29 years accounted for considerably more of the notifications (35%) and hospitalisations
(26%) in this review period than in the previous report period (9% of notifications, 10% of hospitalisations). In
both 1999 and 2000, the 20–24 year age group had the second highest notification rate (4.0 per 100 000
in 1999 and 1.7 per 100 000 in 2000). This age group also had a higher hospitalisation rate than 5–9 year
olds in 1998/1999 (Figure 14).

Over the 2-year review period there were slightly more notifications for females than males (male:female ratio
1:1.1). Conversely, there were more hospitalisations of males than females (male:female ratio 1.2:1)
especially in the 0–4 year age group (male:female ratio 2.2:1).

All ages 0 0 - 6 4 11 8
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Figure 13. Measles notification rates, Australia, 1997 to 2000,* by age group and year of onset
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* Notifications where the month of onset was between January 1997 and December 2000.

Figure 14. Measles hospitalisation rates, Australia, 1996/1997–1999/2000* by age group and
year of separation
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* Hospitalisations where the month of separation was between 1 July 1996 and 30 June 2000.



Geographical distribution

Notification and hospitalisation rates in most States and Territories continued to decline from a peak in 1997
(Appendices 2 and 3). The notable exception was Victoria, which experienced a large outbreak in February
1999 and 2 smaller outbreaks in August and September of the same year.7 Victoria contributed 48 per cent
of the notifications and 38 per cent of the hospitalisations in 1999 and had its highest notification rates since
1995 and its highest hospitalisation rates since 1993/1994. The decline in notification rates for Australia
between 1999 and 2000 was predominantly due to an 81 per cent reduction in the number of cases from
Victoria in 2000 compared with the previous year.

Despite the high proportion of notifications from Victoria, the Northern Territory had more than twice the rate
of any other State or Territory in 1999 (notification rate 5.2 per 100 000). In the following year all States and
Territories had notification rates below 1 per 100 000. For both 1998/1999 and 1999/2000, hospitalisation
rates for each State and Territory were below 0.7 per 100 000. The exception was the Northern Territory in
1999/2000, which had 14 hospitalisations coded as measles, a rate of 7.3 per 100 000. The high notifi-
cation and hospitalisation rates for the Northern Territory in 1999 were due to measles in refugee children
from East Timor who came to Darwin in September 1999; all were hospitalised for care and isolation. Only
two Darwin residents developed measles (Selvey C, personal communication).

Comment

In 2000 numbers of measles notifications and hospitalisations in Australia were at their lowest level ever
recorded, and there has not been a death from measles since 1995. In 2000 the notification rate was 0.6
per 100 000: less than half the rate reported for 1999 and considerably lower than the rates in 1994 (27.0
per 100 000) and during the most recent peak in 1997 (4.6 per 100 000). Hospitalisation rates have shown
the same downward trend, although the rate differences are less marked.

The low levels of measles are the result of several vaccination initiatives in Australia. In 1994 a second dose
of measles-mumps-rubella (MMR) vaccine was introduced for 10–16 year olds and in 1998 the age for this
dose was lowered first to 4–5 years and then to 4 years.2 This change occurred at the same time as the
Australian Measles Control Campaign (MCC) was conducted. The Campaign involved vaccinating 1.7 million
primary school children with a dose of MMR vaccine regardless of their past vaccination history.46 As a result,
immunity to measles among these children increased from 84 per cent to 94 per cent.47 Parental and provider
incentives have also been established to improve vaccination coverage,12 and coverage for one year olds with
the MMR vaccine (measured at 2 years of age, according to the ACIR) has increased to 93 per cent in 2001.48

The most dramatic impact of these initiatives has been on the burden of measles in children. In 2000, notifi-
cation rates for 0–19 year olds were the lowest on record, and this age group contributed a significantly
smaller proportion of both notifications and hospitalisations than previously. Conversely, a higher proportion
of notifications and hospitalisations were from the 20–29 year age group. This group of young adults,
especially those aged 20–24 years, had the second highest notification rate in 1999 to 2000, and hospitali-
sation rate in 1998/1999. As incorrect clinical diagnosis of measles is much more of a problem in young
children,49,50 it is possible that currently the true incidence of measles in 20–24 year olds is much higher than
in 0–4 year olds. Serological surveys conducted in Victoria and nationally have also shown that young adults,
born in the latter half of the 1970s, are at risk of measles.51,52 This is likely to be due to a lower exposure to
measles than older cohorts, together with a lower likelihood of immunisation both in infancy53 and in
adolescence than younger cohorts.2 The increased proportion of cases in young adults has prompted the
Australian Government to allocate funding to provide free MMR vaccine to 18–30 year olds.54 Currently no
data are available for coverage achieved under this program.
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The changing pattern of measles epidemiology in Australia is similar to that seen in other countries with high
childhood vaccination coverage. The United Kingdom and USA have reported record low numbers of
confirmed measles cases for 2000 (101 and 86 cases, respectively),55,56 while Finland has eliminated the
disease.57 Enhanced measles surveillance data from Western Australia58 and Victoria49,59,60 indicate that
Australia may now be in a similar situation to the USA, where a high percentage of cases arise from imported
strains and there is limited indigenous spread from these importations.55 Improvements to the NNDSS notifi-
cation system should enhance measles surveillance at a national level so that progress towards measles
elimination in Australia can be monitored. Genotyping all measles virus isolates will also be important to
confirm the absence of endemic measles, as it is difficult to epidemiologically link every case to its imported
source.55
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Meningococcal disease
Meningococcal disease is defined as isolation of Neisseria meningitidis from cerebrospinal fluid (CSF), blood
and other normally sterile sites including skin lesions. Clinical manifestations include meningitis, meningo-
coccaemia without meningitis (which varies in presentation from fulminant to chronic) and septic arthritis. In
culture-negative cases with a compatible clinical picture, a diagnosis of meningococcal disease can be
supported by a range of laboratory evidence. This includes the identification of Gram-negative intracellular
diplococci or meningococcal antigen in blood or CSF, the identification of nucleic acid from Neisseria
meningitidis in body fluids or demonstration of a serological response to Neisseria meningitidis.
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Case definitions

Notifications

In jurisdictions apart from New South Wales and the Northern Territory, a notification of meningo-
coccal disease requires supportive laboratory evidence, although the nature of this varies. In New
South Wales and the Northern Territory, a clinical diagnosis of meningococcal disease without
laboratory evidence is accepted as a presumptive or probable case, respectively. The serogroup
of meningococcal cases is not currently routinely available from notification data but is reported
annually by the National Neisseria Network in Communicable Diseases Intelligence.

Hospitalisations

The ICD–10–AM code used to identify hospitalisations was A39 (meningococcal infection). This
includes meningococcal meningitis (A39.0), Waterhouse-Friderichsen syndrome (A39.1), acute
meningococcaemia (A39.2), chronic meningococcaemia (A39.3), meningococcaemia unspecified
(A39.4), meningococcal heart disease (A39.5), other meningococcal infections (A39.8), and
meningococcal infection unspecified (A39.9). As all cases with one of these codes, not just
principal diagnoses, were included, cases were identified in a hierarchical fashion to avoid double
counting. First, those with code A 39.0 (‘meningitis’), then those without A 39.0 but with A39.1 or
A39.2 or A39.3 or A39.4 (‘septicaemia without meningitis’), then those with none of these codes
but with codes in any other subsection of A39 were selected.

Deaths

The ICD–10 code used to identify deaths was A39 (meningococcal infection). 



Severe morbidity and mortality

Over the 2-year review period, 12 004 hospital bed days were recorded for patients with an ICD-10-AM code
A39, of which 51 per cent were coded as meningitis (A39.0). For all categories of meningococcal disease, the
hospitalisation and notification rates were greatest among 0–4 and 15–24 year olds, who accounted for 65
per cent of cases. In 0–4 year olds, the hospitalisation rate for meningitis was 10.9 per 100 000, and 23.0
per 100 000 when all disease categories were considered (Table 13). Meningitis was the principal diagnosis
in 256 separations for 0–4 year olds, and 89 per cent of all separations coded as meningitis (Table 13). For
all foci of infection, length of stay, the proportion recorded as receiving critical care and the duration of critical
care increased with age. At the extremes of age, adults aged at least 60 years required a median duration of
critical care of 163.5 hours for meningitis and 223 hours for all meningococcal disease compared with 
25 and 40 hours for children less than 5 years (Table 14).

There were 103 deaths with meningococcal disease recorded as the underlying cause of death over the 
3 years 1998 to 2000. The majority of these (80%) were coded as septicaemia without meningitis.
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Figure 15. Meningococcal notifications and hospitalisations, Australia, 1998 to 2000,* by year of
onset or admission
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* Notifications where the year of onset was between July 1998 and December 2000, hospitalisations where the month of separation was
between 1 July 1998 and 30 June 2000.

Secular trends

There were 1189 notifications of meningococcal disease in the 2 years 1999 to 2000, an average annual
notification rate of 3.1 per 100 000 (Table 13). A median of 47 cases was notified each month, with a range
of 20 to 83 cases. There were 1566 hospital separations recorded as ICD code A39 (average annual rate 4.2
per 100 000), and a median of 57 cases (range 18–116) per month. A clear seasonal pattern was apparent,
with the highest number of notifications and hospitalisations between June and September each year (Figure 15).
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Table 13. Meningococcal notifications, hospitalisations and deaths, Australia, 1998 to 2000* by
age group

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. (||) Rate‡ (||) Median No. Rate‡

0–4 394 15.5 587 (549) 23.0 (21.5) 5 33 0.9

5–14 155 2.9 209 (195) 4.0 (3.7) 6 8 0.1

15–24 361 6.7 430 (388) 8.0 (7.2) 7 25 0.3

25–59 218 1.2 244 (204) 1.3 (1.1) 8 28 0.1

60+ 54 0.9 96 (59) 1.6 (1.0) 9 9 0.1

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis.

Table 14. Indicators of severe morbidity* for hospitalised cases of meningococcal disease,
Australia, 1998 to 2000,* by age group

Age group Requiring critical care†

(years) No. % total Median number of hours‡

0–4 17 2.9 40

5–14 8 3.8 85

15–24 33 7.7 47

25–59 20 8.2 49

60+ 7 7.3 223

* From National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

All ages§ 1189 3.1 1566 (1395) 4.2 (3.7) 6 103 0.2

All ages 85 5.4 51



Age and sex distribution

Overall there was a predominance of male cases (male:female ratio 1.2:1). However, among adults 50 years
and over, there were more females (male:female ratio 0.6:1). Among children under 5 years of age (n=394),
those under one year of age had the highest rate of notification (30.9 per 100 000) and hospitalisation (27.1
per 100 000). There was a second peak in both notification (Figure 16) and hospitalisation rates (Figure 17)
among 15–19 year olds (8–10 per 100 000). The pattern of mortality paralleled other measures of meningo-
coccal disease, with 32 per cent of deaths occurring in children less than 5 years old and 17 per cent in
adolescents aged 15–19 years. Of all deaths, 89 per cent occurred in people less than 50 years of age (Figure 16).
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Figure 16. Meningococcal disease notification and death rates, Australia, 1998 to 2000,* by age
group
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Figure 17. Meningococcal disease hospitalisation rates, Australia, 1998 to 2000,* by age group
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Geographical distribution 

The pattern of notification and hospitalisation rates varied across the country, with the Northern Territory
having the highest average annual notification (4.4 per 100 000) and hospitalisation (7.3 per 100 000) rates,
followed by Western Australia (4.2 and 6.3 per 100 000) (Appendices 2 and 3). The Australian Capital Territory
had the lowest rates of both notifications and hospitalisations (1.6 and 1.1 per 100 000, respectively).

Comment

The incidence of meningococcal disease in Australia based on notifications has increased steadily from 1.6
per 100 000 in 1991 to 3.1 per 100 000, a doubling over the past decade.61 The Northern Territory consis-
tently has the highest overall notification rate (range 4.1–9.5 per 100 000), followed by Western Australia. As
these two jurisdictions have a relatively high proportion of Aboriginal people, it is likely that the higher
incidence is related to disproportionate rates in this group, as recently reported from enhanced surveillance
in Queensland.62

The age-specific notification rate is higher in infants under one year of age and overall in 0–4 year olds,
though declining rapidly after the age of 2 years. A second lower peak occurs in later adolescence and young
adulthood (15–24 years), with rates in 15–19 year olds (9 per 100 000) similar to those in 1–4 year olds.
These patterns are also reflected in hospitalisation data. The hospitalisation rates shown here are an overes-
timate of admission rates for individual cases because of inter-hospital transfers and readmissions. More
detailed studies, that used multiple data sets where this was corrected for, showed that hospitalisation data
actually underestimated the true numbers of cases.63,64 In Victoria, hospitalisation data were estimated to
include only 77 per cent of cases, primarily because of allocation to non-specific codes for meningitis and
septicaemia. Notifications were estimated to under-enumerate meningococcal cases by some 18 per cent, a
finding likely to be relevant to other jurisdictions. Length of hospital stay and requirement for critical care
increased with age. In contrast, mortality rates per 100 000 population, based on certification of underlying
cause of death, indicated that the highest mortality rate is among 0–4 year olds. As in notifications, a second
but lower peak in mortality rate occurs among 15–24 year olds.

There is considerable heterogeneity across the country in the incidence and serogroup distribution of
meningococcal disease, with some recent rapid changes.65,66 Currently, neither hospitalisation nor notification
data give serotype-specific information, although this should be available nationally for notifications from
2001 through enhanced surveillance. Serotype-specific data are important for vaccine policy, as conjugate
vaccines are now available, providing good protection which is likely to be long-lived against serogroup C
strains.67 The National Neisseria Network has published reports on serotype-specific data since 1994,
showing that the proportion of serogroup C varies widely by jurisdiction and age group.65,68 In 1999 to 2000,
serogroup C emerged as the predominant serogroup among older children and adolescents in Victoria.63

In 2000, in people above 5 years of age serogroup C was more common than B in all jurisdictions.65,68

Serogroup B predominates among children under 5 years and among all age groups in jurisdictions other than
Victoria and New South Wales.

As found elsewhere, in Australia serogroup C meningococcal disease is associated with a higher mortality
than serogroup B.65,68 In contrast, the United Kingdom, prior to the introduction of a conjugate serogroup C
meningococcal vaccine program, had both an overall incidence of meningococcal disease 3–5 times higher
and a much higher proportion of deaths due to serogroup C.67 The recent program to give conjugate C vaccine
to all 0–18 year olds in the United Kingdom has been associated with a dramatic decrease in cases and
deaths due to serogroup C in this age group. No effect was seen in those over 18 years, consistent with a
vaccine effect.67 Conjugate meningococcal serogroup C vaccines were approved for use in Australia in 2001.
The most appropriate use of these vaccines in Australia is currently being evaluated by the Australian
Technical Advisory Group on Immunisation.
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Mumps
Mumps is an acute viral disease caused by a paramyxovirus. The disease is characterised by fever, swelling
and tenderness of one or more salivary glands, most commonly the parotid glands. The central nervous
system is frequently involved, usually without sequelae.14

Secular trends

During the 2 years from 1999 to 2000 there were 384 notifications of mumps (an average annual notification
rate of 1.2 per 100 000) (Table 15). The notification rate in 2000 (1.4 per 100 000) was higher than in 1999
(1.1 per 100 000) and in past years (Figure 18, Appendix 2). Monthly numbers of notifications varied consid-
erably, with a median of 15.5 (range 8–27) notifications per month. As in previous years this variation did not
appear to be seasonal; however, 61 per cent of the cases notified in 1999 to 2000 had onset dates between
April and September.

From July 1999 to June 2000 there were 112 hospitalisations coded as due to mumps, an average annual
hospitalisation rate of 0.3 per 100 000 (Table 15). Annual numbers and rates of hospitalisations have
remained fairly constant since 1993 (Appendix 3), in contrast to the upward trend for notifications. However,
like the notification data, the number of admissions each month varied (median 5, range 1–8 per month).
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Case definitions

Notifications

a) Isolation of mumps virus from a clinical specimen.

or

b) Significant rise in mumps antibody level by any standard serological assay, except following
vaccination.

or

c) A clinically compatible illness (unilateral or bilateral swelling of the parotid or other salivary
glands lasting 2 days or more without other apparent cause).

Notes: In New South Wales only laboratory confirmed cases [(a) or (b)] are notifiable. Mumps was
not notifiable in Queensland between July 1999 and June 2001.

Hospitalisations

The ICD-10-AM/ICD-10 code B26 (mumps) was used to identify hospitalisations and deaths. 



Severe morbidity and mortality

There were 494 hospital bed days (average 247 per year) recorded for patients with the ICD-10-AM code for
mumps (Table 15). Of the 112 hospitalisations, 83 (74%) had mumps recorded as the principal diagnosis
(average annual rate 0.2 per 100 000). Complications arising from mumps infection were recorded for 24
hospitalisations (21%). The most commonly reported complication was orchitis. There were 12 (11%)
hospitalised cases coded with orchitis; 10 of whom were between 17 and 45 years of age (Table 16). Four
hospitalisations (4%) were coded as neurological complications (2 encephalitis, 2 meningitis) and no hospital-
isation had multiple complications. The median length of stay (LOS) in hospital was 2.5 days, but adults aged
at least 60 years had a much longer median LOS compared with younger age groups (Table 15). Children aged
0–4 years accounted for 19 per cent of the hospitalisations for mumps and had the highest hospitalisation
rates. However, adults aged 15 years and over accounted for 61 per cent of total hospitalisations, 71 per cent
of the hospitalisations with a mumps-related complication, and most hospital bed days (58%).

Mumps was recorded as the underlying cause of death in two adults, both aged at least 80 years and
recorded in 2000. In the previous decade (1987–1997) there were 4 deaths where mumps was recorded as
the underlying cause of death.
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Figure 18. Mumps notifications and hospitalisations, Australia, 1993 to 2000,* by month of onset
or admission
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Table 16. Indicators of severe morbidity* for hospitalised cases of mumps, Australia, 1998 
to 2000,* by age group
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Table 15. Mumps notifications, hospitalisations and deaths, Australia, 1998 to 2000,* by age
group

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. (||) Rate‡ (||) Median No. Rate‡

0–4 54 2.6 21 (15) 0.8 (0.6) 2 0 -

5–14 90 2.1 23 (19) 0.4 (0.4) 2 0 -

15–24 97 2.2 21 (17) 0.4 (0.3) 2 0 -

25–59 124 0.8 31 (23) 0.2 (0.1) 2 0 -

60+ 18 0.4 16 (9) 0.3 (0.1) 7 2 0.0

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis.

Age group Requiring critical care† Mumps Mumps Mumps Mumps with
(years) meningitis or orchitis pancreatitis other

encephalitis complications

No. % total Median No. % total No. % total No. % total No. % total
no. of hours‡

0–4 0 0 - 1 4.8 0 0 0 0 2 9.5

5–14 0 0 - 0 0 1 4.3 2 8.7 1 4.3

15–24 0 0 - 2 9.5 6 28.6 0 0 1 4.8

25–59 0 0 - 1 3.2 4 12.9 0 0 1 3.2

60+ 0 0 - 0 0 1 6.3 0 0 1 6.3

* Measured using national hospital morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

All ages§ 384 1.2 112 (83) 0.3 (0.2) 2.5 2 0.0

All ages 0 0 - 4 3.6 12 10.7 2 1.8 6 5.4



Age and sex distribution

The pattern of notifications in 1999 and hospitalisations in 1998/1999 by age was similar to that seen in the
previous review period: notification rates were highest in those aged less than 10 years and hospitalisation
rates were highest in the under-15 year age groups (Figures 19 and 20). Unlike previous years, however, there
was also a secondary peak in the 25–29 year age group for both notifications and hospitalisations. 

In the most recent year reviewed there was a marked change. Notification rates in 2000 were highest in the
20–24 (3.8 per 100 000) and 15–19 (3.2 per 100 000) year age groups, with rates for the 30–34 year age
group (1.7 per 100 000) also higher than in past years. The under-10 year age groups had the lowest notifi-
cation rates on record. In contrast, hospitalisation rates in 0–4 year olds were the highest since 1995/1996
(1.1 per 100 000). This increase was entirely due to higher numbers of males. As with notifications, there was
a secondary peak in hospitalisation rates for young adults aged 20–24 years (0.8 per 100 000).

Over the 2-year review period the male:female ratio was 1.2:1 for notifications and 1.5:1 for hospitalisations.
The ratio tended to be higher for children, especially those aged 0–4 years, and was close to one for adults
aged 20–24 years.
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Figure 19. Mumps notifications rates, Australia, 1993 to 2000,* by age group and year of onset
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Geographical distribution

In 1999 Victoria had an increased number of mumps notifications compared with the previous 3 years and
accounted for 42 per cent of all notifications in that year (Appendix 2). In 2000, New South Wales accounted
for most of the notifications (43%) — more than double the number of notifications recorded in any previous
year.

These same trends were not reflected for the two-year review period for hospitalisation data (Appendix 3). 
The number of hospitalisations in each State and Territory were similar to those reported annually for the
previous 5-year review period, with New South Wales contributing the majority (51%).

Comment

The notification rate for mumps (adjusted for States and Territories not reporting) increased in this review
period. In 2000 the national rate was 1.4 per 100 000, which is above the WHO elimination target of <1 per
100 000 and the highest annual rate since national surveillance began in 1991. The upward trend is in
contrast to that seen for measles and rubella in Australia, and in contrast to the recent epidemiology of
mumps in the USA69 and Finland (where mumps has been eliminated).70 On the other hand, there has been
a resurgence of mumps in both England and Northern Ireland since 1999, especially amongst secondary
school aged children.56

The higher notification rate in Australia is predominantly due to increased numbers of adult cases, particularly
in the 15–24 year age group from New South Wales in 2000. These people may have low levels of immunity
to mumps because they have missed being vaccinated as children (use of the measles-mumps vaccine
commenced in 1982)2 or as adolescents (MMR vaccine was used in 10–16 year olds only in  1994–1998),2

and have grown up during a period when the incidence of mumps was lower than in the pre-vaccine era. The
increased incidence in adults appears real as it occurred in New South Wales, where notifications must have
supporting laboratory evidence.

It will be important to monitor the incidence of mumps in adults as they are prone to more severe manifes-
tations of mumps than are children. This is reflected in their longer hospital stays and relatively high
proportion of complications. The campaign to deliver free MMR vaccine to 18–30 year olds should improve
immunity in this age group54 although currently no data are available for coverage achieved under this
program.
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Figure 20. Mumps hospitalisation rates, Australia, 1993 to 2000,* by age group and year of
separation
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Pertussis
Pertussis (whooping cough) is an acute illness, caused by the Bordetella pertussis bacterium, involving the
respiratory tract. The illness begins with an irritating cough that gradually becomes paroxysmal and lasts for
1–2 months or longer. Paroxysms are characterised by repeated violent coughs and are followed by a charac-
teristic crowing or high-pitched inspiratory whoop. Infants less than 6 months old, adolescents and adults
often have fewer classical symptoms without paroxysms or whoop.14

Secular trends

There were 10 339 notifications of pertussis received by the NNDSS with dates of onset in 1999 to 2000
(average annual rate 27.1 per 100 000) (Table 17). A median of 418 cases was notified each month (range
200–721). The notification rate in 2000 (31.0 per 100 000) was the highest since 1997 (58.9 per 100 000)
(Figure 21, Appendix 2).

There were 745 hospital separations coded as pertussis during the review period (Table 17). The median
number of pertussis hospitalisations per month was 33 (range 14–47). The average annual national hospital-
isation rate was 2.0 per 100 000 compared with 5.3 per 100 000 for the 5 years from 1993/1994 to
1997/1998 (Figure 21, Appendix 3).

A clear seasonal pattern was apparent with the highest number of notifications in the Spring and Summer
months between August and February each year. Notifications followed a similar pattern to hospitalisations.
Epidemic peaks occurred every 3 to 4 years.
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Case definitions

Notifications

a)  Isolation of B. pertussis from a clinical specimen.

or

b)  Elevated B. pertussis-specific IgA in serum or the detection of B. pertussis antigen in a
nasopharyngeal specimen using immunofluorescence with history of a clinically compatible
illness.

or

c) An illness lasting 2 weeks or more with one of the following:

• paroxysms of coughing; or

• inspiratory whoop without other apparent causes; or

• post-tussive vomiting.

or

d) An illness characterised by a cough lasting at least 2 weeks in a patient who is epidemiolog-
ically linked to a laboratory confirmed case.

Hospitalisations and deaths

The ICD-10-AM/ICD-10 code A37 (whooping cough) was used to identify hospitalisations and
deaths.



Severe morbidity and mortality

For people with an ICD-10-AM code for pertussis, 4417 hospital bed days (average 2209 days per year) were
recorded between July 1998 and June 2000. The median length of stay per admission was 3 days (Table 17).
Of the 745 hospitalisations, 604 (81%) had a principal diagnosis of pertussis (average annual rate 1.6 per
100 000). The discharge diagnosis code A37.0 (B. pertussis) was recorded for 254 (34%) hospitalisations and
was the principal diagnosis for 195 (26%) of these. B. parapertussis was recorded for 9 hospitalisations, and
other Bordetella species for 14 hospitalisations. The remaining 468 (63%) hospitalisations were coded as
whooping cough (organism unspecified), and this was the principal diagnosis for 396 (53%) of these.

For the 3 years 1998 to 2000, only one death was recorded where pertussis was the underlying cause (Table 17).
This occurred in 2000 in a 2-month old child. Between 1993 and 1997 there were 9 deaths attributed to
pertussis: all were less than 12 months of age; 6 occurred in 1997.1 Five of the 7 hospitalised cases recorded
as requiring critical care were 0–4 years of age (median of 42 hours of critical care) (Table 18). 
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Figure 21. Pertussis notifications and hospitalisations, Australia, 1993 to 2000,* by month of onset
or admission
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Table 17. Pertussis notifications, hospitalisations and deaths, Australia, 1998 to 2000,* by age
group

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. (||) Rate‡ (||) Median No. Rate‡

0–4 730 28.8 478 (426) 18.7 (16.7) 3 1 0.0

5–14 3 225 60.8 84 (63) 1.6 (1.2) 2 0 -

15–24 1 245 23.0 16 (8) 0.3 (0.1) 2 0 -

25–59 4 169 22.3 96 (63) 0.5 (0.3) 3 0 -

60+ 959 15.4 71 (44) 1.2 (0.7) 7 0 -

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis.

Table 18. Indicators of severe morbidity* for hospitalised cases of pertussis, Australia, 1998 
to 2000,* by age group

Age group Requiring critical care†

(years) No. % total Median number of hours‡

0–4 5 1.0 42

5–14 1 1.2 48

15–24 0 0 -

25–59 0 0 -

60+ 1 1.4 331

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

Age and sex distribution

There was an increase in notifications in all age groups in 2000 compared with 1999. The largest increases
were seen in the 0–4 and 10–14 year age groups (Figure 22). In 1999 to 2000, the highest notification rates
were in infants aged less than one year and in adolescents 10–14 years of age (average annual rate 61.9 and
91.3 per 100 000, respectively). Notifications of infants aged less than one year accounted for 3 per cent of
all notifications and 55 per cent of hospitalisations (average annual rate 82 per 100 000) in the 2-year review
period (Figure 23).

All ages§ 10 339 27.1 745 (604) 2.0 (1.6) 3 1 0.0

All ages 7 0.9 48



The 10–14 year age group accounted for 23 per cent of pertussis notifications in 1999 to 2000, an average
annual rate of 91.3 per 100 000. This compares with 6 per cent of all hospitalisations (average annual rate
1.7 per 100 000). The 10–14 year old age group had higher notification rates than any other 5-year age group
and 3 times those of the 5–9 year age group (average annual rate 30.4 per 100 000). This contrasts with
1994 and 1995, when the rates for 5–9 year olds were approximately 40 per cent higher than the rates for
10–14 year olds (Figure 22). 

People aged 15 years or more (adults) accounted for 62 per cent of notifications in 1999 to 2000 compared
with 46 per cent of notifications for 1993 to 1998. The median age of pertussis notifications increased from
13–15 years in 1993–1997 to 24 years in 1999 to 2000.

The overall male:female ratio was 1:1.3 for notifications and 1:1.1 for hospitalisations. Higher rates among
females were apparent in all age groups.
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Figure 22. Pertussis notification rates, Australia, 1993 to 2000,* by age group

0

20

40

60

80

100

120

140

160

180

200

1993 1994 1995 1996 1997 1998 1999 2000

Year of onset

N
ot

ifi
ca

tio
ns

 p
er

 1
00

 0
00

 p
op

ul
at

io
n

<1 yr

1-4 yrs

5-9 yrs

10-14 yrs

15+ yrs

* Notifications where onset was between 1 January 1993 and 31 December 2000.

Figure 23. Pertussis hospitalisation rates, Australia, 1993 to 2000,* by age group
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Geographical distribution

There was a large variation in notification (Appendix 2) and hospitalisation rates (Appendix 3) between regions
and years. The highest notification rate occurred in Tasmania in 1999 at 130 per 100 000. The rates for the
other jurisdictions ranged from 1.0 to 27.4 per 100 000 population for the Northern Territory and Queensland,
respectively. In 2000, the highest notification rates were in the Australian Capital Territory and New South
Wales (66.9 and 57.0 per 100 000, respectively) with the lowest in the Northern Territory (2.6 per 100 000).

Comment

Over the period 1993 to 2000, pertussis caused the greatest morbidity of any disease preventable by
vaccines recommended for children on the Australian Standard Vaccination Schedule. The highest numbers
of pertussis notifications and hospitalisations were seen in 1997, with most jurisdictions experiencing an
epidemic in that year.1 The 2000 Spring peak in notifications was the highest since 1997. The largest
increases were in the 0–4 and 10–14 year age groups. The high proportion of hospitalised infants aged less
than one year demonstrated the increased morbidity of pertussis in this age group. The only death recorded
for pertussis was in a 2 month old child, while five children aged 0–4 years who were hospitalised with
pertussis required critical care. 

Notification rates are known to underestimate incidence — this was illustrated by the finding that hospitali-
sations in infants aged less than one year exceeded notifications. The notification and hospitalisation
patterns in young children were similar to those reported in New Zealand from June 1995 to May 1997,71 and
Spain 1995–1998.72 It is noteworthy that the hospitalisation rate for infants was lower in the 1999 to 2000
inter-epidemic period than in the previous inter-epidemic period 1993–1995 (Figure 23). This may be an early
indication of an impact from higher coverage with acellular vaccines, which were introduced in 1999 in
infants, but confirmation of this will have to await data from the next epidemic period. 

The temporal pattern seen in the reduction in notification rates in Australian children aged 5–9 years
coinciding with an increase in rates in 10–14 year olds strongly suggests an effect from the introduction in
1994 of the fifth dose of pertussis vaccine for preschoolers, who are now in the 5–9 year old age group. The
increased proportion of notifications among adolescents since 1998, relative to other age groups, and the
increased median age of notified cases in Australia, raises the question of the need for an additional
pertussis booster in adolescence. An acellular vaccine was approved for use in people over the age of 8 years
in Australia in 2001. The potential need for an adolescent dose is highlighted by the experience in the USA,
where a 5-dose schedule has been in place for over 40 years. In Massachusetts, between 1989 and 1998,
the incidence of pertussis in 11–19 year olds increased from 13 to 71 per 100 000, while rates in younger
children remained relatively constant.73 Issues surrounding the control of pertussis by vaccination are under
consideration internationally74 and will be reviewed in Australia in 2002.
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Pneumococcal disease
Pneumococcal disease is caused by the bacterium Streptococcus pneumoniae (pneumococcus). Pneumococci
are frequently isolated from the upper respiratory tract and can spread directly from the nasopharynx to cause
infection in other parts of the respiratory tract (otitis media, sinusitis, pneumonia) or enter the bloodstream.
Manifestations include meningitis, pneumonia and infection at a number of less common sites, as well as
septicaemia without focal infection. Invasive pneumococcal disease (IPD) is defined as a sterile site isolate of
Streptococcus pneumoniae, usually from blood. In the absence of a sterile site isolate, a presumptive diagnosis
of pneumococcal pneumonia may be based on a sputum isolate of Streptococcus pneumoniae and/or clinical
features such as the chest X-ray appearance and prompt response to antibiotic therapy.

Secular trends

The total number of hospitalisations for meningitis, septicaemia or pneumonia for the 2-year review period
1999 to 2000 was 7480, an average annual rate of 19.8 per 100 000 (Table 19). Hospitalisations coded as
meningitis or septicaemia accounted for 23 per cent of total episodes, a rate of 4.5 per 100 000. The median
number of hospitalisations per month was 70 for meningitis or septicaemia (predominantly septicaemia) and
ranged from 33 to 131. For pneumococcal pneumonia the median number of hospitalisations per month was
232 and ranged from 99 to 518. Meningitis and septicaemia showed a clear Winter peak each year, which
was also present but less evident for pneumonia (Figure 24).
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Case definitions

Notifications

Invasive pneumococcal disease has been notifiable in Queensland and the Northern Territory
since 1997. For this review period (1999 to 2000), IPD was not nationally notifiable. From January
2001, invasive pneumococcal disease became notifiable Australia wide.

Hospitalisations 

The ICD-10-AM codes used to identify hospitalisations were: G00.1, pneumococcal meningitis;
A40.3, pneumococcal septicaemia and J13, pneumococcal pneumonia. To avoid double counting,
cases were identified in a hierarchical fashion. First, all those with code G00.1 were classified as
meningitis. Then those without G00.1 but with A40.3 were classified as septicaemia without
meningitis. Together these groups were considered to be a proxy or invasive pneumococcal
disease. Those with neither of these codes but with code J13 were counted as pneumococcal
pneumonia.

Deaths

ICD-10 codes G00.1, A40.3 and J13 were used to select deaths from IPD.



Severe morbidity and mortality

A total of 74 032 hospital bed days (average 37 016 days per year) was recorded for hospital separations with
an ICD-10-AM code corresponding to pneumococcal meningitis, septicaemia or pneumonia. Length of stay
increased with age in all categories of infection (Table 19). The average length of stay for pneumococcal
meningitis was 11 days in all age groups, more than double that for septicaemia or pneumonia in younger age
groups. Although meningitis accounted for only 4 per cent of hospital separations, at least 10 per cent of
meningitis cases required critical care, compared with 5 per cent for septicaemia and 3 per cent for
pneumonia. Adults aged at least 60 years had the longest median duration of critical care, both for all
categories of infection (168 hours, Table 20) and for meningitis (408 hours, data not shown).

48

Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000

Figure 24. Pneumococcal disease hospitalisations, Australia, 1993 to 2000*, by month of admission
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The total number of deaths where pneumococcal meningitis or septicaemia was recorded as the underlying
cause of death on death certificates (n=47, Table 19), differed substantially from the number of hospitali-
sations coded as these diseases where death was recorded as the mode of separation (n=206, Table 20).
The mortality rate for meningitis and septicaemia from death certificate data (Table 19) was highest in young
children (0.6 per 100 000), whereas when pneumococcal pneumonia was included, the mortality rate was
higher in people over 60 years (Table 19, Figure 25). 
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Figure 25. Pneumococcal meningitis, septicaemia and pneumonia death rates, Australia, 1998 to
2000,* by age group
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Age group Hospitalisations LOS† per Deaths
(years) 2 years admission 3 years

(July 1998–June 2000) (days) (1998–2000)

0–4 1037 (583) 40.6 (22.8) 3 (3) 17 (15) 0.7 (0.6)

5–14 227 (79) 4.3 (1.5) 3 (4) 1 (1) 0.0 (0.0)

15–24 295 (47) 5.5 (0.9) 4 (6) 1 (0) 0.0 (-)

25–59 2306 (400) 12.5 (2.2) 5 (8) 34 (14) 0.2 (0.1)

60+ 3614 (592) 59.2 (9.7) 8 (9) 57 (17) 0.9 (0.3)

Table 19. Pneumococcal pneumonia, meningitis and septicaemia hospitalisations and deaths,
Australia, 1998 to 2000,* by age group

* Hospitalisations where the month of separation was between 1 July 1998 and 30 June 2000; deaths where the date of death was
recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ All pneumococcal disease, (M/S) = meningitis and septicaemia.
II Includes cases with unknown ages.

No.§ (M/S) Rate‡ (M/S) Median§ (M/S) No.§ (M/S) Rate‡§ (M/S‡)

All agesII 7480 (1702) 19.8 (4.5) 6 (6) 110 (47) 0.3 (0.1)
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Table 20. Indicators of severe morbidity and mortality* for hospitalised cases of pneumococcal
meningitis and septicaemia, Australia, 1998 to 2000,* by age group 

Age group Requiring critical care† In hospital death
(years) Median number (2 years)

No. % total of hours‡ No. % total

0–4 23 3.9 68.0 14 2.4

5–14 0 0.0 - 0 0.0

15–24 2 4.5 59.5 2 4.3

25–59 34 8.5 143.5 49 12.5

60+ 39 6.6 168.0 141 23.8

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

Age and sex distribution

The hospitalisation rate for each age group varied with the focus of infection (Figure 26). For meningitis,
children 0–4 years had the highest hospitalisation rate (6.0 per 100 000), with those less than one year of
age having an incidence 5 times higher (17.6 per 100 000) than those 1–4 years of age (3.3 per 100 000).
The annual hospitalisation rate for meningitis was lower among 5–9 year olds (0.6 per 100 000) and did not
increase to this level again until over 60 years of age. By contrast, the incidence of hospitalisation for
septicaemia without meningitis increases dramatically from the age of 60 years, so that the total incidence
of septicaemia and meningitis was highest in those over 80 years.

Overall, 28 per cent of hospitalisations coded as pneumococcal septicaemia were also coded as pneumonia.
The proportion varied with age, with 5 per cent of hospitalisations coded as septicaemia without meningitis
also coded as pneumonia among 0–4 year olds, rising to 20–30 per cent from the age of 15 years.

When total hospitalisations (meningitis, septicaemia and pneumonia) were considered, adults aged 60 years
or more had the highest total rate of hospitalisation (59.2 per 100 000, Table 19). The male:female ratio
varied with age. There was a strong predominance of male cases coded as meningitis or septicaemia for ages
0–64 years (male:female ratio 1.4:1), but among those 65 years and over the male:female ratio was 0.91.
However, when calculated as rates, males over the age of 65 years had a hospitalisation rate of 18.1 per 
100 000, compared with 12.5 per 100 000 among females.

When cases where death was the mode of separation from hospital were examined, the age-specific picture
altered (Table 20). Among 292 meningitis hospitalisations, 7 per cent (10/153) of children under 5 years were
recorded as dying in hospital, the proportion increasing to 21 per cent (6/52) in people over 60 years. In
contrast, deaths were uncommon (4/430, 1%) among 0–4 year olds coded as having septicaemia without
meningitis, giving a total of 14 deaths coded as meningitis or septicaemia for 0–4 year olds. Overall, the
proportion of separations coded as septicaemia or meningitis recorded as dying in hospital rose in a linear
fashion with age to 24 per cent among those over 60 years. In hospitalisations coded as pneumonia without
septicaemia or meningitis, death was less commonly recorded as the mode of separation at all ages (1–8%),
but accounted for the highest absolute number of deaths (n=301, data not shown).

All ages 98 5.8 143.5 206 12.1



Geographical distribution

In this review period, the Northern Territory had an average annual hospitalisation rate for meningitis 
or septicaemia (25.3 per 100 000) which was more than fourfold higher than any other jurisdiction (Appendix 3).
The average annual hospitalisation rate for other States and Territories ranged from 3.0 to 5.8 per 
100 000.

Comment

Recommendations for the use of pneumococcal vaccines changed significantly in 2001, when a public-
funded conjugate pneumococcal vaccine program commenced for children at high risk (Aboriginal and Torres
Strait Islander children under 2 years and children with predisposing medical conditions under 5 years of
age). Polysaccharide pneumococcal vaccine has been recommended and funded for Aboriginal and Torres
Strait Islander people over the age of 50 years since 1997. It is also recommended for non-Aboriginal people
65 years and older, but is funded only in Victoria.75 Invasive pneumococcal infection has become notifiable in
all jurisdictions from the beginning of 2001.

The hospitalisation rates reported here, based on a narrow case definition, continue to underestimate the
true incidence of invasive pneumococcal disease. However, the all-age rate of hospitalisation for pneumo-
coccal meningitis or septicaemia has increased from an average of 2.8 per 100 000 in the 5 years 1993 to
1998 to 4.5 per 100 000 in the current review period. The increase in hospitalisations coded as pneumo-
coccal meningitis or septicaemia is likely to reflect changes in diagnostic and/or coding practices rather than
an actual increase in incidence. First, it is still well below the incidence estimated from active laboratory
surveillance in urban New South Wales (14 per 100 000)76 or Victoria (8 per 100 000).77 Second, the rate of
hospitalisation for meningitis has remained the same as the average for 1993 to 1998 and is similar to
estimates from active surveillance. Estimates of overall incidence from laboratory surveillance in comparable
industrialised countries range from 9 to 22 per 100 000 per year.78 Nevertheless, the hospitalisation data
indicate the relative incidence of pneumococcal disease by age and jurisdiction, as well as the age distribution
of significant pneumococcal infection. Estimates of pneumococcal pneumonia are particularly likely to be
affected by coding and diagnostic practices, as diagnosis is often largely clinical. This is the likely explanation
for the dramatic fall in the number of hospitalisations coded as pneumococcal pneumonia, without
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Figure 26. Pneumococcal meningitis, septicaemia and pneumonia hospitalisation rates, Australia,
1998 to 2000,* by age group
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septicaemia, since 1993 (Figure 24). As all-cause pneumonia hospitalisations 1993 to 2000 (data not shown)
show a constant number of hospitalisations over this period, a true decrease in pneumococcal pneumonia,
as opposed to a change in diagnostic classification, seems unlikely. However, this clearly makes the interpre-
tation of changes in hospitalisations coded as pneumococcal pneumonia problematic, at least prior to the
introduction of the ICD-10-AM.

The well-known variation in mortality from pneumococcal disease with category of infection and age is
reflected in the hospitalisation and death certification data. The death rate per 100 000 population from
meningitis is highest in children under the age of 5 years and especially in infants. By contrast, the likelihood
of death with various categories of pneumococcal infection shows a dramatic rise with increasing age,
consistent with more detailed data sources.76,78 The difference between number of deaths with pneumococcal
septicaemia or meningitis certified as the underlying cause (Table 19) and deaths in hospitalised cases 
(Table 20) is likely to be related to other conditions, rather than pneumococcal infection, being considered the
underlying cause of death on the death certificate record, and different rules related to assignment of
underlying conditions as principal or additional diagnoses. The close correspondence between the two data
sources in the number of deaths associated with a meningitis or septicaemia code among 0–4 year olds,
where other underlying conditions are much less likely (n=15, Table 19 and n=14, Table 20), supports this
contention. 

The Northern Territory had the highest rate of hospitalisation for both pneumococcal septicaemia and
meningitis as well as pneumococcal pneumonia. Specific data from active laboratory surveillance in the
Northern Territory show that this excess of hospitalisations is almost entirely due to a high incidence among
Aboriginal people.79 Aboriginal people are also known to have high rates of pneumococcal disease in Western
Australia,80 but this does not seem to be reflected in the data presented here. This high disease burden is
recognised in both the adult polysaccharide vaccine program, recently shown to be effective in Far North
Queensland,81 and in the conjugate vaccine program among Aboriginal and Torres Strait Islander children
under 2 years of age. A significant impact of the latter initiative in areas where Aboriginal people represent a
high proportion of the population, such as the Northern Territory, should be evident from enhanced
surveillance of invasive pneumococcal disease in 2002–2003. Hospitalisation data may also prove useful, if
these data are sufficiently specific and the effect sufficiently large, in evaluating the impact of the conjugate
vaccine program on the incidence of pneumonia and otitis media, where only some cases are due to pneumo-
coccal infection and there is no sterile site isolate. However, it is unlikely that any impact of the high-risk
program will be evident in other areas, as the targeted group constitute only a small proportion of the
population.

52

Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000



Poliomyelitis
Poliomyelitis is caused by an enterovirus, poliovirus. Infection involves the gastrointestinal tract, and may
progress to the nervous system resulting in paralysis. Acute flaccid paralysis (AFP) occurs in less than 1 per
cent of infections. More than 90 per cent of 'asymptomatic' cases are characterised by a mild febrile illness.
The maximum extent of paralysis is usually reached within 3–4 days of disease onset. Any paralysis still
present after 60 days is likely to be permanent.14

Vaccine-associated paralytic poliomyelitis (VAPP) is acute flaccid paralysis due to a Sabin-like poliovirus (i.e.,
a virus similar to that used in the live oral Sabin vaccine).

Notifications, hospitalisations and deaths

No notifications or deaths were recorded for poliomyelitis in 1999 or 2000. From July 1998 to June 2000
there were 90 hospitalisations with a diagnosis of acute poliomyelitis (Appendix 3). Most (77%) of these were
in 1998/1999. Only 3 hospitalisations (all adults aged at least 35 years) were recorded as having a principal
diagnosis of poliomyelitis. Among the 75 hospitalisations from those States and Territories that used ICD-10-AM,
3 adults were recorded as VAPP and none as acute paralytic poliomyelitis due to wild-type poliovirus.

Comment

It is unclear exactly when the last case of locally acquired poliomyelitis occurred in Australia. The last
laboratory confirmed case was in 1967. Three clinically compatible cases were notified in 1972; however, no
additional information is currently available.82 All cases notified since 1972 have been fully investigated with
subsequent reclassification as VAPP. The most recent case of VAPP was in 1995.83 The last recorded case of
wild poliovirus in the Western Pacific Region was reported in Cambodia in 1997, and in October 2000 the
World Health Organization certified the Western Pacific Region polio free.84
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Case definitions

Notifications

Acute-onset flaccid paralysis of one or more limbs with decreased or absent tendon reflexes in the
affected limbs without apparent cause, and without sensory or cognitive loss.

Hospitalisations 

The ICD-10-AM code A80 (acute poliomyelitis) was used to identify hospitalisations.

Notes: This code includes VAPP and specific codes for indigenous and imported wild-type polio
virus infection, whereas the code used in the last report (ICD-9-CM code 045, acute poliomyelitis)
did not.

In 1998/1999 Queensland, South Australia, Western Australia and Tasmania were still using ICD-
9-CM codes with these codes mapped to ICD-10-AM codes. See also Chapter 2.

Deaths

The ICD-10 code A80 (acute poliomyelitis) was used to identify deaths.



As there have been no reports of indigenous wild-type poliovirus transmission in Australia for at least 30
years, the hospitalised cases reported here are almost certainly not missed notifications of acute wild-type
polio infection. Some hospitalisations could represent cases of acute flaccid paralysis where polio could not
be excluded, but most are likely to be adults with late effects of poliomyelitis rather than acute cases. At the
time of writing this report, hospitalisations for Victoria were being reviewed by the Department of Human
Services as they believe them to be incorrect.

Although Australia has been declared polio free, high vaccination coverage and continued active surveillance
of acute flaccid paralysis are required until global certification is achieved. High quality acute flaccid paralysis
surveillance will enable the detection any imported cases of wild-type polio infection, such as occurred in
1999 in China.85 In addition, any cases of VAPP will be detected, including those due to ‘backmutated’ strains.
In 2000 the Dominican Republic and Haiti experienced an outbreak of poliomyelitis due to a ‘backmutated’
poliovirus type 1 vaccine strain in an inadequately immunised population.86 More recently, 3 cases of polio
due to VAPP were reported from the Philippines in 2001.86

As live oral polio vaccine has the potential to cause vaccine-associated disease, the USA has recently replaced
it with inactivated polio vaccine (IPV). The place of IPV in the immunisation schedule is currently under consid-
eration by experts in Australia and by those involved in the world-wide eradication campaign.86
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Rubella
Rubella is caused by the rubella virus (family togaviridae). It is usually a mild febrile viral disease with a rash
sometimes resembling that of measles or scarlet fever. More severe disease manifestations, such as arthritis
and encephalitis, also occur. Rubella is important because of its ability to produce abnormalities in the
developing fetus (congenital rubella syndrome).14

Secular trends

During 1999 and 2000, 697 notifications of rubella were recorded (an average annual rate of 1.8 per 
100 000) (Table 21). Between July 1998 and June 2000, 72 hospitalisations were coded as being due to
rubella (an average annual rate of 0.2 per 100 000). Notification and hospitalisation rates have declined
during the period analysed, continuing the downward trend from a peak seen in the Spring of 1995 
(Figure 27, Appendices 2 and 3). Peaks seen in the Spring months of each year 1993 to 1998 were less
pronounced in 1999 and 2000.
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Case definitions

Notifications

a)  A generalised maculopapular rash, fever, and one or more of arthralgia/arthritis or
lymphadenopathy or conjunctivitis, and an epidemiological link to a confirmed case.

or

b)  Demonstration of rubella-specific IgM antibody, except following vaccination.

or

c)  A fourfold or greater rise in rubella antibody titre between acute and convalescent phase sera
obtained at least 2 weeks apart.

or

d)  Isolation of rubella virus from a clinical specimen.

Hospitalisations and deaths

The ICD-10-AM/ICD-10 code B06 (rubella [German measles]) was used to identify hospitalisations
and deaths.

Congenital rubella cases were not included in this report. The notification of congenital rubella is
mandatory in only 5 of the 8 States/Territories.87 Reviews of congenital rubella cases recorded by
the Australian Paediatric Surveillance Unit between 1993 and 2000 are available elsewhere.87,88



Severe morbidity and mortality

Two hundred and fifty-eight hospital bed days (average 129 per year) were recorded for patients with an ICD-
10-AM code for rubella. Of the 72 hospital separations, 38 (53%) had a principal diagnosis of rubella (average
annual rate 0.1 per 100 000). The median length of stay in hospital was 2 days, but varied with age (Table 21).
In 1998 to 2000, there were no deaths with rubella recorded as the underlying cause.

Complications arising from rubella infection were recorded for 17 (24%) hospitalisations (Table 22). Five of
these 17 were recorded as neurological complications.
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Figure 27. Rubella notifications and hospitalisations, Australia, 1993 to 2000,* by month of onset
or admission
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Table 21. Rubella notifications, hospitalisations and deaths, Australia, 1998 to 2000,* by age group

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. (||) Rate‡ (||) Median No. Rate‡

0–4 148 5.8 33 (23) 1.3 (0.9) 2 0 -

5–14 61 1.1 5 (4) 0.1 (0.1) 4 0 -

15–24 281 5.2 8 (4) 0.1 (0.1) 2 0 -

25–59 191 1.0 23 (5) 0.1 (0.0) 2 0 -

60+ 12 0.2 3 (2) 0.1 (0.0) 10 0 -

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis.

All ages§ 697 1.8 72 (38) 0.2 (0.1) 2 0 -
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Table 22. Indicators of severe morbidity* for hospitalised cases of rubella, Australia, 1998 
to 2000,* by age group

Age group Requiring critical care† Complication Complication
(years) Median no. neurological other

No. % total of hours‡ No. % total No. % total

0–4 0 0.0 - 2 6.1 4 12.1

5–14 0 0.0 - 0 0.0 2 40.0

15–24 0 0.0 - 1 12.5 0 0.0

25–59 0 0.0 - 2 8.7 5 21.7

60+ 0 0.0 - 0 0.0 1 33.3

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

Age and sex distribution

Notification rates were highest in the 0–4 and 20–24 year age groups (average annual rate 5.8 and 5.6 per
100 000, respectively). In contrast, hospitalisation rates were highest in children aged 0–4 years (average
annual rate 1.3 per 100 000). Children aged 0–4 years made up 46 per cent of the hospitalisations reviewed
while accounting for only 21 per cent of the notifications.

Notification and hospitalisation rates were higher for males than females, particularly in the under 25 year
age groups (Figures 28 and 29). Males aged 15–24 years had the highest notification rate (average annual
rate 8.0 per 100 000). Notification rates for this group decreased considerably after 1995, becoming closer
to those of other age/sex groups by 1998.

Figure 28. Rubella notification rates, Australia, 1993 to 2000,* by age group, sex and year of onset
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The male:female ratio was 2.0:1 for notifications and 1.2:1 for hospitalisations but varied by age. For notifi-
cations, the highest male:female ratio was in the 15–24 year age group (2.3:1), while the ratio for hospitali-
sations peaked in the 0–4 year age group (3.0:1). The sex ratio has narrowed over time as notification and
hospitalisation rates among males have declined. In Spring of 1995, when rates peaked, the sex ratio for
notifications was 2.6:1 and for hospitalisations 2.3:1, compared with 2.0:1 and 1.2:1, respectively, for 2000.
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Figure 29. Rubella hospitalisation rates, Australia, 1993 to 2000,* by age group, sex and year of
separation
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There were 148 notified cases of rubella in women of child bearing age (15–44 years) in 1999 and 2000
(average annual rate 1.7 per 100 000). The rate has decreased considerably compared with the 7-year period
1993 to 1998 (average annual rate 9.6 per 100 000).

Geographical distribution

Notification and hospitalisation rates varied between States/Territories and over time (Appendices 2 and 3).
Queensland and Victoria experienced increased notifications of rubella in the middle of 1999 while New
South Wales had high numbers of notifications in the second half of 2000. In 2000, the notification rate for
New South Wales was four times higher than in the previous year while all other States except South Australia
continued to show a downward trend from a peak in 1995 (Appendix 2).

Hospitalisation rates for each State and Territory were similar to or lower than in the previous review period
(Appendix 2). New South Wales, Queensland, South Australia and Victoria had similar average annual rates
for the 2-year review period, with other jurisdictions having lower rates. Most of the decline between
1998/1999 and 1999/2000 was due to lower numbers of hospitalisations from New South Wales in the
second financial year.



Comment

In 1999 to 2000, notification and hospitalisation rates for rubella fell for both sexes and across all age groups
compared with the previous review period (1993 to 1998). The sex ratio narrowed as a result of the reduction
in male rates. Notification rates decreased most notably in males aged 15–24 years. Reductions were also
evident in notification rates for females aged 15–44 years and hospitalisation rates in children aged 0–4
years. Most hospitalised patients were children aged 0–4 years, even though most notified cases were young
adult males. The preponderance of hospitalisations among children is surprising, as children generally have
a milder illness and a lower likelihood of complications, with the exception of thrombocytopenia, compared
with adults.89

The significant decline in rubella notification and hospitalisation rates in recent years can be attributed to the
impact of changes in the rubella vaccination schedule. Adolescent female vaccination commenced in 1971
and MMR for all children at 12 months in 1989.2 In 1993/1994 a second dose of combined MMR vaccine
was introduced for both male and female adolescents. In 1998, as part of the Measles Control Campaign, the
age of the second dose of MMR was lowered from 10–16 years to 4 years. At the same time, 1.7 million doses
of MMR were given to primary school aged children. 

It is likely that rubella notification and hospitalisation rates will continue to decline as a result of these
changes in the vaccination schedule. Provided the current high MMR coverage is maintained, indigenous
rubella and congenital rubella syndrome could be eliminated from Australia. However, only about half the
world’s countries can afford to use rubella vaccine, so imported cases will continue to occur.90 Opportunities
exist for a staged global elimination process by linking rubella with the WHO measles program whenever
possible.91
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Tetanus
Tetanus is a disease induced by an exotoxin of the Clostridium tetani bacterium, which grows anaerobically at
the site of an injury. The disease is characterised by painful muscle contractions, primarily of the masseter
and neck muscles, secondarily of the trunk muscles. The case-fatality rate ranges from 10–90 per cent, with
the highest rates in infants and the elderly.14

Secular trends

There were 8 notifications of tetanus in the 1999 to 2000 review period (an average annual notification rate
of <0.1 per 100 000). However, in the period July 1998–June 2000, there were 65 hospitalisations coded as
tetanus (an average annual rate of 0.2 per 100 000). Numbers of notifications for tetanus have been
declining in recent years while the number of hospitalisations has remained relatively constant since
1996/1997 (Figure 30). 
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Case definitions

Notifications

A clinically compatible illness without other apparent cause, with or without a history of injury, and
with or without laboratory evidence of the organism or its toxin.

Hospitalisations and deaths

The ICD-10-AM/ICD-10 code A35 (tetanus) was used to identify hospitalisations and deaths.

Figure 30. Tetanus notifications and hospitalisations, Australia, 1993 to 2000,* by year of onset or
admission
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Severe morbidity and mortality

One thousand and fifty-eight hospital bed days were recorded for patients with an ICD-10-AM code for tetanus.
Of the 65 separations, 36 (55%) had tetanus recorded as the principal diagnosis (average annual rate 0.1 per
100 000). The median length of stay in hospital was 6 days and varied depending on age. Adults aged at least
60 years had longer median lengths of stay and accounted for the majority of hospitalisations (52%) and
hospital bed days (53%) (Table 23).
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Table 23. Tetanus notifications, hospitalisations and deaths, Australia, 1998 to 2000,* by age group

Age group Notifications Hospitalisations LOS† per Deaths
(years) 2 years 2 years admission 3 years

(1999–2000) (July 1998–June 2000) (days) (1998–2000)
No. Rate‡ No. (||) Rate‡ (||) Median No. Rate‡

0–4 1 0.0 1 (1) 0.0 (0.0) 1 0 -

5–14 0 - 1 (1) 0.0 (0.0) 1 0 -

15–24 0 - 5 (3) 0.1 (0.1) 1 0 -

25–59 1 0.0 24 (12) 0.1 (0.1) 5.5 1 0.0

60+ 6 0.1 34 (19) 0.6 (0.3) 13 3 0.0

* Notifications where the month of onset was between January 1999 and December 2000; hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000; deaths where the date of death was recorded between 1998 and 2000.

† LOS = length of stay in hospital.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis.

All ages§ 8 0.0 65 (36) 0.2 (0.1) 6 4 0.0

Only adults aged 25 years or older required critical care (11%, Table 24). Adults aged at least 60 years
generally required more hours of critical care. The median duration of critical care for adults aged at least 60
years was 696 hours compared with 94 hours in the 25–59 year age group.

In the review period (1998 to 2000) there were 4 deaths with tetanus recorded as the underlying cause. All
were in people aged at least 50 years (Table 24) and there were no data on their vaccination status.



Age and sex distribution

Most notified (5/8, 63%) and hospitalised (27/65, 42%) cases were aged at least 70 years. There were 
3 times as many females notified with tetanus compared with males (male:female ratio 1:3). In contrast, the
male:female ratio for hospitalisations was closer to one (ratio 1:1.2). In the 70 years and over age group, most
of the notifications were of females (4/5, 80%), but hospitalisations involved similar numbers of both sexes
(11/27 males, 41%).

For both notifications and hospitalisations, rates increased with increasing age (Figure 31). Females aged at
least 70 years had the highest average annual notification rate (0.2 per 100 000) while both males and
females had similarly high rates of hospitalisation (0.8 per 100 000 for both males and females).
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Figure 31. Tetanus notification and hospitalisation rates, Australia, 1998 to 2000,* by age group
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* Notifications where the month of onset was between January 1999 and December 2000, hospitalisations where the month of separation
was between 1 July 1998 and 30 June 2000.

Table 24. Indicators of severe morbidity* for hospitalised cases of tetanus, Australia, 1998 to
2000,* by age group

Age group Requiring critical care†

(years) No. % total Median number of hours‡

0–4 0 0.0 -

5–14 0 0.0 -

15–24 0 0.0 -

25–59 3 12.0 94

60+ 4 11.0 696

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

All ages 7 11.0 329



Geographical distribution

Notification and hospitalisation rates varied over time and between States/Territories (Appendices 2 and 3).
However, there were too few cases in each jurisdiction to identify any trends.

Comment

There has been an overall downward trend in tetanus notification rates since 1993, while hospitalisation rates
have remained constant since 1996/1997. Hospitalisation rates were higher than notification rates — this
discrepancy could be due to under-reporting of cases, multiple admissions for the same case and coding
errors. Coding errors may have resulted from misclassification of other conditions as tetanus, especially
where tetanus was not the principal diagnosis. Equally, notifications for tetanus rely heavily on clinicians
rather than laboratories, so undernotification is likely.

Tetanus has become a disease of older adults. The current tetanus notification rate in Australia reflects that
of other developed countries.92,93 Booster doses of tetanus are thought to be poorly implemented in adults,
primarily only after an injury has occurred.94 From 2000, the Australian Standard Vaccination Schedule (2000)
no longer recommends boosters every 10 years. A tetanus booster is recommended at age 50 unless a
booster has been documented within 10 years.34 The data presented in this report suggest that this is an
appropriate recommendation.

63

Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000



Varicella
Varicella (chickenpox) is a highly contagious infection caused by the varicella-zoster virus. Varicella is usually
a mild disease in healthy children. It is more severe in adults, and can be fatal in immunosuppressed
individuals. The average incubation period is 14–15 days, and is followed by the appearance of a rash. About
5 per cent of cases are subclinical. Acute varicella may be complicated by cerebellitis, aseptic meningitis,
transverse myelitis, thrombocytopenia and pneumonia.14

Secular trends

There were 3725 hospitalisations (average annual hospitalisation rate 9.9 per 100 000) for varicella between
1 July 1998 and 30 June 2000 (Table 25). A median of 143 cases (range 87–269) was hospitalised per
month (Figure 32). There was a definite indication of seasonality with hospitalisations peaking in January and
dropping between February and March.
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Case definitions

Notifications

Varicella is not a notifiable disease.

Hospitalisations and deaths

The ICD-10-AM/ICD-10 code B01 (varicella [chickenpox]) was used to identify hospitalisations and
deaths.

Figure 32. Varicella hospitalisations, Australia, 1993 to 2000,* by month of admission
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Severe morbidity and mortality

For patients with an ICD-10-AM code for chickenpox 15 646 hospital bed days (average 7823 per year) were
recorded. Of the 3725 varicella hospitalisations, 2241 (60%) had a principal diagnosis of varicella (average
annual rate 5.9 per 100 000) (Table 25). Complications arising from varicella infection were recorded for
1120 hospitalisations (30%). Of all varicella hospitalisations, 97 (3%) were coded as having encephalitis and
283 (8%) were coded as having pneumonitis (Table 26). Five cases had both encephalitis and pneumonitis.
Although most hospitalisations were in the youngest age group, people 60 years and older had the longest
median length of stay. There were 20 deaths recorded with varicella as the underlying cause, 15 (75%) of
them for people 60 years and older. The highest death rate was also recorded in people 60 years and older.
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Table 25. Varicella hospitalisations and deaths, Australia, 1998 to 2000,* by age group

Age group Hospitalisations LOS† per admission Deaths
(years) 2 years (days) 3 years

(July 1998–June 2000) Median (1998–2000)
No. (||) Rate‡ (||) No. Rate‡

0–4 1586 (964) 62.1 (37.7) 2 1 0.0

5–14 694 (416) 13.1 (7.9) 2 0 -

15–24 382 (249) 7.1 (4.6) 2 2 0.0

25–59 911 (542) 5.0 (2.9) 3 2 0.0

60+ 152 (70) 2.5 (1.1) 7 15 0.2

* Hospitalisations where the month of separation was between 1 July 1998 and 30 June 2000; deaths where the date of death was
recorded between 1998 and 2000.

† LOS = length of stay.

‡ Average annual age-specific rate per 100 000 population.

§ Includes cases with unknown ages.
|| Principal diagnosis (hospitalisations).

Table 26. Indicators of severe morbidity* for hospitalised cases of varicella, Australia, 1998 to
2000,* by age group

Age group Requiring critical care† Varicella Varicella 
(years) encephalitis pneumonitis

No. % total Median no. of hours‡ No. % total No. % total

0–4 10 0.6 23.5 27 1.7 51 3.2

5–14 0 0 - 42 6.1 17 2.5

15–24 0 0 - 5 1.3 46 12.0

25–59 8 0.9 146.5 18 2.0 152 16.7

60+ 2 1.3 261.5 5 3.3 18 11.2

* Measured using National Hospital Morbidity data where the month of hospital separation was between 1 July 1998 and 30 June 2000.

† Requiring mechanical ventilation.

‡ Of those receiving critical care.

All ages§ 3725 (2241) 9.9 (5.9) 2 20 0.0

All ages 20 0.5 56 97 2.6 283 7.6



Age and sex distribution

The highest number and rate of varicella hospitalisations occurred in the youngest age groups, especially the
0–4 years age group (Table 25, Figure 33). The overall male:female ratio of hospitalisations was 1.1:1.
However, this varied by age group, with males predominant in the younger and older age groups and females
predominant in the 20–34 year age group. The male:female ratio for deaths due to varicella was 1:1.5. 
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Geographical distribution

The Northern Territory had the highest average annual hospitalisation rate (Appendix 3). The only jurisdiction
that showed a distinct change over the 2-year time period of investigation was South Australia, where the
hospitalisation rate halved over the 2 years.

Comment

Hospitalisations for varicella were not uncommon with an average of 1800 separations per year in 1999 to
2000. The very young were most commonly hospitalised while the elderly had the longest length of stay. In
our data, 30 per cent of hospitalised cases had a recorded complication. A more detailed study found a
similar level of complications (20%).95 Varicella hospitalisations occurred throughout Australia, with the
Northern Territory having a notably higher rate than any other jurisdiction and the rate in South Australia
decreasing by half over the 2-year period. Varicella vaccine is included in the routine childhood vaccination
schedule in Canada and the USA. In regions of the USA where an active immunisation program for varicella
is delivered and there is active disease surveillance, the incidence of varicella has been noted to decline. This
is evident in all age groups, and is most marked among those aged 1–4 years.96 Before vaccination policy is
determined in Australia a good understanding of the local epidemiology is required. Without notification data,
information about hospitalised cases is our only indicator of varicella morbidity.

Figure 33. Varicella hospitalisations, Australia, 1998 to 2000,* by age group and sex
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4 - Vaccination coverage

Australian Standard Vaccination Schedule 1998 to 2001

The Australian Standard Vaccination Schedule (ASVS) for children aged 0–6 years changed in the second half
of 1998 with the second dose of measles-mumps-rubella (MMR) vaccine (previously given at 12–13 years)
moved to 4 years. More changes were made in May 2000 with the introduction of a new ASVS with 2 distinct
paths for children born on or after 1 May 2000.34 For the immunisations at 2, 4, 6 and 12 months, two options
for the use of combination vaccines are recommended. The full schedule and changes to it are outlined in
Table 27. Pathway 1 uses hepatitis B vaccine in a combination with diphtheria-tetanus-acellular pertussis
(DTPa) vaccine, while Pathway 2 uses it in combination with Haemophilus influenzae type b (Hib) vaccine. From
May 2000, full vaccination at 12 months of age (first milestone) requires 3 doses of DTP and oral poliomyelitis
(OPV) vaccines, and immunisation against Hib and hepatitis B. Full Hib immunisation at 12 months now
requires 2 doses of PRP-OMP (Haemophilus influenzae type b polysaccharide conjugated to the outer
membrane protein of Neisseria meningitidis). Full hepatitis B immunisation at 12 months requires either 
3 doses of combined DTPa-hepatitis B (Pathway 1) or 2 doses of combined Hib-hepatitis B vaccine (Pathway
2). The neonatal dose (scheduled for all newborns since May 2000) is not yet accounted for in ACIR coverage
estimates. In the second year of life, a dose of MMR vaccine is scheduled at 12 months of age as well as
booster doses of DTP (at 18 months) and Hib vaccine (at 12 months) — for Pathway 2 this Hib vaccine is given
with hepatitis B vaccine.
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Table 27. Australian Standard Vaccination Schedule 1998 to 2001 for children

Age Vaccine

2 months DTP1,2 Hib3,4 Hep B2,4 OPV†

4 months DTP1,2 Hib3,4 Hep B2,4 OPV

6 months DTP1,2 Hep B2 OPV

12 months MMR‡ Hib3,4 Hep B4

18 months DTP§

4 years DTP§ MMR OPV

1 Acellular diphtheria-tetanus-pertussis vaccine from 1999.

2 Acellular diphtheria-tetanus-pertussis/hepatitis B vaccine from May 2000 (Pathway 1).

3 Hib PRP-OMP (Pathway 1).

4 Hib PRP-OMP/hep B from May 2000 (Pathway 2).

† Oral poliomyelitis vaccine.

‡ Measles-mumps-rubella vaccine.

§ Acellular pertussis vaccines were generally used at 18 months and 4 years from 1998.



Vaccination coverage estimates from the ACIR 1996 to 2001

The methodology for calculating cohort-based vaccination coverage from the ACIR was published with the first
coverage estimates in 1998.9 Using this method, a cohort of children is defined by date of birth in 3-month
groups, the first cohort being born between 1 January 1996 and 31 March 1996.3 The vaccination status of
each cohort is assessed at the 2 key milestones of 12 months and 24 months of age. Coverage is measured
several months after the due date for completion of each milestone, to allow for delayed notification to the
ACIR. To minimise duplicate records, the cohort includes only children enrolled with Medicare.9 It is assumed
that notification of receipt of a later vaccine dose implies receipt of earlier doses, even if no earlier vaccination
is recorded (‘third dose assumption’).3 A child is now defined as 'fully vaccinated' at 12 months of age if he or
she has received a third dose of DTPa and poliomyelitis vaccine (oral or inactivated), a second dose of Hib
vaccine (PRP-OMP), and either a second or a third dose of hepatitis B vaccine, depending on the pathway
taken on the new schedule. ACIR coverage estimates (using the ‘assumption’) for the first vaccination
milestone (the first 3 scheduled doses of DTP, OPV, Hib and, recently, 2 or 3 doses of hepatitis B and only 
2 doses of Hib) have been reported in Communicable Diseases Intelligence since 1998.9 The coverage for MMR
has been reported in Communicable Diseases Intelligence since 1998.97

Trends in vaccination coverage estimates from the ACIR

Vaccines scheduled in the first year of life

The trends in childhood vaccination coverage in Australia for 3 doses of DTP, OPV and Hib assessed at one
year, and for 4 doses of DTP and Hib, 3 doses of OPV, and 1 dose of MMR assessed at 2 years, are shown in
Figure 34. Coverage was calculated for 19 consecutive 3-month cohorts born from 1 January 1996 to 
30 September 2000. For all vaccines due by one year of age, coverage estimates increased steadily from 75
per cent for the first cohort, to 90 per cent by the nineteenth cohort, assessed on 30 September 2001. For
all vaccines due by 2 years of age, coverage estimates also increased steadily from 64 per cent for the first
cohort to 88 per cent by September 2001.

Coverage estimates for the 12-month age group did, however, decrease in the last quarter of 2001 by 0.8 per
cent compared with the previous quarter. This decrease, the largest drop in coverage since the ACIR began,
should not be a consequence of the introduction of hepatitis B vaccination on the new schedule, as hepatitis B
is combined with DTP or Hib vaccine in all jurisdictions. If the decrease is due to data problems, they would
be most likely with Hib vaccines as the dose requirements for the new schedule by 12 months (2 doses of
PRP-OMP) differ from the previous schedule for non-Indigenous children (3 doses of HbOC). However, it is
noteworthy that this cohort is the first 3-month cohort assessed according to the new schedule. It is possible
that changes in the administration and timing of the Hib and DTP vaccines from May 2000 may have
influenced either parents’ decisions to immunise or, more likely, providers’ understanding of the vaccines
required.

68

Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000



Differences between estimates of the proportion of children classified as 'fully vaccinated' by State/Territory
are shown in Figure 35. 'Fully vaccinated' coverage for consecutive cohorts increased over the 2 and a half
year assessment period for all jurisdictions. However, the rate of increase in coverage is slowing. The greatest
increases in coverage over the 2-year period were seen in the Northern Territory and New South Wales (10%
and 6.4%, respectively). Over the past year, almost all jurisdictions reached the Immunise Australia Program
target of 90 per cent coverage for the first milestone vaccines. The Northern Territory is the exception, but
coverage for this jurisdiction is very close to the target and is likely to be greater than 90 per cent when
problems with data transmission are taken into account.98,99
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Figure 34. Trends in vaccination coverage estimates from the Australian Childhood Immunisation
Register for 1 and 2 year olds*
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* By 3-month birth cohorts born between January 1996 and September 2000. Coverage assessment date was 12 months or 24 months
after the last birth date of each cohort.

Figure 35. Trends in vaccination coverage estimates by jurisdiction: children fully vaccinated for 
3 doses of DTP, OPV and Hib at the age of 1 year*
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The trends in childhood vaccination coverage in Australia for individual vaccines (DTP, OPV and Hib assessed
at 1 year) are shown in Figure 36, calculated for 11 consecutive 3-month cohorts born from 1 January 1998
to 30 September 2000. Coverage estimates for all individual vaccines due by one year of age increased
steadily from 87 per cent for the cohort assessed in March 1999 to 92 per cent for the cohort assessed in
September 2000. However, there were no further increases in coverage for DTP and OPV for the last 
4 quarters (December 2000–September 2001). This is in contrast with coverage estimates for Hib, which
increased to almost 95 per cent nationally and even more for some jurisdictions. There was a sudden
increase in Hib vaccine coverage in the cohort report of December 2000, maintained over the following 
3 reports. Although the new schedule was not introduced until May 2000 for children born after this date, this
change in Hib coverage is probably due to interim changes in Hib vaccine coverage reporting by the Health
Insurance Commission (HIC). From around December 2000, the HIC accepted 2 or 3 doses of HbOC as
evidence of ‘fully immunised’ for Hib for children born before May 2000 who were on the old schedule
(Williams K, personal communication).
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Figure 36. Trends in vaccination coverage estimates for individual vaccines: children vaccinated for 
3 doses of DTP, OPV and Hib at the age of 1 year*
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* By 3-month birth cohorts born between January 1998 and September 2000. Coverage assessment date was 12 months after the last
birth date of each cohort.

Vaccines scheduled in the second year of life

Differences between estimates of the proportion of children classified as 'fully vaccinated' at 2 years of age
by State/Territory are shown in Figure 37. 'Fully vaccinated' coverage at 2 years of age for consecutive cohorts
increased over the 2 and a half year assessment period for all jurisdictions. However, as with estimates for
one year olds, the rate of increase in coverage is slowing. A number of jurisdictions including Tasmania,
Queensland, South Australia, and the Australian Capital Territory reached 90 per cent coverage over the past
year. The greatest increases in coverage were in the Northern Territory and Western Australia where increases
of 26 per cent and 15 per cent, respectively, were seen over the 2 and a half year period. This is likely to be
related to intensive data cleaning efforts in those jurisdictions.



Figure 38 shows trends in MMR1 (first dose of MMR) coverage at 2 years of age by jurisdiction, with
assessment dates up to 30 September 2001. MMR coverage increased for all jurisdictions over the 2 and a
half year assessment period. Only one jurisdiction, South Australia, had reached the Immunise Australia
program target of 95 per cent coverage (at June 2001) although all other jurisdictions were within 3 per cent
of the target.
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Figure 37. Trends in vaccination coverage estimates, by jurisdiction: children fully vaccinated for 
4 doses of DTP and Hib, 3 doses of OPV and 1 dose of MMR at the age of 2 years*
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* By 3-month birth cohorts born between 1 January 1997 and 30 September 1999. Coverage assessment date was 24 months after the
last birth date of each cohort.

Figure 38. Trends in MMR1 vaccination coverage estimates for 2 year olds, by jurisdiction*
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* By 3-month birth cohorts born between 1 January 1997 and 30 September 1999. Coverage assessment date was 24 months after the
last birth date of each cohort.



Vaccines given at 4–5 years of age

Data on vaccination coverage for 4–5 year olds have not yet been reported by the ACIR, although the first
cohort of children born since the ACIR commenced has now reached 4–5 years of age. Coverage estimates
for this cohort will be published for the first time in 2002/3. Estimates of vaccination coverage in this age
group are available from the 1995 ABS survey (22%) and from a number of State and Territory surveys
(67–89%).11,100

Comment

Estimates of vaccination coverage in Australia for all jurisdictions have increased steadily since the ACIR
commenced in 1996. There have been increases in coverage for both one year olds and 2 year olds, with ‘fully
immunised’ coverage for 1 year olds reaching the Immunise Australia Program target of 90 per cent coverage
for the first milestone vaccines.

Limitations of the ACIR database, related to reliance on provider notification and the currency of Medicare
registration, mean that official estimates of coverage are unlikely to rise significantly above current levels,
unless mechanisms are put in place to further improve notification to the ACIR. Increases in actual coverage
will also be difficult to achieve from this point, as there are probably 2–3 per cent of parents who are opposed
to immunisation.

To maintain the current high levels and to achieve further increases in coverage, efforts need to be directed
at improving reporting by providers (and subsequent data cleaning), and at immunisation of the small group
of children now not up to date with their immunisations. The latter will require carefully targeted initiatives,
which may include efforts to further improve access to services for disadvantaged groups and specific
educational initiatives for those parents and providers concerned about contraindications to immunisation.

In addition, there are several national, publicly funded, targeted immunisation programs for which systemat-
ically collected data on vaccine coverage are not currently available. These include hepatitis B vaccine for
adolescents, MMR vaccine for 18-30 year olds, influenza and pneumococcal vaccines for Aboriginal and
Torres Strait Islander persons over 50 years of age and influenza vaccine for persons over the age of 64 years.
While data are available from surveys in local subpopulations40 or national special purpose surveys101 for
three of these programs, lack of widely applicable data inhibits planning and evaluation at the regional and
national level. As the number and scope of immunisation programs increases, extension of the ACIR to collect
data for some or all of the other age groups targeted by vaccines merits active consideration.
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5 - Discussion

Changes in vaccination practice 

The years 1999 to 2000 have again marked a period of rapid change in vaccination policy and practice in
Australia, with major changes to the schedule and continued improvement in vaccination coverage and
reporting. In 1999, the movement of the second dose of measles-mumps-rubella vaccine to 4 years of age
was implemented following the successful Measles Control Campaign.46,47 In 2000, the Australian Standard
Vaccination Schedule (ASVS) was substantially altered (see Chapter 4, Table 27). Fully funded universal infant
vaccination against hepatitis B, including a dose at birth, and the use of only one type of Hib vaccine for
infants commencing the schedule was implemented in May 2000.34 The Australian Childhood Immunisation
Register has become an even more essential pillar of immunisation in Australia over the past 2 years. A
number of policies and programs now depend on linkage to the ACIR to ascertain eligibility for payment. These
include maternity allowance and childcare assistance payments to parents, and payment for notification to
the ACIR by providers. Additional payments are made to general practitioner providers for notification to the
ACIR and achievement of practice coverage targets. 

These vaccine policy and program changes represent a large investment in public health. Australia, together
with other industrialised countries, is faced with the challenge of maintaining high immunisation coverage
and public confidence in immunisation, along with increasingly complex decisions about the introduction of
new vaccines into the ASVS for both children and adults. Evaluation of the impact of current programs, as well
as prioritising and planning for future programs, is informed by the integration of multiple data sources (notifi-
cation, hospitalisation and mortality data) contained in this report. The report includes data on meningo-
coccal disease and influenza for the first time. 

Current and comparative morbidity from vaccine preventable diseases

A summary of the relative morbidity and mortality due to the diseases covered in the 5 years prior to the
current report (1993 to 1998) is shown in Table 28 and for 1999 to 2000 in Table 29. While the limitations
of notification, hospitalisation and death data should be borne in mind (see Chapter 2) and may be especially
evident for rare diseases or diseases which lack a specific diagnostic test, together these data provide an
informative overview of disease burden and changes to it in Australia over the past several years. 
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Diphtheria 0.4 4 0.0 0.0 || ¶ 0.0 0.0

Hib§ 119 164 9.2 4.2 806 59 1.6 2.0

Hepatitis A 28 755 2.2 4.2 4217 11.6 0.6 3.2

Hepatitis B‡ 1.2 283 0.1 1.6 1112 6.6 0†† 39††

Measles 189 447 14.6 2.5 1676 5.8 0.4 1.2

Mumps 8.8 54 0.7 0.3 234 4.4 0.0 0.4

Pertussis 685 961 52.9 5.3 3916 ¶ 1.8 1.8

Pneumococcal 188 503 14.5 2.8 556 159 4.4 14.4

disease (invasive)#

Polio‡ ¶ 3.2 0.0 0.0 || ¶ 0.0 0.0

Rubella 41.4 89 3.2 0.5 325 5.8 0.0 0.0

Tetanus ¶ 129 - 0.2 598 ¶ 0.0 1.6

Varicella 631 1532 48.7 8.5 6535 40.4 1.7 7.2

* Hospitalisation data, Australian Institute of Health and Welfare, July 1993–June 1998; death data, Australian Bureau of Statistics,
January 1994–December 1998.

† See Chapter 3 for case definitions.

‡ Includes only principal diagnosis. 

§ Data for Haemophilus influenzae disease include only cases aged 0–14 years of age.

|| These results are not presented due to limitations of the data. 

¶ ICD-10-AM codes for these diseases do not specify neurological complications.

** Neurological complications include meningitis, encephalitis and hepatic coma.

†† Includes deaths from acute and chronic hepatitis B infection.

# Includes pneumococcal meningitis and septicaemia only.

Table 28. Average annual morbidity and mortality from vaccine preventable diseases in Australia
for 5 years 1993/1994–1997/1998*

Disease† Hospitalisations Hospitalisation Hospital Neurological Deaths

(average no.) rate/100 000 bed days complications** (average no.)
(average rate) (average no.) (average no.)

Age All ages Age All ages Age All ages
0–4 yr 0–4 yr 0–4 yrs



Table 29. Average annual morbidity and mortality from vaccine preventable diseases in Australia
for 2 years 1998/1999–1999/2000*
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Diphtheria 0.5 1 0.0 0.0 3 ¶ 0 0

Hib§ 37 54 2.9 1.1 260 39 0 0.5

Hepatitis A 20 716 1.6 3.8 4162 5.5 0 1.5

Hepatitis B‡ 1.5 172 0.1 0.9 898 2.5 0 15

Influenza 902 4295 70.6 22.8 28758 ¶ 1.5 69

Measles 27 73 2.2 0.4 242 3.5 0 0

Meningococcal 293 783 23.0 4.2 6002 384 10.5 35
disease

Mumps 10.5 56 0.8 0.3 247 2 0 1

Pertussis 239 372 18.7 2.0 2209 ¶ 0.5 0.5

Pneumococcal 291 851 22.8 4.5 9069 146 5 17

disease (invasive)††

Polio‡ 0 1.5 - 0.0 || ¶ 0 0

Rubella 16.5 36 1.3 0.2 129 2.5 0 0

Tetanus 0.5 32 0.0 0.2 529 ¶ 0 1

Varicella 783 1863 62.1 9.9 7823 48.5 0.5 7

* Hospitalisation data, Australian Institute of Health and Welfare (AIHW), July 1998–June 2000; and death data, AIHW National Mortality
Database, January 1999–December 2000.

† See Chapter 3 for case definitions.

‡ Includes only principal diagnosis. 

§ Data for Haemophilus influenzae disease include only cases aged 0–14 years of age.
|| These results are not presented due to limitations of the data. 

¶ ICD-10-AM codes for these diseases do not specify neurological complications.

** Neurological complications include meningitis, encephalitis and hepatic coma.

†† Includes pneumococcal meningitis and septicaemia only.

Disease† Hospitalisations Hospitalisation Hospital Neurological Deaths

(average no.) rate/100 000 bed days complications** (average no.)
(average rate) (average no.) (average no.)

Age All ages Age All ages Age All ages
0–4 yr 0–4 yr 0–4 yrs



In children under 5 years of age (the main target of the current childhood program), some important changes
in relative disease burden have occurred in 1999 to 2000. Among diseases currently targeted by immuni-
sation, hospitalisations due to measles, rubella and Hib disease have all decreased substantially.
Hospitalisations due to pertussis also decreased, but this should be treated with caution as the financial
years 1999 to 2000 did not include an epidemic period. Two diseases not included in the previous report
(influenza and meningococcal disease) and another not currently included in the ASVS (varicella) accounted
for the largest numbers of hospitalisations in those under the age of 5 years. Outside this age group, the 3
most common causes of hospitalisation also included influenza and varicella, but hepatitis A was the third
most common cause of hospitalisation. Similarly, the impact of improved control of measles and rubella was
evident in the hospitalisation data from older age groups. By contrast with the hospitalisation data, meningo-
coccal and pneumococcal disease were the most prominent causes of death and central nervous system
manifestations (potentially associated with long-term disability) in all age groups. The implications of these
data are discussed below, first with respect to vaccines included in the ASVS during the review period and
second with respect to vaccines available in Australia but not included in the ASVS up to the end of 2000. 

Diseases on the Australian Standard Vaccination Schedule in 2000 

Measles

During 1999 to 2000, the pattern of measles changed dramatically following the Measles Control Campaign
in the latter half of 1998. No epidemics occurred, and levels of notification and hospitalisation for measles
among children under 19 years were at a record low in all jurisdictions. In contrast, measles cases among
young adults (20–29 years) have been prominent, especially in Victoria in 1999.49 Together with serosur-
veillance data showing that susceptibility to measles is highest in this age group,51 this prompted the provision
of national funding for MMR vaccine for 18–30 year olds.54 It is now likely that indigenous transmission of
measles in Australia has been interrupted, with current cases arising from importations. Continued high
childhood vaccine coverage for two doses of MMR will be required to maintain this status. Immunity has been
compromised recently in the United Kingdom by linkage of MMR vaccine to autism spectrum disorders,102

resulting in falling MMR coverage.103,104 Australia needs good communication strategies to emphasise the
benefits of measles control as well as the lack of data to support concerns about links between MMR vaccine
and neurodevelopmental disorders.105

Rubella and mumps

Rubella notifications have continued the decline from a peak in 1996, especially in 15–24 year old males, in
1999 and 2000 in all jurisdictions apart from New South Wales. As for measles, it is likely that many cases
in young children being notified as rubella are misdiagnoses of other viral exanthems.50 Notifications among
females of child bearing age continue to be low, with no cases of congenital rubella in 1999 to 2000.88

Mumps surveillance data are more difficult to interpret because of differences in notification requirements
between jurisdictions. However, the previously reported trend to increased notifications in young adults
(20–29 years) has continued in 1999 to 2000. This appears to be real, as it also seen in hospitalisations as
well as notifications from the only jurisdiction where laboratory confirmation is required for notification (New
South Wales). This age peak in young adults corresponds to that for measles and is likely to also be related
to relatively poor vaccine coverage in childhood. The re-emergence of mumps adds weight to the value of the
MMR campaign in 18–30 year olds as well as additional challenges in targeting males in this age group for
any medical intervention. 

Hib disease

The virtual disappearance of invasive Hib disease among children less than 5 years old remains the greatest
success story for vaccination in the past decade. The notification rate for 0–4 year olds, the main age group
at risk of Hib disease, has continued to fall since 1998 (Figure 3). Although the reduction in hospitalisations
coded as Haemophilus influenzae meningitis or epiglottitis was less dramatic, the available codes do not allow
Hib meningitis to be distinguished from meningitis due to other types of Haemophilus influenzae, or to
distinguish epiglottitis due to Hib from other causes of epiglottitis. While it is likely that notifications underes-
timate incidence of Hib, hospitalisations will overestimate incidence. Continued enhanced surveillance for Hib
is important to evaluate any changes in epidemiology following movement to a program using PRP-OMP
exclusively. Universal use of PRP-OMP has not been adopted in any other country except New Zealand. 
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Pertussis

Of the diseases with well-established vaccination programs, pertussis again stands out as causing the
greatest morbidity in 1999 to 2000, as in the previous review period. Although notification, hospitalisation
and mortality rates have decreased by more than 50 per cent compared with the previous 5 years (Tables 28
and 29), this may be misleading, as the previous period included the 1993 and 1997/1998 epidemics,
whereas no epidemic occurred in 1999 to 2000. It is encouraging that there is clear evidence of an impact
from the fifth dose of pertussis vaccine, introduced at 4 years of age from 1995 (Figure 22). The cohort which
has been eligible for the fifth dose is now 5–9 years of age and has a notification rate comparable to 1–4
year olds, the other highly immunised group, with neither group showing any increase in incidence during the
epidemic beginning in late 2000. This may be related to a longer duration of immunity as well as higher
efficacy from acellular vaccines. It will be important to determine whether the low rates of pertussis in the
5–9 year old cohort persist into their adolescence and to assess the likely impact of a booster at high school
entry. 

Influenza

Inactivated influenza vaccines have been provided free of charge annually to all people 65 years of age and
over since 1999, except in Victoria where funding occurred in 1998. This makes influenza vaccine a large,
recurrent and therefore costly part of the overall immunisation program. The data presented in this report
indicate that the disease burden from influenza is also large, with the highest number of hospitalisations and
bed days, both for children under 5 years of age and for older age groups. Influenza was the underlying cause
of death more frequently than any other disease under review, with 85 per cent of deaths attributed to
influenza occurring among people over 60 years of age (Table 9). Recent coverage estimates derived from
national telephone surveys indicate that 78 per cent of the ambulatory population over 64 years of age had
received an influenza vaccination in the past 3 years.101 Vaccine availability is also the subject of planning for
the possibility of much higher disease rates should a novel strain result in pandemic influenza. The impact of
influenza vaccine is difficult to measure at the population level, because of varying circulation of influenza
from year to year and place to place and varying specificity of case definitions. A current NHMRC funded study
of elderly people hospitalised with pneumonia in Victoria should provide guidance as to how hospitalisation
data, such as those presented here, are best interpreted. The high disease burden from influenza among
young children (Table 29) is similar to that described in the United States of America.106 It is likely that
circulation of influenza among young children is responsible for much of the transmission to other age groups,
so universal use of nasally administered vaccines in young children106 is a strategy under active consideration
in industrialised countries. In the meantime, the outcome of the world’s first universal influenza immunisation
program (for all ages) in Ontario, Canada will be of great interest. 

Hepatitis B 

Although vaccines against hepatitis B first became available in 1982, and have been used consistently in
high-risk groups since then, they were not included in the ASVS until 2000, with the exception of the Northern
Territory which has had routine vaccination since 1990. The long incubation of hepatitis B infection means
that the impact of infant immunisation takes many years to become evident. Again, young adults (aged 20–29
years) have consistently had the highest notification rates for acute hepatitis B, and an upward trend is
suggested by data from the last 2 years. However, these higher rates are still less than those for the same age
group in the USA.69 The Northern Territory is the only jurisdiction with an overall decrease in notification rates
for acute hepatitis B, in contrast to the almost universally higher notification rates in the Northern Territory for
other vaccine preventable diseases (Appendix 2). While based on small numbers, it is suggestive of an impact
from hepatitis B vaccination in a region with high risk for hepatitis B on the one hand and the longest duration
of routine vaccination on the other. 

Rare vaccine preventable diseases (tetanus, diphtheria and poliomyelitis)

Cases of tetanus continue to occur, despite tetanus toxoid being available for more than 60 years. In the most
recent 2 years, the first notification of childhood tetanus (in a 2 year old) occurred since a case in a 10 year
old in 1992. However, most cases and all deaths were in adults, predominantly women over the age of 60
years. No cases of diphtheria have been notified since 1992, but the occurrence of a case in New Zealand in
an unimmunised child from an imported strain17 highlights the need for vigilance, already emphasised by the
experience in Eastern Europe. The recent change in not recommending 10-yearly boosters for diphtheria and
tetanus until age 50 will require close monitoring through seroprevalence and notification data. Australia and
the Western Pacific region have been declared polio free,84 but high vaccination coverage and continued
active surveillance for acute flaccid paralysis will be required until global certification is achieved. 
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Vaccine preventable diseases not on the Australian Standard Vaccination
Schedule in 2000

Varicella

Varicella was responsible for the greatest number of hospitalisations attributed to any disease not currently
in the ASVS reviewed in this report, both in young children and across all age groups (Table 29). The hospital-
isation rate for varicella in children 0–4 year olds in 1999 to 2000 was similar to that for Hib disease in this
age group before immunisation. Although varicella is less severe than Hib, one death and 69 cases of
encephalitis were recorded in 0–14 year olds in Australia in 1999 to 2000 (Tables 25 and 26). If varicella
vaccine is included in the ASVS, there should be a rapid, relatively uniform increase in population coverage.
This will be a different scenario to the USA, where implementation of varicella immunisation was patchy over
time and across regions.96 As marked disease reductions should be expected, development of more sensitive
and timely surveillance of both varicella and herpes zoster than is possible from hospitalisation data will be
required, at least in selected sentinel regions of Australia.

Pneumococcal disease

Notification of invasive pneumococcal disease was instituted nationally in 2001 and implemented in full in
2002 to accompany the introduction of conjugate pneumococcal vaccine for high-risk children. The hospital-
isation data presented here are the only source of representative data prior to the commencement of notifi-
cation nationally. Hospitalisation data are highly consistent with other data sources for meningitis, for which
the data are scant but probably reliable. Septicaemia and pneumonia codes are more subject to misclassifi-
cation and underestimation, but probably give an accurate reflection of national trends and age-related
differences (Figure 26). Although this is adequate for examining disease burden prior to vaccine introduction,
enhanced surveillance including serogroup, risk factor and immunisation status data will be essential for
evaluating program impact. The data presented here show that invasive pneumococcal disease causes a
similar number of hospitalisations but only half as many deaths as meningococcal disease in 0–4 year olds
and across all age groups (Table 29). The impact of the conjugate vaccine program in high-risk infants, which
commenced in the Northern Territory in June 2001 and subsequently in other jurisdictions, will be awaited,
as will the outcome of general use of conjugate pneumococcal vaccine in infants in the USA, which
commenced in late 2000. 

Meningococcal disease

Meningococcal disease ranked behind influenza, invasive pneumococcal disease and varicella in terms of
total hospital bed days in 1999 to 2000 (Table 29). It accounted for the highest number of hospitalisations
with neurological involvement and therefore potential disability, the highest number of childhood deaths and,
after influenza, the second highest number of deaths in all ages. As deaths from meningococcal disease
predominantly occur in the young, it is likely that it accounts for more life years lost than influenza. However,
only a small proportion of meningococcal disease (that due to serogroups A, C, W135 and Y) is vaccine-
preventable, with a range from 10–40 per cent depending on age group and region. A protein conjugate
vaccine protective against serogroup C meningococcal disease has been available in Australia since the
beginning of 2002. These vaccines have been used in a universal program for children 2 months to 18 years
of age in the United Kingdom, with dramatic reductions in cases and deaths due to serogroup C, compared
with age groups not targeted for vaccination.67 Australia has an incidence of meningococcal disease (overall
and due to type C meningococci) which is intermediate between the high rates seen in the United Kingdom67

and the rates of 1 per 100 000 population or less generally seen in North America.107 The overall intermediate
disease incidence and the diversity of the Australian population with respect to serogroup-specific incidence
of meningococcal disease68 make decisions on the place of conjugate serogroup C meningococcal vaccines
in the ASVS complex. This is under review by a working group of ATAGI in 2002. Vaccines effective against
serogroup B meningococci are under development but must be tailored to specific subtypes. The subtype of
serogroup B meningococcal disease currently causing a prolonged epidemic in Auckland, New Zealand108

although present in Australia, has not been responsible for any disease outbreaks to date. 
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Hepatitis A

Hepatitis A, in 1999 to 2000, accounted for the fifth highest number of hospitalisations among diseases
reviewed, similar to those related to meningococcal and invasive pneumococcal disease (Table 29). However,
overall morbidity (as measured by total bed days, neurological complications and deaths), were orders of
magnitude below those measures for meningococcal and invasive pneumococcal disease, varicella and
influenza. Hospitalisations occurred predominantly in males 15–59 years, and both deaths and hepatic coma
were seen predominantly among people aged 60 years and over. The Northern Territory had more than double
the notification and hospitalisation rates for hepatitis A of any other jurisdiction both overall and for most
years, presumably related to high disease rates in the Aboriginal and Torres Strait Islander population. In the
USA, hepatitis A vaccine is now part of the routine schedule for States with annual notification rates above
20 per 100 000.69 Hepatitis A vaccination was implemented routinely among indigenous children in Far North
Queensland in 1999. The results of this initiative will help inform the costs and benefits of introducing such
a scheme in other areas of Australia (such as the Northern Territory and north west Western Australia) with
similar high rates, in a manner comparable with the USA recommendations. 

Vaccine preventable disease notification rates compared with other 
industrialised countries

The most recent notification rates for the 5 most frequently occurring vaccine preventable diseases compared
with the rates in New Zealand, the USA, Canada and England, are shown in Table 30. Notifications of invasive
Hib disease were low in all countries, reflecting the excellent results of Hib vaccination programs. Australia
has moved closer to the situation in North America with respect to measles eradication, with notification rates
decreasing from 1.7 in 1998 to 0.6 per 100 000 in 2000. It is likely that true levels of measles would be
substantially lower than this if laboratory confirmation was sought as frequently as it is in England (Table 30).
Pertussis notification rates in Australia remain much higher than in the other countries shown in Table 30,
except Canada. Comparisons with other countries are difficult because of differences in notification case
definitions and the availability of serology. Nevertheless, it is likely that Australia has a comparatively high
pertussis disease burden, including disease and deaths in infants. Children with the highest notification rates
in 1999 to 2000 (10–14 years of age) were born at a time when the level of completed pertussis immuni-
sation was relatively low and have not been eligible for a pertussis booster before school entry. 
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Table 30. Most recent* notification rates per 100 000 population for frequently notified vaccine
preventable diseases, by country of residence

Disease Australia New Zealand109 USA69 Canada110 England56

Hib† 0.2 0.4 0.4 0.2 0.2

Measles 0.6 4.9 < 0.05 < 0.05 4.7 (0.1)‡

Mumps 1.4 2.4 0.2 0.4 3.3 (0.8)§

Pertussis 31.0 4.3 2.6 25.1 2.2 

Rubella 1.7 1.6 0.1 0.2 3.8 (0.1)||

* Australia 2000; New Zealand 1998; USA 1999; Canada 1998; England 1999.

† Haemophilus influenzae type b.

‡ Incidence corrected for proportion serologically confirmed = 3 per cent. 

§ Incidence corrected for proportion serologically confirmed = 23 per cent.

|| Incidence corrected for proportion serologically confirmed = 4 per cent. 



Future surveillance priorities

For this biannual report, access to and the scope of the data available from the AIHW National Hospital
Morbidity Database and Causes of Death Collection have been enhanced by NCIRS’ relationship with the
AIHW as a collaborating centre. On the NNDSS database, some additional important fields, such as laboratory
confirmation and immunisation status, are becoming available through enhanced surveillance initiatives.
These already apply to Hib disease, for which the enhanced surveillance data are managed by NCIRS, invasive
pneumococcal disease and meningococcal disease. Enhanced surveillance for measles, with routine
performance of specific laboratory tests for validation, remains incompletely implemented, in part due to
logistic difficulties at a State and Territory level. The Communicable Diseases Network Australia is currently
undertaking a comprehensive revision of case definitions, including those for vaccine preventable diseases,
which will set the scene for some years to come. 

Future vaccination priorities

Table 29 provides a number of measures of morbidity for comparison of disease burden relevant to current
general or targeted programs as well as potential future vaccination programs. For most VPDs, the notification
and hospitalisation rates are highest in children under 5 years. Immunisation programs targeting this age
group are probably nearing their highest practically achievable targets, as measured by the Australian
Childhood Immunisation Register and supported by a range of parent and provider incentives. For other VPDs,
there is either a greater disease burden in older age groups, such as hepatitis A and B, pertussis (although
rates in infants remain high) and tetanus, or important secondary age peaks, such as 20–29 year olds for
measles and mumps and 15–19 year olds for meningococcal disease. 

With respect to immunisation programs targeting diseases currently included in the ASVS, measles and
pertussis in young adults and adolescents, respectively, stand out as priorities. The former issue is presently
the subject of a program to supply a second dose of MMR vaccine free of charge to older teenagers and young
adults. Approaches to adolescent pertussis must have the twin focus of morbidity in adolescents themselves
and projected impact on disease transmission to infants. Moves to assess this are currently under way both
nationally and internationally. 

There are four diseases, not included in the ASVS in 2000, for which vaccines approved for use in Australia
are now available. These are varicella, invasive pneumococcal disease in children under the age of 2 years,
meningococcal disease due to serogroup C and hepatitis A. From Table 29 it is evident that varicella has the
highest hospitalisation rate among these conditions, while meningococcal disease accounts for most deaths.
However, deaths due to meningococcal serogroup C disease account for only a proportion of the total and vary
by age and geography, with the largest disease burden in Victoria and in adolescents. When this is taken into
account among children under 5 years, it is likely that the number of deaths potentially preventable in the
general population by the currently available pneumococcal and meningococcal conjugate vaccines is similar.
A crucial issue is the extent of the additional impact of pneumococcal conjugate vaccine on non-invasive
pneumococcal disease, for which additional data from long term follow-up of the original efficacy trial111 and
post-marketing surveillance in the USA are awaited.

Currently, IPD and hepatitis A have identified high-risk groups who are the subject of targeted programs. For
IPD, the high-risk groups are Indigenous children and non-Indigenous children with certain medical conditions.
For hepatitis A, the only high-risk group included is Indigenous children in North Queensland. In the case of
varicella and meningococcal disease due to serogroup C, no particular high-risk groups have been identified.
An economic evaluation of various scenarios for use of varicella vaccine in Australia concluded that general
infant immunisation combined with immunisation of adolescents without a history of varicella would be cost-
effective.112 At the time of writing this report, the place of varicella, hepatitis A, meningococcal and pneumo-
coccal conjugate vaccines in the ASVS are at various stages of evaluation. Australia, along with other industri-
alised countries, is now entering an era when the increasing array of new vaccines will have less easily defined
benefits and greater costs than programs to date. Careful evaluation of the additional benefits of new
programs as well as continued efforts to maintain current programs will be required to sustain the success of
immunisation in Australia over the first decade of the 21st Century. 
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Table 31. Notifications by State/Territory and year (January 1995–December 2000)
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Table 31. Notifications by State/Territory and year (January 1995–December 2000), (continued)
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Table 31. Notifications by State/Territory and year (January 1995–December 2000), (continued)

Po
lio

m
ye

lit
is

1
9

9
5

0
0

0
0

0
0

0
0

0
-

-
-

-
-

-
-

-
-

1
9

9
6

0
0

0
0

0
0

0
0

0
-

-
-

-
-

-
-

-
-

1
9

97
0

0
0

0
0

0
0

0
0

-
-

-
-

-
-

-
-

-

1
9

9
8

0
0

0
0

0
0

0
0

0
-

-
-

-
-

-
-

-
-

1
9

9
9

0
0

0
0

0
0

0
0

0
-

-
-

-
-

-
-

-
-

2
0

0
0

0
0

0
0

0
0

0
0

0
-

-
-

-
-

-
-

-
-

To
ta

l*
0

0
0

0
0

0
0

0
0

-
-

-
-

-
-

-
-

-

R
ub

el
la

1
9

9
5

17
3

1
21

3
10

10
7

3
87

16
9

14
6

8
3

9
6

4
5

8
9

5
6

.8
1

9
.8

5
.6

3
2

.9
5

.9
3

5
.7

3
2

.5
2

2
.8

2
5

.4

1
9

9
6

7
0

2
5

4
7

97
9

3
8

2
3

2
6

67
16

1
2

5
5

2
2

2
.7

4
.1

3
.8

2
9

.3
2

5
.9

6
.7

14
.6

9
.1

1
3

.9

1
9

97
3

2
1

5
5

7
5

3
9

1
8

3
1

8
37

1
8

4
1

3
8

9
10

.3
2

.5
3

.7
1

5
.8

1
2

.4
3

.8
8

.1
4

.7
7.

5

1
9

9
8

31
74

5
37

2
16

14
1

8
4

6
6

76
2

10
.1

1
.2

2
.6

10
.8

1
.1

3
.0

3
.9

3
.6

4
.1

1
9

9
9

17
4

5
3

1
57

4
7

1
21

21
37

5
5

.5
0

.7
1

.6
4

.5
0

.3
1

.5
2

.6
1

.1
2

.0

2
0

0
0

4
1

91
0

4
6

7
1

67
6

3
2

2
1

.3
3

.0
-

1
.3

0
.5

0
.2

1
.4

0
.3

1
.7

To
ta

l*
3

27
1

9
3

2
3

2
31

6
6

67
9

24
1

2
87

8
7

3
4

9
9

8
9

17
.7

5
.1

2
.8

1
5

.4
7.

6
8

.5
10

.3
6

.8
8

.9

Te
ta

nu
s

1
9

9
5

0
0

0
0

0
0

4
3

7
-

-
-

-
-

-
0

.1
0

.2
0

.0

1
9

9
6

0
1

0
0

0
0

1
1

3
-

0
.0

-
-

-
-

0
.0

0
.1

0
.0

1
9

97
0

3
0

2
0

1
1

0
7

-
0

.0
-

0
.1

-
0

.2
0

.0
-

0
.0

1
9

9
8

0
3

0
1

0
1

1
1

7
-

0
.0

-
0

.0
-

0
.2

0
.0

0
.1

0
.0

1
9

9
9

0
1

0
1

0
0

0
0

2
-

0
.0

-
0

.0
-

-
-

-
0

.0

2
0

0
0

0
2

0
0

3
0

1
0

6
-

0
.0

-
-

0
.2

-
0

.0
-

0
.0

To
ta

l*
0

10
0

4
3

2
8

5
3

2
-

0
.0

-
0

.0
0

.0
0

.1
0

.0
0

.0
0

.0



Appendix 3 Hospitalisations by 
State/Territory and year 
(July 1995–June 2000)



Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000

98

N
u
m

b
e
r 

o
f 

h
o
sp

it
al

is
at

io
n
s

H
o
sp

it
al

is
at

io
n
 r

at
e
 p

e
r 

1
0
0
 0

0
0
 p

o
p
u
la

ti
o
n

D
is

e
as

e
*

Ye
ar

A
C
T

N
S
W

N
T

Q
ld

S
A

Ta
s

V
ic

W
A

To
ta

l
A
C
T

N
S
W

N
T

Q
ld

S
A

Ta
s

V
ic

W
A

To
ta

l

* 
S

ee
 C

ha
pt

er
 3

 fo
r 

ca
se

 d
ef

in
iti

on
s.

 

†
To

ta
l c

as
es

 fo
r 

5
-y

ea
r 

pe
rio

d 
an

d 
av

er
ag

e 
an

nu
al

 r
at

e 
pe

r 
10

0
 0

0
0

 p
op

ul
at

io
n.

Table 32. Hospitalisations by State/Territory and financial year (July 1995–June 2000)

D
ip

ht
he

ria
9

5
/9

6
0

1
1

1
1

0
0

2
6

-
0

.0
0

.6
0

.0
0

.1
-

-
0

.1
0

.0

9
6

/9
7

0
0

0
1

0
0

0
0

1
-

-
-

0
.0

-
-

-
-

0
.0

97
/9

8
0

0
0

0
0

0
0

0
0

-
-

-
-

-
-

-
-

0
.0

9
8

/9
9

0
1

0
0

0
0

0
0

1
-

0
.0

-
-

-
-

-
-

0
.0

9
9

/0
0

0
0

0
0

0
0

1
0

1
-

-
-

-
-

-
0

.0
-

0
.0

To
ta

l†
0

2
1

2
1

0
1

2
9

-
0

.0
0

.0
0

.0
0

.0
-

0
.0

0
.0

0
.0

H
ae

m
op

hi
lu

s
9

5
/9

6
2

41
0

16
1

3
2

2
3

9
10

6
2

.9
3

.1
-

2
.2

4
.3

1
.9

2
.4

2
.3

2
.7

in
flu

en
za

e
9

6
/9

7
0

3
4

1
2

0
5

3
1

1
9

8
3

-
2

.6
2

.0
2

.7
1

.7
2

.8
1

.2
2

.3
2

.1

ty
pe

 b
 d

is
ea

se
 

97
/9

8
1

3
4

3
1

8
4

2
1

3
4

3
1

1
8

1
.5

2
.6

6
.0

2
.4

1
.3

1
.9

1
.4

10
.9

3
.0

(<
1

5
 y

r 
on

ly
)

9
8

/9
9

1
17

1
1

5
6

2
8

10
6

0
1

.5
1

.3
2

.0
2

.0
2

.0
2

.0
0

.8
2

.5
1

.5

9
9

/0
0

1
9

1
1

8
3

1
1

1
5

4
9

1
.5

0
.7

2
.0

2
.4

1
.0

1
.0

1
.2

1
.3

1
.3

To
ta

l†
5

1
3

5
6

87
31

10
6

6
76

41
6

1
.5

2
.1

2
.4

2
.3

2
.1

1
.9

1
.4

3
.8

2
.1

H
ep

at
iti

s 
A

9
5

/9
6

5
24

1
1

8
2

0
3

3
2

4
1

5
5

4
2

7
0

0
1

.6
3

.9
10

.1
6

.2
2

.2
0

.8
3

.4
2

.4
3

.9

9
6

/9
7

9
4

0
3

4
0

21
8

4
8

4
16

0
4

4
9

2
6

2
.9

6
.5

2
2

.0
6

.5
3

.3
0

.8
3

.5
2

.5
5

.1

97
/9

8
1

1
3

9
3

2
0

2
91

5
3

0
9

6
74

9
3

8
3

.6
6

.3
10

.7
8

.6
3

.6
-

2
.1

4
.1

5
.1

9
8

/9
9

5
2

5
6

1
1

2
5

2
6

4
4

1
10

74
7

81
1

.6
4

.0
5

.8
7.

3
4

.3
0

.8
2

.4
4

.0
4

.2

9
9

/0
0

1
1

81
2

0
1

2
2

57
6

1
57

10
0

6
4

9
0

.3
2

.8
10

.4
3

.5
3

.8
1

.3
3

.3
5

.4
3

.4

To
ta

l†
31

14
74

10
9

10
8

6
2

5
4

1
8

67
8

3
3

4
3

9
9

4
2

.0
4

.7
1

1
.7

6
.4

3
.4

0
.8

2
.9

3
.7

4
.3

H
ep

at
iti

s 
B

9
5

/9
6

2
6

4
4

3
8

24
1

8
2

1
5

2
3

0
0

.7
1

.0
2

.3
1

.2
1

.6
0

.2
1

.8
0

.9
1

.3

(a
cu

te
)

9
6

/9
7

0
6

4
3

1
9

16
3

81
21

2
07

-
1

.0
1

.6
0

.6
1

.1
0

.6
1

.8
1

.2
1

.1

97
/9

8
3

5
4

1
2

3
1

3
0

6
6

1
5

17
5

1
.0

0
.9

0
.5

0
.7

0
.9

-
1

.4
0

.8
0

.9

9
8

/9
9

2
4

5
3

31
1

2
0

7
0

2
0

1
87

0
.6

0
.7

1
.6

0
.9

0
.8

-
1

.5
1

.1
1

.0

9
9

/0
0

1
4

6
3

1
9

1
1

1
5

3
21

1
5

8
0

.3
0

.7
1

.6
0

.5
0

.7
0

.2
1

.1
1

.1
0

.8

To
ta

l†
8

27
3

14
1

3
0

76
5

3
5

2
9

2
9

57
0

.5
0

.9
1

.5
0

.8
1

.0
0

.2
1

.5
1

.0
1

.0



Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000

99

N
u
m

b
e
r 

o
f 

h
o
sp

it
al

is
at

io
n
s

H
o
sp

it
al

is
at

io
n
 r

at
e
 p

e
r 

1
0
0
 0

0
0
 p

o
p
u
la

ti
o
n

D
is

e
as

e
*

Ye
ar

A
C
T

N
S
W

N
T

Q
ld

S
A

Ta
s

V
ic

W
A

To
ta

l
A
C
T

N
S
W

N
T

Q
ld

S
A

Ta
s

V
ic

W
A

To
ta

l

Table 32. Hospitalisations by State/Territory and financial year (July 1995–June 2000), (continued)

* 
S

ee
 C

ha
pt

er
 3

 fo
r 

ca
se

 d
ef

in
iti

on
s.

 

†
To

ta
l c

as
es

 fo
r 

5
-y

ea
r 

pe
rio

d 
an

d 
av

er
ag

e 
an

nu
al

 r
at

e 
pe

r 
10

0
 0

0
0

 p
op

ul
at

io
n.

 

‡
 T

ot
al

 c
as

es
 fo

r 
2

-y
ea

r 
pe

rio
d 

an
d 

av
er

ag
e 

an
nu

al
 r

at
e 

pe
r 

10
0

 0
0

0
 p

op
ul

at
io

n.

In
flu

en
za

9
5

/9
6

1
1

9
51

27
81

8
2

2
5

5
8

6
07

3
0

8
3

0
0

5
3

.6
1

5
.5

1
5

.2
2

5
.1

1
5

.3
1

2
.2

1
3

.4
17

.8
16

.6

9
6

/9
7

1
8

1
1

2
8

8
2

1
21

9
3

9
9

3
6

7
5

9
7

0
2

4
3

4
3

5
.8

1
8

.2
4

5
.1

3
6

.5
27

.1
7.

6
16

.6
3

9
.8

2
3

.7

97
/9

8
37

16
9

8
3

2
10

5
8

5
5

9
6

8
1

5
91

10
9

0
61

3
3

1
1

.9
27

.1
17

.1
31

.1
37

.8
14

.4
3

4
.5

6
0

.6
3

3
.1

9
8

/9
9

2
0

14
9

4
4

6
1

14
5

4
4

2
3

6
8

3
6

57
3

4
5

9
2

6
.5

2
3

.6
24

.2
3

3
.2

2
9

.7
7.

6
1

8
.0

31
.3

24
.5

9
9

/0
0

10
1

1
5

4
2

5
8

5
8

2
8

2
41

7
81

8
47

3
9

9
8

3
.2

1
8

.0
1

3
.0

24
.4

1
8

.9
8

.7
16

.6
4

5
.5

21
.1

To
ta

l†
9

6
6

4
2

5
21

2
5

0
9

8
1

9
07

2
3

9
4

57
4

3
5

2
0

2
2

 0
71

6
.2

2
0

.5
2

2
.8

3
0

.0
2

5
.8

10
.1

1
9

.8
3

9
.2

2
3

.8

M
ea

sl
es

9
5

/9
6

1
2

9
1

21
5

3
8

2
7

0
0

.3
0

.5
0

.6
0

.6
0

.3
0

.6
0

.2
0

.1
0

.4

9
6

/9
7

0
3

5
8

17
2

1
1

2
6

81
0

.0
0

.6
4

.4
0

.5
0

.1
0

.2
0

.3
0

.3
0

.4

97
/9

8
1

1
6

3
1

5
9

4
3

1
2

3
1

5
6

3
.6

1
.0

0
.5

1
.7

0
.3

0
.6

0
.3

0
.2

0
.8

9
8

/9
9

0
17

0
1

3
6

3
3

0
8

7
8

-
0

.3
-

0
.4

0
.4

0
.6

0
.6

0
.4

0
.4

9
9

/0
0

1
9

14
10

3
1

1
5

7
67

0
.3

0
.1

7.
3

0
.3

0
.2

0
.2

0
.3

0
.4

0
.4

To
ta

l†
1

3
1

5
3

24
1

2
0

2
0

1
1

77
2

6
4

5
2

0
.8

0
.5

2
.6

0
.7

0
.3

0
.5

0
.3

0
.3

0
.5

M
um

ps
9

5
/9

6
1

1
8

3
8

8
0

14
3

5
5

0
.3

0
.3

1
.7

0
.2

0
.5

0
.0

0
.3

0
.2

0
.3

9
6

/9
7

0
17

0
10

6
0

1
1

6
5

0
0

.0
0

.3
0

.0
0

.3
0

.4
0

.0
0

.2
0

.3
0

.3

97
/9

8
2

1
8

1
10

3
1

8
8

51
0

.6
0

.3
0

.5
0

.3
0

.2
0

.2
0

.2
0

.4
0

.3

9
8

/9
9

1
3

5
0

9
6

1
4

2
5

8
0

.3
0

.6
-

0
.3

0
.4

0
.2

0
.1

0
.1

0
.3

9
9

/0
0

2
2

2
0

14
2

0
7

7
5

4
0

.6
0

.3
-

0
.4

0
.1

-
0

.1
0

.4
0

.3

To
ta

l†
6

1
10

4
51

2
5

2
4

4
2

6
2

6
8

0
.4

0
.4

0
.4

0
.3

0
.3

0
.1

0
.2

0
.3

0
.3

M
en

in
go

co
cc

al
9

8
/9

9
2

2
8

4
1

5
1

5
5

3
9

2
3

10
5

1
24

74
9

0
.6

4
.5

7.
9

4
.5

2
.6

4
.9

2
.3

6
.8

4
.0

 

di
se

as
e

9
9

/0
0

5
2

97
1

3
10

8
51

1
8

21
0

10
7

81
7

1
.6

4
.6

6
.7

3
.1

3
.4

3
.8

4
.5

5
.7

4
.3

To
ta

l‡
7

5
81

2
8

2
6

3
9

0
41

31
5

2
31

1
5

6
6

1
.1

4
.6

7.
3

3
.8

3
.0

4
.4

3
.4

6
.3

4
.2



Vaccine Preventable Diseases and Vaccination Coverage in Australia, 1999 - 2000

100

N
u
m

b
e
r 

o
f 

h
o
sp

it
al

is
at

io
n
s

H
o
sp

it
al

is
at

io
n
 r

at
e
 p

e
r 

1
0
0
 0

0
0
 p

o
p
u
la

ti
o
n

D
is

e
as

e
*

Ye
ar

A
C
T

N
S
W

N
T

Q
ld

S
A

Ta
s

V
ic

W
A

To
ta

l
A
C
T

N
S
W

N
T

Q
ld

S
A

Ta
s

V
ic

W
A

To
ta

l

* 
S

ee
 C

ha
pt

er
 3

 fo
r 

ca
se

 d
ef

in
iti

on
s.

 

†
To

ta
l c

as
es

 fo
r 

5
-y

ea
r 

pe
rio

d 
an

d 
av

er
ag

e 
an

nu
al

 r
at

e 
pe

r 
10

0
 0

0
0

 p
op

ul
at

io
n.

 

‡
 

Pn
eu

m
oc

oc
ca

l m
en

in
gi

tis
 a

nd
 s

ep
tic

ae
m

ia

Table 32. Hospitalisations by State/Territory and financial year (July 1995–June 2000), (continued)
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Table 32. Hospitalisations by State/Territory and financial year (July 1995–June 2000), (continued)
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Table 33. Diphtheria, tetanus and pertussis (DTP) vaccination practice in Australia, 1992 to 2000

Date Intervention

1994 5th dose of DTP at 4–5 years added to the recommended vaccination schedule (replacing CDT vaccine)
Active ADT school vaccination programs commenced in some States for 15–19 year olds

1996 Diphtheria-tetanus-acellular pertussis vaccine (DTPa) licensed in Australia 

1997 DTPa recommended for 4th and 5th doses of DTP vaccination (due at 18 months and 4–5 years)

1998 5th dose of DTPa changed from 4–5 years to 4 years of age

1999 DTPa recommended for all 5 childhood DTP doses 
Combined DTPa-hepatitis B vaccine approved

Table 34. Haemophilus influenzae type b vaccination practice in Australia, 1992 to 2000

Date Intervention

1992 1st Hib vaccines (PRP-D, ProHIBit) licensed in Australia for vaccinating infants aged at least 18 months

1993 Hib vaccine recommended as part of the childhood vaccination schedule

Hib vaccines: HBOC (HibTITER), PRP-T (Act-HIB), and PRP-OMP (PedvaxHIB) licensed for infants aged 
<18 months

PRP-OMP recommended at 2, 4 and 12 months, HBOC and PRP-T at 2, 4, 6 and 18 months

2000 Combined Hib(PRP-OMP)-hepatitis B vaccine approved

PRP-OMP recommended for all infants (administered separately or in combination with hepatitis B vaccine) 

Table 35. Hepatitis B vaccination practice in Australia, 1992 to 2000

Date Intervention

1997 Vaccination recommended for adolescents aged 10–16 yrs

Interim recommendation for universal vaccination of infants at birth

1998 School based programs commenced for 10–16 year olds in South Australia and Victoria. A ‘catch up’
campaign was conducted in the Northern Territory for children 6–16 years of age

2000 Combined DTPa-hepatitis B vaccine approved

Thiomersal-free paediatric hepatitis B vaccine approved

May: Universal infant vaccination included in childhood schedule with a birth dose of monovalent paediatric
hepatitis B vaccine, followed by 3 doses as part of a combination vaccine schedule

Preadolescent vaccination recommended at 10–13 years rather than 10–16 years of age

Booster doses no longer recommended by NHMRC
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Table 37. Polio vaccination practice in Australia, 1992 to 2000

Date Intervention

1994 Recommendation for reinforcing dose of OPV to 15 year old adolescents

Table 36. Measles, mumps and rubella vaccination practice in Australia, 1992 to 2000

Date Intervention

1992 (Nov) NHMRC recommended 2nd dose of MMR vaccine for both sexes to replace schoolgirl rubella vaccination
program 

1993 (Nov) Childhood vaccination schedule updated to include second dose of MMR vaccine for 10–16 year olds
(replacing schoolgirl rubella vaccination) 

1998 Recommended age for 1st dose of MMR vaccine for Aboriginal children in the Northern Territory increased
to 12 months of age (in line with non-Aboriginal infants)

July: Recommended age for 2nd MMR vaccine dose lowered to 4–5 years

July–December: Implementation of Measles Control Campaign (involving mass vaccination of primary
school aged children with MMR vaccine)

December: 2nd MMR vaccine dose recommended at 4 years

2000 MMR rather than rubella vaccine recommended for non-immune women of child-bearing age
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Vaccination funding in Australia
Prior to 1988, the Commonwealth provided childhood vaccines to States/Territories for distribution to
providers in the public sector. During the same time, live attenuated vaccines such as oral polio vaccine (OPV)
and measles vaccine were provided to private practitioners, although it is not certain that this occurred in all
States/Territories. Private practitioners who provided vaccination services were required to issue
prescriptions for the supply of inactivated vaccines, such as DTPw, by a pharmacist.

In July 1988, the Commonwealth made a decision to withdraw from the direct provision of funding to purchase
childhood vaccines, and instead increased funding provided to States/Territories as part of the Finance
Assistance Grants (FAGs) and Hospital Funding Grants (HFGs). The increase in funding was equivalent to the
level of immunisation activity in each jurisdiction in 1988.

The level of funding provided via the FAGs/HFGs was in dispute by States/Territories from a very early stage,
as increases in vaccination activity above the 1988 level began to put pressure on the resources provided.
Details of the funding arrangements were also interpreted differently by the Commonwealth and each
State/Territory, leading to variations in implementation of immunisation programs and uncoordinated and
fragmented service delivery.

In April 1993, the National Health and Medical Research Council (NHMRC) reported on Australia’s immuni-
sation programs and made recommendations concerning a National Immunisation Strategy (NIS). The
NHMRC Report identified a number of factors that had contributed to the poor immunisation rate and rising
incidence of vaccine preventable diseases in Australian children. Contributing factors were the lack of a
coordinated scheme for the provision of vaccines, and the wide variation in prices which the States/Territories
paid for vaccines, with the smaller jurisdictions paying higher prices. The Strategy recommended that vaccine
purchase be coordinated centrally and funding occur directly to States/Territories based on population size.

In 1992, Haemophilus influenzae type b (Hib) vaccine became licensed and was recommended for children
aged 18 months and older. In January 1993, a vaccine became available for use in younger children. As these
were new vaccines, there was no funding available within existing funding arrangements to enable purchase
by States/Territories. In July 1993, the Commonwealth provided funds to States/Territories for this to occur
and Hib vaccines became the first to be funded via the mechanism recommended in the NIS.

In 1994, the Commonwealth Government decided to fund the purchase of a number of childhood vaccines
(DTP, MMR, OPV) via Specific Purpose Payments to States/Territories. Commonwealth funding was conditional
on vaccines being provided to all public and private practitioners and was formalised in bilateral agreements
with each State/Territory.

From 1997–1998 funds for vaccination were included in the Public Health Outcome Funding Agreements
(PHOFAs). However, a number of vaccines continued to be funded via Finance Assistance Grants (OPV doses
1, 2, 3 and 4 and MMR dose 1) and Hospital Funding Grants (ADT).

In 1997, the NHMRC recommended that the diphtheria-tetanus-acellular pertussis vaccine (DTPa) be used for
the fourth and fifth doses of DTP vaccination. These became funded nationally in September 1997.

The 1998–1999 Commonwealth Budget included an initiative to streamline all childhood vaccine funding as
from 1999 to 2000, resulting in funding for all childhood vaccines on the Australian Standard Vaccination
Schedule (ASVS) (up to 15 years of age) being included in the PHOFAs. In the same financial year, pneumo-
coccal vaccine for Indigenous Australians and influenza vaccine for those aged over 65 years were also
funded. Existing vaccine funding allocations via FAGs and HFGs were not adjusted, thereby freeing up
State/Territory resources to purchase non-Commonwealth funded vaccines.
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Federal funding to use DTPa for all 5 infant vaccinations began in February 1999, immediately after the
NHMRC recommended the schedule change.

In 1999 to 2000, PHOFA funding to purchase enough vaccine for 105 per cent of the eligible cohort for each
vaccine (with the current exception of influenza vaccine) was made available. Funding for vaccines is
approved by the Federal Minister for Health and Aged Care as a 'special appropriation' under the provisions
of Section 9B of the National Health Act 1953. Based on interpretation of this provision, funds appropriated
are for the sole purpose of vaccine purchase.

From May 2000, universal infant vaccination with hepatitis B vaccine was recommended and funded.

The availability of free vaccines to the Australian Community has been determined by the funding
mechanisms described above. Dates when vaccines became free of charge in the public and private sectors
are summarised in Table 38. 
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Table 38. Dates when childhood vaccines became available in Australia free of charge* in the public
and private sectors

Vaccine Public sector Private sector†

Australia Exceptions Australia Exceptions

OPV 1966 1994 Qld (? 1998)
NSW 1966
Tas 1966

DTPw 1953 1994 WA 1988

Rubella 1971
(adolescent girls)

MMR 1989 1994 NSW 1989
(infant dose) Qld 1989

MMR 1994 SA 1996 1994 WA 1993
(adolescent dose) SA 1996

ADT 1982 1994 WA 1988

CDT 1975 1994 WA 1988

Hib vaccines 1993 April 1993 April
(infants born from Feb 1993)

Hib vaccines 1993 July WA 1993 Jan 1993 July WA 1993 Jan
(all infants aged <5 years) NT 1993 April NT 1994

DTPa boosters 1997 Sept Tas 1997 Oct 1997 Sept Tas 1997 Oct
(infants aged 18 months) Qld 1997 Dec Qld 1997 Dec
and 4-5 years

DTPa 1999 Feb NT 1997 Aug 1999 Feb NT 1997 Aug
(infants aged 2, 4 SA 1997 Aug SA 1997 Aug
and 6 months) Tas 1999 Feb Tas 1999 Feb

Qld 1999 April Qld 1999 April

Hep B 1987 NT 1988 Jan Not funded by NSW 1987
(at-risk infants) SA 1996 the C'wealth

Hep B 1998 Jan Qld 1998 March ?1998 Qld 1998 March
(adolescent dose) Tas 1998 March Tas 1998 March

NT 1998 April NT 1998 April
NSW 1999 NSW 1999
SA 1999

Hep B 2000 May NT 1990 Aug 2000 May NT 1994
(universal infant dose)

* Vaccines on the current Australian Standard Childhood Vaccination schedule became free of charge in the public and private sector in all
jurisdictions in 1999/2000.

† All scheduled childhood vaccines became free in the private sector in the Australian Capital Territory in 1993 (except for MMR vaccine
which became free in the private sector in 1994) and in the Northern Territory in 1994.
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An evAluAtion of the AustrAliAn nAtionAl 
serosurveillAnce ProgrAm
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Abstract
The	Australian	National	Serosurveillance	Program	
(ANSP)	was	established	in	1997	to	provide	national	
estimates	of	population	immunity	to	vaccine	pre-
ventable	diseases	and	inform	immunisation	policy	
in	Australia.	The	1st	round	tested	opportunistically	
collected	sera	from	pathology	laboratories	across	
Australia,	a	2nd	round	was	carried	out	 in	2002,	
and	 a	 3rd	 round	 of	 testing	 is	 currently	 ongoing	
using	sera	from	2007–08.	This	is	the	1st	system-
atic	 evaluation	 of	 the	 ANSP	 since	 its	 inception.	
Existing	 information	 and	 outputs	 from	 the	 ANSP	
were	reviewed	and	used	in	conjunction	with	data	
collected	from	a	survey	of	the	program	operators	
to	evaluate	the	overall	utility	of	the	ANSP	and	the	
following	system	attributes;	acceptability,	stability,	
simplicity,	 flexibility,	 data	 quality,	 sensitivity,	 rep-
resentativeness	 and	 timeliness.	 So	 far	 the	 ANSP	
has	 generated	 26	 peer-reviewed	 publications	
and	 provided	 useful	 data	 that	 have	 influenced	
and	provided	an	evidence	base	for	immunisation	
policy	 in	 Australia;	 for	 example	 informing	math-
ematical	models,	which	identified	the	need	for	the	
young	 adult	 measles-mumps-rubella	 immunisa-
tion	 campaign.	 However,	 difficulties	 have	 been	
encountered	 with	 obtaining	 enough	 samples	 for	
testing	 in	 the	 3rd	 round	 currently	 being	 under-
taken.	This	 is	a	concern	that	has	the	potential	 to	
undermine	 the	 representativeness	and	stability	of	
the	system,	and	other	methods	of	sample	collec-
tion	must	be	investigated.	Serological	surveillance	
is	an	important	component	of	any	comprehensive	
system	 for	 monitoring	 population	 immunity	 to	
vaccine	preventable	diseases	and	evaluating	 the	
effectiveness	of	immunisation	programs.	However,	
an	 effective	 ongoing	 program	 requires	 strong	
support	to	ensure	it	remains	sustainable	in	an	era	
when	laboratory	based	population	health	research	
for	the	public	good	is	becoming	increasingly	chal-
lenging.	Commun Dis Intell	2010;34(1):29–36.

Keywords:	evaluation,	serological	surveillance,	
vaccine	preventable	diseases

Introduction

Serological surveillance (serosurveillance) provides 
estimates of antibody levels against vaccine prevent-
able diseases (VPDs) in the population and is an 
important surveillance component in conjunction 
with notification, hospitalisation, mortality and 
immunisation coverage data. The primary advantage 

of serosurveillance is that it provides an indicator of 
population immunity induced both by immunisation 
and natural infection. Therefore it is a useful tool for 
informing immunisation policy, can be used to moni-
tor trends in population immunity before and after 
changes in immunisation programs, and provides a 
rich source of data for disease modelling.1

National serosurveillance programs are well estab-
lished in many countries, with at least 3 distinct 
models of sample collection employed. England and 
Wales,2 Belgium, Bulgaria, Hungary, Ireland, Israel, 
Lithuanua Malta, Romania and Slovenia request 
representative laboratories to submit residual sam-
ples collected for routine laboratory testing that 
would otherwise be discarded, which is referred to as 
residual or opportunistic sampling.3 The 2nd model 
is specific population-based random serum collec-
tion such as that undertaken by the Netherlands4 
the Czech Republic, Latvia, Luxembourg, Slovakia, 
Spain and Sweden.3 Thirdly, in the United States of 
America sera are collected along with a wide range 
of other information from participants in popula-
tion-based, randomly selected National Health and 
Nutrition Examination Survey.5 The advantages 
and disadvantages of each method of serum collec-
tion have been discussed extensively elsewhere.1,2,4

The Australian National Serosurveillance Program 
(ANSP) was established as a collaboration between 
the National Centre for Immunisation Research and 
Surveillance (NCIRS) and the Centre for Infectious 
Diseases and Microbiology (CIDM), the Institute of 
Clinical Pathology and Medical Research using the 1st 
model described above. In the 1st round, opportunisti-
cally collected sera from all 8 Australian jurisdictions 
were tested in 1997–99,1 the 2nd round was carried out 
in 2002, and the 3rd round of testing is currently ongo-
ing, using sera collected in 2007–08 (Table 1).

This paper reports the findings of a formal evalu-
ation of the ANSP that was conducted in 2008 
to describe the surveillance system, to assess its 
attributes and to determine the usefulness of the 
data it generates for informing immunisation policy 
in Australia.

Methods

Data sources used for the evaluation included 
existing information available at NCIRS regarding 
both the previous and current rounds of the ANSP, 
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discussions with the ANSP study co-ordinator at 
NCIRS and a survey of those involved in coordi-
nating and overseeing the ANSP, both past and 
present. Existing information included a survey of 
participating laboratories conducted in March 2004 
after the 2nd serosurvey regarding enabling factors 
and barriers to their involvement. All the relevant 
information and results of the survey were available 
at NCIRS. It was therefore decided that this infor-
mation was sufficient to inform this aspect of the 
evaluation and repeating the survey of laboratories 
was not required.

The operator survey was sent to 10 people previ-
ously or presently involved with the ANSP, of which 
9 (90%) replied. The participating laboratory ques-
tionnaire was sent to 67 personnel associated with 
52 laboratories in 2004. Twenty-one laboratories 
(40%) completed and returned the questionnaire. 
Of these, 18 had contributed to the 1st serosurvey, 
16 had again participated in the 2nd round and 
the remaining three had been invited but had not 
contributed to either.

The assessment of the ANSP usefulness and system 
attributes were adapted from the guidelines for 
evaluating public health surveillance systems pro-
duced by the US Centers for Disease Control and 
Prevention (CDC), which includes 11 attributes.6 
However, for the purpose of this paper only the 
4 most relevant will be reported.

The usefulness and attributes of the ANSP were 
defined as follows:

• usefulness: the extent to which the ANSP sys-
tem and data contribute to the control of vaccine 
preventable diseases in Australia;

• acceptability: the willingness and ability of con-
tributing laboratories to participate in the ANSP;

• simplicity: the structure of the ANSP and the 
way it operates;

• representativeness: how representative the sam-
ple selected for inclusion in the serosurvey is of 
the Australian population;

• timeliness: the ability of the ANSP to produce 
results and reports in a timeframe that allows 
them to be used by stakeholders.

Results

System description

A detailed description of the ANSP has been given 
by Gidding1 so only a brief outline will be included 
here. Information flow is summarised in the Figure 
and the antigens included in each round are listed 
in Table 1.

Ethics approval is obtained for each round of sam-
ple collection and participating laboratories may 
also seek their own individual approvals. Public 
and private sector diagnostic laboratories across 
all 8 Australian jurisdictions send residual serum 

Table 1:  Antigens included in each round of the Australian National Serosurveillance Program

Serosurvey 1 
1996–99

Serosurvey 2 
2002

Serosurvey 3 
2007–08

Laboratories participated/invited 45/52 37/50 27/49
Number of specimens collected 13,084 7,699 Collection ongoing
Antigens included
Measles ü ü ü

Mumps ü ü

Rubella ü ü ü

Varicella ü ü ü

Hepatitis A ü ü

Hepatitis B ü ü ü

Hepatitis C ü

Diphtheria ü

Tetanus ü ü

Polio ü ü

Pertussis ü ü ü

Meningococcal C ü ü

Cytomegalovirus ü

Helicobacter pylori ü
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samples to CIDM. Exclusion criteria include 
infants less than one year of age, and subjects who 
are known to be immunosuppressed, HIV positive 
or have received blood transfusions in the previous 
3 months. Laboratories are also requested to submit 
only 1 specimen of serum per person. Samples are 
tested for antibodies using immunoassays specific 
for the antigens of interest. Population immunity 
for each antigen is inferred using accepted immune 
correlates of protection. The results of the serosur-
veillance and resultant mathematical modelling 
or policy implications are reported to the relevant 
committees and working parties responsible for 
disease control and immunisation policy, and then 
published in peer-reviewed journals.

Usefulness

The CDC guidelines define a public health sur-
veillance system as useful if it ‘contributes to the 
prevention and control of adverse health-related 
events, including an improved understanding of the 
public health implications of such events’.6 A total 
of 26 papers arising from the first 2 rounds of the 
ANSP have been published in peer reviewed jour-
nals, which have covered issues such as evaluation 
of immunisation campaigns, reporting of baseline 
levels of immunity, mathematical modelling of 
disease transmission dynamics and the impact of 
immunisation programs (Table 2).

Overall, the ANSP meets the definition given 
above, particularly through its ability to contribute 
both conceptual knowledge, through increased 
understanding and stimulation of research into 
prevention and control of VPDs; and instrumental 
knowledge, through evaluation of immunisation 
programs and policy recommendations.

Specific objectives for the ANSP have not been 
defined, however the stated purpose is ‘to measure 
the age-specific prevalence, in Australia, of suscep-
tibility or immunity to diseases that are, or will soon 
be, vaccine preventable’ by providing valid data for 
the 5 key outcomes listed below. The extent to which 
these outcomes have been achieved is examined.

Outcome 1: To measure age group specific 
population immunity to vaccine preventable 
diseases in Australia

It is clear that the ANSP generates useful data for 
determining measures of age group specific popula-
tion immunity to diseases that are, or could poten-
tially become, vaccine preventable. This information 
is extremely valuable for informing immunisation 
policy when combined with data on vaccine cover-
age and disease notifications. Eleven of the research 
papers generated were produced specifically for this 
purpose as indicated in Table 2.

Figure:  Flow chart representing the Australian National Serosurveillance Program

Samples tested in diagnostic laboratory 
Remaining sera kept for standard laboratory

storage duration

Serological testing undertaken by ICPMR,
results entered into database and sent to  

NCIRS for analysis

Data analysed, written up and disseminated 
to relevant immunisation committees and
working parties, then published in peer

reviewed journals

Stored samples in specified age groups, and
meeting selection criteria, that would

otherwise be discarded are collected by
participating laboratories and sent to ICPMR

Individuals present to GP or hospital with a
condition that requires a sample to be taken 

for serological testing
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Table 2:  The Australian National Serosurveillance Program has generated 26 publications and 
provided a valuable evidence base for immunisation policy in Australia

Study focus Outcomes and/or policy recommendations
ROUND 1
Discussion of serosurveillance Outlines need for ongoing national serosurveillance in Australia1

Evaluation and/or discussion of 
vaccine program

Confirmation of measles control campaign (MCC) effectiveness and recommendation to 
continue serosurveillance in Australia using opportunistically collected sera7

Evaluation and/or discussion of 
vaccine program

Confirmation of MCC effectiveness8

Evaluation and/or discussion of 
vaccine program

Young adults should be encouraged to have a 2nd dose of measles-mumps-rubella 
(MMR) or serological confirmation of measles immunity9

Evaluation and/or discussion of 
vaccine program

Maintenance of high MMR coverage and collection of high quality surveillance data to 
detect and vaccinate non-immune females of child-bearing age10

Evaluation of laboratory testing 
procedures

Microimmune ELISA is a more appropriate assay than the Enzygnost ELISA for 
estimation of mumps seroprevalence11

Evaluation of sample collection 
methods

Opportunistically collected sera is a valid method serosurveillance as this method yielded 
similar seroprevalence estimates to a random cluster survey in Victoria12

Mathematical modelling Sustained efforts are required to improve coverage with 2 doses of MMR and to ensure 
elimination of Indigenous measles transmission13

Mathematical modelling Varicella vaccination should be aimed at children less than 5 years of age and further 
modelling using serosurvey data is warranted14

Population seroepidemiology Ongoing need to improve MMR vaccine uptake in infants and recommendation of 
vaccination campaign targeting young adults15

Population seroepidemiology Identification of young adult population group with low level of mumps immunity and 
recommendation to renew efforts to maximise MMR coverage16

Population seroepidemiology Baseline population seroprevalence of varicella and mathematical modelling of disease 
transmission17

Population seroepidemiology Any decision on national routine childhood hepatitis A vaccination requires a cost-benefit 
analysis before implementation18

Population seroepidemiology People born in Asia are a high risk group for hepatitis B virus (HBV) infection in Australia 
and targeted vaccination of this group should be considered19

Population seroepidemiology Higher evidence of past infection with HBV in the Northern Territory compared with 
Australian average for children aged ≤ 9 years20

Population seroepidemiology Very low seroprevalence of immunity to hepatitis C virus in the over 50 years age group21

Population seroepidemiology Additional efforts recommended to protect those aged over 50 years against diphtheria 
and tetanus, especially travellers22 

Population seroepidemiology Ongoing surveillance is required following the recent change back to inactivated polio 
vaccine23

Population seroepidemiology Confirmation that changes in the scheduling of pertussis vaccination were necessary and 
recommendation for a sustained effort to ensure vaccination coverage remains above 
90% for the benefit of herd immunity24

ROUND 2
Evaluation and/or discussion of 
vaccine program

The young adult MMR campaign had no impact on measles immunity in Australia. To 
maintain elimination in the longer term, timeliness and coverage of childhood vaccination 
must improve and innovative strategies will be required to increase measles immunity 
among young adults25

Evaluation and/or discussion of 
vaccine program

The young adult MMR campaign had no impact on measles immunity in Victoria26

Evaluation and/or discussion of 
vaccine program

Varicella vaccination significantly increased immunity among children aged 3–5 years27

Evaluation and/or discussion of 
vaccine program

Demonstrated that the universal infant hepatitis B vaccination program was successful 
and that school-based programs for adolescents were effective28

Population seroepidemiology Seroprevalence of antibody to meningococcus serogroup C was low before vaccine 
program introduction. Further serosurveys are required to evaluate vaccine impact29

Population seroepidemiology High levels of cytomegalovirus exposure occur in the first few years of life therefore for 
a universal vaccination program to have maximal impact, the vaccine would need to be 
delivered to infants and have a long duration of protective efficacy30

Population seroepidemiology Future Helicobacter pylori vaccines should be given in childhood as acquisition occurs 
from an early age31
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Outcome 2: Identify groups in the population 
with low levels of protection to inform 
immunisation policy

The key issue of identifying groups in the popula-
tion with low levels of protection has been cov-
ered in a number of the ANSP publications. For 
example, immunity to diphtheria and tetanus was 
demonstrated to be less than 60% for adults aged 
50 years or over in the 1st serosurvey, and the 
authors recommended a booster dose among this 
age group.22 A cohort of young adults that remained 
susceptible to measles following the Measles Control 
Campaign (MCC) in 1998 was also revealed in the 
1st serosurvey, which led to the further provision of 
Commonwealth funding for the young adult mea-
sles, mumps and rubella immunisation program in 
2001.32 Following this, subsequent further residual 
measles susceptibility was identified using ANSP 
data.12 A birth cohort, between 1978 and 1982, with 
a relatively high level of susceptibility to mumps 
has also been identified from serosurveillance data, 
further underlining the importance of maximising 
2 dose MMR coverage.16

Outcome 3: Provide baseline measures of 
immunity to determine subsequent trends in 
future serosurveys

The 1st round of the serosurvey provided baseline 
estimates of immunity to 11 antigens, of which five 
were again included in the 2nd round along with 
3 new antigens. The 3rd round included the 5 anti-
gens from both previous serosurveys; four from the 
1st round only and one from the 2nd round only 
(Table 1). Thus baseline estimates of age-specific 
susceptibility to 14 diseases that are or may soon 
be vaccine preventable have been published. Ten of 
these have been included in more than 1 round of 
the serosurvey, facilitating an examination of trends 
over time.

Outcome 4: Provide data for the evaluation of 
immunisation programs

The primary reason for determining the baseline 
level of population immunity is to facilitate the eval-
uation of immunisation programs, and a number of 
papers dealt with this issue as shown in Table 2. For 
example the 1st round of the ANSP was designed 
specifically to evaluate the MCC using the MMR 
vaccine and demonstrated significant increases in 
population immunity to all 3 antigens.7

Outcome 5: Provide data for mathematical 
modelling of vaccine preventable disease 
dynamics

Two papers developed mathematical models from 
ANSP data, to evaluate the impact of the MCC13 

subsequent to the young adult MMR immunisation 
program,25 to determine the potential for another 
measles epidemic to occur in Australia, and to pos-
tulate what must be done to prevent it occurring. 
Recent evidence has indicated that measles control 
initiatives have been successful and endemic measles 
has been eliminated in Australia.33 Baseline data have 
also been used to model epidemiological parameters 
associated with disease transmission dynamics such 
as the level of herd immunity required to prevent 
ongoing transmission of varicella.14

In conclusion, the ANSP is a valuable part of the 
comprehensive surveillance system of VPDs in 
Australia and has provided a broad range of useful, 
policy relevant data. It appears that the ANSP has 
largely met its stated aims but, as discussed below, 
there are some issues that need to be resolved in 
order for the ANSP to remain a useful and effective 
serosurveillance mechanism.

Evaluation of  selected system 
attributes

Acceptability

The decreasing ability of laboratories to participate 
in the ANSP is reflected by the number contribut-
ing samples in each round, which has declined from 
45 in the 1st round, to 37 in the 2nd round and 27 in 
the 3rd round. Some, but not all, of this decrease 
can be attributed to the fact that there have been 
significant changes in the business environment for 
laboratories over the last decade, which has resulted 
in mergers and centralisation of diagnostic services. 
Eight laboratories that contributed to the 1st sero-
survey are no longer in existence; on the other hand 
5 laboratories contributed to the 3rd round that did 
not participate initially. Thus 15 laboratories that 
still exist dropped out in later rounds, indicating 
that barriers to participation exist.

The laboratory survey in March 2004 identified 
several such barriers, including the need to acquire 
additional ethics approval at the laboratory level 
and competing research and other operational 
priorities. A financial contribution by NCIRS to 
assist with labour costs for specimen collection was 
identified as necessary by 10 laboratories, while 
two were unsure. The remainder reported financial 
reimbursement was not required as staff time was 
the major barrier and any financial reimbursement 
went to the laboratory general revenue, rather than 
the individual staff member responsible for sample 
collection. Thus there was no motivation for staff 
to work outside their normal duties to assist with 
sample collection. Only nine of the 21 laboratories 
that responded (43%) reported that a trained tech-
nician, employed by NCIRS, could be of assistance 
with sample collection.
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On the basis of these results, payment per specimen 
contributed was offered to laboratories contribut-
ing to the 3rd round of the ANSP. However only 
3 laboratories actually invoiced NCIRS and this 
incentive does not appear to have been effective. 
Sample collection in the 3rd round has been slower 
than anticipated and as a result the sample collec-
tion period was extended.

Simplicity

ANSP staff regard most components of the current 
system as relatively simple to operate. The centralised 
nature of the system greatly contributes to this as all 
samples can be tested quickly and easily without the 
need for complex inter-laboratory standardisation 
procedures. There is no specialised training required 
as all laboratory tests are part of routine practices at 
CIDM. The dataset is simple and small and sero-
prevalence estimates can be quickly generated upon 
the completion of laboratory testing. The majority 
(88%) of laboratories surveyed that participated in 
the 2nd serosuvey did not report any specific difficul-
ties with sample collection. The two that did report 
difficulties indicated problems with using their 
laboratory database software to acquire the relevant 
information required for sample collection.

Representativeness

For the ANSP to generate national seroprevalence 
estimates, the samples tested must be representa-
tive of the Australian population. Age, gender and 
jurisdictional representativeness are built into the 
sample size calculations. However, the increasing 
difficulty to collect sufficient samples has the poten-
tial to compromise external study validity. There are 
a range of other variables of which the serosurvey 
should ideally be nationally representative (e.g. eth-
nicity, rural/remote locality etc.), but due to ethical 
and data availability constraints this is not possible.

Representativeness cannot be directly inferred by 
the number of contributing laboratories participat-
ing, but the decreasing trend is a concern. If a large 
laboratory does not contribute samples this may 
impact on the geographical representativeness of 
the samples contributed to the ANSP.

Finally, the opportunistic sampling of serum sam-
ples submitted to laboratories for diagnostic testing 
utilised by the ANSP also has implications for the 
ability to generalise the data.1 Individuals who have 
serum samples taken for diagnostic testing are not 
necessarily representative of the entire Australian 
population and it is difficult to identify and control 
potential biases that may arise from this approach, 
as detailed risk factor information is not available.2 
A study was undertaken to compare immunity 
levels in Victorian school children estimated using 

ANSP opportunistic samples, by selecting results 
from Victorian subjects in the same age group, to 
a prospectively collected 3 stage random cluster 
sample. This demonstrated that similar estimates 
of immunity to measles, mumps, rubella, varicella 
and hepatitis B were generated by both sampling 
methodologies.12 However the cost of sample col-
lection and storage per antibody tested was over 
7 times greater using the random cluster sampling 
compared with the ANSP opportunistic sampling. 
Random sampling is still the preferred methodology 
and would also overcome the difficulties encoun-
tered with obtaining samples from laboratories. 
However, this method also introduces potential 
biases, because it requires individual informed con-
sent, the cost involved is prohibitive and it would 
require considerable dedicated funding to make it 
sustainable.

Timeliness

Serosurveillance is an inherently slow process 
(Figure 1). Serology testing results do not affect the 
clinical management of patients, so timeliness is not 
absolutely imperative. However, samples should 
still be collected, processed and the results made 
available to the relevant committees and working 
parties as rapidly as possible to ensure that ANSP 
produces data which are relevant and up to date.

Increasing automation within the laboratory is 
improving the speed at which samples can be tested. 
However, as discussed previously, the primary rate 
limiting step is sample collection. There is also a 
need to ensure sufficient capacity is available to ana-
lyse and publish the results. ANSP data are primarily 
disseminated through peer-reviewed publication, 
which is also an inherently protracted process. As 
shown in Table 1 the majority of papers arising from 
both the previous serosurveys were published 3 to 
6 years after the completion of sample collection. 
More immediate results are reported to the relevant 
advisory committees and working parties as part of 
the formal vaccine impact evaluations that NCIRS 
is contracted to provide but results are not widely 
available until publication in the peer-reviewed 
literature.

Discussion

The first 2 rounds of the ANSP have generated 
useful data that have influenced and provided an 
evidence base for immunisation policy in Australia. 
However the key challenge for the ANSP lies in 
the increasing difficulties encountered with obtain-
ing enough samples for testing. It is clear that the 
current method of sample collection is increasingly 
difficult to sustain, which has implications for all 
the system attributes discussed above.
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Supplementary and alternative options for sample 
collection must be evaluated to ensure the ability to 
generalise the results to the Australian population 
and ongoing viability of the program. One option to 
increase engagement of laboratories and the accept-
ability of sample provision that has been considered is 
the establishment of jurisdictional-based serosurveil-
lance systems. However this would greatly increase 
the complexity and cost of the system in order to 
standardise testing procedures and compromise the 
ability to generate nationally representative data.

It is important for the role and specific objectives of 
the ANSP to be clearly defined and communicated 
to all stakeholders. While peer reviewed publication 
is important, more immediate and regular feedback 
of results to participating laboratories may help 
to keep them engaged in the process and appreci-
ate the importance of their contributions. Other 
approaches could include collaboration on resulting 
peer-reviewed publications, holding information 
dissemination forums, or the establishment of a 
formal consultation process, for example through 
the Public Health Laboratory Network, or creating 
a stakeholder reference group. Whilst all of these 
approaches are potentially useful, they are unlikely 
to address the fundamental problem of inadequate 
laboratory staff time available for sample collection. 

Alternative options include collection of adult 
samples from blood bank donors, and request only 
paediatric samples from laboratories to reduce the 
collection workload. However as blood donors are 
restricted to healthy adults, such sample are not nec-
essarily representative of the general population,34 
and would impact on the representativeness.35,36 
Furthermore individuals with certain diseases 
included in the ANSP (e.g. hepatitis B and C) are 
excluded from donating blood. The potential impli-
cations of this change in methodology would also 
need to be rigorously evaluated to ensure results 
would still be comparable with previous serosur-
veys, particularly for the in-house immunoassays.

Finally, there is also scope to strengthen the 
partnership between NCIRS, CIDM and the 
Commonwealth Department of Health and 
Aging by clearly defining the responsibilities of 
each organisation and establishing the ANSP as a 
cornerstone of VPD surveillance in Australia. An 
effective ongoing program requires strong support 
to ensure it remains sustainable in an era when 
laboratory-based population health research for the 
public good is becoming increasingly challenging.
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Paediatric Active Enhanced Disease Surveillance: A new
surveillance system for Australia
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Aim: The Paediatric Active Enhanced Disease Surveillance (PAEDS) is described. PAEDS is active in four tertiary children’s hospitals in four
states of Australia and aims to address gaps in surveillance for severe vaccine-preventable diseases and adverse events following immunisation.
Methods: From August 2007 to December 2010, surveillance nurses actively identified and recruited children admitted with: acute flaccid
paralysis, varicella infection, intussusception, seizures in infants and pandemic influenza (June–October 2009). Details of presentation, medical
and immunisation history, outcome and laboratory results were collected. Completeness of ascertainment was estimated through audits of
International Classification of Diseases 10th edition-coded medical records where possible.
Results: Seven hundred thirty-three cases matching case definition criteria for the four conditions were recruited. In addition, 601 cases of
influenza were recruited during the 2009 pandemic. PAEDS enhanced acute flaccid paralysis surveillance by the Australian Paediatric Surveil-
lance Unit; the World Health Organization surveillance target was met when Australian Paediatric Surveillance Unit and PAEDS cases were
combined. Among 133 children hospitalised for varicella, only 16 were vaccinated; samples of vesicle scrapings were collected in 57% for
genotyping. Of 122 infants presenting with seizures, only six (12%) had received a vaccine in the last 7 days. Intussusception was more frequent
among infants receiving their first dose of either of the rotavirus vaccines. Results informed policy and education for parents and health
professionals. Preliminary audits of medical records suggest excellent ascertainment through PAEDS.
Conclusions: PAEDS provides important, previously unavailable data to inform public health policy, clinical practice and community confi-
dence. It has potential to respond quickly during outbreaks and epidemics.
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What is already known on this topic

1 Timely, detailed information on hospital admissions for vaccine-
preventable diseases or potential adverse events following
immunisation is needed to support policy.

2 There are no surveillance systems that allow for the collection of
biological samples, vaccination history and detailed clinical data
simultaneously for the same child.

3 Data on potential severe adverse reactions following immunisa-
tion leading to hospitalisation are not readily available.

What this paper adds

1 Hospital-based surveillance using specialist nurses to actively
and prospectively identify relevant cases is feasible in Australia
and provides previously unavailable data to support public
health policy.

2 Paediatric Active Enhanced Disease Surveillance demonstrated
its capability to respond to outbreaks by providing a unique,
prospectively collected data set on hospitalisations due to influ-
enza during the 2009 pandemic.

3 Paediatric Active Enhanced Disease Surveillance is capable of
providing detailed data about potential adverse events following
immunisation and produced the first data set in the world to
identify an increased risk of intussusception after receipt of the
new generation rotavirus vaccines.

Although excellent national laboratory and public health sur-
veillance systems are currently operating in Australia, very few
provide timely, detailed clinical data or the opportunity for
simultaneous collection of biological samples.1 To address this
gap, in 2007, the Australian Paediatric Surveillance Unit (APSU)
and the National Centre for Immunisation Research and Sur-
veillance (NCIRS) developed a hospital-based active surveil-
lance system: Paediatric Active Enhanced Disease Surveillance
(PAEDS). PAEDS is modelled on the Canadian Immunisation
Monitoring Program Active (IMPAct) system that commenced
in 1993, with the primary aim of ascertaining data on potential
severe adverse events following immunisation (AEFI).2 IMPAct
has progressively expanded to include all 12 tertiary paediatric
centres in Canada where nurse monitors actively scan hospital
records for target conditions. Such active case finding ensures
high ascertainment, timely acquisition of clinical data and facili-
tates collection of relevant biological samples.3 This model is
well suited to Australia. Similar to Canada, Australia has a
geographically dispersed population, but the majority of chil-
dren with serious illnesses are referred and admitted to large
paediatric hospitals, ensuring opportunity for high ascertain-
ment of relevant cases.

The PAEDS network is funded by the Australian Depart-
ment of Health and Aging (DoHA). This core funding was
supplemented until March 2012 by the APSU National Health
and Medical Research Council (NHMRC) Enabling Grant
(no.402784). Since 2011, each participating state health depart-
ment has also provided funding for PAEDS activities.

We assessed the utility and potential value of PAEDS for the
surveillance of vaccine-preventable diseases (VPDs) and AEFI,
which are sufficiently severe to result in hospitalisation and
difficult to adequately capture through passive surveillance
mechanisms. One of the major drivers for the PAEDS initiative
was a long-term problem in reaching adequate reporting and
stool collection rates of acute flaccid paralysis (AFP).4 In order to
maintain polio-free certification by the World Health Organiza-
tion (WHO), Australia must reach a surveillance target of at
least one AFP case per 100 000 children aged <15 years per
annum, with collection of two stool samples in 80% of identi-
fied cases.5 The addition of varicella vaccination to the National
Immunisation Program in late 2005 prompted surveillance for
varicella hospitalisations.6,7 Intussusception (IS) was reported as

an AEFI following administration of previously licensed rotavi-
rus vaccines8,9 and was therefore included in PAEDS after the
introduction of the two new generation rotavirus vaccines in
Australia. Seizures in infants were also included in PAEDS as
potential AEFI. None of these conditions are readily or com-
pletely captured by existing surveillance systems. We recognised
the potential of PAEDS to rapidly identify cases of severe emerg-
ing disease or outbreaks, as demonstrated by surveillance for
influenza during the recent H1N1-09 pandemic.10 In addition,
PAEDS contributed data to the WHO surveillance effort for
Guillaine–Barre syndrome (GBS), which had been identified as
a potential AEFI following influenza vaccination in children.11

In this paper we describe the development and implementa-
tion of the PAEDS mechanism and its potential value to supple-
ment existing surveillance systems in Australia.

Materials and Methods

PAEDS builds on existing NCIRS and APSU infrastructure and
formalises a network of experts in infectious diseases, immuni-
sation and epidemiology in four hospitals: the Children’s
Hospital at Westmead (CHW), Royal Children’s Hospital, Mel-
bourne (RCH), Women’s and Children’s Hospital, Adelaide
(WCH) and Princess Margaret Hospital, Perth (PMH). Total
admissions per annum in these four hospitals (98211) represent
approximately 70% of all admissions to all seven tertiary pae-
diatric hospitals in Australia, based on data from Women’s and
Children’s Hospitals Australasia http://www.wcha.asn.au/
(Table 1). Hospitalisation was defined as a stay in hospital or in
the Emergency Department for eight hours or more.

Conditions under surveillance

PAEDS conducted ongoing surveillance for four conditions,
including two VPDs and two AEFIs of public health and clinical
interest: AFP, hospitalised varicella, IS and seizures in infants
(Table 2). Case definitions and data collection sheets for AFP, IS
and varicella were adapted from protocols already used by the
APSU (http://www.apsu.org.au).12 The case definition for sei-
zures in infants was developed by the PAEDS investigators
group (Table 2). Surveillance data from August 2007 to Decem-
ber 2010 are presented here.
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In addition, surveillance for children aged <15 years hospital-
ised with laboratory proven influenza was conducted during
the influenza pandemic from June to October 2009. This was
funded by an NHMRC grant (no.633028) and supplemented by
The New South Wales (NSW) Department of Health, enabling
recruitment of influenza cases at two additional hospitals in
NSW: John Hunter Children’s Hospital and Sydney Children’s
Hospital. The protocol and data collection forms were developed
quickly by adapting the existing APSU protocol.13

Active case ascertainment

Surveillance nurses in each hospital identified children with the
target conditions (Table 2) by reviewing admissions and emer-
gency department databases, scanning admission records, labo-
ratory results or infection control logs. Relationship-building
and networking with medical and nursing staff in each hospital
improved case identification. Parents/guardians of eligible chil-
dren provided consent for the inclusion of data in PAEDS.
Detailed data were extracted from medical and laboratory
records and enhanced by interviewing the family (Fig. 1).

Collection of biological samples

Surveillance nurses facilitated collection of two stool samples
within 14 days of onset of paralysis from cases of AFP and these
samples were sent to the National Polio Reference Laboratory in
Melbourne for identification of enteroviruses. Samples of vesicle
scrapings from children admitted for varicella were collected
and sent to the Institute for Clinical Pathology and Medical
Research at Westmead Hospital in Sydney for virological sub-
typing. Stool samples from children with IS were analysed in
local laboratories for the presence of rotavirus (including
vaccine derived types), adenovirus and enterovirus.

All test results were subsequently recorded in the PAEDS
database (Fig. 1).

Data management and communication

A purpose-built database developed by APSU was deployed to
participating hospitals. Nurses entered data locally at the time of
collection and de-identified data were exported every week to
the secure central database at APSU. Standard queries were

developed to enable flexibility of data extraction. Communica-
tion is facilitated by monthly teleconferences of PAEDS investi-
gators and nurses. Separate teleconferences for surveillance
nurses enable discussion of practical issues related to case iden-
tification, recruitment, data quality and consistency. Annual
face-to-face meetings of investigators, nurses and stakeholders
enable review of protocols, study outcomes and planning for
introduction of new conditions.

Completeness of case ascertainment

To check for completeness of case ascertainment we conducted
a retrospective audit of medical records from August 2007 to
December 2010 at CHW by searching for primary and secondary
International Classification of Diseases 10th edition codes
(K56.1 for IS; BO1 and BO2 and subcategories for varicella) and
compared these with PAEDS data for the same period.

Ethics approval

Ethics approval was obtained from the Human Research Ethics
Committee at each hospital. Separate approvals were obtained
for influenza surveillance in three hospitals (PMH, WCH and
RCH). The NSW Department of Health approved immediate
commencement of influenza surveillance at CHW, under provi-
sions of the Health Records and Information Privacy Act, 2002.14

Subsequent approval was obtained from the Human Research
Ethics Committee at CHW.

Results

Of 733 children meeting case definition criteria, consent was
obtained in 670 (91%) (Table 3). Reasons for not obtaining
consent included inability to contact the family (n = 26), family
declined participation (n = 16), stressful family situation often
due to the child’s condition (n = 14), and non-English speaking
family (n = 8). The workload for surveillance nurses is consid-
erable, as a large number of potential cases are screened to
determine eligibility according to case definition criteria. In
addition, during June–October 2009, 601 children hospitalised
for influenza were identified and 529 were recruited, including
324 in NSW hospitals as described in our previous publication.10

Table 1 Characteristics of the four hospitals participating in PAEDS surveillance

Admissions†

in 2009

PAEDS nurse full-time

equivalent fraction

Royal Children’s Hospital, Melbourne 34 451 0.3

The Children’s Hospital at Westmead, Sydney 27 347 0.6‡

Princess Margaret Children’s Hospital, Perth 16 629 0.3

Women’s and Children’s Hospital, Adelaide 18 789 0.3

Total for the four PAEDS hospitals 97 216 1.5

Total for Australia 145 232§

†The definition of ‘admission’ varies in different hospitals. ‡0.6 FTE includes role of PAEDS nurse coordinator. §Admissions to all seven tertiary paediatric

hospitals in Australia according to data from Women’s and Children’s Hospitals Australasia (http://www.wcha.asn.au/). FTE, full time equivalents; PAEDS,

Paediatric Active Enhanced Disease Surveillance.
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AFP

Among the 122 cases of AFP, 104 (72%) had at least one stool
sample collected, and in 73 (51%), two stool samples were
collected within 2 weeks of onset of paralysis (Table 4).3 When
PAEDS and APSU data were combined, 60% had two stool
samples collected within 2 weeks of onset of paralysis. Although
short of the 80% target set by WHO, at least one stool sample

was collected for 80% of cases (Table 4). The surveillance target
of 1/100 000 children <15 years per annum was reached in
2008 by PAEDS alone (45 cases, 1.1/100 000 per annum). In
2009 and 2010, PAEDS and APSU data combined met the WHO
surveillance target, but neither system reached the target on its
own.12 In addition, PAEDS contributed six cases to the WHO
surveillance effort for GBS, which had been identified as a
potential AEFI following influenza vaccination in children.11

Table 2 Case definition criteria for the four conditions under surveillance by PAEDS 2007–2010

Condition Rationale and case definition criteria

Acute flaccid

paralysis (AFP)

Rationale

WHO requires active national surveillance for cases of AFP in children aged <15 years in order to monitor for potential

cases of paralytic poliomyelitis. Data collected by APSU in collaboration with the National Polio Reference Laboratory

have contributed to Australia’s certification as ‘polio-free’. Because of long-standing problems in obtaining adequate

reporting and stool collection rates (at least 1/100 000 AFP cases in <15-year-old children and collection of two stool

specimens with 14 days of onset of paralysis in all identified cases), AFP was considered as a priority condition for

inclusion in PAEDS.

Case definition

Any child aged up to 15 years and presenting with:

i. AFP: onset of flaccid paralysis in one or more limbs or

ii. acute onset of bulbar paralysis.

Intussusception (IS) Rationale

Intussusception is the most common cause of bowel obstruction in infants and young children and was associated with a

previous rotavirus vaccine. Timely, active surveillance and collection of stool samples is important to identify any

temporal association with recently introduced ‘new generation’ rotavirus vaccines and to describe the aetiology of IS.

The APSU anticipated that PAEDS was likely to provide more complete case ascertainment due to the short admission

times for IS and the fact that such children may be attended by surgeons or radiologists rather than paediatricians.

Case definition

Any child aged <24 months presenting with a diagnosis of acute intussusception confirmed on air/liquid contrast enema or

surgery, that is based on level 1 of diagnostic certainty using the Brighton Collaboration clinical case definition.

Varicella

hospitalisations

Rationale

A population-based varicella vaccination programme commenced in Australia in late 2005. Complications of varicella

requiring hospitalisation provide a measure of disease burden and severity, and ongoing surveillance may show trends

related to the varicella vaccination programme. The timely collection of vesicle samples and genetic sub-typing allows

for identification of vaccine failures in immunised children and genotypes associated with severe complications.

Case definition

Any child aged 1 month to <15 years hospitalised for varicella infection with or without complications.

Seizures Rationale

Infants presenting with seizures in the first 8 months of life are of interest because seizures are a recognised potential

serious adverse events following vaccination. Surveillance for infantile seizures provides an opportunity to describe the

temporal relationship between seizures and recent vaccination.

Case definition

Any child aged 1–8 months who presents with seizures and meets the following criteria:

1 this is their first seizure presentation;

2 there is no identifying trauma, for example head injury; and

3 the hospital stay is 4 hours or more.

Influenza

(June–October

2009)

Rationale

Children may suffer severe complications of seasonal influenza, including encephalopathy, myocarditis and

rhabdomyolysis. Timely detailed data describing pre-existing risk factors, presentation, clinical course and outcome in

children hospitalised with influenza, including H1N1-09, are lacking. Such data are needed to inform vaccination policy

and clinical practice.

Case definition

Any child <15 years of age at the time of diagnosis of influenza confirmed by laboratory testing and admitted to hospital

APSU, Australian Paediatric Surveillance Unit; PAEDS, Paediatric Active Enhanced Disease Surveillance.
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IS

Adequate stool samples were collected in 47% of IS cases ascer-
tained by PAEDS, compared with 40% of cases ascertained by
APSU (Table 4). Ascertainment by PAEDS was superior (263
cases, 2007–2010) compared with APSU (70 cases, 2007–
2009).12 Infants aged <3 months had a slightly increased risk of
developing IS 1–7 days after receiving the first dose of either of
the rotavirus vaccines currently used in Australia.15

Varicella

Among 133 cases of varicella, vesicular fluid or vesicle scraping
samples were obtained from 76 (57%); in many children, sam-
pling was difficult as vesicles had crusted over. Typing showed
that subtype C(European) was the most common (58%),
but other subtypes including A(African/Asian), B(European),
J(Japanese), and BA(EuropeanB-African/Asian) and C/A
(EuropeanC-African/Asian) were detected.16 Only 16% of chil-
dren eligible for varicella vaccination had been vaccinated.

Seizures

Surveillance for infant seizures stopped at the end of 2008 due
to significant workload burden for PAEDS. In 14 months, 347
potential cases were identified, but only 133 matched case defi-
nition criteria and 122 were recruited. Only 15 of 122 infants
had received a vaccine within 7 days prior to seizure onset. Of
the 15 infants, nine had underlying chronic conditions that
themselves lead to seizures, for example diagnosed epilepsy,
lissencephaly, metabolic disorder and viral infections.

Influenza

Surveillance during the 2009 influenza pandemic (June–
September) resulted in identification of 601 children and
recruitment of 529 children from the six participating hospi-
tals.10 Influenza-A H1N1-09 was found in 84% of cases; the
seasonal H3N2 in 7%. Only 11% of the total number of children
and 17% of children with underlying chronic disorders were
vaccinated for seasonal influenza. Of the 324 children hospital-
ised in the three NSW children’s hospitals complications
occurred in 112 (34%) children, and 56% of these were previ-
ously healthy.10

Completeness of case ascertainment

A retrospective medical records audit of ICD-10 codes for IS at
CHW returned 88 coded cases. Four were wrongly coded as IS
leaving 84 cases. In comparison, PAEDS ascertained 95 cases
(Table 5). Seven (8%) of cases were identified by the audit but
not recruited by PAEDS; six cases were identified by PAEDS
nurses but consent was not obtained. PAEDS recruited 16
(19%) additional IS cases not identified by the audit. Seventy
varicella cases were identified by an ICD-10 code audit, but six
of these were wrongly coded as varicella, leaving 64 confirmed
cases. PAEDS recruited 55 varicella cases, 48 of which were also
identified in the ICD-10 code audit. PAEDS missed 16 (20%)
cases identified by medical records audit. Of these 16, four were
identified by PAEDS but consent was not obtained; the other 12
were missed by PAEDS. Seven additional cases of varicella were
identified by the PAEDS nurse but not by the ICD-10 code audit
(Table 5).

Discussion

PAEDS demonstrates the feasibility of conducting hospital-based
surveillance in Australia for uncommon, serious, childhood
conditions and enables timely, active case finding, as well as
collection of detailed clinical data and biological samples for the
same child. Such data are not readily available from routine data

Central PAEDS database in APSU

Reports and Publications

Data collection: history, immunisation status, 
presentation, treatment, outcome

Biological sample collection, dispatch and 
follow-up of results

Daily search for potential cases
Review of ED and inpatient databases
Contact with key clinicians

Meets case definition criteria?

YES

NO

Consent ? No further follow-up
NO

YES

Weekly export of data

Database at each hospital

Relevant 
Laboratory (eg. 
VIDRL)

Sample

Results
Data entry

Data extraction and analysis

Specialist Surveillance Nurses in Paediatric Hospitals: 
CHW Sydney, RCH Melbourne, WCH Adelaide, PMH Perth

Fig. 1 The PAEDS mechanism and data flows. APSU, Australian Paediatric

Surveillance Unit; PAEDS, Paediatric Active Enhanced Disease Surveillance;

VIDRL, Victorian Infectious Diseases Reference Laboratory.

Table 3 Number of cases identified as eligible and recruited through

PAEDS August 2007–December 2010

Condition Eligible n Recruited n (%)

AFP 141 122 (87)

Intussusception 305 291 (95)

Varicella 160 133 (83)

Infantile seizures† 127 124 (98)

Total 733 670 (91)

†Surveillance for infantile seizures ceased at the end of November 2008.

AFP, acute flaccid paralysis; PAEDS, Paediatric Active Enhanced Disease

Surveillance.
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collected by the National Notifiable Diseases Surveillance
System and are important for policy development. PAEDS has
the potential to be used as an early warning system for increas-
ing rates of VPDs and AEFIs.

Surveillance for AFP cases through PAEDS significantly
enhanced APSU surveillance, and by combining cases from both
mechanisms, Australia was able to meet the WHO surveillance
target in each year from 2008 to 2010, to support continued
polio-free certification by the WHO.5,12 Surveillance for varicella
hospitalisations showed that a very small proportion of children
admitted to hospital had been vaccinated for varicella, support-
ing the continuation of the population-based varicella vaccina-
tion programme in Australia.

IS data from PAEDS and APSU suggested an excess of IS cases
in infants, 1–7 days after receipt of the first dose of either of the
new rotavirus vaccines currently used in Australia, the first
study world-wide to describe this link.15 This relationship was
subsequently supported for one of the new rotavirus vaccines,
by studies from Brazil and Mexico.17 Importantly, the PAEDS/
APSU study demonstrated no excess of IS overall when obser-

vations following all doses were combined and no difference
in clinical outcome in infants experiencing IS.15 These data
informed vaccination policy and resulted in the development of
educational materials for parents and vaccine providers.18,19

Although surveillance for infantile seizures stopped early due
to high workload, there are no other real-time, active surveil-
lance systems to capture similar data. Given the recent descrip-
tion of an association between febrile convulsions and influenza
vaccines in children aged <5 years,20 PAEDS is planning to
reinstate surveillance for febrile convulsions associated with
recent vaccination. PAEDS also contributed data to an interna-
tional WHO surveillance study of GBS that was identified as a
potential AEFI following influenza vaccination.11

PAEDS has the capacity to rapidly respond to disease out-
breaks as shown by surveillance for influenza during the
H1N1-09 pandemic.10 PAEDS recently commenced surveillance
for pertussis in response to the pertussis epidemic.21 This will
provide a unique, detailed data set, including presenting signs
and symptoms, complications, clinical management, immunisa-
tion status, source of exposure and laboratory findings. For
diseases soon to become vaccine preventable, PAEDS could
provide background rates of severe disease, detect changes in
rate after introduction of vaccines and monitoring for AEFIs.
Demographic details, including ethnicity, are very reliably col-
lected by PAEDS, enabling identification of subgroups of chil-
dren with greater susceptibility to severe disease, thereby
informing targeted vaccination policy.

PAEDS collects laboratory data that are directly linked to
clinical details and vaccination history for the same child, ena-
bling the description of relationships between genetic sub-types
and disease severity, or vaccine failures. Such data are important
to support development of immunisation policy and for main-
taining consumer and provider confidence in the National
Immunisation Program. However, collection of samples by
PAEDS is not always possible; the AFP stool collection rate
improved but did not reach the WHO target even when APSU
and PAEDS data were combined.

Completeness of case ascertainment by PAEDS is excellent.
Comparison with an audit of admissions according to ICD-10
coding for varicella and IS at CHW showed that PAEDS ascer-
tained additional cases that were not identified by ICD-10
coding and few ICD-10 coded cases were missed by PAEDS
nurses. Overall, 9% of eligible cases were not recruited as

Table 4 Collection of biological samples for AFP and intussusception via PAEDS and APSU August 2007–December 2010

Total PAEDS Total APSU Both PAEDS and

APSU (duplicate)

PAEDS and APSU combined

(without duplicate cases)

n (%) n (%) n (%) n (%)

AFP (cases n) 122 61 22 161

One stool sample 104 (72) 37 (61) 12 129 (80)

Two stools samples 73 (51) 31 (51) 8 96 (60)

Intussusception (cases n) 291 70 50 311

Stool samples 139 (43) 28 (40) 21 146 (47)

AFP, acute flaccid paralysis; APSU, Australian Paediatric Surveillance Unit; PAEDS, Paediatric Active Enhanced Disease Surveillance.

Table 5 Comparison of cases identified by PAEDS surveillance nurses

with an audit of medical records according to ICD-10 coding in any Dx

(K56.1 for IS; BO1 and BO2 and sub-categories for varicella) at the Chil-

dren’s Hospital at Westmead

Cases identified by Intussusception Varicella

ICD-10 code audit 88† 70‡

ICD-10 coded confirmed cases 84 64

ICD-10 unique cases not

identified by PAEDS

7 16

PAEDS surveillance 95 55

PAEDS unique cases not

picked up by ICD-10 coding

16 7

ICD-10 and PAEDS in common 71 48

†Includes four cases coded as IS(K56.1) but without evidence of intus-

susception. ‡Includes six cases coded as varicella in which varicella was

not confirmed. ICD-10, International Classification of Diseases 10th

edition; IS, intussusceptions; PAEDS, Paediatric Active Enhanced Disease

Surveillance.
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consent could not be obtained. This is in contrast with the
Canadian IMPAct system where consent is not required. PAEDS
will investigate the feasibility of collecting data under public
health legislation in each state without the need for consent,
which would improve case ascertainment.

Currently, PAEDS operates in four tertiary paediatric hospitals
limiting coverage to populations served by these hospitals;
however, expansion to Queensland commenced in 2012. With
adequate support, there is potential for PAEDS to provide
national coverage by including all tertiary children’s hospitals in
Australia.

The success of PAEDS is reliant on continued funding. In
addition to funding received from DoHA, the APSU NHMRC
enabling grant (402784, end date March 2012) has supported
database development, data management and co-ordination of
PAEDS. Funding contributed since 2011 by each participating
state health department supports surveillance nurse capacity.

PAEDS is an important capacity-building initiative to enhance
existing public health surveillance for VPDs and AEFIs, with the
overarching aim of improving child health outcomes. The
system should be regularly evaluated according to the Centres
for Disease Control and Prevention criteria for evaluating sur-
veillance systems.22
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Sentinel surveillance of acute hospitalisations in 
response to infectious disease emergencies such as 
the 2009 influenza A(H1N1)pdm09 pandemic is well 
described, but recognition of its potential to supple-
ment routine public health surveillance and provide 
scalability for emergency responses has been limited. 
We summarise the achievements of two national pae-
diatric hospital surveillance networks relevant to vac-
cine programmes and emerging infectious diseases in 
Canada (Canadian Immunization Monitoring Program 
Active; IMPACT from 1991) and Australia (Paediatric 
Active Enhanced Disease Surveillance; PAEDS from 
2007) and discuss opportunities and challenges in 
applying their model to other contexts. Both networks 
were established to enhance capacity to measure vac-
cine preventable disease burden, vaccine programme 
impact, and safety, with their scope occasionally 
being increased with emerging infectious diseases’ 
surveillance. Their active surveillance has increased 
data accuracy and utility for syndromic conditions 
(e.g. encephalitis), pathogen-specific diseases (e.g. 
pertussis, rotavirus, influenza), and adverse events 
following immunisation (e.g. febrile seizure), enabled 
correlation of biological specimens with clinical con-
text and supported responses to emerging infections 
(e.g. pandemic influenza, parechovirus, COVID-19). The 
demonstrated long-term value of continuous, rather 
than incident-related, operation of these networks in 
strengthening routine surveillance, bridging research 
gaps, and providing scalable public health response, 
supports their applicability to other countries.

Background
The essential role of hospital-based sentinel sur-
veillance in identifying emerging infections and 
measuring the incidence of severe disease was high-
lighted by Thomson and Nicoll in a 2010 editorial 
in  Eurosurveillance  referring to surveillance activities 
in Europe during the 2009 influenza A(H1N1)pdm09 
pandemic [1]. They argued that given demands on cli-
nicians in disease outbreaks, sentinel hospital-based 
surveillance needed to be ongoing, allowing it to be 
augmented, rather than established de novo, in times 
of crisis [1]. They identified a range of potential roles 
for sentinel hospital networks in Europe, primarily col-
lection of clinical data, linked to laboratory and epi-
demiological data, supporting rapid, evidence-based 
outbreak responses. Beyond outbreak response, hos-
pital networks have been established in low- middle- 
and high-income countries to provide quality data for 
immunisation programmes, infection control, and sea-
sonal influenza [2-8].

Most hospital-based surveillance networks are 
focused on specific diseases or syndromic targets. 
This article analyses the contributions of two active, 
paediatric hospital-based sentinel networks that, 
since their inception, have played wide-ranging roles in 
public health surveillance: the Canadian Immunization 
Monitoring Program, Active (IMPACT) established in 
1991, and the Australian Paediatric Active Enhanced 
Disease Surveillance (PAEDS) network established in 
2007. These networks, which contribute to surveillance 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2020.25.25.1900562&domain=pdf&date_stamp=2020-06-25


2 www.eurosurveillance.org

Table 1A
Canadian IMPACT and Australian PAEDS surveillance targets and years of surveillance

Target Years of surveillance Integration with other 
surveillance systems Funding

AEFIs

IMPACT (established 1991)

AFP including Guillain–Barré syndrome 1991–present

Reports to Canadian 
Paediatric Surveillance 

Program (AFP), Canadian 
Adverse Event Following 

Immunization Surveillance 
System and provincial/
territorial public health

PHAC

Encephalopathy/encephalitis/myelitis 1991–present

Bell‘s palsy 1991–present

Seizure 1991–present

Hypotonic hyporesponsive episode 1991–2012

Thrombocytopaenia 1991–present

Injection site reactions (cellulitis, abscess) 1991–present

Complications of vaccination 2013–present

Intussusception 2009–present

Varicella vaccine reactivation illness 2013–present

Other reportable AEFIs identified while searching 
for the above (e.g. anaphylaxis) 1991–present

PAEDS (established 2007)

AFP including Guillain–Barré syndrome 2007–present

Communicable Diseases 
Network of Australia’s polio 
expert panel AEFI captured 
as part of AFP surveillance 

(see below) Commonwealth state/
territory governments

Severe acute neurological events 2013–present
Commonwealth government 
(Office of Health Protection) 

and state/territory 
governments

Intussusception 2007–present

Seizures Infant seizures: 2007–2008 
Febrile seizures: 2013–2014 NHMRC

VACCINE-PREVENTABLE DISEASES

IMPACT

Pertussis 1991–presenta

Complements CNDSS
PHAC

Invasive Haemophilus influenzae disease Type b: 1991–present 
All types: 2007–present

Congenital rubella syndrome 1991–1998

Varicella zoster 2000–present

Influenza 2004–present Reports to national 
FluWATCH system

Invasive pneumococcal disease 1991–present Complements CNDSS
Industry funded 1999–

2004; currently funded by 
PHAC

Invasive meningococcal disease 2002–present Complements CNDSS Industry funded

Rotavirus 2005–2019 No existing public health 
surveillance Industry funded

PAEDS

Varicella and zoster 2007–present No nationally consistent 
surveillance

Commonwealth and state 
governments

Influenza 2009 2014–present Reports via FluCAN Commonwealth government 
NHMRC

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2020.25.25.1900562&domain=pdf&date_stamp=2020-06-25


3www.eurosurveillance.org

of syndromic conditions, vaccine-preventable diseases 
(VPDs), vaccine safety monitoring, and emerging infec-
tions, are unique in the range of conditions under 
surveillance and potential for scalability in response 
to public health emergencies. We present evidence 
on their feasibility and value to public health surveil-
lance, and discuss opportunities for similar platforms 
to enhance public health surveillance in low-, middle-, 
and high-income countries.

History and contributions
Both IMPACT and PAEDS arose from identified surveil-
lance gaps in child health outcomes related to vaccine 
safety and VPDs. Addressing these required the estab-
lishment of national surveillance programmes due to 
the relatively small numbers of both paediatric patients 
and tertiary care centres in Canada and Australia.

Canada
The need for a hospital-based active surveillance sys-
tem to reliably detect serious adverse events following 
immunisation (AEFIs) was recognised following detec-
tion of an increase in aseptic meningitis associated 
with the Urabe mumps vaccine strain in 1986–1988 by 
virologists at several Canadian children’s hospitals [9]. 
Investigation of this signal, not identified by the passive 
system, led to replacement of the Urabe vaccine with a 
safer vaccine. IMPACT began in 1991 as a collaboration 
between Health Canada and the Canadian Paediatric 
Society (CPS) at five paediatric tertiary care centres in 

five provinces. The first surveillance targets included 
neurological admissions (e.g. acute flaccid paralysis 
(AFP), encephalopathy, seizure) and several VPDs (e.g. 
pertussis) (Table 1  and  Supplemental Content 1) [9]. 
IMPACT expanded to 12 centres in eight provinces by 
1999, capturing approximately 90% of paediatric ter-
tiary care beds in Canada [9].

For 29 years, IMPACT has collected epidemiologi-
cal data for AEFIs and diseases that are current or 
future targets for vaccine prevention, demonstrating 
the effectiveness of new immunisation programmes, 
including, meningococcal conjugate, pneumococcal 
conjugate and varicella vaccines (Table 2) [10-12].

Australia
The PAEDS system was established in 2007 to support 
Australian compliance with World Health Organization 
(WHO) AFP surveillance standards as part of polio 
eradication efforts, and to conduct surveillance for var-
icella hospitalisations following vaccine introduction 
and two AEFIs potentially associated with varicella and 
rotavirus vaccination programmes (seizures and intus-
susception) (Table 1 and Supplemental Content 1) [13]. 
PAEDS was funded by the Australian Government as a 
pilot project in four paediatric hospitals in four states. 
PAEDS subsequently expanded to seven hospitals in 
six states and territories, covering around 80% of ter-
tiary paediatric beds. The scope of PAEDS was enlarged 
over time to provide key evidence regarding vaccine 

Table 1B
Canadian IMPACT and Australian PAEDS surveillance targets and years of surveillance

Target Years of surveillance Integration with other 
surveillance systems Funding

Pertussis Invasive meningococcal disease 2012–present 2015–present
Complements national 

dataset National Neisseria 
Network

NHMRC State governments

COVID-19 and PIMS-TS 2020–present Rapidly activated; COVID-19 
reports via FluCAN

Commonwealth and state 
governments

OTHER

IMPACT

Respiratory syncytial virus 2017–2020 No existing public health 
surveillance PHAC

PAEDS

Acute encephalitisb 2013–present

Commonwealth government 
(Office of Health Protection) 
state/territory governments

Investigator fundedb 
Commonwealth and state/

territory governments 
NHMRC

Respiratory syncytial virusb Pilot study 1 site, 2018

Invasive group A streptococcal diseaseb Pilot study multiple sites, 
2018

Kawasaki disease 2018–present

AEFI: adverse events following immunisation; AFP: acute flaccid paralysis; CNDSS: Canadian Notifiable Disease Surveillance System; 
COVID-19: coronavirus disease; CPSP: Canadian Paediatric Surveillance Program; FluCAN: InFLUenza Complications Alert Network; IMPACT: 
Canadian Immunization Monitoring Program, Active; NHMRC: National Health and Medical Research Council; PAEDS: Paediatric Active 
Enhanced Disease Surveillance; PHAC: Public Health Agency of Canada; PIMS-TS, pediatric inflammatory multisystem syndrome temporally 
associated with SARS-CoV-2; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

a From 1991 to 1998 only children < 2 years of age were included.
b Investigator funding includes institutional trainee scholarships and fellowships.
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effectiveness, safety, and the impact of new vaccina-
tion programmes and to increase the population under 
surveillance (Table 3 and Supplemental Content 1).

Network organisation and procedures
Both IMPACT and PAEDS utilise the contribution of 
trained surveillance nurses at each hospital, super-
vised by volunteer paediatric clinicians who act as 
site investigators. Nurses screen hospital and emer-
gency department admission lists for conditions under 
surveillance, review medical records, retrieve immu-
nisation records, and report cases electronically on 

standardised case report forms to the national coordi-
nating centre (Figure and Table 1).

The national coordinating centre submits data to 
national public health authorities at least quarterly for 
incorporation into national datasets. In Canada and 
Australia, centres report AEFIs directly to regional and 
national public health authorities.

Annual in-person meetings and standardised train-
ing have been important to maintain group cohesion 
and national consistency, while opportunities for data 

Table 2
Major accomplishments of IMPACT since its inception, Canada, 1991–2019

Surveillance target Major findings Impact Selected 
referencesa

Adverse events following immunisation

Infectious 
complications of 
vaccination

150-fold higher than expected incidence 
of disseminated BCG disease among 

Indigenous children

Routine use of BCG limited to communities with 
ongoing active TB disease, with negative HIV 

screening and no risk factors for PID

Deeks, 2005 
[30]; Scheifele, 

1998 [31]

HHE 67% decrease in HHE after aP vs wP First evidence of improved safety profile of aP over wP Le Saux, 2003 
[32]

Seizure 79% decrease in seizure after aP vs wP First evidence of improved safety profile of aP over wP Le Saux, 2003 
[32]

Thrombocytopaenia

Two of 107 children admitted with post-
immunisation thrombocytopaenia had 

severe bleeding and 93% recovered within 
3 months

Largest cohort of post-immunisation 
thrombocytopaenia

Jadavji, 2003 
[33]; Sauvé, 2010 

[34]

Vaccine-preventable diseases

Haemophilus 
influenzae

95–99% reduction in invasive Hib cases 
following introduction of infant Hib 

immunisation programmes; emergence of 
Hia in Indigenous populations; children 

with cancer > 5 years of age are susceptible 
to invasive Hib

Demonstrated effectiveness of Hib vaccination 
programmes and provided new data to support 

development of Hia vaccine

Scheifele, 1996; 
McConnell, 

2007; Tan, 2016; 
McNair, 2018 

[35-38];

IPD
48% decrease in IPD from pre-PCV to PCV13 
era; IPD due to PCV13 serotypes decreased 

from 89% to 34% of cases

Demonstrated effectiveness of PCV vaccination 
programmes in Canada and changing epidemiology 

of IPD

Bettinger, 2010 
[10]; Bettinger, 

2016 [39]

Invasive 
meningococcal 
disease

69% reduction in meningococcal serogroup 
C disease following implementation 

of meningococcal C conjugate vaccine 
programmes; shift to serogroup B as 

predominant cause of IMD

Demonstrated effectiveness of infant and adolescent 
meningococcal C vaccination programmes and 

estimated benefit of introducing meningococcal B 
vaccination

Bettinger, 
2013 [40]; 

Sadaranagani, 
2014 [11];

Pertussis

Documented changing epidemiology of 
pertussis from wP to aP eras; in aP era, 

76% of hospitalised cases and all 21 deaths 
were infants 0–3 months of age

Demonstrated ongoing burden of pertussis in 
young infants suggesting potential benefit of Tdap 

vaccination during pregnancy

Halperin, 1999; 
Bettinger, 2007; 
Abu Raya, 2020 

[41-43]

Rotavirus
83% reduction in rotavirus hospitalisations 

at centres with infant immunisation 
programmes

Contributed data to support implementation of 
rotavirus immunisation programmes in Canada and 

demonstrated the benefits of those programmes

Le Saux, 2010 
[44]; Le Saux, 

2016 [45]

Varicella

85% reduction in varicella-related 
hospitalisations following introduction 

of two-dose varicella immunisation 
programmes

Early evidence of the effectiveness of single-dose 
varicella immunisation programmes and added benefit 

of second dose in reducing hospitalisation

Law, 2000 [46]; 
Tan, 2012 [12]; 
Tan, 2018 [47]

Influenza

Reported on relative severity of influenza B 
vs A in children and high risk of influenza-

related complications in children with 
neurodevelopmental conditions

Provided evidence to support use of quadrivalent 
influenza vaccines in children and addition of 

neurological and neurodevelopmental conditions to 
high-risk conditions for influenza vaccination

Tran, 2012; 
Burton, 2014; 

Tran, 2016 
[48-50]

aP: acellular pertussis vaccine; BCG: Bacillus Calmette-Guérin vaccine; HHE: hypotonic hyporesponsive episode; Hia: Haemophilus influenzae 
type a; HIV: human immunodeficiency virus; IMD: invasive meningococcal disease; IMPACT: Canadian Immunization Monitoring Program, 
Active; IPD: invasive pneumococcal disease; PCV: pneumococcal conjugate vaccine; PID: primary immunodeficiency; TB: tuberculosis; Tdap: 
tetanus-diphtheria-acellular pertussis vaccine; wP: whole cell pertussis vaccine.

a For additional publications, see also: https://www.cps.ca/en/impact.
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Table 3
Major accomplishments of PAEDS since its inception, Australia, 2007–2019
Surveillance 
target Major findings Impact Selected 

referencesa

AEFIs

IS

First to publish low but increased vaccine risk of IS 
following rotavirus vaccine with new second generation 
vaccines (RotaTeq and Rotarix); further confirmed risk 

(vaccine attributable risk of 6/100,000) and risk–benefit 
of vaccine programmes, and demonstrated that vaccine-

associated IS is not more severe than non-vaccine 
associated IS

Provided globally relevant safety data 
on new vaccines, cited by WHO and 

multiple other peak immunisation advisory 
committees; informed risk–benefit 

considerations regarding ongoing rotavirus 
vaccination programmes

Buttery, 2011; 
Carlin, 2013; Quinn, 

2014 [51-53]

FS following 
immunisation

Demonstrated absence of risk of FS following MMRV 
vaccine when used as second dose of measles-

containing vaccine in children aged 12–24 months, and 
known risk of FS post-MMR dose 1 vaccine, with no risk 

post monovalent-varicella vaccine; clinical severity 
and developmental outcomes associated with vaccine-
proximate seizures in children not different to children 

with non-vaccine proximate seizures

Provided important safety outcome 
monitoring relevant to NIP new vaccine 
introduction (MMRV vaccine in 2013); 

research into vaccine proximate seizures 
provided new insights and reassurance for 

public and immunisation providers

Deng, 2019; 
Macartney, 2015; 
Macartney, 2017 

[54-56]

SANE following 
immunisation

Includes acute disseminated encephalomyelitis, AFP, 
GBS and transverse myelitis; monitoring of case 

numbers where receipt of vaccination occurred in 
previous 6 weeks for reporting as potentially severe 

AEFI; GBS cases post-influenza A(H1N1)pdm09 vaccine 
contributed to a multinational study of influenza 

A(H1N1)pdm09 vaccine safety

Provided reassurance of influenza 
(pandemic and seasonal) and other vaccine 

safety with regard to SANEs; contributed 
to multi-country global analysis of GBS 
following pandemic influenza vaccine

Dodd, 2013; McRae, 
2019 [57,58]

Vaccine-preventable diseases

2009 influenza 
A(H1N1)pdm09 
pandemic

Demonstrated impact of 2009 influenza A(H1N1)
pdm09 pandemic on children, extensively documenting 

hospitalised disease fraction

Key data source to measure impact and 
outcomes from 2009 influenza A(H1N1)

pdm09 pandemic in children

Khandaker, 2011 
[59]; Khandaker, 

2012 [60]; 
Khandaker, 2014 

[21]

Seasonal 
influenza

Data on vaccination, including in pregnancy for infants 
aged 

In 2017, detailed data on extensive and 
severe disease from influenza in children; 

informed newly funded paediatric influenza 
programmes in 6 states and territories

Blyth, 2016 [61]; 
Blyth, 2019 [2]; 
Cheng, 2017a; 
Cheng, 2017b; 

Li-Kim Moy, 2017 
[62-64]

Invasive 
meningococcal 
disease

Additional detailed data to complement National 
Notifiable Disease Surveillance System, as well as long-

term follow-up of outcomes and complications.

Evidence for severe outcomes and 
healthcare- associated costs, assisting 

in informing policymakers regarding new 
programmes

McRae, 2019 [58]

AFP 
(poliovirus)

Report ca 80% of all AFP cases as part of Australian 
acute flaccid surveillance and enteric virus surveillance 
programmes; post discharge follow-up and collection of 

faecal samples for detailed testing

Enables Australia to fulfil WHO 
requirements for AFP surveillance; assisted 

in documentation of new emerging 
pathogens, e.g. EV71 and parechovirus

Paterson, 2013 [13]; 
McRae, 2019 [58]

Pertussis
Demonstrated severity of early infant disease, and 

decline in hospitalised pertussis following introduction 
of maternal vaccination

Evidence for impact of maternal pertussis 
vaccination in Australia Quinn, 2018 [65]

Varicella

Documented decline in hospitalised varicella following 
one-dose vaccine programme introduction; provided 

longitudinal data on varicella genotyping over 10 years; 
documented rare but complex cases of vaccine virus 

associated disease

Key evidence of vaccine programme impact 
and of moderate vaccine effectiveness of 

one-dose schedule under NIP; association 
of European clade with severity of 

hospitalised cases

Marshall, 2013 [66]; 
Marshall, 2019 [67]; 

Quinn, 2019 [53]

Others

Acute 
encephalitis

Provided detailed analysis on aetiology, epidemiology, 
outcomes and healthcare needs of acute childhood 
encephalitis, particularly relevant to communicable 

disease control, such as influenza, EV71, parechovirus, 
mycoplasma and vector borne diseases

Work supported development of national 
clinical guideline for investigation and 

management, provided early detection of 
EV71 and parechovirus disease outbreaks, 

and provided data for new influenza 
vaccine programme introduction in children

Britton, 2016a [68]; 
Britton, 2016b [17]; 
Britton, 2017 [69]

iGAS Pilot study demonstrated clinical severity and 
epidemiology of children hospitalised with iGAS

Informed public health guidance and 
consideration of iGAS to be a nationally 

notifiable condition

Thielemans, 2020 
[70]

RSV Pilot study demonstrated clinical severity of disease in 
hospitalised infants with RSV

Pilot demonstrated feasibility of providing 
detailed baseline (pre-vaccine introduction) 
data on disease burden to inform economic 
evaluation and contributed to WHO Global 

RSV Surveillance Pilot study

Hirve et al, 2019 [71]

AEFI: adverse event following immunisation; AFP: acute flaccid paralysis; EV71: enterovirus 71; FluCAN: InFLUenza Complications Alert 
Network; FS: febrile seizure; GBS: Guillain–Barré syndrome; iGAS: invasive Group A streptococcal disease; IS: intussusception; MMRV: 
measles-mumps-rubella-varicella vaccine; NIP: national immunisation programme; PAEDS: Paediatric Active Enhanced Disease Surveillance; 
RSV: respiratory syncytial virus; SANE: severe acute neurological events; WHO: World Health Organization.

a For additional publications, see also: www.paeds.edu.au.
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analysis, peer-reviewed publications, and improved 
policy and practice sustain investigator engagement.

Ethical statement
IMPACT and PAEDS surveillance is conducted and 
reported in line with the Declaration of Helsinki, as 
revised in 2013. Ethics and/or hospital approvals are 
in place at participating institutions (Supplemental 
Content 2).

Funding and resources
IMPACT is supported primarily by federal funding and 
managed by a non-profit organisation (CPS). This 
unique arrangement has allowed alternate sources of 
funding from provincial governments and industry to 
augment federally funded activities and support addi-
tional surveillance targets (e.g. rotavirus), providing 
stability for the network, while ensuring investigators 
retain independence in data collection, analysis, and 
publication.

PAEDS is supported by federal, state and territory gov-
ernment funding, and provides a platform for research-
ers to use the PAEDS infrastructure on a cost-recovery 
basis for other serious childhood conditions, such as 
Kawasaki disease. PAEDS has not received pharmaceu-
tical industry funding.

Network funding, together with funding garnered to 
add new conditions, provides part-time support for one 
nurse per site, a national nurse coordinator, and data 
centre staff. Site investigators provide in-kind support.

Hospital-based surveillance complements 
public health surveillance

Canada
Public health surveillance of select VPDs is mandated 
by provincial and territorial governments with vol-
untary reporting to the Canadian Notifiable Disease 
Surveillance System but captures only disease onset 
date, sex and age. IMPACT captures additional vari-
ables for hospitalised cases including co-morbid 
conditions, concurrent and past infections, immunisa-
tion history, need for intensive care, and outcome at 
discharge. This information allows in-depth charac-
terisation of disease burden and risk groups, as well 
as estimation of vaccine effectiveness, and informs 
cost-effectiveness analyses. Biological specimens are 
collected for select VPDs (e.g.  Streptococcus pneumo-
niae, Neisseria meningitidis,  rotavirus) enabling strain 
characterisation and monitoring for strain replacement 
(Table 2) [10].

IMPACT provides the only information on paediatric 
hospital admissions for influenza in Canada. IMPACT 
data are incorporated into ‘FluWatch’, Canada’s 
national influenza and influenza-like illnesses surveil-
lance system [14]. IMPACT’s weekly reporting during 
the influenza season allows public health to assess 
influenza transmission and severity by person, place 

and time, as well as the impact and burden of influenza 
epidemics in real time.

The Canadian AEFI Surveillance System (CAEFISS), the 
national post-market vaccine safety monitoring sys-
tem, relies primarily on spontaneous reporting of AEFIs 
to public health [15]. IMPACT contributes > 50% of seri-
ous AEFIs and 70–90% of neurological AEFIs reported 
to CAEFISS [15]. In 1998, IMPACT identified an increase 
in disseminated Bacillus Calmette–Guérin (BCG) dis-
ease in Indigenous children with undiagnosed primary 
immunodeficiency, prompting changes to BCG vaccina-
tion recommendations in Canada [9].

Australia
Due to the existence of robust laboratory-based VPD 
surveillance through the National Notifiable Diseases 
Surveillance Scheme, which also captures biological 
specimens for select VPDs (such as those described for 
Canada) [16], the PAEDS network has focused on con-
ditions where there is syndromic diagnosis (e.g. AFP, 
encephalitis), limited sensitivity or utilisation of labo-
ratory tests (e.g. varicella), or where gaps in capture 
of immunisation status and clinical severity exist (e.g. 
paediatric influenza).

After 2007, PAEDS emerged as the reporting source for 
ca 80% of AFP cases to the Communicable Diseases 
Network of Australia’s polio expert panel [13], result-
ing in Australia consistently exceeding the WHO report-
ing target. Enhanced studies of encephalitis via PAEDS 
facilitated evaluation of emerging viral infections, 
including enterovirus 71 and parechovirus (Table 3) [17].

Australia monitors influenza activity through a variety 
of complementary surveillance systems [18]. Sentinel 
hospital surveillance for influenza is conducted in col-
laboration with the InFLUenza Complications Alert 
Network (FluCAN) [18], which captures data from 22 
sites across Australia, including seven PAEDS sites, 
enabling real-time tracking of a representative number 
of children. Paediatric influenza surveillance, including 
characterisation of over 1,300 paediatric hospitalisa-
tions during the 2017 influenza season, provided evi-
dence to prompt state and territory funding of influenza 
vaccines for children aged 6–59 months from 2018, and 
inclusion on the National Immunisation Program from 
2020 [2,19].

Rapid response capacity
Both networks demonstrated capacity to respond to 
outbreaks of emerging diseases during the 2009 influ-
enza A(H1N1)pdm09 pandemic. IMPACT scaled up its 
influenza activities to continue throughout the sum-
mer (June–August) and provided one of the earliest 
reports on the paediatric burden of influenza A(H1N1)
pdm09 disease in the Northern Hemisphere during 
the first pandemic wave [20]. PAEDS developed ques-
tionnaires and protocols for identifying hospitalised 
cases of influenza rapidly, following pilot work in indi-
vidual hospitals [21]. During the coronavirus disease 
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(COVID-19) pandemic, PAEDS has been capturing data 
on laboratory-confirmed severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV2) infections leading to 
hospitalisation or Emergency Department visit since 
March 2020. Surveillance for Paediatric Inflammatory 
Multisystem Syndrome Temporally associated with 

SARS-CoV-2 (PIMS-TS; and also known as Multisystem 
Inflammatory Syndrome in Children (MIS-C) in the USA), 
a newly described inflammatory syndrome occurring 
during or after SARS-CoV-2 infection in children, com-
menced in May 2020 [22,23].

Figure
Surveillance approaches of IMPACT and Australian PAEDS programmes

Eligible to reportEligible to report

Trained nurses

Nurses

Nurses, 
Paediatric investigators

Data quality check

Analysis

Data scrutineer, 
Data manager

Team members involved Surveillance activities  

Screening 
Daily admissions lists, emergency visits (PAEDS 

only); quarterly diagnostic code searches

Determine eligibility
Review medical history, immunisation history, 

laboratory results against standard case 
definitions

Complete standard
case report forma

Submit case report form to 
network data centre

Knowledge dissemination
Annual reports to funders
Conference presentations

Peer-reviewed publications

Vaccine preventable diseases
Ship isolates to national 

microbiology laboratory (IMPACT 
only)

Acute flaccid paralysis (AFP)
Report to national AFP/polio 

surveillance programme

Adverse events following 
immunisation

Report to federal, regional 
public health authorities

Data analyst,
Data centre director, 

Investigators, 
Trainees

Data centre director, 
Investigators, 

Trainees

IMPACT: Immunization Monitoring Program, Active; PAEDS: Paediatric Active Enhanced Disease Surveillance.
a PAEDS network requires consent for select conditions and/or for enhanced data collection.
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Representativeness and ethics
IMPACT and PAEDS networks are based in paediatric 
referral centres and therefore do not cover the whole 
population. Calculation of disease incidence has been 
limited to severe diseases, such as invasive meningo-
coccal disease (IMPACT) [11] or encephalitis (PAEDS), 
where either most paediatric cases are admitted or 
transferred to an IMPACT or PAEDS centre, or the inci-
dence is low enough to also capture cases admitted to 
regional or community hospitals.

To ensure complete case capture, IMPACT operates 
without obtaining informed consent or enrolling indi-
vidual participants. This requires the data collected to 
be available in a hospital chart or immunisation record. 
Patients or caregivers are not able to add or clarify 
missing data.

PAEDS originally commenced surveillance requiring 
informed consent to allow patients to enrol for data 
collection. However, this resulted in non-inclusion of 
patients whose parents had limited spoken English or 
health literacy. PAEDS now operates under a national 
ethical framework that allows capture of a minimal de-
identified dataset for all cases. Parents or caregivers 
can ‘opt out’ of their data being used and consent is 
still obtained to gain additional information or to opt 
into additional studies via parent/caregiver interview.

Another challenge faced by both systems relates to 
variations in capacity in the event of severe disease 
epidemics. During the record breaking 2017 influenza 
season in Australia [2], a fivefold increase in hospi-
talisations (cf.d with previous years) diverted nurse 
time away from prompt recording of other surveillance 
conditions.

Opportunities for active hospital-based 
surveillance
Hospital-based surveillance systems in high-, mid-
dle- and low-income countries, such as the Influenza 
Monitoring of Vaccine Effectiveness Network (I-MOVE), 
Healthcare-associated Infections Surveillance Network 
(HAI-Net) in Europe, Global Rotavirus and Invasive 
Bacterial Vaccine Preventable Diseases Surveillance 
Networks (IB-VPD), and AEFI surveillance network in 
the Americas have generally focused on a specific dis-
ease or syndromic target [3-7,24,25]. However, collec-
tively they represent surveillance activities similar to 
IMPACT or PAEDS.

Population registries and linked databases have also 
been used to evaluate vaccine safety and effectiveness 
[26,27]. However, they are limited to high-income coun-
tries, case capture may be incomplete for certain con-
ditions (e.g. varicella), and capacity for rapid response, 
detailed clinical data collection and linkage to biologi-
cal specimens varies [28].

IMPACT and PAEDS have demonstrated that the same 
platform and similar surveillance methodologies can 

be applied to study a broad range of diseases and 
syndromes of public health importance. Conditions 
under surveillance can be added in response to new 
vaccines, vaccine safety concerns and emerging dis-
eases, while others can be discontinued or modified. 
This provides efficiencies with respect to staffing time, 
as well as flexibility and responsiveness in the event of 
disease outbreaks. When emerging diseases or other 
conditions of concern arise, established networks like 
I-MOVE, IB-VPD may be well placed to rapidly expand 
their surveillance targets. Sharing of standard surveil-
lance protocols may also help low- and middle-income 
countries expand their surveillance capacity [25]. 
Exploration of this concept may warrant incorporation 
of hospital-based surveillance networks into emerg-
ing infectious disease and AEFI surveillance plans. 
Capacity to activate surveillance platforms to rapidly 
respond to communicable disease emergencies, par-
ticularly those threatening global health security, such 
as the COVID-19 pandemic, is recognised as essential 
[29].

Conclusions
IMPACT and PAEDS have been implemented success-
fully to address gaps in, and add value to, public health 
surveillance in two countries with different needs and 
health systems. The adaptability of both networks to 
changing public health priorities in their respective 
countries has been critical to their success. Active 
hospital-based sentinel surveillance systems can lev-
erage efficiencies gained by monitoring for more than 
one condition to play multiple roles in informing public 
health policy and responding to public health emer-
gencies. Existing surveillance systems should consider 
their potential to expand conditions under surveil-
lance, particularly as the need to evaluate health inter-
ventions and monitor for emerging infectious diseases, 
such as COVID-19 grows.
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Chapter 2 – Pertussis 
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Survey of pertussis morbidity in adults in western Sydney

Paul F Thomas, Peter B Mcintyre and Bin B Jalaludin

Objective: To estimate morbidity due to Bordetella pertussis infection in a
representative population of Australian adults.

Design: Telephone survey using structured questionnaire.

Participants: Adults (aged 20 years and over) notified with pertussis to a public
health unit in western Sydney between 1 December 1997 and 31 May 1998.

Main outcome measures: Duration of cough; time to improvement; symptoms
and complications; time to diagnosis; health resource use; lost work days.

Results: Of 90 eligible patients, 73 (81%) completed questionnaires. Cough
lasted a median of 60 days, but persisted over 90 days in 20 people (27%).
Presentation was within a median of seven days of symptom onset, but
diagnosis of pertussis took a median of 21 days. Participants reported a mean
of 3.7 general practitioner visits and 1.2 prescription drugs. Of those employed,
17 (35%) missed more than five work days (range, 0-93 days).

Conclusions: B. pertussis infection in adults can result in prolonged, significant
disruption to social and working life. Results suggest that, in 1998, there were
more than 8000 general practitioner visits and 15 000 lost work days caused by
pertussis in Australian adults.

WHILE MOST INTEREST IN whooping
cough has focused on children, adults
have long been known both to suffer
from this disease and to contribute to its
spread. I Pertussis in adults can result in
significant morbidity, with social, family
and working lives disrupted for
months."? Debilitating complications
reported in adults include pneumonia.v"
rib fractures- and pneumothoraces;'
hospitalisation may be required." Inap
propriate and symptomatic treatment
adds to the cost of the disease."

In Australia over the past decade, the
median age of people notified with per
tussis has increased; over half those noti
fied since 1991 have been adolescents
and adults.s-? Despite this, there are few
detailed data on the morbidity of per
tussis in adults, especially in Australia. 10

The aim of this study was to examine
the morbidity of pertussis in adults aged
20 years and over notified from the res
ident population of western Sydney.

METHODS

Case definition

Pertussis is a notifiable disease under
public health legislation in all Australian
States and Territories. In New South
Wales, medical practitioners and labo
ratories are required to notify sus
pected cases based on the National
Health and Medical Research Council
case definition. II Criteria for a case com
prise:
• Bordetella pertussis isolated from a

clinical specimen;
• A coughing illness lasting 14 days or

For editorial comment, see page 72

longer and B. pertussis-specific IgA
detected in serum;

• A coughing illness lasting 14 days or
longer and at least one of the follow
ing: paroxysms, inspiratory whoop or
post-tussive vomiting without other
apparent cause; or

• A coughing illness lasting 14 days or
longer in a patient epidemiologically
linked to a laboratory-confirmed case.

Eligible participants

The Western Sector Public Health Unit
(WSPHU) provides public health ser
vices to the Western Sydney and Went
worth Area Health Services, which
had an estimated resident population of
955075 residents in June 1997. 12 Resi-

III

dents aged 20 years or over notified with
pertussis to the Wentworth Area Health
Service between 1 December 1997 and
31 May 1998 or to the Western Sydney
Area Health Service between 1 January
and 31 May 1998 were eligible for the
study. Notified patients who did not
report a coughing illness were excluded.

In June 1998, eligible participants
were notified by letter from the WSPHU
that they would be contacted to request
their participation in a telephone survey.
A reply paid envelope was provided for
those who did not wish to be contacted
further. Approval for the study was
obtained from the Western Sydney and
Wentworth Area Health Services ethics
committees.

Data collection

National Centre for Immunisation Research and Surveillance of Vaccine
Preventable Diseases (NCIRS), New Children's Hospital and University of Sydney,
Sydney, NSW.
Paul F Thomas, BSc(Med), MB BS, MPH, Postgraduate Student;
Peter B Mcintyre, PhD, FRACP, FAFPHM, Deputy Director.

Epidemiology Unit, South Western Sydney Area Health Service, Sydney, NSW.
Bin B Jalaludln, MPH, MRCP(UK), FAFPHM, Deputy Director.
Reprints will not be available from the authors. Correspondence: Dr P F Thomas, ct- NCIRS,
CSB Level 2, The New Children's Hospital, PO Box 3515, Parrarnatta, NSW 2124.
paul.thomas@healthoz.com.au
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Telephone interviews were conducted
over 10 days in July 1998, using a struc
tured questionnaire. After a pilot study,
the questionnaire was administered by
two trained interviewers. It included
questions on clinical features, cigarette
smoking, medical attendances, time
from onset of illness to diagnosis, health
resource use, and lost work days.
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RESULTS

Statistical analysis

Eligible participants

haemorrhage (1), and a presyncopal
episode related to coughing (1).

Social and work disruption

Forty eight subjects were in paid
employment (66%; 95 % CI, 54%
76 %), 34 of whom lost work days
because of the illness (71 %; 95% CI,
58 %-84%). A mean of 10 work days
was lost for each employed adult (95%
CI, 5-16; range, 0-93 days; median, 4
days). Seventeen subjects lost more than
five work days (35 %), and five missed
more than a month (10 %). Six house
hold contacts missed a total of 12 days'
paid work due to the notified adult's ill
ness. Effects on other activities were also
reported, with 38 subjects (52%) report
ing limitation of recreational activities,
35 (48%) missing opportunities for
social contact and six (8%) missing
sport.

We found that B. pertussis infection in
adults can result in prolonged, signifi
cant disruption to social and working
life. Among employed adults notified
with pertussis in western Sydney, about

DISCUSSION

The median time of presentation to a
doctor was seven days after symptom
onset (range, 1-90 days), with a diag
nosis of pertussis made a median 21
days after onset (range, 4-70 days) (Box
1). Early presentation was significantly
more likely in non-smokers, with 52 of
the 58 non-smokers presenting within
14 days, compared with nine of the 15
smokers (90 % versus 60 %; Fisher's
exact P =0.01) . Diagnosis of pertussis
was also earlier in non-smokers, but the
difference was not significant; 33 non
smokers were diagnosed within 21 days
of symptom onset, compared with five
smokers (57% versus 33%; X~, P=0.10).

Use of health resources is shown in
Box 2. Participants reported a mean of
3.7 G P visits, 1.2 courses of antibiotics
and 0.7 courses of non-antibiotic pre
scription drugs. Although only two
subjects had previously diagnosed air
ways disease (asthma), 13 were pre
scribed metered aerosols, eight of which
were inhaled steroids.

Health system use

3.7 (3.3-4.2)
1.2 (1.0-1.5)
1.2 (1.0-1.3)
0.7 (0.5-0.9)

1.0 (0.8-1 .3)
0.1 (O.05--D2)
0.7 (0.5-1.0)
0.6 (0.3-0.9)

Genera l practitioner visits
Blood tests
Courses of antibiotics
Non-ant ib iotic prescri pt ions '
Course s of non-prescr iption
drugs

Specialist visits
Teleph one consultations
Chest x-rays

' Including metered aerosols such as inhaled
steroids.

Clinical features

2: Use of health resources by
adults notified with pertussis
(mean number per case and
95% en

At interview, 70 participants (96%)
reported that their "illness had
improved", but only 53 (73%) had
recovered completely. The median time
to subjective improvement was 44 days
(range, 3-165 days), although 20 par
ticipants (29 %) had not felt an improve
ment by 84 days.

Sixty-three participants (86 %)
reported that their cough had ceased by
the time of interview. For these 63, the
median length of cough was 60 days
(range, 3-150 days), with 61 (97 %)
coughing for 14 days or longer. Of the
10 still coughing, half had done so for
longer than six months.

Classic symptoms of pertussis were
common, with coughing paroxysms
reported by 60 participants (82 %; 95 %
CI, 73%-91 %), an inspiratory whoop at
some stage during the illness by 48
(66%; 95% CI, 55%-77%) and post
tussive vomiting by 45 (62%; 95 % CI,
51 %-73%). Sleep disruption was
reported b y 61 (84 %; 95 % CI,
75 %-92%), weight loss by 24 (33 %;
95 % CI, 22 %-44%), and loss of voice
by two (for 10 and 14 days, respec
tively). Other reported symptoms
included sore throat; fatigue/exhaustion;
being "sore all over"; sore ribs, chest
and back related to coughing;
headaches; and nasal congestion. More
specific complications were reported by
12 participants, including pneumonia
(4), urinary stress incontinence (4), pos
sible fractured ribs (2), subconjunctival

mated 23.5 % of current smokers in
Sydney' ? (z=0.42, P=0.7) .

I'll.

5

97'Yo95%

o

100

90

80

70

~ 60 52%
~50
'0
11- 40

30

20

10

2 3 4
Weeks aher cough began

• First presentation to doctor 0 Pertussis diagnosed

Ninety-three notified patients were
identified, and 76 completed the ques
tionnaire (13 could not be contacted
and four declined interview) . Three par
ticipants were excluded as they did not
report a coughing illness, leaving 73
completed questionnaires for analysis
(81 % response rate). For these 73, noti
fication was based on positive serologi
cal results (63), clinical illness (5),
isolation of B. pertussis from a clinical
specimen (2), and unknown (3).

The mean age of those interviewed
was 41 years (range, 20-83 years), with
a female to male ratio of 1.6. The 17
notified patients not interviewed did not
differ significantly in age from those
interviewed (mean age, 39 .5 years;
range, 20-83 years; t= 87, P=0.6),
and had a female to male ratio of 1.3.
Fifteen of those interviewed (21 % )
were current smokers, which was not
significantly different from the esti-

1: Cumulative relative frequency of time to
first presentation to a medical practitioner
and time 10diagnosis of pertussis.

Categorical data were compared using a
X2 statistic with Yates continuity correc
tion, or Fisher's exact test, as appropri
ate. Study group characteristics were
compared with the population distribu
tion using a normal approximation to
the binomial with continuity correction.
Continuous variables were compared
using Student's t test. A P value less than
0.05 was accepted as significant.
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3: Studies of pertussis morbidity in adults

Sweden3 Germany' UK5 Sydney

(1976-1978) (1992-1994) (1978-1981 ) (1997-1998)
(n= 174) (n=79) (n=80) (n=73)

Study population Culture-positive Household General Notified
contacts practice c ases

Median age in years (range) 35 (20-81) 33 (19-83) NO (16-79) 39.5 (20-83)
Se x ratio (male:female) 1:2.4 1:1.8 1:2.9 1:1.6
Median length of illness (days) 56 49 NO 60
Symptoms

Inspiratory whoop 129 (74%) 6 (8%) 1 (1%) 48 (66%)
Post-tussive vomiting 80 (46%) 33 (42%) 32 (42%) 45 (62%)
Coughing paroxysms NO 50 (63%) NO 60 (82%)

Antibiotic treatment
Any NO 31 (39%) 62 (78%) 66 (90%)
Erythromycin 80 (46%) 12 (15%) 38 (48%) 25 (34%)

Percentage of paid workers who 65% NO NO 71%
lost work days

UK = United Kingdom. NO = data unavailable.
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potentiation of pertussis in the commu
nity.14,15 Our study supports the notion
that pertussis causes substantial mor
bidity in adults, including prolonged ill
ness, increased use of health resources
and substantial time lost from work. As
criteria for notification of pertussis are
relatively uniform, application of west
ern Sydney morbidity data to Australia
as a whole seems reasonable. Extrapo
lation suggests that, in 1998, the 2260
pertussis notifications in people aged 20
years and over were associated with
about 15200 lost work days (95 % CI,
6200-27100),8400 GP visits (95% CI,
7400-9400) and 4300 prescriptions
(95% CI, 3600-4900) (Communicable
Disease Network Australia and New
Zealand, personal communication).

A fifth dose of pertussis vaccine
before school entry was introduced in
Australia in 1995. Unless this booster
has an impact on the high level of per
tussis notification in people aged over 10
years," a further dose of pertussis-con
taining vaccine will need to be consid
ered. This would probably be most
practically combined with the currently
recommended diphtheria-tetanus
booster at 15-19 years; 16 use of a per
tussis booster at 13 years was recently
reported in France.!? Pertussis-con
taining vaccines are currently licensed
for use only up to the age of nine years
in Australia . When vaccines suitable for
use in adolescents and adults become
available, our data will provide a useful
background for considering their use.

a third lost more than five work days
because of their illness and 10% lost
more than a month.

The severity of coughing symptoms
that we found in adult pertussis was sim
ilar to that reported in studies from
Sweden,' Germany! and Britain," but
the frequency of associated symptoms
differed widely (Box 3). A whoop was
reported by 67 % of Sydney cases, sim
ilar to Sweden (74 %), but contrasting
strongly with Britain (8%) and Germany
(1 %). These large differences are prob
ably due to more severe cases being
studied in Sweden (cultu re-positive
cases) and Sydney (notified cases) . In
the household contact (Germany) and
general practice studies (Britain), active
case finding probably led to cases of less
severe disease being included.

The high proportion of classic cases in
our study compared with the British and
German studies suggests significant
pertussis undernotification in western
Sydney, with notification limited to
cases with more readily recognisable
symptoms. However, this likely under
notification increases confidence in the
validity of our data as describing true
pertussis cases. Overall, while severe
cases may be over-represented in our
sample, the total burden of pertussis in
adults is likely to be underestimated.
Although inaccuracies in recall are pos
sible, this was clearly a memorable ill
ness, and many subjects were still
coughing when interviewed.

There is increased recognition of the
role adults play in transmission and
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Diagnostic testing and discharge coding for whooping cough 
in a children’s hospital
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2

 

Department of Immunology and 
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3

 

University of Sydney and 

 

4
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Objective:

 

To evaluate the diagnostic pathways for whooping cough in a large urban paediatric hospital to inform
assessment of the relative merits of notification and hospitalization data for measuring pertussis disease burden in Australian
children.

 

Methods:

 

All laboratory requests for 

 

Bordetella pertussis

 

 (BP) culture or serology between 30 June 1997 and 30 June
1999 were reviewed and cross-checked against discharge diagnoses with International Classification of Disease (ICD) codes
A37.0, 033.0 (whooping cough due to BP) or 37.9, 033.9 (whooping cough due to unspecified organisms). Culture-positive
(CP) cases were defined as a positive culture or polymerase chain reaction for BP. Culture-negative (CN) cases either
fulfilled the current Australian clinical case definition (

 

≥

 

14 days of cough with one or more of paroxysms, whoop, post-
tussive vomiting), or had a cough illness with either positive BP serology or documented contact with an individual coughing
for >14 days. In infants <6-months-old, a coughing illness with apnoea and negative investigations for other causes was also
accepted. Culture positive and CN cases were cross-referenced with notification data.

 

Results:

 

During the study period, laboratory tests for BP were performed in 677 children, of whom 230 were hospitalized
and 71 (31%) had an eligible ICD code at discharge; 29 were CP, 40 CN, and two (3%) were misclassified. A further 14 CP
children were not admitted. Although 61 hospitalized cases (88%) fulfilled notification criteria, including 32 (80%) of CN
cases, only 26 (90%) of CP and eight (20%) of CN cases were notified.

 

Conclusions:

 

Notifications substantially under-enumerate hospitalized infant cases, especially those without positive
laboratory tests. Hospital discharge data add significantly to surveillance for pertussis, particularly in infancy where most
severe cases occur.

 

Key words:

 

complications; hospitalization; notification; pertussis.

Despite the availability of vaccines for pertussis for more than
50 years, pertussis continues to cause significant mortality and
morbidity. During 1996–1997, four New South Wales (NSW)
infants

 

1

 

 and one Victorian infant died of pertussis, a mortality
of 0.03 per 100 000 population per year.

 

2

 

 All States and
Territories require medical practitioners to notify pertussis and
all except Western Australia also require laboratory notifica-
tion.

 

3

 

 However, notifications have been nationally collated
through the National Notifiable Diseases Surveillance Scheme
(NNDSS) only since 1990. It is known in Australia

 

4

 

 and the
USA

 

5

 

 that hospitalizations with International Classification of
Disease (ICD) codes for whooping cough

 

6,7

 

 are substantially
more numerous than notifications among infants. However,
few data are available to assess whether this discrepancy relates
to unreliability of discharge coding, poor notification by hospi-
tals or both. If valid, hospitalization data would be a valuable
means of comparing the incidence of pertussis between Aus-
tralian jurisdictions and internationally. This will be important
for tracking the impact of acellular vaccines on pertussis in
infants. The aims of the study were to evaluate whether a
hospital discharge diagnosis of whooping cough is likely to be
a valid measure of infant pertussis, to determine the proportion
of cases notified and to obtain contemporary data on pertussis
morbidity in hospitalized children.

 

METHODS

 

Cases were ascertained in two ways. First, children who had
any laboratory test for pertussis (culture, polymerase chain
reaction (PCR), or whole cell IgA serology) performed from 30
June 1997 to 30 June 1999 were identified from laboratory
records. The medical records of those who were discharged
with a diagnosis of whooping cough, including those classified
as due to 

 

Bordetella pertussis

 

 (BP) (ICD 9033.0, ICD 10 A37.0)
or to unspecified organisms (ICD 9033.9, ICD 10 A37.9)

 

6,7

 

were reviewed. Second, all discharge diagnoses of whooping
cough were cross-checked to ensure complete ascertainment
without duplication. The following data were obtained from
hospital records using a structured questionnaire: name, medical
record number, postcode, sex, date of birth, date of admission
and discharge, symptoms (whoop, post-tussive vomiting, par-
oxysms of cough, apnoea), documented contact with any
person who had a prolonged cough illness, prior treatment with
antibiotics, complications, and investigations (white cell count,
lymphocytes count, chest X-ray, immunofluorescence or culture
of nasopharyngeal aspirate for respiratory viruses).

Culture-positive (CP) cases were defined as identification of
BP by culture or PCR. Culture-negative (CN) cases were
accepted as probable if they fell into one of three categories.
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Hospital at Westmead, Locked Bag 4001, Westmead, NSW 2145, Australia. Fax: +61 2 9845 3082; email: Peterm@chw.edu.au
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Diagnostic testing and discharge coding 587

These were: (i) cough illness fulfilling the current Australian

 

4

 

and USA

 

8

 

 clinical case definition for pertussis (

 

≥

 

14 days cough
with at least one other symptom including paroxysms of
coughing, inspiratory whoop, and post-tussive vomiting without
apparent cause); (ii) other cough illness if there was supportive
evidence of BP infection (positive IgA whole cell serology,
documented contact with a close family member who had a
cough illness 

 

≥

 

14 days); and (iii) apnoea in infants <6-month-
old with negative investigations for other potential causes.
All cases in category (i) and those in category (ii) with
positive serology would meet current Australian surveillance
criteria

 

4

 

 for pertussis. As an additional validation step, 10% of
admissions with negative pertussis investigations and another
discharge diagnosis were randomly selected for review. Notifi-
cation status of cases was established by an authorised NSW
Health staff member (R. M.) who cross-checked with notifi-
cation records using name, address, and date of birth. The
Mann–Whitney 

 

U

 

-test test was used for statistical analyses.
The study was approved by the Children’s Hospital at West-
mead institutional ethics committee as a quality assurance
project.

 

RESULTS

Study population

 

One or more investigations were performed to identify BP in
677 children during the study period 30 June 1997 to 30 June
1999 (Fig. 1). There were 375 requests for BP culture, 373 for
serology and three for PCR. Of these, 447 were treated as
outpatients and 230 (34%) were admitted to hospital.

 

Verification of diagnosis

 

Among the outpatients, 14 (3%) had positive BP culture and 26
(6%) had positive BP serology (Fig. 1). Among the inpatients,
71 (31%) had at least one eligible ICD code at discharge. No
additional cases were identified from medical record review.

After excluding two cases with para-influenza virus type 3
(PIV 3) isolated after discharge that did not fulfill the clinical
case definition, there were 29 CP cases (2 PCR, 27 culture) and
another 40 who met the criteria for CN cases (Table 1). Of
these 40, two also had PIV 3 isolated several days after
discharge but met the clinical case definition. The first of these
was aged 1 month and had apnoea, whoop, lymphocytosis and
a history of exposure to a mother with a prolonged cough. The
second case was aged 5 months with a 4-week history of
paroxysmal cough and associated cyanotic episodes. Overall,
97% (69/71) of cases with a discharge diagnosis of pertussis
met the clinical case definition for this study and 88% (61/69)
fulfilled the Australian clinical criteria for pertussis notification.

 

4

 

The records of another 16 (10% of 159) inpatients with
alternate discharge diagnoses, but investigated for whooping
cough, were reviewed, of whom 14 had negative serology and
culture and one each had negative culture or negative serology
only. The discharge diagnoses were whooping cough due to

 

B. parapertussis

 

 (

 

n

 

 = 1), respiratory syncytial virus (RSV)
bronchiolitis (4), cytomegalovirus (CMV) infection (1), upper
respiratory tract infection (4), asthma (2), myocarditis (1),
pneumonia (1), and other respiratory infections with influenza
A (1) or PIV 3 viruses (1). None of these 16 cases fulfilled the
clinical case definition. The case with a discharge diagnosis of
whooping cough, due to 

 

B. parapertussis

 

, had a 2-week history
of cough with cyanosis but without other associated symptoms.
He was 3 months old, born at 28 weeks and had chronic lung
disease. 

 

Bordetella parapertussis

 

 was not isolated; he appears
to have been given this discharge diagnosis on the basis of a
pertussis-like illness.

 

Laboratory investigations

 

The extent of the laboratory investigations to identify potential
causative organisms was not uniform. Among the 29 CP cases,
41% (12) had whole cell IgA serology, 62% (18) had viral
cultures (1 poliovirus and 3 rhinovirus isolated) and 14% had
negative serology for mycoplasma (2) or chlamydia (2). One
infant was critically ill and had multiple investigations before

 

Fig. 1

 

Children with diagnostic
tests for pertussis – 1997–1999.  *see
text, 

 

†

 

parainfluenza virus isolated
after discharge and did not fulfil
study criteria.
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death. Among the 40 CN cases, 35 (88%) had BP culture, 26
(65%) had BP IgA whole cell serology, 26 (65%) had viral
immunofluorescence (2 PIV3 and 2 RSV identified), 23 (58%)
had viral culture (1 PIV 3, and 1 CMV isolated) and 8 (20%)
had serological tests for mycoplasma, chlamydia, or adeno-
virus. In total, five (13%) of 40 CN cases had one or more
viruses demonstrated.

Results of pertussis culture were available after a mean of
5 days, pertussis serology in 5.8 days and viral culture in 19
days. Of the 373 serological tests for pertussis whole cell IgA,
only 32 (9%) were positive, six in hospitalized children. The
six admissions were aged 14, 16, 18, 42, 74 and 142 months.
Overall, among 32 cases with BP serology, the mean age was
7.8 years (range 1.1–15.9 years) and serology was obtained
after a mean of 3.8 weeks of coughing illness (range 0.5–
8 weeks).

 

Seasonality and age distribution

 

There was a clear epidemic pattern, with 49% of the eligible
cases hospitalized in the first 6 months of the study period
(Fig. 2); 58% from the local area (western Sydney). The
proportion of cases notified did not vary between epidemic and
non-epidemic periods (Fig. 2). Half the cases occurred in spring
(September to November) and the proportion of CP cases did
not vary by season (Fig. 3). There was a slight excess of males
(55%) and 84% (58/69) of cases were <6 months old (Fig. 4).
The median age for CP (2.3 months) was significantly lower
than CN cases (3.5 months; 

 

P

 

 = 0.001).
The age distribution of hospitalized (Fig. 4) versus out-

patient cases (Fig. 5) and culture positive versus other cases
differed considerably. Of a total of 32 CP cases, 26 (81%) were
<4 months of age and 29 (91%) were hospitalized. Overall, 58
(84%) hospitalized cases were <6 months of age but only two
(5%) outpatients with laboratory-confirmed pertussis were
in this age group. The mean age of hospitalized cases admitted
to intensive care was 2 months, excluding one CP case who
was 10 years of age; the youngest intensive care admission was
23 days old.

 

Immunization status and coughing contacts

 

Documentation of immunization status was only available for
hospitalized cases (Fig. 6). In 86% (59/69) of hospitalized
cases, two or fewer doses of pertussis vaccine had been given
(Fig. 6) with 74% (51/69) having no or one dose. Only one CP
case received more than two doses.

Information regarding potential sources of pertussis infec-
tion was sparse. There was no documentation of laboratory
confirmed contact; some clinical notes documented that the
cough illness in one or more contacts was prolonged but did not
document associated symptoms. In 13 CP (45%) and 20 (50%)
CN cases, there was documented exposure to one or more
persons with cough (nine siblings only, eight parents only,
12 sibling/s and parent(s), five other relatives). Although the
contacts for 69% (9/13) of CP and 50% (10/20) of CN cases

 

Table 1

 

Criteria for diagnosis in culture negative cases (

 

n

 

 = 40)

Criteria

 

n

 

1

 

≥

 

14 days of cough positive with at least one characteristic symptom

 

†

 

15
and pertussis whole cell IgA serology 4
and contact with a person who had >2 weeks of cough 5
and apnoea if <6 month of age 6

2 Cough illness with positive IgA serology

 

‡

 

2
Cough illness and contact with person who had >14 days of cough 4

3 Apnoea and cough illness (<6 months of age) 4

 

†

 

Australian case definition is >14 days of cough with at least one of three associated symptoms (coughing paroxysms, whoop or post-tussive
vomiting). 

 

‡

 

Cough for <14 days with positive 

 

Bordetella pertussis

 

 whole cell IgA serology.

 

Fig. 2

 

Hospital admissions and notifications in Western Sydney,
( ) culture positive; (

 

�

 

) culture negative; (

 

�

 

) notification.

 

Fig. 3

 

Seasonality of hospital admissions, ( ) culture positive;
(

 

�

 

) culture negative.



 

Diagnostic testing and discharge coding 589

had the duration of their coughing illness documented as
>2 weeks, neither their age nor the duration of their illness prior
to onset of cough in the index case was recorded.

 

Clinical course

 

Paroxysmal cough was the most common symptom (61/69),
followed by cyanosis (52), post-tussive vomiting (37), inspira-
tory whoop (31) and apnoea (23). The mean duration of cough
prior to admission was 1.5 weeks in CP and 1.9 weeks in CN
cases. Apnoea occurred in 10 (34%) CP cases (mean age
1.9 months), and in 13 (33%) CN cases, of whom 10 were less
than 12 months of age (mean age 2.7 months).

Severe disease was more common in CP cases, with seven
intensive care admissions, including one death, compared with
two (5%) intensive care admissions in CN. Complications of
pertussis other than intensive care admission included rib
fracture

 

9

 

 (1), pneumonia (1), sleep apnoea (1), and cardiac
arrhythmias (2). The mean hospital stay was 6.5 days; signifi-
cantly longer in CP (median 7 days) than CN cases (median
4 days) (

 

P

 

 = 0.004).

 

Notification to public health authorities

 

Overall, 61 cases (88%) fulfilled notification criteria, but only
34 (56%) of these were notified. The proportion of hospitalized
cases notified to NSW Health differed significantly between
CP (90%, 26/29) and CN (20%, 8/40). Among CN cases
notified, six had a positive laboratory test (whole cell IgA
serology) and so would have been laboratory notifiable, sug-
gesting independent notification by clinicians in only 2/40 (5%)
of cases. Among the CP cases, 26/29 were coded as whooping
cough due to BP (ICD 033.0 or A37.0) and the only CN cases
so coded had positive serology. Thus, the code for BP appears
to have a high level of specificity for laboratory-confirmed
cases.

 

DISCUSSION

 

This study has raised a number of issues about the diagnosis
and notification of pertussis and pertussis-like illness in one
Australian paediatric hospital. Although diagnostic practice
may vary, particularly in hospitals with lesser access to labora-
tory services, these data are likely to be largely generalizable to
similar settings in Australia and other industrialized countries.
It is clear that first, the degree of laboratory investigation varied
substantially and second, cases diagnosed at discharge as
whooping cough but without laboratory confirmation were
seldom notified. Nevertheless, as measured by a standard
clinical case definition, including that for Australia

 

3,4

 

 and the
USA,

 

8

 

 misclassification of cases as pertussis by discharge
diagnosis was uncommon. As morbidity and mortality from
pertussis is concentrated among hospitalized infants,

 

10–12

 

 these
findings suggest that hospitalizations are likely to be a more
complete data source than notifications for comparing trends in
severe disease from pertussis across regions in one country or
between countries with similar hospitalization systems.

There are a variety of factors impacting on the complete-
ness of notifications for pertussis in infants and children.
The introduction of laboratory notification in Australian
jurisdictions except Western Australia, since the early 1990s,
is likely to have had a substantial impact on total notifica-
tions, as hospitals and medical practitioners are known to

 

Fig. 4

 

Age distribution of hospitalised cases, ( ) culture positive;
(

 

�

 

) culture negative.

 

Fig. 5

 

Age distribution of outpatients with laboratory-confirmed
pertussis, ( ) culture positive; (

 

�

 

) serology.

 

Fig. 6

 

Pertussis vaccination history of hospitalised cases by diagnos-
tic status, ( ) culture positive; (

 

�

 

) culture negative.
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under-report.

 

13,14

 

 In 1995, in the North Coast region of NSW,
of 341 cases of notified pertussis, 262 (77%) were notified by
laboratories, 62 (18%) by general practitioners and only 13
(4%) by hospitals.

 

13

 

 Reasons noted for poor notification by
medical practitioners in hospital or general practice include
poor understanding of the notification process and not feeling
comfortable notifying an unconfirmed case.

 

14

 

 This study con-
firms poor notification by clinicians: 91% (32/35) of those with
positive laboratory tests were notified, compared with 6%
(2/34) of cases without laboratory evidence of pertussis,
although 88% (61/69) of cases fulfilled clinical notification
criteria. Among CN cases, five (13%) had at least one virus
identified, some of which (RSV, PIV 3) may cause a pertussis-
like illness. If these cases are excluded, the specificity of
discharge diagnosis of pertussis is 90% (64/71).

This study has also highlighted variability in diagnostic
practice, which may have influenced discharge diagnosis. The
proportion of cases with a virus identified was similar between
CP cases (4/29, 14%), and CN cases with a discharge diagnosis
of whooping cough (5/40, 13%) and was higher in cases
investigated for pertussis but with another discharge diagnosis
(7/16, 44%). However, the nature of the viral isolates in CP
cases (rhinoviruses and poliovirus) differed from others (res-
piratory viruses and CMV). This difference is difficult to
interpret, as it is likely to be confounded by the younger age of
CP cases, but could reflect lesser diagnostic specificity in CN
cases. Furthermore, clinical diagnosis of pertussis is compli-
cated by the limited sensitivity of existing diagnostic tests and
the fact that other organisms such as adenovirus, parainfluenza
viruses, RSV, mycoplasma, and chlamydia may mimic pertus-
sis. In a recent German study, a significant number of children
with adenovirus infection fulfilled the clinical criteria for
pertussis.

 

16

 

 In the present study, no cases of adenovirus infec-
tion were documented.

Although one or more investigations for pertussis infection
were performed in 230 hospitalized children, there were only
34 discharge diagnoses of whooping cough without laboratory
confirmation. This suggests the exercise of substantial clinical
discretion as appropriate specimens for viral diagnosis were
obtained in two-thirds, and argues against a substantial propor-
tion of missed alternate diagnoses in CN cases. The relatively
low yield from diagnostic tests in clinical whooping cough also
gives confidence that cases seen in hospitals with lesser access
to laboratory services are unlikely to be misclassified. The use
of PCR is also important in this regard as specimens suitable
for PCR are much more readily transported than specimens for
pertussis culture.

 

15

 

 However, PCR was little used during the
study period.

Although not the primary focus of the study, the age
distribution, clinical features and morbidity among hospitalized
cases are also of interest. These are in keeping with the greater
effectiveness of pertussis vaccine in preventing severe as
opposed to mild disease.

 

10

 

 There are some exceptions to the
general pattern, with a small number of young CP infants
treated as outpatients and a small number of older children
hospitalized or requiring intensive care. Although this study,
because of its timing, would almost entirely relate to whole cell
vaccine, the results are in keeping with the findings of a recent
German study that two doses of acellular vaccine give good
protection against hospitalization for pertussis.

 

17

 

In summary, the data presented here suggest that hospitaliza-
tion data using cases coded at discharge as whooping cough is

sufficiently reliable for use in surveillance of trends in infant
pertussis, and is useful to track the impact of changes in
coverage and effectiveness of acellular pertussis vaccines.

 

17

 

This is important as the greatest morbidity occurs in this group,
as demonstrated again in this present study. Evaluation of the
impact of differing vaccination programs, nationally and inter-
nationally, will be facilitated by using hospitalised infants as
the primary comparator group.
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SUMMARY

Australia experienced a resurgence of pertussis in the 1990s despite improved vaccine coverage.

Although much of the increase was attributable to increased detection of cases in older persons

with waning immunity by serology, vaccine changes or alterations in circulating Bordetella

pertussis strains may also have contributed. We determined the frequency of variants of

B. pertussis pertactin ( prn), and pertussis toxin subunit 1 ( ptxS1) genes, restriction fragment

length polymorphism (RFLP) types and fimbrial serotypes prevalent in Australia prior to, and

during the 1990s. Ampoules of the whole-cell vaccine in use prior to 1999 and 84 B. pertussis

isolates stored between 1967 and 1998 by laboratories around Australia were analysed. One

pertactin allele, Prn3, not detected before 1985, was found in 24 out of 57 (42%) isolates between

1989 and 1998 (P<0.0001). PtxS1A was found in all isolates. IS1002 type 29, found in 17 out of

31 (55%) isolates tested, was the predominant RFLP type. The only difference in fimbrial

serotype distribution between the time-periods was an increase in serotype 3 (P=0.054). The

whole-cell vaccine contained only the alleles prn1 and ptxS1A. Antigenic shift in B. pertussis may

have contributed to the re-emergence of pertussis in Australia. Monitoring these trends will be

important as acellular vaccines are introduced and changes are made to pertussis vaccine

schedules.

INTRODUCTION

Australia, together with other industrialized countries

such as The Netherlands, Canada and the United

States, has experienced a resurgence of pertussis in the

past decade, despite improved vaccine coverage

(Fig. 1) [1]. In Australia, the crude pertussis notifi-

cation rate rose from 2.0 to 58.9 per 105 population

between 1991 and 1997 [2]. Notifications of pertussis

peaked in 1997, with 10 907 cases identified in that

year [1]. There has also been a shift in age-specific

incidence of pertussis, with an increase in the median

age of notification from 4 years in 1984 to 15 years in

1996 and 21 years in 1998 [3]. Until 1999, infants had

the highest pertussis notification rate. Since then the

highest notification rate has been in the 10–14 years

age group [4].

In highly immunized populations, apparent in-

creases in the incidence of pertussis may be related to

increased detection, an increase in the incidence or
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severity of B. pertussis infection, or both. Increased

detection may be through improved surveillance or

changes in diagnostic practice, while an increased in-

cidence could be related to the vaccine in use (changes

in vaccine quality or population coverage) or alter-

ations in circulating B. pertussis strains [5, 6]. In

Australia, a number of these factors may have con-

tributed to the increase in pertussis notifications.

First, surveillance of communicable diseases at

national level was enhanced by the introduction in

1991 of the National Notifiable Diseases Surveillance

System [2]. Second, and possibly most importantly,

a locally produced enzyme immunoassay for IgA

against whole-cell sonicated B. pertussis antigen

(BPIgA) became widely available in the early 1990s.

This coincided with most Australian jurisdictions

accepting laboratory notification of pertussis based

on a single high antibody titre. As BPIgA appears

to be specific for clinical pertussis, the incidence of

pertussis is unlikely to have been over-estimated by

acceptance of laboratory notifications [7].

Third, there is evidence of a real increase in per-

tussis disease in infants, which is seldom diagnosed

serologically. Throughout Australia, between 1995

and 2000, 10 infants died from pertussis including 6 in

1997; this is more than the total number of pertussis

deaths recorded inAustralia over the previous 20 years

[4]. Fourth, a significant increase in hospitalizations

coded as pertussis in people over the age of 15 years

during the 1990s, and not seen in younger age

groups, is less likely to be attributable to increased

serological diagnosis than notifications [8]. Together,

these developments suggest that a real increase in

pertussis activity has occurred, despite an increase in

vaccine coverage over the previous decade [9].

Changes in circulating B. pertussis strains have been

implicated in pertussis epidemics in The Netherlands,

with an increase in the proportion of cases in vacci-

nated children from 55% in 1989 to 85% in 1996,

in the presence of high whole-cell vaccine coverage

[10–12]. In Australia, a decrease over time in the

effectiveness of the local whole-cell pertussis vaccine,

in use since the 1950s, may also have contributed to

increased pertussis incidence, related to a mismatch

between vaccine and circulating strains. In this study,

we investigated whether similar changes in circulating

B. pertussis strains to those seen in The Netherlands

were temporally associated with the re-emergence of

pertussis in Australia.

METHODS

Study population

No systematic collection of B. pertussis isolates was

available for examination. A total of 84 B. pertussis
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isolates were identified by laboratories in urban

centres in the five largest Australian states: Perth

(Western Australia), 14; Brisbane (Queensland), 22;

Melbourne (Victoria), 11; Adelaide (South Australia),

10; Sydney and Newcastle (New South Wales), 27.

The years of isolation ranged from 1967 to 1998.

Isolates were forwarded to the National Centre for

Immunisation Research and Surveillance of Vaccine-

Preventable Diseases (NCIRS), Sydney, Australia

for transport as a batch to the National Institute

for Public Health and the Environment (RIVM),

Bilthoven, The Netherlands. B. pertussis strains used

for the manufacture of the whole-cell pertussis

vaccine in use in Australia were not available for

analysis, so ampoules of the whole-cell diphtheria,

tetanus, pertussis (DTP) vaccine in use in Australia,

manufactured by the Commonwealth Serum Labora-

tories (CSL Ltd, Melbourne), were sent to RIVM.

Microbiological methods

B. pertussis strains were grown on Bordet–Gengou

(BG) agar (Difco Catalogue no. 0048-17-5, Detroit,

MI, USA) supplemented with 1% glycerol and 15%

sheep blood at 35 xC for 3 days.

DNA extraction, PCR amplification and sequencing

The method of DNA extraction from fresh cultures of

B. pertussis, primers, PCR protocols and sequencing

methods have been described previously [5]. PCR

was performed directly on freeze-dried isolates that

could not be subcultured and on the DTP vaccine

formulation. PCR fragments were purified with a

Qiaquick (Qiagen) PCRpurification kit and sequenced

on both strands using the amplification primers in

combination with internal primers. Sequence re-

actions were carried out with an ABI PRISM Dye

Terminator Cycle Sequencing Ready Reaction kit

and the products were analysed on a model 373

or 377 ABI DNA sequencer (PerkinElmer Applied

Biosystems).

Pertactin ( prn) gene PCR

Approximately 400 base-pair (bp) fragments of two

previously identified repetitive regions of the prn gene,

designated 1 and 2 [5], were chosen for sequencing.

The repeat regions 1 and 2 comprise 70 and 40 bases

respectively. As variation is usually restricted to

region 1, this region was sequenced in all strains

whereas region 2 was sequenced in 1 of 7 strains. The

novel prn allele identified was sequenced completely.

PtxS1 subunit of pertussis toxin gene PCR

The ptxS1 subunit of the pertussis toxin gene was

sequenced in its entirety. Two novel alleles, ptxS1F,

ptxS1G, were submitted to the EMBL bank.

IS1002 DNA fingerprinting

IS1002-based DNA fingerprinting was performed as

described previously by digesting chromosomal DNA

with SmaI [11]. Samples were analysed on agarose

gels (Pulse Field Certified; Bio-Rad, Hercules, CA,

USA), and transferred to Hybond N-membrane

(Amersham Pharmacia Biotech, Bucks., UK) using

standard DNA blotting techniques. A 293 bp IS1002

probe was used for hybridization. Labelling of the

probe with peroxidase and detection of hybridizing

bands was performed according to the instructions

of the Enhanced Chemiluminescence Gene Detection

System (Amersham Pharmacia Biotech). Exposed

films were scanned at 190 dpi (HP Scanjet IIcx/T;

Hewlett-Packard, Foster City, CA, USA). Films were

analysed using Bionumerics software (AppliedMaths,

Sint-Martens-Latem). Assignment of IS1002 finger-

print patterns to similarity groups was performed

by the calculation of pair-wise similarities using the

Dice coefficient and cluster analysis with the UPGMA

algorithm.

Serotyping

On a grease-free slide, bacterial colonies were emulsi-

fied in a drop of in-house Fim2 or Fim3 polyclonal

rabbit antiserum, after which agglutination was de-

termined macroscopically. To test for autoaggluti-

nation the drop of serumwas replaced by physiological

saline.

Data analysis

Differences in the proportions of prn types, ptxS1

types, IS1002 restriction fragment length poly-

morphism (RFLP) types and serotypes between two

time-periods (before and after 1989) were calculated

using Fisher’s exact test (two-sided). These two time-

periods were chosen because of the observed increase

in pertussis incidence in the 1990s and the time-

periods for available isolates (1967–1985 and 1989–

1998).
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RESULTS

Geographic and demographic patterns of B. pertussis

isolates

Eighty-four B. pertussis strains were examined for one

or more of pertactin type, pertussis toxin S1 type,

serotype and IS1002 type (Table 1). Strains were a

non-random, representative selection from each of

the years and cities. The geographic distribution of the

B. pertussis strains submitted is shown in Figure 2.

Demographic data were available for only a min-

ority of patients. Of these, 15 out of 34 (44.1%) were

aged less than 6 months, 12 out of 22 (54.5%) were

female and 6 out of 9 (66.7%) had received no im-

munizations. It is likely that most isolates came

from infants and children, as a number of the refer-

ring laboratories (Perth, Adelaide, Melbourne and

Sydney) service paediatric hospitals. All B. pertussis

isolates originating from Melbourne, Brisbane and

Newcastle were from 1989 onwards.

Pertactin types

The Australian whole-cell vaccine formulation con-

tained the prn1 allele, in common with most whole-

cell vaccines analysed [5]. Four prn types (prn1, prn2,

prn3 and prn11) were identified among B. pertussis

strains isolated between 1967 and 1998. Prior to 1989,

prn1 was the most common (21/26 isolates, 81%) with

no prn2 or prn3 identified.

A novel type, prn11, which had not been detected

elsewhere previously, was found in 5 out of 26 isolates

(19%) prior to 1989. Both regions (1 and 2), and the

complete gene from one isolate, were fully sequenced

and the sequence submitted to EMBL (accession no.

AJ507642). Variation was limited to region 1, as

observed with most prn variants [13]. Two of the five

isolates with the prn11 allele had identical IS1002,

ptxS1 and serotype. Since all were from Perth and

isolated in the same year (1982), it is likely that they

were epidemiologically related.

Among isolates from 1989 onwards, 24 out of 57

(42%) contained prn3, not detected prior to 1985.

Of these 24, 10 (42%) originated from one centre

(Brisbane). The increase in the proportion of isolates

containing prn3 and decrease in the proportion

of isolates containing prn1 between the periods

1967–1985 and 1989–1998, was highly significant

(Table 2). As inclusion of isolates from geographic

areas not represented in both time-periods may have

introduced bias, an analysis restricted to the 24

isolates from Perth, Adelaide and Sydney (centres

represented in both time-periods) was performed. In

this sub-group, the proportion of isolates containing

prn3 in 1989–1998 remained significantly higher

than in 1967–1985 (10/24 vs. 0/26, P=0.003, Fisher’s

exact test).

Pertussis toxin S1 type

The Australian whole-cell vaccine formulation con-

tained the ptxS1A allele, as did almost all (92%) of

the 62 B. pertussis isolates examined for pertussis

toxin S1 type. Two novel ptxS1 alleles were identified,

ptxS1F and ptxS1G and submitted to the EMBL

bank (accession nos. AJ506994 and AJ506995 re-

spectively). As both these alleles contained silent

mutations relative to ptxS1A [5], the predicted pro-

tein encoded by all three alleles would be identical, so

all strains analysed produced a protein identical to

PtxS1A.

Serotypes

In the first period, from 1967 to 1985, serotype 2

predominated, being present in 9 out of 15 (60%)

strains analysed, with serotypes 3 and 2,3 found in

5 (33%) and 1 (7%) of the strains respectively. After

1989, there was an increase in the proportion of

serotype 3 isolates, from 5 out of 15 (33%) to 9 out

of 12 (75%) strains (Table 2).

Table 1. Proportion of B. pertussis isolates typed in each time-period

Time-period

Isolates
typed
(any method)

Isolates
typed
for prn

Isolates
typed
for ptxS1

Isolates
serotyped

Isolates
RFLP typed
(IS1002)

1967–1985 26 26 19 15 16
1989–1998 58 57 43 12 15

Total 84 83 62 27 31
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IS1002 types

Of the 31 isolates that were DNA-typed using IS1002-

based RFLP, 17 (54.8%) were IS1002 type 29, which

was predominant in both time-periods, 1967–1985

and 1989–1998. IS1002 type 55 was the next most

frequent type (five isolates, 16%) (Table 3).

DISCUSSION

In Australia, CSL Ltd first manufactured whole-cell

pertussis vaccines in 1920. Although no trials were

conducted for whole-cell vaccine efficacy in children

in Australia [2, 14] mass vaccination using a DTP

combination commenced in the early 1950s and was

followed by a dramatic reduction in the numbers of

notified cases [1–4]. Pertussis was not notifiable in all

jurisdictions in the Australian federation until 1991,

but data from South Australia showed low rates of

notification over the intervening period (Fig. 1) [3].

In 1978–1979, there was a change in the vaccine

schedule, with the removal of the fourth dose at 18

months due to concern about adverse effects. This

dose was subsequently reintroduced in 1985, after

Perth
pre-1989 = 6 (23.1%)
1989–1998 = 8 (13.8%)
Total isolates = 14 (16.7%)

Adelaide
pre-1989 = 6 (23.1%)
1989–1998 = 4 (13.8%)
Total isolates = 10 (11.9%)

Melbourne
pre-1989 = 0
1989–1998 = 11 (19.0%)
Total isolates = 11 (13.1%)

Sydney / Newcastle
pre-1989 = 14 (53.8%)
1989–1998 = 13 (24.1%)
Total isolates = 27 (32.1%)

Brisbane
pre-1989 = 0
1989–1998 = 22 (38.6%)
Total isolates = 22 (26.21%)

Fig. 2. Origin of Australian B. pertussis isolates from 1967 to 1999 (n=84) (pre-1989, 26 ; 1989–1998, 58).

Table 2. Characteristics of B. pertussis strains from time-periods 1967–1985 and 1989–1998 by prn type,

ptxS1 type and serotype

Time-period

Isolates

typed*

prn1$

n (%)#

prn2

n (%)#

prn3·

n (%)#

prn11

n (%)#

ptxS1A

n (%)#

Serotype 2

n (%)#

Serotype 2,3

n (%)#

Serotype 3k
n (%)#

1967–1985
n/total 26 21/26 0/26 0/26 5/26 19/19 9/15 1/15 5/15
(%) (81%) (0%) (0%) (19%) (100%) (60%) (7%) (33%)

1989–1998

n/total 58 27/57 6/57 24/57 0/57 43/43 3/12 0/12 9/12
(%) (47%) (11%) (42%) (0%) (100%) (25%) (0%) (75%)

Total 84 48 6 24 5 62 12 1 14

* Total isolates typed by any method.
# Percentage of each specific type (prn, ptxS1A, serotype) in each time-period.

$ P=0.005, comparing proportions of isolates containing prn1 in 1967–1985 with 1989–1998.
· P<0.0001, comparing proportions of isolates containing prn3 in 1967–1985 with 1989–1998.
k P=0.054, comparing the proportion of serotype 3 isolates in 1967–1985 with 1989–1998.
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concern about increased cases in young children. A

fifth dose for children aged 4–5 years was introduced

in 1994 [1, 14]. The isolates in this study predate

acellular pertussis vaccines, which first became avail-

able in Australia in 1997. Acellular pertussis vaccines

replaced whole-cell vaccines in the national immuniz-

ation schedule for the fourth and fifth booster doses in

1998 and for primary pertussis vaccination in 1999.

There were major increases in DTP vaccine cover-

age in Australia during the decade 1985–1995 [9].

In 1983, national coverage for three or more doses

of DTP in children aged between 2 and 5 years was

estimated to be only 34% [15]. By 1989, this had

increased to 70% of children aged between 0 and 6

years and by 1995, to 87% of children aged between

7 and 24 months [9, 16]. The only recent estimate of

the effectiveness of the Australian whole-cell vaccine

in infants is 91% (95% CI 86–94), falling to 78%

among the 9–13 years age group, comparable to simi-

lar screening method estimates of whole-cell pertussis

vaccine effectiveness in other countries [17]. These

data suggest that the increase in pertussis notifications

seen in the 1990s is unlikely to be explained completely

either by decreased pertussis vaccine coverage or by

major inefficacy of the locally manufactured whole-

cell vaccine. However, it is possible that vaccine effec-

tiveness could have diminished compared to historical

levels, as no earlier estimates are available.

Direct sequencing of PCR products revealed that

the Australian whole-cell vaccine contained prn1 and

ptxS1A. Some other whole-cell vaccines analysed also

contained Prn1 [5, 18–21]. However, other whole-cell

vaccines, with the exception of the UK vaccine, dif-

fered from the Australian vaccine in that they con-

tained ptxS1B or ptxS1D [18–20], pertussis toxin

types not detected in any of the Australian isolates.

Among the strains examined in this study, prn3,

a prn variant not present in the whole-cell vaccine

used for primary childhood immunization, appeared

between 1985 and 1989. It was found in approxi-

mately 40% of strains after 1989 and was not con-

fined to any one geographic area. In Europe, prn2

preceded prn3 and is the predominant prn type in

most countries. However, prn2 was not identified in

this sample of Australian isolates until 1996.

An analysis of B. pertussis strains from The

Netherlands from 1949 to 1996 found that the marked

increase in the incidence of pertussis was preceded by

the emergence of strains with altered prn and ptxS1

[5]. In contrast to The Netherlands, neither a com-

prehensive panel of isolates nor complete longitudinal

notification data for pertussis were available in

Australia during the whole study period. By 1990,

non-vaccine prn types and ptxS1 types were found in

80% of strains in The Netherlands, suggesting selec-

tion by vaccination, possibly resulting in reduced

vaccine efficacy [5]. In The Netherlands, prn2 and prn3

were first detected in 1981, and reached predominance

in 1992. However, notifications did not rise dramati-

cally until 1996.

Prn3 was first detected in 1989 in Australia, and

as in The Netherlands, notifications of pertussis did

not rise dramatically until a few years later (1993).

Although a decrease in vaccine efficacy would not

result immediately in a pertussis epidemic, as it takes

time for the susceptible population to reach a critical

level, increased notifications were most prominent

in older children and adults [1]. This suggests that

waning vaccine-induced immunity and poorer his-

torical pertussis vaccine coverage are also factors in

the resurgence of pertussis in Australia. Now that

acellular vaccines have replaced whole-cell vaccines

in the Australian immunization schedule, the identi-

fication of circulating prn variants may be more

Table 3. Characteristics of B. pertussis strains from time-periods 1967–1985 and 1989–1998 by IS1002 type

Time-period
Isolates typed
by RFLP

IS1002
type 12

IS1002
type 19

IS1002
type 29*

IS1002
type 33

IS1002
type 35

IS1002
type 55

IS1002
type 83

1967–1985

n/total 16 2/16 2/16 10/16 2/16 0/16 0/16 0/16
(%) (13%) (13%) (63%) (13%) (0%) (0%) (0%)

1989–1998
n/total 15 0/15 1/15 7/15 0/15 1/15 5/15 1/15

(%) (0%) (7%) (47%) (0%) (6%) (33%) (6%)

Total 31 2 3 17 2 1 5 1

* P=0.479, comparing proportions of isolates containing IS1001 type 29 in 1967–1985 with 1989–1998.
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important, as acellular vaccines contain only a restric-

ted range of antigens.

A novel prn type (prn11) was found in five strains

from one geographically isolated region (Western

Australia) in one year (1982). As observed with most

other prn types, variation was restricted to region 1.

Prn11 was not detected in any other region or time-

period. Among other pertussis antigenic variants,

ptxS1A (100% of isolates tested) was predominant.

PtxS1A also dominates in Europe and was present in

88% of Dutch isolates from 1990 to 1996 [5] and 98%

of clinical isolates from the United States from 1996

to 1999 [22]. IS1002 type 29 (55% of isolates tested)

was the predominant chromosomal variant, while

IS1002 types 29 and 35 are also prevalent in The

Netherlands [11].

Although only small numbers of isolates were

serotyped, the only notable difference in serotype

distribution between 1967–1985 and 1989–1998 was

an increase in serotype 3 after 1989. An earlier study of

252 Australian field strains and 33 strains used for the

production of vaccines from 1950 to 1970 also found

changes over time in serotype composition. In early

1964 (when vaccines were low in serotype 1,2 antigens)

an upsurge of field isolates of these serotypes was ob-

served. Following a change in vaccine composition in

mid-1964 to include serotype 1,2 strains, the number of

serotype 1,2 field isolates fell [23]. However, strains

isolated between 1981 and 1990 also demonstrated

predominance of serotype 1,2 until 1987, followed by

serotype 1,3 predominance from 1987 to 1990 [14].

The apparent relationship between characteristics

of B. pertussis populations and the effectiveness of the

different vaccine schedules and vaccines has varied

between countries [6]. Large numbers of pertussis

notifications in Poland in 1997 and 1998 led to the

analysis of clinical isolates. Prn2 and prn4 appeared

after 1995 and vaccine-type pertussis toxin (ptxS1B)

was replaced by ptxS1A [20]. Finland has a pertussis

vaccination history similar to The Netherlands, with a

long period of very high population coverage and a

schedule comprising four doses. Despite the pre-

dominance of non-vaccine type prn, there was no

evidence of an increase in incidence of pertussis to the

extent found in The Netherlands [18]. Similar findings

have been observed in France [24].

In the United Kingdom, which has a high vacci-

nation coverage and a low incidence of pertussis, iso-

lates from 1920 to 1999 were analysed. The emergence

of non-vaccine variants of prn (prn2 and prn3) from the

1980s onwards was demonstrated. Compared to

Finland and The Netherlands, the frequency of the

vaccine-type prn (prn1) was much higher (y50%) in

the 1990s [21]. In Italy, a country with low vaccine

coverage, four prn variants (prn1, prn2, prn3 and prn5)

were found in clinical strains and prn1 was present

in vaccine strains. The frequency of the prn1 variant

was lower in vaccinated than unvaccinated cases of

pertussis [19].

In the United States, analysis of clinical B. pertussis

isolates demonstrated a shift in prn variants (the

emergence and subsequent predominance of prn2 and

ptxS1A from the 1970s) in the setting of an increased

incidence of pertussis amongst adolescents aged

10–19 years. However, because of the large number

and diversity of vaccines available, evaluation of the

components of whole-cell vaccine and comparison

with clinical isolates was not possible [22]. Thus, the

emergence and predominance of new or non-vaccine

prn and ptxS1 variants in clinical isolates has not been

uniformly accompanied by an increased incidence of

pertussis.

The limitations of this study include the lack of

patient data (age, sex and immunization status) for

isolates and the opportunistic nature of the sample of

strains available for typing. However, the change in

pertactin-type distribution was striking and remained

significant when restricted to regions with strains

available from both time-periods. Importantly, the

presence of pertactin antibodies has been shown to

have a significant role in protection against infection

with B. pertussis [25, 26].

In conclusion, there is evidence of an antigenic shift

in B. pertussis strains over the past 30 years in

Australia, similar to other countries with long-stand-

ing whole-cell vaccine use. Although there is evidence

of a real increase in pertussis, as in other countries,

there is no direct relationship between this and the

timing of strain changes. While difficult to disentangle

from other factors, a progressively increasing mis-

match between circulating strains and those in the

whole-cell vaccine then in use may have contributed to

this increase. It will be important to maintain mol-

ecular surveillance of prevalent pertussis strains, along

with standard disease surveillance, in the context of

the recent major changes to the available vaccines and

schedules of vaccine administration in Australia.
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SUMMARY

Culture for Bordetella pertussis (B. pertussis) is the traditional gold standard for laboratory

diagnosis of pertussis but is insensitive, especially later in the course of illness and in vaccinated

persons. Interpretation of serology is limited by the lack of an appropriate reference standard. An

outbreak of pertussis in a crowded boarding-school dormitory allowed evaluation of laboratory

correlates of infection. Questionnaires, serum samples and throat swabs were collected from

members of the exposed group. Serum samples from unexposed controls of a similar age group

were used for comparison. B. pertussis PCR was performed on throat swabs, and sera were tested

for IgA antibodies against whole-cell (WC) B. pertussis antigen and IgG antibodies to pertussis

toxin (PT). The Centers for Disease Control and Prevention definition for pertussis was used to

define clinical cases. We evaluated the use of a previously published cut-off for PT IgG of 125

EIA units (EU)/ml. Completed questionnaires were obtained from 115 students, of whom 85

(74%) reported coughing symptoms, including 32 (28%) who met the clinical case definition for

pertussis. B. pertussis was detected by PCR in 17 (15%) and WC IgA in 22 (19%) students ;

neither correlated with symptoms, but dormitory of residence strongly predicted PCR status. The

mean PT IgG geometric mean concentration, in this situation of high pertussis exposure,

correlated with severity of symptoms and was significantly higher in both symptomatic and

asymptomatic children exposed during the outbreak (P<0.001) than in control children. A

cut-off for PT IgG of 125 EU/ml was too high in an outbreak situation to be sensitive enough to

identify pertussis cases. A case of pertussis in a crowded boarding-school dormitory resulted

rapidly in an outbreak. Serology and PCR were useful in identifying the outbreak and

commencing disease control measures. The use of serology has mostly been evaluated in

community serosurveys, where it is not possible to determine if immunity reflects vaccination,

asymptomatic disease or symptomatic disease. This outbreak gave us the opportunity to evaluate

the value of serology and PCR in the presence of confirmed exposure to pertussis.

INTRODUCTION

Diagnosis of pertussis is problematical, particularly

in adolescents and adults in whom symptoms are
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atypical and presentation is often delayed [1–4].

Culture of Bordetella pertussis is the traditional gold

standard for diagnosis, but is less sensitive in older

children and adolescents than in infants because

of delayed presentation and previous immunity.

Detection of B. pertussis DNA by polymerase chain

reaction (PCR) partially overcomes these problems

but also has limited sensitivity, especially with late

presentations [5]. Serology is increasingly used to di-

agnose pertussis in older age groups, but cannot dis-

tinguish reliably between natural and vaccine-induced

immunity. Delay in diagnosis also limits the utility of

paired sera to detect an antibody rise.

Both natural immunity and vaccination result in

protection for a limited period of time [6]. Exposure to

B. pertussis is generally believed to be frequent, with

associated boosting of antibody levels. However,

detection of elevated titres to one or more pertussis

antigens, most commonly pertussis toxin (PT) in sero-

epidemiological studies may have limited correlation

with symptom severity [7–10].

A pertussis outbreak in a boarding school for boys

with an enrolment of over 900 students, in Sydney,

Australia, and a contemporaneous serological study

in a population of similar age without known per-

tussis exposure, offered an opportunity to examine

many of these issues. The boys were living in a crow-

ded dormitory, such that exposure to B. pertussis

from coughing residents over the period prior to in-

vestigation was assumed to be universal. The control

students, of similar age, were participants in a vaccine

trial from other schools.

The aim of our study was to describe the outbreak

and examine the performance of various diagnostic

tests for pertussis, in the context of uniform, extensive

exposure to B. pertussis and to compare serological

parameters with an age-matched control group.

METHODS

Outbreak investigation

The first pertussis case in a year 8 student in the

boarding school was notified on 10 November 2000

and three more suspected cases, also in year 8, were

notified on 20 November. A subsequent outbreak

investigation showed that the majority of cases were

among year 8 students, aged 13–15 years, with the

suspected index case developing symptoms on 10

October 2000. The detailed outbreak investigation

was confined to year 8 boarders, as there were few

cases outside of this group. Erythromycin prophylaxis

was initially given only to close friends of and stu-

dents in neighbouring beds to affected students, but

was extended to all year 8 students over the period

27–30 November. Pupils were asked to complete a

written questionnaire and a throat swab and blood

sample were taken at the same time. A second blood

sample was taken 3 months later.

The Centers for Disease Control and Prevention

(CDC) case definition for pertussis [11] was used to

define a clinical case. This definition requires o2

weeks’ cough plus one or more of : paroxysms, or

post-tussive vomiting, or inspiratory whoop (without

any other cause), or epidemiological link to a labora-

tory-confirmed pertussis case. Children who had a

cough but did not meet the CDC definition were

also counted in the epidemic curve, as they are

likely to be true cases in the context of a confirmed

outbreak.

Survey

An initial questionnaire was administered to all

students on 23 November, asking about socio-

demographic details, cough symptoms in the past

4 weeks, exposure to students with cough, dormitory

and study arrangements within the boarding school,

past medical history and vaccination history.

Students were asked to complete the questionnaires

themselves, but received assistance from public health

nurses if necessary. As the school closed for the

extended summer vacation on 7 December, a follow-

up questionnaire addressing the resolution of the

cough, side-effects of erythromycin and childhood

immunization status was sent to parents in mid-

December 2000. Parents were asked to consult official

immunization records if possible. Parental recall of

immunization history was poor, with a response of

‘unknown/immunization record not available ’ in

60% (73/122) of cases. Therefore, immunization

history was obtained from school records.

Laboratory tests

Written, informed consent was obtained from all

parents or guardians. A team of doctors and nurses

visited the school and collected throat swabs and

10 ml of blood from the students on 23 November

2000. A second visit was made on 9 March 2001 to

collect convalescent sera.

Children aged 12–14 years participating in a

separate study of cough prevalence, combined within
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a hepatitis B vaccine immunogenicity study [12], were

used as community controls. This study involved a

convenience sample from four secondary schools in

Sydney of 440 high-school students, whose mean age

was 13¡0.4 S.D., comparable to the outbreak popu-

lation. Sera were collected in November 2000, and

parents completed a questionnaire concerning cough

history in the previous 12 months and pertussis

immunization history.

Serology

IgA against whole-cell pertussis antigen (WC IgA)

Sera were tested for IgA, using B. pertussis IgA

ELISA kit (PanBio, Australia, catalogue no. BPA-

300), in which the antigen is an extract of WC B.

pertussis. The manufacturer’s instructions were fol-

lowed. Test and control sera were diluted 1:100. Cut-

off calibrators were tested in triplicate. After addition

of reagents, incubation and washing, results were

calculated by dividing the optical density (OD) of the

serum by the mean OD of the cut-off calibrator, and

multiplying this by 10. Interpretation, according to

manufacturer’s recommendations, was as follows:

<9 units negative, ‘no evidence of recent infection’,

repeat after 7–14 days;>11 units positive, ‘ suggests a

recent infection’ ; 9–11 units equivocal. Any equivocal

results, which are uncommon, were repeated and

classified as positive, negative or equivocal, according

to the result of the second test.

IgG against pertussis toxin (PT IgG)

PT IgG levels were measured at the University of

Palermo, Italy, by enzyme-linked immunosorbent

assay (ELISA), which is a standardized assay for

pertussis within the European Sero-Epidemiology

Network (ESEN) [13, 14]. Due to cost and other

logistic issues, not all serum samples could be

tested. A random, blinded selection of 95 out of 114

initial samples and 38 out of 56 paired samples

were tested.

Polymerase chain reaction (PCR)

Throat swabs were taken from all students who

completed the first questionnaire on 23 November for

pertussis PCR testing, at the Centre for Infectious

Diseases and Microbiology, Institute of Clinical

PathologyandMedicalResearch,WestmeadHospital,

Australia. Throat swabs were processed using the

Roche Respiratory Specimen Preparation Kit (Roche,

Basel, Switzerland; catalogue no. 0756903) according

to manufacturer’s instructions. Samples were stored at

x20 xC prior to testing. PCR was performed using

primers described by Glare et al., which target a

repetitive sequence in B. pertussis and generate a

153 bp amplicon [15]. The single amplification PCR

conditions were optimized in-house. Final concen-

trations of reagents in the reaction mix were: 10 mM

Tris–HCl (pH 8.3) ; 50 mM KCl; 1.5 mM MgCl2 ;

0.01% gelatin ; 100 mM dNTPs; 200 nM BP1 and BP2

primers; 1.0 U AmpliTaq Gold DNA polymerase

(PerkinElmer, Mulgrave, Victoria, Australia). The

thermal profile for the reaction was: 95 xC for 10 min,

followed by 50 cycles of 96 xC for 10 s, 63 xC for 1 min

and 72 xC for 30 s with a final extension step at 72 xC

for 5 min. Controls for monitoring specimen in-

hibition (50/50 mixture of positive control and speci-

men), episodes of contamination and assay sensitivity

were included in each assay. Amplicons were ident-

ified using agarose gel electrophoresis and ethidium

bromide staining. An amplicon of exactly the same

length to that of the positive control was read as a

positive result.

Data analysis

On the basis of the information provided in the

questionnaires, pupils were placed into one of three

clinical categories : those with no cough; those who

satisfied the US CDC clinical case definition for per-

tussis ; and those reporting a cough but not meeting

the case definition [16]. The CDC clinical case defi-

nition for pertussis is cough for 14 days or longer,

accompanied by one or more of bouts of coughing,

post-cough vomiting or inspiratory whoop. For the

purpose of the analysis, individuals who reported they

were still coughing at the time of the second ques-

tionnaire were assumed to have stopped coughing on

that day.

Serological results (for PT IgG) were transformed

using log to the base 10, and geometric mean con-

centration (GMC) [with 95% confidence interval

(CI)] was used as measure of central tendency. As the

distribution of serological results remained non-

normal after log transformation, non-parametric

statistical tests were used. The Kruskal–Wallis H test

was used to test the statistical significance of differ-

ences between PT IgG GMC in the three clinical cat-

egories. The Mann–Whitney U test was used to test

the statistical significance of differences between PT
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IgG GMC of the symptomatic and asymptomatic

groups. Wilcoxon matched-pairs signed rank sum was

used to test the statistical significance of differences in

PT IgG GMCs between paired serum samples.

The statistical significance of differences in pro-

portions was tested using a x2 test or Fisher’s exact

test if any cells in 2r2 tables had an expected

frequency of <5.

A cut-off of 125 EIA units (EU)/ml of PT IgG was

used todefine recent pertussis infection, as describedby

De Melker et al. [17]. De Melker found that a single

sample of anti-PT IgG of >125 Italian EU/ml was

indicative of recent (within 6 months) infection with

B. pertussis. Because both de Melker’s study and ours

used the ESEN standardized assay, the value of this

cut-off can be compared directly between the two

studies.

Univariate and multivariate logistic regression

analysis (Egret software [18]) was used to determine

predictors of meeting the CDC clinical case definition

for pertussis.

RESULTS

The first four reported cases were all boarders in a

relatively crowded dormitory. There were 122 boy

boarders in three dormitories, all aged between 13 and

15 years (median 14.2 years). The close proximity of

beds in the dormitories is illustrated by Figure 1.

Completed questionnaires were obtained for 115 out

of 122 boys (94%). All students boarded for at least

two nights per week in one of three 30- to 40-bed

dormitories with 75 out of 115 (65%) boarding seven

nights a week. The index case and the other three

reported cases boarded in Dormitory A.

A throat swab (for PCR) was obtained from 114

out of 115 boys, at least one blood sample was tested

in 95 out of 115 and paired blood samples were tested

in 31% (38/122).

The epidemic curve is shown in Figure 2. The

first case occurred on 10 October, and the peak of

cases was in November. Of the 115 who completed

questionnaires, 74% (85/115) reported coughing

symptoms over the period covered by the two ques-

tionnaires. The overall mean duration of coughing

symptoms was 13 days, and 32 individuals (28%) met

the clinical case definition for pertussis. Of these, 15

students were in Dormitory A, and nine and eight

students respectively in adjacent dormitories B and C.

The median interval from onset of coughing symp-

toms to first serum specimen was 19 days (range 2–41

days). The median interval from onset of symptoms to

second serum specimen was 113 days (range 100–134

days).

There was no significant association between fulfil-

ling the clinical case definition for pertussis and the

following variables : previous vaccination against

pertussis (P=0.11), reporting a previous diagnosis of

pertussis (P=0.68) or having ever been diagnosed

with asthma (P=0.17).

Seventeen pupils (15%) had a positive PCR result

and 22 (19%) had positive tests for IgA antibody

to WC pertussis antigen (there were no equivocal

results). There was no significant difference between

the clinical categories in the proportion PCR- or WC

IgA-positive (Table). A positive PCR result appeared

to be more likely when the testing was done close to

the date of symptom onset, including some (n=6) that

were positive before symptom onset. The odds ratio

for a positive PCR result for tests taken within 7 days

of symptom onset was 2.7 (95% CI 0.59–14,

P=0.15). There was no significant difference in the

Fig. 1. One of the affected dormitories.
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Fig. 2. Epidemic curve of pertussis by date of cough onset, in
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mean IgG titres between PCR-positive (89.8 EU) and

PCR-negative (104.5 EU) subjects.

When the first serum specimen only (n=95) was

considered, the mean PT IgG concentration differed

significantly between clinical groups, increasing from

15 in asymptomatic children to 70 in those who met

the CDC case definition for pertussis (Table). The

mean PT IgG concentration in those who had a cough

but did not meet the clinical case definition was

also higher than in those who had no cough, but this

difference was not statistically significance (P=0.07).

Paired serum specimens were available from 10

boys, who met the CDC clinical case definition for

pertussis. In these cases, the mean PT IgG concen-

tration of the first sample was significantly higher

(P=0.01) than that of the second. For the other

clinical categories, there was no significant difference

between the mean PT IgG concentrations in the first

and second samples.

Serum samples taken in November 2000 were

available from 287 control children aged 12–15 years

who reported that they had not had a coughing illness

lasting 14 days or more in the preceding year. The age

of the control group (median 14.0 years) was slightly,

but significantly younger than that of the outbreak

group (median age 14.2 years) (P<0.001). Forty-

seven per cent of the control group were female, whilst

all of the outbreak group were male.

When compared to the PT IgG GMC in the control

group, the proportions of students in the outbreak

group with a GMC greater than two standard

deviations above the control group value were: 54%

(13/24) in the group who met the CDC case definition

for pertussis, 32% (14/44) in the group with cough

who did not meet the CDC definition, and 0% (0/22)

in the asymptomatic group.

When compared to the 287 control subjects, the PT

IgG GMC was significantly higher in all clinical

groups involved in the outbreak (P<0.001, Fig. 3).

The GMC of the control group was 2.7; the asymp-

tomatic outbreak group, 17.4; the outbreak group

with cough, 33; and the outbreak group who met the

CDC case definition, 71. Finally, 17 out of 95 (18%)

of the boarding-school cohort had PT IgG levels

>125 EU/ml, compared to only 3 out of 287 (1%)

in the control group (OR 20.6, 95% CI 5.5–91,

P<0.0001).

In univariate analysis, the only significant predictor

of a positive PCR result was residing in dormitory A,

in which the index case and the largest number of

clinical cases resided (OR 4.7, 95% CI 1.4–15.3). Age,

PT IgG >125 EU/ml and past pertussis vaccination

were not significant predictors of a positive PCR

result. In multivariate logistic regression, dormitory

of residence remained the only significant variable

(data not shown).

DISCUSSION

School children are an important risk group for per-

tussis transmission, with 18 out of 20 outbreaks of

pertussis over one year in one US state occurring in

Table. Results of diagnostic tests by clinical category

Diagnostic test

Clinical cough category

P valueNo cough

Cough, not fulfilling

CDC case definition
(n=53)

Cough, fulfilling

CDC case definition
(n=32)

PCR +ve/ tested

(%)

6/30 (20) 4/52 (8) 7/32 (22) 0.14#

WC IgA+ve/
tested (%)

5/23 (22) 10/48 (21) 7/24 (29) 0.64#

PT IgG >125

EU/tested (%)

0/23 (0) 6/48 (12) 8/24 (33) <0.01#

PT IgG GMC*
(95% CI)

15 (11–21) 31 (21–47) 70 (37–1323) 0.001$

WC, whole-cell pertussis antigen; PT, pertussis toxin ; GMC, geometric mean concentration; EU, EIA units.

CDC case definition is : cough for 14 days or longer, accompanied by one or more of bouts of coughing, post-cough vomiting,
inspiratory whoop or an epidemiological link to another case.
* Geometric mean concentration, first serum specimen.

# x2 test.
$ Kruskal–Wallis test.
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schools [19]. This potential for pertussis outbreaks

exists even in highly vaccinated school populations

[20, 21]. In the special group of adolescents reported

here, who were exposed to pertussis in a crowded,

closed environment, 74% developed coughing symp-

toms, and 28% met a standard case definition for

pertussis. There was a clear correlation between the

severity of symptoms and PT IgG antibody levels.

The GMC was significantly higher in the outbreak

population compared with community controls,

and within the outbreak population, it increased with

increasing severity of clinical symptoms.

In a non-epidemic period, using a population sam-

ple, de Melker et al., in The Netherlands, found that a

single serum anti-PT IgG level of >125 EU/ml was

indicative of recent pertussis, but levels decayed rap-

idly, over time, with high levels lasting an average of

4.4 months [17]. The low number of subjects in this

study with a PT Ig titre over this cut-off in this setting

suggests that a lower cut-off may be appropriate in an

outbreak situation, as the pre-test probability of in-

fection was very high. The cut-off suggested by de

Melker might be more appropriate for a general

population survey than for a universally exposed

subpopulation in an acute outbreak.

As in our study, during an institutional outbreak

of pertussis in The Netherlands, only a minority of

people with clinical pertussis had positive PCR or

cultures, but a high proportion (85%) had serological

evidence of pertussis [22]. Others have found that

PCR for pertussis is significantly more sensitive

than culture and highly specific, in that it is consist-

ently negative in healthy, unexposed controls [15, 23].

Positive PCR results in exposed subjects without

cough, indicates subclinical infection. The sensitivity

of PCR for detecting B. pertussis in this study was

limited by the timing of the available samples, but

our results show that PCR was more likely to be

positive when specimens were collected within a week

(before or after) onset of symptoms. This is a similar

limitation to culture, but the advantage of PCR

is the simpler methods for handling of specimens.

Univariate analysis also showed that a positive PCR

result was predicted by dormitory of residence, with

students in the same dormitory as the index case being

almost five times more likely to have a positive PCR

result. However, the same analysis showed that PCR

status was not predicted by serology or clinical

symptoms.

An IgA assay against WC pertussis antigen was

the only commercially available serological test for

pertussis diagnosis at the time of this study. It is

widely used in Australia for diagnosis of pertussis,

especially in older children and adults. We have

previously demonstrated that the test is relatively

insensitive but, in individual cases, has a high positive

predictive value for coughing illness, which fulfils

the case definition for pertussis [24]. However, in this

highly exposed population, it did not discriminate

between symptomatic and subclinical infection.

The study had several other limitations. First, not

all sera were tested for PT IgG, introducing the

potential for bias. However, they were selected ran-

domly for testing, thereby reducing this risk. Second,

there were some differences between the control and

outbreak groups, in age, gender and sample time-

frame, which may bias the results. The controls

were on average 1–2 years older than the outbreak
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population, were of mixed gender and sera were

collected a month earlier. If there was less pertussis

during that time, the effect of this may be to over-

estimate the difference in the GMC of PT IgG

between the outbreak and control groups. Third, it

was not possible to obtain a reliable immunization

history for 60% of the children, whose parents did

not have records, and could not recall details of pre-

vious vaccinations. These children were born between

1985 and 1987, when WC pertussis vaccine was used

and only y70% of infants received three or more

doses, but without accurate data, we were unable to

examine the relationship between vaccination status

and risk of disease.

The early diagnosis of pertussis in this school by the

laboratory methods described, and the prompt in-

itiation of disease control strategies such as isolation

and antibiotic use, may have prevented the outbreak

from spreading outside the boarding school and

beyond the affected age group.

The use of serology has mostly been evaluated in

community serosurveys, where it is not possible to

determine if evidence of serological immunity reflects

vaccination, asymptomatic disease or symptomatic

disease. Many studies of diagnostic tests for pertussis

have relied on past history of exposure to pertussis or

have sought to differentiate causes of non-specific

coughing illness [5, 8, 17, 25]. This outbreak gave us

the rare opportunity to evaluate the value of serology

and PCR in the presence of confirmed, intense and

universal exposure to pertussis. These data, showing

the correlation between elevated serological titres

and clinical symptoms and evidence of asymptomatic

pertussis infection, as demonstrated by PCR, will

contribute to interpretation of findings in population-

based serosurveillance studies of pertussis trans-

mission.
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USTRAllA OVER THE
- TRENDS BY RE ION AND

PERTUSSIS EPIDE IOlOGY I

DECADE 1 -2
AGE GROUP
Helen E Quinn, Peter B Mcintyre

Abstract

Important changes have occurred in the National
Immunisation Program for pertussis during the dec
ade 1995-2005, including the introduction of acel
lular pertussis vaccine for all doses, removal from the
schedule of the booster dose at 18 months, and the
introduction of a booster dose for adolescents. In
addition, the coverage of pertussis vaccine at 12 and
24 months has substantially increased as recorded
by Australian Bureau of Statistics surveys and the
Australian Childhood Immunisation Register. There
were 75,458 notifications nationally between 1995
and 2005, with little change in the annual number
of notifications at the national level but with periodic
epidemics, which varied among states and territories

and dramatic changes in the age distribution of noti
fied cases. Pertussis is well controlled in the 1-4 and
5-9 year age groups, and the highest annual
notification rates continue to be in infants under 6
months of age. Adolescents aged 10-19 years had
high notification rates in all states and territories, over
this period, but 63% of notifications are now .in the
20-59 year age range. Following the introduction
of a fifth dose for adolescents, the current focus
should be on protecting infants too young to be vac
cinated and further defining the true morbidity of the
disease in the elderly population. Commun Dis Intel!
2007;31 :205-215.

Keywords: pertussis, disease surveillance,
immunisation
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Introduction

Pertussis hospitalisations and deaths decreased
dramatically in Australia following the introduction
of mass immunisation in the 1950s, reaching record
low levels in the 1970s and 1980s. However, par
ticularly since measles control was achieved in 1998,
notifications of pertussis have outnumbered those
for any other vaccine preventable disease targeted
by the National Immunisation Program (NIP).I

Important changes have occurred in the NIP for
pertussis during the decade 1995-2005. From 1978,
the Australian pertussis schedule, using a locally
manufactured whole cell pertussis vaccine (DTPw),
was 3 primary doses at 2, 4 and 6 months of age. A
booster dose of DTPw at 18 months of age, which
had previously been included in the schedule and was
subsequently removed, was reintroduced in 1985.
In 1994, a fifth dose at 4-5 years (school entry) was
recommended. In 1997, acellular pertussis vaccines
(DTPa) replaced DTPw for booster doses and from
1999 for all doses, although South Australia and the
Northern Territory used DTPa for all doses from
1997. In September 2003, the spacing of the 5-dose
schedule was changed, with the 18-month booster
no longer recommended, basea 'A'on evidence that
3 doses ofacellular pertussis vaccine in the first year
of life provide adequate protection until the age of
6 years.2 From the beginning of2004, an adolescent!
adult formulated booster (dTpa) replaced the use
of the adult diphtheria-tetanus vaccine (ADT) at
15-17 years ofage. The latter change was prompted
by evidence of a shift in pertussis notifications to
these age groups following the introduction of the
fifth dose of DTPa at 4-5 years. I,3

In addition, the coverage of pertussis vaccine at
12 and 24 months has substantially increased dur
ing this period. Coverage with three doses of DTP
at 12-23 months of age was recorded at 86% during
the 1995 Australian Bureau of Statistics survey,4 ris
ing to 92% for 3 doses of DTPa at 12 months and
95% for 3 doses ofDTPa at 24 months, as assessed
using the Australian Childhood Immunisation
Register in December 2003. 1

This paper summarises the age-specific trends in
pertussis notifications over the 10 years (1995-2005)
at the regional and national level in the context of
the vaccine schedule and vaccine coverage changes
during this period.

Methods

N otifications

In Australia, pertussis cases are notifiable under each
state and territory Public Health Act. The criteria for
notification can be a combination of clinical, epide-

miological or laboratory evidence. Laboratory evi
dence includes culture ofBordetella pertussis, nucleic
acid testing, serology or immunofluorescence assay.5

Disease notification data from the National
Notifiable Diseases Surveillance System (NNDSS),
for cases with an onset between 1 January 1995
and 31 December 2005, are included in this report.
Notification data are presented and reported by
date of onset. From 2000, the laboratory diagnosis
method field in NNDSS was completed for more
than 60% of notifications. Analysis using this field
was performed for cases with an onset between
1 January 2000 and 31 December 2005. Only
data from New South Wales, Queensland and the
Northern Territory were included, as more than
70% ofcases from other states and territories had an
unknown diagnosis method recorded.

Population estimates

All rates were calculated using Australian Bureau of
Statistics mid-year estimated resident populations,
and are presented as annual rates or average annual
rates per 100,000 total population, or population
in age or geographical subgroups, as appropriate.
Average annual rates were calculated by dividing the
total number of cases for the period of investigation
by the sum of the population for the same period.

Incidence rate ratios (IRR) were calculated to compare
annual notification rates to state averages. Ninety-nine
per cent confidence intervals (CI) and P values were
calculated for each IRR using a standard procedure in
EpiBasic (University ofAarhus, Denmark). Variables
were explored for possible associations using a chi
square test for trend, a P value ofO.05 was considered
statistically significant.

Results

Secular trends

Pertussis is by far the most common vaccine pre
ventable illness in Australia, with 75,458 notifica
tions nationally between 1995 and 2005 (Table 1).
Periodic epidemics of pertussis occur in Australia at
intervals of 3-4 years, on a background of endemic
circulation. In recent years the epidemic peaks
have not been as evident in children aged less than
10 years. A seasonal pattern can be observed, with
peak notifications in spring each year (Figure 1).

Regional variations in pertussis notification
rates

Table 1 shows crude national and jurisdictional noti
fication rates over the decade 1995-2005 ordered by
highest average rate from left to right. The national
crude notification rate varied from 23.1 cases
per 100,000 population in 1999 to 58.1 cases per

206 COl Vol 31 No 2 2007



Article

Table 1. Pertussis notification rates, Australia, 1995 to 2005, by state and territory

1995 31.0 22.4 10.8 41.3 23.2 19.6 74.3* 9.0 23.2

1996 62.6 18.6 13.0 23.2 6.5 12.9 7.7 30.1* 24.8

1997 110.6* 67.7* 34.3 56.0* 23.6 67.1* 12.8 32.9* 58.1

1998 36.9 36.4 32.3 40.4 11.7 15.6 12.6 20.7 30.3

1999 15.2 22.0 26.6 27.5 135.3* 5.2 1.0 20.1 23.1

2000 39.1 56.7* 66.3* 15.1 30.3 5.0 4.6 15.1 31.2

2001 133.0* 64.1* 26.9 44.9* 22.0 11.9 75.8* 18.0 47.8

2002 31.1 30.2 17.1 50.0* 7.8 12.1 18.7 18.0 28.3

2003 15.2 42.5 112.6* 18.8 27.8 13.2 2.5 12.8 26.1

2004 65.2 52.8* 38.3 27.2 7.8 107.8* 13.6 17.8 43.9

2005 96.8* 86.2* 96.6* 44.7* 6.8 25.3 42.9* 23.0 55.1

Number 9,587 32,605 1,514 13,919 1,433 5,575 511 10,314 75,458
Total Average

63.9 45.8 43.6 39.2 30.2 30.0 24.1 21.8 39.6

Incidence rate ratio significantly higher (P<0.05) than the state average.

Figure 1. Notifications of pertussis,
Australia, 1995 to 2005, by month.of onset

Age distribution of cases

epidemics, however, the inter-epidemic period has
varied. In the less populated and/or geographically
isolated states and territories of Western Australia,
the Northern Territory and Tasmania, epidemic
cycles were spaced further apart (Figure 2).

The age-specific pertussis incidence rates over the
analysed period are shown in Figures 3a and 3b.
Children less than 6 months of age had the highest
annual notification rate in all of the analysed years.
High rates were seen among children aged 5-9 years
in the first years of the decade, with a peak notifica
tion rate in 1997 of194 cases per 100,000 population.
The notification rate in this age group has declined
dramatically and remained at less than 50 cases
per 100,000 population since 1999. High annual
notification rates were recorded for children aged
10-19 years in 1997 and 2001 (114 and 128 cases
per 100,000 population, respectively), correspond
ing to the national epidemic cycle. The notification
rates for the 20-39, 40-59 and 60 years and over age
groups have recently risen to record highs.

The majority of cases from year to year are now in
the adult population (Figure 4). The proportion
of adult cases has steadily increased, with 83% of
pertussis notifications in persons aged over 20 years
in 2005. Between 1995 and 2005 there was a sig
nificant downward trend in the proportion of cases
occurring in the less than 1 year, 1-4 and 5-9 years
age groups (P<0.001). During the same period there
was a significant increasing trend in the proportion
of cases occurring in the 10-19, 20-59 and 60 years
and over age groups (P<0.001).
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The epidemic cycles in New South Wales,
Queensland and South Australia have followed
a similar pattern, including double peaks during

100,000 population in 1997, with an average annual
national notification rate over the analysed period of
39.6 cases per 100,000 population.
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Sixty-two per cent of all pertussis notifications
occurred in New South Wales (n=32,605) and
Queensland (n= 13,919) in the 10 year period,
although these states account for 53% of the
Australian population. The highest average annual
notification rate was recorded in South Australia
(63.9 cases per 100,000 population; Table 1). All
states and territories have had peak incidence rates
significantly higherthan the average annual national
notification rate at various times since 1995.
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Figure 2. Pertussis notification patterns, Australia, 1995 to 2005, by state or territory
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Figure 3a. Age-specific incidence of pertussis
for the age groups <6 month, 6-< 12 months,
1-4,5-9 and 10-19 years, Australia, 1995 to
2005, by age group

Figure 4. Distribution of pertussis
notifications, Australia, 1995 to 2005, by age
group

lSI 60+
1ZJ20-59
fi1l10-19
lIIJ!5-9
~1-4

llIlIunder 1

Year of onset

100

~ 80

~
(/l
c:
E 60
(Il
(.)

t+=

~
c: 40
'0
c:
o
'E
o 20
a.e

CL

'"oo
N

-<6 months
- '6-<12 months
•• 1-4
"",w5-9

10-19

N '"o 0
o 0
N N

o
o
N

o
o
o
N

ex:> Ol
Ol Ol
Ol Ol

350

c-
o
iii 300
"5
c.
o
~ 250
o
o
ci
~ 200

Q;
c.
~ 150

c:
Ql

~ 100

en
.~ 50
::J
t::
Ql
a.

Year of onset

Year of onset

Figure 3b. Age-specific incidence of pertussis
for the age groups 20-39, 40-59 and 60+ years,
Australia, 1995 to 2005, by age group

As with the epidemic cycles of disease, the age dis
tribution ofcases varies among states and territories
over time (Appendix 1 and Figure 5). In historical
terms and with respect to other age groups, pertussis
is relatively well controlled in the 1-4 and 5-9 year
age groups; the exception to this being in Western
Australia, where notification rates in these age
groups were high in the 2004 epidemic year. High

annual notification rates in children under 1 year
of age occur in all states and territories, and adoles
cents aged 10-19 years have also experienced high
pertussis rates in all states and territories, relative to
other age groups. In New South Wales and Western
Australia, where whole of high school dTpa pro
grams were conducted in 2004, the incidence in
these age groups fell in 2005. During the period
1999-2003, combined pertussis incidence in New
South Wales and Western Australia was 85.7 cases
per 100,000 population. In 2005, this had decreased
to 37.2 cases per 100,000 population. The increas
ing notification rate in the over 60 years age group
observed nationally, is seen to varying degrees in all
jurisdictions except the Northern Territory.

Overall, serology was the predominant laboratory
method for diagnosis of pertussis (74%), followed
by nucleic acid testing (NAT; 12%). Diagnosis by
serology increased from 41 % of cases in 2000, to
65% of cases in 2005. NAT has been increasingly
used as a method of diagnosis over time, and is
the most common method for diagnosis in infants.
The proportion of notifications diagnosed by NAT
declines with increasing age, with serology the most
prevalent diagnostic method over the age of 5 years.
Culture is now used rarely, principally for diagnosis
in infants less than 1 year of age (Table 2).

Method of diagnosis
'"oo
N

-20-39

::- 40-59

60+

N '"o 0
o 0
N N

o
o
N

o
o
o
N

Ol
Ol
Ol

ex:>
Ol
Ol

C 80
.Q

:§ 70
='a.
o
a. 60
o
o
0_ 50
o
o
..... 40

CD
-3:
Q) 30
(.)
c:
~ 20
'(3

,5 10
(/l

'00
~ 0 +---r---,---r------r---,--.------.---,---.----.----,I
t::: '"
cf ~

Table 2. Age-specific pertussis diagnostic methods for New South Wales, Queensland and the
Northern Territory, 2000 to 2005, by age group

" Culture

Nucleic acid testing

Serology

9.6

59.7

8.7

3.1

39.1

26.4

1.9

21.3

52.5

1.3

11.1

73.8

0.9

7.1

81.3

0.9

4..3

88.0
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Figure 5. Pertussis incidence for under 10-year-olds compared with over 10-year-olds, Australia,
1995 to 2005, by state or territory
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Discussion

This review highlights several aspects of the pat
tern of pertussis, as reflected in notification data, in
Australia over the past decade; a time of significant

changes in both diagnostic test availability and noti
fication practice on the one hand and vaccination
practice and vaccination coverage on the other.

Pertussis remains the most common vaccine pre
ventable disease in Australia, with an average annual
incidence rate of 39.6 cases per 100,000 population
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and periodic epidemics. This review highlights for
the first time the regional differences in epidemic
patterns by magnitude and inter-epidemic period.
South Australia (which only accounts for 8% of
Australia's population), had a much higher aver
age notification rate than any other state, 1.6 times
the national average. The high notification rate in
South Australia may in part be a result ofgreater case
reporting, as the South Australian health depart
ment receives notifications from general practition
ers as well as laboratories. In contrast, general prac
titioners in New South Wales are reluctant to notifY
pertussis without a laboratory confirmed diagnosis.6

Differences among other states and territories with
regard to use and availability ofdiagnostic tests, may
have contributed to the variation in case ascertain
ment and notification rates. Unfortunately, there is
insufficient detail on laboratory diagnosis methods
in NNDSS to examine this in more detail but it is
clear that serologic diagnosis is the primary method
except in infants. While the national epidemiology of
pertussis between 1995 and 2005 is similar to that of
New South Wales, large outbreaks in other states or
territories have influenced national trends at times,
such as the 2004 peakin national notifications, which
reflected an epidemic in Western AlJ,stralia that year.
Less populated and/or geographically isolated states
and territories appear to be characterised by longer
inter-epidemic periods and more intense epidemics
than in other states. These notification patterns are
synchronous with pertussis hospitalisations.I,7

The age-specific patterns of notification have
reflected changes in vaccination practice, however
the total number of notifications has not changed,
with upward trends in older age groups not targeted
for vaccination. Since 1999, notifications rates fell
significantly among the 5-9 years age group reflect
ing the impact of the fifth dose of pertussis vaccine
which was introduced nationally since 1994-1995.8

High rates continue to occur in children aged less
than 6 months who have received less than 3 vaccine
doses, although there is a trend for less pronounced
peaks to be seen over time, despite the increased
availability of NAT as a diagnostic method for this
age group. Both of these age distribution trends are
consistent in all states and territories.

In 2005, there was a decrease in the national notifica
tion rate for the 10-19 year age group, which includes
a highly susceptible cohort of adolescents in New
South Wales, previously described,9 and nationally.8

New South Wales experienced a 43% decrease in
the notification rate for the 10-19 year age group in
2005, following the implementation of a 'whole of
high school' dTpa vaccination program in 2004. 10

As Australian school-based dTpa programs mature
and successive cohorts are vaccinated in future years,

Article

pertussis in adolescents should be better controlled,
as occurred in the 5-9 year age group following the
introduction of the preschool booster.

The increasing adult burden of pertussis may be in
part due to increasing awareness among clinicians,
as well as waning vaccine induced immunity. The
rise in adult cases raises several new issues and chal
lenges both for diagnosis and for potential immu
nisation strategies. With respect to diagnosis, the
majority of adult cases are diagnosed by serology, as
older individuals often only present to a doctor after
several weeks of coughing illness, when the prob
ability of isolating B. pertussis is greatly reduced. II

In Australia, serological diagnosis based on the
detection ofIgA antibodies to whole cell B. pertussis
antigens has been available in some jurisdictions
since the 1980s and nationally since 1993. Although
insensitive, previous work suggested a specificity
of 93%-98% in the presence of appropriate clini
cal symptoms.12 However, specificity is likely to
be considerably reduced by a change in diagnostic
practice with a wider population of adults being
tested, or by immunisation. The adult acellular
pertussis vaccine trial (APERT) in the United States
of America showed that IgA antibody responses to
pertussis toxin (PT) after immunisation were pre
dicted to remain above the threshold of detection
for a minimum of 3.6 years,13 This is in contrast to
young children who do not produce an IgA anti
body response after immunisation. 14 Within one
year of vaccination, differentiating between anti
body response due to immunisation and infection is
particularly difficult and requires the use of a range
of serologic criteria usually not available in a rou
tine public health diagnostic setting. IS It is unclear
whether the response following adult immunisation
with acellular pertussis vaccine observed with IgA
PT antibody assays, would be similar when using
the current Australian IgA whole cell diagnostic
assay. This requires urgent investigation, given
the increasing reliance on serology for diagnosis of
pertussis in Australia. It also stresses the need for
serologically positive results to be notified only if
the case has appropriate clinical symptoms, which
can be challenging in the public health setting as it
requires the active follow-up ofall positive pertussis
serology results.

The recent increase In the pertussis notification
rate in the elderly warrants further investigation.
Although less important than parents, grandparents
can be a significant source of pertussis transmission
to infants. 16 The level of morbidity from pertussis
among the elderly is poorly defined and vaccines are
currently not approved for use in persons aged over
65 years. However, 2 of 8 recorded pertussis deaths
in the past 5 years have been in people aged 60 years
or more. I,17
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Although severe morbidity and mortality are
less likely in adults, substantial morbidity still
occurs18,19,20 and increased circulation of pertussis
can facilitate transmission to susceptible .infants
who are too young to be vaccinated. 16,21,22 Current
adult pertussis immunisation recommendations
in Australia aim at 'cocooning' infants by recom
mending immunisation in adults who are most
likely to come into contact with them.23 A universal
adult imnlunisation strategy would be difficult to
implement, as it is challenging to reach adults for
immunisation.24,25 The only current universal adult
immunisation recommendations in Australia are a
diphtheria-tetanus booster at 50 years of age and
influenza (annually) and pneumococcal (S-yearly)
vaccines from 65 years of age.23

The control of pertussis in all Australian states and
territories remains a challenge despite a long history
of immunisation and repeated modifications to the
schedule. Immunisation has led to a change in the
age distribution of cases, bringing about new issues
with regard to diagnostic practices and future rec
ommendations for immunisation. With the burden
of disease now largely in adults, the current focus
needs to be in protecting infants.. too young to be
vaccinated and further defining the true morbidity
of the disease in the elderly population.
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Appendix 1. Age-specific pertussis notification rates, Australia 1995 to 2005, by state or
territory

1995 135.0 16.4 53.1 2.1 5.6 3.5

1996 44.8 16.4 17.7 30.8 7.3 10.6

1997 70.8 A§.2 66.8 47.3 28.0 17.7

1998 24.3 23.1 40.1 68.8 24.8 23.6

1999 71.5 5.8 22.3 49.5 22.6 26.6

2000 72.6 57.8 111.4 174.2 44.2 23.6

2001 74.3 12.5 4.8 58.9 24.2 14.0

2002 25.2 0.0 4.8 37.1 18.0 2.3

2003 124.6 62.4 52.4 421.2 70.1 21.0

2004 71.4 12.5 9.5 34.9 42.8 41.9

2005 23.8 37.4 47.7 69.8 105.1 139.8

Average 67.4 26.4 39.6 89.6 36.3 31.7

, 1995 91.6 34.8 74.8 34.2 14.3 8.5

1996 80.6 29.1 49.5 25.3 14.4 8.4

1997 234.1 90.2 218.6 126.6 41.3 19.6

1998 139.9 43.4 96.7 59.7 26.3 15.6

1999 53.6 17.9 24.3 29.4 20.8 18.1

2000 134.3 46.2 65.2 144.3 43.0 26.1

2001 216.6 47.1 73.8 175.4 44.4 22.9

2002 115.3 30.9 24.4 67.4 24.8 12.8

2003 111.8 40.6 34.2 96.4 35.7 20.1

2004 99.6 46.2 25.8 72.9 53.2 42.6

2005 129.7 44.5 22.9 41.8 105.3 97.2

Average 128.1 42.8 64.8 79.0 39.2 27.5
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Appendix 1. Age-specific pertussis notification rates, Australia 1995 to 2005, by state or
territory, continued

, 1995 384.2 161.9 215.4 46.7 42.2 0.0

1996 54.1 7.4 19.0 10.8 4.9 0.0

1997 56.5 35.2 29.3 16.7 5.2 9.7

1998 83.6 0.0 23.4 6.7 13.1 0.0

1999 28.3 0.0 0.0 3.3 0.0 0.0

2000 28.0 7.0 5.9 6.7 3.5 0.0

2001 762.9 71.9 108.2 171.2 33.4 6.7

2002 137.1 28.7 30.0 35.5 8.4 13.3

2003 26.9 0.0 0.0 0.0 3.3 0.0

2004 27.1 14.4 18.0 32.3 8.4 6.7

2005 0.0 8.2 3.1 2.9 6.2 12.9

A 7.5 35.2 41.5 33.9 14.3 9.8

1995 56.7 76.3 158.9 65.8 24.9 15.6

1996 25.0 25.4 74.1 47.9 16.5 7.6

1997 109.5 49.8 195.1 142.8 25.4 10.5

1998 67.8 42.2 102.9 88.2 26.2 13.4

1999 35.9 11.7 25.7 47.1 26.3 22.2

2000 31.3 10.7 20.6 35.1 11.3 10.9

2001 133.7 28.8 46.3 123.1 27.8 15.0

2002 186.5 33.8 32.5 128.9 34.5 22.8

2003 71.6 14.4 10.5 39.7 15.7 10.1

2004 63.3 14.4 12.3 48.6 24.8 20.6

2005 57.3 26.6 13.5 68.0 112.7 106.5

Average 81.4 30.1 61.2 76.3 25.4 18.8

,. 1995 118.4 37.7 88.4 69.3 18.1 10.8

1996 109.8 55.3 182.7 140.0 42.4 19.7

1997 414.0 117.7 392.2 247.2 60.9 30.5

1998 152.7 45.3 110.0 84.6 20.4 14.5

1999 21.8 15.5 13.0 25.0 13.6 13.8

2000 66.7 28.4 37.0 101.1 31.8 20.0

2001 481.8 77.1 136.2 353.7 100.9 55.4

2002 159.6 18.2 20.8 51.4 28.9 21.1

2003 52.1 5.6 7.3 10.3 16.8 16.5

2004 97.5 35.0 28.1 83.2 66.8 63.6

2005 162.9 42.2 16.5 21.3 23.7 20.9

Average 157.6 42.4 94.6 112.2 47.0 34.9
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Appendix 1. Age-specific pertussis notification rates, Australia 1995 to 2005, by state or
territory, continued

,.
1995 87.8 60.0 77.2 26.9 12.7 1004

1996 15.0 0.0 8.3 9.9 5.6 7.8

1997 96.0 22.6 23.1 42.0 20.1 14.7

1998 17.1 3.8 23.1 7.2 12.6 9.8

1999 46.8 48.9 205.2 380.7 96.8 51.3

2000 50.8 18.8 20.2 57.9 29.9 14.7

2001 64.7 4.1 9.2 46.6 19.4 14.0

2002 68.5 0.0 3.1 10.2 6.6 8.6

2003 225.3 12.3 18.5 46.6 24.1 17.2

2004 34.5 0.0 0.0 4.4 7.0 15.0

2005 243.8 64.7 18.0 38.8 36.8 53.3

63.9 16.8 36.4 57.7 21.9 15.9
-

1995 69.4 8.9 19.1 13.5 5.6 4.2

1996 142.2 28.7 91.7 50.6 18.5 9.9

1997 117.6 49.5 92.5 60.0 20.2 14.2

1998 44.7 2~:5 40.0 38.8 15.7 8.3

1999 35.2 17.8 25.8 47.1 16.5 7.6

2000 51.3 13.5 14.0 39.6 11.2 8.9

2001 70.0 7.8 14.7 39.7 14.1 10.4

2002 103.0 9.0 9.4 41.9 14.4 9.2

2003 68.1 6.6 5.9 27.5 10.6 8.1

2004 67.5 15.6 6.2 31.9 15.7 13.5

2005 112.4 26.8 14.9 67.2 42.6 50.7

Average 71.1 18.6 29.5 37.3 15.3 11.2
- - --

1995 135.2 48.1 50.0 27.0 11.5 3.0

1996 98.9 20.6 38.5 23.0 6.6 4.8

1997 513.1 145.9 276.5 93.8 26.0 15.0

1998 210.6 41.8 53.8 13.5 7.3 1.9

1999 23.8 9.7 12.7 8.6 3.2 1.9

2000 47.9 7.8 5.2 12.0 2.9 1.5

2001 112.9 21.1 10.5 28.3 6.4 3.5

2002 146.7 27.1 12.7 22.7 7.2 2.8

2003 113.8 24.1 11.2 30.1 8.1 4.4

2004 401.2 140.5 142.2 259.1 72.0 39.2

2005 12.9 16.8 6.2 21.4 25.2 26.3

Average 178.8 48.1 57.4 50.0 16.3 9.6
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SUMMARY

Comparing pertussis epidemiology over time and between countries is confounded by differences

in diagnostic and notification practices. Standardized serological methods applied to population-

based samples enhance comparability. Population prevalence of different levels of pertussis toxin

IgG (PT IgG) antibody, measured by standardized methods, were compared by age group and

region of Australia between 1997/1998 and 2002. The proportion of 5- to 9-year-olds with

presumptive recent pertussis infection (based on IgG levels o62.5 ELISA units/ml) significantly

decreased in 2002, consistent with notification data for the same period and improved uptake of

booster vaccines following the schedule change from whole-cell to acellular vaccine. In contrast,

recent presumptive infection significantly increased in adults aged 35–49 years. Population-based

serosurveillance using standardized PT IgG antibody assays has the potential to aid

interpretation of trends in pertussis incidence in relation to vaccine programmes and between

countries.

Key words: Epidemiology, pertussis (whooping cough), serosurvey, vaccine.

INTRODUCTION

Australia, in common with a number of other

developed countries with long-established pertussis

immunization programmes (Table 1), experienced

substantial increases in the numbers of notified per-

tussis cases in the 1990s [1]. This increase coincided

with the widespread availability of serological diag-

nosis and the introduction of direct notification of

pertussis cases by laboratories as well as by clinicians

[2]. Hospitalizations recorded as due to pertussis also

increased [3], suggesting a true underlying increase in

pertussis disease activity, not simply increased testing,

since serology makes little contribution to pertussis

diagnosis in infants, whereas infants account for most

hospitalizations. Nevertheless, physician practice and

diagnostic test availability confound the interpret-

ation of trends in pertussis rates, both within and

between countries. Population-based, cross-sectional

seroepidemiology potentially offers a less biasedmeans

of comparison of age-specific patterns of pertussis

infection at the national and international level, sub-

ject to acceptable standardization and reproducibility
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of serological tests and the ability to extrapolate these

results to estimates of symptomatic cases.

The European Sero-Epidemiology Network

(ESEN) standardized the use of a serological criterion

for recent infection, measured in IgG-PT ELISA units

(EU) [4] between participating laboratories using dif-

ferent serological methods. This allowed meaningful

comparison of B. pertussis seroepidemiology in six

European countries [5, 6], as well as a within-country

comparison at several time points [7]. We applied this

standardized method to sera collected in Australia

in 1997/1998 in a nationally representative sero-

survey. In that study, the highest prevalence of recent

pertussis infection was in the 5–9 years age group,

corresponding to notification patterns for the same

period [8]. Since then, a number of important changes

in pertussis and pertussis vaccine use have occurred

in Australia. First, the pertussis notification rate in

the 5–9 years age group declined with a progressive

increase in vaccine coverage [9, 10]. Second, acellular

vaccines replaced the locally made whole-cell vaccine,

initially for booster doses and then for all doses in

the pertussis vaccine schedule (Table 1) [11]. Third,

peak notification rates progressively moved to the

adolescent and older age groups, beginning in 1999

[10, 12].

This study examined the cross-sectional sero-

epidemiological profile of pertussis in 2002, using the

same laboratory methods as for the 1997 study, in

consultation with the Italian reference laboratory [8].

The aim was to evaluate age-specific patterns of pre-

sumptive recent pertussis infection in the context of

changes to the vaccine schedule and pertussis notifi-

cations.

METHODS

Population and study design

The sera used in this study were selected from a bank

of about 7700 sera collected opportunistically from a

geographically representative group of 37 diagnostic

laboratories receiving samples from hospitalized and

ambulant persons throughout Australia in 2002,

as part of a national serosurveillance programme [13].

Opportunistic sampling has been shown to yield re-

sults comparable to population-based cluster sam-

pling for the measurement of measles immunity [14].

The sera in the opportunistic sample were residual

from specimens submitted for diagnostic testing and

would otherwise have been discarded. Residual sera

from subjects who were immunosuppressed, had re-

ceived multiple or recent (within 3 months) blood

transfusions, or were known to be infected with HIV

were excluded by staff at the diagnostic laboratory.

The immunization status of subjects was unknown.

Sera were identified by a medical record number

(MRN), sex, age, state/territory of origin and a

unique identifier, to ensure that only one sample from

any subject was tested. Approval for the serosurvey

was obtained from the Western Sydney Area Health

Service Human Research Ethics Committee.

In all age groups the sample size was calculated to

achieve a point estimate of seroprevalence with 95%

Table 1. Significant events in pertussis immunisation practice in Australia

Year Vaccine type Event

1953 DTPw Diphtheria-tetanus-pertussis (DTPw) infant based schedule of three doses introduced – varied by
state and territory

1975 DTPw National vaccination schedule recommended for infants aged 3, 4 and 5 months
DTPw 4th dose introduced as a booster for infants aged 15–18 months

1978 DTPw 4th dose removed from schedule

1982 DTPw National vaccination schedule changed to a primary series at ages 2, 4 and 6 months
1985 DTPw 4th dose re-introduced at age 18 months due to an increase in pertussis incidence in 4- to 5-year-olds
1994 DTPw 5th dose at age 4–5 years added to the recommend vaccination schedule
1997 DTPa Diphtheria-tetanus-acellular pertussis (DTPa) recommended for the 4th and 5th doses of vaccination

1999 DTPa All five scheduled doses of DTPw replaced with DTPa
2000 DTPa Second booster dose recommended at 4 years instead of 4–5 years
2003 DTPa 4th dose, previously given at age 18 months, removed from schedule

DTPa 4th dose recommended at age 4 years
dTpa Adolescent/adult formula diphtheria-tetanus-acellular pertussis (dTpa) recommended as a booster

dose at age 15–17 years

dTpa dTpa available as a single boosting dose for adults
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confidence intervals (CI) of ¡4%, based on the

expected level of seroprevalence for that age group.

There were equal numbers of males and females

within each age group.

Testing and serological criteria for recent pertussis

infection

A total of 1999 sera randomly selected from those

available in each age group were tested using an

ELISA method adapted from Giammanco et al. [15].

The method was validated in our laboratory against

a panel of sera previously tested by the ESEN refer-

ence laboratory at the Department of Hygiene and

Microbiology, Palermo University, Italy.

Microtitre plate wells (Greiner Bio-one, Germany)

were coated with 100 ml of PT (GlaxoSmithKline,

Belgium) diluted to 1 mg/ml in carbonate buffer

(pH 9.6) (Sigma-Aldrich, USA). The sealed plates

were incubated at 28 xC for 16–18 h. The wells were

then aspirated and rinsed with wash buffer (0.145 M

NaCl, 0.05% Tween-20; Sigma-Aldrich).

Reference, positive and negative control sera with

defined levels of anti-PT IgG and test sera pre-diluted

in serum incubation buffer (PBS; Oxoid Ltd, UK),

0.5% BSA (Sigma-Aldrich) and 0.5% Tween-20 were

then added to the appropriate wells of each plate. The

reference serum [US reference pertussis antiserum

(human), lot 3] has an assigned value of 200 EU/ml of

anti PT IgG.

In each plate, eight doubling dilutions (100 ml/well)

were made, of the reference serum prediluted to 1:200,

and the high and low positive controls prediluted

to 1:60. The remaining wells contained doubling di-

lutions of test sera commencing with a 1:60 dilution.

Plates were incubated at 28 xC for 2 h. Following

incubation they were rinsed with wash buffer and

100 ml of alkaline phosphatase-conjugated anti-

human goat IgG (KPL Inc., USA), diluted 1:5000

in conjugate incubation buffer (serum incubation

buffer with 2% foetal calf serum), was added to each

well and incubated at 28 xC overnight (16–24 h).

The plates were then washed with wash buffer and

100 ml of 1 mg/ml substrate (p-nitrophenyl phosphate,

Sigma) was added to each well. After 30 min incu-

bation at room temperature, the reaction was stopped

by the addition of 50 ml of 5 N NaOH. The optical

density (OD) was read at 405/630 nm using a LP400

(Diagnostics Pasteur, France) plate reader.

OD readings for the reference sera were used to

produce a standard curve for each plate, and antibody

levels (EU/ml) for the test sera were calculated using

Multicalc version 2.60 (Wallac Oy, Finland). The

minimum level of detection, defined as the minimum

amount of antibody that must be present for the

serum to have at least one OD value within the linear

range of the reference serum response curve, was

estimated to be 2 EU/ml. Anti-PT IgG levels were

divided into four categories, previously described by

the ESEN study group as suggestive of pertussis

infection within certain time periods [6] : <5 EU/ml

(undetectable), 5 to <62.5 EU/ml (infection >1 year

previously), 62.5 to <125 EU/ml (infection within

12 months) and o125 EU/ml (infection within 6

months).

Statistical analysis

Proportions of sera with anti-PT IgG levels in each of

the categories described above were calculated by age

group and by geographical area. Odds ratios (ORs)

were calculated to compare groups and the x2 test

statistic used to calculate CIs. Rate ratios were used

to compare proportions in relevant age groups by

collection year and region of residence. P values

<0.05 were considered significant. Analyses were

performed using Microsoft Excel, SAS version 9.1.3

and EpiInfo 3.3.2.

For analysis by region of residence, data from

New South Wales (NSW) and the Australian Capital

Territory (ACT) were pooled, based on their geo-

graphical proximity, as were data from the Northern

Territory, Tasmania and Western Australia based on

similar patterns of pertussis notification, presumed to

be associated with population density and relative

isolation [10].

RESULTS

PT IgG by age group

The proportions of anti-PT IgG levels o62.5 EU/ml,

as a proxy for pertussis infection in the previous 12

months [6] are shown in Table 2 for the 1997/1998 [8]

and 2002 national serosurveys. Using the 1–4 years

age group as a comparator, in 1997/1998, the only

groups in which the proportion of PT IgG levels

o62.5 EU/ml was significantly higher were those

aged 5–9 and 15–19 years, although the higher pro-

portion in the 10–14 years group almost reached stat-

istical significance. By 2002, this age-specific pattern

had substantially changed. Compared to the 1–4 years
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age group, those aged 5–19 years had similar pro-

portions of PT IgG levels o62.5 EU/ml and the

35–44 years group had significantly higher pro-

portions. The magnitude of the increase in high levels

in this age group is more apparent when the ratios

of anti-PT IgG levels in 2002 to those in 1997/1998

are examined (Table 2). Compared to 1997/1998,

the proportion with anti-PT IgG levels o62.5 EU/ml

decreased significantly in 2002 as measured by the rate

ratios, in the 5–9 and 15–19 years age groups (P<0.01

for each age group); the rate ratio was similar but

just failed to reach statistical significance in the

10–14 years age group. In contrast, the rate ratio for

2002 vs. 1997/1998 was significantly higher in all adult

groups agedo24 years, with an almost linear increase

in rate ratio from age 20 years.

Similar, but non-significant, differences were ob-

served in the proportions of anti-PT IgG levels

o125 EU/ml, associated with infection within the

previous 6 months [6] by age between 1997/1998 and

2002 and are shown in Figure 1. In 2002, the highest

proportion of anti-PT IgG levels o125 EU/ml was

seen in the 35–44 years age group, followed by those

aged 20–24 and 25–34 years (Fig. 1). Those aged o20

years had a significantly greater proportion of PT IgG

levels o125 EU/ml when compared to persons aged

<20 years (OR 1.9, 95% CI 1.4–2.6, P=0.0002). The

proportion of non-immune persons (<5 EU/ml) was

greatest in those aged <20 years.

Figure 2 shows the distribution of anti-PT IgG

levels by age. In those children not yet eligible for

a pre-school booster vaccine (aged 1–3 years), the

highest proportion of anti-PT IgG levels o125 EU/

ml was seen in 1-year-olds. A similar pattern was ob-

served in the 1997/1998 serosurvey (data not shown).

In both the 2002 and 1997/1998 serosurveys, the

4-year-old age group, who were eligible to receive a

DTPapreschool booster vaccine, had comparable pro-

portions of anti-PT IgG levels o125 EU/ml of 12%

and 10%, respectively. In the 2002 serosurvey, all chil-

dren aged 5–9 years were eligible to receive a DTPa

preschool booster vaccine. The proportion of anti-PT

IgG levels o125 EU/ml ranged from 5% in those

aged 6, 7 and 9 years to 16% in 8-year-olds (Fig. 2). In

contrast to this, proportions of anti-PT IgG levels

o125 EU/ml ranging from 21% to 29% were seen in

those aged 5, 6, 7 and 9 years in the 1997/1998 sero-

survey. In this earlier serosurvey only 5-year-olds were

eligible for a DTPa booster vaccine and those aged

6–9 years were eligible for a DTPw booster vaccine.

PT IgG levels by geographical area

As the sera were sampled proportionate to popu-

lation, the majority came from the more populous

eastern states of NSW, Victoria and Queensland

which account for about 80% of the total population.

NSW/ACT and Queensland had the largest pro-

portions of high anti-PT IgG levels, for both

o125 EU/ml and o62.5 EU/ml. Queensland had a

pertussis epidemic in the year of collection, and three

other states and territories (NSW, the Northern

Territory and South Australia) had experienced

epidemics in 2001, the year preceding collection.

Table 2. Proportion of anti-PT IgG levels o62.5 EU/ml, by age group in the 1997/1998 and 2002 national

serosurveys

Age group
(years)

1997/1998 collection 2002 collection

Anti-PT IgG
ratio# (95% CI)n

Anti-PT IgG
o62.5 EU/ml (%)

OR*
(95% CI) n

Anti-PT IgG
o62.5 EU/ml (%)

OR*
(95% CI)

1–4 163 12 1 165 9 1 0.8 (0.4–1.5)

5–9 253 30 3.3 (1.9–5.9) 231 14 1.7 (0.8–3.4) 0.48 (0.3–0.8)
10–14 314 18 1.7 (0.9–3.1) 742 11 1.2 (0.7–2.3) 0.59 (0.3–1.0)
15–19 109 22 2.1 (1.1–4.4) 306 11 1.2 (0.6–2.4) 0.49 (0.3–0.9)

20–24 45 18 1.6 (0.6–4.4) 160 16 1.9 (0.9–3.9) 0.9 (0.5–1.4)
25–34 32 9 0.8 (0.2–3.1) 205 14 1.7 (0.8–3.4) 1.5 (0.9–2.5)
35–44 54 6 0.5 (0.1–1.7) 140 19 2.4 (1.2–5.0) 3.4 (2.2–5.4)

45–59 36 3 0.2 (0.0–1.6) 50 14 1.6 (0.6–4.6) 5 (3.0–8.4)

OR, Odds ratio ; CI, confidence interval.
* x2 analysis comparing anti-PT IgG o62.5 EU/ml in the 1–4 years age group with other age groups in the same collection
year.
# Comparing the 2002 collection year to the 1997/1998 collection year, by age group.
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There were striking differences in the anti-PT IgG

proportions between NSW and other regions of

Australia, with the proportion of anti-PT IgG levels

o125 EU/ml varying more markedly by age (Fig. 3).

In groups aged >20 years, the proportion of anti-PT

IgG levels o125 EU/ml ranged from 17% to 34%,

significantly higher than the 2–7% range in other

states and territories (OR 13.3, 95% CI 6.5–27.9,

P<0.0001). Similarly, the proportion with anti-PT

IgG levelso62.5 EU/ml in adults agedo20 years was

significantly higher than in other states and territories

(OR 7.5, 95% CI 4.4–13.0, P<0.0001).

In contrast to other states and territories, in NSW

the proportion of anti-PT IgG o62.5 EU/ml was

significantly higher in those aged 20–24, 25–34 and

35–44 years, using the group aged 1–4 years as a com-

parator. In the 1997/1998 serosurvey the age-specific

patterns in NSW were also different than in other

regions of Australia; however, the difference was sig-

nificant only in those aged 15–19 years (data not

shown). No other state or territory had as striking a

difference in the distribution of anti-PT IgG levels,

when compared individually with the remainder of

Australia (data not shown).

DISCUSSION

Comparing trends in the epidemiology of pertussis

over time in different geographic areas is problematic

because of variations in physician awareness [16],
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diagnostic testing practices, and test performance,

with no appropriate gold standard for diagnosis [17].

Although a high level anti-PT IgG due to immuniza-

tion cannot be distinguished from that due to infec-

tion, the latter persists for longer and the former

affects only certain age groups [4]. Therefore an in-

crease in the prevalence of high level anti-PT IgG

over time in age groups not targeted for vaccination

can be reasonably interpreted as indicating higher

rates of pertussis infection, some of which will have

been symptomatic. This study compares patterns of

high-level anti-PT IgG by age and geographic area

between two time periods and, given the limitations of

other methods of monitoring trends in pertussis, has

the potential for wide and ongoing application.

The previous pertussis serological survey conducted

in Australia in 1997/1998 identified that the highest

rates of pertussis infection were in persons aged 5–25

years and those aged o65 years [8]. The concen-

tration of high anti-PT IgG levels in 5- to 9-year-olds

reflects the notification data for the same period.

Although the high PT IgG levels may have been in

part due to recent vaccination in this age group [6],

vaccination was likely to be only a minor contributor

as it was largely limited to a whole-cell vaccine with

low estimated uptake [18]. In the 2002 serological

survey, the proportion of high anti-PT IgG levels in 5-

to 9-year-olds was significantly lower, consistent with

the decrease in notifications seen after the introduction

of DTPa for all five vaccine doses in 1999 [10, 12, 19].

It is extremely unlikely that this decrease in the pro-

portion of high anti-PT IgG levels is due to the

schedule change from whole-cell to acellular booster

vaccines, as a previous study has demonstrated that

the anti-PT IgG level after an acellular booster vac-

cine is likely to be greater than after a whole-cell

booster vaccine [6]. If vaccination was having any

measurable effect on the anti-PT IgG levels in this

study, we would expect to see an increase in the pro-

portion of high anti-PT IgG levels in the 5–9 years

age group, due to the change in vaccine type and

improved vaccination coverage.

In the 1997/1998 survey, adolescents aged 10–19

years had a high proportion of high anti-PT IgG lev-

els, which corresponded with high notification rates

in this age group [1, 10]. The relatively high rate of

notification in this age group continued, reaching a

peak in notifications in 10- to 19-year-olds in 2001 at

132/100 000 [10]. This rate fell to 62.2/100 000 in 2002,

corresponding to the 2002 serosurvey finding of a

significantly lower proportion of high anti-PT IgG

levels in the 10–19 years age group when compared to

the 1997/1998 survey. In the 10–14 years age group,

lower IgG levels may be attributable to more children

who had received the scheduled preschool booster

dose moving into this cohort.

A notable feature of the present survey was the

significantly higher proportion of high anti-PT IgG

levels in adults aged 20–59 years compared to 1997/

1998. The pertussis notification rate in adults has

remained relatively low and stable over the past dec-

ade, only beginning to rise after 2003 [10, 12]. This

may suggest that substantial numbers of pertussis

cases, some of which are symptomatic, have actually

been occurring in Australian adults for some time, but

have only been detected in more recent notifications

due to an increasing awareness about adult pertussis

among general practitioners resulting in more
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laboratory testing of potential cases. This increase in

awareness may in part be due to the availability of an

adult formulation pertussis vaccine in Australia since

2003 [11].

The proportion of high anti-PT IgG levels varied

considerably by region, as in the 1997/1998 serologi-

cal survey. In the 2002 serosurvey, higher levels of

recent pertussis activity were detected in NSW/ACT

and Queensland, consistent with notification data

for this period, with NSW experiencing an outbreak

in 2001 and Queensland in 2002 [10]. Much of the

observed increase in anti-PT IgG levels in adult age

groups appears to be attributable to high levels in

NSW. The explanation for this pattern in not clear

but it may relate to past vaccination history, with

NSW’s historical reliance on general practice to de-

liver childhood immunization perhaps contributing

to relative under-immunization against pertussis, and

thus different historical cycles of pertussis infection

by age group and a differing pattern in waning of

immunity at the population level.

There were several limitations in this study. The

sera used in this study were opportunistically col-

lected, rather than randomly sampled. We tried to

minimize any biases by obtaining sera that were sub-

mitted for a range of diagnostic tests (excluding HIV)

to major laboratories throughout Australia that ser-

viced mainly ambulatory populations. We cannot ex-

clude the possibility of selection bias toward a more

sick population. No information regarding the clini-

cal status of individuals whose sera were used here

was collected and we did not exclude sera that were

submitted for the diagnosis of pertussis. However, the

method used here has been validated for measles

against a prospective, cluster-sampling method and

was found to be representative [14]. The immuniza-

tion status of subjects was unknown. Whilst it is

possible to estimate immunization coverage for the

childhood population in this study, it is largely un-

known for the older age groups. Sample size calcu-

lations were calculated to be proportional to the

population size of each state and territory, resulting in

a small number of samples being collected from re-

gions such as the ACT, Tasmania and the Northern

Territory. This restricted the analysis that could be

performed at a regional level.

The significant changes in the age-specific preva-

lence of high anti-PT IgG levels, over time and by

geographic area, demonstrated in this study have

some important implications. The impact of vacci-

nation programes is likely to explain the significant

decrease in the proportion of high levels seen in

children. The significant increase in the proportion

of high levels in adults aged 35–59 years not targeted

by vaccine programmes may well have shown

pertussis to be a problem in this age group prior

to evidence from notification data. Seroepidemio-

logical data have value as a method for tracking

trends in pertussis over time, and could provide

a means for more readily comparable assessment

of the impact of vaccination programmes in ado-

lescents.
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Abstract

Background: Cross-sectional serosurveys using IgG antibody to pertussis toxin (IgG-PT) are increasingly being used to
estimate trends in recent infection independent of reporting biases.

Methods/Principal Findings: We compared the age-specific seroprevalence of various levels of IgG-PT in cross-sectional
surveys using systematic collections of residual sera from Australian diagnostic laboratories in 1997/8, 2002 and 2007 with
reference to both changes in the pertussis vaccine schedule and the epidemic cycle, as measured by disease notifications. A
progressive decline in high-level ($62.5 EU/ml) IgG-PT prevalence from 19% (95% CI 16–22%) in 1997/98 to 12% (95% CI
11–14%) in 2002 and 5% (95% CI 4–6%) in 2007 was consistent with patterns of pertussis notifications in the year prior to
each collection. Concomitantly, the overall prevalence of undetectable (,5 EU/ml) levels increased from 17% (95% CI 14–
20%) in 1997/98 to 38% (95% CI 36–40%) in 2007 but among children aged 1–4 years, from 25% (95% CI 17–34%) in 1997/98
to 62% (95% CI 56–68%) in 2007. This change followed withdrawal of the 18-month booster dose in 2003 and preceded
record pertussis notifications from 2008 onwards.

Conclusions/Significance: Population seroprevalence of high levels of IgG-PT is accepted as a reliable indicator of pertussis
disease activity over time within and between countries with varying diagnostic practices, especially in unimmunised age
groups. Our novel findings suggest that increased prevalence of undetectable IgG-PT is an indicator of waning immunity
useful for population level monitoring following introduction of acellular vaccines and/or schedule changes.
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Introduction

Pertussis, also known as whooping cough, is a highly contagious

respiratory disease caused by infection with the bacterium

Bordetella pertussis. The most severe symptoms occur in childhood,

and infants too young to be vaccinated account for most deaths

[1]. In 2008, there were an estimated 16 million cases of pertussis

worldwide, resulting in the deaths of 195,000 children, mostly in

developing countries [2]. Many countries with well established,

high coverage vaccination programs are experiencing increasing

notifications, and a shift in disease burden from children to adults

[3].

Universal pertussis vaccination, using a combined diphtheria,

tetanus and whole cell pertussis vaccine (DTPw) commenced in

Australia in 1953 [4]. Since then, a number of changes have been

made to the timing of scheduled doses. Major schedule changes in

the last twenty years have been the addition of a pre-school

booster in 1994 to reduce levels of transmission in school aged

children [5], and the replacement of the 18 month booster with an

adolescent booster in 2003, to address increasing notifications in

adolescents [6]. Further, in the late 1990s, acellular vaccines

(DTPa) replaced the Australian-manufactured whole cell vaccine

[7]. Almost all acellular vaccines used in Australia have been

GlaxoSmithKline three component formulations, in various age

appropriate concentrations and combinations. The timeline of

changes, which have created many cohorts with different pertussis

vaccination experiences, is provided in Figure 1. Since 2003, the

Australian National Immunisation Program (NIP) pertussis
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schedule has consisted of a primary course at 2, 4, and 6 months,

with boosters at 4 years and 15–17 years, all with acellular

vaccines [7].

Vaccination coverage in Australia increased through the 1990s

and has been relatively stable at high levels since 2000. Reported

coverage in 2007 showed 92% of children nationally complete the

pertussis primary vaccination course by 12 months, rising to 95%

by two years of age [8]. Coverage estimates at the State level are

generally similar to National figures, although there is variation at

the finer geographic level of Australian Bureau of Statistics

statistical subdivision (SSD) [8]. In 2007, at least 85% of 12 month

old children in each SSD had completed the primary vaccination

course, with the exception of a small number of under-vaccinated

jurisdictions [8]. In 2007, around 89% of children received the

pertussis pre-school booster by six years of age [8].

In Australia, the use of pertussis notification rates to analyse

long term disease trends is confounded by changes in disease

awareness, increasing use of diagnostic testing and availability of

sensitive PCR diagnostic methods compared to earlier less

sensitive culture methods [9]. National notifications remained in

a relatively stable 3–4 year epidemic cycle from 1995 to 2005,

obscuring the underlying regional variability in cycle length

between states with different population densities [10]. From 2008

to 2011, however, both national and state notification rates

persisted at epidemic levels [11]. Although possibly influenced by

the increased use of PCR for diagnosis, the correlation with

hospitalisations indicates a genuine increase in the number of cases

[12]. Notably, increased notifications in children aged less than 10

years old were observed during the 2008–2011 epidemic, although

these ages were previously thought to be well protected by

vaccination.

Cross-sectional population serological surveys for pertussis

measure serum IgG antibodies to pertussis toxin (IgG-PT). An

IgG-PT level of 125 ELISA U/ml (EU/ml) or more is a highly

sensitive and specific marker of recent or active infection with B.

pertussis [13]. High sensitivity and specificity are major advantages

of serosurveillance over traditional forms of pertussis surveillance,

which are hampered by variable symptoms, diagnostic algorithms

and the dependence of diagnostic test sensitivity on age, previous

infections, vaccination status and time elapsed since the onset of

infection [1]. Serosurveillance can better estimate the population

level of infection as mild and asymptomatic cases can be detected,

allowing objective comparisons over time and between countries

using standardised assays.

This study analysed the cross-sectional population distribution

of IgG-PT levels during a period of low pertussis disease activity in

Australia and compared the results with two previous serosurveys

undertaken at different stages of the pertussis epidemic cycle. The

aim was to evaluate trends over time and explore links between

vaccination, the epidemic cycle and the cross-sectional serological

profile in age groups eligible and not eligible for routine

immunisation.

Methods

Ethics statement
Approval for the serosurvey was obtained from the Sydney West

Area Health Service Human Research Ethics Committee.

Informed consent was not obtained as the data were analysed

anonymously. In accordance with the provisions of the National

Health and Medical Research Council’s National Statement on

Ethical Conduct in Human Research, individual consent was not

required for use of these specimens, given the granting of

institutional approval by the Sydney West Area Health Service

Human Research Ethics Committee.

Study population and design
This study reports on findings from a serosurvey undertaken in

2007 for the purposes of evaluating immunity in Australia to a

range of vaccine preventable diseases, including pertussis. The

study design and laboratory methods are the same as those used

for the 1997/98 and 2002 serosurveys [4,7]. Briefly, the sera used

were randomly selected from a bank of approximately 7200 sera

collected under Australia’s national serosurveillance program.

These were residual samples from specimens submitted for

diagnostic testing to a nationally representative group of

laboratories and would otherwise have been discarded. Sera from

subjects who were immunosuppressed, had received multiple or

recent (within three months) blood transfusions, or were known to

be infected with HIV were excluded. Residual samples are often

used for pertussis serosurveillance [14–16], and this type of study

design has been shown to achieve similar results to population-

based cluster sampling for the measurement of immunity to

measles and mumps [17]. Sera were identified by sex, age, address

postcode (of the subject, if available, or the supplying laboratory)

and a unique identifier. Clinical information and pertussis

vaccination status were not collected.

Assay methods
A total of 3224 sera were randomly selected from the available

samples to fulfil calculated sample size requirements in each age

group, commencing at one year of age. Measurement of IgG-PT

levels was undertaken using an established ELISA method adapted

from Giammanco et al. [18] and described by Quinn et al. [7].

Figure 1. Timeline of major vaccination and reporting changes in Australia from 1953 to present. The timeline covers the
commencement of vaccination in 1953 through various schedule changes, the introduction of mandatory notification and changes to the vaccine
type used in Australia.
doi:10.1371/journal.pone.0035874.g001
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The same laboratory method was used for the 1997/98, 2002 and

2007 studies, with the 1997/98 analysis conducted at the

European Sero-Epidemiology Network (ESEN) reference labora-

tory at the University of Palermo, Italy and the 2002 and 2007

analyses performed at the Centre for Infectious Diseases and

Microbiology (CIDM), Sydney, Australia. The method used at the

CIDM laboratory was validated against a panel of sera from the

ESEN reference laboratory.

The minimum level of detection of the assay was estimated to be

2 EU/ml. Antibody levels were divided into four categories,

suggestive of pertussis infection or vaccination, with immune

response, within the following time periods [15]: ,5 EU/ml

(undetectable), 5–,62.5 EU/ml (mid-range: more than one year

previously), 62.5–,125 EU/ml (high: within 12 months) and

$125 EU/ml (very high: within 6 months).

Pertussis surveillance data
In Australia, notification of both confirmed and probable

pertussis cases to the National Notifiable Diseases Surveillance

System (NNDSS) is mandatory [19]. According to the NNDSS

definition, confirmed cases require either laboratory definitive

evidence (‘‘isolation of Bordetella pertussis or detection of B. pertussis

by nucleic acid testing’’), or laboratory suggestive evidence

(‘‘seroconversion or significant increase in antibody level or

fourfold or greater rise in titre to B. pertussis in the absence of

recent pertussis vaccination; or single high IgA titre to whole cells;

or detection of B. pertussis antigen by immunofluorescence assay’’)

combined with clinical evidence (‘‘a coughing illness lasting two or

more weeks; or paroxysms of coughing or inspiratory whoop or

post-tussive vomiting’’), or clinical evidence combined with an

epidemiological link to a confirmed case [19]. Probable cases are

notified on the basis of clinical evidence only [19]; however the

strong reliance on direct notification from laboratories in Australia

and poor notification from clinicians [20] suggest that the great

majority of cases are now notified based on positive PCR or

serology. Annual pertussis notifications for the period 1991–2011

were obtained from published NNDSS data [11]. Incidence rates

per 100,000 population were calculated using these published

notification numbers, and Australian Bureau of Statistics mid year

population estimates [21].

Statistical methods
Age specific prevalence of IgG-PT levels in each category was

calculated, along with Clopper-Pearson confidence intervals.

Bonferroni corrections were applied to ensure a family confidence

level of 95% for comparisons across all years, equivalent to

individual confidence levels of 98.3%. Differences between groups

were considered statistically significant at the 5% level when these

confidence intervals did not overlap. Analysis was undertaken in

Microsoft Office Excel 2003 (Microsoft Corporation) and STATA,

version 11.2 (StataCorp).

Results

Epidemiologic context
Age specific notification rates per 100,000 population for 1991

to 2011 are shown in Figure 2, along with a trend line detailing the

percentage of cases in ages $15 years. Epidemics occur

approximately every three to four years against a background of

endemic disease. Serosurvey collections occurred at different

stages of the pertussis cycle: 1997/98 during and immediately

following an epidemic year; 2002 during a period of moderate

endemic activity; and 2007 at a trough in observed disease, prior

to a large epidemic sustained over the period 2008–2011. Yearly

notifications for the period 2008–2011 totalled 14292, 29799,

34793 and 38131 respectively.

Throughout the 1990s, the percentage of cases in ,15 year olds

gradually decreased, and from 1998–2011 most cases have

occurred in those aged $15 years and over. This reached a

maximum in 2006, when more than 90% of cases were notified in

the $15 years age group. During the 2008–2011 epidemic,

however, the percentage of notifications in these older ages

decreased. In particular, whilst only 15% of notifications occurred

in ,10 year olds for the period 1999–2004, this rose to over 30%

in 2011.

The highest notification rates during the 2008–2011 epidemic

occurred in the 0–4, 5–9 and 10–14 years age groups. In 2011,

notification rates in these three age groups (324, 385 and 544 cases

per 100,000 population respectively) were more than double those

in 1997, their maximums before this epidemic. Notification rates

in the 35–59 and $60 years age groups also rose sharply in 2008

and by 2010 the rates in these age groups (140 and 128 cases per

Figure 2. Age specific pertussis notification rates per 100,000 population for the period 1991 to 2011. In addition to the age specific
notification rates per 100,000 population, this graph includes a trend line showing the percentage of notifications occurring in over 15 year olds over
the same period.
doi:10.1371/journal.pone.0035874.g002
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100,000 population respectively) were also double their previous

maximums. The lowest rates during the 2008–2011 epidemic were

experienced by the 15–19 and 20–34 years age groups.

Overall trends in the population distribution of IgG-PT
levels

The cross-sectional distributions of IgG-PT levels by age (1–4

years) and age group ($5 years) for each of the three serosurveys

are shown in Figure 3. Age specific prevalence and Clopper-

Pearson confidence intervals are included for the undetectable (,5

EU/ml) and high-level ($62.5 EU/ml) categories in Table 1. In

this table and subsequent discussion the term ‘high-level’, referring

to antibody levels $62.5 EU/ml, includes those $125 EU/ml.

Across the three surveys, there were statistically significant

reductions in the population percentage with antibody levels

$62.5 EU/ml from 19% (95% CI 16–22%) in 1997/98 to 12%

(95% CI 11–14%) in 2002 and 5% (95% CI 4–6%) in 2007. Of

the 19% $62.5 EU/ml in 1997/98, 13% (95% CI 11–16%) were

$125 EU/ml.

The overall population percentage with undetectable antibodies

increased significantly from 17% (95% CI 14–20%) in 1997/98 to

37% (95% CI 35–40%) in 2002, remaining at 38% (95% CI 36–

40%) in 2007.

Trends in antibody distribution by age
Trends in antibody distributions by age category are described,

in groupings relevant to changes in the immunisation schedule

over the period (Figure 1).

High-level antibody prevalence in preschool children (1- to 4-

year-olds) declined markedly over the period. In infants aged from

1–2 years, this percentage fell from 17% (95% CI 6–35%) in 2002

to 1% (95% CI 0–7%) in 2007. Conversely, the percentage with

undetectable antibodies increased across this entire age band from

25% (95% CI 17–34%) in 1997/98 to 42% (95% CI 33–51%) in

2002 and significantly to 62% (95% CI 56–68%) in 2007.

The 5- to 9-year-olds had the largest percentage with high-level

antibody in 1997/98 with 30% (95% CI 23–37%). This

significantly reduced to 14% (95% CI 9–21%) in 2002, and to

4% (95% CI 2–7%) in 2007. Undetectable antibody prevalence

rose from 20% (95% CI 14–26%) in 1997/98 to 35% (95% CI

28–43%) in 2002 and 46% (95% CI 41–52%) in 2007.

Similar to observations in children aged ,10 years, a reduction

in the percentage of 10- to 19-year-olds with high-level antibody

was observed across the first two time points, associated with a

significant increase in the seronegative percentage. In contrast,

however, undetectable antibody prevalence for 15- to 19-year-olds

fell significantly between 2002 and 2007.

The percentage of adults ($20 years) with undetectable

antibodies increased across the surveys, from 10% (95% CI 5–

15%) in 1997/98 to 25% (95% CI 20–29%) in 2002 and 31%

(95% CI 28–34%) in 2007. High-level antibody prevalence

fluctuated from 10% (95% CI 5–15%) in 1997/98 to 16% (95%

CI 12–20%) in 2002 and 6% (95% CI 4–7%) in 2007.

Discussion

This study compared three pertussis serosurveys undertaken in

1997/98, 2002 and 2007, finding the cross-sectional population

distribution of IgG-PT levels in each survey was consistent with

the prevailing pertussis epidemic cycle and changes to the

nationally funded immunisation program. Whilst previous studies

have used high IgG-PT levels to indicate recent infection or

immunisation [4,7], one of the most notable observations of this

study was the temporal association between the high prevalence of

undetectable antibodies in 2007 and the large, sustained epidemic

which commenced in 2008. The significant increases in undetect-

able antibody prevalence between surveys suggest that waning of

antibody levels, including among adults, may occur rapidly during

periods of low B. pertussis circulation, when boosting opportunities

are reduced.

Pertussis notifications prior to and during the serum collection

provide the necessary epidemiologic context for interpretation of

each of the cross-sectional serosurveys. Although notification rates

include both confirmed and probable cases, we suspect that over

time the proportion of cases notified on the basis of clinical

evidence alone will have reduced, due to the increased testing

options available for different ages and stages of disease. The

1997/98 collection occurred during a major epidemic, likely

explaining the large population percentage with high-level

antibody. The 2002 collection followed several years of moderate

disease activity, consistent with the smaller number of individuals

with serologic evidence of recent infection [11]. A further

reduction in this number in 2007 is concordant with a relative

trough in reported cases in all age groups from 2005 to 2007 [22].

The extremely low prevalence of high and very high antibody

levels in the 2007 survey suggests vaccination has little impact on

the presence of high level antibody at the population scale,

supporting previous conclusions that high-level antibodies in 2002

were predominantly due to natural infection [7]. A pre-school

booster targeting 4- to 5-year-olds has been in place since 1994,

with an adolescent booster for 15- to 17-year-olds added to the

NIP in 2003. Consistent with this schedule, 4-year-olds and 15- to

19-year-olds had the largest percentages of high level antibody in

2007, however, this was only around 10%, despite high estimated

coverage of 89% for the 4-year-old booster [8], and moderate

estimated coverage in the range 55–76% for the adolescent

booster [6]. There was, however, a reduction in the percentage of

4-year-olds with undetectable antibodies compared with 3-year-

olds, and similarly 15- to 19-year-olds compared with 10- to 14-

year-olds in the 2007 survey. At the population level the

vaccination signature may be more apparent through a reduction

in the prevalence of undetectable antibody levels than an increase

in the prevalence of high levels.

One of the most notable findings of this study is the increase in

prevalence of undetectable antibodies in children aged from 1 to 3

years across the three collections, particularly between 2002 and

2007. High level antibodies in these ages are almost completely

absent in 2007, consistent with an increased time since last

vaccination compared with the same ages in 2002. These results

are compatible with rapid waning of antibodies following primary

vaccination with acellular vaccines [23,24] and the withdrawal of

the 18 month booster from the NIP in 2003. The temporal

association with the substantial increase in notification rates which

occurred in the 0–4 years age group from 2008 onwards suggests

that the absence of detectable antibodies may be an indicator of

increased susceptibility at the population level. An analysis of

notification rates in NSW for 2008 and 2009 showed that

incidence increases with age in 1–3 year olds and drops again in 4

year olds, when children receive the pre-school booster [12],

further supporting increased susceptibility due to waning antibody

levels.

Recent infection rates in 5- to 9-year-olds, approximated by the

prevalence of high-level antibodies, were sequentially lower across

the three serosurveys. This is consistent with the reducing rate of

notifications in these ages, from 216 per 100,000 in 1997, to 50.6

and 19.0 per 100,000 in 2001 and 2002 respectively, and to 9.9

and 13.5 per 100,000 in 2006 and 2007 respectively [11]. These

low infection rates, however, may have reduced opportunities for
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boosting of natural immunity and contributed to the rise in

undetectable antibody levels seen in this age group. The low

notification rates observed from 2001 to 2007 have not been

sustained, with 115.8, 304.0, 421.1 and 544.7 cases per 100,000 in

2008 to 2011 respectively [11], again suggesting a possible link

between the high percentage with undetectable antibodies in 2007

and the magnitude and duration of the subsequent epidemic. It is

somewhat surprising that notification rates in this age group

reached such high levels from 2009–2011, given the inclusion of a

pre-school booster in the NIP since 1994. In 2007, the prevalence

of undetectable antibody levels increased with age from 37% in 5

year olds to 50% in 9 year olds (data not shown), suggesting

waning antibodies following the pre-school booster; notably most

of this age band would have also been eligible for an 18 month

booster. It is possible that the very high notification rates in this

age group in 2009–2011 were mainly due to infections in 8- and 9-

year olds, as occurred in previous epidemics [25]. This age cohort

would not have been eligible for an 18 month booster; differential

vaccine efficacy between epidemic and endemic circulation, as

previously found for whole cell vaccines [26], may also be a

contributory factor.

Mid-range antibody levels were predominant in the adult

population in 1997/98, when infection rates were high in the

under 20s and frequent natural boosting may have prevented

Figure 3. Cross-sectional distribution of anti-PT IgG levels. Distributions are shown by age (1–4 years) and age group ($5 years). A. 1997/98;
B. 2002; and C. 2007.
doi:10.1371/journal.pone.0035874.g003
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antibodies waning to undetectable levels. Over time, however, the

percentage with undetectable antibodies in adults has significantly

increased. Decreasing circulation in the higher coverage acellular

era may have reduced boosting opportunities, allowing waning of

antibodies to non protective levels [27] and potentially creating a

pool of highly susceptible adults of child bearing age. Booster doses

for parents and close contacts of newborns as part of a ‘cocooning’

strategy may improve immunity in this age group [10]. In the 2007

serosurvey, the 35–59 and $60 years age groups had high

prevalence of undetectable antibodies, and both of these age

groups experienced substantially increased notification rates in the

2008–2011 epidemic, similar to other age groups with high

prevalence of undetectable antibodies. It is interesting to note that

the 15–19 and 20–34 years age groups, which had the lowest

prevalence of undetectable antibodies in 2007, also experienced

the lowest notification rates in the 2008–2011 epidemic.

With potentially fewer biases than traditional forms of

surveillance, serosurveillance is increasingly being used to estimate

the incidence of pertussis infection by combining information on

antibody decay with seroprevalence data [16,28–31]. Using a cut-

off of 62.5 EU/ml to indicate infection within the previous 12

months, seroincidence in The Netherlands was estimated to be

approximately 9% [29], whilst the incidence of infection in Israel

was estimated at 2.4% [16]. Compared to the seroepidemiologic

profiles in Finland, France and Italy collected immediately

following an epidemic [15] and these results in The Netherlands

and Israel, our 1997/98 results show considerably higher levels of

infection. Using the same method, Australian seroincidence was

around 19% in 1997/98 for the overall population (and over 30%

for 5- to 9-year-olds), reducing to 12% in 2002 and 5% in 2007

(data not shown). Applying a method based on the entire antibody

distribution, Kretzschmar and colleagues estimated seroincidence

in five European countries ranged from 1% and 6% [30]. This

method requires an assumption that endemic equilibrium has been

reached, which would clearly be problematic in the Australian

setting given the variation in both numbers of disease reports and

seroprevalence of anti-PT antibodies observed in our survey.

Comparisons between consecutive Swedish serosurveys show

similarity to our results, despite a different vaccination schedule.

Overall antibody levels for both adults and children were lower in

2007 compared with 1997, ten years after the introduction of an

acellular pertussis vaccination program [32]. Hallander et al.

suggest that the combination of high prevalence of undetectable

antibodies and low frequency of infection may indicate reduced

herd immunity [24]. The distribution of IgG-PT antibodies in the

Australian population in 2007 relates closely to the Swedish

observations, and immediately preceded a sustained national

epidemic, supporting the notion of declining herd protection.

There were some limitations to this study. Firstly, the assays for

the 1997/98 survey were undertaken in a different laboratory to

those in 2002 and 2007. We believe, however, that potential biases

due to inter-laboratory differences were minimised through

validation of the method used in all surveys against the same

international standards and controls. Although the serosurveys of

2002 and 2007 showed mostly lower antibody levels than in 1997/

98, we do not attribute this to inter-laboratory differences, as the

levels were not consistently lower across all age groups.

Furthermore, the changes in results between surveys correlated

well with notification patterns which, although they may be

questionable in magnitude, nevertheless reflect overall infection

patterns quite well. Secondly, as the samples were drawn from

specimens submitted for diagnostic testing, the vaccination status

and health status of the subjects was unknown, and we cannot

exclude that the sample population was not a true reflection of the

general population and might have suffered from more disease.

Although some seroprevalence studies have used population-based

samples [29,32], many studies have used residual sera similar to

our study [14–16]. Convenience samples of residual sera from

diagnostic testing have been shown to achieve similar results to

population-based cluster sampling for the measurement of

immunity to measles and mumps [17], validating our use of this

method. Thirdly, unlike the Swedish study, we were not able to

exclude recently vaccinated individuals [32], although our results

suggest that the impact of this was minimal. There is no reason to

suspect that any biases differed substantially between the three

serosurvey collections.

To our knowledge, this study is the first to compare three

national serosurveys conducted at different points in the pertussis

epidemic cycle. Serosurvey data should be interpreted with

reference to the timing of serum collection in the prevailing

Table 1. Australian age specific population prevalence, expressed in percentages, for Undetectable (,5 EU/ml) and High ($62.5
EU/ml) antibody categories, with 95% Clopper-Pearson confidence intervals shown in brackets.

1997/98 2002 2007

Age group n ,5 EU/ml $62.5 EU/ml n ,5 EU/ml) $62.5 EU/ml n ,5 EU/ml) $62.5 EU/ml

1 39 23 (9–43) 10 (2–27) 42 29 (14–48) 17 (6–35) 97 63 (50–74){ 1 (0–7)

2 44 23 (10–41) 11 (3–28) 40 35 (18–55) 3 (0–16) 97 69 (57–80){ 1 (0–7)

3 37 27 (12–48) 11 (3–29) 41 59 (39–76) 2 (0–16) 100 70 (58–80) 1 (0–7)

4 43 26 (12–45) 14 (4–31) 42 45 (27–64) 14 (4–32) 99 47 (35–60) 8 (3–17)

1–4 163 25 (17–34) 12 (6–19) 165 42 (33–51) 9 (5–16) 393 62 (56–68){ 3 (1–5)

5–9 253 20 (14–26) 30 (23–37) 231 35 (28–43){ 14 (9–21)* 493 46 (41–52) 4 (2–7)*

10–14 314 17 (12–22) 18 (13–24) 742 45 (41–50){ 11 (8–14) 550 43 (38–48) 4 (2–6)*

15–19 109 13 (6–22) 22 (13–33) 306 39 (32–46){ 11 (7–16) 317 22 (17–29)* 10 (6–15)

20–34 77 10 (4–22) 14 (6–26) 365 24 (19–30) 15 (11–20) 987 26 (23–30) 7 (5–9)*

35–59 90 7 (2–16) 4 (1–13) 190 26 (19–34){ 18 (12–25) 235 45 (37–53){ 3 (1–7)*

60+ 48 15 (6–28) 13 (5–25) 249 37 (31–43){ 3 (1–6) *

*significantly lower than previous collection.
{significantly higher than previous collection.
doi:10.1371/journal.pone.0035874.t001
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pertussis epidemic cycle, the historical and current pertussis

immunisation program and vaccine immunogenicity. Although

our data showed some evidence of vaccination, the vaccine signal

was very weak and the population distribution of IgG-PT levels

was dominated by natural infection and waning of antibodies in

the absence of exposure or vaccination. While no defined antibody

level has been identified as a single correlate of protection against

pertussis, low IgG-PT levels have been shown to correlate with

susceptibility to infection following household exposure [33].

Although our study design does not allow causal inferences to be

made, the temporal association between increased population

prevalence of undetectable antibodies and a large, sustained

epidemic warrants further investigation.

The increase in the seronegative proportion between surveys

supports studies which have shown antibodies wane relatively

quickly after infection and vaccination, raising the possibility of a

corresponding increase in the susceptible population. Further work

will use mathematical models of pertussis transmission to explore

the impact of vaccination changes on the population distribution

of IgG-PT levels and test whether IgG-PT levels correlate with

protection at the population level.
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Pertussis in Older Adults: Prospective Study of
Risk Factors and Morbidity

Bette C. Liu,1 Peter McIntyre,2,3 John M. Kaldor,1 Helen E. Quinn,2,3 Iman Ridda,2 and Emily Banks4,5
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Background. There is limited information on the incidence, morbidity and risk factors for pertussis in adults,
particularly those aged over 65 years.

Methods. Population-based prospective cohort study of 263 094 adults aged over 45 years (mean 62.8 years)
recruited in the Australian state of New South Wales (the 45 and Up Study) between 2006 and 2008, and followed
by record-linkage to laboratory-confirmed pertussis notifications, hospitalizations, and death records. The inci-
dence of pertussis notifications and hospitalizations and relative risk (RR) of pertussis according to various partic-
ipant characteristics was estimated using proportional hazards models.

Results. Over a total follow-up of 217 524 person-years, 205 adults had a pertussis notification and 12 were
hospitalized; the incidence rate was 94 (95% confidence interval [CI], 82–108) and 5.5 (95% CI, 3.1–9.7) per 100
000 person-years, respectively. The incidence of a pertussis notification did not differ by age but hospitalization
rates progressively increased (2.2, 8.5, and 13.5 per 100 000 person-years in age groups 45–64, 65–74, and 75+
years, respectively; Ptrend = .01). After adjusting for age, sex, and other factors, adults with a high body mass index
(BMI; RR = 1.52; 95% CI, 1.06–2.19 for BMI 30+ kg/m2 vs BMI <25 kg/m2) and with preexisting asthma (RR =
1.64; 95% CI, 1.06–2.55 compared to those without asthma) were more likely to be notified.

Conclusions. Adults older than 65 years are more likely to be hospitalized for pertussis than those aged 45–64
years. Obesity and preexisting asthma were associated with a higher likelihood of pertussis notification. These
findings suggest that pertussis vaccination would be particularly important for adults with these characteristics.

INTRODUCTION

Bordetella pertussis is known to cause significant mor-
bidity and mortality in young children worldwide [1].
In regions with long-standing high childhood pertussis
vaccine coverage such as the United States and Europe,
pertussis is increasingly being diagnosed in adults [2].
In Australia, notification rates for adult pertussis
increased earlier than in the United States and
Europe [3]. This rise was associated with extensive use
of serological testing for pertussis and direct notifica-
tion of positive tests by laboratories to public health

authorities, highlighting the importance of surveillance
methods in pertussis recognition and reporting [1, 4].
Like the United States, Australia has had long-standing
relatively high coverage for childhood pertussis vacci-
nation, used acellular vaccines exclusively for over 10
years, and has a primary course occurring at 2, 4, and
6 months of age. Unlike the United States, Australia
did not introduce a booster at 4–5 years until 1995 [5],
and replaced the then fourth dose at 18 months in
2003 with a dose at 12–17 years of age [6]. This deci-
sion was based on high rates of pertussis in adolescents
and evidence suggesting protection following the 2/4/
6-month schedules persisting until 7 years of age [7, 8].

Adult immunization is currently not funded under
Australia’s National Immunisation Program, but for
some time, vaccination has been recommended for
adults planning a pregnancy, new parents, and those
working with infants [8]. Recent estimates of adult
vaccine coverage are low, with 11% of those over 18
years of age reporting receipt of a pertussis booster as
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an adult or adolescent [9]. Given the increases in pertussis no-
tifications in adults aged over 60 years in Australia [10] and
internationally [2], the US Food and Drug Administration’s
(FDA’s) recent approval of a combined diphtheria, tetanus,
and pertussis vaccine for adults aged 65 years and older [11],
and the very limited number of epidemiological studies on
pertussis in older adults [4, 12, 13], we investigated pertussis
incidence, disease severity, and potential risk factors for inci-
dent pertussis in a large prospective study of adults aged 45
years and over.

METHODS

We used data from 263 094 participants joining a prospective
cohort study of Australian adults (the 45 and Up Study) who
were recruited between January 2006 and December 2008. De-
tailed information on the recruitment procedures and cohort
have been published elsewhere [14]. Briefly, adults aged 45
years and older and a resident of the Australian state of New
South Wales (NSW) were randomly selected from the Austra-
lian Medicare database, which has a nearly complete coverage
of the entire resident Australian population, and invited to
take part. An estimated 18% of those invited were recruited.
The cohort includes approximately 10% of all NSW adults
aged ≥45 years and 11% of all those aged ≥65 years [15]. All
participants completed a questionnaire at study entry on their
health and lifestyle. Compared to participants in a NSW
population-based health survey, study participants had higher
household incomes, fewer reported comorbidities, better self-
reported health, and lower smoking rates [16].

Participants were followed for incident pertussis diagnoses,
hospitalizations, and deaths by record linkage of the cohort to
respectively the NSW Notifiable Conditions Information Man-
agement System (NCIMS) [17], the NSW Admitted Patient
Data Collection (APDC), and the NSW Registry of Births,
Deaths and Marriages (RBDM). In Australia, pertussis is a
“notifiable” disease; reporting of both confirmed and probable
cases by health practitioners and laboratories is mandatory [17].
Pertussis cases are confirmed based primarily on either labora-
tory detection of B. pertussis (using polymerase chain reaction
[PCR] or culture) or a combination of suggestive laboratory
evidence (single-point whole-cell immunoglobin A [IgA] se-
rology or B. pertussis antigen immunofluorescence) with clini-
cal evidence (see “Appendix 1” for more details). During this
study, in NSW, pertussis testing was government subsidized,
and the standard and most commonly used approach to diag-
nosis in symptomatic adults was single-point whole-cell IgA
serology [18, 19]. The NCIMS database contains a record of all
pertussis diagnoses in NSW, including the estimated onset
date, whether the case was laboratory confirmed, and the type
of specimen used for confirmation. The NSW APDC includes

a record of every hospitalization in NSW and includes the
admission and discharge dates, the main diagnosis responsible
for the admission, and up to 49 additional diagnoses.
Diagnoses are coded according to the International Classification
of Diseases version 10 (ICD-10) [20]. Data available from the
NSW RBDM included a record of all deaths in NSW and the
date of death but not cause of death. We had data for
study participants from all 3 databases up to 31 December
2008. The record linkage was conducted by the NSW Centre
for Health Record Linkage, and audits demonstrate false
positive and false negative rates of respectively <0.5% and
<0.1% [21].

We defined participants as having a pertussis diagnosis if
they had a linked NCIMS record of a pertussis notification.
We defined participants as having a hospitalization related to
pertussis if they had a linked APDC record where the main or
an additional diagnosis was coded with an ICD-10 code pre-
fixed with A37 (whooping cough) [20] or if they had a
NCIMS record of a pertussis notification and a hospital admis-
sion record within a period of 1 week prior to and up to 6
weeks following the date of pertussis diagnosis where the hospital
discharge diagnosis was coded as a disease of the respiratory-
system (ICD-10 J-codes) or as cough (ICD-10 R05). All par-
ticipants provided written informed consent to be included in
the study and this study was approved by the NSW Population
and Health Services Research Ethics committee and the
University of New South Wales Human Research Ethics
Committee.

Statistical Analyses
Study participants recruited after the last date of follow-up (ie,
31 December 2008) were excluded. To estimate pertussis inci-
dence, follow-up was calculated from the date of study entry
to the first diagnosis of pertussis, death, or 31 December 2008,
whichever came first. Incident pertussis-related hospitaliza-
tions were estimated using the first admission date for a per-
tussis-related hospitalization. Pertussis incidence was also
calculated according to various sociodemographic factors and
health characteristics and behaviors, including: age (45–64,
65–74 and 75 + years); sex; annual household income (5 cate-
gories, from <$20 000 to $70 000+ and unknown); education
(3 categories: those not completing a higher school certificate,
those with a higher school certificate, trade certificate or
diploma, and those with a university degree); speaking a lan-
guage other than English at home; living in residential care;
social visits, defined as the number of times a week spent with
family or friends not living in the household (<3, 3+ ); body
mass index (BMI; <25, 25–29.9, 30+ kg/m2); smoking (never,
current, past); alcohol intake (none, ≤1, >1 unit/day); vigorous
physical activity (<once/week, once or more a week); physical
limitation (in categories of none, moderate, or severe
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limitation based on the Medical Outcomes Study–Physical
Functioning Score [22, 23]); use of medications/supplements,
including prescribed and over-the-counter formulations, at-
tending organized screening programs (mammography, pros-
tate-specific antigen testing, or bowel cancer screening); and
history of asthma or cardiac disease [4].

We then examined the relative risk of pertussis according to
various sociodemographic and health characteristics that had
either been reported to be associated with adult pertussis in
previous studies [4] or were associated with the incidence of
pertussis in the cohort: age, sex, household income, BMI,
smoking, vigorous physical activity, medication or supplement
use, and history of asthma. Proportional hazards models were
used and analyses were adjusted firstly for age, sex, household
income, and then for all other factors in the model. We also
examined the relative risks with additional adjustment for ed-
ucation, other language spoken at home, and alcohol use. All
analyses were conducted using STATA 12 software.

Finally, we compared findings from the cohort to routinely
collected pertussis notification and hospitalization data for the
whole state of NSW for the period 2006–2008 using similar
databases as those that the study participants had been linked
to [17]. Hospital separations were extracted if they had an
ICD-10 code of A37 in the principal or any additional diag-
noses fields. Rates of notifications and hospitalizations for the
whole of NSW in equivalent age bands to the cohort were cal-
culated using Australian census projections [15] with 95%
confidence interval (CI) calculated using a Poisson distribu-
tion. Data from each year extracted was weighted to reflect the
proportion of the 45 and Up Study participants in the study
for each year (ie, 2006 = 10%, 2007 = 16%, and 2008 = 74%).

RESULTS

The 263 094 adults included in the analyses yielded a total of
217 524 years of follow-up; an average of 0.83 years per
person. The mean age of study participants at recruitment was
62.8 years (SD 11.2) and 46.4% were men. There were 205
adults with a linked pertussis diagnosis during follow-up. All
diagnoses were laboratory confirmed; 80% (n = 164) were
based on serology [24], 17% (n = 35) on PCR detection of B.
pertussis, and 3% (n = 6) were unknown. Of the 205 adults
with pertussis, 12 were also hospitalized with pertussis or a
respiratory condition. Five of these hospitalizations had an
ICD-10 primary diagnosis code on the hospitalization record
of A37. The other 7 were hospitalized for nonspecific diagnos-
es, ranging from “unspecified disease of upper respiratory
tract,” “unspecified lower respiratory tract infection,” “other
chronic obstructive pulmonary disease,” “pneumonia,” and
“cough.” All except 2 of the hospitalizations occurred within 1
week of the pertussis diagnosis date. Of those hospitalized, the
median length of stay was 5.5 days (interquartile range [IQR]
5, 9.5), and 2 participants died within 3 weeks of the date
their pertussis was diagnosed.

Pertussis incidence in the cohort was 94 per 100 000 (95%
CI, 82–108). This did not differ by age group (P = .9) but did
by sex, with women more likely to be diagnosed than men
(P = .03); see Table 1. Counting only hospitalizations coded as
whooping cough (ICD-10 A37), about 2% of those diagnosed
with pertussis also had a hospitalization (incidence rate 2.3
per 100 000; 95% CI, .9–5.5) but when all hospitalizations
defined as pertussis-related were considered, this rose to over
5% (incidence rate 5.5; 95% CI, 3.1–9.7 per 100 000).

Table 1. Incidence of Pertussis Diagnoses and Pertussis-Related Hospitalizations in Adults According to Age and Sex in the 45 and
Up Study1

Characteristic

Pertussis Diagnosis

Pertussis-Coded
Hospitalizations

(Only A37)

Pertussis-Related
Hospitalizations

(A37 and Other Respiratory)

N Incidence (95% CI) N Incidence (95% CI) N Incidence (95% CI)

Age at recruitment

45–64 years 127 95 (80–113) .7 (.1–5.3) 2.2 (.7–7.0)

65–74 years 44 94 (70–126) 4.3 (1.1–17.0) 8.5 (3.2–22.7)
75+ years 34 92 (65–128) 5.4 (1.3–21.5) 13.5 (5.6–32.3)

Sex

Men 81 78 (63–97) 2.9 (.9–8.9) 6.7 (3.2–14.1)
Women 124 109 (91–130) 1.8 (.4–7.0) 4.4 (1.8–10.6)

Total 205 94 (82–108) 5 2.3 (.9–5.5) 12 5.5 (3.1–9.7)

Abbreviation: CI, confidence interval.
1Per 100 000 person-years.
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Hospitalizations were found to increase with increasing age
(Ptrend = .01) but they did not differ by sex (P = .4); see
Table 1.

Figure 1 shows pertussis incidence by sociodemographic
and health-related characteristics. Besides sex, incidence was
greater among those with higher BMI (respectively 82, 87, and
133 per 100 000 person-years in those <25, 25 to <30, and 30+
kg/m2; P = .02), among those taking medications or supple-
ments compared to those who were not (101 vs 58 per
100 000person-years; P = .01), and among those with a diag-
nosis of asthma compared to those without (161 vs 89 per
100 000 person-years; P = .01). Incidence did not differ signifi-
cantly by any of the other 12 factors examined.

After adjustments, high BMI, taking medications or supple-
ments, and a history of preexisting asthma remained signifi-
cant predictors of incident pertussis (see Table 2). Those with
a BMI of 30 kg/m2 or more were 50% more likely than people
with a BMI <25 kg/m2 to have pertussis diagnosed, while for
those taking medications or supplements, and those with
asthma, the risk was about 60% greater than those without
asthma or those not taking medications. These estimates did
not alter significantly when additional adjustments were made
for education, other languages spoken, and alcohol use.

Comparing the cohort findings to the routinely collected
pertussis notification and hospitalization data for all NSW res-
idents, the notification rates for the whole state were substan-
tially lower than those estimated in the cohort (particularly in
the older population), but hospitalization rates, based on a di-
agnosis code of ICD-10 A37, were more congruent (Table 3).

DISCUSSION

This is the first prospective population-based cohort study we
are aware of to examine the incidence of pertussis and poten-
tial risk factors specifically in middle-aged and older adults.
We found an incidence of pertussis of 94 per 100 000, with
about 5% of those with incident disease also hospitalized for
pertussis or a respiratory illness. While the incidence of diag-
nosed infections did not differ by age, hospitalization rates
did, with substantially higher rates in older adults—11.5% (9/
78) of those over 65 years with notified pertussis were hospi-
talised, compared with 2.4% (3/127) of those aged 45–64 years
(Table 1). After adjusting for various factors, we also found
that adults with a higher BMI, those taking medications or
supplements, and those having a history of asthma had a
50%–60% greater risk of incident pertussis.

Given the limited information on pertussis incidence in
older adults, we extracted information on this age group from
2006 to 2008 from routinely collected data in NSW (Table 3),
the state where the cohort study was conducted. Compared to
the 45 and Up Study participants, these data suggested a lower

absolute incidence of pertussis diagnoses, but for hospitaliza-
tions, based only on those coded with ICD-10 A37, rates were
more comparable. Diagnosing pertussis in adults can be diffi-
cult because of nonspecific symptoms [25] and it is known
that routine surveillance data, such as was used for case ascer-
tainment in this study, will underestimate true population in-
cidence [2, 26, 27]. We used linked pertussis notifications in
the cohort study and would therefore expect our incidence es-
timates to be similar to that for the whole of NSW from rou-
tinely collected surveillance data; however, the 45 and Up
cohort may be more health conscious (as their smoking and
private health insurance status suggests [16]) and therefore
more likely to seek medical attention for persistent coughs.
This may explain the higher age-specific rates of pertussis di-
agnoses in the study population. The similarity in age-specific
hospitalization rates between the cohort and whole of state
data based on a diagnosis with ICD-10 code A37 alone is reas-
suring, as hospitalizations are less likely to be influenced by
health-seeking behavior. Taken together, the difference in di-
agnosis rates but similarity in hospitalization rates suggests
that the incidence estimates from the cohort are valid and
may better reflect real pertussis incidence through greater as-
certainment in a more health-conscious population.

Previous case series have suggested that female sex, asthma,
and smoking may be associated with increased severity of
pertussis symptoms [4, 28]. We found that obesity, asthma,
and use of medications/supplements, but not smoking, were
associated with incident pertussis infection after adjusting for
age, sex, and other factors. It is difficult to differentiate
whether the associations with pertussis infection were observed
because adults with these characteristics are predisposed to
more severe disease or if they are simply more likely to present
for medical attention and therefore be diagnosed. While we
did not have enough events in this study, in the future, with
increased follow-up of the cohort, the use of pertussis-related
hospitalizations to assess factors associated with severe disease
may be more informative in identifying important risk
factors. While we know of no studies that have previously
identified obesity as being associated with pertussis infection,
obesity appears to predispose adults to other respiratory in-
fections, such as community-acquired pneumonia and influen-
za [29, 30]. It is therefore plausible that it also increases the
risk of an individual contracting or presenting with clinical
manifestations of other respiratory pathogens such as
pertussis.

The strengths of this study include the large study popula-
tion, particularly the substantial numbers of adults aged over
65 years, prospective independent ascertainment of pertussis
diagnoses in relation to patient risk factors and characteristics,
and the use of laboratory-confirmed pertussis diagnoses.
Study limitations include the use of passive notification data,
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Figure 1. Incidence of pertussis per 100 000 person-years according to various characteristics.*See methods for how categories were defined. Abbreviation: BMI, body mass index.
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which will underestimate true population rates compared with
active surveillance [26, 31], and variations in the sensitivity of
the laboratory tests used for pertussis notifications in Austra-
lia. Single-point whole-cell IgA assays are not ideal [32], but
such tests have been shown to have high specificity in Austra-
lian evaluations when performed in the presence of character-
istic symptoms [3, 24]. Also, while PCR testing is more
sensitive than culture [33], tests done in Australia do not typi-
cally involve multiple primers and therefore there is a possibil-
ity of cross-reactivity with other Bordetella types [34].
Regardless, as the majority of diagnoses in this cohort were
based on serology, we do not think our estimates are affected

by differences in ascertainment through greater use of PCR
diagnoses in particular populations.

Regarding loss to follow-up, a small but unknown propor-
tion of participants may have migrated out of the state after
recruitment; however, given the relatively short follow-up
period, this is unlikely to be great. Similarly, notifications and
hospitalizations occurring for participants in neighboring
states would not be captured, but for hospitalizations, these
are estimated to make up fewer than 2% of admissions in
NSW residents. There was insufficient information on contact
with young children or other individuals with pertussis in the
baseline questionnaire to allow us to examine the possible role
of this factor. We also did not have information on immuniza-
tion. However, prior to 2009, free adult vaccination was
mostly limited to healthcare workers in pediatric and materni-
ty settings and not provided at the population level. Given the
age range of study participants and that our follow-up ceased
at the end of 2008, we would expect that the number of adults
recently immunized for pertussis would be extremely low [9].
Finally, while the study cohort may be healthier than the
general NSW population, this is unlikely to bias risk estimates
made within the study population [16].

In order to reduce morbidity from pertussis, we need to
improve our knowledge of its epidemiology. Although routine-
ly collected data have limitations, our study provides unique
prospective information on incident pertussis in older adults.
We found that when we accounted for all temporally related
respiratory hospitalizations, the hospitalization rate among
middle-aged to older adults with pertussis infection was over
5% and that hospitalizations increased with increasing age.
This suggests that the burden to health systems from adult
pertussis in aging populations may be substantial. The avail-
ability of combined diphtheria-tetanus-pertussis vaccine for
adults aged over 65 years provides an opportunity to prevent
morbidity from pertussis in older adults, and our results,

Table 2. Association Between Sociodemographic and Health
Characteristics and Incident Pertussis in the 45 and Up Study

Cases/
Population

Hazard
Ratioa

Hazard Ratio
and 95% CIb

Age (years)
45–64 127/161829 1.00 1.00

65–74 44/57077 0.98 0.96 (.67–1.39)

75+ 34/44188 0.96 0.97 (.64–1.48)
Sex

Men 81/122028 1.00 1.00

Women 124/141066 1.33 1.26 (.94–1.69)
Household income ($)

<20 000 46/51860 1.00 1.00

20 000 to <40 000 29/46141 0.71 0.74 (.46–1.18)
40 000 to <70 000 44/46433 1.10 1.17 (.75–1.81)

70 000+ 37/61667 0.74 0.81 (.50–1.30)

Unknown/declined 49/56993 0.93 0.98 (.65–1.48)
BMI (kg/m2)

<25 64/93260 1.00 1.00

25–29.9 69/95584 1.12 1.10 (.78–1.55)
30+ 58/54251 1.62 1.52 (1.06–2.19)

Smoking

Never 120/150037 1.00 1.00
Current 14/18768 0.89 0.89 (.51–1.57)

Past 71/92882 1.00 0.95 (.71–1.29)

Vigorous physical activity
Less than once a week 106/113946 1.00 1.00

Once a week or more 71/99241 0.76 0.81 (.59–1.10)

Medication/supplement use
None 20/39255 1.00 1.00

Using 185/223839 1.70 1.61 (1.00–2.57)
Reported physician diagnosis or treatment for asthma

No 89/198632 1.00 1.00

Yes 30/29142 1.79 1.64 (1.06–2.55)

Abbreviations: BMI, body mass index; CI, confidence interval.
a Adjusted for age, sex, income.
b Adjusted for age, sex, income, BMI, smoking, physical activity, medications/
supplements, asthma.

Table 3. Incidence of Pertussis Diagnoses and Hospitalizations
Coded as ICD10 A37 in Adults According to Age and Sex for the
Whole State of New South Wales

Notification Ratea

(95% CI)
Hospitalization
Rate (95% CI)a

45–64 years 60.4 (56.8–64.2) 1.8 (1.2–2.5)
65–74 years 59.3 (52.7–66.5) 3.2 (1.8–5.1)

75+ years 33.5 (28.4–39.2) 3.9 (2.2–6.1)

Men 45.8 (42.2–49.6) 2.5 (1.7–3.5)
Women 64.6 (60.4–68.9) 2.3 (1.6–3.2)

Total 55.4 (52.6–58.3) 2.4 (1.8–3.0)

Abbreviation: CI, confidence interval.
a Per 100 000 population; hospitalizations based on ICD-10 coding of A37.
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which identify factors predisposing to pertussis infection,
could be considered when targeting pertussis immunization to
adult populations.
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Changing Patterns of Pertussis in a Children's Hospital in the Polymerase
Chain Reaction Diagnostic Era

Sophie Hale, BVSc1,2, Helen E. Quinn, PhD, MAE1,2, Alison Kesson, MBBS, PhD3, Nicholas J. Wood, MBBS, MPH, PhD1,2,3,

and Peter B. McIntyre, MBBS, PhD1,2,3

Objective To assess changes in diagnostic practice and vaccine schedules for pertussis, we used culture-
confirmation and clinical severity to compare pertussis cases at a single Australian tertiary pediatric hospital during
relevant periods.
Study designWe replicated the case ascertainmentmethods of a study reporting a 2-year epidemic period 1997-
1999 (whole cell pertussis vaccine with 18-month booster, only culture available) to conduct a retrospective cross-
sectional observational study over a 6-year period 2007-2012 (acellular pertussis vaccine, no 18-month booster,
polymerase chain reaction and culture available). Cases were compared from case note review 2007-2012
(including prevalence of comorbidities) and published data 1997-1999.
Results During 2007-2012, average annual hospitalizations in those aged <6 months increased 2.3-fold (32.0 vs
14.0) and in those aged >6months by 5.1-fold (17.7 vs 3.5). Limited to culture-positive hospitalizations, therewas no
increase in those aged <6months (14.0 vs 14.5) contrasted with a 4.6-fold increase in those aged >6months (2.3 vs
0.5), despite increased annual culture requests (488 vs 188). In 2007-2012, significant comorbidities were docu-
mented in 41/72 (57%) hospitalized children aged $12 months vs 38/225 (17%) <12 months (OR 6.5, 95% CI
3.7-11.7).
Conclusions Increased cases of culture-positive hospitalized pertussis were limited to fully immunized children
>6 months of age, consistent with schedule changes. Significant comorbidities were common, making a booster
dose at 12-18 months of age especially important. (J Pediatr 2016;170:161-5).

I
n Australia and the US, acellular pertussis vaccines replaced whole cell pertussis vaccines in the 1990s, and pertussis resur-
gence has been documented 10-15 years later. In both countries, waning of vaccine effectiveness has been identified in chil-
dren 7-12 years of age.1-3 In Australia, where the previous fourth dose at 18 months of age was discontinued in 2003, waning

effectiveness also has been documented among children 2-4 years of age.4 Studies from the US and Australia have suggested that
whole cell vaccines provide protection of longer duration than acellular vaccines,1-3 but the advent of polymerase chain reaction
(PCR) testing for pertussis also has changed the landscape. In Australia, PCR augmented or replaced culture as the primary
diagnostic method in children, first in hospitalized infants from about 2000, and more recently in children presenting to pri-
mary care.5 Specimens for PCR are more readily obtained, promoting greater use, and PCR is substantially more sensitive than
culture, especially in immunized children.6 The effectiveness of acellular vaccines in preventing hospitalization in the first year
of life is high,4 but little information is available on the relative severity of PCR-diagnosed vs culture-diagnosed cases, or for
children who present to hospital with pertussis after 12 months of age. In this study in a single large tertiary pediatric hospital
in Sydney, Australia, we replicated the methodology used to report on a previous 2-year period in the whole cell vaccine and
culture era (1997-1999),7 which included a pertussis epidemic, to study a 6-year period, in the acellular vaccine era (2007-2012),
which also included an epidemic, but when PCR testing, as well as culture, was available for diagnostic testing. We aimed, by
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observational study was performed by medical record review
of pertussis cases identified during a 6-year period (January
2007 to December 2012), using information on both labora-
tory testing and discharge coding. Eligible cases were those
coded by International Classification of Disease (ICD)
discharge codes as whooping cough because of Bordetella
pertussis (ICD 10 A37.0) or whooping cough, organism un-
specified (ICD 10 A37.9), as well as any child with laboratory
proven pertussis through positive culture, PCR (IS481
primers) or serology (Novagnost IgA Enzyme-linked Immu-
nosorbent Assay; Siemens Healthcare Diagnostics, Eschborn,
Germany), including both hospitalized children and those
seen only in the emergency department (ED). The study
was approved by The Sydney Children’s Hospital Network
Human Research Ethics Committee.

Clinical data for eligible cases was obtained from the Chil-
dren’s Hospital, Westmead electronic medical records data-
base. Clinical features and outcomes at both initial
presentation and during hospitalization, as recorded in inpa-
tient notes or discharge summaries, were entered into a data-
base. These included paroxysmal coughing, inspiratory
whoop, posttussive vomiting, fever (>38�C), episode(s) of
apnea and/or cyanosis, admission to intensive care unit
(ICU), and assisted ventilation. Data on investigations
included testing for, and identification of, coinfection with
respiratory viruses, and chest radiograph reports for consol-
idation or other acute abnormality. Level of care was classi-
fied in 3 categories of severity: ED visit only, hospital
inpatient care, stratified into admission for <2 days and
$2 days, and intensive care, stratified by requirement for as-
sisted ventilation. Chronic comorbidity was defined as pre-
existing medical condition(s) requiring regular medical
follow-up. Comorbidities where further subcategorized as
cardiorespiratory, conditions associated with immunodefi-
ciency (such as hematologic malignancy), chromosomal ab-
normalities, and “other”. Prematurity was defined as a
gestational age <37 weeks, with extreme prematurity defined
as a gestational age <28 weeks.

Vaccination Status
Immunization history was obtained from the Australian
Childhood Immunization Register, which contains informa-
tion on vaccines given to children born since January 1996,
who are registered in the national health insurance database,
and for whom vaccination encounters have been reported by
a vaccine provider to the Australian Childhood Immuniza-
tion Register.8 A child was considered to have received a valid
dose of pertussis antigen-containing vaccine if administered
at least 14 days before presentation.

Comparison with 1997-1999 Study
For the 2 years (1997-1999) of the original study, we did not
have access to individual case notes and relied on published
data for diagnostic testing, age, and hospitalization status.7

In the 1997-1999 study, immunization history was obtained
from clinical notes for inpatients and was not available for
outpatients.
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Statistical Analyses
Proportions and medians were reported where appropriate;
statistical significance was assessed using either a c2 test or
Mann-Whitney test, with a P value of <.05 considered statis-
tically significant. The strength of association between vari-
ables was measured using an OR with 95% CIs.
Results

In 2007-2012, 3731 children had pertussis PCR performed
(average 623 per year), with 519 (14%) positive and 2925
also had culture performed (average 488 per year), with 126
(4%)positive.NoPCR-negative caseswere positive by serology
or culture. In addition to the 519 cases identified by PCR with
orwithout culture confirmation, therewere 2who had positive
serology and no additional investigations and another 36 who
had ICD discharge codes for pertussis (33 PCR negative; 3 not
laboratory tested); giving a total of 557 pertussis cases of whom
36 (6.5%) were not laboratory confirmed.

Demographic Characteristics, Level of Care, and
Immunization Status in Laboratory Confirmed
Cases, 2007-2012
Figure 1 (available at www.jpeds.com) shows cases for the
period 2007-2012. Of 521 laboratory confirmed cases, 298
(57%) were hospitalized, with 55 (18%) requiring ICU; 223
(43%) were managed solely in the ED. Children
<12 months of age accounted for 76% of hospital
admissions; 74% were of at least 2 days duration and of
these, 20% included a period of ICU admission. Although
children aged $12 months represented only 24% of those
hospitalized, severity was high (at least 2 days for 60% and
ICU in 13%). Hospitalized cases had a median age of
3.2 months (IQR 1.5-10.9), significantly younger than
those managed solely in the ED (28.7 months; IQR 0.7-
203.9; P < .05). Cases admitted to ICU had a median age of
2.3 months (IQR 1.0-6.9), significantly younger than other
hospitalized cases (3.3 months; IQR 1.7-12.7; P < .05).
Among cases aged <12 months, the proportion who had

received no pertussis vaccine doses decreased from 100%
for those aged <2 months to 3% among hospitalized infants
aged 6-11 months and 13% among EDmanaged infants aged
6-11 months. Among those aged 6-11 months, 23% of hospi-
talized cases and 71% of ED managed cases had received 3
doses at least 14 days previously. In contrast, among hospital-
ized cases aged$12 months of age, 83% had received at least
3 doses of pertussis vaccine, slightly lower than the ED-
managed cases with 94%. Among hospitalized infants
<12 months of age, those who had received #1 dose of
pertussis containing vaccine were more likely to be culture-
positive than those who had received at least 2 doses of vac-
cine (OR 8.7, 95% CI 2.5-29.9).

Comorbidities, Age, and Level of Care, 2007-2012
Among hospitalized cases, the proportion with a comorbidity
present increased from 11%-15% for those aged <6 months
Hale et al
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to 53%-56% for those aged 12months to 9 years, reaching 81%
for those aged$10years (Figure2). In contrast, theproportion
of cases managed only in the ED who had a comorbidity was
below 10% for those aged <12 months to 4 years and
increased only modestly to 15%-18% for those aged$4 years
(Figure 2). The prevalence of comorbidity increased with
increased level of care, irrespective of age (Table I). In
children aged <12 months, 38 of 225 (17%) who were
hospitalized had documented comorbidities, compared with
41 of 72 (57%) hospitalized children aged $12 months
(Table I). The odds of having a comorbidity were 7 times
higher among hospitalized cases aged$12 months compared
with the younger age group (OR 6.5, 95% CI 3.7-11.7). In
cases aged <12 months, comorbidities were documented in
13 (28%) of 46 requiring intensive care, compared with older
cases, where comorbidities were present in 7 of the 9 (78%)
requiring intensive care (Table I).

Of the total 99 cases with comorbidities, cardiorespiratory
conditions were the single largest group, present in 55 (57%),
followed by immunodeficiency in 13 (11%) and chromo-
somal abnormalities in 9 (8%). All cases with a comorbidity
aged <6 months had a cardiorespiratory condition,
compared with older infants and children, where comorbid-
ities among cases also comprised immunodeficiency and
chromosomal abnormalities. Of all cases with comorbidity,
13 were born prematurely, of whom 11 (85%) had cardiore-
spiratory sequelae of prematurity. ICU admission was signif-
icantly more likely in those with cardiorespiratory
comorbidities (16/20) than others (4/20; OR 3.9, 95% CI
1.2-13.0), as was requirement for assisted ventilation (14/16
vs 2/16; OR 7.0, 95% CI 1.5-33.4).

Laboratory Diagnosis and Clinical Symptoms, 2007-
2012
For the period 2007-2012, we compared cases with positive
PCR, but negative culture, with culture-positive cases.
Figure 2. Prevalence of comorbidities among laboratory confirm

Changing Patterns of Pertussis in a Children’s Hospital in the Pol
Culture-positive cases were more likely to have classical clin-
ical features of pertussis such as paroxysmal cough, inspira-
tory whoop, apnea, and cyanosis documented (Table II).
Among cases aged >12 months, this difference only reached
statistical significance for the presence of whoop but was
significant for all symptom categories among cases aged
<12 months (Table II). Culture-positive cases were less
likely to have a fever recorded (11/123, 9%) compared with
culture-negative cases (40/228, 18%; P < .05) and fever was
more common overall in cases with coinfection (26% vs
14%; P < .05).

Laboratory Diagnosis and Case Ascertainment,
2007-2012 Compared with 1997-1999
For the period 2007-2012, we adopted a similar process of
case ascertainment to that documented in the 1997-1999
publication, with both laboratory testing records and hos-
pital discharge coding used to identify cases. As expected,
the annual average number of patients who had a pertussis
PCR performed on a respiratory specimen increased mark-
edly from 1.5 in 1997-1999 (when such specimens had to
be sent to an external laboratory) to 621.8 in 2007-2012
(Table III). In this hospital, culture for B pertussis
continued to be readily available in the PCR era, with
both methods used in 411 (73%) of all identified cases.
The annual average number of culture requests increased
2.6-fold from 187.5 in 1997-1999 to 487.5 in 2007-2012.
Although the average number of cases per year increased
from 54.5 in 1997-1999 to 92.8 in 2007-2012 (Table I),
when only culture-positive cases were examined, the
number of cases was the same. This remained similar
when limited to hospitalized cases and was only
marginally lower for hospitalizations associated with
higher disease severity, such as those in children
<6 months of age and those requiring ICU admission
(Table III).
ed pertussis cases, by age, 2007-2012.

ymerase Chain Reaction Diagnostic Era 163



Table I. Level of care for pertussis cases and
comorbidities, 2007-2012

Level of
care

Aged <12 mo Aged ‡12 mo

Comorbidity
No

comorbidity Comorbidity
No

comorbidity

ED managed 2/73 (3%) 71/73 (97%) 18/150 (12%) 132/150 (88%)
Hospitalized 38/226 (17%) 188/226 (83%) 41/72 (57%) 31/72 (43%)
ICU
admission

13/46 (28%) 33/46 (72%) 7/9 (78%) 2/9 (22%)

Assisted
ventilation

11/31 (35%) 20/31 (65%) 5/6 (83%) 1/6 (17%)
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Comparison of the 2007-2012 study period and the 1997-
1999 publication showed that culture positivity was most
common in hospitalized cases aged <6 months (Table III).
It is notable that although the number of culture-positive
hospitalizations aged <6 months was slightly lower in 2007-
2012, for those aged 6 months to 3 years there were 2.2
culture-positive hospitalizations per year in 2007-2012
compared with 0 in 1997-1999 (Table III).

Discussion

A strength of this study is the ability to compare total tests
performed, as well as positive tests for B pertussis culture
and PCR, in a setting where both diagnostic modalities
continued to be used widely. In the later study period, we
also obtained detailed data on comorbidities, which if present
were not documented in the earlier publication.

There was a 1.7-fold increase in the annual number of
cases identified in the PCR era, and this increment increased
to more than 2-fold when only laboratory-confirmed cases
were compared between the 2 epidemic periods. This differ-
ence highlights a change from 1997-1999,7 when most
pertussis diagnoses were made on clinical grounds alone,
with laboratory confirmation limited to a positive culture,
to almost exclusive diagnosis by PCR in 2007-2012. The
widespread availability of PCR, a more sensitive diagnostic
modality, and its much greater use, was responsible for lab-
oratory confirmation of diagnosis increasing from 69%-
93% over this time period. It is difficult to determine to
what extent cases identified only by PCR would have been
missed clinically, because of less typical symptoms, had
they presented in the pre-PCR era, or in the PCR era, to
what extent older immunized children presented with
symptoms, which would have led to clinical diagnosis
Table II. Clinical features of pertussis culture-positive cases,

Aged <12 mo

Culture-positive (%) Culture-negative (%) OR (95

Paroxysmal cough 88/93 (95) 111/154 (72) 6.8 (2.6
Whoop 25/92 (27) 10/154 (7) 5.4 (2.4
Apnea 22/92 (24) 21/154 (14) 2.0 (1.0
Cyanosis 44/92 (48) 33/154 (21) 3.4 (1.9

*For presence of symptom in culture-positive cases.
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even if PCR testing had not been available. However, as
we found that older children diagnosed by PCR alone
were significantly less likely to present with a whoop than
those who were culture-positive, this suggests that some
may not have been clinically diagnosed. Nevertheless, the
increase seen in both culture-positive and PCR-positive
cases in 2007-2012 is consistent with decreased vaccine
effectiveness in the absence of a booster dose at 18 months,
as previously demonstrated in Australia.4 Waning immu-
nity is likely to be even more evident among children born
prematurely, or with other reasons for lesser immune re-
sponses to vaccination, who were prominent among hospi-
talized cases and have previously been shown to be at
increased risk of pertussis.9,10

Prior to the availability of PCR at the hospital laboratory in
2004, PCR requests were sent to external laboratories at
considerable cost. Availability onsite resulted in a significant
increase in PCR testing and almost certainly also increased
clinical suspicion of pertussis, in turn resulting in more
testing. PCR testing also increased in primary care in
Australia,5 but notably we also found a 2.6-fold increase in
culture requests for 2007-2012, despite access to culture be-
ing consistent in both time periods. In 2007-2012, the pro-
portion of tested children who were culture-positive
decreased, resulting in numbers of culture confirmed hospi-
talizations remaining similar to 1997-1999.
Historically, culture, as the diagnostic gold standard, has

been limited in its sensitivity, even more so among cases
with atypical disease or in individuals who were previously
vaccinated.11 Our study had consistent findings, with infants
who received at least 2 doses of vaccine less likely to be
culture-positive. Limitations in diagnostic sensitivity, a reli-
ance on stringent clinical criteria for pertussis diagnosis
and notification, and the resultant reluctance of clinicians
to code cases as pertussis in the absence of laboratory confir-
mation, has contributed to the underdiagnosis of pertussis in
past, with only classical presentations diagnosed on clinical
grounds. Also, consistent with other findings, in our study,
only 33% of PCR-positive cases that were also cultured
were positive by both modalities.6 Similarly, cases that ex-
hibited more classical clinical features of pertussis such as
paroxysmal coughing, inspiratory whoop, and posttussive
vomiting were more likely to be culture positive.
The Australian 3-dose primary schedule with no booster

dose until 4 years of age since 2003 has been shown to be asso-
ciated with waning acellular vaccine effectiveness, decreasing
from 84% for children aged 6-11 months to 71% and 59% for
by age group, 2007-2012

Aged ‡12 mo*

% CI)* Culture-positive (%) Culture-negative (%) OR (95% CI)*

-17.9) 28/31 (90) 58/73 (80) 2.4 (0.7-9.0)
-11.8) 8/31 (26) 6/73 (8) 3.9 (1.2-12.4)
-3.9) 1/31 (3) 1/73 (1) 2.4 (0.2-39.6)
-5.9) 2/31 (7) 3/73 (4) 1.6 (0.3-10.1)
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Table III. Trends in pertussis cases during 2 epidemic
periods a decade apart

Categories of tests or cases

1997-1999 (2 y)
Average per y

2007-2012 (6 y)
Average per y

Total
Culture-
positive Total

Culture-
positive

PCRs performed 1.5 0 621.8 21.0
Cultures performed 187.5 22.5 487.5 21.0
Total cases per y 54.5 21.5 92.8 21.0
Hospitalized 34.5 14.5 55.7 14.0

Laboratory confirmed cases 37.5 21.5 86.8 21.0
Hospitalized 17.5 14.5 49.7 14.0
ICU 4.5 3.5 9.2 2.3
Hospitalized aged <6 mo 14.0 14.0 32.0 11.7
Hospitalized aged 6 mo-3 y 4.0 0 13.0 2.2
Hospitalized aged $4 y 1.5 0.5 4.7 0.2
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children aged 2-3 years and 3-<4 years, respectively.4 In our
series, 70 of 220 (32%) laboratory confirmed cases aged
$12 months required hospitalization, 94% of whom had
received$3 doses of vaccine. This is in contrast to the earlier
1997-1999 study, in which only 14% of hospitalized cases had
received $3 doses of whole cell pertussis vaccine and lack of
vaccination contributed to hospitalization with pertussis.7

Notably, children with a significant comorbidity ac-
counted for 54% of hospitalizations aged $12 months,
increasing to 67% in cases $4 years, compared with 17%
in cases #12 months of age. Cardiorespiratory compromise,
in most cases as a complication of prematurity, was associ-
ated with ICU admission and assisted ventilation. These
data suggest that children with prematurity and other signif-
icant comorbidities associated with cardiorespiratory or im-
mune compromise are particularly vulnerable without a
booster dose of pertussis vaccine in the second year of life,
as they are susceptible to severe disease should they develop
B pertussis infection.

Limitations of this study include retrospective ascertain-
ment, with information only captured if specified in the clin-
ical records and comparative data from 1997-1999 limited to
that available in the publication.7 Data from only 1 hospital
raises questions about generalizability but at the same time
enhances confidence about consistency of test availability
and diagnostic practice over time. The catchment population
and referral practices to the hospital have not changed signif-
icantly over time, with admission remaining stable (28 500 vs
28 200 admissions, 1997-1999 vs 2007-2012, respectively)
and ED presentations only modestly increasing (40 500 vs
50 000 admissions, 1997-1999 vs 2007-2012, respectively).

Although the PCR era coincided with the introduction of
acellular vaccine, rather than whole cell vaccine, the study
period was also more than 3 years following discontinuation
of the recommendation for a booster dose at 18 months. Our
findings of a notable increase in culture-positive hospitaliza-
tions in fully immunized children aged 6 months to
3 years, and the importance of comorbidities in leading
Changing Patterns of Pertussis in a Children’s Hospital in the Pol
to hospitalization, is consistent with waning immunity.
Reintroduction of the 18-month dose into the Australian Na-
tional Immunization Program has recently been recommen-
ded as cost-effective and has been re-introduced into the fully
funded National Immunization Program.12 It will be impor-
tant to evaluate the uptake of this renewed booster recom-
mendation including its impact on hospitalization for
pertussis in children $12 months of age, especially those
with prematurity and cardiorespiratory comorbidities. n

We would like to thank Kath Cannings, RN, MPH (National Center
for Immunization Research and Surveillance of Vaccine Preventable
Diseases; funded by Australian Government Department of Health,
The New SouthWales Ministry of Health, and The Children’s Hospital
at Westmead), for technical support.
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Aged <12 months
N=226 (76%) 

Hospitalized
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N=168 (74%) 

ICU
N=46 (20%)

Aged ≥12 months
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ICU
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ED only
N=223 (43%)

Laboratory confirmed cases, 2007–2012
N=521
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Figure 1. Laboratory confirmed pertussis cases, by level of care and age, 2007-2012.
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Summary Objectives: Changes in circulating Bordetella pertussis genotypes, including a
novel pertussis toxin promoter ptxP3 allele and absence of pertactin (Prn) antigen, have been
reported from several countries but limited data on relative severity are available. We
compared markers of disease severity in children with B. pertussis infection due to strains
of differing genotype.
Methods: Culture confirmed cases presenting to tertiary paediatric hospitals in three Austra-
lian states between 2008 and 2012 were classified as severe if they required a hospital stay
greater than seven days, were admitted to intensive care, or if death occurred. Associations
between age, vaccination, genotype and severity were assessed.
Results: Of 199 pertussis cases, 81 (41%) were <3 months, including 32/39 (82%) of severe
cases. The proportion of isolates from these cases that were Prn deficient increased markedly
between 2008 and 2012. Of B. pertussis isolates, the proportion considered severe was similar
for Prn positive (27/128, 21%) and Prn deficient (12/71, 17%) cases but only 1/22 (4.5%) of non
ptxP3 cases were severe versus 38/177 (21.4%) ptxP3 positive. Adjusting for ptxP type, vacci-
nation status and age, disease severity was not significantly associated with Prn status (RRA:
0.95, [0.57e1.56]; p Z 0.83).
Conclusions: In children, we found no relationship between Prn status and markers of severe
pertussis. An increased proportion of severe disease in isolates with the ptxP3 allele was
observed.
ª 2015 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Introduction

Pertussis remains a clinical and public health burden in
Australia and globally. Despite long standing immunization
programs in most countries, epidemics continue to occur
every three to four years in high resource countries. The
incidence of pertussis in young infants is particularly
concerning, with infants at highest risk of death and severe
disease.1e3 The most recent pertussis epidemic in Australia
was the largest reported in the vaccination era, both in
terms of number of cases and duration of the epidemic.2

At the peak of that epidemic, pertussis notification rates
in young children reached 333 per 100,000 children less
than five years of age. The highest notification rate was
observed in children 5e9 years of age (550 pertussis notifi-
cations per 100,000 children).2 Ten of the 11 pertussis
deaths in Australian between 2006 and 2011 were in infants
less than six months of age.4

The resurgence of pertussis in Australia may be ex-
plained by several factors, including improved detection
through more sensitive PCR diagnostic tests, ease of
testing5 and reduced duration of immunity following the
introduction of acellular vaccines in 1997.6e9 Questions
have also arisen regarding the impact of a change from
whole cell pertussis vaccines to acellular vaccines on the
duration of pertussis immunity and evolution of Bordetella
pertussis.6,10,11 The most prominent recent changes in
circulating B. pertussis strains are polymorphisms in ptxP,
the promoter of the Ptx operon, and the non-production
of pertactin.12e18 Previously, ptxP3 has been shown to be
associated with increased pertussis toxin production as a
result of a single base mutation in the ptxP and with
increased hospitalizations in the Netherlands.16 In
Australia, ptxP3 B. pertussis isolates predominated during
the 2008e2012 epidemic.17 There is increasing evidence
worldwide of emergence of B. pertussis variants that are
deficient in the pertactin (Prn) protein10,18e22, an outer
membrane protein involved in adhesion to epithelial
cells.23 The clinical consequences of these evolutionary
changes are unclear.10,15,18,21,24,25 Murine studies have indi-
cated that Prn deficient strains remain virulent, with
similar invasion and cytotoxicity properties compared
with strains expressing Prn.20 B. pertussis mutants which
do not express Prn may persist longer in the epithelia
than Prn expressing variants.26 Two recent studies exam-
ining clinical findings in children and associations with Prn
status of isolates suggest symptoms and clinical course
are similar or reduced, with no apparent difference in
requirement for hospitalization or presence of symptoms
(with the exception of apneoa which was less likely in Prn
deficient infections).15,25

As the current acellular pertussis vaccines used in
Australia contain the pertactin antigen,27 the absence of
this outer membrane protein in circulating B. pertussis
strains may allow the bacteria to “escape” vaccine induced
immune protection increasing susceptibility to infection
despite immunization.

In Australia, vaccination against pertussis is funded for
infants and children through the National Immunization
Program (NIP) offering free Diphtheria-Tetanus-acellular
Pertussis (DTPa) vaccinations at 2, 4 and 6 months of age,
with two booster doses at four years and 10e15 years of
age.27 In attempts to improve protection against pertussis,
an 18 month booster dose will be re-introduced with fed-
eral funding from 01 October 2015. More recently, vaccina-
tion of women in their third trimester of pregnancy has
been recommended and provided as part of a state funded
vaccine program in all Australian states.27

Whilst it is clear that the prevalence of B. pertussis var-
iants that do not express Prn has increased over recent
years as demonstrated in several countries including USA,
Australia and Europe,10,18,21 the clinical implications of
this change in epidemiology are less clear. Understanding
the clinical relevance of the increasing prevalence of Prn
deficient strains is important for future control through
vaccination strategies and management of pertussis infec-
tions in children.
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This study aimed to assess the impact of emerging B.
pertussis variants on severity of pertussis disease by
comparing clinical disease parameters for Australian chil-
dren infected with Prn deficient and Prn positive B. pertussis
isolates between 2008 and 2012. Since the novel pertussis
toxin promoter ptxP3 allele has been associated with
increased hospitalizations in the Netherlands,16 we also
examined the effect of the ptxP3 allele on disease severity.
Methods

The genotypes and Prn expression of B. pertussis isolates
from cultures of children presenting to three participating
Australian tertiary paediatric hospitals (Sydney Children’s
Hospital at Westmead (New South Wales e NSW), Princess
Margaret Hospital (Western Australia e WA) and Women’s
and Children’s Hospital (South Australia - SA) between
2008 and 2012 have been determined in our previous
studies.10,17 The availability of isolates for genotyping was
based on routine pertussis diagnostic practices at each of
the participating hospitals. The majority of genotyped iso-
lates were from NSW and WA where bacterial culture re-
mains a diagnostic standard in conjunction with PCR. In
SA, PCR testing was the routine diagnostic test for pertussis
during the study period with culture only on specific
request with very few samples collected for culture from
2010 onwards.

Medical and laboratory data were collected for children
under 18 years of age who either presented to, or were
admitted to one of the three participating hospitals and had
an isolate available for determination of Prn expression.
Clinical and demographic variables were collected to assess
relationship between these variables and Prn expression.
Immunization history was obtained from the Australian
Childhood Immunization Register (ACIR) or hospital records.
Previous vaccination was defined as documented receipt of
pertussis-containing vaccine at least 14 days prior to
diagnosis of pertussis. Infants less than 56 days old at time
of diagnosis were recorded as unvaccinated. The presence
of a respiratory co-pathogen was defined as laboratory
evidence of any respiratory organism within seven days of
pertussis diagnosis. Various methods of respiratory pathogen
detection including PCR, culture and antigen detection
panels are employed by the three participating hospitals
and only SA routinely tests for a range of respiratory
pathogens (respiratory PCR panel) with each sample re-
questing pertussis diagnostic testing. The presence of
lymphocytosis was determined according to local age spe-
cific laboratory reference ranges for cases where absolute
lymphocytes were measured as part of the medical man-
agement of the child. A case was classified as ‘severe’ if the
patient required a hospital admission for greater than seven
days, intensive care unit management, or died.

Chi-square tests and ManneWhitney U or t-tests were
used to assess differences in proportions (categorical) and
median/mean (continuous) data between Prn deficient and
Prn positive groups. Univariate and multivariable log bino-
mial regression models were used to assess association
between Prn status and severity of pertussis. Multivariable
models adjusted for other potential confounders and vari-
ables of interest, including ptx promoter type (ptxP3 or not
ptxP3), age (<2 months; 2 to <4 months or �4 months) and
vaccination (0 or �1 dose). Associations were reported as
risk ratios (RR) with 95% confidence intervals (CI). All statis-
tical analyses were performed using STATA11 with statisti-
cal significance defined as p < 0.05.

The study was approved by the Human Research Ethics
Committees at the respective sites.

Results

Identified cohort and antigen expression

A total of 199 isolates from children with pertussis infection
during 2008e2012 were identified for children presenting
to, or admitted to one of the three participating hospitals
where results were available for absence or presence of Prn
expression. The majority of isolates were collected in NSW
and WA (NSW: n Z 91, 45.7%; WA: n Z 85; 42.7%; SA:
n Z 23, 11.6%). A third of these isolates (35.7%; 71/199)
were Prn deficient with the remaining 128 samples express-
ing Prn. A higher proportion of isolates from WA were Prn
deficient (40/85; 47.1%) compared with NSW (26/91; 28.6%)
and SA (5/23; 21.7%).

The proportion of isolates that were Prn deficient
increased over the period of the study; only 1 of the 29
isolates (3.4%) collected in 2008 identified as Prn deficient,
compared with 28/39 (71.8%) and 29/35 (82.9%) identified
as Prn deficient in 2011 and 2012 respectively (Fig. 1). Iso-
lates with the ptxP3 promoter type, were predominant
throughout each year of the study, with virtually all isolates
(96%) in 2011 and 2012 identified as ptxP3 type (Fig. 1).
Almost all Prn deficient isolates (70/71, 98.6%) had the
ptxP3 allele compared with 107/128 (83.6%) of Prn positive
isolates (p Z 0.001).

Isolates were collected from all months of the year
although the majority of pertussis cases in this study
occurred during Spring and Summer (n Z 147/199, 73.9%)
compared with Autumn and Winter months (n Z 52/199,
26.1%) (p < 0.001).

Demographic comparisons between Prn deficient
and Prn positive cases

The median age at pertussis diagnosis was three months
(interquartile range [IQR] 2e18 months, range 13 days to
12.9 years). Over a third of cases were less than three
months of age (n Z 82/199; 41.2%). Almost half of the
cultured cases were female (98/199, 49.2%) and almost 10%
identified as Aboriginal or Torres Strait Islander children
(19/199; 9.5%). There were no significant differences be-
tween the distributions for age, gender or Indigenous status
for children infected with Prn positive versus Prn deficient
B. pertussis variants (Table 1).

Clinical comparisons between Prn deficient and Prn
positive cases

Death
Three deaths occurred in the study cohort. All three deaths
occurred in infants less than four months of age with no



Table 1 Cohort demographics and characteristics.

Prn deficient (n Z 71) Prn positive (n Z 128) p Value

Gender Male 35 (49.3%) 66 (51.6%) 0.76
Female 36 (50.7%) 62 (48.4%)

Aboriginal/Torres Strait Islander No 64 (90.1%) 116 (90.6%) 0.91
Yes 7 (9.9%) 12 (9.4%)

Age category <2m 19 (26.8%) 29 (22.7%)
2-<4m 16 (22.5%) 36 (28.1%)
4-<6m 7 (9.9%) 12 (9.4%) 0.24
6-<12m 9 (12.7%) 5 (3.9%)
12m-<2y 9 (12.7%) 21 (16.4%)
>Z2y 11 (15.5%) 25 (19.5%)

Age (months) (median/IQR) 4m (1e16) 3m (2e19) 0.79
Hospital admission Yes 40 (56.3%) 71 (55.5%) 0.91
Admission duration a(n Z 194) <2 days 40 (57.1%) 66 (53.2%) 0.82

2e7 days 19 (27.1%) 35 (28.2%)
>7 days 11 (15.7%) 23 (18.5%)

Intensive care management Yes 5 (7.0%) 16 (12.5%) 0.23
Death Yes 0 (0.0%) 3 (2.3%) 0.19
Pneumonia Yes 1 (1.4%) 8 (6.3%) 0.12
Lymphocytosisb (n Z 56) Yes 10/21 (47.6%) 14/35 (40.0%) 0.58

IQR: Interquartile range.
P values are chi-square or ManneWhitney U tests as appropriate.
a Admission duration (nZ 194): excludes 5; 3 died/2 transferred. “<2 days” includes cases that presented without admission (nZ 88).
b Includes only those with white cell counts performed (n Z 56; Prn deficient n Z 21, Prn positive n Z 35).
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evidence of prior immunization. B. pertussis isolates from
these infants were all Prn positive and had the ptxP3 allele.

Admission to hospital
Overall, 55.8% (n Z 111) of the isolates were from children
who were admitted to hospital as opposed to presentation
to an emergency department only. There was no significant
difference between the proportion of children with Prn
deficient infections who were admitted to hospital (40/71,
56.3%) compared with Prn positive infections (71/128,
55.5%) (p Z 0.91).

Data on duration of admission was available for 106 of
the 111 pertussis cases that were hospitalized (3 died and 2
were transferred). For these 106 cases, the median dura-
tion of hospital stay was similar for Prn deficient cases
(n Z 39; median 4 days, IQR 2e9 days) and Prn positive
cases (n Z 67; median 5 days, IQR 2e10 days). The
proportion of children hospitalized for more than seven
days was not statistically different between Prn deficient
and Prn positive groups (11/70, 15.7% vs 23/124, 18.5%;
(p Z 0.62))

A lower, but not statistically significant proportion of Prn
deficient pertussis cases were admitted to intensive care
compared with Prn positive pertussis cases (excluding five
cases where requirement for intensive care management
was unknown) (5/69; 7.2%, vs 16/125; 12.8%; (p Z 0.23))

Pneumonia
Chest X-rays were performed for 54 (27.1%) of the cases
included in this study. Similar proportions of children
received a chest X-ray for both Prn deficient and Prn
positive isolates (21/71; 29.6% vs 33/128 25.8%). Chest X-
ray confirmed pneumonia was observed less frequently in
Prn deficient cases compared with Prn positive cases,
however this difference was not statistically significant
(1/71; 1.4% vs 8/128 6.3%, p Z 0.12).

Lymphocytosis
White cell counts were measured and available for 21 Prn
deficient and 35 Prn positive cases. A similar proportion of Prn
deficientcases (withwhite cell countsavailable)hadelevated
lymphocytes (10/21; 47.6%) comparedwith Prn positive cases
(14/35, 40.0%), p Z 0.58. The mean absolute lymphocyte
count was also similar between Prn deficient and Prn positive
cases (12.6 (SD 6.9) vs 12.8 (SD 7.3) � 109/L; pZ 0.91).

Co-infection
Co-infecting pathogens were reported for 40 of the 125
cases tested for other respiratory pathogens of the total
pertussis cases included in this study (32.0%) with the most
Table 2 Immunization history by status of pertactin (Prn) in B.

Prn

Known immunization history 5
No prior valid pertussis vaccine dose 24/5
Prior receipt of 1 valid pertussis vaccine dose 16/5
Prior receipt of at least 2 valid pertussis vaccine doses 19/5

)A valid dose was defined as documented evidence of receipt of pe
pertussis infection.
common co-pathogens being rhinovirus (n Z 19) followed
by parainfluenza type 3 (n Z 7), respiratory syncytial virus
(n Z 6), adenovirus (n Z 4) and human influenza virus
(n Z 4). Of children tested for the presence of a co-
pathogen, there was no difference in the proportion of
cases with a respiratory co-infection identified between Prn
deficient infections (14/48; 29.2%) and Prn positive in-
fections (26/77; 33.8%) (p Z 0.59).
Immunization history
Previous immunization history was available for 59/71 Prn
deficient cases (83.1%) and 112/128 Prn positive cases
(87.5%). Almost a quarter of cases (n Z 43) were too young
to have received any pertussis vaccine at least 14 days prior to
diagnosis. The proportion of cases less than 56 days of age at
time of diagnosis was similar for Prn deficient and Prn positive
pertussis cases (15/71; 21.1% vs 28/128; 21.9%, pZ 0.90).

Of the 171 cases with known immunization history,
almost half had not received any pertussis vaccination at
least 14 days prior to pertussis diagnosis (72/171; 42.1%).
There was no difference in the proportion that had
received 1 or at least 2 doses of acellular pertussis vaccine
more than 14 days prior to pertussis diagnosis between Prn
deficient and Prn positive cases (Table 2).
Associations with severe pertussis

Cases were classified as severe if they met any of the
following conditions: hospital admission longer than seven
days; intensive care management or death. Overall, 39/199
(19.6%) were classified as severe according to this
definition.

There was a lower proportion of Prn deficient B. pertussis
infections classified as severe compared with Prn positive
isolates (12/71; 16.9% vs 27/128 21.1%); however the differ-
ence was not statistically significant (p Z 0.48).

Almost 40% of infants less than three months of age were
classified as severe compared with 9.6% of children be-
tween 3 and 12 months of age and 3.0% of children over 12
months of age (Table 3). Proportions of isolates deficient in
Prn or carrying ptxP3 allele were similar between the three
age categories. Most children over 12 months of age (98.0%)
had received at least one dose of acellular pertussis vac-
cine, whereas most infants under three months of age
(80.8%) were unvaccinated (Table 3).

A higher proportion of young infants were classified as
severe if they were infected with an isolate with the ptxP3
promoter type, regardless of Prn status compared with in-
fants infected with isolates that were not ptxP3. For older
pertussis isolate.

deficient (n Z 71) Prn positive (n Z 128) p Value

9 (83.1%) 112 (87.5%) 0.39
9 (40.7%) 48/112 (42.9%) 0.78
9 (27.1%) 28/112 (25.0%) 0.76
9 (32.2%) 36/112 (32.1%) 0.994

rtussis containing vaccine at least 14 days prior to diagnosis of



Table 3 Characteristics by age category.

Overall Age <3 months
(n Z 81)

Age 3-<12 months
(n Z 52)

Age � 12 months
(n Z 66)

p Valuec

Characteristic N (%) N (%) N (%) N (%)

Prn deficient 71/199 (35.7%) 29/81 (35.8%) 22/52 (42.3%) 20/66 (30.3%) 0.401
ptxP3 177/199 (88.9%) 74/81 (91.4%) 48/52 (92.3%) 55/66 (83.3%) 0.223
Severe 39/199 (19.6%) 32/81 (39.5%) 5/52 (9.6%) 2/66 (3.0%) <0.001
Died 3/199 (1.5%) 2/81 (2.5%) 1/52 (1.9%) 0/66 (0.0%) 0.486
ICU 22/197 (11.2%) 17/81 (21.0%) 3/50 (6.0%) 2/66 (3.0%) 0.001
Admitted for more than 7 daysa 34/194 (17.5%) 29/79 (36.7%) 3/49 (6.1%) 2/66 (3.0%) 0.000
Unvaccinatedb,d 72/171 (42.1%) 63d/78 (80.8%) 8/44 (18.2%) 1/49 (2.0%) <0.001
a Admission duration unknown for n Z 5.
b Vaccination history unknown for n Z 28.
c P value is chi square or fisher’s exact test for difference in proportion by age category.
d Includes 43 who were too young to have received any valid pertussis vaccine dose prior to diagnosis (<56 days).
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children (�3 months), only those infected with Prn-posi-
tive/ptxP3 variants were classified as severe (Table 4).

Univariate binomial regression models for predictors of
severe pertussis demonstrated that younger age, no prior
pertussis vaccination, and identification as Aboriginal/Torres
Strait Islander were statistically significantly associated with
more severe pertussis (Table 5). In multivariable analysis
including the above variables as well as Prn expression and
ptxP promoter type, Prn deficiency was not associated with
any altered risk of severity (RR 0.95 [0.57e1.56],
pZ 0.83). However, theptxP3 variantsweremore than three
times more likely to be classified as severe (RR 3.44
[0.59e20.00], although this association was not statistically
significant (pZ 0.17). Compared with infants over 4 months
of age, infants less than 2 months of age were significantly
more likely to be classified as severe (RR 4.62 [1.28e16.73],
pZ 0.02). Therewas no evidence of a statistically significant
association between identification as Aboriginal/Torres
Strait islander and severe pertussis in the multivariable
model (RR 1.56, [0.90e2.70], p Z 0.12). Children who had
not received any prior pertussis vaccination were twice as
likely to be classified as severe, (RR 2.10 [0.73e5.99] howev-
er this was not statistically significant (p Z 0.16).

Discussion

Results from this study suggest that Prn deficient B.
pertussis variants caused disease which was similar in
Table 4 Genotypic variants and severity by age category and v

Variant Total n Prn deficient/ptxP3
(n Z 70)

Prn positiv
(n Z 107)

Age category n (%) severe n (%) sever
<3 months 81 12/28 (42.9) 19/46 (41.
�3 months 118 0/42 (0.0) 7/61 (11.5

Vaccination status n (%) severe n (%) sever
0 doses 72 11/23 (47.8) 18/42 (42.
1 or more 99 1/35 (2.9) 6/53 (11.3
2 or more 55 0/19 (0.0) 2/28 (7.1)
severity with infection caused by Prn positive strains,
with point estimates suggesting that infection from Prn
deficient variants may be less severe, resulting in fewer
cases of pneumonia and admission to intensive care units.
This is in agreement with other reports in the literature
on Prn deficient B. pertussis infections which have found
no difference in proportions reporting symptoms such as
apneoa, duration of coughing illness or requirement for
admission between infections with Prn deficient vs Prn pos-
itive infections.15,25 Our study adds to previously reported
literature15,25 with the inclusion of greater numbers of
younger infants and thus provides reassurance that the
rapid emergence of Prn deficient B. pertussis variants is un-
likely to contribute to any greater risk of death or severe
outcomes from infections in young, vulnerable infants.

In contrast with Martin et al.,15 but similar to Bodilis
et al.,25 we did not find any association between Prn status
and history of vaccination. This may be due to our relatively
small sample size with only 35 of the 71 Prn deficient cases
having evidence of any prior vaccination. In agreement with
Bodilis et al.,25 our data also demonstrated that vaccination
was associated with reduced risk of severe disease.

There is no evidence from this study that Prn deficient B.
pertussis infections increase susceptibility of hosts to co-
infections, although it is important to recognize that not
all cases were routinely tested for the presence of respira-
tory co-pathogens and thus it is possible that co-infections
were undetected in children in this cohort.
accination status.

e/ptxP3 Prn deficient/Not-ptxP3
(n Z 1)

Prn positive/Not-ptxP3
(n Z 21)

e n (%) severe n (%) severe
3) 0/1 (0.0) 1/6 (16.7)
) 0/0 (0.0) 0/15 (0.0)

e n (%) severe n (%) severe
9) 0/1 (0.0) 1/6 (16.7)
) 0/0 (0.0) 0/11 (0.0)

0/0 (0.0) 0/8 (0.0)



Table 5 Univariate and multivariate associations with severe outcome.a

Variable Level n Univariate risk ratio (95% CI) p Value Adjusted risk ratio (95% CI) p Value

Prn status Positive 128 1.0 1.0
Deficient 71 0.80 (0.43e1.48) 0.48 0.95 (0.57e1.56) 0.83

ptxP status Not ptxP3 22 1.0 1.0
ptxP3 177 4. 72 (0.68e32.72) 0.12 3.44 (0.59e20.00) 0.17

Aboriginal/Torres
Strait Islander

No 180 1.0 1.0
Yes 19 2.44 (1.32e4.53) 0.01 1.56 (0.90e2.7) 0.12

Age cat 4mþ 99 1.0 1.0
2-<4m 52 5.71 (1.94e16.83) 0.002 3.13 (0.96e10.25) 0.06
<2m 48 11.86 (4.34e32.38) <0.001 4.62 (1.28e16.73) 0.02

Vaccine doses 1þ 99 1.0 1.0
0 72 5.89 (2.74e12.66) <0.001 2.10 (0.73e5.99) 0.16

a Cases were classified as severe if they required a hospital stay greater than seven days, were admitted to intensive care or if death
occurred.

The relationship between Bordetella pertussis genotype 177
Bacterial load may be an important factor associated
with severity of disease as shown in previous research.28 We
do not have PCR results to get a measure of bacterial loads
for our cases, however, all eligible cases required success-
ful culture. As culture success has been linked to higher
bacterial load,29 it is likely that bacterial loads were similar
between Prn deficient and Prn positive cases included in
this study.

Examining factors associated with more severe B.
pertussis infection using univariate models reconfirmed
that young age and absence of prior vaccination were
important predictors of more severe disease. Interestingly,
our data suggests that although there was no evidence that
Prn deficient isolates were related to more severe disease,
strains carrying the ptxP3 promoter allele may have an
impact on disease severity. However, the small number of
non-ptxP3 cases (n Z 22) and wide confidence intervals
for estimated risk ratios limits the ability of this study to
provide conclusive evidence on the impact of ptxP3 and dis-
ease severity. In our study, only two cases infected with a
non-ptxP strain had lymphocytes measured so we were un-
able to examine the relationship between these ptxP vari-
ants and lymphocytosis. Further investigation on the
importance and prevalence of ptxP3 on severity of pertussis
disease is warranted. These results agree with recent liter-
ature suggesting that ptxP3 strains are more virulent in hu-
mans than ptxP1 strains based on death and hospitalization
data in the Netherlands during two time periods with low
and high ptxP3 frequencies.16 The proportion of cases
that were ptxP3 in our sample (which included isolates
from 2008 to 2012) was high (89%), with similar predomi-
nance of ptxP3 strains evident around Australia17 and
globally.13,30

Our results provide reassurance that the recent evolu-
tionary changes in B. pertussis (increasing proportions of
Prn deficient isolates) are not significantly impacting on dis-
ease severity. Some evidence, including our study findings,
suggest that Prn deficient genotypes may be associated
with less severe disease, which may lead to increased trans-
mission due to delayed or under diagnosis of the infected
cases. Surveillance of pertussis genotypes and the impact
of the rapid emergence of B. pertussis variants on effec-
tiveness of vaccination programs should be closely
monitored.
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Abstract. Pertussis notifications have increased over
the past decade in Australia and other industrialised
countries. This study estimates the effectiveness of
pertussis vaccination in one Australian State (New
South Wales, NSW) among children aged less than
14 years, during a period when an Australian whole-
cell pertussis vaccine was in routine use. Cases noti-
fied with pertussis between 1996 and 1998 and
pertussis vaccine coverage estimates from the Aus-
tralian Childhood Immunisation Register were used.

Vaccine effectiveness (VE) was calculated using the
screening method, with adjustment for age group,
year of disease onset and area of residence. VE was
highest (91%) in the youngest age group (8–
23 months) and lowest (78%) in the oldest age group
(9–13 years). Pertussis vaccination is highly effective
at preventing pertussis in NSW children, as measured
by notified cases. Ongoing monitoring will be im-
portant to evaluate VE following Australia’s change
to an acellular vaccine based program.

Key words: Pertussis, Screening method, Vaccine effectiveness, Whole-cell pertussis vaccine

Introduction

Pertussis (whooping cough) is the most important
vaccine preventable disease, in terms of morbidity
and mortality, in Australia [1] and many other in-
dustrialised countries. In addition to the analysis and
interpretation of disease surveillance and vaccination
coverage data, methods suitable for routine use and
capable of detecting major shifts in the effectiveness
of the pertussis vaccination program are needed. This
need is highlighted by major changes in pertussis
vaccine effectiveness (VE) elsewhere [2], a lack of
effectiveness data for the whole-cell vaccine previ-
ously used and the recent introduction of acellular
vaccines in Australia. In the Australian immunisation
schedule, pertussis vaccines are given with diphtheria
and tetanus (DTP) at 2, 4 and 6 months of age with a
booster at 18 months of age. In 1994, a fifth dose of
DTP was introduced, initially at 4–5 years and, from
1996, at 4 years of age. A whole-cell pertussis vaccine,
produced by CSL Limited, was used exclusively until
1997, when acellular pertussis vaccines became
available. In 1998, acellular vaccines were funded for
the fourth and fifth dose and in 1999 for all doses,
replacing whole-cell vaccines.
This study estimates the effectiveness of the pri-

mary course (doses 1–3) of the pertussis vaccination
program in one Australian State, New South Wales
(NSW) between 1996 and 1998, using the screening
method. During this time period, the whole-cell vac-
cine accounted for the great majority of pertussis
vaccines used. The screening method compares the

proportion of cases who are vaccinated (PCV) with
the proportion of a comparable group in the popu-
lation who are vaccinated (PPV). It is a simple and
rapid method which has been used to estimate per-
tussis VE in the Netherlands [2], Nova Scotia [3], the
United Kingdom [4, 5], the United States [6], New
Zealand [7] and France [8]. In Australia it has been
used to estimate the effectiveness of Haemophilus in-
fluenzae type b vaccination [9] but not pertussis vac-
cination.

Methods

Study subjects

All cases of pertussis notified to NSW Health from 1
January 1996 to 31 December 1998 aged less than
14 years at the date of disease onset were selected
from the Notifiable Diseases Database of the NSW
Department of Health. Cases aged less than 8 months
were excluded to allow time for infants to complete
the primary vaccination. In Australia the case defi-
nition for pertussis is [10]:
– Isolation of Bordetella pertussis from a clinical
specimen; or

– Elevated Bordetella pertussis specific IgA in serum
or Bordetella pertussis antigen in a nasopharyngeal
specimen using immunofluorescence with a history
of clinically compatible illness; or

– An illness lasting 2 weeks or more with one of the
following: Paroxysms of coughing, Inspiratory
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‘whoop’ without other apparent causes, Post-tus-
sive vomiting; or

– An illness characterised by a cough illness lasting
at least 2 weeks in a patient who is epidemiologi-
cally related to a laboratory confirmed case.
The Notifiable Diseases Database includes infor-

mation on the method of pertussis diagnosis and the
number of doses of vaccine received, but not date of
vaccination or type of vaccine administered (whole-
cell or acellular). These data are usually obtained by
parental interview. In this study, fully vaccinated
cases were defined as in receipt of at least three doses
of a pertussis-containing vaccine. Incompletely vac-
cinated children were excluded from VE analyses
which compared fully vaccinated with unvaccinated
groups, as described by Orenstein et al. [11].
NSW is divided into eight rural and nine metro-

politan health areas. Health areas in which vaccina-
tion status was not recorded for more than 25% of
notified cases were excluded. Some geographically
adjacent areas were combined. The areas studied in-
clude four metropolitan (Central Sydney, South
Eastern Sydney, Western Sydney and Wentworth)
and three rural areas (Southern, Greater Murray and
Northern Rivers), which together comprise 46% of
the NSW population.

Population estimates

Population coverage estimates were taken from
the Australian Childhood Immunisation Register
(ACIR). The ACIR contains information on the
vaccination status of children born since January
1996 (when the register commenced), who are either
registered with the universal health insurer in Aus-
tralia (Medicare) or have had a vaccination encounter
reported by a vaccine provider to the ACIR [12]. A
12-month cohort of 87,564 children born between 1
April 1997 and 31 March 1998 was selected from the
ACIR and vaccination status at 12 months of age
assessed as of 31 March 1999. This time period was
chosen to allow sufficient time since the ACIR com-
menced for accurate population estimates of immu-
nisation coverage. Health area was determined by
post-code of residence. PPV for each area was cal-
culated by dividing the number of children fully
vaccinated by the sum of the number of children fully
vaccinated and unvaccinated (that is, incompletely
vaccinated children were excluded). It was assumed
that PPV did not change over the study time period.

VE estimation

VE was estimated by fitting a logistic regression
model using the method described by Farrington,
whereby the number of vaccinated cases is treated as
derived from a binomial distribution, with PCV as
the parameter and number of cases (N) as the index
[13]. Proc Genmod in the software package SAS [14]

was used for modelling. Logit PPV was specified as
an offset in the model, and the variables age group,
health area of residence and year of disease onset
were included as potential confounders. The base
model containing the three potentially confounding
variables was fitted and the significance of each one
tested (using the type3 option in SAS). The effects of
all two-way interactions were tested for statistical
significance (p < 0:05) by adding them in turn to the
base model. VE was calculated for each combination
of age group, area and year by subtracting the ex-
ponentiation of the estimated linear predictor
(XBETA in SAS) from one. Confidence intervals
were calculated in a similar way using the standard
error of the linear predictor (STD in SAS).
In order to obtain overall estimates by area and age

group, the average of the relevant parameter esti-
mates for year, including the interaction terms, was
calculated. To obtain overall estimates by year and
age group, the parameter estimates for area, includ-
ing the interaction terms, were weighted by popula-
tion. The adjusted estimates of year and area were
used to calculate VE for each age group, adjusted for
year and area. The variances of these adjusted pa-
rameter estimates were calculated from the covari-
ance matrix using Excel [15]. Confidence intervals
were calculated using these variances.

Results

Pertussis notifications

In NSW from 1996 to 1998, 3371 cases of pertussis in
children aged 8 months to 13 years from a known
health area were notified. Of the 3371 cases, 1609
cases (48%) were resident in areas which were in-
cluded in VE analyses. There was considerable vari-
ation among health areas in both notification rate
and vaccination status of cases (Figure 1). After ex-
cluding the 256 cases whose vaccination status was

Figure 1. Pertussis notifications by health area and vacci-

nation status in NSW children aged 8 months to 13 years,
1996–1998. (*Average annual notification rate per 100,000
population aged 8 months to 13 years.)
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unknown and the 75 cases who had received only one
or two doses of the vaccine, there were 1278 notified
cases eligible for the VE analyses. 1997 was an epi-
demic year for pertussis in NSW, with most areas
experiencing an epidemic that year. Of the 1278 eli-
gible cases, 810 (63%) had a date of onset in 1997.
Of the 1278 cases eligible for inclusion in the study,

the diagnosis was based on culture in 6% of cases,
serology in 70%, clinical symptoms in 23% and was
not recorded in 1%. The proportions diagnosed by
culture decreased with increasing age, from 30% in
children aged less than 2 years to 4% in children aged
9–13 years, whilst the proportions diagnosed by se-
rology increased with increasing age.

Vaccination status of notified cases

Of the 1278 cases eligible for inclusion in the study,
762 (60%) were recorded as having received at least
three doses of a pertussis-containing vaccine. Most
(92%) of the vaccinated cases aged 2 years or older
had received a fourth dose, while 51% of vaccinated
5–8 year olds and 21% of vaccinated 9–13 year olds
had a fifth dose of vaccine recorded.

Population estimates

Vaccination coverage varied by area, with Southern
and Greater Murray health areas having the highest
coverage and Northern Rivers having the lowest
(Table 1).

The model

The final model included age group, year of onset and
health area, plus the interaction between health area

and year. This model had a deviance of 46 with 42
degrees of freedom, suggesting that the model is an
adequate fit of the data (p ¼ 0:3). In this model all
variables were significant (p < 0:001).

Age group

Age group was highly significant in the base model
(v23 ¼ 20, p < 0:0001). The VE estimate, after ad-
justment for area and year, was highest in the 8–
23 month age group and lowest in the 9–13 year
group (Table 2).

Health area and year of onset

Health area was the most significant term in the base
model (v24 ¼ 91, p < 0:0001) followed by year of on-
set (v22 ¼ 41, p < 0:0001). The interaction between
year and area was also highly significant (v28 ¼ 28,
p ¼ 0:0004). Estimates by area, adjusted for year
(Table 3) and by year, adjusted for area (Table 4),
were calculated.
The 1998 VE estimates were considerably lower

than the 1996 and 1997 estimates (Table 4). This effect
was most marked in the Greater Murray/Southern
area. When the model was run with the Greater
Murray/Southern area excluded, the interaction term
was no longer significant (p ¼ 0:6). Following removal
of the interaction term, year accounted for less of the
variability but was still significant (v22 ¼ 6:3, p ¼
0:04), and the 1998 VE estimates remained the lowest.

Discussion

This study shows that pertussis vaccination is highly
effective at preventing pertussis in NSW children as it

Table 1. Pertussis vaccination coverage by NSW health area for children aged 12 months of age, 1996–1998

Health area
Percentage of
fully vaccinateda

Percentage of partially
vaccinatedb

Percentage of
unvaccinatedc

PPV (Full/
(full+none))

Central and SE Sydney 82 8 10 0.893

Western Sydney 83 9 7 0.920
Wentworth 87 7 6 0.939
Northern Rivers 81 10 10 0.893

Greater Murray and Southern 88 8 4 0.957

Total 85 8 6 0.930

a 3 doses; b 1–2 doses; c 0 doses.

Table 2. VE estimates by age group, adjusted for year and NSW health area, 1996–1998

Age group Vaccinated cases (PCV %) Total cases VE (%) 95% CI (%)

8–23 month olds 39 (49) 80 91.0 85.5–94.4

2–4 year olds 106 (55) 192 84.5 78.3–88.9
5–8 year olds 223 (53) 421 86.5 82.7–89.5
9–13 year olds 394 (68) 577 77.6 71.7–82.3
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is measured by notified cases. The estimates in this
study are not vaccine-specific but almost entirely
represent whole-cell vaccines, as acellular pertussis
vaccines have only been funded for use in the primary
course since February 1999 [1]. The 1996 and 1997
VE estimates calculated in this study are similar to
those from another study using the screening method,
applied to New Zealand notification data from a 1996
pertussis epidemic when a different whole-cell vaccine

was in use [7]. VE estimates from a study undertaken
in the United Kingdom between 1995 and 1997 using
similar methodology were not significantly different
from those reported here, although the UK estimates
were slightly higher for younger age groups and
slightly lower for 5–14 year olds [4].
Over three-quarters of the notifications were labo-

ratory confirmed, mostly by serology. Including only
laboratory confirmed cases slightly increased the VE

Table 3. VE estimates by NSW health area and age, adjusted for year, 1996–1998

Age group and health area Vaccinated cases Total cases VE (%) 95% CI (%)

8–23 month olds

Central and SE Sydney 5 20 93.9 89.5–96.5
Northern Rivers 6 15 96.8 93.7–98.3
Western Sydney 13 16 88.9 81.1–93.5

Wentworth 9 15 83.0 68.8–90.7
Southern and Greater Murray 6 14 96.0 94.5–97.1

2–4 year olds
Central and SE Sydney 24 53 89.6 83.8–93.3

Northern Rivers 10 32 94.4 90.2–96.8
Western Sydney 33 52 80.9 70.7–87.6
Wentworth 23 30 70.7 50.7–82.6

Southern and Greater Murray 16 25 93.1 89.1–95.7

5–8 year olds
Central and SE Sydney 51 114 90.9 87.0–93.7
Northern Rivers 10 69 95.1 91.7–97.2

Western Sydney 65 94 83.4 76.0–88.5
Wentworth 51 68 74.5 59.5–84.0
Southern and Greater Murray 46 76 94.0 91.2–95.9

9–13 year olds
Central and SE Sydney 89 175 84.9 78.7–89.3
Northern Rivers 11 41 91.9 86.2–95.3
Western Sydney 85 116 72.4 60.1–80.9

Wentworth 126 141 57.7 33.9–72.9
Southern and Greater Murray 83 104 90.1 85.5–93.2

Table 4. VE estimates by year and age, adjusted for health area

Age group and year Vaccinated cases Total cases VE (%) 95% CI (%)

8–23 month olds
1996 5 19 94.2 89.9–96.6

1997 26 54 93.0 88.7–95.7
1998 8 15 82.0 68.5–89.7

2–4 year olds
1996 14 32 90.0 84.3–93.6

1997 63 124 88.0 83.1–91.4
1998 29 36 69.2 51.4–80.4

5–8 year olds

1996 30 70 91.3 87.2–94.0
1997 135 271 89.5 86.6–91.8
1998 58 80 73.2 60.0–82.0

9–13 year olds

1996 44 68 85.5 78.7–90.1
1997 218 361 82.6 78.1–86.2
1998 132 148 55.4 34.6–69.6
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estimates when applied to pertussis cases notified
from 1993 to 1998 [16] (data not shown here). The
greatest increase was in the youngest age group who
also had the greatest proportion of culture confirmed
cases. Other studies have also found that increasing
specificity by including only clinically severe or cul-
ture positive cases increased VE estimates [11, 17].
Since the early 1990s, a commercially available

enzyme-linked immunosorbent assay (ELISA) for
IgA against whole-cell B. pertussis has been widely
used in diagnostic laboratories throughout Australia.
Although the validity of these tests are difficult to
evaluate without a diagnostic reference standard, a
study undertaken in western Sydney found that cases
notified on the basis of positive whole-cell serology
had symptoms clinically consistent with pertussis al-
most uniformly, suggesting that notifications based
on positive serology under-estimate, rather than over-
estimate, the true incidence of pertussis [18].
Although this study aimed to measure the effec-

tiveness of three doses of a pertussis-containing vac-
cine, most cases who had received three doses and
were eligible for a fourth dose had received it. As-
suming that four doses of the vaccine is more effective
than three doses, the effectiveness of three doses may
have been over-estimated. Half of the cases in the 5–
8 year old age group were recorded as having re-
ceived fifth dose. In the future we would expect this
proportion to rise with a corresponding increase in
the VE estimate, both overall and relative to the 9–
13 year olds.

Possible sources of bias

Cases
The degree to which notified cases represent all per-
tussis cases could not be evaluated. Notified cases are
likely to represent the more severe end of the disease
spectrum and may be biased if vaccination status
affects diagnosis or reporting. Cases with unknown
vaccination status give rise to a potential selection
bias. It is possible that cases who were not as readily
followed up to check their vaccination status were
less likely to be fully vaccinated than cases who were
able to be followed up. However, excluding health
areas where the vaccination status of a large pro-
portion of cases was unknown should minimise this
bias. As parental recall generally over-estimates vac-
cination coverage, cases are more likely to be mis-
classified as vaccinated [19], which would lead to an
under-estimate of VE.

Coverage estimates
The ACIR did not commence until January 1996, so
estimates of coverage are not available for all years in
the study period. The cohort used for estimation of
PPV was chosen in preference to earlier cohorts to
allow time for improvement in reporting to the
ACIR. Although estimates from the ACIR show that

overall coverage with three doses of DTP in NSW
increased from 75% in March 1997 (the first cohort)
to 84% in December 1998, most of this increase is
believed to be due to increased reporting. It should be
noted that the PPV values were incorporated into the
model as fixed values, therefore the confidence in-
tervals only relate to the error of the linear predictor
and do not incorporate any error around the PPV
values.
Underestimation of vaccination coverage will tend

to reduce VE estimates [6]. The ACIR data most
likely under-estimate current coverage due to in-
complete reporting of vaccination status [12]. How-
ever, if coverage has improved over the study period,
then the ACIR estimates used are most likely to have
over-estimated coverage in the earlier part of the
study period and in the older age groups. If coverage
has increased, possibly due to a number of incentive
schemes introduced by the Commonwealth Govern-
ment since 1997 [20], this may be at least partly re-
sponsible for the apparently lower VE in 1998.
Reporting to the ACIR may vary between health
areas and could account for some of the regional
differences in VE estimates. Coverage may have im-
proved over the study period differentially between
areas, which could explain the significance of the in-
teraction between health area and year. From the
results it seems likely that coverage increased more
in the Greater Murray/Southern area than in other
areas, if coverage increased at all in other areas.

Age

VE estimates were consistently highest in the
youngest age group and lowest in the oldest age
group. If true vaccine coverage was lower in the
oldest age group, then the VE estimates would be
reduced even further in this group. Age is a proxy
measure for time since vaccination. Vaccine-acquired
immunity wanes with time [21, 22] so it is not sur-
prising that VE is lowest in the older children. These
results, together with the increasing median age of
notified cases in Australia [1], suggest that childhood
vaccination against pertussis is less effective against
disease in adolescence.

Area

Much of the variation in VE between areas could be
due to inaccuracies in coverage estimates for some or
all of the study period. However, differences in noti-
fication practices, handling and storage of vaccines
and levels of exposure to pertussis may also account
for some of the differences in VE. A comparison of
NSW infant pertussis hospitalisation and notification
data by health area suggests that some of the differ-
ences in notification rates between areas reflect dif-
ferences in notification practices, as opposed to
differences in pertussis incidence [16].
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Year

The VE estimates, adjusted for area, in 1998 were
generally lower than in the previous 2 years, particu-
larly in the Greater Murray/Southern area. The popu-
lation coverage figures used in the model may be a
more accurate reflection of true coverage in 1998 than
in previous years. If this is the case, then the 1998 VE
estimates are more realistic than those for 1996 and
1997. A study using similar methodology in the
United States estimated pertussis VE between 1994
and 1996 in 7–18 month old children to be 82% [6],
the same as our 1998 estimate in the youngest age
group. Alternatively, coverage may have improved
over the 3 year period with coverage being under-es-
timated for 1998, thus resulting in an under-estimate
of VE in 1998. The most likely scenario lies some-
where in between these two alternatives, that is cov-
erage has improved and was over-estimated for the
years 1996 and 1997 and under-estimated for 1998. It
is also possible that differences in VE over the time
period are due to differences in notification practices,
although we have no evidence of changes to the no-
tification system. A study in the United Kingdom
found that pertussis VE was significantly lower during
epidemic than non-epidemic periods [5]. However, in
our study, 1998 was a non-epidemic period.
The possibility that VE did actually decrease in

1998 should not be completely dismissed. A recent
paper from the Netherlands reported a downward
trend in VE and in 1997, the final year in which VE
was analysed, the PCV exceeded the PPV [2]. Al-
though there is no evidence of a mismatch of the
vaccine strain and the circulating Bordetella pertussis
strains in Australia, the ongoing surveillance of per-
tussis, including VE, is of paramount importance.

Conclusion

Although the extent to which notified childhood cases
of pertussis represent all childhood cases of pertussis
is not known, the results of this study suggests that
the pertussis vaccination program is highly effective,
especially in younger children. Whilst the potential
for biases inherent in the screening method is sub-
stantial, this approach has been used extensively
elsewhere and is particularly useful for monitoring
trends in VE, provided any bias remains constant
over time. The strength of this methodology lies in its
ease of application and the fact that it could be in-
corporated into routine surveillance of vaccine pre-
ventable diseases. Any improvements in the quality
of notification data would strengthen a study of this
type. However, this must be balanced against the
additional resources that the collection of more de-
tailed information about each case would require.
As the ACIR matures, checking the immunisation

status of cases in Australia will be easier and the

population estimates more accurate. In addition, it
will be possible to use the population coverage data
of the cohort of children from which the cases arose,
which will improve the precision of the VE estimates.
In contrast to the previous studies which have used
the screening method to estimate pertussis VE [2–8],
we have been able to use regional coverage data.
Although logistic regression has been used in two
previous screening method studies which included
year and age as potential confounders, neither of
these studies included area or used area-specific
population coverage values [4, 5]. In the United
Kingdom it was felt that the use of national coverage
data may have produced artificially high VE esti-
mates [5] and Farrington illustrates the confounding
effect of pooling population coverage data [13]. In
Australia, the regional coverage data available from
the ACIR should be incorporated in all future VE
studies which use the screening method. This will be
particularly important in monitoring the impact of
the change to acellular pertussis vaccines as well as
shifts in VE possibly attributable to other factors
such as population shifts in prevalent strains of
Bordetella pertussis.
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Effect of the preschool pertussis booster on
national notifications of disease in Australia
SIRANDA TORVALDSEN, PHD AND PETER B. MCINTYRE, MB, PHD

Background. Australia introduced a fifth dose
of pertussis vaccine at 4 to 5 years of age in 1994,
the first country to do so for some 40 years. We
report trends in national pertussis notifications
from 1993 to 2001.

Methods. Notified pertussis cases were ana-
lyzed by age and year of disease onset.

Results. Before the fifth dose was introduced,
notification rates were higher among 5- to 9-year-
olds than 10- to 14-year-olds (76 per 100 000 pop-
ulation vs. 65 per 100 000). As more 5- to 9-year-
olds became eligible for the fifth dose, their
notification rates as a group and by year of age
progressively fell to below those of 10- to 14-year-
olds, consistent with a vaccine effect. Compari-
son of notification rates for the epidemic years of
1997 and 2001 shows that 5- to 10-year-olds (eli-
gible for fifth dose) had lower notification rates
in 2001 (61 per 100 000) than 5- to 10-year-olds in
1997 (196 per 100 000). This contrasts with chil-
dren who were not eligible for the fifth dose (12-
to 14-year-olds), who had higher notification
rates in 2001 (223 per 100 000) than 12- to 14-year-
olds in 1997 (160 per 100 000).

Conclusions. The pattern of age-specific notifi-
cation rates provides strong evidence that the
fifth dose reduced the incidence of pertussis in
older children. It will be important to track the
impact of the fifth dose on adolescent pertussis
notifications to assess the duration of vaccine-
acquired immunity.

INTRODUCTION
Pertussis vaccination schedules have come under

close scrutiny since the increase in pertussis cases
among highly vaccinated communities. The increasing

incidence of pertussis has been primarily in older age
groups1–3 although some countries have reported a
problem with younger children as well.4 Pertussis
vaccination schedules vary substantially from country
to country. Increased pertussis has been observed in
countries with a long established five dose schedule
(the United States5 and Canada6) and in European
countries where a three or four dose schedule is com-
pleted before the child is 2 years of age.4

The value of adding a fifth dose of pertussis vaccine
in infant schedules is controversial. On the one hand
some European countries are considering changing
their pertussis vaccination schedules, by adding a
fourth or fifth dose4 or, in the case of the United
Kingdom, have recently added a preschool booster dose
to their previous three dose schedule.7 On the other
hand the continued need for a fifth (preschool) dose of
pertussis vaccine has recently been questioned in the
United States, although low diphtheria, tetanus and
pertussis serum antibody titers immediately before the
fifth dose were thought to justify continuation of this
booster dose.8

In the Australian Standard Vaccination Schedule,
acellular pertussis vaccines are given as a combination
with diphtheria and tetanus at 2, 4 and 6 months of age
with a booster at 18 months of age. Acellular vaccines
replaced the previous locally manufactured whole cell
vaccine for all doses in 1999. A fifth dose of pertussis
vaccine was recommended in late 1994, replacing the
combined diphtheria-tetanus vaccine, initially at 4 to 5
years of age9 and, from 1996, at 4 years of age.10 We
present data on trends in age-specific pertussis notifi-
cations for the years 1993 through 2001, a period
including two epidemics.

METHODS

Notification data obtained from the National Notifi-
able Diseases Surveillance System (NNDSS) were an-
alyzed by age and year of onset. Medical practitioners
are required by legislation to report all persons who
meet the case definition for pertussis to the appropri-
ate health authority, which passes on deidentified
information to NNDSS. In Australia during the period
of this review, pertussis notifications were accepted on
clinical grounds alone and (except in Western Austra-
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lia) direct from laboratories. The surveillance case
definition for pertussis used in Australia during this
time included cases that were laboratory-confirmed,
that were epidemiologically linked to a laboratory-
confirmed case or that fulfilled a clinical case definition
without confirmatory laboratory tests. Laboratory con-
firmation included isolation of Bordetella pertussis
from a clinical specimen, detection of elevated B. per-
tussis-specific IgA in serum or detection of B. pertussis
antigen immunofluorescence in a nasopharyngeal spec-
imen in a clinically compatible case. Epidemiologically
linked cases had an illness characterized by a cough
lasting for at least 2 weeks and were epidemiologically
related to a laboratory-confirmed case. Clinical notifi-
cations were accepted for an illness lasting 2 weeks or
more with one of the following: paroxysms of coughing;
inspiratory “whoop” without other apparent causes; or
posttussive vomiting.11

Reported pertussis cases with an onset between
January 1, 1993 and December 31, 2001 were extracted
from NNDSS in March 2002 and analyzed with SAS12

and Excel.13 Age-specific rates were calculated for
Australian Bureau of Statistics’ midyear estimated
resident populations.

RESULTS
The highest notification rate, both overall and for all

years before 1999, was in infants (Fig. 1), with no
downward trend after the introduction of the fifth dose.
Among persons �15 years of age, 1- to 4-year-olds had
the lowest notification rates. However, by 1999, when
all the 5- to 9-year-old group would have been eligible
to receive the fifth dose, notification rates for this age
had become similar to those of 1- to 4-year-olds. Noti-
fication rates among 5- to 9-year-olds before they were
eligible for the fifth dose were higher than those for 10-
to 14-year-olds. As each successive group of 5- to
9-year-olds became eligible for the fifth dose, notifica-
tion rates and relative incidence fell to below 10- to
14-year-olds. Since 1999, 10- to 14-year-olds have had
the highest notification rates of any age group.

The pattern of age-specific notification rates within
the 5- to 9-year age group also changed after the
introduction of the fifth dose. Before 1994, 5- to 6-year-
olds had higher notification rates than 7- to 9-year-olds
(Fig. 2). Subsequently as successive cohorts of 5- to
6-year-olds became eligible for a fifth dose, rates for 5-
to 6-year-olds became progressively lower than those of
7- to 9-year-olds. Similarly as more 7- to 9-year-olds
became eligible for the fifth dose, the gap narrowed so
that by the end of this period 7- to 9-year-olds had only
slightly higher notification rates than 5- to 6-year-olds.

Notification rates by year of age for children 5 to 14
years of age during the epidemic years of 1997 and
2001 are shown in Figure 3. In 2001 notification rates
in 5- to 7-year-olds were the lowest in this age range,
similar to rates in 1- to 4-year-olds. From the age of 7
to 12 years, notification rates increased with each year
of age. Children who became 4 years of age in 1995
were the first birth cohort with all members eligible for
the fifth dose. Because this is a school entry dose, few
children would have received it before the beginning of
1995. This cohort, becoming 10 years of age in 2001,
had much lower notification rates in 2001 than 10-
year-olds in the previous epidemic year, 1997. Some of
the birth cohort who became 11 years of age in 2001
were also eligible for the fifth dose, but their rates were
similar to 11-year-olds in the 1997 epidemic. None of
the birth cohorts who were 12 to 14 years of age in 2001
were eligible for a fifth dose. In contrast to younger age
groups, their notification rates were higher than those
for 12- to 14-year-olds in the previous epidemic year of
1997 and decreased with each increase in year of age.

DISCUSSION
These data provide evidence of an impact of the fifth

dose of pertussis vaccine on pertussis notifications in
Australia. From the time that 5- to 9-year-olds have been
eligible to receive the fifth dose, their notification rates
have become progressively lower, ultimately being only
slightly higher than those of 1- to 4-year-olds, the most
completely vaccinated group. The increasing notification

FIG. 1. Pertussis age-specific notification rates by year of
onset, Australia, 1993 to 2001

FIG. 2. Pertussis notification rates in 5- to 14-year-olds by age
group and year of onset, Australia, 1993 to 2001
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rates with each additional year of age among 7- to
11-year-olds in 2001 is most likely related to improved
uptake of the fifth dose each year after its introduction,
particularly as acellular vaccines were nationally funded
for this purpose only after 1998. Alternatively, the trend
for notifications to increase with age in this group could
be due to immunity waning with time.

Information about the vaccination status of cases
would have aided interpretation of these trends, but it
was not available during the review period. Vaccina-
tion coverage is likely to have improved because of a
number of incentive schemes operating in Australia
since 1997.14 Fifth dose coverage estimates among
6-year-olds were not available for the years immedi-
ately after its introduction but, according to the Aus-
tralian Childhood Immunisation Register (ACIR), cov-
erage was 75% in 2000 and 80% in 2001 (B Hull,
National Centre for Immunisation Research and Sur-
veillance, personal communication). True coverage
may have been higher. A study in 2001 found that the
ACIR underestimated coverage by 2.7% at 12 months
of age and by 5% at 24 months of age.15 Estimates from
the ACIR suggested that coverage improved from
March 1997, when 77% of children 12 months of age
were recorded as having received three doses of pertus-
sis vaccine,16 to 90% in September 2000.17 However,
much of this increase is believed to be caused by
increased notification to the ACIR rather than true
changes in immunization delivery.18

Before 1995 there was a period of lower pertussis
vaccine coverage in Australia, particularly among chil-
dren born in the 1980s, related to parent and provider
uncertainties about adverse effects of whole cell pertussis
vaccines.19 In 1989 coverage estimates for three or more
doses of pertussis vaccine were only 70%.20 Further
evidence of improved coverage with the fifth dose was the
large reduction in the number of combined diphtheria-
tetanus vaccines recorded as a fifth dose on the ACIR
from 1996 through 2000.21 It will be important to follow

carefully the experience of more recent, highly immu-
nized birth cohorts as they enter adolescence.

Since 1999, 10- to 14-year-olds had the highest
notification rates of any age group, even exceeding
those in infants. This trend has also been reported in
British Columbia, Canada where, in 2000, for the first
time in nearly 20 years of pertussis surveillance, the
highest incidence of pertussis was reported in 10- to
14-year-olds.22 In Australia the first cohort of children
all eligible for the fifth dose became 10 years old in
2001. This birth cohort and all subsequent cohorts had
lower notification rates than earlier cohorts, who both
were not eligible for the fifth dose and had lower
vaccine coverage in infancy. Although a recent study
suggests that the primary course of acellular pertussis
vaccine provides protection against disease for 6
years,23 it is not known whether this also applies to
booster doses. If the fifth dose provides immunity for no
more than 6 years, then reductions in adolescent noti-
fication rates may not be seen.

Data accuracy varies between jurisdictions because
of the use of different surveillance methods, or over
time as new diagnostic tests are introduced. Australia
is unique in having serologic tests for pertussis widely
available nationally through public and private sector
laboratories. These serologic tests have been shown to
be highly specific for pertussis, although sensitivity is
low.24 Information on the method of diagnosis of per-
tussis is not collected by NNDSS. A 1993 through 1999
review of notifications in New South Wales, where
one-third of Australia’s population reside, found that
75% of total notifications were based on a positive
serologic result, increasing from 28% in infants �12
months old to 52% in 1- to 4-year-olds and 83% in older
children.25 Although notification data represent only a
proportion of cases occurring in the community, these
limitations could not account for the change in age
specific notification rates we have described here.
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Kawasaki syndrome hospitalizations in Ireland,
1996 through 2000
MAUREEN LYNCH, MD,* ROBERT C. HOLMAN, MS, AISLING MULLIGAN, MA, ERMIAS D. BELAY, MD AND
LAWRENCE B. SCHONBERGER, MD, MPH

Objective. To describe the epidemiologic char-
acteristics and estimate the incidence of Ka-
wasaki syndrome (KS) among children in Ire-
land.

Methods. Hospital discharge records with a KS
diagnosis among patients <18 years of age were
examined using Ireland’s Hospital In-Patient En-
quiry database for 1996 through 2000.

Results. During the study period 265 hospital-
izations associated with KS among children <18
years of age were recorded in Ireland. Of those,
194 (73%) occurred among children <5 years of
age. The median age of patients at admission was
2 years. The average annual KS hospitalization
rate for children <5 years of age was 15.2 per
100 000 children, and among that group the hos-
pitalization rate was higher for infants <1 year
of age than for children 1 to 4 years of age (19.7
and 16.0 per 100 000 children, respectively). Most
KS hospitalizations occurred among children <5
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National study of infants hospitalized with
pertussis in the acellular vaccine era
ELIZABETH ELLIOTT, MD, FRACP, FRCP, FRCPCH, PETER MCINTYRE, MBBS, PHD, FRACP, FAFPHM,
GRETA RIDLEY, BSC (HONS), PHD, ANNE MORRIS, MBBS, FRACP, MPH, JOHN MASSIE, MBBS, PHD, FRACP,
JULIE MCENIERY, MBBS, FRACP, FJFICM AND GEOFF KNIGHT, MBBS, FRACP

Background. In Australia in 1999 acellular
pertussis vaccine (DTPa) replaced locally man-
ufactured whole cell vaccine given at 2, 4 and 6
months of age with coverage of about 95% by
12 months of age. Few data are available on
pertussis hospitalizations or sources of infec-
tion in countries exclusively using DTPa.

Methods. In 2001 national active monthly sur-
veillance of infant hospitalizations for pertussis
was conducted through the Australian Pediatric
Surveillance Unit, which surveys all child health
specialists monthly. A standard questionnaire
was completed for notified cases.

Results. There were 140 infants reported (me-
dian age at diagnosis, 8 weeks). The rate of
hospitalization in indigenous infants was sig-
nificantly higher than in nonindigenous in-
fants (P < 0.01). Of 97 (69%) infants who had not
been vaccinated for pertussis, 63 (65%) were <8
weeks old (before the first scheduled dose of
DTPa vaccine). Of 76 infants age >8 weeks, only
28 (37%) were appropriately immunized for age.
Of 68 coughing contacts whose ages were
known, 46 (68%) were adults, usually one of the
infant’s parents. Of 32 child contacts 16 (50%)
were siblings. Four infants <6 weeks old died.

Conclusion. Despite universal vaccination
with DTPa in Australia, pertussis remains an

important cause of hospitalization, morbidity
and death in infants, most of whom were too
young to be vaccinated or had missed vaccina-
tions. The most common source of infection was a
parent. Strategies to improve pertussis control in
countries with high DTPa coverage could include
adult-formulated booster pertussis vaccines for ad-
olescents and recent parents and/or accelerated
pertussis vaccine schedules for infants.

INTRODUCTION
Three pertussis epidemics occurred in Australia be-

tween 1993 and 2001.1–4 During that period several
significant changes were made in the vaccine schedule,
the vaccines used and vaccine coverage. In 1994 a dose
of the whole cell diphtheria-tetanus-whole cell pertus-
sis (DTPw) vaccine then in use was introduced for
children ages 4 to 5 years in addition to four doses
given at 2, 4, 6 and 18 months of age. By 1998 national
coverage for the three primary doses of DTPw had
risen to �90% by 12 months of age. In 1999 the DTPa
vaccine replaced the locally manufactured DTPw. By
2001 national coverage for the three primary doses of
DTPa approached 95%.4 Despite this, notification rates
of pertussis, hospitalizations for pertussis in infancy
and deaths caused by pertussis did not change.3, 4 This
is consistent with the persistence in pertussis infection
reported from the United States, Canada, France,
Germany and the Netherlands.5–10

Studies in Canada and France have shown that
infants are rarely the primary pertussis case in a
family and that adults and older siblings are the usual
sources of infection.6, 7 In Australia current notification
rates for pertussis are high for school children age �10
years and adults, suggesting that these groups are a
likely source of infection for infants.4

The aim of this study was to obtain nationally
representative data from pediatricians on the morbid-
ity, mortality, hospital management, vaccination sta-
tus and sources of infection in infants hospitalized with
pertussis, after the introduction of a schedule contain-
ing exclusively acellular pertussis vaccine. Additional
information not currently available from other sources,
including illness severity, method of diagnosis, hospital
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management and admission to intensive care was also
obtained from reporting pediatricians.

METHODS
The Australian Pediatric Surveillance Unit (APSU)

was used to identify infants admitted to hospital with
pertussis between January 1 2001 and December 31
2001 inclusive. The APSU is a national active surveil-
lance scheme that seeks monthly notification of se-
lected conditions in children from child health special-
ists.11 The mailing list includes all pediatricians known
to be practicing in Australia (�1056) and identified
through a number of sources (Health Insurance Com-
mission, Royal Australasian College of Physicians,
Medical Directory of Australia). Some other child
health specialists, including surgeons, dermatologists
and general practitioners whose practice comprises
predominantly children, are also included. Each month
clinicians on the mailing list are sent a reply-paid
report card or E-mail, listing the 16 conditions cur-
rently being studied. Before the pertussis study com-
menced, all clinicians on the mailing list were sent a
protocol sheet outlining the case definition for pertus-
sis and the objectives of the study.

Clinicians were asked to notify the APSU about any
infant (�12 months of age) who was admitted to
hospital in the previous month with a diagnosis of
pertussis, based on either laboratory confirmation or
clinical features (cough lasting 2 weeks or more with
one or more of paroxysms of cough, inspiratory whoop
without other apparent cause, posttussive vomiting with-
out other apparent cause, or apnea and/or cyanosis).

To determine the completeness of reporting, clini-
cians were also asked to indicate whether they had
“nothing to report.” Each week the APSU informed the
study investigators of notifications received by the APSU.
A reply-paid postal questionnaire was then sent to the
reporting clinician requesting further details on the re-
ported case. Requested data were deidentified and in-
cluded the child’s age at presentation, sex, postcode
(geographic location), clinical features, complications, in-

vestigations performed, management including intensive
care admission and family data including sibling ages
and vaccination status when known. The questionnaire
also requested information on the vaccination status of
other household members and of any known “coughing
contacts.” Questionnaire data were used to classify cases
as either “culture- or PCR-confirmed pertussis” or “dis-
charge diagnosis of pertussis” (Table 1).

To complement case ascertainment through the
APSU, cross-referencing of hospital laboratory data-
bases (for laboratory confirmed cases) and inpatient
databases (for a discharge diagnosis of pertussis or
“whooping cough”) was conducted by study investiga-
tors in four major tertiary pediatric hospitals in four
states (Victoria, New South Wales, Queensland and
South Australia). Ethical approval for the study was
obtained from The Children’s Hospital at Westmead
Human Research Ethics Committee.

Frequency distributions and medians were deter-
mined with the statistical package, SPSS 10.12 Report-
ing rates [with 95% confidence intervals (95% CI)] were
calculated with Stat Exact 4.01 and population data
from the Australian Bureau of Statistics.13 Differences
between reporting rates were determined using the �2

test for independence.

RESULTS

Case ascertainment. During the study period
(January 1 and December 31, 2001 inclusive), the
return rate of monthly report cards was 98%. The
APSU received 180 reports of infants hospitalized for
pertussis. Completed questionnaires were returned for
165 of 180 (92%). There were 22 errors (infants hospi-
talized outside of the study period or age �12 months)
and 15 duplicate reports, leaving a total of 128 eligible
infants. A further 17 infants were identified through
laboratory and inpatient databases, and question-
naires were completed on 12 of these, giving complete
data on 140 infants.

Based on 140 cases, the reported rate of pertussis
requiring hospitalization in infancy was 56 per 100 000

TABLE 1. Classification of pertussis cases

1. Culture- or PCR-confirmed pertussis
Any hospitalized infant, regardless of clinical symptoms in whom there is:

Bordetella pertussis in culture from a specimen obtained from the respiratory tract
or

B. pertussis identified by PCR from a specimen obtained from the respiratory tract
2. Discharge diagnosis of pertussis (without culture confirmation)

Any hospitalized infant with symptoms compatible with pertussis and contact with a laboratory-proved case
or

Any hospitalized infant with symptoms compatible with pertussis and:
detection of B. pertussis-specific antibody in a specimen from the respiratory tract or
detection of B. pertussis-specific IgA in serum

or
Any hospitalized infant in whom pertussis is the discharge diagnosis or after later review is considered the most likely diagnosis, based on clinical

features alone. Includes any infant with a cough lasting 2 wk or more with 1 or more of the following: paroxysms of cough; inspiratory “whoop”
without other apparent cause; posttussive vomiting without other apparent cause; apnea and/or cyanosis

or
Any hospitalized infant with apnea or cyanosis without the above features, but in whom there is a history of contact with a coughing individual
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live births (95% CI 47 to 66). Seventeen (12%) of the
140 infants were of Aboriginal or Torres Strait Islander
background, giving a reported rate of pertussis requir-
ing hospitalization in infancy of 109 per 100 000 indig-
enous live births (95% CI 92 to 129). This was signifi-
cantly higher than the reported rate in nonindigenous
live births (52 per 100 000; 95% CI 43 to 62; P � 0.01.)
Infants were reported from all Australian States and
Territories, and rates were significantly higher in the
Northern Territory, which has a large indigenous pop-
ulation, than in other states (P � 0.01). Fifty-six (40%)
infants were male.

Age and hospital management. The age distribu-
tion of infants at presentation and the cumulative
frequency distribution by age are shown in Figure 1.
The age range was 1 to 45 weeks. The median age at
diagnosis was 8 (interquartile range, 5 to 13) weeks. Of
the 140 infants 129 (92%) were �24 weeks of age at
diagnosis, 113 (81%) were �16 weeks of age and 64
(48%) were �8 weeks of age.

The median duration of hospital admission was 8
(interquartile range, 4 to 13) days. Intensive care
management was provided for 25 of 140 (18%) infants,
and the median length of stay in intensive care was 6
(interquartile range, 1 to 10) days. Fourteen (56%) of
the 25 infants admitted to intensive care required

intubation and mechanical ventilation. Another 2 in-
fants who required continuous positive airway pres-
sure were managed outside an intensive care unit.
Erythromycin was given to 96% of infants.

Vaccination status. Ninety-two (66%) of 140 in-
fants were appropriately vaccinated for age. This in-
cluded 34 (24%) who had received one dose of diphthe-
ria-tetanus-acellular pertussis (DTPa) vaccine, 5 (4%)
who had received 2 doses of DTPa vaccine and 4 (3%)
who had received 3 doses of DTPa vaccine. Ninety-
seven (69%) infants had no doses of DTPa vaccine (Fig.
2). Of these 63 (65%) were aged�8 weeks at the time of
admission and were thus too young to receive the DTPa
vaccine according to the current Australian vaccination
schedule.14 Of the 76 infants eligible by age for 1 or
more doses of DTPa vaccine, 28(37%) were appropri-
ately vaccinated for age. Of the 48 of 76 (63%) infants
who were not appropriately vaccinated for age, 35 had
received no doses, 10 had received 1 dose and 3 had
received 2 doses of DTPa vaccine. One infant, whose
mother and 4 other family members also had pertussis,
was vaccinated at 3 weeks of age. Among the 15 infants
of indigenous background, 11 (73%) were fully vacci-
nated for age.

Coughing contacts. Definite contact with a person
with a coughing illness compatible with pertussis was

FIG. 1. Age distribution of 140 infants hospitalized with pertussis. u, number of patients in each age bracket; F, cumulative percentage
of patients at different age points.
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reported for 72 (51%) infants. Laboratory-confirmed
pertussis was reported in 23 (32%) contacts, but the
method of diagnosis was not reported. A coughing
contact was identified for all 4 infants who died and
included 1 mother, 2 siblings and a teenage friend.
Approximately one-half (51%) of contacts were known

to be vaccinated, and 54% had been treated with
erythromycin.

Age was recorded in 68 of 72 contacts, of whom 46
(68%) were adults. The relationship between coughing
contacts and the age of infants with pertussis is shown
in Figure 3. Most (37) of the adult contacts were one of

FIG. 2. Vaccination status by age of 140 infants hospitalized with pertussis.

FIG. 3. Contacts with coughing illness for 72 infants hospitalized with pertussis.
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the infant’s parents, usually the mother (29). There
was a trend toward contacts in younger infants being
more likely to be a parent (�2 trend, P � 0.07). A parent
was the contact in 23 of 40 (58%) infants ages 0 to 7
weeks, 12 of 24 (50%) infants between 8 and 15 weeks
of age, 2 of 5 (40%) infants ages 16 to 23 weeks and
none of the infants �24 weeks of age. Three adult
contacts were grandparents, and 3 were aunts or un-
cles. Other contacts included health care workers and a
woman hospitalized in a maternity bed adjacent to
another mother and her preterm infant, who was
subsequently hospitalized with pertussis. Of the 22
(31%) coughing contacts who were children, 16 were
siblings, 3 were cousins and 3 were friends. Twelve of
the 22 children identified as contacts were �10 years of
age. Seven of the 12 (58%) were reported to be vacci-
nated against pertussis, 2 were not vaccinated and no
data on vaccination was available for 3 children.

Diagnostic tests. More than 1 diagnostic laboratory
test was performed in most children. Culture of a
nasopharyngeal specimen was performed in 103 of 140
(74%) infants and was positive in 56 of 103(54%) of
these cases. PCR on a nasopharyngeal specimen was
performed in 74 of 140 (53%) infants and was positive
in 66 of 74 (89%) of these cases. Of the 44 infants with
both culture and PCR performed, both tests were
positive in 20 (46%), the culture was negative and the
PCR was positive in 17 (39%); and the culture was
positive and the PCR negative in 5 (11%). In 2 children
both culture and PCR were negative. Immunofluores-
cence for the detection of IgA antibody in respiratory
tract secretions was performed in 27 of 140 (19%)
infants, and there was a positive result in 12 of 27(44%)
of these cases. Serology for specific IgA was performed
in 51 of 140 (36%) infants and was positive in only 2
cases.

Overall of the 140 infants identified in our study 102
(73%) were classified as culture- or PCR-proved pertus-
sis (Table 1), and 38 (27%) had a discharge diagnosis of
pertussis by the reporting pediatrician. In these 38
infants the discharge diagnosis was based either on
clinical features consistent with pertussis and contact
with a proven laboratory case (3 infants); on clinical
features consistent with pertussis and detection of
Bordetella pertussis-specific IgA in a specimen from the
respiratory tract or the serum (seven infants); or on
clinical features alone (28 infants).

Clinical features and complications. One hun-
dred thirty-five infants (96%) had a paroxysmal cough,
66 (47%) had an inspiratory whoop and 75 (54%) had
posttussive vomiting. Apnea was reported in 58 (41%)
and cyanosis in 94 (67%). Two infants ages 5 and 8
weeks presented only with apnea and cyanosis. A
history of prematurity, previous respiratory disease or
congenital heart disease was reported in 15 (11%)
infants. The 11 preterm infants ranged in gestation

from 30 to 37 weeks. Three of these infants were
ventilated for pertussis in the intensive care unit, and
none died. Preexisting respiratory disease was re-
ported for 3 infants, but the nature of the respiratory
disease was specified only in 1 infant with pulmonary
hemorrhage. Cardiac abnormalities were reported in 2
infants (patent ductus arteriosus in one and transpo-
sition of the great vessels, situs inversus and arterio-
venous canal in another). Both infants required venti-
lation and intensive care.

Pneumonia was reported in 24 of 140 (17%) infants.
Four of these infants had seizures, 3 with encephalop-
athy. The 4 infants who died were �6 weeks of age
(range, 21 to 41 days), were ventilated for pneumonia
and had laboratory-confirmed B. pertussis infection.
The time from admission to death ranged from 1 to 9
days. In 1 case the diagnosis of pertussis was made
postmortem.

DISCUSSION
This is one of the first studies of pertussis infection

in infants to have been conducted in a country in which
use of an acellular pertussis vaccine is universal. In
Sweden the incidence of pertussis fell after introduc-
tion of a DTPa vaccine, and the fall in incidence of
pertussis was most marked in children who had re-
ceived three doses of DTPa in infancy.15 In Germany
the effectiveness of acellular pertussis vaccine is esti-
mated at 99.8% in children between 2 and 32 months of
age.16 The National Health and Medical Research
Council (NHMRC) of Australia currently recommends
primary vaccination with DTPa at 2, 4 and 6 months,
with booster doses at 18 months and 4 years of age.14

Despite �95% uptake of the three primary doses of
DTPa,4 pertussis continues to contribute to significant
morbidity and deaths in Australian infants. Nearly
70% of infants identified in our study were unvacci-
nated. However, more than one-half of these were �8
weeks of age at admission and were too young to be
vaccinated according to the NHMRC schedule. Simi-
larly in Germany 80% of infants hospitalized with
pertussis were not vaccinated.16 Our study also showed
that only 37% of children older tha 8 weeks old were
age-appropriately vaccinated, indicating failure of ad-
herence to the schedule.

Our study highlights the importance of adults, par-
ticularly parents, as sources of infection for infants in a
setting of high DTPa coverage in childhood. Close
contact with a person with a coughing illness consis-
tent with pertussis was reported for 51% of infants, and
one-third of contacts had laboratory-confirmed pertus-
sis. Nearly 70% of reported contacts were adults, and
one-half of these were parents of the infant. Children
accounted for less than one-third of contacts with a
coughing illness. Approximately one-fifth of these chil-
dren were siblings, and one-half of them were �10
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years of age. Almost 60% of child contacts �10 years of
age were reported to be vaccinated against pertussis,
16% were not vaccinated and details were not known
for the rest. Data from the national immunization
register show that in 2002, 85% of 6-year-olds had
received five doses of DTPa,17 which included the
preschool booster that was introduced in 1994. Our
data on contacts with pertussis differ from data from
Canada. There, siblings were the source of infection for
54% of infants with pertussis, and adults were the
source of infection for only 21% of infants.6 In a French
study siblings were the source of infection in 46% of
infants, and parents were the source in 34%.7 Identifi-
cation of a coughing contact is important because it
helps establish the diagnosis of pertussis in the pri-
mary case and might lead to early treatment for other
at risk household members.

Our results suggest several strategies that could be
considered to reduce the acquisition of pertussis infec-
tion by infants: (1) encouraging improved adherence to
the current schedule, including the timeliness of pri-
mary doses; (2) the possibility of accelerating the
schedule to deliver the first dose earlier. A recent
report of hospital-based surveillance showed that even
one dose of DTPa vaccine was 68% effective at prevent-
ing hospitalization for pertussis.16 A primary immuni-
zation schedule of 6, 10 and 14 weeks would result in
102 of our 140 cases being age-eligible for at least 1
dose of DTPa compared with 76 currently. This strat-
egy would not, however, have any impact on the num-
ber of deaths from pertussis in our series, because all
deaths occurred in infants �6 weeks of age. Recently
DTPa was reported to result in an immune response
when commenced at birth,18 suggesting that even more
accelerated schedules might be possible; (3) pertussis-
containing vaccines suitable for use in children older
than 10 years are now available and could be intro-
duced, especially in school-based programs. Currently
this age group has the highest notification rate for
pertussis in Australia. In our study adequate immuni-
zation of child contacts could potentially have pre-
vented a significant number of infant cases of pertus-
sis; (4) use of a pertussis-containing booster vaccine for
adults planning pregnancy or who have recently had a
baby could be promoted.19 Adequate immunization of
parents could have prevented at least 37 cases of
pertussis in our study. Finally, universal booster vac-
cination of adolescents should be considered. In a
number of countries including the US, Canada and
Europe, acellular vaccines have or will soon be licensed
for use in adolescents and adults. In Australia acellular
vaccines have been trialed and licensed. Furthermore
in September 2003, an acellular pertussis vaccine was
approved for incorporation into the Australian Na-
tional Vaccine Schedule for 2003 to 2006.20 The booster
vaccine will be recommended for all adolescents be-

tween 15 and 17 years of age. This strategy will be
more likely to protect future parents and their infants
from pertussis than ad hoc use of the booster vaccine in
adults.

A limitation of this study is incomplete reporting.
Based on 140 cases, the incidence of pertussis requiring
hospitalization in infancy was 56 per 100 000 (95% CI
47 to 65 per 100 000) live births in 2001. This rate is
lower than that reported from routine data collections
in Australia for 1999 to 2000 (82 per 100 000).4 How-
ever, cases reported in our study provided data not
available from routine reports and were of high valid-
ity; all were seen by a specialist pediatrician and
pertussis was laboratory-proved in 73%. The active
nature of the surveillance used in this study, the high
return of monthly report cards and questionnaires and
the comprehensive mailing list used by the APSU give
confidence that the data obtained are representative.11

However, infants hospitalized with pertussis are not
all necessarily cared for by pediatricians reporting to
the APSU. Higher hospitalization rates were reported
from the United States (63 per 100 000 live births),5

France (95 per 100 000 live births)7 and Canada during
1990 to 1998 (270 per 100 000).20 These differences in
hospitalization rates may reflect differences in surveil-
lance methods, in reporting rates, in diagnostic meth-
ods, in the case definitions for pertussis and in criteria
for admission. Real differences in rates between coun-
tries may relate to vaccine coverage and vaccine effi-
cacy. The high rates in the Canadian study are attrib-
uted to use of a whole cell vaccine with low
effectiveness. An important finding in our study, not
previously reported, was the significantly higher re-
ported rate of pertussis requiring hospitalization in
indigenous infants. This difference was observed de-
spite the fact that underreporting is more likely from
remote indigenous communities that lack access to
specialist pediatric and diagnostic services.

As reported in other studies, the majority of infants
identified in our study were previously healthy chil-
dren. Despite this nearly 20% developed a complication
requiring intensive care and 4 (3%) infants children
died. During the 3 years 1998 through 2000, only 1
death caused by pertussis, in a 2-month-old child, was
recorded in Australia. However, during the 5 years
before that (1993 through 1997), 9 deaths were attrib-
uted to pertussis. These deaths occurred in infants and
6 occurred in 1997, an epidemic year. Consistent with
studies of pertussis in infancy from United States,
Canada and Germany,5, 6, 8 pneumonia, seizures and
encephalopathy were the most important complica-
tions in infants in our study. Only 5 children 0 to 4
years of age were recorded as requiring critical care in
Australia during the 1993 through 1997 period.3 In
contrast 25 infants (nearly 20% of our sample) were
treated in intensive care in a 1-year period. All these
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children had pneumonia (some also had encephalopa-
thy and seizures), and one-half required mechanical
ventilation.

In our study a range of diagnostic methods was used
throughout Australian and practice varied in different
states and territories. Culture of a nasopharyngeal
aspirate was the most frequently used diagnostic test,
and one-half of the cultures were positive for pertussis.
PCR, a more rapid method of diagnosis,21 was used in
one-half of the infants, and nearly 90% of tests were
positive for pertussis; however, there were some false
negative PCR results in infants who were culture-
positive. We believe that PCR should be made more
widely available in Australia for the diagnosis of per-
tussis. Use of a serology test for specific IgA antibodies
in one-third of cases reflects use of this test in one
Australian state. The diagnostic yield from this test
was low, and its use should be discouraged.
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The impact of adolescent pertussis immunization, 2004–2009: 
lessons from Australia
Helen E Quinna & Peter B McIntyrea

Introduction
Australia has seen large numbers of pertussis notifications in 
adolescents and adults over the past 10 to 15 years, as have some 
North American and European countries with long-standing 
high coverage for diphtheria–tetanus–pertussis (DTP) vaccines 
in childhood immunization programmes.1–3 DTP vaccines have 
been in general use in Australia since the 1950s,4–6 but because 
of concern about the possible adverse effects of the whole-cell 
pertussis component,7 during the 1970s and 1980s DTP vaccine 
was frequently substituted with diphtheria–tetanus (DT) vac-
cine, and this led to a partially immunized cohort.8 Members of 
this cohort, which was also the last to not be eligible to receive 
the pre-school DTP booster added to the immunization schedule 
in 1994,9 figured prominently in successive epidemics between 
1993 and 2002. A similar cohort effect has been observed in 
Canada.3 School outbreaks were also frequent at this time.10 
Acellular vaccines replaced the Australian-manufactured whole-
cell vaccine for booster doses in 1997 and for all doses in 1999, 
and 95% coverage with three doses of this new vaccine (at 2, 4 
and 6 months) by 2 years of age was attained within 4 years.11

The availability of a well formulated triple vaccine with an 
acellular pertussis component (Boostrix [Tdap], GlaxoSmith-
Kline, Brentford, England) and the recognition that pertussis 
incidence in adolescents was increasing prompted the National 
Immunisation Programme to begin using Tdap on 1 January 
2004 instead of the reduced antigen diphtheria–tetanus (Td) 
booster dose previously recommended at age 15 to 17 years.12 
Delivery of Tdap vaccine was primarily school-based, with lim-
ited doses also available in primary care.

Although several countries, including Canada, France, 
Germany and the United States of America, have added an ado-
lescent booster dose to their list of recommended immunizations, 

reports of the impact of adolescent pertussis vaccine programmes 
has been limited to early and/or regional data.13–17 The aim of this 
study was to compare the long-term impact of the approaches 
used in Australia – vaccinating a one-year age cohort versus the 
entire high school, with and without continued immunization 
of high school entrants – in the context of known historical dif-
ferences in pertussis epidemic cycles by region.6 Our findings 
have implications for countries considering the introduction of 
Tdap boosters for children and adolescents 10 to 18 years of age.

Methods
We conducted a series of ecologic analyses of trends in pertus-
sis notifications by age group, using relative incidence by time 
period, epidemic cycle and estimated vaccine coverage, to com-
pare notification rates in relevant age cohorts. Data sources and 
methods of estimation for these analyses are described in the 
following sections.

Vaccine coverage
Immunization programme managers from each Australian state 
and territory provided coverage data from school-based delivery 
programmes for the period between January 2004 and December 
2009. No data were available on vaccines administered outside 
the school setting, but these were thought to represent a small 
proportion of the doses administered.

Pertussis notification before and after Tdap
Notifications to the National Notifiable Diseases Surveillance 
System with an onset date between 1 January 1999 and 31 De-
cember 2009 were eligible for this analysis. Pertussis cases are 
notifiable in every Australian jurisdiction under public health 

Abstracts in عربي, 中文, Français, Pусский and Español at the end of each article.

Objective To compare the impact of three strategies for delivering a booster dose of adult-formulated tetanus–diphtheria–pertussis 
(Tdap) vaccine to adolescents in Australia. These comprise: (i) administering Tdap to: a one-year age cohort; (ii) administering Tdap to 
the entire high school and to subsequent entrant cohorts; and (iii) administering Tdap to the entire high school but without continuing 
to immunize entrant cohorts.
Methods A series of ecologic analyses of pertussis notifications during epidemic periods in relevant age cohorts were conducted. The 
primary outcome measure was the incidence rate ratio (IRR), calculated by dividing pertussis incidence after the introduction of Tdap 
delivery programmes by pertussis incidence during the most recent pre-programme epidemic.
Findings During the epidemic period of 2008–2009, the national-level IRR among age cohorts targeted for Tdap was 0.6 (95% 
confidence interval, CI: 0.6–0.7), but among other age cohorts it was 1.1 (95% CI: 1.1–1.2). Only the jurisdiction that implemented 
strategy 2 (Western Australia) experienced sustained decreases in pertussis notifications in both adolescents and infants under 6 months 
of age (IRR: 0.4; 95% CI: 0.3–0.6) until 2009.
Conclusion If confirmed by longer experience in Australia and elsewhere, a broad school-based catch-up programme followed by 
immunization of school entrants may be the optimum strategy for the implementation of adolescent Tdap programmes.
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legislation. The criteria for notification 
are nationally uniform and include a 
combination of clinical, epidemiologi-
cal and laboratory evidence. Laboratory 
evidence rests on culture of Bordetella 
pertussis or on the detection of B. pertus-
sis by nucleic acid testing or single point 
serolog y. Since 1993, all public and 
private laboratories have been required 
to notify all persons testing positive on 
diagnostic tests for pertussis to public 
health authorities. Cases can be notified 
on clinical grounds alone if they report 
having had a coughing illness lasting 2 or 
more weeks and paroxysms of coughing, 
inspiratory whoop or post-tussive vom-
iting.18 However, over the past decade 
cases without laboratory evidence have 
become increasingly rare. We calculated 
notification rates for each age group and 
time period using average annual Austra-
lian Bureau of Statistics population esti-
mates.19 We used the ratio of notification 
rates between epidemiologically relevant 
time periods (incidence rate ratios, 
IRRs) as the measure for comparison of 
programme impact, and we calculated 
their 95% confidence intervals (CIs) 
using a Poisson distribution.

With respect to programme delivery 
comparisons, we calculated incidence rate 
ratios (IRRs) using regional groupings 
based on differing programme delivery 
characteristics (Table 1). Three regions 
(Australian Capital Territory, South 
Australia and Victoria) applied strategy 1 
– delivery of the Tdap vaccine to a single 
school grade each year – and formed a 
single programme grouping. The states of 
New South Wales and Western Australia 
delivered the vaccine to grades 7 up to 
12 (ages 12–19 years) in 2004, in the 
context of high pertussis notifications 
in adolescents in both regions. In New 
South Wales, this was followed by im-
munization of grade 7 students in 2005 
and cessation of the programme for the 
following three years, before planned 
re-commencement of Tdap vaccine de-
livery to grade 10 students (strategy 2). 
In Western Australia, grade 7 students 
were immunized every year (strategy 3). 
In the state of Queensland there was little 
provision of free Tdap vaccine by private 
sector providers after 2003, but state-wide 
school-based immunization programmes 
targeting grade 10 students did not com-
mence until 2007.

To account for the variability of 
programme delivery and vaccine coverage 

by age cohort and time period, we defined 
immunized and unimmunized cohorts 
among students aged 12–19 years in each 
regional grouping above. As data on vac-
cination coverage were available by grade 
but not at the individual level, each grade 
was defined as vaccinated if the estimated 
Tdap vaccination coverage was 50% or 
higher. Grades not exposed to a school-
based vaccination programme or where 
estimated vaccination coverage was less 
than 50% were considered unvaccinated. 
Data for Queensland for the years before 
commencement of a state-wide school-
based programme were not included. As 
notification data were available by year 
of age, the single largest age group in 
each school grade (e.g. grade 7, 12 years; 
grade 8, 13 years; grade 9, 14 years, etc.) 
was used to generate an approximate inci-
dence rate for each age group, defined as 
immunized or unimmunized as above, for 
calculation of the IRR (Table 2).

Results
Vaccination coverage
Overall, an estimated 1 066 000 of an esti-
mated 1 650 000 eligible students aged 12 
to 19 years (65%) received Tdap vaccine in 
school-based immunization programmes 
between January 2004 and December 
2009. Annual coverage estimates were 
in the range of 55 to 76%, with coverage 
in subgroups of school grade and region 
varying from a low of 4% to a high of 85% 
(Table 1). However, estimated coverage 
within regions remained the same from 
year to year. In New South Wales and 
Western Australia, where the entire high 
school population was vaccinated within 
a single calendar year, higher coverage was 
obtained among younger students in the 
lower high school grades.

Pertussis notification before and 
after Tdap
By age group
Between 1 January 1999 and 31 Decem-
ber 2009, 110 602 cases of pertussis were 
notified nationally. Averaged data shows 
that national epidemics occurred in 
2001, 2005–2006 and 2008–2009, but 
the exact timing differed in each region.6 
Fig. 1 shows pertussis notification rates 
per 100 000 population over the 10-year 
period from 1999 to 2009, as well as IRRs 
for the 12–19 age group in comparison 
to the remainder of the population. At 
the national level, 2001 was the year 
with the highest annual notification rate 
recorded for adolescents aged 12–19 years 
(127.7 cases per 100 000 population). 
This decreased significantly to 31.1 cases 
per 100 000 population in the period 
from 2005 to 2007. Notification rates 
in the 12–19 year age group remained 
significantly lower during the most recent 
epidemic (2008–2009) than during the 
2001 epidemic, as shown by the 95% CIs 
for point estimates. This stood in contrast 
to the significant increases noted in all 
other age groups relative to 2001.

By period and programme delivery 
groupings
Table 3 shows the IRRs for regional 
groupings with varying programme deliv-
ery methods. In New South Wales, where 
the programme targeting the entire high 
school population achieved high cover-
age but was discontinued for three years, 
notification rates declined sharply at first 
but rose substantially in the 2008–2009 
epidemic period. In Western Australia, 
where students entering high school 
continued to be vaccinated year after year 
after the entire high school population 
was vaccinated, notification rates also 

Table 2. Proportion of students considered immunized during two epidemic periods 
after diphtheria, tetanus and acellular pertussis vaccine programme roll-out, 
by age and jurisdictional grouping, Australia, 2005–2009

Jurisdictional groupinga Percentage immunized

2005–2007 2008–2009

< 16 
years

≥ 16 
years

< 16 
years

≥ 16 
years

Australian Capital Territory/South Australia/Victoria 34 49 32 91
New South Wales 75 51 25 100
Western Australia 92 9 100 62
Queensland 9 0 25 38

a Jurisdictional groupings were based on programme delivery characteristics.
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decreased rapidly but remained low to 
the end of 2009.

By cohort immunization status
Given the wide variation in programme 
roll-out by age group and timing of 
epidemic peaks in notifications across 
regions, we used notification rates in im-
munized and unimmunized age groups, 
as defined in the methods section, to 
generate IRRs for each region. Table 4 
shows IRRs for both immunized and 
unimmunized cohorts during the most 
recent epidemic period (2008–2009) 
and during the period immediately 
following programme implementation 
(2005–2007). In the period 2005–2007 
immediately following programme 
implementation, notification rates were 
significantly lower in immunized co-
horts than in unimmunized cohorts in 
most programme delivery jurisdictional 
groupings, and the rates in both cohorts 
were lower than the rates recorded in the 
most recent pre-programme epidemic 
year. The only exception was the state of 
Queensland, where the Tdap programme 
was not implemented until 2007.

Based on overall notification rates, 
pertussis epidemics commenced during 
2008–2009 in all regions, except in West-
ern Australia. In all programme delivery 
groups the IRR in immunized age cohorts 
was again lower than in unimmunized 
cohorts. In the jurisdictional grouping 
where the programme was implemented 
in a single grade, the IRR during the 2008 
–2009 epidemic period rose but was not 
significantly higher than during the com-
parator pre-programme epidemic period. 

By contrast, in New South Wales, where 
the entire high school population was 
vaccinated within a one-year period but 
high school entrants were not for the fol-
lowing three years, a significantly higher 
IRR was seen in the unimmunized cohort 
(Table 4). In the immunized cohort the 
overall IRR was 0.87, in grade 10 students 
immunized during the epidemic the IRR 
was 1.60 (95% CI: 1.4–1.8) as opposed 
to 0.69 (95% CI: 0.6–0.8) in students 
immunized in 2004 and 2005. In Western 
Australia, where vaccination of the entire 
high school population was followed by 
immunization of each successive entrant 
cohort, no epidemic occurred in any 
age group in 2008–2009. Notably, the 
IRRs in immunized and unimmunized 

cohorts were similar, as in 2005–2007, 
and both were substantially lower than 
in the comparator epidemic period. In 
Queensland, incidence did not differ 
among immunized and unimmunized 
cohorts but was significantly lower in 
both groups after the Tdap vaccination 
programme was implemented.

Notification trends in young infants
The same regional programme delivery 
groupings were used to compare trends 
over time in pertussis notification rates 
among infants less than 6 months of age 
(Table 5). In 2005–2007, rates dropped 
significantly (by 20–60%) in all groupings 
relative to the most recent pre-programme 
epidemic period. During the 2008–2009 

Fig. 1. Australian pertussis notification rates and incidence rate ratios (IRRs) 
comparing the 12–19 year age group with the remainder of the population, 
Australia, 1999–2009
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Table 3. Incidence rate ratios (IRRs)a for pertussis notifications in adolescents aged 12 to 19 years for each year after diphtheria, 
tetanus and acellular pertussis vaccine programme roll-out, by jurisdictional group, Australia, 2004–2009

Jurisdictional 
groupingb

Pre-programme  
epidemic ratec,d 

(95% CI)

IRR (95% CI)

2005 2006 2007 2008 2009

Australian Capital 
Territory/South 
Australia/Victoria

92.6 (87.4–98.0) 0.41 (0.36–0.47) 0.26 (0.23–0.31) 0.20 (0.17–0.24) 0.39 (0.34–0.35) 1.03 (0.93–1.13)

New South Wales 156.8 (150.4–163.4) 0.29 (0.25–0.32) 0.20 (0.17–0.22) 0.13 (0.11–0.15) 1.22 (1.14–1.30) 1.23 (1.15–1.31)
Western Australia 284.2 (263.2–306.9) 0.08 (0.06–0.11) 0.03 (0.02–0.05) 0.01 (0.01–0.03) 0.03 (0.02–0.05) 0.05 (0.04–0.08)
Queensland 134.7 (127.1–142.8) 0.57 (0.50–0.64) 0.36 (0.31–0.42) 0.18 (0.15–0.22) 0.29 (0.25–0.34) 0.95 (0.86–1.05

CI, confidence interval.
a These represent the ratios given by dividing the notification rate during each of the two epidemic periods after diphtheria, tetanus and acellular pertussis vaccine 

programme roll-out by the notification rate during the most recent epidemic period before programme roll-out.
b Jurisdictional groupings were based on programme delivery characteristics.
c The recent epidemic periods used in the analysis were as follows: Australian Capital Territory, 2003; South Australia, 2001; Victoria, 2001/2002; New South Wales, 

2000/2001; Queensland, 2001/2002; Western Australia, 2004; national, 2001.6

d Per 100 000 population.
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epidemic, notification rates among in-
fants less than 6 months of age returned 
to levels similar to those observed in 
the reference epidemic period with two 
exceptions. In New South Wales, notifica-
tion rates in 2008–2009 were significantly 
higher, more than double what they were 
during the reference epidemic period, 
while in Western Australia notification 
rates were significantly lower, at around 
40% of the rates reported in the most 
recent pre-programme epidemic.

Discussion
In 2002, the Global Pertussis Initiative 
recommended that countries expand 
existing vaccination strategies to include 
a pertussis booster dose for adolescents.20 

A recent meeting of the WHO Strategic 
Advisory Group of Experts on Immuniza-
tion (SAGE) noted that supporting data 
on cost-effectiveness for programmes 
targeting adolescents were lacking and 
that data on impact on infant disease were 
particularly relevant.21 Countries that 
have added an adolescent booster dose to 
their schedules since the 2002 recommen-
dation include Canada, France, Germany, 
New Zealand and the United States.22 
Timing of programme commencement 
has varied widely and data on disease 
reduction in the targeted age group are 
lacking. In this national evaluation, we 
have taken account of variations in vac-
cine delivery, programme implementation 
and pertussis epidemic cycles by region6 to 
estimate the impact of the programme on 

pertussis in the targeted age group. This 
study is the first to specifically evaluate 
impact in young infants.

With respect to vaccine coverage, 
individual level data were not available, as 
the Australian Childhood Immunisation 
Register only records vaccinations given 
up to the age of 7 years. We therefore 
relied on estimates of coverage derived 
from the school-based programme and 
on data supplied by each state and terri-
tory in varying detail and format. Overall, 
approximately 65% of the targeted age 
group was vaccinated up to the end of 
2009, but coverage varied from 4% to 
85% by age group and region. These 
are minimum estimates of population 
coverage, as no data were available for 
doses administered in the private sector. 

Table 4. Incidence rate ratios (IRRs)a for pertussis notifications in adolescents aged 12 to 19 years categorized as immunized or 
unimmunized by birth cohort, by epidemic periodb and jurisdictional group, Australia, 2004–2009

Jurisdictional groupingc Pre-programme 
epidemic rated 

(95% CI)

IRR (95% CI)

2005–2007e 2008–2009f

Immunizedd Unimmunized Immunizedd Unimmunized

Australian Capital Territory/
South Australia/Victoria

92.6 (87.4–98.0) 0.23 (0.19–0.27) 0.33 (0.29–0.37) 0.54 (0.48–0.60) 1.00 (0.90–1.11)

New South Wales 156.8 (150.4–163.4) 0.17 (0.15–0.19) 0.26 (0.23–0.29) 0.87 (0.81–0.93) 1.85 (1.73–1.97)
Western Australia 284.2 (263.2–306.9) 0.02 (0.02–0.04) 0.06 (0.05–0.08) 0.04 (0.03–0.06) 0.04 (0.02–0.07)
Queensland 134.7 (127.1–142.8) 0.25 (0.15–0.39) 0.18 (0.14–0.22) 0.59 (0.51–0.67) 0.64 (0.58–0.71)
National 127.7 (123.0–132.6) 0.17 (0.16–0.19) 0.24 (0.22–0.26) 0.62 (0.59–0.66) 1.11 (1.06–1.17)

CI, confidence interval.
a These represent the ratios given by dividing the notification rate during each of the two epidemic periods after diphtheria, tetanus and acellular pertussis vaccine 

programme roll-out by the notification rate during the most recent epidemic period before programme roll-out.
b The recent epidemic periods used in the analysis were as follows: Australian Capital Territory, 2003; South Australia, 2001; Victoria, 2001/2002; New South Wales, 

2000/2001; Queensland, 2001/2002; Western Australia, 2004; national, 2001.6

c Jurisdictional groupings were based on programme delivery characteristics.
d Per 100 000 population.
e For the period 2005–2007, data were limited to 2007 for Queensland.
f The single largest age group comprising each school grade was used to generate an approximate incidence among age groups, defined as immunized and 

unimmunized, with each grade defined as immunized if Tdap coverage was 50% or above.

Table 5. Incidence rate ratios (IRR)a for pertussis notifications in infants aged less than 6 months during epidemic periods,b by 
jurisdictional group, Australia, 2004–2009

Jurisdictional groupingc Pre-programme epidemic rated 
(95% CI)

IRR (95% CI)

2005–2007 2008–2009

Australian Capital Territory/
South Australia/Victoria

216.8 (185.1–253.9) 0.20 (0.15–0.28) 1.25 (1.02–1.53)

New South Wales 268.4 (236.0–305.1) 0.60 (0.50–0.73) 2.82 (2.42–3.28)
Western Australia 536.8 (421.8–683.3) 0.18 (0.12–0.27) 0.40 (0.28–0.57)
Queensland 255.1 (214.1–304.0) 0.37 (0.28–0.50) 1.07 (0.85–1.36)
National 251.4 (225.1–280.6) 0.39 (0.33–0.45) 1.62 (1.43–1.84)

CI, confidence interval.
a These represent the ratios given by dividing the notification rate during each of the two epidemic periods after diphtheria, tetanus and acellular pertussis vaccine 

programme roll-out by the notification rate during the most recent epidemic period before programme roll-out.
b The recent epidemic periods used in the analysis were as follows: Australian Capital Territory, 2003; South Australia, 2001; Victoria, 2001/2002; New South Wales, 

2000/2001; Queensland, 2001/2002; Western Australia, 2004; national, 2001.6

c Jurisdictional groupings were based on programme delivery characteristics.
d Per 100 000 population.
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However, confidence in our estimates of 
50–80% is supported by their consistency 
with estimates from a similar Australian 
school-based meningococcal C conjugate 
vaccine catch-up programme in 2003,23 
and with those from Canadian provinces 
immunizing school years 9 and 10 (14- to 
16-year-olds).13,15 In the United States, 
Tdap was recommended for use in adoles-
cents in 2006 but is not delivered through 
a school-based programme. Coverage 
estimates rose from 11% in 2006 to 30% 
in 2007, but, as in our data, they were 
significantly higher among adolescents 
aged 13–14 years than among those aged 
15–17 years.24,25 Similarly, lower coverage 
in older high school students was ob-
served in the Australian meningococcal C 
conjugate vaccine catch-up programme.23 
This is probably because of more frequent 
absences from school among older stu-
dents and lower school retention rates 
(81% for grades 10–12)26 and is likely to 
be applicable in comparable developed 
country settings.

The use of pertussis notification 
data to measure impact from an adoles-
cent Tdap programme is confounded 
by interannual and epidemic variations 
in pertussis activity, which we took 
into account in our analysis, as well as 
by changes in diagnostic practice. The 
impact of testing practices is substantial, 
as laboratories in Australia are mandated 
to notify positive results on pertussis 
diagnostic tests, whereas clinicians are 
known to be much less reliable noti-
fiers, whether or not there is laboratory 
confirmation. Between 2001 and 2009, 
the proportion of notifications recorded 
in the NNDSS as confirmed by any 
laboratory method increased from 55% 
to 90%. This increase was largely driven 
by positives detected with polymerase 
chain reaction (PCR), since PCR had 
become increasingly available through 
community laboratories since 2007. The 
increase in PCR use among adolescents 
was greater in New South Wales than in 
other jurisdictions. This may have led to 
amplified increases in notification rates in 
this age group in that jurisdiction during 
2008–2009 but should have had minimal 
impact on notifications in infants among 
whom PCR has been predominantly used 
as a diagnostic test since 2001.

Despite the limitations of the avail-
able data, the range of analytic methods 
that we used – from aggregated age groups 
to smaller age subgroups and to regional 
groupings with differing vaccine coverage 

over time – showed consistent evidence 
of an impact. The relatively low notifica-
tion rate in 12–19 year olds seen in 2004 
was maintained until the 2008–2009 
epidemic and the rate remained lower 
than during historical peaks. This was in 
marked contrast to what we observed in 
other age groups. When the data were 
further refined to consider immunized 
cohorts specifically, this trend is more 
clearly evident and is consistent with 
the early vaccine effectiveness estimates 
of 78–85% for Tdap obtained in New 
South Wales in 2004.16 We were unable 
to estimate vaccine effectiveness in the 
current study because individual level data 
on vaccination status is lacking.

In Western Australia, the notifica-
tion rate in the unimmunized cohort 
was nearly identical to the rate in the 
immunized cohort in 2008–2009. 
While disease activity in all age groups 
in Western Australia was low in 2008, 
this finding is consistent with herd 
immunity among the unimmunized 
adolescent cohort. The increased IRR 
in the immunized and unimmunized 
cohorts in New South Wales may be 
the result of waning immunity, as most 
of the immunized cohort had not been 
vaccinated since 2004 or 2005. However, 
more detailed analysis showed that grade 
10 students, who were being vaccinated 
during the epidemic, had a higher IRR 
than the rest of the immunized cohort.

A key question is whether adolescent 
pertussis immunization programmes 
have any impact on pertussis transmission 
among young, unimmunized infants. In 
our data, there was a decrease in the noti-
fication rate among infants younger than 
6 months of age following the initiation 
of adolescent pertussis immunization in 
the National Immunization Programme 
in 2004, but this was also seen in other 
age groups during the inter-epidemic pe-
riod and was sustained until 2008–2009 
only in Western Australia. Although 
this finding could be explained by more 
dispersed epidemic cycles in Western 
Australia,6 pertussis notification rates 
in that state did increase in 2010 (data 
not shown) and were high in children 
aged 5–9 and 10–14 years; only 40% 
of the children aged 10–14 years were 
eligible for Tdap. In contrast, in 2010 
notifications remained low in Western 
Australia among 15- to 19-year-olds (all 
eligible for Tdap) and the IRR for infants 
aged 0 to 6 months was not appreciably 
different in 2010 than in 2009 (0.46 

[95% CI: 0.30–0.69] versus 0.40 [95% 
CI: 0.28–0.57], respectively, Table 5), 
maintaining the differential with other 
jurisdictions.27

Although limited by its ecologic de-
sign, our analysis provides some evidence 
that a pertussis vaccination catch-up 
component has an impact on herd im-
munity and on the incidence of disease 
among infants. Catch-up programmes can 
rapidly reduce pertussis incidence across 
a broad range of ages and ongoing immu-
nization of children entering adolescence 
may be important for maintaining this 
in the long term. The consistently higher 
notification rates in younger adolescents 
also suggest that the programme should 
target younger age groups. Targeting a 
programme to younger people will have 
follow-up implications for countries 
considering cocooning recommendations 
for new parents, which must factor in 
the waning of antibody levels between 
adolescence and pregnancy. The most 
recent data suggest that antibody levels 
have dropped substantially by the tenth 
year after immunization.28

In conclusion, data from Australia 
demonstrate that school-based adolescent 
pertussis vaccination programmes can 
achieve high coverage relatively rapidly 
and have a demonstrable impact on the 
incidence of pertussis, as measured by 
case notifications. Our experience sug-
gests that, in the context of school-based 
delivery, implementing a broadly based 
vaccination programme is more beneficial 
than introducing the vaccine in a single 
school year, but that it is necessary to 
immunize children entering high school 
on an ongoing basis. This is particularly 
important if it is shown that broad-based 
catch-up immunization of adolescents ef-
fectively decreases the incidence of severe 
disease in unimmunized infants. ■
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ملخص
تأثير تحصين اليافعين ضد الشاهوق )السعال الديكي(، 2004-2009: دروس مستفادة من أستراليا

الغرض المقارنة بين تأثير ثلاث استراتيجيات لإعطاء جرعة مُعزِّزة من اللقاح 
الُمعدّ لليافعين ضد الكزاز-الخناق-السعال الديكي )Tdap( في أستراليا. وهذا 
يشمل: 1( إعطاء اللقاح لأتراب يبلغ عمرهم سنة واحدة؛ 2( إعطاء اللقاح 
لكل طلبة المدارس العليا ويلي ذلك تحصين المجموعات الأترابية الفرعية من 
الطلبة الجدد 3( إعطاء اللقاح لكل طلبة المدارس العليا ولكن بدون تمنيع 

الفئات الأترابية الفرعية من الطلبة الجدد.
السعال  عن  للتبليغ  الإيكولوجية  التحليلات  من  سلسلة  أجريت  الطريقة 
الديكي أثناء فترات الوباء في فئة الأتراب العمرية ذات العلاقة. وكانت نتيجة 
قسمة  طريق  عن  حسبت  والتي  الوقوع،  معدل  نسبة  هي  الأولى  القياس 
معدل وقوع السعال الديكي بعد إدخال برامج إعطاء اللقاح على معدل وقوع 

السعال الديكي أثناء آخر وباء سابق للبرنامج.

النتائج أثناء فترة الوباء في 2008-2009، كان المستوى الوطني لنسبة معدل 
الثقة  باللقاح 0.6 )فاصلة  المستهدفة  العمرية  الفئة  الأتراب في  الوقوع بين 
 1.1 الأخرى  العمرية  الأترابية  الفئات  بين  كانت  ولكن   ،)0.7-0.6  :95%
)فاصلة الثقة %95: 1.1-1.2(. وقد شهدت فقط منطقة تطبيق الاستراتيجية 
الثانية )في غرب أستراليا( انخفاضاً مستمراً في التبليغ عن السعال الديكي بين 
كل من اليافعين والرضع تحت عمر 6 أشهر )نسبة معدل الوقوع: 0.4؛ فاصلة 

الثقة %95: 0.3-0.6( حتى عام 2009.
الاستنتاج إذا تأكد حدوث ذلك بعد تجربة طويلة الأمد في أستراليا ومناطق 
أخرى، فإن البرنامج الواسع النطاق المرتكز على المدارس والذي يليه تحصين 
الطلبة الجدد في المدارس يمكن أن يكون هو أفضل استراتيجية لتنفيذ برامج 

تحصين اليافعين ضد الكزاز-الخناق-السعال الديكي.

目的 旨在比较运用三种策略为澳大利亚青少年接种成人
配方破伤风白喉百日咳（Tdap）混合疫苗加强剂量的影
响。此三种策略包括：（1）为一岁年龄组接种破伤风白
喉百日咳混合疫苗；（2）为所有中学生以及随后的入学
群体接种破伤风白喉百日咳混合疫苗；（3）为所有中学
生接种破伤风白喉百日咳混合疫苗但是不继续为入学群
体进行免疫接种。
方法 文章对相关年龄组流行阶段的百日咳呈报案例进
行了系列生态学分析。主要结果测量指标是发病率比
（IRR），用引入破伤风白喉百日咳混合疫苗接种计划
之后的百日咳发病率除以接种计划前最近流行阶段的百
日咳发病率计算得到。

结果 2008-2009年的流行阶段中，破伤风白喉百日咳混合
疫苗的目标年龄组中国家级发病率比为0.6 （95%可信区
间，CI：0.6-0.7），而其他年龄组的发病率比为1.1（95%
可信区间，CI：1.1-1.2）。截至2009年，仅实施策略2
（澳大利亚西部）的辖区经历了青少年和6个月以下婴儿
百日咳呈报案例（发病率比:0.4; 95%可信区间，CI：0.3-
0.6）的持续减少。
结论 如果可以肯定澳大利亚以及其他地方的长期经验，则
新生入学免疫接种之后基于学校的大范围追赶计划可能是
青少年破伤风白喉百日咳混合疫苗计划实施的最佳策略。

Résumé

L’impact de la vaccination contre la coqueluche chez les adolescents, 2004–2009: les leçons données par 
l’Australie
Objectif Comparer l’impact de trois stratégies d’injection de rappel du 
vaccin tétanos-diphtérie-coqueluche (Tdap) formulé pour adulte chez des 
adolescents en Australie. Elles comprennent: (1) l’administration du Tdap 
à: une cohorte âgée d’un an; (2) l’administration du Tdap à tout le lycée 
et aux cohortes des nouveaux venus; (3) l’administration du Tdap à toute 
l’école, mais sans continuer à vacciner les cohortes des nouveaux venus.
Méthodes On a réalisé une série d’analyses écologiques des notifications 
de la coqueluche lors des périodes d’épidémie dans les cohortes d’âges 
applicables. La principale mesure des résultats a été le rapport du taux 
d’incidence (RTI), calculé en divisant l’incidence de la coqueluche après 
l’introduction des programmes de vaccination du Tdap par l’incidence 
de la coqueluche lors de l‘épidémie du préprogramme le plus récent.

Résultats Lors de la période épidémique de 2008–2009, le RTI au 
niveau national chez les cohortes d’âges ciblées pour le Tdap était de 
0,6 (intervalle de confiance de 95% IC: 0,6–0,7), mais chez les autres 
cohortes d’âges, il était de 1,1 (IC de 95%: 1,1–1,2). Seule la juridiction 
qui avait mis en place la stratégie 2 (Australie occidentale) a enregistré 
des baisses soutenues dans les notifications de la coqueluche chez les 
adolescents et les enfants de moins de 6 mois (RTI: 0,4; IC de 95%: 
0,3–0,6) jusqu’en 2009.
Conclusion S’il est confirmé par une plus longue expérience en Australie 
et partout dans le monde, un large programme de rattrapage au sein 
des écoles, suivi de la vaccination des nouveaux venus, pourrait être la 
stratégie optimale pour mettre en place les programmes de Tdap chez 
les adolescents.

Резюме
Воздействие иммунизации подростков от коклюша в 2004–2009 годах: уроки Австралии
Цель Сравнить воздействие трех стратегий назначения 
бустерной дозы взрослой коклюшно-дифтерийно-
столбнячной вакцины (Tdap) австралийским подросткам. 
Эти стратегии включали в себя: (1) введение Tdap 
когорте детей в возрасте одного года; (2) введение Tdap 
всем учащимся средней школы и далее когортам вновь 

поступающих учеников; (3) введение Tdap всем учащимся 
средней школы без продолжения иммунизации когорт вновь 
поступающих учеников.
Методы Была проведена серия аналитических экологических 
исследований уведомлений о случаях заболевания 
коклюшем в периоды эпидемий в соответствующих 

摘要 
2004-2009 青少年百日咳免疫接种的影响：澳大利亚的经验教训摘要



Bull World Health Organ 2011;89:666–674 | doi:10.2471/BLT.11.086538 673

Helen E Quinn & Peter B McIntyre Adolescent pertussis immunization in Australia
Research

возрастных когортах. Показателем первичного исхода 
был коэффициент заболеваемости (КЗ), рассчитываемый 
путем деления показателя заболеваемости коклюшем 
после внедрения программы назначения вакцины Tdap на 
показатель заболеваемости коклюшем во время эпидемии, 
непосредственно предшествующей внедрению программы.
Результаты  В период эпидемии 2008–2009 года 
общенациональный КЗ в возрастных когортах, которым 
адресно вводилась вакцина Tdap, был равен 0,6 (95% 
доверительный интервал, ДИ: 0,6-0,7), а в других возрастных 
когортах составлял 1,1 (95% ДИ: 1,1–1,2). Устойчивое 

снижение числа уведомлений о случаях заболевания 
коклюшем, как среди подростков, так и среди детей в 
возрасте до шести месяцев, в период вплоть до 2009 года 
наблюдалось только в регионе, где внедрялась стратегия 2 
(Западная Австралия) (КЗ: 0,4; 95% ДИ: 0,3–0,6).
Вывод Если судить по долгосрочному опыту Австралии и 
других стран, то масштабная программа «наверстывающей» 
вакцинации на базе школы с последующей иммунизацией 
вновь поступающих учащихся может быть оптимальной 
стратегией внедрения программ иммунизации подростков 
вакциной Tdap.

Resumen

Estudio en centros de atención al paciente para el diagnóstico de sarampión: detección de anticuerpos IgM y 
ácido nucleico viral específicos del sarampión 
Objetivo evaluar el desempeño de un estudio en centros de atención al 
paciente recientemente desarrollado para la detección de anticuerpos IgM 
específicos del sarampión en muestras en suero y secreciones orales y 
evaluar si el ácido nucleico del virus del sarampión puede recuperarse 
de las tiras usadas en los estudios en centros de atención al paciente.
Métodos el estudio en centros de atención al paciente se utilizó para 
evaluar 170 muestras de suero recolectadas a través de programas 
de control o vacunación contra el sarampión en Etiopía, Malasia y 
la Federación de Rusia. Se obtuvieron 69 resultados positivos para 
anticuerpos de inmunoglobulina M (IgM) del sarampión, 74 resultados 
positivos para anticuerpos de IgM de rubéola y 7 resultados positivos para 
ambos. También se evaluaron 282 muestras de secreciones orales del 
programa de control del sarampión, paperas y rubéola del Reino Unido 
de Gran Bretaña e Irlanda del Norte. El inmunoensayo de enzimas IgM del 
sarampión microinmune fue el estándar de oro para la comparación. Se 
utilizó un panel de 24 secreciones orales para investigar si la hemaglutinina 

(H) del virus del sarampión y los genes nucleocápsides (N) podrían 
amplificarse por la reacción en cadena de polimerasa directamente de 
las tiras del estudio en centros de atención al paciente.
Resultados Con el suero, el estudio en centros de atención al paciente 
mostró una sensibilidad y especificidad del 90,8% (69/76) y 93,6% 
(88/94), respectivamente; con las secreciones orales, la sensibilidad 
y especificidad fueron del 90,0% (63/70) y 96,2% (200/208), 
respectivamente. Tanto los genes H como N fueron confiablemente 
detectados en las tiras del estudio en centros de atención al paciente y 
los genes N se pudieron secuenciar por genotipo. Los genes del virus del 
sarampión se recuperaron de las tiras del estudio en centros de atención al 
paciente después de estar almacenados durante 5 semanas a 20-25 °C.
Conclusión El estudio en centros de atención al paciente tiene la 
sensibilidad y especificidad requeridas para un estudio de campo para 
el diagnóstico del sarampión. No obstante, su papel en los programas 
de control de sarampión a nivel global requiere una mayor evaluación.
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Duration of Protection After First Dose of Acellular
Pertussis Vaccine in Infants

WHAT’S KNOWN ON THIS SUBJECT: Waning effectiveness of 5
doses of acellular pertussis vaccines is well documented after 6
years of age, but data are lacking for fewer doses in younger
children.

WHAT THIS STUDY ADDS: In 2- to 3-month-old infants, 1 dose
of the diphtheria–tetanus–acellular pertussis vaccine gave
significant protection against hospitalized pertussis. The
effectiveness of 3 doses decreased from 84% between 6 and 11
months to 59% after 3 years.

abstract
OBJECTIVE: Data on the effectiveness of the diphtheria–tetanus–
acellular pertussis (DTaP) vaccine in the first 4 years of life are sparse.
We evaluated the vaccine effectiveness (VE) of 1 and 2 doses of DTaP
before 6 months of age and of 3 doses from 6 months of age in
Australia, where, since 2003, a fourth dose is not given until 4 years.

METHODS: We matched reported pertussis cases aged 2 to 47 months
between January 2005 and December 2009 to controls from a population-
based immunization register by date of birth and region of residence.
VE by number of doses and age group was calculated as (1 – odds
ratio) 3 100%.

RESULTS: VE against hospitalization increased from 55.3% (95% con-
fidence interval [CI], 42.7%–65.1%) for 1 dose before 4 months of age
to 83.0% (95% CI, 70.2%–90.3%) for 2 doses before 6 months. The VE
of 3 doses of DTaP against all reported pertussis was 83.5% (95%
CI, 79.1%–87.8%) between 6 and 11 months, declining to 70.7% (95%
CI, 64.5%–75.8%) between 2 and 3 years of age and 59.2% (95% CI,
51.0%–66.0%) between 3 and 4 years of age.

CONCLUSIONS: DTaP provided good protection against pertussis in the
first year of life from the first dose. Without a booster dose, the effec-
tiveness of 3 doses waned more rapidly from 2 to 4 years of age than
previously documented for children.6 years of age who had received
5 doses. Pediatrics 2014;133:e513–e519
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Recently, evidence of progressivewaning
of vaccine effectiveness (VE) in children
whohave received5dosesof diphtheria–
tetanus–acellular pertussis (DTaP) vac-
cine at 2, 4, 6, and 18 months and 4 to 6
years of age has been reported from the
United States.1,2 Postlicensure studies of
the effectiveness of fewer doses of DTaP
among younger children are limited,3–6

and schedule recommendations for
acellular pertussis vaccines vary be-
tween countries.7 In addition, there
are concerns that changes in the
clonal composition of Bordetella per-
tussis strains, recently documented in
Australia8 and elsewhere,9 may have
resulted in declining vaccine effec-
tiveness against, or increased severity
of, pertussis in young children.

From 2008 until 2011, Australia experi-
enced a sustained pertussis epidemic,
with differing timing by region.10 In
contrast to the pattern in previous epi-
demics,11 children ,10 years of age,
including (in contrast to the United
States) preschool-aged children, had
the highest incidence rates10 despite
sustained high vaccine coverage (see
Supplemental Figure 4). In September
2003, 4 years after the replacement of
the locally manufactured whole cell
pertussis vaccine by DTaP in the Aus-
tralian National Immunization Program,
the 18-month booster dose was dis-
continued, leaving a childhood schedule
of 3 primary DTaP doses at 2, 4, and 6
months of age and a booster at 4 years
of age. In 2004, a reduced antigen
diphtheria–tetanus–acellular pertussis
vaccine (Tdap) was introduced for
adolescents, thus retaining a total of 5
doses before the age of 18 years.12,13

Adoption of this schedule change was
supported by a modeling study14 based
on a 6-year duration of protection after
3 doses of DTaP at 2, 4, and 6months.15 In
this national study we first examined
secular trends in reported pertussis
cases. We then assessed the effective-
ness of 1 and 2 doses of DTaP before 6

months of age and the effectiveness of 3
doses from 6 months to 4 years of age
using amatched case–control approach.

METHODS

Study Population and Case
Definition

By law, all cases of pertussis must be
reported to public health authorities in
all Australian states and territories
according to nationally uniform criteria.
A confirmed case requires either de-
finitive laboratoryevidence(detectionby
polymerase chain reaction [PCR] test or
isolation by culture) or suggestive lab-
oratory evidence (single point serology)
together with a compatible clinical ill-
ness (coughing illness lasting 2 weeks
and either coughing paroxysms, in-
spiratory whoop, or posttussive vomit-
ing). Diagnostic laboratories have been
required to directly report all positive
pertussis test results to public health
authorities since 1993,16 and separate
notification by clinicians is uncommon.17

During the period of the VE analysis,
detection of B pertussis by PCR, using
the IS481 target, accounted for the great
majority of notifications.18

Secular Trends in Cases

Notification data were obtained from the
National Notifiable Diseases Surveillance
System. All pertussis notifications for
children aged,4 years with a diagnosis
date between January 1, 1995 and De-
cember 31, 2010 were included. Age
group–specific rates were calculated
using Australian Bureau of Statistics
estimated resident population data.

Hospitalization data were obtained from
the Australian Institute of Health and
Welfare National Hospital Morbidity
Database,whichcompilesadministrative,
demographic, and clinical information
about patients admitted to public and
private hospitals. All hospital admissions
for children aged ,4 years between
January 1, 1995 and December 31, 2010
were included. Eligible admissions were

extracted based on the International
Classification of Diseases, Ninth Revision,
code 033 (whooping cough), and 10th
Revision, Australian Modification (ICD-10-
AM), code A37 (whooping cough), where
the code of interest or a subcode was
listed as the principal diagnosis or in any
other diagnosis field. Age group–specific
rates were calculated using Australian
Bureau of Statistics estimated resident
population data.

Case–Control Study

VE was estimated by using a matched
case–control approach. The analysis
was stratified by age group, and in
infants aged,12 months a subanalysis
was performed for notified pertussis
cases also recorded as hospitalized. All
pertussis cases in Australiawith disease
onset from January 1, 2005 (from Janu-
ary 1, 2006 only forWestern Australia and
from January 1, 2007 only for Tasmania)
until December 31, 2009 were included.
Additional fields were region of resi-
dence, date of birth, disease onset date,
hospitalization status, and vaccination
status. Eligible cases were patients aged
2 months to,4 years. Cases where im-
munization status was not recorded in
the notification data set supplied by
states and territories were excluded.
During this period, DTaP combination
vaccines from 1 manufacturer (Glaxo-
SmithKline) were in almost exclusive
use around Australia.

The National Centre for Immunization
Research and Surveillance holds a dei-
dentified data set for the Australian
Childhood ImmunizationRegister (ACIR).
The ACIR is a population-based register,
which includes all children of citizens
and permanent residents enrolled in
the national publicly funded health care
system, regardless of vaccinationstatus
(99% enrollment by 12 months of age).
The vaccination status of notified cases
wasalmostalwaysderived fromtheACIR,
although parents were also interviewed
as part of public health follow-up. For
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each case, controls were randomly
sampled from the ACIR. They were
matched to cases by date of birth and
state or territory of residence. Because
the analysis relies on discordance in
vaccination status between cases and
matched controls, and given the high
vaccine coverage for 3 or more doses of
DTaP-containing vaccines (92% at 12
months and 95% at 24months)19 and the
ready availability of controls from the
ACIR, we sampled 20 age-matched con-
trols for each case to maximize pre-
cision. We selected eligible controls born
on the day before or the day after the
birth date of the index case to ensure
that cases were not matched to them-
selves. The vaccination status of controls
was ascertained using the ACIR. Any
doses received by a control after the
date of disease onset in their matched
case were not included in the total.

Statistical Analysis

Comparisons of demographic charac-
teristics between cases and controls
were performed using the Pearson x2

test and a significance level of P, .05.

For the categorical analysis of VE by age
group, a conditional logistic regression
model was generated in SAS version 9.3
(SAS Institute, Inc, Cary, NC) using the
PHREG procedure. The model was
stratified by the age groups 2 to 3
months, 4 to 5 months, 6 to 11 months,
and 1, 2, and 3 years, to estimate the odds
ratio (OR) for receipt of 1, 2, or 3 vaccine
doses for notified pertussis cases com-
pared with their matched controls. VE
estimates and 95%CIswere based on the
OR using the formula VE = 1 2 OR 3
100%.

To more precisely measure changes in
the VE of 3 doses against all notified
pertussis cases from6months to4years
of age, a separate conditional logistic
model was constructed in Stata version
12.1 (Stata Corp, College Station, TX),
which included an age–vaccine status
interaction variable fittedwith fractional

polynomials.20 For all comparisons, P, .05
was considered evidence of statistical
significance.

Sensitivity analyses were conducted to
evaluate the potential impact of differen-
tial immunization status among excluded
caseswithunrecordedvaccinationstatus,
wheresuchcaseswerereclassifiedunder
the alternate extreme assumptions that
they were all unvaccinated or all fully
vaccinated for age.

RESULTS

Secular Trends

Figure 1 shows age-specific pertussis
notification rates from 1995 to 2010.
After the introduction of DTaP vaccine
for all doses in 1999, notification rates
were consistently low in children aged
$6 months and eligible for 3 doses of
vaccine. Notification rates for all age
groups increased steeply from 2007.
This was particularly notable for chil-
dren aged 2 to 3 years, who had the
second highest notification rate in 2008
to 2010 but typically had the lowest no-
tification rates in previous peak periods.
As with notification rates, hospitaliza-
tion rates for all age groups rose from
2007, although they did not surpass
those of the 1997 epidemic (Fig 2).

Vaccine Effectiveness

Of 5226 notified cases in the available
data sets for the VE analysis, 642 (12%)
were excluded because vaccination
status was not recorded, leaving 4584
cases for the matched analysis (see
Supplemental Figure 5). Cases for
whom no record of vaccination status
was available were significantly older
(10% aged ,12 months versus 13%
aged $12 months; P , .001) and
more likely to be from the state of New
SouthWales (15% versus 6% elsewhere;
P, .001). The total number of notified
cases increased progressively from
the second to the fourth year of life,
whereas the absolute number of hos-
pitalized cases decreased substantially
after 12 months of age (see Supple-
mental Figure 6). The proportion of
cases who had received no vaccine
doses decreased progressively with age,
from 6 to 11 months (22%) to 3 years
(11%). The majority of cases (92%) were
diagnosed by PCR, with another 6% di-
agnosed by serology.

National data from the ACIR between
2000 and 2010 showed that after 2
months of age, the proportion of chil-
dren aged up to 12 months recorded as
having received no doses of DTaP
remained nearly constant, with the first

FIGURE 1
Pertussis notification rates in children aged ,4 years, 1995–2010, Australia.
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dose received before 3months of age in
87% (see Supplemental Figure 4). Ac-
cordingly, we measured between-dose
VE for 1 dose only among children aged
,4 months. Table 1 shows estimated
VE against all notified pertussis and
hospitalized cases only for 1, 2, and 3
doses. In the first year of life, protection
against all notified pertussis caseswas
demonstrated after the first dose (VE
53.7%; 95% CI, 43.8%–61.9%), increasing

substantially after the second dose
(VE 75.3%; 95% CI, 65.7%–82.3%). The
estimated VE of 2 doses was nonsig-
nificantly higher against hospitaliza-
tion (83.0%; 95% CI, 70.2%–90.3%) than
for all notified cases after 2 doses, as
indicated by nonoverlapping 95% CIs,
but the estimated VE for 1 dose for these
categories was almost identical (53.7% vs
55.3%). For both notified and hospitalized
cases, there was a small increment in

the estimated VE for 3 compared with
2 doses among children aged 6–11
months for both notified and hospital-
ized cases (Table 1).

Table 2 shows estimated VE among chil-
dren over the age of 12months by 1-year
age groups. In the second year of life, VE
decreased to 79.2% from 83.5% among
6–11 month olds. However, among chil-
dren aged 2 to 3 years, there was an
additional decrease in estimated VE to
70.7%, and the 95% CI (64.5%–75.8%) no
longer overlapped with that estimated
for 6- to 11-month-olds (83.5%; 95% CI,
79.1%–87.0%). Among 3-year-olds, VE
declined further to 59.2% (95% CI,
51.0%–66.0%), significantly lower than
for 1-year-olds, as indicated by non-
overlapping 95% CIs (Table 2). When VE
was modeled with age as a continuous
variable, we found evidence of a pro-
gressive decline in the VE of 3 doses of
pertussis-containing vaccine (vaccina-
tion–age interaction, P, .01), with point
estimates and 95% CIs shown by
6-month age groups in Fig 3. This model
estimated that the VE of 3 doses at 2, 4,
and 6 months of age had decreased to
below 50% before the age of 4 years.
We did not estimate the VE for cases
recorded as hospitalizedwhenaged$12
months, because this was only 7% of all
notifications in this age group, and the
proportion of missing data for hospital-
ization status increased with age (Fig 2).

The sensitivity analysis demonstrated
that the progressive decrease in VE we
foundafter12monthsofagewasrobust
to the assignment of all those with
missing data as vaccinated appropri-
ately for age, but not to the assignment
of all being unvaccinated. The relative
VE of 1, 2, and 3 doses in infants ,12
months of age remained unchanged
under both extreme assumptions (see
Supplemental Table 3).

DISCUSSION

This is the largest reportedobservational
study of acellular pertussis vaccine

FIGURE 2
Pertussis hospitalization rates in children aged ,4 years, 1995–2010, Australia.

TABLE 1 Estimated VE in Reported Pertussis Cases 2 to 11 mo of Age, by Hospitalization Status,
2005–2009

Age (mo) Doses Cases (%) Controls (%) OR (95% CI) Estimated VE (95% CI)

All reported casesa N = 1446 N = 28 828
2–3 N = 601 N = 11 952

0 175 (29.1) 2081 (17.4) Reference Reference
1 401 (66.7) 9634 (80.6) 0.46 (0.38–0.56) 53.7 (43.8–61.9)

4–5 N = 317 N = 6397
0 55 (17.4) 436 (6.8) Reference Reference
2 138 (43.5) 4311 (67.4) 0.25 (0.18–0.34) 75.3 (65.7–82.3)

6–11 N = 528 N = 10479
0 110 (20.8) 493 (4.7) Reference Reference
2 70 (13.3) 1698 (16.2) 0.19 (0.14–0.27) 80.8 (73.5–86.1)
3 295 (55.9) 7991 (76.3) 0.17 (0.13–0.21) 83.5 (79.1–87.0)

Hospitalized cases N = 589 N = 11 721
2–3 N = 353 N = 7031

0 111 (31.4) 1293 (18.4) Reference Reference
1 234 (66.3) 5633 (80.1) 0.45 (0.35–0.57) 55.3 (42.7–65.1)

4–5 N = 119 N = 2353
0 20 (16.8) 143 (6.1) Reference Reference
2 40 (33.6) 1615 (68.6) 0.17 (0.10–0.30) 83.0 (70.2–90.3)

6–11 N = 117 N = 2337
0 25 (21.4) 115 (4.9) Reference Reference
2 16 (13.7) 416 (17.8) 0.19 (0.10–0.37) 81.3 (63.4–90.5)
3 59 (50.4) 1734 (74.2) 0.15 (0.09–0.25) 85.0 (75.0–91.0)

a Reported cases include those hospitalized, not hospitalized, and of unknown hospitalization status.
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effectiveness in children aged,5 years,
both against severe disease in infants
and against all laboratory-confirmed
pertussis. We had large numbers of
cases because of a contemporaneous
pertussis epidemic and widespread
availability of PCR for diagnosis, with
much greater sensitivity and ease of use
compared with culture.21

In young infants, we found the VE of 1
dose of DTaP against hospitalization of
55.3% (95% CI, 42.7%–65.1%), consis-
tent with previous estimates of 51%
(95% CI, 41%–60%)5 and 68.0% (95% CI,
45.6%–81.1%).4 This supports the early
administration of the first dose.22,23

This was recommended in successive

Australian states from 2009, and by
2011 50% of first doses were delivered
before 8 weeks of age nationally.24

There was a major increment in esti-
mated VE to approximately 80% after
the second dose but no detectable in-
crease in VE after the third dose among
children aged 6 to 11 months, despite
large case numbers (Table 1). This
finding supports the approach of
a delayed third dose, as practiced in
many Scandinavian countries7 and re-
cently adopted by France.25 High effec-
tiveness in the first year is reassuring,
because disease severity is highest in
this age group. Despite pertussis strains
with altered antigenic composition

being recently documented in young
Australian infants,8 VE was high in the
first year of life.

Amongchildren from1 to 3 years of age,
not eligible fora booster dose, we found
evidence that 3-dose VE declines pro-
gressively from 2 years of age (70.7%;
95% CI, 64.5%–75.8%), to ,50% by 4
years of age. This is in contrast to the
findings of a previous Australian study,
conducted when the locally manufac-
tured whole cell pertussis was in use,
which estimated the VE of 3 or more
doses (scheduled at 2, 4, and 6 months
of age) among children aged 2 to 4
years to be 84.5% (95% CI, 78.3%–
88.9%) against all reported pertus-
sis.26 Although pertussis infection
among immunized children 2 to 3 years
uncommonly results in hospitalization,
those not hospitalized may have symp-
toms severe enough to lead to emer-
gency department presentation, and
both hospital and emergency depart-
ment presentation are underestimated.27

Importantly, children 2 to 3 years of age
commonly have younger siblings and
may play an important role in the trans-
mission of infection to unimmunized
infants, vulnerable to severe disease.28–30

Of the few studies of field effectiveness
of acellular pertussis vaccines in chil-
dren ,5 years of age,3–6 none sepa-
rately estimated VE for the first and
second year of life or evaluated
changes in VE after 2 years of age. The
US study estimated that the effective-
ness of 3 doses of pertussis-containing
vaccine in children aged,2 years was
91.7% (95% CI, 74.5%–97.3%), but some
30% of cases had received whole cell
vaccine.3 In Denmark, where an acel-
lular pertussis vaccine containing only
pertussis toxin is exclusively used, but
with a later third dose, VE for 3 doses
among children aged ,2 years was
estimated to be 78% (95% CI, 59%–88%)
and 93% (95% CI, 78%–98%) for non-
hospitalized and hospitalized cases, re-
spectively.5 In contrast to our results,

TABLE 2 Estimated VE Among All Reported Pertussis Casesa Aged 1 to 3 y, 2005–2009

Age (y) Doses Cases (%), N = 3123 Controls (%), N = 61 636 OR (95% CI) Estimated VE (95% CI)

1 N = 870 N = 15 170
0 162 (18.6) 774 (4.5) Reference Reference
3 662 (76.1) 15 170 (87.6) 0.21 (0.17–0.25) 79.2 (75.0–82.8)

2 N = 927 N = 18 438
0 140 (15.1) 887 (4.8) Reference Reference
3 754 (81.3) 16 354 (88.7) 0.29 (0.24–0.36) 70.7 (64.5–75.8)

3 N = 1326 N = 25 878
0 150 (11.3) 1186 (4.6) Reference Reference
3 1141 (86.1) 23 031 (89.0) 0.41 (0.34–0.49) 59.2 (51.0–66.0)

a Notified cases include those hospitalized, not hospitalized, and of unknown hospitalization status.

FIGURE 3
Modeled estimates of vaccine effectiveness for 3 doses of DTaP (versus no doses) against pertussis
notification by age. Note: Effectiveness (solid line) and pointwise 95% confidence intervals (dotted lines)
were estimated from the best fitting fractional polynomial transformation of the age*vaccine interaction,
being a first degree cubic polynomial.
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a very high VE for 3 doses of acellular
vaccine among children aged 12 to 39
months of 96.6% (95% CI, 90.2%–98.7%)
was estimated for all reported cases
from England and Wales, one of the few
other countries where no booster is
given in the second year of life.6 This
higher estimate could be related to the
study being conducted during a non-
epidemic period or lowerascertainment
of less severe cases, which tends to
raise VE estimates31 Similarly, our esti-
mates may have been reduced because
we had a higher proportion of less
severe cases, as would be expected with
the substantial increases in PCR testing
for pertussis identified during the pe-
riod of the study.32 The lack of increase in
coded hospitalizations during the 2008–
2010 epidemic (Figs 1 and 2), despite
greatly increased testing, would be in
keeping with lower severity among
reported cases. We found in sensitivity
analysis that point estimates of VE
increased under the extreme (and
implausible) assumption that all chil-
dren with unrecorded vaccination
status were unvaccinated; because
incomplete records occurred dispro-
portionately among older children,
evidence for waning VE was also sen-
sitive to this assumption (see Sup-
plemental Information). We believe
that missing records were not related

to vaccination status per se but rather
to less intense follow-up of large
numbers of cases in older children, so
VE estimates were not likely to be
systematically biased. A limitation of
this study was the lack of gender and
socioeconomic data for cases and
controls, which may have been con-
founders in the analysis, although the
large numbers of controls used
should have minimized this effect.

Our study is the first to examine trends
inVEbetween2and4yearsofageafter3
primary doses of acellular vaccine.
Waning immunity is a likely explanation
for theprogressivedecline inestimated
VE we found from 12 months of age in
the absence of a booster dose. A num-
ber of lines of evidence support this
explanation. First, although magnified
by increased testing, the 10-fold in-
crease in the incidence of notified
pertussis infection in the2- to4-yearage
group in the current epidemic com-
paredwith the previous 3-year period is
striking.10 Second, it is consistent with
antibody persistence data showing
that pertussis toxin immunoglobulin G
antibody decreases to close to baseline
levels by 18 months after the last dose
at 6 months.33,34 Third, Australian
population-based seroepidemiologic
data have demonstrated similar find-
ings, with a significant increase in the

prevalence of undetectable pertussis
toxin immunoglobulin G antibody 3
years after discontinuation of the 18-
month booster.35

CONCLUSIONS

Our data have important implications
for policy and practice in all countries
using acellular vaccines. First, with re-
spect to protection of young infants, our
finding of robust protection after 1 or 2
doses argues for the first dose to be
given as early as possible, with 6 weeks
of age approved for the first dose by all
major regulatoryauthorities. Second, they
provide strong support for a booster
dose in the second year of life, either as
a delayed third dose after a 2-dose
primary schedule or a fourth dose if
3 primary doses are given before 6
months of age. This an important con-
sideration in the context of maternal
Tdap immunization, because there may
beareduced immuneresponseafter the
primary series of DTaP in infants born to
mothers who have received Tdap in the
third trimester of pregnancy.36
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Parental Tdap Boosters and Infant Pertussis:
A Case-Control Study

WHAT’S KNOWN ON THIS SUBJECT: Parental reduced antigen
diphtheria-tetanus-acellular pertussis (Tdap) vaccination is
difficult to implement, and empirical data on its impact is limited
to a single hospital-based study in Texas, which found no
reduction in infant pertussis hospitalization.

WHAT THIS STUDY ADDS: In New South Wales, Australia, a case-
control study found both parents receiving Tdap$4 weeks before
disease onset was associated with a significant reduction in risk
of early infant pertussis and suggestive of persistent protection in
subsequent pregnancies.

abstract
BACKGROUND: Although recommended for almost a decade, evidence
for field effectiveness of vaccinating close adult contacts of newborn
infants against pertussis (“cocooning”) is lacking. We evaluated the
impact of a government-funded cocoon program during a pertussis
epidemic in New South Wales, Australia.

METHODS: We matched all New South Wales laboratory-confirmed
pertussis cases aged ,4 months with onset between April 1, 2009,
to March 30, 2011 to controls from the state birth register by date of
birth and area of residence. Parental vaccine receipt was by self-report,
with a subset verified. Parents were considered “immunized” if
vaccinated $4 weeks before case symptom onset. The effectiveness
of parental immunization (versus neither vaccinated) was quantified as
(1 – odds ratio) 3 100%.

RESULTS: Case households had fewer immunized mothers (22% vs
32%) or fathers (20% vs 31%) but were more likely to include additional
and older children. After adjustment, when both parents met our def-
inition of immunized, risk of pertussis at,4 months of age was re-
duced by 51% (95% confidence interval 10% to 73%). Maternal
vaccination prepregnancy and an immunized father reduced the risk
by 51% (95% confidence interval 0% to 76%).

CONCLUSIONS: Timely parental pertussis boosters provided signifi-
cant protection. Evidence of protection from maternal vaccination pre-
pregnancy is biologically plausible, and more precise data on the
magnitude and duration of this is important for future policy recom-
mendations. Pediatrics 2014;134:713–720
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The strategy of vaccinating adults in
close contact with infants too young to
be fully immunized against pertussis
(the “cocooning strategy”) was first
canvassed by the Global Pertussis Ini-
tiative in 2001.1 The cocooning strategy
was recommended in the United States
in 20062 and at differing time points in
Germany, France, Italy, and Costa Rica
and several other countries.3 Australia
has had licensed reduced antigen con-
tent diphtheria-tetanus-acellular per-
tussis vaccine (Tdap) since 2000 and
adopted the cocooning strategy as an
unfunded recommendation in 2003.4

Australia has also had school-based
delivery of a funded Tdap booster for
adolescents since 2004.5

Implementation of the cocooning strat-
egy has proved difficult in the United
States and other countries, with low
uptake related to problems in both de-
livery and funding of the vaccine dose.6

Although transmission models pre-
dicted that cocooning should result in
a .50% reduction in the incidence of
severe pertussis in young infants,7–9

data on effectiveness in the field has
been limited to a hospital-based study
from Texas, which found no apparent
reduction in infant pertussis hospital-
izations despite good uptake of the
vaccine among target mothers.10 In
the context of a pertussis epidemic, the
government of the Australian state of
New South Wales (NSW) undertook in
March 2009 to provide Tdap (Boostrix,
GlaxoSmithKline, Belgium) free of charge
for mothers, fathers, grandparents, and
other close adult contacts of infants aged
,12 months.11 We assessed the effective-
ness of parental vaccination in preventing
pertussis among infants aged,4months.

METHODS

Data Sources

Notification of pertussis cases to public
health authorities is required under
the NSW Public Health Act. Cases are
routinely recorded in the Notifiable Con-

ditions Information Management System
(NCIMS) administered by the NSW Min-
istry ofHealth. Anotifiedcase is classified
as “confirmed” if there is definitive lab-
oratory evidence (detection by nucleic
acid testing or isolation by culture), or
suggestive laboratory evidence (single
point serology) together with a compati-
ble clinical illness (coughing illness
lasting 2 weeks associated with parox-
ysms, inspiratory whoop, or posttussive
vomiting). Cases notified on clinical
grounds alone are classified as “proba-
ble.” Since 1991, when notification of
positive test results by laboratories was
made mandatory in NSW, almost all
cases have been classified as confirmed.12

Control infants were identified by using
theNSWperinatal data collection (PDC),
a statutory register administered by
the NSW Ministry of Health, which re-
cords information about pregnancy
care, services, and outcomes for all
births in NSW public and private hos-
pitals as well as homebirths.

Infant deaths were identified by using
data from the NSW Registry of Births,
Deaths and Marriages, which was
linked to theNCIMSnotification andPDC
birth data sets.

Study Population

Eligible infants were those notified to
NCIMS as confirmed pertussis cases,
aged,4months at onset and diagnosed
between April 1, 2009, and March 31,
2011, the first 2 years of the funded co-
coon program.

For each case, we identified eligible
population controls who were born in
NSW andmatched to the case by date of
birth (67 days) and by statistical sub-
division. Statistical subdivisions are
defined by the Australian Bureau of
Statistics as socially and economically
homogeneous regions characterized by
identifiable links between the inhab-
itants; there are 50 such regions in NSW.
From the set of eligible controls for each
case, 4 were randomly sampled for ini-

tial contact and invited participation. If
none of the sampled controls could be
contacted or agreed to participate, fur-
ther controls were randomly sampled
until there was at least 1 participating
matched control for each case (further
details can be found in the online Sup-
plemental Information). Both case and
control children who had died were
excluded; this included 1 child who had
died of pertussis.

Enrollment and Data Collection

In the first instance, parents of eligible
cases and controlsweremailed a letter
introducing the study, together with a
response form to decline participation
or provide telephone contact details.
After 2 weeks, if no declination had
been received and a telephone number
was available for the case (either self-
provided or from NCIMS) or control
(either self-provided or from an elec-
tronic telephone directory that included
cell phone numbers), contact for in-
vitation to participate in an interview
was initiated. Up to 15 attempts were
made at varying times of the day on both
weekdays and weekends to contact
prospective participants.

Interviews were conducted by using a
computer-assisted telephone interview
system by trained interviewers, be-
tween January and June 2012. Infor-
mation was collected about the infant’s
day-care attendance, breastfeeding his-
tory, vaccination history, and, for cases,
details of their pertussis illness. All
household contacts of the infant were
identified including their relationship to
the infant and, for children, their date of
birth. Additional information was col-
lected regarding nonresident adult con-
tacts of the infant including the frequency
of contact. Demographic information, in-
cluding educational attainment and
health care safety-net scheme eligibility
of the parent or guardian was obtained.
All questions for a case referred to the
period up until the onset of illness; for
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controls, questions referred to the period
up until onset date of illness in the case to
which they are matched.

The receipt and timing of any Tdap vac-
cination doses since 2003 for themother
andotheradult householdcontactswere
ascertained by self-report, which may
have been undocumented. Timing was
asked in relation to the infant’s birth, as
either years before the birth or as
months after the birth. Consent was
sought to contact nominated vaccine
providers to verify maternal vaccination
status using clinic records. Subject to
parental consent, date of pertussis
vaccine doses for all cases, controls, and
their siblings were ascertained through
the Australian Childhood Immunization
Register (ACIR). The ACIR records im-
munizations provided to children aged
,7 years who are enrolled in the Aus-
tralian universal health insurance
scheme, Medicare; it constitutes a nearly
complete population register (∼99% of
the Australian birth cohort).13

Data Analysis

A multivariate conditional logistic re-
gressionmodel was used to estimate the
adjusted odds ratio (OR) ofmaternal and
paternal vaccination among cases ver-
sus controls after controlling for poten-
tial confounders. The fully adjusted
model included households with both
a resident mother and father. All mea-
sured confounders of the association
between parental vaccination and infant
pertussis were included in the adjusted
model. For the primary analysis, ma-
ternal and paternal vaccination status
were included in the model as separate
categorical variables (immunized [vac-
cinated $4 weeks before disease on-
set], partially immunized [vaccinated
,4 weeks before disease onset], or
unimmunized [never vaccinated or vac-
cinated after disease onset]) with the
last the referent status for all analyses.
The effectiveness of maternal and pa-
ternal immunization for preventing infant

infection was quantified using the ad-
justed OR: effectiveness = (1 – adjusted
OR)3 100%. The combined effectiveness
of both maternal and paternal immuni-
zation (versus neither vaccinated) was
estimated from the linear combination of
coefficients for the effects of maternal
and paternal immunization. No inter-
action terms were included for the pri-
mary analysis. Secondary analyses were
conducted making modifications to the
primary model (additional details can be
found in the Supplemental Information).
Analyses were performed by using SAS
version 9.3 and Stata version 12.1.

RESULTS

Study Population

The NCIMS database included 393 eli-
gible pertussis cases. One infant who
died of confirmed pertussis was ex-
cluded, as were 11 infants recorded as
having probable rather than confirmed
pertussis. Of 266 (68%) contactable
cases, interviews were completed for
231 (87%; Fig 1). Of 4414 potential con-
trols mailed an introduction letter, 883
(20%) were contactable and interviews
completed for 605 (75%; Fig 1). At least 1
matched control was available for 217
(82%) of the contactable cases, yielding
217 cases and 585 controls in the final
data set. Cases who could not be con-
tacted were more likely to have disease
onset in the first year of the study (61%
vs 47%; P = .005) and to reside in a
metropolitan area (61% vs 50%; P = .03).
Included control parents were more
likely to speak English at home and to
have a university education than NSW
residents of a similar age recorded in
the 2011 national Census, but were
similar with regard to the proportion of
households with co-residing older chil-
dren (Supplemental Table 3).

Compared with control households,
case households had lower reported
educational attainment of the primary
caregiver, lower income as measured
by eligibility for the national health care

safety-net scheme, and mothers were
less likely tohavebreastfed for.2weeks
(Table 1). Case households were more
likely to include at least 1 coresident
child (81% vs 62% in control households;
P, .001), and coresident children were
significantly more likely to be .5 years
of age (Table 1). Case households were
less likely to include a resident father,
but case and control households did not
differ with respect to resident adults
who were not a parent (Table 1).

Household Vaccination

The overall proportion of mothers who
reported receiving Tdap vaccine at any
time did not differ significantly between
cases(76%)andmatchedcontrols (79%).
However, a significantly lowerproportion
of casemothers reported receiving Tdap
at least4weeksbeforeonsetofdisease in
the index infant (22% vs 32%) or before
pregnancy (12% vs 20%) than control
mothers (Fig 2). Case fathers were also
significantly less likely to report re-
ceiving Tdap vaccine at least 4 weeks
before onset of disease in the index in-
fant (20% vs 31%). Most vaccinated
mothers (75% cases, 76% controls) and
almost all vaccinated fathers (89%
cases, 93% controls) reported receiving
Tdap vaccine in a primary care setting
rather than the delivery hospital.

A high and similar proportion of co-
resident children, most of whom were
siblings, incaseandcontrolhouseholds
(92% and 93%) were confirmed by the
ACIR to have had$3 doses of pertussis-
containing vaccine. Similarly, 83% and
86% of eligible coresiding child con-
tacts among both case and control
households were recorded on the ACIR
as having received the booster dose
scheduled at 4 to 5 years.

Effectiveness of Cocoon Doses

After adjusting for health care safety-
net eligibility, educational attainment,
and number and age of siblings, the es-
timated protective effect of immunizing
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bothparents (comparedwithvaccinating
neither) for preventing infant pertussis
was 51% (95% confidence interval [CI]:

10% to 73%; Table 2). The father’s im-
munization status was the same as that
for themother in 73%of households (k =

0.62; P , .001). The estimated inde-
pendent protective effect of immunizing
the mother alone, adjusted for the
father’s status, was 48% (95% CI: –2% to
74%). The protective effect of immunizing
the father alone, adjusting for the
mother’s status, was 5% (95%CI:–79% to
50%). We also estimated the protective
effect of self-reported pertussis vacci-
nation of the mother at any time before
pregnancy. After adjusting for health
care safety-net eligibility, educational
attainment, number and age of siblings,
and paternal immunization status, the
estimated vaccine effectiveness was
42% (95% CI: –24% to 73%) for the
mother alone; if the father also reported
receiving pertussis vaccine at least 4
weeks before the index date, the com-
bined protective effect was 51% (95% CI:
0% to 76%; Supplemental Table 4).

Adult Vaccination Status
Verification

We attempted to verify self-reported
vaccination status of mothers in all
cases and controls, but because written
consent was required for us to contact
providers, we were only able to obtain
verification inasmallsubsetofcasesand
controls, despite verbal consent usually
being provided at the time of telephone
interview. Provider verification of self-
reported maternal vaccination status
wasobtainedfor32(94%)of34casesand
100 (92%) of 109 controls fromwhomwe
obtainedwrittenconsent. Theproportion
for whom self-reported vaccination sta-
tus was verified was higher among
mothers who reported vaccination after
delivery (24 [92%] of 26 cases and 63
[93%] of 68 controls) than among those
who reported vaccination before preg-
nancy (3 [50%]of 6 casesand13 [48%] of
27 controls).

DISCUSSION

Despitebeingwidelyrecommended,until
now there has been no evidence that
vaccinating adults who are household

FIGURE 1
Study recruitment.

TABLE 1 Characteristics of Cases and Their Households Versus Matched Controls

Cases (%), n = 217 Matched Controls (%), n = 585 P

Male infant 118 (54.4) 291 (49.7) .24
English spoken at home 193 (88.9) 512 (87.5) .58
Eligible for health care safety-net scheme 70 (32.4) 120 (20.6) .001
Tertiary education, mother 77 (35.5) 296 (50.6) .001
Breastfed for at least 2 wk after birth 178 (82.0) 515 (88.2) .03
Household with additional children 176 (81.1) 364 (62.2) ,.001
Household with children aged ,5 y 128 (59.0) 298 (50.9) .04
Household with children aged 5–10 y 91 (41.9) 136 (23.2) ,.001
Household with children aged 11–17 y 30 (13.8) 40 (6.8) .003
Household with resident father 196 (90.3) 561 (95.9) .01
Household with nonparent adults 44 (20.3) 120 (20.5) .94
Nonhousehold carers 102 (47.0) 250 (42.7) .28
Infant attends day care 4 (1.8) 6 (1.0) .35
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contacts of newborns after birth (the
cocoon strategy) affords indirect pro-
tection against pertussis in early infancy.
Our data support the findings of others
that large household size (in particular,
the presence of older siblings) is a sig-
nificant risk factor for early infant per-
tussis; this association persisted even
after adjusting for markers of socio-
economic disadvantage.14,15 We elected
a priori to define an adult as immunized
if he or she reported Tdap receipt at
least 4 weeks before, reflecting the likely
interval after which a booster response
could be reasonably expected in all

vaccinees.16 Here we provide evidence
that infants of parents who met our
definition of immunized are significantly
less likely to be notified with pertussis
before age 4 months, with a point esti-
mate of 48% (95% CI: 6% to 71%). Pre-
vious household transmission studies
suggest infected parents account for
approximately half of cases of pertussis
among young infants.17 Wewere not able
to assess the source of infection among
cases in this study, but the observed
reduction in risk among infants of vac-
cinated parents indirectly supports
the importance of parents, especially

mothers, as a source of infection among
young infants. Among all mothers who
met our definition of immunized, our
data suggest a greater protective effect
in those who reported receiving vaccine
before the current pregnancy than in
those who reported receiving vaccine
after delivery but at least 4 weeks before
case disease onset. We did not have
sufficient power to statistically distin-
guish protection in mothers who met
our definition because of prepregnancy
versus postdelivery vaccination; nowomen
reported vaccination during pregnancy,
which was not recommended during the
study period.

The immunization status of the father
was highly correlated with the mother;
within these limitations, we did not find
any evidence of an independent pro-
tective effect among immunized fathers.
This is consistent with household trans-
mission studies, which have consistently
found that mothers are the most im-
portant source of infection for young
infants.17 Among mothers, we did not
find any evidence of protection of infants
when the reported time of vaccine re-
ceipt was ,4 weeks before the onset
date for pertussis.

Given that delivery of the NSW cocoon
program occurred predominantly in
primary care, rather than maternity
hospitals, it is not surprising that only
63% of the 300 mothers of control
infants who reported receiving vaccine
received it .4 weeks before disease
onset in the matched case. An unantici-
pated finding was the significant minority
of all mothers who reported receiving
pertussis vaccine before the current
pregnancy, 20% of control mothers and
12%of casemothers. This is likely due to
the long-standing but unfunded recom-
mendations for postpartum pertussis
vaccination4 as well as mothers having
had .1 pregnancy during the cocoon
program. After adjustment, receipt of
vaccine prepregnancy was associated
with a lower pertussis risk (adjusted OR

FIGURE 2
Timing of maternal vaccination relative to date of pertussis diagnosis in cases and their matched
controls.
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0.58; 95% CI: 0.27 to 1.24). We did not have
sufficient numbers of women who had
been immunized prepregnancy to assess
the impact of increasing periods since
vaccine receipt. Antibody titers are
known to fall rapidly postvaccination,18

which has led the US Advisory Committee
on Immunization Practice to recommend
that mothers immunized during preg-
nancy should receive vaccine in the last
trimester and have it repeated in sub-
sequent pregnancies.19 However, there is
suggestive evidence that the level of
maternal antipertussis antibody re-
mains significantly higher at a subse-
quent delivery after postnatal Tdap than

it was in the previous pregnancy before
Tdap receipt.20 The presence and degree
of any such protection is an important
issue for clarification because the re-
quirement for repeat doses of Tdap with
each pregnancy is likely to have an im-
portant impact on the acceptability and
cost-effectiveness of maternal pertussis
vaccination.

Most infant cases occurred in house-
holds where older siblings were fully
immunized and the study was not
powered to assess undervaccination of
siblings as a separate risk factor. We
notehowever that in the adjustedmodel,
the presence of children .6 years of

age in the household was associated
with substantially higher point esti-
mates of pertussis risk than was the
presence of siblings aged 4 or 5 years.
On further analysis, we were able to
demonstrate a significant increase in
risk associated with the presence of$1
children in the household who received
their last vaccine dose .2 years pre-
viously. This is consistent with the
waning of vaccine protection observed
after the preschool booster.21,22

Strengths of our study include use of
whole-of-population case-ascertainment
in a setting where almost all notified
cases are laboratory-confirmed and

TABLE 2 Factors Associated With Early-Onset Pertussis and Its Prevention, Vaccination at Least 4 Weeks Before Disease Onset for Cases Compared With
Age-Matched Controls

Factor Cases, n (%) Controls, n (%) OR (95% CI) Adjusted OR (95% CI) VE (95% CI)

Mother resident 216 584
Mother vaccination status
Not vaccinated before disease onset 91 (42) 207 (35) 1 1
$4 wk before disease onset 47 (22) 189 (32) 0.56 (0.36 to 0.87) 0.52 (0.26 to 1.02) 48 (–2 to 74)
,4 wk before disease onset 55 (25) 111 (19) 1.24 (0.81 to 1.90) 0.97 (0.47 to 1.99) 3 (–99 to 53)
Uncertain 23 (11) 77 (13) 0.77 (0.45 to 1.31) 0.78 (0.39 to 1.56) 22 (–56 to 61)

Father residenta 195 (90) 561 (96) 0.41 (0.21 to 0.79)
Father vaccination status
Not vaccinated before disease onset 89 (46) 230 (41) 1 1
$4 wk before disease onset 39 (20) 176 (31) 0.61 (0.38 to 0.96) 0.95 (0.50 to 1.79) 5 (–79 to 50)
,4 wk before disease onset 46 (24) 83 (15) 1.66 (1.03 to 2.70) 2.48 (1.18 to 5.22) 2148 (–422 to –18)
Uncertain 22 (11) 72 (13) 0.99 (0.57 to 1.70) 1.06 (0.52 to 2.15) 26 (115 to 48)

Mother and father vaccination status
Both not vaccinated before disease onset 65 (33) 160 (29) 1 1
Both $4 wk before disease onset 26 (13) 138 (25) 0.51 (0.30 to 0.85) 0.49 (0.27 to 0.90) 51 (10 to 73)

Resident children ages, y
0 6 (3) 3 (1) 5.81 (1.43 to 23.57) 9.19 (1.65 to 51.25)
1 27 (12) 71 (12) 1.07 (0.66 to 1.72) 1.55 (0.85 to 2.82)
2 55 (25) 128 (22) 1.33 (0.92 to 1.93) 1.81 (1.15 to 2.86)
3 43 (20) 85 (15) 1.43 (0.95 to 2.15) 1.66 (1.01 to 2.74)
4 31 (14) 68 (12) 1.25 (0.79 to 1.98) 0.92 (0.53 to 1.62)
5 26 (12) 59 (10) 1.22 (0.75 to 2.00) 0.97 (0.51 to 1.82)
6 27 (12) 38 (6) 2.25 (1.31 to 3.85) 2.07 (1.03 to 4.17)
7 23 (11) 30 (5) 1.92 (1.08 to 3.43) 2.35 (1.12 to 4.93)
8 23 (11) 24 (4) 3.12 (1.70 to 5.72) 3.26 (1.52 to 7.02)
9 15 (7) 18 (3) 2.15 (1.07 to 4.30) 1.89 (0.80 to 4.47)
10 13 (6) 11 (2) 2.31 (1.05 to 5.08) 3.77 (1.12 to 12.69)
11 11 (5) 17 (3) 1.93 (0.88 to 4.24) 0.83 (0.30 to 2.29)
12–17 24 (11) 30 (5) 1.81 (1.19 to 7.24) 1.12 (0.63 to 1.97)

Health care safety-net eligible 70 (32) 120 (21) 1.86 (1.28 to 2.71) 1.46 (0.91 to 2.34)
Breastfeeding .2 wk 178 (82) 515 (88) 0.62 (0.40 to 0.96) 0.90 (0.51 to 1.60)
Received DTaP dose 1 81 (37) 240 (41) 0.68 (0.39 to 1.19) 1.14 (0.58 to 2.24)
Maternal education
Level 1 77 (35) 296 (51) 1 1
Level 2 58 (27) 139 (24) 1.67 (1.10 to 2.52) 1.62 (1.00 to 2.62)
Level 3 34 (16) 87 (15) 1.69 (1.04 to 2.76) 1.41 (0.79 to 2.52)
Level 4 48 (22) 63 (11) 3.12 (1.91 to 5.12) 2.78 (1.47 to 5.25)

DTaP, diphtheria-tetanus-acellular pertussis; VE, vaccine effectiveness.
a The adjusted model was limited to households with a resident father.
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samplingcontrolsfromacomprehensive
population-based register of births, di-
rectlymatching by date of birth and area
of residence. We were able to further
adjust for sociodemographic determi-
nants and household composition by
modeling the independent effects of
mothers, fathers, and siblings across
multiple age-based strata.

Ourstudyalsohas important limitations.
First, because of challengeswith control
recruitment, the socioeconomic status
of recruited control households may
have been higher than for case house-
holds, as reflected in higher levels of
educational attainment and lower eligi-
bility for subsidized health care com-
pared with census data. The degree to
which we failed to completely adjust for
any differences could have biased the
protective effect estimate. Second, we
relied on self-report for parental vacci-
nation status, which is prone to recall
bias.23 Cocooning effects may have been
falsely identified if mothers of infants
who contracted pertussis were less
likely to recall pertussis vaccination
than mothers of control infants, or if
mothers of control infants were more
likely to falsely recall a vaccination that
never occurred. When confirmation was

attempted via the vaccine provider, we
were able to verify vaccination fora high
proportion of vaccinated mothers over-
all, although verification of timing was
lower for Tdap reported to have been
administered before pregnancy than for
Tdap administered in the early post-
partum period. Importantly, control
households were comparable to census
data with respect to presence of sib-
lings and breastfeeding prevalence and
verification data provided no evidence
of differential misclassification of ma-
ternal vaccination status among cases
versus controls. We therefore expect
that any misclassification bias is more
likely to have resulted in underesti-
mation of any protective effect.

CONCLUSIONS

Our study provides evidence of a moder-
ate reduction in the risk of laboratory-
confirmed pertussis in infants aged
,4 months whose parents have been
booster immunized with acellular per-
tussis vaccine at least 4 weeks earlier.
Despite being conducted in a setting
where parental vaccine uptake was
high and during a pertussis epidemic,
we had limited power to address more
specific questions such as theminimum

latent period before which postnatal
Tdap becomes protective and duration
of protection for subsequent pregnan-
cies. The presence and duration of any
such protection is an important gap in
knowledge needed to inform recom-
mendations for programs for prevent-
ing infant pertussis.
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Background. Despite recommendations that older adults receive acellular pertussis vaccines, data on direct effectiveness in 
adults aged over 50 years are sparse.

Methods. A case-control study nested within an adult cohort. Cases were identified from linked pertussis notifications and each 
matched to 3 controls on age, sex, and cohort recruitment date. Cases and controls were invited to complete a questionnaire, with 
verification of vaccination status by their primary care provider. Vaccine effectiveness (VE) was estimated by conditional logistic re-
gression, with adjustment for reported contact with children and area of residence.

Results. Of 1112 notified cases in the cohort, we had complete data for 333 cases and 506 controls. Among 172 PCR-diagnosed 
cases (mean age, 61 years), 11.2% versus 19.5% of controls had provider-verified pertussis vaccination, on average, 3.2 years earlier. 
Adjusted VE against PCR-diagnosed pertussis was 52% (95% CI, 15–73%), nonsignificantly higher if vaccinated within 2 years (63%; 
−5–87%). Adjusted VE was similar in adults born before 1950, presumed primed by natural infection (51%; −8–77%) versus those 
born 1950 or later who may have received whole-cell pertussis vaccine (53%; −11–80%) (P-heterogeneity = 0.9). Among 156 cases 
identified by single-point serology, adjusted VE was −55% (−177–13%).

Conclusions. We found modest protection against PCR-confirmed pertussis among older adults (mean age, 61 years; range, 
46–81 years) within 5 years after acellular vaccine. The most likely explanation for the markedly divergent VE estimate from cases 
identified by single-titer serology is misclassification arising from limited diagnostic specificity in our setting.

Keywords. pertussis; whooping cough; vaccine effectiveness; adult.

Despite widespread vaccination in high-income countries, 
pertussis remains one of the most poorly controlled vaccine-
preventable diseases, with outbreaks continuing to occur every 
few years [1–3]. Although severe morbidity is highest in the 
youngest, adults can suffer serious complications [4, 5], with re-
ports suggesting 5–12% of those aged over 65 with pertussis are 
hospitalized [4, 6, 7] and about 8% develop radiologically con-
firmed pneumonia [7].

Formulations of acellular pertussis vaccine suitable for adults 
with reduced amounts of diphtheria and tetanus toxoid (Tdap) 
have been available since 2000. The only randomized controlled 
trial in adults reported vaccine efficacy of 92% (95% confidence 
interval [CI], 32–99%) but was based on 10 cases and excluded 

those aged more than 65 years [8]. More recent studies reported 
satisfactory immunogenicity of Tdap in adults aged more than 
55 [9] and 65 [10] years; however, data on the effectiveness of 
acellular pertussis vaccine in older adults are limited to a single 
case-control study that reported low but imprecise vaccine effec-
tiveness (VE) (24%; 95% CI, −59–64%) in a subgroup of adults 
(mean age, 69 years) [11]. Waning effectiveness of acellular vac-
cine has been demonstrated in children primed with acellular 
vaccines [12], but no data are available for adults primed with 
whole-cell vaccine and/or prior infection.

From 2009 to 2012, the largest Australian state, New South 
Wales (NSW; population 7 million), implemented a cocooning 
vaccination program, which provided free Tdap vaccine to 
adults caring for infants, with vaccine coverage of about 20% in 
a cohort of older adults [13]. We conducted a case-control study 
nested within this cohort, which, based on coverage and ex-
pected numbers of pertussis cases, had 90% power to estimate a 
minimum VE of 40%, with an α = .05. Although recommenda-
tions to vaccinate older adults have been in place for some years 
[3, 14], this study is the first to specifically evaluate the magni-
tude and duration of direct protection in older adults.
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METHODS

We used an established cohort, the Sax Institute’s 45 and Up 
Study [15]. Briefly, between 2006 and 2008, adults aged 45 years 
and over residing in NSW were invited from Australia’s national 
health insurance database, the Department of Human Services 
(formerly Medicare Australia) enrollment database, to partic-
ipate. There was oversampling of those living in rural regions 
and those aged more than 80  years. Overall, 267  153 partici-
pants (average age, 62  years) completed a questionnaire and 
consented to be followed up through surveys and linkage to 
health records. The cohort represented 10% of the eligible pop-
ulation in the study age range resident in NSW.

For this nested case-control study, in 2016 the cohort was 
linked to pertussis notifications, hospitalizations, and death 
records by the NSW Centre for Health Record Linkage [16]. 
Pertussis notifications are recorded in the NSW Notifiable 
Conditions Information Management System (NCIMS), which 
is a statutory database of all notifiable conditions required to 
be reported by health practitioners and laboratories under the 
NSW Public Health Act [17]. Cases of pertussis that meet case 
definitions [18] are recorded. Confirmed cases had either defin-
itive laboratory evidence {culture or nucleic acid testing (poly-
merase chain reaction [PCR]) or seroconversion in the absence 
of recent vaccination} or both a clinical history consistent with 
pertussis and suggestive laboratory evidence (single high titer of 
immunoglobulin [Ig] A or IgG antibody to Bordetella pertussis 
or significant change in IgA or IgG, in the absence of vaccination) 
(see Appendix) [18]. Thus, cases notified by laboratories based 
on high single-point serology require active clinical follow-up 
to be considered confirmed, but not if pertussis is detected by 
PCR, which is considered definitive. Data in the NCIMS include 
the notified condition, date of onset, and test type. The NSW 
Admitted Patient Data Collection records all inpatient hospital 
admissions in NSW. For each hospitalization the primary di-
agnosis is coded to the International Classification of Diseases, 
10th revision, Australian Modification (ICD-10-AM) [19]; data 
also include the admission date. Death data are available from 
the NSW Registry of Births, Deaths, and Marriages and include 
the date of death. All databases include identifying details ena-
bling linkage to the 45 and Up Study cohort, and at the time of 
linkage complete data were available until 31 December 2015.

Prior to case and control selection, we excluded cohort par-
ticipants with a linked record of pertussis (either a notification 
or a hospitalization where the primary diagnosis was coded as 
ICD-10-AM A37 Whooping cough) prior to recruitment. We 
also excluded any participants who linked to a death record.

Cases were defined as cohort participants who, following co-
hort recruitment, had a first linked record of pertussis (either 
statutory notification of confirmed pertussis or a hospitaliza-
tion with a primary ICD-10-AM diagnosis code on admission of 
A37 Whooping cough). For each case, up to 3 matched controls 
were selected from the cohort. Controls were matched to cases 

on age (in 5-year age groups from 45 years), sex, and date of co-
hort recruitment (4 intervals from before 1 July 2007, 1 July–31 
December 2007, 1 January–30 June 2008, after 30 June 2008) and 
assigned an index date equivalent to the pertussis onset date for 
their matched case. We invited all cases and matched controls by 
post and included a questionnaire asking about their vaccination 
status, their contact with children in the 3 weeks prior to illness 
or index date, and their healthcare provider details to verify their 
vaccination status. We also asked cases to provide information 
about the impact of their pertussis diagnosis on their health and 
work. For those agreeing to participate we contacted their health-
care provider to verify their pertussis vaccination status. The 45 
and Up Study received ethics approval from the University of New 
South Wales’ human research ethics committee (HREC) and this 
specific study received approval from the NSW Population and 
Health Services HREC (HREC/10/CIPHS/97). All study partici-
pants provided written consent to be included.

Statistical Analysis

For our main prespecified analyses, we included only re-
spondent cases and their matched controls, for whom we had 
validated vaccination status from their healthcare provider. 
Participants were classified as vaccinated if they had a health-
care provider–verified pertussis vaccine administered at least 
1 month prior [20] to the pertussis notification or index date 
(for controls). We estimated the odds ratio (OR) of pertussis 
infection using conditional logistic regression and examined 
the effect of adjusting for area of residence, educational level, 
household income, smoking status, asthma, body mass index 
(BMI), attending routine cancer screening, and contact with 
children based on questionnaire responses. Where adjustment 
variables had missing data, in analyses we included those with 
missing data in a separate category. We calculated pertussis VE 
as (1-adjusted OR) × 100%. We estimated VE overall and by 
the pertussis identification method (PCR, serology). For PCR-
confirmed pertussis cases we estimated VE according to time 
since vaccine receipt (<2, 2 to <5, 5+ years compared with no 
vaccination) and by age (<65 vs ≥65 years).

To maximize our analysis population we conducted addi-
tional analyses. For PCR-confirmed cases who had validated 
vaccination records but no respondent matched control with a 
validated vaccination record and who were therefore excluded 
from our main analysis, we selected new matched controls (on 
age group, sex, cohort recruitment date) from the pool of con-
trols with a validated vaccination record but who had no re-
spondent matching case with a validated vaccination record.

All analyses were conducted using R version 3.5.1 [21].

RESULTS

We identified and invited 1112 confirmed cases: 527 (47.4%) 
were based on PCR, 566 (50.9%) on single-titer serology, 
whereas 19 had no laboratory diagnostic information. We 
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invited 3291 corresponding matched controls. Of those invited, 
60% (671 of 1112) of cases and 49% (1610 of 3291) of controls 
agreed to participate, and in participants we obtained validated 
vaccination status for 69% (463 of 671) of cases and 67% (1080 
of 1610) of controls (Figure 1).

Compared with nonparticipating cases, participants were 
more likely to be younger, women, and have higher incomes and 
educational levels and less likely to be current smokers. Such 
differences were less apparent for controls (Table A1). Of par-
ticipants, the proportion of their health practitioners who also 
responded did not vary substantially by a range of characteris-
tics, although practitioner response rates for cases were slightly 
greater for older participants and for never smokers (Table A2).

In analyses restricted to cases and their corresponding controls 
with validated vaccination data (prespecified analysis popula-
tion), we had 333 cases and 506 controls (Figure 1); 130 cases with 

validated vaccination status lacked a matched control with valid-
ated vaccination status. The mean age of participants at diagnosis/
index date was 62 years. Characteristics of the included cases and 
controls were similar except for the proportion reporting contact 
with children in the 3 weeks prior to the onset/index date (36% of 
cases vs 23% of controls; see Table 1). In analyses confined to the 
subset of cases with a PCR pertussis diagnosis (and their matching 
controls) we had 172 cases and 266 controls, with a mean age at 
diagnosis/index date of 61 years (range, 46–81 years). Similar to 
the prespecified analysis group, the only significant difference 
between cases and controls was a higher proportion of cases re-
porting contact with children (Table 2).

In prespecified analyses, the proportions of cases and con-
trols vaccinated were, respectively, 17% (53 of 333) and 16% (82 
of 506); the average time between vaccination and diagnosis/
index date overall was 3.0 years (range, 0.8–8.8 years) and for 
cases and controls, respectively, was 3.0 and 2.9 years. For the 
PCR-only analysis, the proportions of cases and controls vac-
cinated were 12% (20 of 172)  and 20% (52 of 266), respec-
tively, and the mean time since vaccination was 3.2  years. In 
the prespecified population (333 cases, 506 controls) there was 
no evidence of VE (adjusted VE, 8%; 95% CI, −36–37%) (see 
Figure 2). However, VE estimates differed substantially by diag-
nostic method. Among the PCR-only population, adjusted VE 
was 52% (95% CI, 15–73%; P = .01), whereas in the serology-
only population, adjusted VE was −55% (95% CI, −177–13%; 
P  =  .14; P-heterogeneity  =  .005). In addition to matching on 
age, sex, and recruitment date, in the final models the ORs (and 
VE estimates) were adjusted for reported contact with children 
and region of residence. Adjustment for education, income, 
smoking, asthma, BMI, and routine cancer screening did not 
materially change the estimates and were therefore not included 
in the final model.

Among the PCR-only population (N = 438), Figure 3 shows 
VE overall and by time since vaccination and age group. We 
found no trend towards declining VE with greater time since 
vaccination in the PCR-only population, although the cate-
gory “≥5 years since vaccination” had a narrow range (mean, 
5.9 years; range, 5.0–6.7 years). When stratified by age, VE in 
those aged younger than 65 years (mean age, 57.6 years) was sim-
ilar to those aged 65 and over (mean age, 70.0 years) (55% [95% 
CI, 7–78%] vs 49% [95% CI, −32–80%]; P-heterogeneity = 0.8). 
As a post hoc analysis we also estimated VE by birth year 
(<1950/1950+) to correspond to prevaccine and whole-cell per-
tussis vaccine eras [11]. We found no difference in VE: those 
with birth year before 1950 (mean age, 67.5 years; case N = 77) 
had a VE of 51% (95% CI, −8–77%) and those born in 1950 or 
later (mean age, 55.8 years; case N = 85) had a VE of 53% (95% 
CI, −11–80%; P-heterogeneity = 0.9).

There were 61 PCR cases who had no matched controls with 
validated vaccination data and were excluded from the main 
analysis reported in Figure 3. When we included alternate 

Sampling frame: 45 and Up Study cohort 

N=266,951 

Invited participants: based on linked pertussis notification 
or hospitalisation record†, no death record  

Cases N= 1112;  Controls N= 3291 

(PCR cases N=527; serology cases N=566) 

Recruited to study: returned questionnaire and valid consent 

Cases N= 671; Controls N= 1610 

(PCR cases N= 332) 

Participants with doctor validated response: doctor returned 
questionnaire with complete data on vaccination status 

Cases N= 463; Controls N= 1080 

(PCR cases N=233) 

PCR analysis 
population 

Cases N= 172; 
Controls N=266 

Pre-specified 
analysis population 

Cases N= 333; 
Controls N=506 

†22 cases were iden�fied based on a hospitalisa�on record with an ICD-10 code A37 indica�ng 
“Whooping cough”, 3 among those with PCR-no�fica�on, 10 with serology-no�fica�on and 9 with no 
no�fica�on; of these cases with a hospitalisa�on record 7 responded (1 PCR, 6 serology, 0 no 
no�fica�on). Only 3 cases with a hospitalisa�on record (all serology) had a doctor validated response 
and at least one matched control and were included in the pre-specified analysis popula�on.  

Cases with at least one matched control 

Cases N= 333; Controls N=506 

(PCR cases N= 172) 

PCR analysis with 
rematching  

Cases N= 233; 
Controls N=391 

Figure 1. Study sampling frame, recruitment, and analysis population: flow chart. 
†22 cases were identified based on a hospitalization record with an ICD-10 code 
A37 indicating “Whooping cough”: 3 among those with polymerase chain reaction 
(PCR) notification, 10 with serology notification, and 9 with no notification; of these 
cases with a hospitalization record, 7 responded (1 PCR, 6 serology, 0 no notifica-
tion). Only 3 cases with a hospitalization record (all serology) had a doctor-validated 
response and at least 1 matched control and were included in the prespecified 
analysis population. Abbreviations: ICD-10, International Classification of Diseases, 
10th revision; PCR, polymerase chain reaction.
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matched controls with validated vaccination data but lacking 
a matched case with validated vaccination data, the number of 
PCR cases increased to 233 with 391 controls. Adjusted VE did 
not change significantly (40%; 95% CI, 4–63%) nor did it differ 
by time since vaccination or by age group (Appendix Figure 1).

For cases notified based on single-point serology and their 
matched controls (N  =  388) we conducted exploratory ana-
lyses to examine if there were differences in VE by time since 
vaccination and whether cases had presumptive evidence of 
active follow-up consistent with them qualifying as truly “con-
firmed” according to case definitions (as follow-up may have 
been incomplete; see “Methods”). We found no differences in 
ORs by time since vaccine receipt, but found that cases with no 
evidence of active follow-up were 5 times more likely to have 
been vaccinated (40.4%; 23 of 57) than those with evidence sug-
gesting follow-up (9.1%; 9 of 99), resulting in substantially dif-
ferent ORs and VE estimates (Table A3).

DISCUSSION

Among older adults (mean age, 61  years), we found signif-
icant effectiveness of acellular pertussis vaccine against PCR-
confirmed pertussis infection of approximately 50%. We did 
not find evidence of waning protection with increasing age 
or with time since vaccination, but these subanalyses lacked 
statistical power.

Our findings add substantially to current evidence on acel-
lular pertussis VE in older adults. The only randomized trial 
estimating efficacy of the adult formulation of acellular pertussis 
vaccine had participants with a mean age of 35 years, excluded 
adults aged over 65, and had limited statistical power [8]. Of 11 
other published studies estimating VE [22–30], all but one [11] 
included only adolescents, most of whom were primed with 
acellular vaccines. The earlier case-control study estimating 
VE in older adults was based on PCR-confirmed cases in a US 
health maintenance organization database. They found, in data 
restricted to cases born in the prevaccine era (before 1950; mean 
age, 69 years; case N = 61), that VE was low and nonsignificant 
(24%; 95% CI, −59–64%), but among those born in the whole-
cell vaccine era (1950–1985; mean age, 43 years; case N = 129) 
VE was substantially higher (68%; 95% CI, 46–82%) [11]. Our 
findings contrast, as we found no significant differences in VE 
by age (<65 vs ≥65 years) nor by equivalent birth cohorts (born 
before 1950 vs 1950 or later).

One major methodological difference between the US study 
and ours is that we had population-based controls while the US 
study had both PCR-negative and population-based controls. 
While the US study found that the use of PCR-negative controls 
resulted in lower VE estimates overall, this difference was only 
observed among the younger subgroup of participants (mean 
age, 11 years), who had all been exposed to acellular vaccines, 
but not in the 2 older subgroups, suggesting this potential for 

Table 1. Characteristics of Cases and Controls in the Prespecified 
Analysis Population

Cases,  
N (%)

Controls,  
N (%) P

Total 333 (100.0) 506 (100.0)  

Recruitment date    

 Before 1 July 2007 64 (19.2) 92 (18.2) .97

 1 July–31 December 2007 20 (6.0) 29 (5.7)  

 1 January–30 June 2008 87 (26.1) 131 (25.9)  

 After 30 June 2008 162 (48.6) 254 (50.2)  

Mean (SD) age at diagnosis/index, years 61.8 (8.0) 61.7 (7.8) .85

Age at diagnosis/index date (years)    

 45–49 18 (5.4) 33 (6.5) .66

 50–54 63 (18.9) 81 (16.0)  

 55–59 63 (18.9) 95 (18.8)  

 60–64 74 (22.2) 134 (26.5)  

 65–69 58 (17.4) 85 (16.8)  

 ≥70 57 (17.1) 78 (15.4)  

Sex    

 Male 106 (31.8) 156 (30.8) .76

 Female 227 (68.2) 350 (69.2)  

Body mass index (kg/m2)    

 <25 103 (30.9) 178 (35.2) .64

 25–30 124 (37.2) 179 (35.4)  

 ≥30 70 (21.0) 100 (19.8)  

 Unknown 36 (10.8) 49 (9.7)  

Highest educational level    

 Certificate or lower 229 (68.8) 326 (64.4) .22

 University or higher 88 (26.4) 161 (31.8)  

 Unknown 16 (4.8) 19 (3.8)  

Residence    

 Major city 150 (45.0) 256 (50.6) .39

 Inner regional 131 (39.3) 174 (34.4)  

 Outer regional or  
remote or very remote

38 (11.4) 59 (11.7)  

 Unknown 14 (4.2) 17 (3.4)  

Annual household income  
(AUD)

   

 <70 000 165 (49.5) 238 (47.0) .77

 ≥70 000 145 (43.5) 230 (45.5)  

 Unknown 23 (6.9) 38 (7.5)  

Smoking status    

 Never 208 (62.5) 304 (60.1) .16

 Past 98 (29.4) 152 (30.0)  

 Current 11 (3.3) 33 (6.5)  

 Unknown 16 (4.8) 17 (3.4)  

Asthma    

 No 264 (79.3) 422 (83.4) .32

 Yes 55 (16.5) 67 (13.2)  

 Unknown 14 (4.2) 17 (3.4)  

Contact with children    

 No 176 (52.9) 246 (48.6) <.001

 Yes 119 (35.7) 115 (22.7)  

 Unknown 38 (11.4) 145 (28.7)  

Attended routine cancer  
screening program

   

 No 38 (11.4) 51 (10.1) .51

 Yes 277 (83.2) 432 (85.4)  

 Unknown 18 (5.4) 23 (4.5)  

Percentages are column percentages. Abbreviation: AUD, Australian dollars.
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bias may not be uniform across age groups. Differences in VE 
between test-negative and population-based controls are pre-
sumably due to test-negative controls being more similar to the 
cases (ie, having more risk factors leading to pertussis testing 
and subsequent diagnosis than population-based controls). In 
our analyses, to account for differences in the propensity for per-
tussis testing and diagnosis, we adjusted for characteristics in-
cluding contact with children, comorbidities (asthma, smoking, 
BMI), and healthcare seeking (attending cancer screening). 
This adjustment led to an approximately 10% increase in the es-
timated VE rather than any decrease, and was primarily driven 
by adjustment for contact with children. The other factors did 
not materially change our estimates, suggesting that they were 
not major confounders of our results.

None of the earlier reports of VE/efficacy in older adults [8, 
11] attempted to examine waning. Cost-effectiveness analyses 
of vaccination of older adults with acellular pertussis vaccine 
have assumed mean durations of protection of 8  years [31] 
based mostly on studies in children [32], although a much 
shorter duration of protection has been reported among those 
who received all primary doses as acellular vaccine in child-
hood [12]. While we had limited statistical power, we found 
that up to 6 years after vaccination, the point estimate for VE 
showed no declining trend. Based on their age, most adults in 
our study would have been primed, either by having pertussis 
infection or having been vaccinated with whole-cell vaccines as 
a child. Therefore, our findings regarding both the effectiveness 
and duration of protection must be interpreted in this context.

The finding of an association (although not significant) be-
tween pertussis vaccination and a pertussis notification on the 
basis of positive single-titer serology was surprising and incon-
sistent with our results for PCR-confirmed cases. In Australia, 
pertussis notification using single high-titer serology requires 
both clinical evidence and exclusion of recent vaccination (see 
Appendix). Potential flaws in this case reporting include, first, 
variations in the sensitivity and specificity of serological tests 
used by referring laboratories and, second, that public health 
unit workload may preclude active follow-up of notifications 
made directly from laboratories, which account for most per-
tussis notifications in NSW [33]. Our post hoc analyses com-
paring serology cases with and without proxy evidence of 
active follow-up (Table A3) support the likelihood of substan-
tial misclassification among cases identified solely through 
serologic diagnosis. These findings have implications for per-
tussis surveillance in Australia, particularly in adults, a popu-
lation for whom, historically, the majority of notifications were 
based on serological confirmation [2]. Indeed, as more adults 
are vaccinated as part of population-wide programs targeting 
pregnant women or older adults [13], diagnoses based prima-
rily on pertussis serology may become more unreliable and 

Table 2. Characteristics of Cases and Controls in Polymerase Chain 
Reaction–Analysis Population

Cases,  
N (%)

Controls,  
N (%) P

Total 172 (39.3) 266 (60.7)  

Recruitment date    

 Before 1 July 2007 24 (14.0) 36 (13.5) .99

 1 July–31 December 2007 13 (7.6) 21 (7.9)  

 1 January–30 June 2008 44 (25.6) 67 (25.2)  

 After 30 June 2008 91 (52.9) 142 (53.4)  

Mean (SD) age at diagnosis/index, years 61.1 ( 7.7) 61.3 ( 7.4) .75

Age at diagnosis/index date (years)    

 45–49 11 (6.4) 19 (7.1) .35

 50–54 37 (21.5) 43 (16.2)  

 55–59 31 (18.0) 45 (16.9)  

 60–64 40 (23.3) 83 (31.2)  

 65–69 29 (16.9) 49 (18.4)  

 ≥70 24 (14.0) 27 (10.2)  

Sex    

 Male 54 (31.4) 83 (31.2) .97

 Female 118 (68.6) 183 (68.8)  

Body mass index (kg/m2)    

 <25 60 (34.9) 97 (36.5) .58

 25–30 66 (38.4) 87 (32.7)  

 ≥30 29 (16.9) 56 (21.1)  

 Unknown 17 (9.9) 26 (9.8)  

Highest educational level    

 Certificate or lower 111 (64.5) 171 (64.3) .96

 University or higher 56 (32.6) 86 (32.3)  

 Unknown 5 (2.9) 9 (3.4)  

Residence    

 Major city 88 (51.2) 121 (45.5) .11

 Inner regional 69 (40.1) 102 (38.3)  

 Outer regional or remote  
or very remote

11 (6.4) 36 (13.5)  

 Unknown 4 (2.3) 7 (2.6)  

Annual household income (AUD)    

 <70 000 74 (43.0) 129 (48.5) .44

 ≥70 000 89 (51.7) 121 (45.5)  

 Unknown 9 (5.2) 16 (6.0)  

Smoking status    

 Never 106 (61.6) 157 (59.0) .19

 Past 58 (33.7) 86 (32.3)  

 Current 3 (1.7) 16 (6.0)  

 Unknown 5 (2.9) 7 (2.6)  

Asthma    

 No 144 (83.7) 222 (83.5) .99

 Yes 24 (14.0) 37 (13.9)  

 Unknown 4 (2.3) 7 (2.6)  

Contact with children    

 No 92 (53.5) 124 (46.6) <.001

 Yes 63 (36.6) 67 (25.2)  

 Unknown 17 ( 9.9) 75 (28.2)  

Attended cancer screening program    

 No 20 (11.6) 22 (8.3) .24

 Yes 146 (84.9) 235 (88.3)  

 Unknown 6 (3.5) 9 (3.4)  

Percentages are column percentages. Abbreviation: AUD, Australian dollars.
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routine surveillance systems will need to adapt to maintain case 
specificity.

Our study strengths include the relatively large sample size 
and nested matched design, which allowed us to select controls 
who were similar to cases in terms of not only age and sex but 
also characteristics such as health-seeking behavior, which has 
been shown to be higher overall in this cohort than in the ge-
neral population [15]. We were also able to adjust our analyses 
for underlying factors that may be associated with pertussis in-
cidence and severity [4, 6], as well as characteristics associated 
with greater likelihood to participate in the study. Limitations 
include that our response rate was less than anticipated, which 
meant that we had insufficient statistical power for robust VE 
estimates in subgroups including in those aged 65  years and 

older and according to time since vaccination. Also, response 
rates differed by case and control status and may bias our VE 
estimates away from the null if responding controls were more 
likely to be vaccinated, although this was not the case in the 
main prespecified analysis population (see Figure 2). As men-
tioned, we also lacked PCR-negative controls, with the majority 
of the controls’ health practitioners responding that they had 
not been tested for pertussis. Finally, we lacked data on patient 
symptoms, which would have assisted in interpretation of the 
findings based on serological diagnoses.

Overall, we found in adults aged, on average, 61 years that 
acellular pertussis vaccine is approximately 50% effective in 
preventing PCR-confirmed pertussis infection. Together with 
findings from other studies [8, 11], we conclude that while 

Figure 2. Odds ratios and vaccine effectiveness of acellular pertussis vaccine, prespecified population (N = 839). Abbreviations: CI, confidence interval; OR, odds ratio; PCR, 
polymerase chain reaction; Ref, reference.

Figure 3. Odds ratios and vaccine effectiveness of acellular pertussis vaccine, PCR-only population (N = 438). CI, confidence interval; OR, odds ratio; PCR, polymerase chain 
reaction; Ref, reference.
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effectiveness of the adult acellular pertussis vaccine may decline 
in older age, it still confers a level of protection that is compa-
rable to that often reported for vaccines such as influenza [34], 
which are routinely recommended for older adults. While a 
more effective vaccine would be ideal, Tdap should still be con-
sidered an important intervention among public health strat-
egies to prevent infectious respiratory morbidity in older adults.
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APPENDIX: NATIONAL NOTIFIABLE DISEASES CASE 
DEFINITION FOR PERTUSSIS REPORTING

Both confirmed cases and probable cases should be notified.
Confirmed case: A confirmed case requires either laboratory 
definitive evidence OR laboratory suggestive evidence AND 
clinical evidence.
Probable case: A  probable case requires clinical evidence 
AND epidemiological evidence.
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Laboratory definitive evidence: Isolation of Bordetella per-
tussis OR detection of B. pertussis by nucleic acid testing OR 
seroconversion in paired sera for B. pertussis using whole-cell 
or specific B. pertussis antigen(s) in the absence of recent per-
tussis vaccination.
Laboratory suggestive evidence: In the absence of recent vac-
cination, significant change (increase or decrease) in antibody 
level (IgG, IgA) to B.  pertussis whole-cell or B.  pertussis–
specific antigen(s) OR single high IgG and/or IgA titer to 
pertussis toxin (PT) OR single high IgA titer to whole-cell 
B. pertussis antigen.
Clinical evidence: A coughing illness lasting 2 or more weeks 

OR paroxysms of coughing OR inspiratory whoop OR post-
tussive vomiting.
Epidemiological evidence: An epidemiological link is es-
tablished when there is contact between 2 people involving 
a plausible mode of transmission at a time when one of 
them is likely to be infectious (from the catarrhal stage, 
approximately 1 week before, to 3 weeks after onset of 
cough) AND the other has an illness that starts within 6 to 
20 days after this contact AND at least 1 case in the chain 
of epidemiologically linked cases (which may involve many 
cases) is a confirmed case with either laboratory definitive 
or laboratory suggestive evidence.

Appendix Figure A1. Odds ratios and vaccine effectiveness of acellular pertussis vaccine: PCR-only population, new matched controls 
(N = 624). Abbreviations: CI, confidence interval; OR, odds ratio; Ref, reference.
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Table A1. Number and Percentage of Participants Responding Overall and According to Case and Control Status

Cases, n/N (% Responded) Controls, n/N (% Responded) Total, n/N (% Responded)

Total 671/1112 (60.3) 1610/3291 (48.9) 2281/4403 (51.8)

Age at diagnosis/index date (years)   

 45–64 441/663 (66.5) 1056/1984 (53.2) 1497/2647 (56.6)

 ≥65 230/449 (51.2) 554/1307 (42.4) 784/1756 (44.6)

Sex    

 Male 215/395 (54.4) 546/1184 (46.1) 761/1579 (48.2)

 Female 456/717 (63.6) 1064/2107 (50.5) 1520/2824 (53.8)

Residence    

 Major city 280/503 (55.7) 797/1698 (46.9) 1077/2201 (48.9)

 Regional or remote 365/576 (63.4) 778/1534 (50.7) 1143/2110 (54.2)

 Unknown 26/33 (78.8) 35/59 (59.3) 61/92 (66.3)

Annual household income (AUD)    

 <70 000 339/596 (56.9) 825/1730 (47.7) 1164/2326 (50.0)

 ≥70 000 311/465 (66.9) 734/1413 (51.9) 1045/1878 (55.6)

 Unknown 21/51 (41.2) 51/148 (34.5) 72/199 (36.2)

Highest educational level    

 No university 477/815 (58.5) 1124/2436 (46.1) 1601/3251 (49.2)

 University 186/278 (66.9) 474/821 (57.7) 660/1099 (60.1)

 Unknown 8/19 (42.1) 12/34 (35.3) 20/53 (37.7)

Smoking status    

 Never 417/665 (62.7) 968/1931 (50.1) 1385/2596 (53.4)

 Past 220/380 (57.9) 543/1107 (49.1) 763/1487 (51.3)

 Current 34/67 (50.7) 98/252 (38.9) 132/319 (41.4)

 Unknown  1/1 (100.0) 1/1 (100.0)

Attended cancer screening program    

 No 73/121 (60.3) 174/410 (42.4) 247/531 (46.5)

 Yes 560/933 (60.0) 1381/2763 (50.0) 1941/3696 (52.5)

 Unknown 38/58 (65.5) 55/118 (46.6) 93/176 (52.8)

Case diagnosis method    

 PCR 332/528 (62.9) … …

 Serology 330/565 (58.4) … …

 Unknown 9/19 (47.4) … …

Diagnosis year    

 <2009 96/167 (57.5) … …

 2009 135/226 (59.7) … …

 2010 89/153 (58.2) … …

 2011 107/180 (59.4) … …

 2012 66/110 (60.0) … …

 2013 41/61 (67.2) … …

 2014 48/71 (67.6) … …

 2015 89/135 (65.9) … …

Abbreviations: AUD, Australian dollars; PCR, polymerase chain reaction.
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Table A2. Number and Percentage of Responding Participants With Validated Vaccination Data From Their Health Care Provider Overall and According 
to Case and Control Status

Cases, n/N (% Responded) Controls, n/N (% Responded) Total, n/N (% Responded)

Total 463/671 (69.0) 1080/1610 (67.1) 1543/2281 (67.6)

Age at diagnosis/index date (years)    

 45–64 294/441 (66.7) 707/1056 (67) 1001/1497 (66.9)

 ≥65 169/230 (73.5) 373/554 (67.3) 542/784 (69.1)

Sex    

 Male 148/215 (68.8) 348/546 (63.7) 496/761 (65.2)

 Female 315/456 (69.1) 732/1064 (68.8) 1047/1520 (68.9)

Residence    

 Major city 201/280 (71.8) 525/797 (65.9) 726/1077 (67.4)

 Regional or remote 243/365 (66.6) 530/778 (68.1) 773/1143 (67.6)

 Unknown 19/26 (73.1) 25/35 (71.4) 44/61 (72.1)

Annual household income (AUD)    

 <70 000 236/339 (69.6) 545/825 (66.1) 781/1164 (67.1)

 ≥70 000 215/311 (69.1) 497/734 (67.7) 712/1045 (68.1)

 Unknown 12/21 (57.1) 38/51 (74.5) 50/72 (69.4)

Highest educational level    

 No university 329/477 (69.0) 736/1124 (65.5) 1065/1601 (66.5)

 University 130/186 (69.9) 337/474 (71.1) 467/660 (70.8)

 Unknown 4/8 (50.0) 7/12 (58.3) 11/20 (55.0)

Smoking status    

 Never 305/417 (73.1) 665/968 (68.7) 970/1385 (70.0)

 Past 144/220 (65.5) 349/543 (64.3) 493/763 (64.6)

 Current 14/34 (41.2) 65/98 (66.3) 79/132 (59.8)

 Unknown  1/1 (100.0) 1/1 (100.0)

Attended cancer screening program    

 No 53/73 (72.6) 103/174 (59.2) 156/247 (63.2)

 Yes 385/560 (68.8) 940/1381 (68.1) 1325/1941 (68.3)

 Unknown 25/38 (65.8) 37/55 (67.3) 62/93 (66.7)

Case diagnosis method    

 PCR 233/332 (70.2) … …

 Serology 223/330 (67.6) … …

 Unknown 7/9 (77.8) … …

Diagnosis year    

 <2009 69/96 (71.9) … …

 2009 83/135 (61.5) … …

 2010 64/89 (71.9) … …

 2011 78/107 (72.9) … …

 2012 46/66 (69.7) … …

 2013 30/41 (73.2) … …

 2014 30/48 (62.5) … …

 2015 63/89 (70.8) … …

Abbreviations: AUD, Australian dollars; PCR, polymerase chain reaction.
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Table A3.  Odds Ratios and Vaccine Effectiveness of Acellular Pertussis Vaccine, Serology-only Population (N = 388) Overall, by Time Since Vaccination, 
and According to Whether There Was a Record of Active Follow-up

Cases Controlsa Unadjusted OR Adjusted ORb Adjusted VE, % (95% CI) P

Serology subgroup       

 Unvaccinated 124 202 Ref Ref Ref  

 Vaccinated 32 30 1.74 1.55 −55 (−177–13) .14

By time since vaccination       

 Unvaccinated 124 202 Ref Ref Ref  

 Vaccinated ≤1 year prior 6 9 1.09 1.27 −27 (−281–60) .68

 Vaccinated >1 year prior 26 21 2.02 1.72 −72 (−241–12) .11

Follow-up record       

 Unvaccinated 90 132 Ref Ref Ref  

 Vaccinated 9 13 1.02 0.83 17 (−128–69) .72

No follow-up record       

 Unvaccinated 34 70 Ref Ref Ref  

 Vaccinated 23 17 2.79 2.57 −157 (−464 to −17) .02

Serology cases were classified as having no record of active follow-up by the Public Health Unit if their notification record had missing data in the fields requesting information on hospitali-
zation or death. Both are data fields that cannot be obtained through the routine laboratory notification. Abbreviations: CI, confidence interval; OR, odds ratio; Ref, reference.
aMatched on recruitment date, age, and sex.
bAdjusted for contact with children and region of residence.
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ORIGINAL STUDIES

Acellular Pertussis Vaccine at Birth and One Month Induces
Antibody Responses By Two Months of Age

Nicholas Wood, MB BS, FRACP,*†‡ Peter McIntyre, MB BS, FRACP, FAFPHM, PhD,*†‡
Helen Marshall, MB BS, DCH, MPH,§ and Don Roberton, MD, FRACP, FRCPA¶

Background: Infants less than 3 months of age are at highest risk of
hospitalization and death from pertussis. Several studies have examined
antibody responses to pertussis vaccines at birth but no previous study has
evaluated 2 doses of monovalent acellular pertussis vaccine (aPV) before
2 months of age.
Methods: Seventy-six newborns were randomized at birth to 3 groups–
aPV at birth and 1 month, aPV at birth, and control. All infants received
hepatitis B vaccine (HBV) at birth followed at 2, 4, and 6 months by a
combination vaccine including aPV, diphtheria, tetanus, Haemophilus
influenzae type b (Hib), hepatitis B, polio antigens and 7 valent conjugate
pneumococcal vaccine. IgG antibody responses to pertussis toxoid (PT),
filamentous hemagglutinin (FHA), and pertactin (PRN) were measured in
maternal serum and in infants at 2, 4, 6, and 8 months of age. Antibody
responses to hepatitis B, diphtheria, tetanus, and Hib were measured at 8
months only. A parental diary and active telephone follow-up occurred for
7 days after each vaccination.
Results: The aPV birth dose was well tolerated. By 2 months of age, 22 of
25 (88%) of 2 dose recipients had detectable IgG antibody to PT (IgG PT)
compared with 9 of 21 (43%) who received a birth dose only and 3 of 20
(15%) of controls. Infants in the 2 dose group had a geometric mean
concentration (GMC) of IgG PT of 16 ELISA units per mL (EU/mL), 95%
CI: 11 to 25, significantly higher than birth dose only (5 EU/mL, 95% CI:
3–8) and controls (3 EU/mL, 95% CI: 2–5). At 8 months of age, following
5, 4, and 3 doses of aP-containing vaccine, respectively, IgG PT had
plateaued but IgG to FHA and PRN increased with successive doses. There
was a trend to lower antibody responses for hepatitis B and Hib with higher
numbers of Pa doses.
Conclusion: These data suggest that aPV at birth and 1 month induces
significantly higher IgG antibody against pertussis antigens by 2 months of
age without reducing subsequent pertussis antibody responses. Larger and
more detailed studies of aPV from birth are needed to evaluate other
antibody responses and the potential of this approach to reduce death and
morbidity from Bordetella pertussis infection in the first 3 months of life.

Key Words: acellular pertussis vaccine, birth, immunogenicity

(Pediatr Infect Dis J 2010;29: 209–215)

Pertussis is a significant cause of mortality in early infancy
worldwide. Nearly 300,000 deaths occur each year, most in

developing countries, but deaths are probably underestimated in
both rich and poor countries.1,2 Death and hospitalization from
pertussis occur predominantly in infants too young to receive more
than 1 dose under current schedules, with over 80% of 145
reported deaths in the United States, between 2000 and 2006,
occurring under 3 months of age.3 Two doses of a pertussis-
containing vaccine provide significant protection against severe
disease, and even 1 dose may provide some protection against
death.4,5 The earliest age at which the first pertussis vaccine dose
is currently recommended is 6 weeks under the Expanded Pro-
gramme of Immunization (EPI) schedule of the World Health
Organization (WHO) and can be given from 6 weeks in Europe,
North America, and Australia. The second dose is given at 10
weeks under the EPI, 12 weeks in some European countries and 16
weeks elsewhere.6 This means that, even if optimally delivered,
current pertussis immunization schedules cannot provide direct
protection to infants less than 8 weeks of age. When delays in
immunization are taken into account, protection is often delayed
even more.7,8

High infant morbidity and mortality from pertussis in in-
fants was recognized more than 60 years ago,3,9 leading to trials of
maternal10–13 and neonatal vaccination14–17 with whole cell vac-
cine preparations. Following the suggestion that pertussis immu-
nization in the neonatal period could induce immune tolerance,16

the emphasis shifted to commencing whole cell vaccines later in
the first year, even though the validity of these concerns was later
questioned.18 Currently, only BCG and hepatitis B vaccines are
routinely administered at birth and their inclusion in the WHO’s
EPI schedule and many national vaccination programs is well-
established as safe, feasible, and effective.6,19

Strategies to prevent early infant pertussis include universal
adult and adolescent vaccination, “cocoon” vaccination of those in
close contact with infants, maternal vaccination, and neonatal
vaccination. No studies of maternal acellular pertussis vaccination
have been published and the results of 3 recent small studies
examining administration of acellular pertussis-containing vac-
cines in the first week of life are conflicting.20–22 Two studies
using different monovalent acellular pertussis vaccines at birth
suggested that earlier antibody responses could be achieved,20,22

but the study which used a combined diphtheria-tetanus-acellular
pertussis (DTPa) vaccine at birth21 showed inferior later antibody
responses. We report the immunologic and clinical outcomes
comparing 2 doses of a monovalent acellular pertussis vaccine
(Glaxo Smith Kline, Belgium) at birth and 4 weeks of age with
monovalent acellular pertussis vaccine at birth only and standard
practice.
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METHODS

Design
This pilot study was a randomized, nonblinded trial of admin-

istration of monovalent acellular pertussis vaccine (aPV) to newborn
infants. This study was conducted according to Good Clinical Practice
guidelines, the Declaration of Helsinki 1999 and had the approval of
3 ethics committees (The Children’s Hospital at Westmead, West-
mead Hospital, and the Children, Youth and Women’s Health Ser-
vice, Adelaide). Written informed consent was obtained from parents/
guardians before the enrollment of infants.

Neonates in group 1 received aPV at birth (within 5 days)
and a second dose at 1 month of age. Those in group 2 received
aPV within 5 days of birth only and those in group 3 followed the
routine vaccination schedule. In Australia, this includes hepatitis B
vaccine at birth and, at 2, 4, and 6 months of age, diphtheria,
tetanus, pertussis, hepatitis B, and Haemophilus influenzae type b
antigens (given in this study as DTaP-HBV-IPV/Hib vaccine
(Infanrix Hexa) as well as 7 valent pneumococcal conjugate
vaccine (Prevnar). Thus overall, subjects in group 1, 2, and 3
received 5, 4, and 3 doses respectively of a pertussis-containing
vaccine by 6 months of age.

Subjects
Eligible subjects were healthy infants, who had completed

at least 36 weeks gestation, were born after an uncomplicated
pregnancy to mothers seronegative for hepatitis B surface antigen
(HbsAg) and were enrolled within 120 hours of birth.

Enrollment in the study was excluded by any of the follow-
ing: known contraindications to vaccination23; administration of
immunoglobulins or blood products preceding the first dose of
study vaccine or their planned administration during the study
period; any confirmed or suspected immunosuppressive or immu-
nodeficient condition in the parent or child and major congenital
defects or serious chronic illness. The study was conducted in
Sydney and Adelaide, Australia between February 2005 and
March 2007. The trial was registered with the Australian New
Zealand Clinical Trials Registry (ACTRN012605000013662).

Vaccines
A single dose of investigational aPV (0.5 mL) containing

pertussis toxin (PT) 25 �g, pertactin (PRN) 8 �g, filamentous
hemagglutinin (FHA) 25 �g, and 0.5 mg aluminum as hydroxide
salts was supplied by GlaxoSmithKline (GSK) Biologicals, Rix-
ensart, Belgium. All infants received 10 �g hepatitis B surface
antigen (HbsAg) with 0.25 mg aluminum hydroxide adjuvant
(Engerix B). The aPV was administered intramuscularly into the
right anterolateral thigh and the HBV vaccine into the left antero-
lateral thigh concomitantly in Groups 1 and 2 prior to 120 hours of
age. The antigen composition of the aPV used at birth and 1 month
was identical to that in the combined DTaP-HBV-IPV/Hib vaccine
(Infanrix hexa) in routine use. As indicated above, routine sched-
uled vaccines at 2, 4, and 6 months included Infanrix hexa and 7
valent pneumococcal conjugate vaccine (Prevnar—Wyeth phar-
maceuticals), whose composition is listed elsewhere.9 Infanrix
hexa was administered intramuscularly in the right thigh and
Prevnar in the left thigh at 2, 4, and 6 months of age by study
nurses.

Assessment of Immunogenicity
In total, 5 blood samples were collected. To reduce the

number of blood samples required from the infant, the first sample
was obtained from the mother at the same time as the infant
received the first vaccination (Pa and HBV or HBV alone).
Subsequent samples (n � 4) were collected from infants at 2, 4, 6,
and 8 months of age. Samples were centrifuged, serum separated,

stored at �80°C and shipped frozen to GSK Biologicals, Belgium
(GSK) where all serologic assays were performed.

Pertussis toxin (anti-PT), pertactin (anti-PRN), and filamen-
tous hemagglutinin (anti-FHA) IgG antibody concentrations were
measured at each sampling point by enzyme linked immunosor-
bent assay (ELISA: cut-off 5 EL.U/mL), using standard assay
methods at the GSK laboratory developed for licensure of DTPa
vaccines.

Antidiphtheria (cut-off 0.1 IU/mL), antitetanus (cut-off 0.1
IU/mL), and anti-PRP (cut-off 0.15 �g.mL) IgG antibodies were
measured by ELISA on the sample taken at 8 months of age (2
months after the final vaccine dose). Hepatitis B surface antibodies
(anti-HBs) were measured by ELISA (AUSAB, Abbott Laborato-
ries) as per the manufacturer’s recommendations (cut-off 10 mIU/
mL) on samples collected at 8 months of age. The laboratory was
blind to the study assignment of subjects. There was no formal
surveillance for pertussis infection.

Assessment of Reactogenicity
After administration of each vaccine, all infants were ob-

served for 30 minutes. Vaccine reactogenicity and safety was
assessed using a 7 day diary card after each vaccination. Parents
were given a thermometer, instructed in its use, and asked to
record temperature and any solicited adverse reactions 3 and 6
hours after injection and at bedtime each evening for 7 days.
Solicited adverse reactions included: fever, drowsiness (unusually
sleepy or inactive), irritability, anorexia, vomiting, redness, and
swelling at the vaccination site (each measured in millimeters) and
pain. All unsolicited adverse events occurring within the time
interval between vaccinations were recorded by parent/guardian
and/or study physician at each study visit. Telephone contact was
made with parents/guardians on days 2 and 7 to enquire about
adverse events and encourage completion of the diary cards fol-
lowing vaccination. The total duration of safety follow-up was 2
months following the final vaccine dose at 6 months. Any serious
adverse event, including hospitalization, was assessed by an inde-
pendent vaccine safety committee.

Statistical Analysis
The investigators were responsible for study design and

conduct and performed all statistical analyses on individual
patient data. Only subjects who had completed the vaccine
schedule according to protocol and had at least 2 assay results
available, including the maternal baseline sample, were in-
cluded in the immunogenicity analysis. For pertussis antigens,
antibody geometric mean concentrations (GMC) with 95%
confidence intervals (CI) were calculated from the antilog of the
mean of the log transformed values. Values below the labora-
tory assay cut-off were assigned a value half of the cut-off value
to calculate the GMC.

The primary objective of the study was to assess if IgG
antibody to PT and PRN was significantly higher in group 1 at 2
months of age (after 2 aPV doses) than after 1 dose in group 2 and
no prior doses of pertussis-containing vaccine in group 3. As no
universally agreed serologic correlate of protection exists for
pertussis, serologic response, defined as a 4-fold increase from the
prevaccination antibody titer, was examined as the variable of
interest. For diphtheria, tetanus, Hib, and hepatitis B, serologic
response was defined as any level above the lower limit for
detection in the assay used for each antibody (0.1 IU/mL, 0.1
IU/mL, 0.15 �g/mL, and 10 mIU/mL, respectively). Comparisons
of antibody responses between groups were using log-transformed
data by the independent samples t test with P � 0.05 indicating a
possible group difference. The proportion of study group subjects
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with a serological response and local and systemic reactions after
vaccination in study groups were compared by Fisher exact test.

To detect a significant difference for the primary outcome of
detectable antibody after the second dose, and to allow for drop-
outs and failure to obtain some specimens by venipuncture, we
aimed to recruit 25 subjects per arm for this pilot study. Our
sample size calculations had indicated that this number of subjects
would give 80% power to detect a 50% difference in the propor-
tion of infants achieving detectable PT antibody.

RESULTS
We enrolled 76 eligible newborns from February 2005 to

June 2006. The mean gestational age was 39.8 weeks, 59% were male
and there was no significant difference in birth weight between
groups. (Table 1) Sixty-eight infants remained enrolled to completion
of the vaccination schedule at 6 months and 64 infants until the
completion of safety follow-up at 8 months. Eight infants, 2 from
Group 1, 1 from Group 2, and 5 from Group 3 withdrew from the
study after enrollment and before the first blood sample at 2 months
for varied reasons including relocation (1), declining blood tests (4),
and inadvertent vaccination with non study vaccines (3).

Immunogenicity
Antibody Responses to Pertussis Vaccination

At enrolment, the GMC of maternal IgG to both pertussis
toxin (PT) and pertactin (PRN) was not significantly different
among groups. However, infants randomized to group 2 had
significantly higher maternal anti-PT IgG than those randomized to
group 3 (GMC 6.2 vs. 3.3, P � 0.04).

With respect to GMCs, at 2 months, following 2 doses of
aPV, Group 1 infants had statistically significantly higher GMCs for
anti-PT, anti-FHA and anti-PRN IgG compared with both Group 2
and 3 infants (Tables, Supplemental Digital Content 1, 2, and 3,
http://links.lww.com/INF/A249, http://links.lww.com/INF/A250, and
http://links.lww.com/INF/A251). For anti-PT IgG, levels re-
mained significantly higher in group 1 compared with groups 2
and 3 at 4 and 6 months (Table, Supplemental Digital Content
1, http://links.lww.com/INF/A249) but not at 8 months, with
little increase in IgG PT seen after a fourth or fifth dose. For anti-PRN
IgG, at 4 months of age, after 3 doses of a pertussis–containing
vaccine, levels were significantly higher in group 1 compared with
groups 2 (2 doses) and 3 (1 dose) and although in contrast to PT,
IgG to PRN increased with each successive dose of pertussis-
containing vaccine, differences at 6 or 8 months of age were no
longer statistically significant. (Table, Supplemental Digital
Content 2, http://links.lww.com/INF/A250). For anti-FHA, lev-
els were significantly higher in groups 1 and 2 compared with
group 3 at 4 months of age. (Table, Supplemental Digital
Content 3, http://links.lww.com/INF/A251).

With respect to the proportion above the limit of detection,
at 2 months old, after 2 doses of a pertussis – containing vaccine,
88% of group 1 infants had a level of IgG to PT above 5 EU/mL

compared with 43% of those in group 2 (1 dose) and 15% of group
3 (no doses). Similarly, all group 1 infants had detectable antibody
(�5 U/mL) to PRN 1 month after the second dose of Pa at 2
months, compared with 33% for those in group 2 who had received
a dose at birth only and 30% for controls. Significantly more
infants in group 1 had a 4-fold rise in anti-PT IgG from maternal
values to 2 months old (56% vs. 5 and 0% respectively for groups
2 and 3, P � 0.02).

There was no evidence of later hypo-responsiveness to
pertussis antigens in infants who received Pa vaccine within 5 days
of birth. Pertussis antibody levels from 4 months to 8 months of
age converged between groups, particularly for PT, and at 8
months did not significantly differ from control infants (Fig. 1).

Influence of Maternal Pertussis Antibody Levels at
Birth

At 2 months of age, antibody levels in groups 2 and 3 were
slightly lower than maternal levels, consistent with loss of maternal
antibodies. Of the 8 infants in Group 1 who had detectable anti-PT
IgG in maternal sera (�5 EL.U/mL), 6 (75%) showed an increase in
IgG PT between birth and 2 months of age compared with 1 (7%) of
the infants in groups 2 and 3 combined who had detectable maternal
antibody. At 8 months of age, the GMC for anti-PT and anti-PRN
IgG among infants in groups 1, 2, and 3 whose mothers had
detectable IgG was similar to infants in each of the 3 groups
whose mothers had no detectable IgG antibodies to these
antigens. However, when groups were combined after 3 doses,
significantly lower anti-PRN and anti-FHA levels were found in
those with detectable maternal antibody at baseline (Table 2).

Antibody Responses to Other Vaccine Antigens
Two months after completion of the primary immunization

schedule, 100% of subjects in all groups had IgG levels to
diphtheria and tetanus above those usually associated with protec-
tion (0.1 U/mL), with no significant difference between the groups
(Table 3). There was a nonsignificant trend to reduced hepatitis B
surface antibody GMC responses in infants who received the Pa
vaccine at birth (Group 1 and 2 vs. Group 3), however all were
above the anti-HBs level associated with protection (10 mIU/mL).
Similarly, Group 1 infants had nonsignificantly lower GMCs
against Hib and a lower proportion with anti PRP IgG above 1
�g/mL, compared with Group 2 and 3 infants (26% vs. 45% vs.
47%; Table 3). Infants in groups 1 and 2 who had a 4-fold increase
in anti-PT level from baseline to 4 months old had nonsignificantly
higher Hib and hepatitis B surface antibody levels at 8 months
compared with those with less than a 4-fold rise.

Reactogenicity
Birth aPV was well tolerated, with no vaccine-related severe

adverse events detected. After the birth dose, only 2 infants had
redness or swelling �10 mm and none had fever �38C. Following
the 6 month vaccination, there was no difference in the proportion

TABLE 1. Characteristics of Study Subjects According to Group

Enrolled Subjects Group 1
n�27

Group 2
n�23

Group 3
n�26

Mean birthweight (g) (range) 3454 (2840–4215) 3306 (2575–4205) 3560 (2600–4370)
Mean gestation weeks (range) 39.8 (38–41.3) 39.4 (37.2–41.3) 39.7 (37–41.5)
% Male (n) 68% (17) 55% (12) 55% (12)
% Vaccinated day 0–2 (n) 36% (9) 50% (11) n/a
% Vaccinated day 3–5 (n) 64% (16) 50% (11) n/a
Withdrew prior to 2 months old 2 1 5
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of infants with swelling or redness �10 mm between group 1
(after 5 doses, 17% �n � 4�), group 2 (after 4 doses, 14% �n � 3�)
or group 3 (after 3 doses, 22% �n�4�) (P � 0.5). Similarly, the
proportion with reported systemic reactions or fever was similar
between the groups. Two infants required hospitalization for py-
loric stenosis, one aged 4 weeks in Group 2 and the other aged 6
weeks in group 3.

Pertussis Infection
One male infant in group 1 who had received 3 doses of

aPV (birth, 1 month and 2 months of age) developed symptoms of
mild fever, cough and rhinorrhea at 115 days, 30 days after the
third dose. Pertussis was identified by PCR from a nasopharyngeal
aspirate on day 134 but pertussis culture was negative. A maternal
aunt had a cough consistent with pertussis commencing approxi-

mately 14 days before onset of symptoms in the infant, with
positive single titer serology. This infant had a mild clinical course
and did not require hospital admission. All antipertussis antibodies
at 2 months of age, measured after 2 doses and 30 days before
onset of symptoms were detectable (anti-PT 15 EU/mL, anti-FHA
198 EU/mL, and anti-PRN 39 EU/mL). Convalescent antipertussis
antibodies at 4 months (after 3 doses of aPV and 11 days post
diagnosis of infection) increased 2-fold for anti-PT and anti-PRN
and nearly 2-fold for anti-FHA. Antipertussis antibody values
decreased from 6 months to 8 months after the fifth dose of an
acellular pertussis-containing combination vaccine.

DISCUSSION
This is the first study to assess the immunogenicity and

reactogenicity of 2 doses of aPV (birth and 1 month) given before
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FIGURE 1. Anti-pertussis antibody geometric mean concentrations (GMCs) from birth until 2 months after completion of
primary vaccination. A, Antibody response to pertussis toxin according to group and age; B, antibody response to pertactin
according to group and age; C, antibody response to filamentous haemagglutinin according to group and age.

TABLE 2. Pertussis Antibody Responses After 3 Doses for Combined Group (1, 2, 3)* According to Detectable or
Nondetectable Maternal Antibody at Baseline

Baseline
Pertussis Antibody

Maternal Antibody Detectable
(�5 EL.U/mL)

Maternal Antibody Not Detectable
(�5 EL.U/mL)

N GMC† (95% CI) N GMC† (95% CI)

Anti-PT 18 31.8 (21.9–55.2) 42 39.5 (32.1–48.7)
Anti-PRN 25 36.4‡ (24.0–55.2) 35 78.9‡ (61.7–100.8)
Anti-FHA 49 151.2† (123.8–184.6) 11 253.5† (187.2–343.4)

*Combined groups after 3 doses:
(a) Antibody responses after 3 doses (group 1–aged 4 mo, group 2–aged 6 mo, group 3–aged 8 mo) in those with detectable maternal antibody were combined.
(b) Antibody responses after 3 doses (group 1–aged 4 mo, group 2–aged 6 mo, group 3–aged 8 mo) in those with no detectable maternal antibody were combined.
†Anti-FHA GMC significantly different between combined groups after 3 doses for detectable maternal antibody vs. non detectable antibody. (P � 0.02).
‡Anti-PRN GMC significantly different between combined groups after 3 doses for detectable maternal antibody vs. non detectable antibody. (P � 0.002).
GMC indicates geometric mean concentration (EL.U/mL).
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2 months of age. The study is also unique in that all infants
received HBV vaccine at birth, thus allowing direct comparison of
the potential influence of birth aPV on concomitant HBV vaccine
responses.

Despite its small sample size, this study showed statistically
significantly higher GMCs of anti-PT, anti-PRN and anti-FHA IgG
antibody at 2 months of age in infants who received aPV at birth
and 1 month of age, compared with both those receiving aPV at
birth only and those who had not been vaccinated. The titers of anti
PT and anti PRN IgG achieved after 3 doses of acellular pertussis-
containing vaccine (birth, 1 and 2 months of age) were similar to
those seen with 3 doses administered at 0, 2, 4 or the conventional
2, 4, and 6 months of age. This raises the prospect of achieving
protection, particularly against severe pertussis, at least 4 months
earlier than under current vaccination schedules, subject to the
caveat that antibody correlates of protection against pertussis
disease of different severities in infants have not been clearly
established. Observational studies suggest some protection against
severe pertussis from even 1 dose of vaccine, possibly due to rapid
antibody production following natural exposure in a primed in-
fant.4,5 In Germany, estimated vaccine effectiveness against infant
hospitalization was 68% after the first and �90% after the second
dose of DTPa.4 In Sweden, the incidence of pertussis fell from 230
to 235 (cases per 100,000 person years) after no or 1 dose of
pertussis vaccine to 52 after 2 doses.5 Our study also suggests that
a first dose at birth primes the immune system, with a significant
increase in antibody after the second dose, whether given at 1 or 2
months of age.

Four doses of acellular pertussis-containing vaccines within
4 months of birth was not associated with any major local or
systemic adverse events in this small number of subjects. Similar
to other studies, monovalent aPV given at birth was well tolerated
with no increase in reactogenicity identified at birth or following
later vaccine doses compared with infants receiving the routine
vaccine schedule.20–22 One participant, who had received 3 doses
of a pertussis containing vaccine (0, 1, 2 months), developed
laboratory-proven pertussis infection at 3 months of age. The
illness was clinically mild and may not have been detected outside
the clinical trial setting. Symptoms may have been substantially
attenuated by vaccination, although pertussis infection is not uni-
versally severe in infants, and infection occurred despite docu-
mented prior antibody responses to pertussis antigens.

There are some differences in the antibody responses in our
study compared with 3 other recent studies which examined
administration of differing acellular pertussis- containing vaccines
at birth. The study most similar to ours, which was conducted in
Germany using aPV produced by the same manufacturer (Glaxo-
SmithKline) and the same laboratory for antibody measurement,
also demonstrated a significantly higher GMC of antipertussis IgG
to PT, PRN, and FHA in infants after 2 doses of Pa at birth and 2
months compared with controls, with no subsequent reduction in
antibody response.22 In an earlier Italian study, where a aPV
manufactured by Chiron was given at birth and 3 months of age,
higher PT IgG were also seen in these infants at 5 months.20 By
contrast, a recently reported study conducted in the United States,
where a DTaP vaccine manufactured by Sanofi Pasteur was given
at birth, found GMCs for both PT and FHA IgG post completion
of primary vaccination were lower in the experimental group than
in controls.21 This may be related to the different composition of
the pertussis antigens in the GSK (3 component) and Sanofi
Pasteur (5 component) vaccine, an effect of concomitant diphtheria
and tetanus toxoid or some other factor. Hyporesponsiveness, a
concern of early studies16 was not seen in our study or in Germany,
with equivalent antipertussis antibody titers at 8 months with orT
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without a birth dose, however antibody titers converged between
groups by 8 months old. This may relate to a biologic feedback
phenomenon of achieving a “ceiling” of antibody level designed to
protect the body from immune overload due to excessive antibody
production. However, the US21 and Italian20 studies found that
infants who received a pertussis-containing vaccine at birth had
lower PT IgG at 7 to 8 months of age. In particular, the US study21

found that the significantly lower pertussis antibody titers in
infants who received DTaP at birth documented at 8 months
persisted to 18 months of age, which they postulated may be due
to the combination of diphtheria, tetanus, and aP in the combina-
tion vaccine resulting in interference with antigen presentation or
B lymphocyte priming.

Maternal antibodies to pertussis can interfere with subse-
quent infant responses.13,14,24 In our study, a small impact of
maternal pertussis antibody was found when groups were com-
bined, but this has not been adequately evaluated, particularly with
respect to higher titers of maternal antibody, as our sample size
was small and few mothers had detectable antibody. Larger stud-
ies, especially among women with higher pertussis antibody titers,
such as would be expected following receipt of pertussis-contain-
ing vaccine as adolescents or adults or following recent natural
infection, are needed. With increasing use of adult acellular per-
tussis booster vaccines in many countries, the potential for impact
of higher maternal antibodies on infant pertussis disease and/or
infant responses to pertussis-containing vaccines will become a
more important issue.3

Other antigens included with pertussis antigens in combi-
nation vaccines include diphtheria, tetanus, polio, hepatitis B and
H. influenzae type b (Hib). Vaccines given concomitantly in
recommended national schedules in developed countries include
pneumococcal conjugate and rotavirus vaccines. In the US study,
infants who had received DTaP at birth had significantly lower
antibody titers to diphtheria and pneumococcal serotype 14 than
controls at 7 months old.21 In the German study, attainment of
anti-PRP IgG antibody responses consistent with short-term pro-
tection (�0.15 �g/mL) was significantly less after the first 3 doses
(88% vs. 98%).22 In our study, anti-PRP IgG appeared to be lower
only in infants who received 2 doses of aPV before 2 months of
age but power to detect any difference was low. Reduced anti-PRP
IgG responses have been associated with DTaP-Hib combination
vaccines, but this has only emerged as a clinical problem in one
country, the United Kingdom, leading to introduction of a Hib
booster.25 Any such phenomenon following the primary series of
vaccination might not be clinically relevant if a booster is routinely
given. There was no significant difference in response to diphtheria
and tetanus antibody responses. We did not measure responses to
polio or pneumococcal antigens, but no significant differences in
response to any of 3 polio serotypes were found by the only study
measuring them following aPV at birth.22 Hepatitis B vaccine
(HBV) was given only to the control group in the German study,22

whereas in our study, similar to routine practice in the US and as
recommended by WHO, all participants received HBV vaccine at
birth. Although reduced anti HBs antibody GMC was seen in
infants receiving aPV at birth, all participants achieved protective
titers (anti-Hbs �10 mIU/mL) at 8 months of age.

This study had several limitations including, small sample
size, lack of data on response to all concomitant antigens (polio
and pneumococcal serotypes) and has not examined persistence of
antibody beyond 8 months of age.

In total, 202 infants have received monovalent aPV or DTaP
vaccine at birth in recent published studies.20–22 Despite the
varying immunogenicity data referred to above, no severe adverse
events have been reported. The possibility of later reductions in

antibody response, and/or interference with responses to concomi-
tantly administered antigens, necessitates larger studies. These include
the timing of the second dose of pertussis-containing vaccine. A
second dose at 6 weeks of age would be feasible and practical, as
current combination vaccines including acellular pertussis antigens
are licensed from this age and 6 weeks is consistent with the current
WHO schedule. If pertussis vaccine given at birth was included in the
WHO Expanded Program on Immunization schedule, infants would
then receive 3 doses of a pertussis-containing vaccine by 10 weeks of
age (0, 6, 10 weeks). At present, most developing countries use whole
cell pertussis (Pw) vaccine in combination with diphtheria and tetanus
in the primary immunization schedule and no recent data exist about
the immunogenicity and reactogenicity of Pw alone at birth. Future
studies with larger samples sizes are needed to address several
important issues including more precise estimates of the occurrence of
adverse reactions, including the magnitude of any bystander interfer-
ence with responses to concomitant antigens26 and the influence of
higher levels of maternal antibodies on infant pertussis responses.

Nearly 3 quarters of a century ago, studies attempted per-
tussis vaccination at birth and in pregnant women, to prevent
pertussis in early infancy.15,17 Current global epidemiologic data
indicate that pertussis remains a significant problem in early
infancy and new strategies are needed.27 The availability of acel-
lular pertussis vaccines, with reduced reactogenicity, has led to
renewed interest in neonatal pertussis vaccination and in maternal
vaccination during pregnancy.28,29 With respect to neonatal per-
tussis vaccination strategies, these antibody response data suggest
that potentially protective antibody can be achieved before 2
months of age and that no more than 4 doses before 6 months of
age are necessary. Larger and more detailed neonatal vaccine
studies are needed to evaluate the potential of this approach to
prevent death and morbidity from pertussis disease in infants under
3 months of age.
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Vaccine RepoRts

Background: In a previous study, we found that monovalent acellular per-
tussis (aP) vaccine at birth and 1 month achieves higher IgG antibody (Ab) 
levels to pertussis toxoid (PT), filamentous hemagglutinin (FHA) and pert-
actin by 8 weeks, when compared with controls. Here, we report antibody 
and cell-mediated immune responses to 4 years of age.
Methods: IgG Ab to PT, filamentous hemagglutinin and pertactin, diphthe-
ria (D) and tetanus (T) was measured in the 3 groups (aP vaccine at birth 
and 1 month, aP birth only and no aP) at 2 years of age and before and 
after DTaP-inactivated polio vaccine (DTaP-IPV) at 4 years of age. Cell-
mediated immune responses to pertussis vaccine antigens were measured at 
2 years of age. Adverse events following DTaP-IPV were recorded.
Results: Of 74 subjects, 52 (70%) were available for follow up. Overall, 11 
(21%) had detectable PT IgG at 2 years, decreasing to 10% before  4-year-old 
booster compared with 100% at 8 months of age. After the 4-year booster, 
pertussis antigen IgG levels were similar, but there was a trend to lower PT 
IgG levels in birth aP infants (geometric mean concentrations: 28.7 EI.U/mL) 
compared with controls (geometric mean concentrations: 53.6 EI.U/mL). 
The cytokine responses to pertussis antigen stimulation were higher in aP 
recipients at 2 years of age. There was no difference in injection site reac-
tions among groups following the DTaP-IPV booster at 4 years of age.
Conclusions: In the longest reported follow-up of infants who received aP 
vaccine at birth, we found a trend to lower PT IgG antibodies post booster 
compared with receipt of first dose of aP-containing vaccine at 8 weeks of 
age. Short- and long-term antibody responses with and without prior mater-
nal pertussis vaccination are crucial for further evaluation of this strategy 
for preventing severe early pertussis.

Key Words: birth, acellular pertussis vaccine, immunogenicity

(Pediatr Infect Dis J 2014;33:511–517)

In the past decade, a resurgence of pertussis has been identified in 
Australia, the United States and more recently the United King-

dom, all countries with long-established pertussis immunization 
programs. This resurgence is focused on older children (presumptive 
waning immunity) and infants under the age of 3 months (too young 
to have received >1 dose of pertussis-containing vaccine).1–3 Unim-
munized infants are most likely to develop severe disease requiring 
hospitalization, frequently complicated by apnea, seizures, encepha-
lopathy or death.3–5 Strategies to reduce the risk of severe pertussis 
in infants too young to be immunized include: indirect protection 
through “cocooning” (immunization of parents and other close con-
tacts of the infant), direct protection through maternal immuniza-
tion during pregnancy, as has been recently introduced in the United 
States and the United Kingdom and immunization of the infant 
as soon as possible after birth.5 To date, 4 studies have examined 
immune responses following administration of monovalent acellu-
lar pertussis (aP) vaccine6–8 or  diphtheria-tetanus-acellular pertussis 
(DTaP)9 vaccine at birth. In all 3 studies where newborns received 
monovalent aP vaccine, higher pertussis antibody responses were 
achieved earlier than control infants vaccinated at 6–8 weeks of 
age.6–8 Despite concerns about immune tolerance from earlier stud-
ies where whole cell pertussis vaccine was given to neonates,10,11 
these studies did not find any decrease in antibody responses to per-
tussis antigens after the third dose of scheduled pertussis-containing 
vaccine, but 2 studies found some evidence of interference with 
responses to Hib and hepatitis B antigens.7,8,12

Antibody levels in the second year of life and booster 
response following receipt of pertussis-containing vaccines at birth 
have been reported with divergent findings recipients of DTaP 
versus aP at birth. Following DTaP at birth,9 there was significant 
blunting of antibody responses to pertussis and some concomitant 
antigens; however, no blunting of pertussis antibody responses 
was found following monovalent aP.13 The aim of this study was to 
describe the persistence of pertussis antibodies in children who pre-
viously received aP vaccine at birth ± 1 month of age and responses 
to pertussis and other antigens after a booster dose of DTaP-inac-
tivated polio vaccine (DTaP-IPV) vaccine. We aimed to explore in 
this small study whether there was a difference in pertussis anti-
body levels post receipt of a booster dose of DTaP-IPV vaccine in 
children who received aP vaccine at birth compared with controls.

METHODS
This long-term, follow-up study was conducted from 2007 

to 2010 at the Children’s Hospital at Westmead, Sydney, and The 
Women’s and Children’s Hospital, Adelaide.

Subjects/Vaccinations
Participants in the primary vaccine study were randomized 

into 3 groups. Group 1 received aP vaccine and hepatitis B (HBV) 
vaccine within 4 days of birth and an additional aP vaccine at 4 weeks 
of age, Group 2 received aP and HBV vaccines at birth and Group 3 
received only HBV at birth, as routinely recommended in Australia 
and the United States. All infants received  DTaP-HBV-IPV/Hib 
[Infanrix Hexa; GlaxoSmithKline (GSK) Biologicals, Belgium] 
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and 7-valent pneumococcal conjugate vaccine (Prevenar 7, Wyeth 
Pharmaceuticals Inc, Philadelphia, PA) at 2, 4 and 6 months of age. 
By 8 months of age, subjects in groups 1, 2 and 3 received 5, 4 and 
3 doses, respectively, of an acellular pertussis-containing vaccine. 
At 4 years of age, participants received DTaP-IPV (Infanrix IPV; 
GSK Biologicals) and Measles-Mumps-Rubella vaccine (Priorix; 
GSK Biologicals), as is routine in the Australian National Immu-
nization Program. A blood sample was collected at 3 time points: 
at 2 years of age, immediately before administration of scheduled 
4-year immunizations and 4–6 weeks following. Serum samples 
were stored frozen for batch analysis. Peripheral blood mononu-
clear cells (PBMC) were isolated and stored in liquid nitrogen for 
batch analysis. The trial was registered with the Australian New 
Zealand Clinical Trials Registry (ACTRN012605000013662).

Assessment of Humoral Immunity
Titres of antibody to pertussis antigens [pertussis toxin (PT), 

filamentous hemagglutinin (FHA), pertactin (PRN)] were meas-
ured by GSK Biologicals using a standard enzyme linked immuno-
sorbent assay (cut-off 5 EI.U/mL) developed for licensure of DTaP 
vaccines. Anti-diphtheria (D; cut-off 0.1 IU/mL) and anti-tetanus 
(T) (cut-off 0.1 IU/mL) were measured by enzyme linked immu-
nosorbent assay at 2 and 4 years of age (before and after booster).

Assessment of Cell-mediated Immunity
PBMC were cultured in the presence of a mixture of pertus-

sis vaccine antigens as described14 Cell culture supernatants were 
assessed for the production of cytokines (IL-5, IL-13, IL-6, IL-9, 
interferon-γ and tumor necrosis factor-α) by a multiplex assay as 
described elsewhere.14,15 In this study, we have not performed T cell 
proliferation assays or fluorescence-activated cell sorting and have 
only included measurement of the above cytokines.

Assessment of Reactogenicity
After administration of DTaP-IPV and measles, mumps, and 

rubella vaccines children were observed for 30 minutes. Parents 
were asked to record temperature using a supplied thermometer and 
any solicited adverse reactions observed at 3 and 6 hours after injec-
tion and at bedtime each evening for 7 days on a diary card. Solic-
ited adverse reactions included: fever, drowsiness (unusually sleepy 
or inactive), irritability, anorexia, vomiting, redness and swelling at 
the vaccination site (each measured in millimetres) and pain. All 
unsolicited adverse events occurring within 30 days of vaccination 
were recorded by parent/guardian and/or study physician.

Statistical Analysis
The investigators were responsible for study design and con-

duct and performed all statistical analyses on individual patient data. 
For pertussis antigens, antibody geometric mean concentrations 

(GMC) with 95% confidence intervals (CI) were calculated from 
the anti-log of the mean of the log-transformed values. Values below 
the laboratory assay cut-off were assigned a value half of the cut-
off value to calculate the GMC. Numbers and proportions of sub-
jects with combinations of both PT and PRN levels above and below 
detectable were compared between groups at 2 and 4 years of age. For 
diphtheria and tetanus, serologic response was defined as any level 
above the lower limit for detection in the assay used for each antibody 
(0.1 IU/mL and 0.15 μg/mL, respectively). Comparisons of antibody 
responses between groups were made using log- transformed data 
by the independent samples t test. Differences in cytokine responses 
between groups were calculated using Mann-Whitney U test. Com-
parisons between groups was considered statistically significant if P 
< 0.05 for all tests performed. No adjustment was calculated for mul-
tiple comparisons. This study was not powered to detect noninferior-
ity, inferiority and/or equivalence between groups.

RESULTS
Of 76 neonates enrolled and vaccinated in the primary vac-

cination study, samples for antibody measurement were available at 
2 years of age from 52 subjects (70.4%; Group 1, n = 22; Group 2, 
n = 16; Group 3, n = 14) and cell-mediated immune responses from 
27 subjects (Table 1). At 4 years of age, samples were available 
for antibody measurement from 49 participants (64.5%; Group 1, 
n = 20; Group 2, n = 15; Group 3, n = 14; Table 2). There was no 
loss to follow up between pre- and post-booster vaccine in 4-year-
old participants.

Persistence of Pertussis Antibodies and Response 
to 4-year DTaP-IPV Booster Vaccine

PT, FHA or PRN antibody levels at 2 years or before and fol-
lowing the 4-year DTaP-IPV immunization were similar between 
groups (Tables 1 and 2 and Fig. 1). At 2 years of age, anti-PT lev-
els were low, with only 13–23% above the limit of detection of 
5 EI.U/mL, compared with anti-FHA (71–86% >5 EI.U/mL) and 
anti-PRN (63–79% >5 EI.U/mL; Table 1). Despite Group 1 hav-
ing higher anti-pertussis antibody levels at 8 months of age, post 
completion of the primary vaccine series, levels in all 3 groups had 
decreased to similar levels at 2 years of age (Fig. 1).

At 4 years of age, before a booster dose, the proportion with 
anti-PT levels >5 EI.U/mL had decreased to 7–14%, again substan-
tially lower than for anti-FHA (73–95%) or anti-PRN (45–71%; 
Table 2). Notably, at 8 months of age, 1 month following their last 
vaccine dose, nearly all infants had detectable pertussis antibody 
levels to both PT and PRN, compared with 15–18% at 2 years of 
age and 9–14% immediately before the DTaP-IPV booster at 4 
years of age (Table 3). In contrast, the proportions with detectable 
FHA IgG remained stable from 2 to 4 years of age (Tables 1 and 2).

TABLE 1. Antibody Responses to Pertussis, Tetanus and Diphtheria According to Group at 2 Years Old

Group 1* (n = 22) Group 2* (n = 16) Group 3* (n = 14)

% > Detectable† GMC‡(95% CI) % > Detectable† GMC‡ (95% CI) % > Detectable† GMC‡ (95% CI)

PT ≥ 5 EI.U/mL 23% 3.35 (2.60–4.31) 13% 3.22 (2.36–4.40) 21% 3.28 (2.37–4.54)
PRN ≥5 EI.U/mL 73% 7.86 (5.38–11.48) 63% 6.35 (4.19–9.63) 79% 8.02 (5.29–12.16)
FHA ≥ 5 EI.U/mL 86% 18.86 (13.11–27.14) 81% 12.82 (7.36–22.31) 71% 10.95 (5.04–23.82)
Diphtheria ≥ 0.1 IU/mL 86% 0.28 (0.19–0.42) 88% 0.34 (0.17–0.68) 85%‡ 0.31 (0.16–0.61)
Tetanus ≥ 0.1 IU/mL 59% 0.16 (0.10–0.28) 75% 0.21 (0.10–0.43) 77%‡ 0.20 (0.10–0.39)

*Group 1: Pa vaccine at birth, 1 month then Infanrix Hexa at 2, 4 and 6 months of age; Group 2: Pa vaccine at birth then Infanrix Hexa at 2, 4 and 6 months of age and Group 3: 
Infanrix Hexa at 2, 4 and 6 months of age.

†% detectable, % > cut-off for each antibody (PT, PRN, FHA, diphtheria, tetanus) as indicated.
‡Group 3: n = 13 tested for diphtheria and tetanus.
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In all 3 groups, there was a robust response to the  DTaP-IPV 
booster vaccine at 4 years of age as shown in Table 2. Four-fold 
increases in PT IgG and in PRN IgG were seen in 78%, 92% and 
93% and 94%, 92% and 92% of Groups 1, 2 and 3 subjects, respec-
tively. One month following the booster vaccine dose, all partici-
pants had PT, FHA and PRN antibody levels above detectable. 
There was a trend to lower PT IgG levels post booster in those given 
aP at birth (GMC 28.7 EI.U/mL) compared with controls (GMC 
53.6 EI.U/mL; Table 2).

Antibody Responses to Diphtheria and  
Tetanus Antigens

At 2 years of age, proportions above detectable levels for 
diphtheria and tetanus antigens were similar, with the exception of 
tetanus in Group 1 vs Groups 2 and 3 (59% vs. 75% and 77%; 
Table 1) Following DTaP-IPV vaccine at 4 years of age, diphtheria 
and tetanus antibodies were detectable in samples from all partici-
pants and at least a 4-fold rise was observed compared with prevac-
cination tires (Table 2).

Cytokine Responses to Pertussis Vaccine Antigens 
at 2 Years of Age

In vitro cytokine responses to a mixture of the pertussis anti-
gens (PT, FHA and PRN) were measured in a subset of study subjects 
at 2 years of age. Cells from infants who had received birth aP (Groups 
1 and 2) had statistically significantly higher Th2 cytokine levels (IL-
5, IL-9 and IL-13) compared with infants in Group 3 (Fig. 2). There 
were no differences in the levels of Th1 cytokines (interferon-γ, IL-6 
or tumor necrosis factor-α) between groups (Fig. 2).

Reactogenicity Following DTaP-IPV Vaccine at  
4 Years of Age

The proportion that developed an injection site reaction 
was not significantly different between the groups, nor was there a 
dose-related trend evident for number of previous doses received; 
however, assessment was limited by the available study numbers 
(Fig. 3). Swelling or erythema at the injection site (>10 mm) and 
pain (≥ grade 2) occurred most commonly in Group 2 children 
compared with Groups 1 and 3, and only 2 subjects from any group 
had a recorded fever ≥38.5°C within 72 hours post booster vaccina-
tion. Five participants, all of whom had received aP vaccine at birth, 
had erythema or swelling >50 mm within 72 hours of vaccination (3 
in Group 2, 2 in Group 1); all were confined to the injection site and 
resolved within 5 days. No serious adverse events were reported 
following receipt of the DTaP-IPV booster dose at 4 years of age.

DISCUSSION
In this study, infants who received aP vaccine at birth had 

similar pertussis antibody levels at 2 years of age to control infants, 
despite additional earlier aP doses and nonsignificantly higher levels 
at 8 months of age following completion of the primary vaccine 
series. Hallander et al16,17 describe a rapid decay of anti-PT in the 
first 8–9 months post completion of the 3 dose primary infant vac-
cine series, followed by a slower decay, with 10% having anti-PT 
levels above detectable by 6 years after dose 3, similar to levels in 
our study. Less than 20% of our participants had detectable IgG anti-
body to both PT and PRN at 2 years of age, declining to <15% before 
DTaP-IPV booster at 4 years of age. This is of potential clinical sig-
nificance, as having detectable IgG antibody to both PT and PRN 
was shown to correlate with protection against pertussis infection in 
household contact studies in Sweden.18,19 PT IgG antibody decayed 
much more rapidly than PRN, and especially FHA at both 2 and 4 
years. . The reason for this differential rate of decay is not known. 
In the United States, a booster dose of DTaP is recommended in the T
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FIGURE 1. Antibody responses to pertussis antigens according to group and age.
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second year of life; however, in the United Kingdom and Australia, 
a DTaP booster following the primary course is not recommended 
until 3 years and 4 months and 4 years of age, respectively. In the 
2008–2011 pertussis epidemic in Australia, preschool aged children 

(2–5 year olds), had a markedly higher incidence of reported pertus-
sis than in the previous epidemic in 2001, when a booster dose at 18 
months was still recommended for this age group. The rapid waning 
of antibody we demonstrated by 2 years of age is consistent with this 

TABLE 3. Antibody Responses to Pertussis Toxin and Pertactin According to Group, Age and DTaP-IPV Vaccine 
Booster Response at 4 Years of Age

Pertussis 
Toxin (PT) 
EI.U/mL

Pertactin (PRN) 
EI.U/mL

8 Months of Age 2 Years of Age
Before 4 Years of Age 

DTaP Booster
After 4 Years of Age DTaP 

Booster

 Birth aP
n (%)

No Birth aP
n (%)

Birth aP
n (%)

Group 3  
No Birth aP

n (%)
Birth aP

n (%)
No Birth aP

n (%)
Birth aP

n (%)
 No Birth aP

n (%)

≤5 ≤5 0 0 8 (24%) 3 (23%) 19 (56%) 5 (36%) 0 0
≤5 >5 0 0 18 (53%) 8 (62%) 12 (35%) 7 (50%) 0 0
>5 ≤5 0 1 (7%) 2 (6%) 0 0 0 0 0
>5 >5 35 (100%) 13 (93%) 6 (18%) 2 (15%) 3 (9%) 2 (14%) 32 (100%) 14 (100%)

Group 1, Pa vaccine at birth, 1 month then Infanrix Hexa at 2, 4 and 6 months of age; Group 2, Pa vaccine at birth then Infanrix Hexa at 2, 4 and 6 months of age; Group 3, Infanrix 
Hexa at 2, 4 and 6 months of age.

FIGURE 2. Pertussis Vaccine 
Antigen-specific Cytokine 
Production Measured in 
Stimulated PBMC Culture 
Supernatants at 2 Years of 
Age. IFNγ, interferon-γ; TNFα, 
tumor necrosis factor-α.
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much higher incidence among children <5 years of age. Antibody 
levels to all 3 pertussis antigens at 2 years of age are lower in our 
study than those reported among infants who received aP vaccine 
at birth at the age of 18 months.13 This is likely to be largely related 
to the later age of measurement in our study, as both the vaccines 
received and the laboratory performing antibody assays were the 
same in both studies (GSK Biologicals, Belgium). Similarly, the 
antibody levels we observed are lower than those reported by stud-
ies of 18-month-old infants given 3 doses of DTaP-HBV-IPV/Hib at 
2, 4 and 6 months of age and the reason for this is also not clear.20

Knuf et al.13 measured immune responses before and after 
DTaP booster vaccine at 18 months of age in infants who had been 
primed with neonatal aP vaccine and no evidence for immune 
hyporesponsiveness to pertussis vaccine antigens was observed 
(Table 4). In contrast, Halasa et al9 found pertussis immune 
responses to a booster DTaP vaccine, particularly PT and PRN, were 
blunted in toddlers who had received DTaP vaccine at birth com-
pared with controls (Table 4). In our study, all participants showed 
strong booster responses to DTaP-IPV vaccine at 4 years of age, 
with pertussis antibody levels post booster not significantly differ-
ent between aP at birth recipients and those who received the first 
aP-containing vaccine at 2 months of age. All participants achieved 
both anti-PT and anti-PRN levels above detectable post booster. 
This is consistent with known booster responses at 3–6 years of 
age21 and suggests that any effect of birth aP vaccine on subsequent 
pertussis antibody booster responses is minimal by 4 years of age. 
There was a trend to reduced PT levels post booster with receipt 
of birth aP vaccine (Group 1 < Groups 2 and 3); however, PRN 

and FHA responses were identical. This differential is similar to the 
lesser decay of PRN and FHA before 4 years of age.

The production of Th2 cytokines at 2 years of age from 
PBMC in T-helper-cell dependent memory responses to pertussis 
vaccine antigens was higher in the birth aP vaccine cohorts. This 
may be a consequence of 2 factors: first, the extra doses of aP 
vaccine they received, and second, the fact that the immune sys-
tem in healthy neonates is known to be maximally Th2-polarised 
at birth when they received their first priming dose and is thus 
likely to favor the generation of strong Th2 memory. The higher 
Th2 response (IL-5 and IL-13) in birth aP vaccine groups seen 
post completion of the primary vaccine series at 8 months of age14 
remained significantly higher than the control group at 2 years of 
age. In contrast, there was no statistically significant difference 
in Th1 (interferon-γ) responses, or in IL-6 and tumor necrosis 
factor-α levels between groups. Knuf et al13 similarly observed 
increasing lymphoproliferative responses over time in the aP group. 
The concern of Th2-polarised immune responses in early infancy is 
the potential to antagonize development of Type-1-dependent pro-
tective immunity, as well as increased reactogenicity with boosters 
due to excessive proinflammatory Type-2 cytokines in the result-
ant memory response.22 However, a recent whole genome network 
study describes a dynamic equilibrium in Th1 and antimicrobial 
gene signatures as well as Th2 signature in response to pertus-
sis vaccine antigens, suggesting that the counterbalance provides 
protection from aberrant Th2 immunity.15 In our study, we did not 
detect any significant increase in reactogenicity seen following the 
4 year of age booster in birth aP recipients; however, all subjects 

FIGURE 3. Solicited Adverse 
Event Symptoms During 7 
Days Follow up after DTaP-IPV 
Booster Dose at 4 years of Age 
According to Group.

TABLE 4. Comparison of Pertussis Booster Responses Following Pertussis Vaccination at Birth

Halasa et al9

18 Months (1 Month After DTaP Booster)
Aged 19 Months

Knuf et al13

1 Month After DTaP Booster
Aged: 12–19 Months

Wood et al8

1 Month After 4 Years of Age DTaP Booster
Aged: 4 Year and 1 Month

DTaP at birth  
(n = 22)

Control  
(n = 20) Ratio*

aP at Birth  
(n = 29)

Control  
(n = 33) Ratio*

aP at Birth†  
(n = 35) Control (n = 14 Ratio*

GMC GMC GMC GMC GMC GMC

PT ≥ 5 EI.U/mL 12 29 0.41 60.1 73.2 0.82 31.7 53.6 0.60
PRN ≥5 EI.U/mL 176 508 0.35 409.1 397.1 1.03 482.8 404 1.20
FHA ≥ 5 EI.U/mL 21 33 0.64 601 438 1.37 657.7 533.2 1.23

Knuf et al13 and Wood et al8 serology performed at GSK laboratories, Rixensart.
*Ratio of GMC levels in DTaP or aP at birth group compared with control group after DTaP booster vaccine.
†Includes subjects in Group 1 (aP vaccine at birth and 1 month old) and Group 2 (aP vaccine at birth only).
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with erythema or swelling >50 mm had received aP vaccine at birth 
and we had limited power to detect any difference. Knuf et al13 also 
noted a nonsignificant trend toward higher reactogenicity in chil-
dren who had received birth aP vaccine following DTaP booster in 
second year of life. Due to the small sample size of both this study 
and Knuf et al13 formal conclusions regarding whether birth aP vac-
cination results in higher rates of reactogenicity following booster 
doses cannot be made.

The generalizability of this study is limited by small num-
bers (n = 54), and we were only able to enrol 70% of our original 
sample into this long-term, follow-up study. This study was not 
powered to detect significant differences in pertussis antibody lev-
els between groups and was an opportunistic follow up of children 
enrolled into the initial pilot study. However, this is the first study 
to report on long-term follow up of children who received acellu-
lar pertussis vaccine at birth. The results of this study are also not 
generalizable to the United States where although the infant vac-
cine schedule is similar, an 18 month of age DTaP booster dose is 
routine in the United States and not given in Australia.

CONCLUSION
Longer term theoretical concerns of neonatal pertussis vac-

cination include reduced responsiveness to booster doses of pertus-
sis (immune hyporesponsiveness), interference with concomitant 
antigen responses and increased reactogenicity following booster 
doses.4 The increased reactogenicity may potentially be related to 
Th2-polarised cellular immune responses following infant vaccina-
tion. In this study, pertussis antibody levels waned significantly by 
2–4 years of age, with <20% having detectable antibodies to both PT 
and PRN, thought to equate with protection, and this has implication 
for the timing of the booster dose of DTaP vaccines, particularly in 
Australia where a booster dose is no longer given in the second year 
of life. We found a nonsignificant trend to lower PT IgG antibodies 
post the 4-year booster compared with receipt of first dose of aP-
containing vaccine at 8 weeks of age. We also found higher levels of 
Th2 cytokines at 2 years of age from PBMC in T-helper-cell-depend-
ent memory responses to pertussis vaccine antigens in the birth aP 
vaccine cohorts. Newborn aP vaccination has been shown in 3 small 
studies to be immunogenic early in infancy and may prove to be an 
effective way to protect infants earlier than current immunization 
schedules that commence no earlier than 6 weeks of age; however, 
the possibility of prolonged immune tolerance to pertussis antigens, 
increased reactogenicity to booster doses and negative bystander 
interference on concomitantly administered antigens needs further 
investigation. Short- and long-term antibody responses with and 
without prior maternal pertussis vaccination are crucial for further 
evaluation of this strategy for preventing severe early pertussis. A 
large multicentre trial is currently underway in Australia to more 
definitively address these questions, examining humoral, cellular 
immune, interference of preexisting maternal antibody and safety 
responses following birth aP vaccine with subsequent DTaP com-
bination vaccine at 6 weeks of age compared with control infants.
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IMPORTANCE An alternative option to maternal vaccination to prevent severe pertussis in
infants is vaccination at birth. Data are needed on the immunogenicity and safety of a birth
dose of monovalent acellular pertussis (aP) vaccine.

OBJECTIVE To compare IgG antibody responses to vaccine antigens at 6, 10, 24, and 32 weeks
of age between newborn infants receiving the aP vaccine and hepatitis B vaccine (HBV) or
HBV alone.

DESIGN, SETTING, AND PARTICIPANTS A randomized clinical trial was conducted at 4 sites in
Australia (Sydney, Melbourne, Adelaide, and Perth) between June 11, 2010, and March 14,
2013, among 440 healthy term (>36 weeks’ gestation) infants aged less than 5 days at
recruitment. Statistical analysis was performed from March 1, 2015, to June 2, 2016.

INTERVENTION Newborns received HBV and, after stratification by maternal receipt of
adult-formulated aP-containing vaccine (tetanus toxoid, reduced diphtheria toxoid, and
pertussis antigen content [Tdap]) prior to pregnancy, were block randomized to receive the
aP vaccine (without diphtheria or tetanus) within 5 days of birth or not. At 6, 16, and 24
weeks, infants received a hexavalent vaccine with pediatric-formulated diphtheria, tetanus
and pertussis antigens (DTaP), Haemophilus influenzae type b (Hib), HBV, and polio vaccine,
as well as the 10-valent pneumococcal conjugate vaccine.

MAIN OUTCOMES AND MEASURES Detectable (>5 enzyme-linked immunosorbent assay units
per milliliter) and geometric mean concentrations of IgG antibody to pertussis toxin (PT),
pertactin, and filamentous hemagglutinin at 6, 10, and 24 weeks stratified by maternal Tdap
history, and antibody at 32 weeks to HBV, Hib, polio, diphtheria, tetanus, and pneumococcal
serotypes. The primary outcome was detectable IgG to both PT and pertactin at 10 weeks.

RESULTS A total of 440 infants (207 girls and 233 boys; median gestation, 39.2 weeks) were
randomized to receive the aP vaccine plus HBV (n = 221) or HBV only (control group; n = 219).
At 10 weeks, 192 of 206 infants who received the aP vaccine (93.2%) had detectable
antibodies to both PT and pertactin vs 98 of 193 infants in the control group (50.8%)
(P < .001), with the geometric mean concentration for PT IgG 4-fold higher among the group
that received the aP vaccine. At age 32 weeks, all infants (n = 181 with sera available for
testing) who received the aP vaccine at birth had detectable PT IgG and significantly lower
IgG geometric mean concentrations for Hib, hepatitis B, diphtheria, and tetanus antibodies.
Local and systemic adverse events were similar between both groups at all time points.

CONCLUSIONS AND RELEVANCE The monovalent aP vaccine is immunogenic and safe in
neonates and, if licensed and available, would be valuable for newborns whose mothers did
not receive the Tdap vaccine during pregnancy.

TRIAL REGISTRATION http://anzctr.org.au Identifier: ACTRN12609000905268
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I n developed countries, deaths from pertussis in the pre-
vaccine era occurred during the first 2 years of life, but
deaths from pertussis in the postvaccine era have been

largely restricted to unvaccinated infants younger than 8 weeks
of age.1,2 One infant dose of pertussis vaccine provides signifi-
cant protection against death.3-5 The high incidence of death
from pertussis in the first 3 months of life prompted early stud-
ies of vaccination of the mother during pregnancy and of the
infant at birth.6,7 Although the first neonatal trials, using whole-
cell pertussis vaccines, were undertaken in the 1940s, later con-
cerns about immune tolerance6,7 and reduced responses in the
presence of maternal antibody8 discouraged further study un-
til acellular vaccines became available. A study of the admin-
istration of pediatric-formulated tetanus toxoid, diphtheria tox-
oid, and acellular pertussis vaccine (DTaP) at birth suggested
impaired pertussis antibody responses at 6 months,9 but stud-
ies of the monovalent aP vaccine without diphtheria and
tetanus10-12 found favorable responses.

At the inception of this study in 2009, when the admin-
istration of tetanus toxoid, reduced diphtheria toxoid, and
pertussis antigen content (Tdap) in pregnancy was deemed
problematic owing to legal and attitudinal barriers,13,14 we set
out to test the potential for the administration of the aP vac-
cine at birth being implemented more widely. In 2009, as
postpartum administration of Tdap had been routinely rec-
ommended in Australia and the United States for some years,
it was important that responses to neonatal aP vaccination be
assessed with reference to prepartum Tdap. Therefore, we de-
signed a study to detect clinically meaningful immunogenic-
ity and safety end points, including purposeful recruitment of
a subset of mothers who had documented receipt of a Tdap
within 5 years prior to delivery, to assess infant responses fol-
lowing aP vaccine at birth.15,16

Methods
Study Design and Participants
This phase 3 randomized, nonblinded clinical trial of the ad-
ministration of monovalent aP vaccine to newborns was con-
ducted between June 11, 2010, and March 14, 2013, in 4 cities
in Australia (Sydney, Melbourne, Perth, and Adelaide). The trial
protocol is available in Supplement 1. Appropriate regulatory
and ethical approval was granted by the Clinical Trial Notifi-
cation Scheme, Therapeutic Goods Administration, Depart-
ment of Health and Ageing, Australian Government; Sydney
Children’s Hospitals Network Human Research Ethics Com-
mittee; Royal Children’s Hospital, Melbourne Human Re-
search Ethics Committee; Women’s and Children’s Hospitals,
Adelaide, Human Research Ethics Committee; and Princess
Margaret Hospital for Children Human Research Ethics Com-
mittee. The trial was registered on the Australian New
Zealand Clinical Trials Registry and was reported using
CONSORT guidelines. Written informed consent was ob-
tained from parents or guardians before the enrollment of
infants.

Mothers of eligible infants were approached in antenatal
clinics or postnatal wards in participating hospitals. Eligible par-

ticipants were healthy infants born at least at 36 weeks’ gesta-
tion after an uncomplicated pregnancy to mothers who were
seronegative for hepatitis B surface antigen. Infants were en-
rolled within 5 days (120 hours) of birth. Enrollment in the study
was excluded by known contraindications to vaccination,17 in-
cluding any confirmed or suspected immunosuppressive or
immunodeficiency condition in the parent or child and any
major congenital defects or serious chronic illness.

Randomization and Blinding
Mothers of eligible infants were stratified into those who re-
ported receipt of Tdap or had a laboratory-confirmed pertussis
infection within 5 years of delivery (but not during pregnancy)
or infants born to women who did not report receipt of Tdap or
had a laboratory-confirmed pertussis infection within 5 years of
delivery. Confirmation of self-reported maternal Tdap vaccina-
tion status was later sought from the primary health care pro-
fessional who administered the vaccine. After stratification, in-
fants were randomized in a 1:1 ratio using an internet-based
randomization system (Interactive Voice Response System; Na-
tional Health and Medical Research Council Clinical Trials Cen-
tre, Sydney). This was an open-label study; study personnel and
parents knew which vaccines were being administered.

Intervention
At visit 1, neonates received the aP vaccine and the hepatitis
B vaccine (HBV) in opposite thighs within 120 hours of birth
(the aP group) or received only HBV (the control group). At age
6, 16, and 24 weeks, all infants in all sites then received a
hexavalent vaccine routinely administered at that time in Aus-
tralia (DTaP–hepatitis B–Haemophilus influenzae type b–inac-
tivated poliovirus) and the 10-valent pneumococcal conju-
gate vaccine. Infants at the Sydney site received the oral
rotavirus vaccine at age 6 and 16 weeks and those at the other
sites received the oral rotavirus vaccine at age 6, 16, and 24
weeks. Details on the vaccines used are provided in the eAp-
pendix in Supplement 2.

Immunology
The first serum sample was obtained from the mother at en-
rollment of her infant (visit 1; within 120 hours of birth). No

Key Points
Question Is the acellular pertussis vaccine immunogenic and safe
when given at birth?

Findings In this randomized clinical trial, administration of the
acellular pertussis vaccine at birth resulted in higher pertussis
antibody responses at 6 and 10 weeks of age, with postprimary
responses equivalent to those in the control group and no
difference in systemic or local reactions. Administration of the
acellular pertussis vaccine at birth resulted in nonsignificant
reductions in antibody responses to some concomitantly
administered antigens.

Meaning Administration of the acellular pertussis vaccine at birth
has the potential to reduce severe morbidity from Bordetella
pertussis infection in the first 3 months of life, especially for infants of
mothers who have not received a pertussis vaccine during pregnancy.
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sample of umbilical cord blood was collected. Subsequent sera
samples (n = 4) were collected from infants at 6 weeks (visit 2),
10 weeks (visit 3), 24 weeks (visit 5), and 32 weeks of age (visit
6) (Figure). Details on laboratory analysis and serology mea-
surement are provided in the eAppendix in Supplement 2.

Safety
After administration of each vaccine, all infants were ob-
served for 30 minutes. Vaccine reactogenicity and safety were
assessed using a 7-day diary card after each vaccination. De-
tails on adverse event data collection are provided in the eAp-
pendix in Supplement 2.

Main Outcome Measures
Primary End Point
The primary end point was the proportion of infants with IgG
antibody responses to both pertussis toxin (PT) and pertactin
(PRN) greater than 5 enzyme-linked immunosorbent assay units
per milliliter (ELU/mL) at 10 weeks. This primary outcome was
chosen based on human household contact studies.18,19

Secondary End Points
Infants’ IgG antibody responses to PT, PRN, and filamentous he-
magglutinin (FHA) collected at 6, 24, and 32 weeks of age were
compared according to receipt of aP vaccine at birth or not, strati-
fied by confirmed maternal Tdap vaccination or pertussis infec-
tion and the presence of detectable maternal pertussis anti-
bodies at birth. The IgG antibody responses to other antigens
(hepatitis B, Hib, polio, diphtheria, tetanus, and pneumococcal)
measured at 32 weeks were compared as already described.

Statistical Analysis
Statistical analysis was performed from March 1, 2015, to June
2, 2016. All serum antibody concentrations were log trans-
formed for statistical analysis as geometric mean concentra-
tions (GMCs). Where protective thresholds are well estab-
lished, the proportions at or above this threshold (antidiphtheria,
>0.1 IU/mL; antitetanus, >0.1 IU/mL; anti-Hib, >0.15 μg/mL; and
hepatitis B surface antibody, >10 and >100 mIU/mL) were com-
pared by vaccine group. Statistical analysis includes both com-
parisons of GMC (with 95% CIs) as a continuous variable (t test)
and categorical analysis of relevant antibody thresholds (χ2 test).
For the primary outcome, comparisons between treatment
groups were performed using a Cochran-Mantel-Haenszel χ2 test
stratified by maternal Tdap status and maternal pertussis infec-
tion status, yielding an estimate of the odds ratio and associ-
ated 95% CI. The treatment effect was expressed as differences
in proportion. Statistical analysis was performed at the Na-
tional Health and Medical Research Council Clinical Trials Cen-
tre using SAS, version 9.3 (SAS Institute Inc), independent of the
testing laboratory. All P values were from 2-sided tests, and re-
sults were deemed statistically significant at P < .05.

Results
A total of 444 participants were registered, of whom 440 were
randomized and 417 (94.8% [212 in the aP group and 205 in

the control group]) completed the study (Figure). A total of 96
infants (49 in the aP group and 47 in the control group) were
born to mothers with documented receipt of Tdap within 5
years prior to delivery, with 1 mother in each group with labo-
ratory-confirmed pertussis infection within 5 years prior to de-
livery. The median age of the mothers was 33.6 years in the aP
group and 33.4 years in the control group. The median gesta-
tion of the infants was 39.2 weeks in both groups; 207 infants
were girls, and 233 were boys; and 370 infants (84.1%) were
white (189 of 221 enrolled in the aP group [85.5%] and 181 of
219 enrolled in the control group [82.6%]). Receipt of the aP
vaccine was within 2 days of birth for 96 of 221 patients en-
rolled (43.4%) and between 3 and 5 days of birth for 124 of 221
patients enrolled (56.1%); 55 of 221 patients enrolled (24.9%)
received HBV and the aP vaccine on the same day (Table 1). No
infants received the Bacillus Calmette-Guérin vaccine at birth.

Immunogenicity
Antibody Responses to Pertussis Vaccination

Primary Outcome | Infants who received the aP vaccine within
5 days of birth were significantly more likely to have IgG an-
tibody to both PT and PRN above detectable levels (>5 ELU/
mL) at 10 weeks of age compared with controls (192 of 206
[93.2%] vs 98 of 193 [50.8%]; P < .001), whether or not the
mother had received Tdap within the previous 5 years (Table 2).
Similarly, the percentage of infants lacking detectable IgG to
either PT and PRN was 19.5% (41 of 210) of those who re-
ceived the aP vaccine vs 45.0% (90 of 200) of infants in the
control group at 6 weeks, decreasing to 0% among the 206 in-
fants who received the aP vaccine vs 11.9% (23 of 193) in the
control group at 10 weeks (P < .001) (Table 2).

Secondary Outcomes | At birth, baseline maternal serum pertus-
sis antibody levels (PT, FHA, and PRN) were similar in both the
aP and control groups except for slightly higher FHA antibody
levels in the aP group (Table 3). At 6 weeks, GMCs for pertussis
IgG antibody were significantly higher in the aP group com-
pared with the control group (PT, 7.46 ELU/mL; 95% CI, 6.58-
8.46 ELU/mL vs 4.80 ELU/mL; 95% CI, 4.21-5.47 ELU/mL;
P < .001; PRN, 10.88 ELU/mL; 95% CI, 8.89-13.32 ELU/mL vs 7.37
ELU/mL; 95% CI, 6.03-9.01 ELU/mL; P = .008; and FHA, 35.63
ELU/mL; 95% CI, 31.15-40.76 ELU/mL vs 19.37 ELU/mL; 95% CI,
15.83-23.71 ELU/mL; P < .001) (Table 3). At 10 weeks, recipi-
ents of aP vaccine at birth had significantly higher GMCs of IgG
to PT (4-fold higher), PRN, and FHA, but at 6 and 8 months, only
GMCs of IgG to PT and FHA were significantly higher in the aP
group than the control group (Table 3).

Effect of Maternal Receipt of Tdap Within 5 Years of Enrollment
Significantly higher levels of pertussis antibody were found in
maternal serum at birth in both the aP vaccine and control
groups when receipt of Tdap within 5 years was confirmed. The
GMCs for PT were approximately 2.5-fold higher for those in
the aP group than those in the control group, and the GMCs
for PRN and FHA were approximately 5-fold higher for those
in the aP group than those in the control group (eTables 1-3 in
Supplement 2).
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At 6 weeks of age, levels of pertussis antibody were
higher in infants in the aP group compared with those in the
control group regardless of maternal prepregnancy Tdap
(eTable 1-3 in Supplement 2). By 10 weeks of age, pertussis
IgG levels (PT, FHA, and PRN) in infants in the aP group who
were born to mothers with no prior Tdap were higher than
in infants in the control group who were born to mothers
with confirmed Tdap less than 5 years prior (eTables 1-3 in
Supplement 2).

Infants who received the aP vaccine at birth, regardless of
maternal vaccine status, had significantly higher antibody lev-
els at 24 weeks for PT and FHA compared with infants in the
control group, while at 32 weeks, levels were significantly
higher only for the specific subgroups of FHA (maternal Tdap
<5 years and no Tdap) and PT (no maternal Tdap <5 years)
(eTables 1-3 in Supplement 2).

Overall, maternal receipt of Tdap within 5 years of deliv-
ery or the presence of detectable maternal antibody at birth
resulted in lower postprimary pertussis antibody levels (at 32
weeks of age) among infants in both the aP and control groups.
The highest pertussis antibody levels (PT, PRN, and FHA) at
32 weeks were among infants in the aP group who were born
to mothers who had not received Tdap within the past 5 years,
followed by infants in the control group who were born to
mothers who had not received Tdap within the last 5 years
(eTables 1-3 in Supplement 2).

Antibody Responses to Other Vaccine Antigens
Infants who received the aP vaccine at birth (n = 181 with sera
available for testing) had significantly lower GMCs to 4 con-
comitant antigens (hepatitis B, Hib, tetanus, and diphtheria)
at 32 weeks (Table 4). However, despite this finding, the pro-
portion of infants attaining antibody levels above putative pro-
tective thresholds was not significantly different between the
groups. There were also no significant differences in anti-
body responses to any pneumococcal vaccine serotype be-
tween infants who received the aP vaccine at birth and con-
trols (Table 4).

Figure. Flowchart of Study Population

444 Infants enrolled

440 Randomized

4 Excluded because parents or
guardians withdrew consent
after enrollment

Birth visit
221 Attended birth visit

1 Consent withdrawn after
randomization

219 Received aP vaccine as
randomized (218 maternal
sera analyzed)

1 Withdrawn by study
investigator prior to
vaccination owing to
concerns over ability to
complete study

218 Attended 6-wk visit
(210 infant sera analyzed)
1 Consent withdrawn after

birth visit owing to logistical
reasons

6-wk Visit

216 of 217 Attended 10-wk visit
(205 infant sera analyzed)
1 Consent withdrawn after

6-wk visit owing to not
wanting to participate further

10-wk Visit

215 Attended 6-mo visit
(201 infant sera analyzed)
1 Withdrawn by study

investigator owing to medical
illness after 4-mo visit

6-mo Visit

206 Attended 8-mo visit
2 Consent withdrawn after

6-mo visit owing to a move
from study area (n = 1) or
not wanting to participate
further (n = 1)

8-mo Visit

205 Attended all study visits
1 Withdrawn by study

investigator owing to
medical illness after
 8-mo visit (212 attended
12-mo visit)

12-mo Telephone follow-up visit

216 Attended 10-wk visit
1 Consent withdrawn after

10-wk visit owing to not
wanting to participate further

4-mo Visit

221 Randomized to receive
aP vaccine

219 Attended birth visit and
received HBV vaccine as
randomized (218 maternal
sera analyzed)

Birth visit

213 Attended 6-wk visit
(200 infant sera analyzed)
6 Consent withdrawn after

birth visit owing to logistical
reasons (n = 3) or not wanting
to participate further (n = 3)

6-wk Visit

206 of 211 Attended 10-wk visit
(193 infant sera analyzed)
1 Consent withdrawn after

6-wk visit owing to a move
from study area

1 Protocol violation (6-wk
vaccine given out of window)

10-wk Visit

199 of 206 attended 8-mo visit
(183 infant sera analyzed)
1 Consent withdrawn after

6-mo visit owing to not
wanting to participate
further

8-mo Visit

196 Attended all study visits
1 Lost to follow-up after

8-mo visit (205 attended
12-mo visit)

12-mo Telephone follow-up visit

211 Attended 4-mo visit
4-mo Visit

207 Attended 6-mo visit
(185 infant sera analyzed)
4 Consent withdrawn after

4-mo visit owing to a move
from study area or logistical
reasons (n = 1)

6-mo Visit

219 Randomized to control
group

The numbers of infants approached, assessed for eligibility, and primarily excluded
are unknown. aP indicates acellular pertussis; HPV, hepatitis B vaccine.

Table 1. Characteristics of Study Participants According to Group

Characteristic
aP Group
(n = 221)

Control Group
(n = 219)

Birth weight,
mean (range), g

3479.0
(3417.6-3540.5)

3548.8
(3492.7-3605.0)

Gestation, mean (range), wk 39.2 (39.0-39.4) 39.2 (39.0-39.3)

Boys, No. (%) 117 (52.9) 116 (53.0)

aP vaccine days 0-2, No. (%) 96 (43.4) NA

aP vaccine days 3-5, No. (%) 124 (56.1) NA

HBV days 0-2, No. (%) 201 (91.0) 191/218 (87.6)

HBV days 3-5, No. (%) 20 (9.0) 27/218 (12.4)

Withdrew prior to 2 mo of age,
No. (%)

3 (1.4) 5 (2.3)

Documented maternal Tdap
within 5 y prior to enrollment,
No. (%)

49 (22.2) 47 (21.5)

Abbreviations: aP, monovalent acellular pertussis vaccine; HBV, hepatitis B
vaccine; NA, not applicable; Tdap, tetanus toxoid, reduced diphtheria toxoid,
and pertussis antigen content.
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Reactogenicity and Safety
Overall, less than 1% of infants had fever (temperature, ≥38.0°C)
within 2 days after the birth dose of aP vaccine (n = 0) and/or HBV
(n = 1) (eTable 4 in Supplement 2). Infants given aP vaccine at
birth had no increase in local injection site or systemic reac-
tions (eTable 4 in Supplement 2). There was no difference in ad-
verse events after the dose at 32 weeks between groups.

Discussion
Immunogenicity of the aP Vaccine at Birth
In the largest study to date, to our knowledge, administration
of aP vaccine without diphtheria and tetanus and HBV within
5 days of birth resulted in significantly higher antibodies to per-
tussis (both PT and PRN) by 10 weeks of age compared with

controls receiving only HBV at birth. In addition, receipt of aP
vaccine at birth resulted in higher pertussis antibodies (PT, PRN,
and FHA) by 6 weeks of age regardless of whether the mother
had received Tdap within 5 years of delivery, although this re-
sult did not achieve statistical significance. These results in-
dicate that a birth dose of aP vaccine is immunogenic in new-
borns and significantly narrows the immunity gap between
birth and 14 days after receipt of DTaP at 6 or 8 weeks of age,
marking the critical period when infants are most vulnerable
to severe pertussis infection.

These results confirm and expand on those from 3 earlier
small studies that have examined administration of the aP vac-
cine at birth.10-12 The 2 most similar studies—a previous pilot
study11 and a German study10—both using aP vaccine pro-
duced by the same manufacturer, found statistically signifi-
cantly higher GMCs of anti-PT, anti-PRN, and anti-FHA IgG

Table 2. PT and PRN Antibody Levels Measured at 10 Weeks of Age

Maternal Tdap Status Pertussis Antibody

No./Total No. (%)
Difference in
Proportions, % OR (95% CI) P ValueaP Group Control Group

Maternal Tdap within 5 y PT and PRN >5 43/47 (91.5) 27/44 (61.4) 30.1 NA <.001

No maternal Tdap PT and PRN >5 149/159 (93.7) 71/149 (47.7) 46.1 NA <.001

Combined PT and PRN >5 192/206 (93.2) 98/193 (50.8) 42.4 13.3 (7.2-24.5) <.001

Maternal Tdap <5 y PT and PRN <5 0/47 3/44 (6.8) 6.8 NA <.001

No maternal Tdap PT and PRN <5 0/159 20/149 (13.4) 13.4 NA <.001

Combined PT and PRN <5 0/206 23/193 (11.9) 11.9 Not calculable <.001

Abbreviations: aP, acellular pertussis; NA, not applicable; OR, odds ratio; PRN, pertactin; PT, pertussis toxin; Tdap, tetanus toxoid, reduced diphtheria toxoid, and
pertussis antigen content.

Table 3. Pertussis IgG Antibody (GMC and Detectable) Levels by Study Group and Age

Age at Visit

aP Groupa Control Groupb

P
Value

No./Total No.
(% Detectable)c GMC, ELU/mL (95% CI)

No./Total No.
(% Detectable)c GMC, ELU/mL (95% CI)

Antibody responses
to pertussis toxin

Maternal 135/216 (62.5) 7.75 (6.74-8.92) 121/217 (55.8) 6.63 (5.78-7.60) .12

6 wk 136/210 (64.8) 7.46 (6.58-8.46) 74/198 (37.4) 4.80 (4.21-5.47) <.001

10 wk 199/205 (97.1) 25.42 (22.62-28.56) 112/193 (58.0) 6.04 (5.34-6.83) <.001

6 mo 201/201 (100) 42.63 (38.79-46.85) 184/185 (99.5) 32.17 (29.48-35.10) <.001

8 mo 181/181 (100) 52.80 (48.16-57.88) 183/183 (100) 45.18 (41.62-49.04) .01

Antibody responses
to pertactin

Maternal 131/218 (60.1) 13.28 (10.60-16.64) 131/218 (60.1) 10.12 (8.30-12.34) .08

6 wk 135/210 (64.3) 10.88 (8.89-13.32) 135/200 (67.5) 7.37 (6.03-9.01) .008

10 wk 199/205 (97.1) 31.62 (27.22-36.73) 156/193 (80.8) 14.11 (12.00-16.59) <.001

6 mo 197/201 (98.0) 45.08 (39.50-51.45) 181/185 (97.8) 37.36 (31.79-43.9) .08

8 mo 179/181 (98.9) 88.62 (78.00-100.68) 181/183 (98.9) 79.62 (70.20-90.32) .24

Antibody responses
to filamentous
hemagglutinin

Maternal 204/216 (94.4) 36.86 (30.86-44.01) 188/211 (89.1) 28.22 (23.40-34.03) .04

6 wk 209/210 (99.5) 35.63 (31.15-40.76) 157/196 (80.1) 19.37 (15.83-23.71) <.001

10 wk 205/205 (100) 122.19 (109.43-136.40) 188/192 (97.9) 27.31 (23.94-31.17) <.001

6 mo 201/201 (100) 191.95 (175.12-210.40) 185/185 (100) 128.25 (115.46-142.45) <.001

8 mo 181/181 (100) 260.53 (238.74-284.30) 183/183 (100) 216.65 (197.91-237.17) .004

Abbreviations: aP, acellular pertussis;
ELU, enzyme-linked immunosorbent
assay units; GMC, geometric mean
concentration; Hib, Haemophilus
influenzae type b.
a The aP group received the aP

vaccine and the hepatitis B vaccine
at birth, then diphtheria, tetanus,
aP, hepatitis B, and Hib antigens at
6 weeks, 4 months, and 6 months
of age.

b The control group received the
hepatitis B vaccine at birth, then
diphtheria, tetanus, aP, hepatitis B,
and Hib antigens at 6 weeks, 4
months, and 6 months of age.

c Protocol participants who had blood
samples collected for antibody
analysis (% detectable = pertussis
toxin, pertactin, and filamentous
hemagglutinin antibody >5
ELU/mL).
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antibody at 2 or 3 months of age in infants who received the
aP vaccine at birth compared with those who had not been
vaccinated.

Safety of the aP Vaccine at Birth
In our study, receipt of the aP vaccine at birth was found to be
safe and well tolerated. More important, in this study, the
prevalence of fever after receipt of the birth dose, which can
mistakenly be associated with potential sepsis and result in ad-
ditional investigations in the neonatal period, was similar in
both the group that received the aP vaccine at birth and the
control group. We found no increased risk of local adverse
events after dose 4 of aP-containing vaccines at 32 weeks in
infants given the aP vaccine at birth.

Effect of aP Vaccine at Birth on Pertussis Antibody
Responses to Later Doses
In our study, pertussis antibody levels were significantly higher
for PT and FHA and were nonsignificantly different for PRN
at 32 weeks in recipients of the aP vaccine at birth compared
with controls. This finding is similar to results from previous
studies using a GlaxoSmithKline-manufactured aP vaccine10,11

but contrasts with results from a small study in the United
States, in which Sanofi Pasteur–manufactured DTaP admin-

istered at birth resulted in lower GMCs for both PT and FHA
after primary vaccination than among controls.9 These con-
trasting findings may be related to the different compositions
of the pertussis antigens in the GlaxoSmithKline (3 compo-
nents) and Sanofi Pasteur (5 components) vaccine, an effect
of the administration of concomitant diphtheria and tetanus
toxoid, or some other factor, but they are consistent with in-
terference from specific vaccines rather than neonatal immu-
nization itself.20

Effect of Maternal Pertussis Antibodies
on Infant Vaccine Responses
The presence of maternal pertussis antibodies at birth can nega-
tively affect postprimary responses to pertussis, diphtheria, and
diphtheria-related CRM197 conjugate vaccines with a variety of
infant immunization schedules and vaccines.21,22 A UK study
found reduced (or “blunted”) pertussis, diphtheria, and CRM-
based conjugate pneumococcal antibody responses in infants
born to mothers who were immunized during pregnancy.22 In
contrast, enhancement of responses to tetanus-related vac-
cines also appears to be relatively consistent.22,23 Maertens et
al24 found persistent minor blunting 1 month after a fourth vac-
cine dose (at 15 months of age) for anti-PT antibodies, but the
clinical significance of this result is doubtful.

Table 4. Concomitant Antigen Antibody Responses at 8 Months of Age After Completion of Primary Vaccination

Antibody Threshold

aP Groupa Control Groupb

P Value
for GMC

P Value for
Reaching
Protective
Thresholdd

No./Total No.
(% >Threshold)c GMC, ELU/mL (95% CI)

No./Total No.
(% >Threshold)c GMC, ELU/mL (95% CI)

Hepatitis B >10 mIU/mL 149/150 (99.3) 1218 (984-1506) 145/145 (100) 2275 (1883-2747) <.001 .33

>100 mIU/mL 143/150 (95.3) 141/145 (97.2) <.001 .39

Hib >0.15μg/mL 176/182 (96.7) 1.53 (1.27-1.85) 177/183 (96.7) 2.12 (1.76-2.57) .02 .99

>1 μg/mL 111/182 (61.0) 136/183 (74.3) .02 .006

Diphtheria >0.1 IU/mL 180/181 (99.4) 1.24 (1.09-1.41) 183/183 (100) 1.78 (1.57-2.03) <.001 .31

>1 IU/mL 106/181 (58.6) 140/183 (76.5) <.001 <.001

Tetanus >0.1 IU/mL 181/181 (100) 2.04 (1.84-2.27) 183/183 (100) 2.69 (2.44-2.96) <.001

>1 IU/mL 149/181 (82.3) 170/183 (92.9) <.001 .002

Pneumococcal
serotype

PnC 1 NC 186 0.93 (0.82-1.06) 179 0.93 (0.82-1.06) .98 NC

PnC 4 NC 186 1.54 (1.37-1.73) 179 1.51 (1.36-1.68) .86 NC

PnC 5 NC 186 2.15 (1.91-2.42) 179 1.89 (1.67-2.14) .14 NC

PnC 6A NC 186 0.33 (0.27-0.39) 179 0.29 (0.24-0.35) .36 NC

PnC 6B NC 186 0.85 (0.75-0.98) 179 0.73 (0.64-0.83) .10 NC

PnC 7F NC 186 2.05 (1.83-2.29) 179 1.97 (1.77-2.20) .62 NC

PnC 9V NC 186 1.74 (1.53-1.99) 179 1.52 (1.34-1.73) .15 NC

PnC 14 NC 186 2.46 (2.13-2.84) 179 2.57 (2.23-2.97) .66 NC

PnC 18C NC 186 2.63 (2.25-3.08) 179 2.25 (1.93-2.64) .17 NC

PnC 19A NC 186 0.27 (0.23-0.32) 179 0.27 (0.23-0.31) .92 NC

PnC 19F NC 186 3.25 (2.84-3.73) 179 3.14 (2.76-3.57) .72 NC

PnC 23F NC 186 1.02 (0.88-1.18) 179 0.93 (0.81-1.07) .36 NC

Abbreviations: aP, acellular pertussis; ELU, enzyme-linked immunosorbent
assay units; GMC, geometric mean concentration; Hib, Haemophilus influenzae
type b; NC, not calculated; PnC, pneumococcal serotype.
a The aP group received the aP vaccine and the hepatitis B vaccine at birth, then

diphtheria, tetanus, aP, hepatitis B, and Hib antigens at 6 weeks, 4 months,
and 6 months of age.

b The control group received the hepatitis B vaccine at birth, then diphtheria,
tetanus, aP, hepatitis B, and Hib antigens at 6 weeks, 4 months, and 6 months
of age.

c Protocol participants who had blood samples collected for antibody analysis.
d Determined by use of the χ2 test.
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Our study findings are consistent with others showing that
detectable maternal antibody at birth is associated with lower
pertussis antibody responses after the primary immunization
schedule.25,26 In our study, this result was seen in both the in-
fants who received the aP vaccine and those in the control group.
The clinical significance of reductions in pertussis antibody
related to maternal interference will require ongoing clinical
evaluation because there are no accepted serologic correlates
of protection.27

Interference of Concomitant Antigen Responses
In our study, a birth dose of the aP vaccine resulted in signifi-
cantly reduced GMCs to the concomitant antigens Hib, diph-
theria, and tetanus at 32 weeks; the proportion above the
protective threshold was lower but did not reach statistical sig-
nificance for hepatitis B. Antibody responses to pneumococ-
cal serotypes were consistently, but nonsignificantly, higher
in infants who received the aP vaccine at birth compared with
controls. Responses to concomitantly administered antigens
are not fully understood. One possibility is that of “by-
stander” interference, speculated to reflect the induction of
strong pertussis T-cell responses interfering with the subse-
quent induction of CD4+ helper T cells.20 The exact mecha-
nisms for vaccine interference and its apparent preferential in-
duction after neonatal rather than later immunization remain
to be elucidated.28,29

Limitations
Our study was an open-label study, and therefore it is pos-
sible that parents were more likely to report symptoms after
receipt of the aP vaccine. Lack of an established serologic cor-
relate of protection for pertussis makes interpretation of per-
tussis antibody results problematic, but data from household
contact studies support the importance of a lack of detect-
able antibody to either PT or PRN.18,19 Our study enrolled only
term neonates, and therefore we are unable to comment on
the immunogenicity and safety of the administration of the aP
vaccine at birth for premature infants, in whom immune re-
sponses may be reduced.

Conclusions

Our study has shown that a dose of aP vaccine at birth was
immunogenic and safe and may induce earlier protection3

through generating “active” humoral immunity. There was
evidence of a lower pertussis antibody level after completion
of the primary vaccine series in infants born to mothers who
had received Tdap within the 5 years prior to delivery, as has
been shown for higher antibody levels in mothers receiving
Tdap during pregnancy.22,23 The clinical significance of this
finding is not known but is less likely to be important in set-
tings in which aP booster vaccines in the second year of life
are routine.

Although receipt of Tdap during pregnancy is the current
recommended strategy, administration of the aP vaccine at
birth has the potential to reduce the risk of death and severe
morbidity from Bordetella pertussis infection in the first 2
months of life among infants whose mothers did not receive
Tdap during pregnancy. Programs of the administration of
HBV at birth are well established in the United States and
Australia, but there remain regions where high coverage for
maternal vaccination has been challenging. Despite maternal
Tdap vaccination now being recommended widely in high-
income countries,24-26,30 there is likely to remain a cohort of
infants who do not benefit from this approach either because
the mother was not vaccinated or because her infant was
born prematurely.31

A monovalent (without diphtheria or tetanus) acellular per-
tussis vaccine containing genetically modified PT and FHA
has been shown to be highly immunogenic in adolescent
studies32 supporting licensure in Thailand, and a study using
the baboon model found that a monovalent aP vaccine had
equivalent effectiveness to Tdap during pregnancy.33 Avail-
ability of a monovalent acellular pertussis vaccine has the
potential to be valuable in maternal programs in high-income
countries (where tetanus and diphtheria boosting is not
needed) and would also facilitate the option of neonatal
vaccination.
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Chapter 3 – Pneumococcal disease 

3.1 Measuring Pneumococcal disease    

 
3.1.1 McIntyre P, Menzies R, Krause V, Selvey L, Hall R, Misrachi A, Andrews R, Giele C, Gill J. 

Surveillance of pneumococcal disease in Australian States and Territories. Commun Dis Intell 
2000; 24:93-5.  
 

3.1.2 McIntyre PB, Gilmour RE, Gilbert GL, Kakakios AM, Mellis CM. Epidemiology of invasive 
pneumococcal disease in urban New South Wales, 1997-1999. Med J Aust 2000; 173 Suppl: 
S22-6. 
 

3.1.3 Yin JK, Jayasinghe S, Charles P, King C, Chiu C, Menzies R, McIntyre P. Determining the 
contribution of Streptococcus pneumoniae to community-acquired pneumonia in Australia. 
Medical Journal of Australia 2017; 207: 396-400. 
 
 

 



 

363  

 

 

 

 

 

 

 

 
3.1.1 McIntyre P, Menzies R, Krause V, Selvey L, Hall R, Misrachi A, Andrews R, Giele C, Gill J. Surveillance 

of pneumococcal disease in Australian States and Territories. Commun Dis Intell 2000; 24:93-5.  



Surveillance of pneumococcal disease in
Australian States and Territories

Peter McIntyre,1 Robert Menzies,2 Vicki Krause,3 Linda Selvey, 4 Robert Hall, 5 
Avner Misrachi,6 Ross Andrews,7 Carolien Giele,8 Jag Gill8

Abstract
Information on pneumococcal disease, including immunisation programs, and optimum future surveillance in each 
Australian State and Territory were discussed at the Pneumococcal Disease in Australia Workshop on 26-27 March 
1999. Workshop participants further expanded on the surveillance aspects of the Workshop in this re port. Most
participants favoured notification by laboratories of pneumococcal isolates from sterile sites, to provide baseline
surveillance data before immunisation programs are fully implemented. It was also thought that trends in
antimicrobial resistance should be notified. Commun Dis Intell 2000;24:93-95.

Keywords: pneumococcal disease, surveillance, antimicrobial resistance

The available data on pneumococcal disease differ widely
among jurisdictions in Australia. The situation was outlined
by participants from each State and Territory at the
Workshop. Workshop discussions about these data and
optimum future surveillance for pneumococcal disease in
Australia, have been expanded on and summarised below.

Data available in all jurisdictions
Hospital discharge data for ICD codes covering
pneumococcal disease are available in all States and
Territories. However, the system lacks timeliness, with a
12–18 month lag to the most recent completed data.
Mortality data from the Australian Bureau of Statistics have
similar limitations. The ICD code for pneumococcal
pneumonia in particular is non-specific, but potentially useful 
for monitoring trends. Neither data source gives information
about the serotype or antimicrobial susceptibility of
pneumococcal isolates.

Data available in some jurisdictions
Invasive pneumococcal disease is currently notifiable in the
Northern Territory (since 1994) and Queensland (since
1996). Some other jurisdictions have specific pneumococcal 
surveillance through voluntary laboratory networks
coordinated locally (Victoria, Western Australia,
metropolitan New South Wales). Thus only South Australia,
Tasmania and the Australian Capital Territory have no
current pneumococcal surveillance beyond hospital
discharge and mortality data. The available data sources by
State/Territory are shown in Table 1.

Pneumococcal immunisation programs
Indigenous populations

The three jurisdictions with the largest proportions of
Aboriginal and Torres Strait Islander residents (Northern
Territory, Queensland and Western Australia) all have
current or past pneumococcal immunisation programs for
some or all of their indigenous population. High rates of
invasive pneumococcal disease have been most completely 
documented for the longest period in Central Australia1  and
subsequently the rest of the Northern Territory. The
Northern Territory had an ‘adults are at risk’ campaign to
promote adult immunisation, including pneumococcal
immunisation, in 1994–95. Subsequently, project officers
were employed (1995–97) to promote and distribute free
pneumococcal vaccine to Aboriginal persons over 50 years
of age or with risk factors. From vaccine distribution data, it
was estimated that 50% of the target population was
immunised; this has probably decreased since funding of
project officers ceased. In Western Australia a number of
regional pneumococcal immunisation programs were
conducted in the north of the State from 1986, initially
targeting children aged 2–15 years (Pilbara and parts of
Kimberly) and more recently adults over 50 years of age.
The impact of these initiatives is being evaluated by Dr
Donna Mak from Kimberley Public Health Unit, but is
hampered by lack of documentation. In Far North
Queensland the Tropical Public Health Unit has
implemented both pneumococcal surveillance and
immunisation (personal communication, Jeffrey Hanna).
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Non-indigenous populations

Victoria is the only jurisdiction to make pneumococcal
vaccine available free of charge to non-indigenous adults
over 65 years of age. The Victorian program was
implemented in 1998, with an estimated increase in
coverage in the over-65 year old population of 30%, giving a
cumulative coverage of 42% by the end of 1998. The cost of
the program, with 199,000 doses distributed, was estimated
to be $5.74 million. Several other jurisdictions have
estimated (by telephone survey) pneumococcal vaccine
coverage in those over 65 years of age to be less than 10%.

Requirements for pneumococcal
surveillance
The data required for adequate surveillance of
pneumococcal disease relate to two main areas:

1. monitoring of antimicrobial resistance, with the aim of
providing feedback to influence antimicrobial prescribing;
and 

2. monitoring the impact of pneumococcal immunisation
programs, both for polysaccharide vaccines in at-risk adults
and for conjugate pneumococcal vaccines when these
become part of the routine schedule.

Requirements for surveillance were discussed at the
Workshop by three groups with broad representation. There
was general agreement that surveillance was necessary,
and that this should be based on laboratory reporting of
sterile site isolates. While recognising the differences
between jurisdictions in legal frameworks for notifiable
diseases, the majority thought that adequate surveillance
would be best achieved by making invasive pneumococcal
disease (defined by an isolate from a sterile site) notifiable.
The variables required would be similar to those in the
enhanced Hib Surveillance Scheme which requires, in

addition to basic demographic data, information about
Aboriginality, immunisation status and underlying
disease/risk factors of notified cases. Laboratory data are
required to determine the prevalence of resistance and
serotypes. The serotype of the isolate is especially
important information from immunised cases. Serotyping is
currently being performed in Western Australia (VISN),
Northern Territory (Menzies School), Queensland
(Queensland Health Scientific Services), New South Wales
(New Children’s Hospital/ICPMR) and Victoria (MDU).

Recommendations
Notification

The majority of workshop participants and State/Territory
representatives were in favour of pneumococcal isolates
from sterile sites being notifiable to State/Territory health
departments. Notification would be direct from the
laboratory and would be facilitated by the development of
electronic data transfer, as for other predominantly
laboratory-notified conditions. Concern was expressed that
introducing compulsory notification might adversely affect
existing voluntary laboratory notification schemes. The
public health action arising out of notifications would
primarily relate to monitoring of immunisation programs, and 
would provide an important baseline for evaluation before
immunisation programs are funded and fully implemented.
The public health action could also include promotion of
appropriate antibiotic use by monitoring trends in
antimicrobial resistance.

Data required for notification

The primary role of monitoring immunisation programs
means that Aboriginality, the presence of indications for
immunisation as defined by the National Health and Medical
Research Council (NHMRC), and immunisation status are
important variables for this notification system. This will
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Jurisdiction Data source

Notifications Laboratory network

Serotyping

Data available Performed locally

ACT No No No No

NSW No Yes1 Yes1 Yes

NT Yes Yes2 Yes2 No

Qld Yes No Yes3 Yes

SA No No Discontinued No

Tas No No No No

Vic No Yes4 Yes4 Yes

WA No Yes5 Yes5 Yes

Table 1. Sources of data for surveillance of pneumococcal disease, by jurisdiction

1. Metropolitan NSW Pneumococcal Study Group — voluntary.
2. Public microbiology laboratories refer isolates to Queensland Health Scientific Services.
3. Isolates forwarded by some laboratories only. Complete for Far North Queensland region.

4. Victorian Hospital Pathogen Surveillance Scheme — ongoing.
5. Vaccine Impact Surveillance Network — laboratory network funded by Health Department of Western Australia.



need to be determined in line with the current review of data
requirements for surveillance of vaccine preventable
diseases.

Laboratory support

The Public Health Laboratory Network was seen as the most 
appropriate group to oversee laboratory data for
pneumococcal disease. The high incidence of
pneumococcal disease, the different serotype distribution
and existing immunisation programs in Aboriginal compared 

with other populations, necessitates special attention to
serotyping of all available isolates from this group. For the
non-Aboriginal population, serotyping could be restricted to
a sample of isolates to monitor trends.

Reference
1. Torzillo PJ, Hanna JN, Morey F, Gratten M, Dixon J, Erlich J.

Invasive pneumococcal disease in Central Australia. Med J
Aust 1995;162:182-6.

Food policy in the National Centre for
Disease Control

In response to industry and consumer concerns relating to
many food issues, the Commonwealth Department of
Health and Aged Care recently formed a Food Policy
Section within the National Centre for Disease Control of the 
Population Health Division (PHD). Under the direction of
Dr Ian McKay, the Food Policy Section’s brief includes: 

• coordinating Commonwealth policy development in
relation to food, with a focus on food safety; 

• strengthening the evidence base for national and
Commonwealth decision-making on food policy issues; 

• fostering collaborative partnerships between
government, consumers and the food industry; and

• promoting nationally consistent approaches to food
policy regulation and action.

Food safety projects are a major part of the Food Policy
Section’s activities. These are to be conducted over the next 
two years with a funding allocation of $4.6 million over that
period. These activities will provide reliable data to help
industry introduce cost effective food safety management
systems and to initiate studies to better estimate the
incidence of, and reduce foodborne illness. As a starting
point for this work, a meeting of key stakeholders, the Food
Safety Forum, was held in mid-February. It is expected that
the Forum will be convened on a regular basis, and will act
as a consultative body.

The Forum was attended by representatives of
Commonwealth, State and Territory Governments, the
Australian and New Zealand Food Authority (ANZFA),
scientists and representatives of consumer and industry
groups. The projects comprising the two year program of
work were discussed, and their scope and aims generally
received support. Some of the intended projects are outlined 
below.

• A study examining the efficacy of food safety programs
will track the introduction of food safety programs into
food premises and subsequently observe food handling
practices. Industry and State Government
representatives have offered to collaborate on the
project. Following the debate at the Forum, the terms of
reference for the project have been broadened to include

costs and benefits of the introduction of food safety
programs, to businesses. A consultant will be
commissioned to undertake this work within the next few
months. 

• A project involving the establishment of sentinel sites in
rural and urban locations will collect data on foodborne
illness. This attracted strong support from Forum
participants. The activities will include establishing a
network of epidemiologists/data managers to analyse
outbreak data and issues related to better information
transfer. The project will build on the work of the Hunter
Public Health Unit, and provide robust evidence on the
incidence of foodborne illness in Australia. The
Commonwealth will fund each site for two years, in
interested jurisdictions. The funding would cover
employing an epidemiologist/data manager, travel,
laboratory tests, specimen equipment, courier charges
and interviewer fees. In making this offer, interested
jurisdictions would be expected to contribute resources
through provision of infrastructure requirements for the
site such as working space, operational facilities such as
computer, telephone and facsimile as well as support
services as required. The Commonwealth will employ a
project manager to coordinate the activities of the sites
and to act as a central liaison and coordination point.
Regular quarterly meetings between the epidemiologists
and State/Territory and Commonwealth agencies will
take place to ensure consistency of data collection and
collation. A meeting of interested State/Territories,
ANZFA and PHD was held in March to discuss the scope
and activities to be undertaken. Contract negotiations are 
currently underway with interested jurisdictions.

• A project to examine food contamination in Australia will
involve collaboration with ANZFA and State and Territory 
health authorities to implement new food surveillance
initiatives. This will contribute to State and Territory
initiatives of Senior Food Officers and ANZFA to put in
place a systematic and coordinated approach to food
surveillance.

Advertisements will appear in the national press shortly,
seeking submissions for consultancies related to some of
these projects. Future editions of CDI will include progress
reports.

Article
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Determining the contribution of Streptococcus
pneumoniae to community-acquired pneumonia
in Australia
J Kevin Yin1,2, Sanjay H Jayasinghe1,2, Patrick G Charles3, Catherine King1, Clayton K Chiu1, Robert I Menzies4,
Peter B McIntyre1
Abstract
ommunity-acquired pneumonia (CAP) remains a leading
cause of morbidity and mortality in older adults globally
Objective: To evaluate trends in the proportion and severity
of community-acquired pneumonia (CAP) attributable to
Streptococcus pneumoniae (pneumococcus) in Australians aged
18 years and over.

Study design: Systematic review with unpublished data from
the largest study.

Data sources: Multiple key bibliographic databases to
June 2016.

Study selection: Australian studies on the aetiology of CAP
in adults.

Data synthesis: In the 12 studies identified, pneumococcus was
the most common cause of CAP. Four studies were assessed
as being of good quality. Participants in two studies were
predominantly non-Indigenous (n ¼ 991); the proportion of
pneumococcal CAP cases declined from 26.4% in 1987e88
to 13.9% in 2004e06, and the proportion with bacteraemia
decreased from 7.8% to 3.8%. In two studies with predominantly
Indigenous participants (n ¼ 252), the proportion with
pneumococcal bacteraemia declined from 6.8% in 1999e2000
to 4.2% in 2006e07. In the largest study (n ¼ 885; 2004e06),
50.8% (60/118) of pneumococcal CAP occurred in people who
were � 65 years old. Among patients aged � 65 years, intensive
care unit admission and death were more common in patients
who were � 85 years old compared with younger patients
(12.5% v 6.8%; 18.8% v 6.8% respectively), and also more
common in the 19 patients with bacteraemia than in those
without it (15.8% v 2.6%; 10.5% v 7.9% respectively). Of
17 cases of bacteraemia serotyped, 12 were due to 13-valent
pneumococcal conjugate vaccine (13vPCV) serotypes and three
to additional serotypes in 23-valent pneumococcal
polysaccharide vaccine (23vPPV).

Conclusions: Available data suggest that the proportion of CAP
attributable to pneumococcus (both bacteraemic and non-
bacteraemic) has been declining in Australian adults. Should
13vPCV replace the 23vPPV currently funded by the National
Immunisation Program for persons aged � 65 years, surveillance
to track non-bacteraemic pneumococcal CAP will be essential
to evaluate the impact.
Cand in Australia.1,2 Streptococcus pneumoniae (pneumo-
coccus) is the single most common causative organism implicated
in hospitalised cases of CAP among adults in most settings.3,4

Estimation of the proportion of CAP attributable to pneumococcus
is challenging in the absence of bacteraemia, that is, when pneu-
mococcus is not isolated from blood culture. For these non-
bacteraemic cases, the available diagnostic tests are sputum
culture or detection of pneumococcal antigen in sputum or urine.5

In clinical settings, the proportion of CAP episodes tested by any of
these methods is typically low, and some guidelines recommend
against routine diagnostic testing.5 Therefore, data on non-
bacteraemic pneumococcal CAP can only be reliably obtained
from specifically designed studies.

Although a recent global estimate of the proportion of CAP
attributable to pneumococcus was 27%,6 estimates limited to
industrialised countries are much lower, with 10e15% reported in
the United States between 1999 and 2012, despite using more
sensitive detectionmethods.7 More recently, data on prevention of
pneumococcal CAP in adults aged � 65 years from a randomised
trial of 13-valent pneumococcal conjugate vaccine (13vPCV)— the
CAPiTA (Community-Acquired Pneumonia Immunization Trial
inAdults) study—becameavailable. This resulted in the burden of
pneumococcal-attributable CAP becoming key to assessing the
potential benefits of direct vaccination of adults aged � 65 years
with 13vPCV.8

In Australia, 13vPCV is registered for use in all individuals from
6 weeks of age, but is publicly funded under the National Immu-
nisation Program (NIP) only for children. For older adults, the
pneumococcal vaccine currently on the NIP is the 23-valent
pneumococcal polysaccharide vaccine (23vPPV). During the eco-
nomic evaluation of an application by the vaccine manufacturer to
list 13vPCV on the NIP, the Pharmaceutical Benefits Advisory
Committee (PBAC) identified a key evidence gap that was a
reliable estimate of the burden of non-bacteraemic pneumococcal
CAP for Australian adults.9,10 In July 2016, the PBAC deemed that
there would be sufficient gains, particularly against pneumococcal
CAP as shown in CAPiTA, to warrant the listing of 13vPCV on the
NIP for pneumococcal vaccine naive non-Indigenous adults
aged� 65 years, and Indigenous adults aged� 50 years, replacing
the 23vPPV currently offered to these populations.11 As of June
2017, theAustralianGovernment is yet to decidewhether to accept
this positive recommendation from PBAC.

Given that the baseline data on the burden of non-bacteraemic
pneumococcal CAP in Australia are essential to gauging the
benefits of a future adult 13vPCV program, we present here a
descriptive synthesis of Australian data relevant to estimating the
burden of pneumococcal CAP.Our review focused on the trends in
1 National Centre for Immunisation Research and Surveillance, Kids Research Institute, Chil
3Austin Health, Melbourne, VIC. 4University of New South Wales, Sydney, NSW. jk.yin
the proportion of CAP attributable to pneumococcus in adults over
time, and its severity.
Methods

We report our review according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines where applicable.

The literature search was conducted in multiple key biomedical
bibliographic databases; the last search was done on 7 June 2016.
dren’s Hospital at Westmead, Sydney, NSW. 2University of Sydney, Sydney, NSW.
@hotmail.com j doi: 10.5694/mja16.01102

mailto:jk.yin@hotmail.com
https://doi.org/10.5694/mja16.01102


Systematic review
Hand searching was also performed (online Appendix). Two
authors (JKY and SJ) independently reviewed the search results.
We included original studies conducted in any setting inAustralia,
with any study design,which contained data among adult patients
(aged � 18 years) on the aetiology of CAP. Studies with uncertain
eligibility had the full text reviewed by the authors, and any
disagreement regarding eligibility was solved by discussion
between them. We included studies where the diagnosis of pneu-
mococcal CAP was based on confirmation by blood culture,
sputum culture, or urine antigen test (UAT). UAT has been shown
to have higher sensitivity than the polymerase chain reaction in
serum.12 Our diagnostic criteria are similar to those of the CAPiTA
study.8 Available grey literature, which predominantly comprises
national and jurisdictional reports describing routine pneumo-
coccal disease surveillance data limited to invasive pneumococcal
disease, was not considered useful for our review (online
Appendix).

Two authors (JKY and SJ) independently assessed the risk of bias of
included studies with a modified version of the Effective Public
Health Practice Project (EPHPP) quality assessment tool,13,14 using
six of its eight assessment components (excluding “confounders”
and “intervention integrity”) and adding study size consideration.
As no study was a randomised trial, we classified the included
studies as either “moderate risk of bias” (ie, studies rated as
“strong” or “moderate” quality using the EPHPP tool and that
had� 100participants) or “high risk of bias” (ie, thosewith “weak”
quality or smaller sample size).
1 Results of the literature search and the studies analysed*30

* Adapted from the PRISMA diagram (Moher D, Liberati A, Tetzlaff J, Altman DG,
PRISMA Group. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: the PRISMA statement. PLoS Med 2009; 6: e1000097). u
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Data analyses
We used all included studies (regardless of quality) to examine the
proportion of all-cause CAP episodes in adults tested for aetiology,
stratified by study design.

To examine the trend over time in the proportion of CAP attrib-
utable to pneumococcus, we only included studies with moderate
risk of bias. For this analysis, we defined three time periods, which
correspond to respective pneumococcal vaccination programs
implemented in Australia:

� before 2001, which is the period before the start of any pop-
ulation pneumococcal vaccination program;

� during 2001e05, which is the time period that encompasses
the start of the universal 7-valent pneumococcal conjugate
vaccine (7vPCV) program for infants and 23vPPV program for
older adults; and

� 2006 and onwards.

In order to examine the severity of pneumococcal CAP in older
adults, we obtained and analysed unpublished data from the
study by Charles and colleagues.15 The use of these data was
covered by the human research ethics approval in the original
study, which was obtained in all participating hospitals.15 In-
dicators of severity included the proportion of CAP episodes
associated with bacteraemia, admission to an intensive care unit
(ICU) or high dependency unit (HDU), and case fatality rate. We
also compared the severity of bacteraemic and non-bacteraemic
CAP episodes in Charles et al.15 Moreover, because the pneu-
mococcal serotype that causes disease is routinely captured in the
national notifications data for invasive pneumococcal disease, we
endeavoured to determine, where possible, the causative sero-
type for cases using the additional data on serotypes and age
group from Charles and colleagues.15 We requested additional
information from the authors of this study to presumptively
match those cases to national notifications data from theNational
Notifiable Diseases Surveillance System (NNDSS) using a com-
bination of partial identifiers.

The 95%confidence intervals (CIs) for a proportionwere calculated
by the exact binomial test. We used the c2 test to compare the
proportions ofCAP-associated ICUorHDUadmission ordeath for
data of two groups. All tests and calculations were performed
using the Stata/MP 13.1 computer software (StataCorp, Texas,
USA).

Subgroup analyseswere performed comparing studieswith 50% or
over of participants being Indigenous (“predominantly Indige-
nous”) versus other studies (“predominantly non-Indigenous”).

Results

Study selection and characteristics
Of the 1165 studies retrieved, we identified 12 studies that pro-
vided data on the proportions of CAP episodes among adults for
pathogen identification15-25 (Box 1 and online Appendix, table 1).2

Of the 12 studies included, seven15,16,18-20,22,24 had data allowing
the proportions of CAP episodes attributable to pneumococcus to
be calculated.

Demographic information and the main results of these seven
studies with data on the proportions of pneumococcal
CAP episodes are summarised in the online Appendix, table 1.
The mean age of participants ranged from 47 to 79 years.
Six studies15,16,18-20,22 included hospitalised cases only; one24 was
conducted in the emergency department only.

The study periods of these seven studies are shown in Box 2.
Participants in three studies16,20,22 were predominantly Indige-
nous; in the other four studies, participants were either reported15

or assumed18,19,24 to be predominantly non-Indigenous.

Quality appraisal
Of the 12 studies, four (including the largest study) had amoderate
risk of bias;15,16,19,20 the others had a high risk of bias. Studies rated

https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01102_Appendix%201.pdf
https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01102_Appendix%201.pdf
https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01102_Appendix%201.pdf
https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01102_Appendix%201.pdf


2 Studies reporting on the proportions of community-acquired pneumonia episodes due to pneumococci

* 7-valent pneumococcal conjugate vaccine (7vPCV) was introduced in Australia for children at highest risk for invasive pneumococcal disease. y 7vPCV was introduced in
Australia for all infants with catch up for children born between 1 January 2003 and 31 December 2004; 23-valent pneumococcal polysaccharide vaccine was introduced for all
adults aged � 65 years. u
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with moderate risk of bias were included in assessing the trend
over time in the proportion of CAP attributable to pneumococcus.

Proportions of CAP tested for pathogen identification,
stratified by study design
As expected, the proportions of CAP episodes with microbiologic
testing were substantially higher in prospective studies for each
diagnostic test, and for populations that were predominantly non-
Indigenous (online Appendix, table 2).

Proportion of CAP attributable to pneumococcus
in adults
In studies with predominantly non-Indigenous partici-
pants,15,18,19,24 theproportion ofCAPdue topneumococci declined
over time (Box 3). The proportion of CAP attributable to
3 Proportions of community-acquired pneumonia (CAP) due to
pneumococci among four studies with moderate risk of bias,15

by Indigenous status and study period*

BC ¼ blood culture. SC ¼ sputum culture. UAT ¼ urine antigen test. * Differences among t
eras for each of the methods are all statistically significant by the c2 trend test. u
pneumococcus identified by any method decreased steadily from
26.4% in 1987e88 to 13.9% in 2004e06 (P ¼ 0.001). The same trend
was seen for CAP when restricted to cases with pneumococcal
bacteraemia, declining from 7.8% in 1987e88 to 3.8% in 2004e06,
although this was not statistically significant (P ¼ 0.058).

Among studies with predominantly Indigenous partici-
pants,16,20,22 there was no statistically significant difference in the
proportion of CAP attributable to pneumococcus among non-
Indigenous or among Indigenous adults (Box 3). Data on the
proportion of CAP due to pneumococci using other diagnostic
methods were not available.

Severity of pneumococcal CAP among older adults
Intensive care unit admission and case fatality. Using addi-
tional data that we obtained from Charles and colleagues,15 we
,16,19,20

he three
found that the proportion of ICU or HDU admission
among CAP cases (n ¼ 60) identified as pneumococcal
in patients aged � 65 years was 8.3% (95% CI,
2.8e18.4%), comparedwith 26.2% (95%CI, 13.9e42.0%)
in the 42 younger patients (P ¼ 0.015). The in-hospital
case fatality rate of pneumococcal CAP in patients
aged� 65 years was 10.0% (95%CI, 3.8e20.5%);15 these
six deaths accounted for 11.1% (95% CI, 4.2e22.6%) of
deaths fromCAP of any cause. Patients aged� 85 years
appeared to be more commonly admitted to ICU
(12.5% v 6.8%) and died (18.8% v 6.8%) compared with
patients aged 65e84 years, although these comparisons
were not statistically significant.

Serotype in bacteraemic CAP. In the study by Charles
and colleagues,15 57 of 60 CAP cases attributable to
pneumococcus in adults aged � 65 years had a blood
culture performed; pneumococcus was isolated in 19
cases (33.3%; 95% CI, 21.4e47.1%). We were able to
presumptively identify the serotype for 17 of these 19
cases: ten (59%) were due to 7vPCV serotypes, two
(12%) were due to 13v-non-7vPCV serotypes, three
(18%) were due to 23v-non-13vPPV serotypes, and two
(12%) were due to non-vaccine serotypes. The serotype
distribution of bacteraemic CAP episodes did not differ

https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01102_Appendix%201.pdf
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by timeperiod; for example, June 2004 to June 2005versus July 2005
to September 2006 (data not shown). We also found that there was
no difference between bacteraemic and non-bacteraemic CAP
episodes in terms of ICU or HDU admission rate and hospital
mortality rate (online Appendix, table 3).

Discussion

Our review provides Australia-specific estimates on the propor-
tion of CAP attributable to pneumococcus, and also on severity as
measured by admission to ICU and case fatality rate. Pneumo-
coccus remains the most commonly identified aetiology of CAP
amongolderAustralians, but the proportion ofCAPattributable to
pneumococci has declined in the past three decades.

Thedecline of the proportion ofCAPattributable to pneumococcus
is likely, at least in part, due to the herd effect of the childhood
pneumococcal conjugate vaccine program, although other factors
may also have contributed to the decline, including the potential
increase of CAP cases caused by other microorganisms. Overseas
data have shown that routine childhood immunisation with
7vPCV or 13vPCV has been associated with significant reductions
of both vaccine-serotype and all-serotype invasive pneumococcal
disease26,27 and overall pneumococcal CAP in adults.28We believe
our review provides useful baseline data for the burden of CAP in
Australia to evaluate the potential incremental benefit of a 13vPCV
vaccination program for older adults.

While age-specific comparisons cannot be made, the estimates
summarised in our study of the proportion of CAP attributable to
pneumococcus among adults are broadly similar to those in some
other industrialised countries such as the US (10e15%7).8 In the
Netherlands, the proportion of CAP attributable to pneumococcus
among older adults in the placebo arm of the CAPiTA study was
16% (125/787)8 — when calculated by excluding the 49 CAP epi-
sodes that were only identified by the serotype-specific urinary
antigen detection assay, which was not used in any other studies.
This proportion likely represents the situation of older adults in the
Dutchgeneral population. InEurope, a reviewof studies published
during 2005e12 reported a wide range of 12e85% for CAP caused
by pneumococcus among individuals aged 15 years.29

Webelieve that the estimates reported inour studyof theproportion
of CAP attributable to pneumococcus are conservative, largely
because of the effect of antibiotic use before testing and the subop-
timal sensitivity of available testing methods. In the international
meta-analysis by Said and colleagues,6 prior antibiotics reduced the
yield of pneumococci, ranging from a 26% reduction for UAT to
67% for blood culture. The use of prior antibiotics among patients
with CAP likely had resulted in underestimating the true propor-
tion of CAP attributable to pneumococcus. The serotype-specific
urinary antigen detection assay is considered more sensitive; in
CAPiTA, this test detected an additional 39% (49/125) of CAP
episodes.8 If this sensitivity is equally applicable, our estimatesmay
be just 71% of the corresponding true figures.

There are limited data in Australia on the disease outcomes for
pneumococcal CAP among older adults. Our findings on ICU and
e
m

HDU admission and case fatality rates among older adults with
pneumococcal CAP are broadly similar to overseas findings in
comparable settings.7,30,31

Our study also revealed that the disease burden and aetiology of
CAP among Indigenous people is understudied. This warrants
further, robust research, particularly considering the continued
health inequity between Indigenous and non-Indigenous Austra-
lians in relation to CAP. For example, data from the Australian
Institute of Health and Welfare reported that the risk of hospital-
isation due to pneumonia and influenza among Indigenous adults
was 3.4 times higher than that of non-Indigenous individuals
during 2012e13.32

UAT is currently underused in clinical practice, as reflected in
retrospective studies in our review. If 13vPCV is to be introduced
for routine use for prevention of pneumococcal CAP in adults in
Australia, it is essential to have a mechanism to monitor the pro-
gram impact; for example, by evaluating the proportion of CAP
attributable to pneumococcus. For this consideration, UAT is a
useful tool and warrants greater use.

There are some limitations to our review. First, the included
studies were heterogeneous and had relatively poor quality
overall. Second, our results were largely derived from the
study by Charles and colleagues,15 which is most generalisable
to CAP episodes that are managed in tertiary hospitals. These
estimates may not be representative of non-hospitalised CAP
episodes, which are likely to be less severe, and with a smaller
proportion of bacteraemic pneumococcal CAP. Moreover, not
all patients in the studies included in our review underwent
testing for pathogen identification. This was particularly so
among the retrospective studies. The suboptimal proportion of
cases tested for aetiology is consistent with routine hospital
practice in Australia. In particular, underuse of more sensitive
tests such as UAT that are specifically looking for pneumo-
coccus would lead to underestimates of the proportion of CAP
attributable to pneumococcus.

Non-bacteraemic CAP constitutes the largest burden of pneumo-
coccal disease in adults,whichhas been clearly shown innumerous
studies in many comparable settings. If 13vPCV replaces 23vPPV
under the NIP for adults aged 65 years in Australia,11 we believe
our findings will provide useful baseline data, alongside the data
on overall incidence of invasive pneumococcal disease from the
NNDSS, for evaluation of program impact and which will require
specific population surveillance activities.
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ORIGINAL STUDIES

The Impact of Pneumococcal Conjugate Vaccine on Rates of
Myringotomy With Ventilation Tube Insertion in Australia

Andrew Jardine, PhD,*† Robert I. Menzies, MPH,* Shelley L. Deeks, MD,* Mahomed S. Patel, MD,†
and Peter B. McIntyre, MD, PhD*

Background: In randomized controlled trials and postmarketing studies
the heptavalent pneumococcal conjugate vaccine (7vPCV) has been shown
to reduce myringotomy with ventilation tube insertion (MVTI) procedures
in a 4-dose schedule. In Australia, a 3-dose schedule at 2, 4, and 6 months
of age is routinely used in non-Indigenous children. Our aim was to
determine if a reduction in MVTI comparable to that documented in the
United States occurred in Australia despite the absence of the booster dose.
Methods: All episodes of MVTI in Australia from July 1998 to June 2007
among children aged �9 years were identified in an electronic database of
national hospitalization records, including the public and private sectors.
Age-stratified rates of MVTI before and after introduction of 7vPCV into
the national immunization program in 2005 were determined, with Poisson
regression modeling used to determine the vaccine impact after adjusting
for background and seasonal trends.
Results: A total of 238,634 hospital separations were identified. In the 2.5
years after routine 7vPCV introduction, there was a significant adjusted
reduction in MVTI in children aged �1, 1, and 2 years of 23%, 16%, and
6%, respectively. A nonsignificant reduction was observed in those aged 3
and 4 years, while a significant increase of 5% was observed for the 5- to
9-year age group.
Conclusions: Although ecologic data such as this have limitations, the
significant differential effects observed by time period and age group are
suggestive of a vaccine effect of similar magnitude to that documented by
postmarketing surveillance in the United States. The rapid uptake of
7vPCV in Australia, including catch up to 2 years of age, is an important
difference to the United States and it is possible that an even greater effect
would have been observed with a booster dose in the second year of life.
Longer term data will be needed to fully assess the role of a booster dose.

Key Words: heptavalent pneumococcal conjugate vaccine, middle ear
ventilation, otitis media, immunization schedule

(Pediatr Infect Dis J 2009;28: 761–765)

The most common surgical procedure used to treat recurrent
and/or chronic otitis media (OM) is myringotomy with venti-

lation tube insertion (MVTI).1,2 Studies in the United States have
shown that Streptococcus pneumoniae was the most common
pathogen grown from middle ear aspirates of children with per-
sistent OM before introduction of the heptavalent pneumococcal
conjugate vaccine (7vPCV) in that country.3 Since that time, the
relative proportion of this pathogen as a causative agent of OM has
declined significantly with a corresponding increase in proportion of
nontypeable Haemophilus influenzae.4,5

The 7vPCV was licensed for use in Australia in 2001 and all
Indigenous infants and other infants with underlying high-risk
medical conditions were funded for a 3-dose primary schedule,
with a 23-valent pneumococcal polysaccharide vaccine booster in
the second year of life for Indigenous children. From January
2005, funding for the 7vPCV program was expanded to include all
Australian infants for a 3-dose primary schedule at 2, 4, and 6
months of age without a booster (ie, 3�0 schedule), with a
catch-up program for children up to 2 years of age.6

The existing data related to the impact of 7vPCV on MVTI
have been derived from clinical trials or populations using a 3�1
vaccine schedule. The initial trials of 7vPCV demonstrated signif-
icant efficacy against MVTI procedures, with a reduction of 24%
(95% confidence interval �CI�: 12%–35%) by 3.5 years of age
observed in the Californian trial7 and of 39% (95% CI: 4%–61%)
at 4 to 5 years of age observed in the Finnish trial.8 Postlicensure
studies in the United States reported a similar reduction in tube
insertions: 23% (95% CI: 10%–35%) reduction in New York com-
pared with a 16% (95% CI: 11%–21%) reduction in Tennessee, the
difference attributed to the more rapid vaccine uptake in New York.9

The unique 3�0 schedule used in Australia provided an
opportunity to examine whether population level benefits, compa-
rable to those seen in postlicensure studies using administrative
data in the United States, can be demonstrated in the Australian
context using similar national data sources. Therefore, we aimed to
determine the impact of the vaccine in Australia on monthly
age-specific rates of hospital separations for MVTI in non-Indig-
enous children �9 years of age, using national hospitalization
records from July 1998 to June 2007. The MVTI procedure was
chosen as it is likely to have higher specificity than OM-related
diagnosis codes, and also for comparability to previous analyses.
Our a priori hypothesis was that the greatest reductions in the rate
of MVTI would be observed in children �3 years of age after the
introduction of the universal 7vPCV program in January 2005, as
this was the age group targeted for vaccination.

METHODS
The outcome measure used in this ecological study was the

International Classification of Diseases 10th revision (ICD-10) pro-
cedure codes for MVTI (unilateral: 41632-00; bilateral: 41632-01)10

performed during a hospital stay in Australia. Records were
extracted between July 1998 and June 2007 inclusive from the
Australian Institute of Health and Welfare National Hospital Mor-
bidity Database, an electronic collection of de-identified records of
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episodes of care in over 99% of public and private hospitals in
Australia. MVTI was counted once only, regardless of whether one
or both ears were treated. As records were not uniquely identified,
over-counting was possible if a child had one or more subsequent
tube insertions, but this is unlikely to have affected trends over
time. Indigenous children were excluded from the analysis due to
differences in vaccine use, rates of MVTI, etiology, age distribu-
tion, and treatment of OM,11–13 and will be reported separately.
Cases were classified as non-Indigenous when so coded or when
Indigenous status was not reported in accordance with Australian
Institute of Health and Welfare guidelines.14

The data were analyzed as a time series. First, monthly rates
of MVTI per 100,000 children were plotted for each year of age for
children �5 years and combined for the age group 5 to 9 years.
Second, a 12-month moving average was applied to these age-
specific rates to smooth out seasonal variation. Finally, multivariate
regression modeling was undertaken in STATA 9.2 (StataCorp,
Texas, 2007) to estimate the change in the above age-specific rates
of MVTI associated with the introduction of the universal 7vPCV
program overtime. The generalized linear model procedure was
used with a Poisson family and log link function. The number of
cases per month was assigned as the dependent variable and the

population estimate for that year as the offset variable. Indepen-
dent variables included in the model were year (1/12 increments
per month) to adjust for the background trend, and a dummy
variable for each calendar month to adjust for the seasonal cycle
(January set as reference month). The number of weekend days per
month was also included as a variable to adjust for the fact that
procedures on weekends were significantly lower than on weekdays.
The regression coefficients from the adjusted analysis were then
exponentiated to generate an estimate of the percentage change in
MVTI rates associated with vaccine introduction.

The intervention term was modeled as a linear increase per
month during the 2005 calendar year to a maximum of 91%, approx-
imating the increase in percentage vaccine uptake in the target
population during this period.15 The model residuals were plotted in
a correlogram to check for autocorrelation and ensure the standard
errors and P values generated from the model were accurate. This
step is important in time series analysis as undetected autocorre-
lation can result in unreliable P value estimates. Age-specific rates
were also calculated separately for private and public sector
hospitals to identify the potential for changes in clinical practice in
either sector.

RESULTS
A total of 238,634 hospital separations were available for

analysis during the study period as shown in Table 1. Monthly
age-specific rates of MVTI per 100,000 children by year of age for
children �36 months of age are shown in Figure 1. A strong
seasonal pattern is evident in all age groups, with the majority of
procedures carried out during winter and spring months of June to
November, inclusive. The 12-month moving average reveals that
for children �24 months of age, a sharp decrease overlying a
declining background trend is apparent after the 7vPCV program
began in early 2005. Figure, Supplemental Digital Content 1,
http://links.lww.com/A1343, shows the monthly age-specific rates
of MVTI in children 3 to 9 years of age. A possible decreasing

TABLE 1. Number of Separations for non-indigenous
Australian children �10 year of age, by age and hospital
sector, for MVTI, July 1998– June 2007

Age Public Sector Private Sector Total

�1 year 4296 5168 9464
1 year 16,117 25,027 41,144
2 years 13,963 18,607 32,570
3 years 14,183 19,244 33,427
4 years 15,666 18,681 34,347
5–9 years 44,546 43,136 87,682

Total 108,771 129,863 238,634

FIGURE 1. Age-specific monthly rate of MVTI for children aged �2 years, July 1998–June 2007 (arrow indicates vaccine
program introduction).
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trend is evident for these age groups beginning in late 2006, but is
difficult to distinguish from the background trend.

All independent terms in the multivariate Poisson regression
model were significant, with no autocorrelation detected in the
residuals of the model for any age group. The background trend
parameter estimates indicated that, if the vaccine effect is re-
moved, there was between 1% and 5% annual decrease in rates of
MVTI. After adjusting for this background trend, in the period
following vaccine introduction, there was a significant decrease in
age-specific rates of MVTI of 23.0%, 16.0%, and 6.1% in children
�1, 1, and 2 years of age, respectively (Fig. 2). Although no
significant change was observed among children 3 and 4 years of
age, the vaccine intervention term was associated with a significant
increase of 4.9% relative to the background trend for the 5 to 9
year age group. Overall, the model estimated that for children aged
�2 years, 7vPCV prevented 2226 MVTI procedures over the
30-month period from the introduction of universal funding in
January 2005.

Similar seasonal distributions were observed in public and
private sector hospitalizations, with the majority of MVTI proce-
dures carried out in winter and spring, but this was more marked
in the private sector (Fig., Supplemental Digital Content 2,
http://links.lww.com/A1344). Regression modeling revealed that
the impact of the vaccination program on age-specific rates of MVTI
in both sectors was similar for all age groups except 5- to 9-year-old
children. In this older age group, no significant change in MVTI
procedures was seen in the private sector, while a small but significant
increase was seen in the public sector (Fig., Supplemental Digital
Content 3, http://links.lww.com/A1345).

DISCUSSION
The schedule for routine administration of 7vPCV of 3

primary doses at 2, 4, and 6 months only (often referred to as
“3�0”) used in Australia differs from other developed countries
that include a booster dose in the second year of life after 3 or 2
initial doses (”3�1” or “2�1”).16,17 The decision to use a 3�0
schedule was based on limited early data from the initial random-
ized control trial of 7vPCV18 and subsequent postlicensure stud-

ies19,20 which it was felt did not demonstrate that the booster dose
generated improved effectiveness against serotype-specific inva-
sive disease sufficient to justify its additional cost. However,
subsequent immunogenicity and carriage studies have suggested
that reduction in nasopharyngeal carriage in the second year of
life21 requires the significant increase in antibody concentrations
induced by a booster dose and may have a crucial role in protection
against mucosal disease such as otitis media.22–25

The current study has demonstrated that despite the lack of
a booster dose in the Australian schedule, the introduction of
7vPCV coincided with a significant reduction in the rate of MVTI
in non-Indigenous children �1, 1, and 2 years of age by 23.0%,
16.0%, and 6.1%, respectively. Rates of MVTI also appeared to
decrease from late 2006 in children aged 3 and 4 years, but this
was not statistically significant. The increase relative to the back-
ground trend observed in the 5- to 9-year age group is interesting
and not readily explained. It is possible that this older age group
reflects the background trend in MVTI procedures since 2005 and,
therefore, the reductions observed in younger children could ac-
tually be higher than we observed. The fact that the observed
change in the 5- to 9-year age group was statistically significant
may also be attributable to the larger number of children in this
combined age group. More importantly, the consistent pattern of
different rates of change across age groups is more convincing of
trends related to an impact related to vaccination. The decrease in
rates among those aged 3 and 4 years which appeared to be
emerging may also be related to both direct and indirect (herd
immunity) vaccine effects.

These decreases occurred in the first 30 months of a nation-
ally funded �3�0� schedule where high coverage was quickly
achieved. Approximately 91% of children born in the first year of
the program received 3 doses by 12 months of age.15 The program
also included a catch-up component for children up to 2 years of
age in the first year.6 By comparison, when a 3�1 schedule was
introduced in the United States, there were vaccine shortages and
slower uptake, but a catch up to 2 years of age was also recom-
mended. The decreases seen in MVTI in children �2 years of age
in this study were of a similar magnitude to those observed in a US

FIGURE 2. Age-specific multivariate Poisson regression modeling parameter estimates for the 7vPCV vaccine intervention
and background trend terms, Australia, July 1998–June 2007 (error bars indicate 95% confidence intervals).
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study in the first year postvaccination, with no further decrease in
the second year.9

Increases in nonvaccine serotypes and antimicrobial resis-
tance in nasopharyngeal carriage and invasive pneumococcal disease
have been observed in the United States,26 are more likely to occur
with mucosal diseases like otitis media and may diminish any
vaccine impact on OM overtime in Australia. In this study, the
apparent plateau in the annual moving average in 2006 or 2007 for
children aged �2 years could represent the beginning of such a
phenomenon. However, no such trend is yet apparent in Australian
invasive pneumococcal disease surveillance data,27 and the great-
est reductions in OM-related health care utilization in the United
States took place approximately 3 years after 7vPCV was intro-
duced to the routine immunization schedule.28,29 Further longitu-
dinal analyses of a range of outcomes in both countries are
warranted to assess the impacts of different contributing factors,
such as serotype replacement, vaccination coverage, dosing sched-
ule, and catch up.

The primary limitation of this ecologic study is that it is not
possible to exclude other external factors that might confound the
observed impact of 7vPCV on the age-specific rates of MVTI, such
as changing management practices for MVTI. The fact that pro-
cedures among children �3 years of age decreased in both the
public and private sectors argues in favor of the decrease being
real, rather than an artifact of changing practices in one sector,
unlike a decrease seen in the data among 1 year olds in 2001 which
was limited to the private sector (data not shown). The more
pronounced seasonal pattern in private hospitalizations was also
observed in an earlier study in Western Australia, which the
authors attributed to the greater surge capacity of the private sector
to meet seasonal fluctuations in demand.30

A recent clinical audit in 5 major New York hospitals
suggested that tube insertion procedures were overused, with the
majority of procedures not in conformity with US clinical guide-
lines.31 If the situation is similar in Australia, this would suggest
that changes in clinical guidelines for MVTI are unlikely to have
impacted on rates of the procedure. This is supported by a previous
study in New South Wales, which demonstrated that the formal
introduction of clinical guidelines for performing MVTI in 1993
had only a marginal and short-term impact on slowing the increas-
ing rate of MVTI during the following 6 years.32 A Cochrane
Review published in January 2005 concluded that the benefits of
MVTI on hearing were limited and there was no proven effect on
longer term language development.33 It is unknown what impact this
had on rates of MVTI; however, these findings were drawn from a
body of evidence that had accumulated since 1971, including 2 large
studies published at the beginning of the decade.34,35 Regardless, any
changes in management practices would likely have impacted a wider
age range than was observed in the current study, and over a longer
period than the substantial drop seen in 2005–2006.

The Western Australian study30 also raised another poten-
tial confounding factor on rates of MVTI—the ongoing increase in
utilization of child care in Australia.36 Because child care atten-
dance is a well-documented risk factor for OM,37 this would be
expected to increase the rate of OM and MVTI overtime; therefore,
the impact of 7vPCV may be even larger than we observed. The
use of linked data to investigate differences between vaccinated
and unvaccinated populations, which would also enable repeat
procedures to be excluded from the analysis, could provide a
means to overcome some of the limitations of this ecological study
and more accurately measure the independent effect of 7vPCV on
MVTI procedures.
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ORIGINAL STUDIES

Reduction in Hospitalizations for Pneumonia Associated With the
Introduction of a Pneumococcal Conjugate Vaccination

Schedule Without a Booster Dose in Australia
Andrew Jardine, PhD,*† Robert I. Menzies, MPH,* and Peter B. McIntyre, MD, PhD*

Background: Postmarketing surveillance of heptavalent pneumococcal
conjugate vaccine (7vPCV) has shown significant reductions in admissions
coded as pneumonia in countries where a booster dose is given in the
second year of life. In Australia, a 3-dose primary schedule at 2, 4, and 6
months of age without a booster has been funded nationally for non-
Indigenous children since 2005.
Methods: All hospital discharges in Australia with the primary diagnosis
coded as pneumonia between July 1998 and June 2007 were identified
from a national electronic database. Monthly rates of hospitalization for
pneumonia over this period were determined for the age groups �2, 2–4,
5–17, 18–39, 40–64, and �65 years. Negative binomial regression mod-
eling, adjusting for background and seasonal trends, was used to quantify
the effect of the 7vPCV program.
Results: A total of 523,591 eligible hospital discharges were identified. In
the 30 months following 7vPCV introduction, there were significant adjusted
reductions in all-cause pneumonia in children aged �2 and 2 to 4 years of 38%
(95% CI � 36%–40%), and 29% (26%–31%), respectively. Reductions of
between 3% and 11% were observed in the older age groups.
Interpretation: The significant differential effects observed are strongly
suggestive of the PCV7 program being responsible for the observed
reduction in pneumonia hospitalizations in Australia, and the magnitude
was comparable to that documented in countries with a booster dose. This
finding appears robust and may be related to high levels of vaccination
coverage and catch-up early in the program, or to relatively lower levels of
serotype replacement without a booster dose.

Key Words: heptavalent pneumococcal conjugate vaccine, pneumonia,
hospitalization, immunization schedule

(Pediatr Infect Dis J 2010;29: 607–612)

Pneumonia is a frequent cause of hospitalization at both ends of the
age spectrum in Australia1,2 and in other developed countries.3–5

In developing countries it is the single largest cause of mortality
among children less than 5 years of age, conservatively estimated to

cause more than 2 million deaths annually.6 Studies in Finland,7 the
United States,8 and Switzerland9 have demonstrated Streptococcus
pneumoniae to be the most common causative pathogen among
children hospitalized for pneumonia (37%, 44%, and 46%, respec-
tively) before use of heptavalent pneumococcal conjugate vaccine
(7vPCV). In Australia, a 1989 study demonstrated S. pneumoniae to
be the most commonly identified pathogen (42%) in hospitalized
adults with community-acquired pneumonia.10 The overall magnitude
was substantially lower at 14%, although S. pneumoniae remained the
most frequently identified cause of community-acquired pneumonia,
in a more recent Australian study of hospitalized adults.11 A univer-
sally funded 7vPCV program was commenced in January 2005 in
Australia with a 3-dose schedule at 2, 4, and 6 months of age without
a booster dose (often referred to as “3�0” schedule), and catch-up
immunization was funded for children up to 2 years.12

Data supporting the effect of 7vPCV on hospitalization for
pneumonia come from clinical trials and observational studies. The
pivotal clinical trial in the United States, using a 3-dose schedule with
a booster in the second year of life (3�1 schedule), demonstrated a
significant reduction in radiologically confirmed pneumonia of 23%
(95% CI: 9%–35%) for children less than 2 years of age, and a lesser
reduction in clinically diagnosed pneumonia (7%; 95% CI: 0%–14%),
which was not statistically significant.13 Clinical trials of a nonavalent
conjugate vaccine in 2 settings in Africa14,15 found that a 3-dose
primary schedule without a booster dose was also effective in pre-
venting serotype-specific invasive disease and pneumonia. For inva-
sive disease, postlicensure data from the United States found that a
3�1 7vPCV schedule gave significantly higher protection than a 3�0
schedule against vaccine type infection.16,17

All postlicensure data regarding the effect of 7vPCV on hos-
pitalizations coded as pneumonia published to date have arisen from
North American settings with a booster dose. Two studies from the
United States demonstrated statistically significant reductions of
39%18 and 52%,19 respectively, in hospitalizations coded as pneumo-
nia for children less than 2 years following 7vPCV introduction,
which appear to have been maintained longer term.20 A third study
found a significant reduction of 41% in hospitalizations coded as
pneumonia for infants less than 1 year, but not older age groups.21

Finally in Quebec, Canada, where a 2�1 schedule has been recom-
mended since 2004 with a catch-up program up to 5 years of age, an
appreciably smaller reduction of 8.2% was demonstrated in children
less than 2 years of age up to March 2006.22 The unique 3�0
schedule used in Australia, and the availability of national level
datasets over a long period, provided an opportunity to determine
whether a reduction in hospitalizations coded as pneumonia could
also be demonstrated in this setting.

METHODS

Data Sources
The Australian Institute of Health and Welfare National Hos-

pital Morbidity Database is an electronic collection of de-identified
records of episodes of care, which includes more than 99% of public
and private hospitals in Australia. Medical notes are reviewed by
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certified medical archivists after hospital discharge and a primary
diagnosis (the condition associated with the highest use of resources)
and up to 31 secondary diagnoses are coded in the database according
to the 10th Revision of the International Classification of Diseases
Australian Modification (ICD-10-AM).23 All records with a primary
diagnosis code for pneumonia were extracted between July 1998 and
June 2007 inclusive. Cases were classified into 3 diagnostic groups
based on the methods of De Wals et al.21 The first group was
presumptive pneumococcal pneumonia, which was defined as all
cases where S. pneumoniae was coded as the causative pathogen
(ICD-10 code: J13) as well as lobar pneumonia (J18.1), as the
proportion of S. pneumoniae infection is high in such cases.24 The
second group, unspecified pneumonia, included all hospitalizations
coded as pneumonia without a causative organism identified. The
remaining hospitalizations, where a pathogen other than S. pneu-
moniae was specifically coded, were classified as nonpneumococcal
pneumonia (for full list of codes and groups see Table, Supplemental
Digital Content 1, http://links.lww.com/INF/A421). Indigenous Aus-
tralians were excluded from the analysis due to differences in
vaccine program implementation and background data about the
etiology of pneumonia in this group.25,26 In accordance with
Australian Institute of Health and Welfare guidelines, cases
were classified as non-Indigenous when so coded or when
Indigenous status was not reported.27

Statistical Analysis
Overall rates per 1000 person years were calculated by divid-

ing the total number of hospitalizations during the 9-year period by
the cumulative Australian population and multiplying by 1000. Age-
specific rates, standardized to the 2001 Australian population, were
also calculated where appropriate.

The data were analyzed as a time series. Monthly rates of
all-cause pneumonia hospitalizations per 100,000 population were
plotted for each year in the following age groups: �2 years; 2–4
years; 5–17 years; 18–39 years; 40–64 years; and �65 years. A
12-month moving average was then overlaid to smooth out sea-
sonal variation and clearly display the underlying trend in the data.
For each of the aforementioned age groups, the change over time
in rates of hospitalizations for all cause, and the 3 diagnostic

subgroups of pneumonia, associated with the introduction of the
universal 7vPCV program was evaluated using multivariate neg-
ative binomial regression in STATA 9�2 (StataCorp, TX, 2007).
This regression model was selected for use as goodness-of-fit tests
using the Pearson statistic indicated that standard Poisson analysis
was inappropriate. The number of cases per month was assigned as
the dependent variable and the population estimate for that year as
the offset variable. Independent variables included in the model
were background trend (1/12 increments per month), seasonality
(indicator variables for each calendar month), and a vaccine term.
The vaccine term was modeled as a linear increase per month
between January and December 2005, to a maximum of 91%
coverage, which approximated the increase in percentage vaccine
uptake over this period.28 The background trend term was dropped
from the model for age groups where it was not a statistically
significant component. The vaccine term regression coefficients
from the final adjusted analysis were then exponentiated to gen-
erate an estimate of the percentage change in pneumonia hospital-
ization rates associated with vaccine introduction. The model
residuals were plotted in a correlogram to check for autocorrela-
tion and ensure the standard errors and P values generated from the
model were accurate.

RESULTS
There were 523,591 recorded hospitalizations for all-cause

pneumonia in Australia between July 1998 and June 2007. In 85.1%
of cases, coding did not specify a causative organism. Codes for lobar
and pneumococcal pneumonia accounted for 5% and the remaining
9.9% was coded as due to other specified pathogens. The rate per
1000 person years varied with age as shown in Table 1.

All-Cause Pneumonia
Monthly age-specific rates of hospitalization for pneumonia

per 100,000 population are shown in Figure 1. A strong seasonal
pattern is evident in all age groups, with the majority of hospital-
izations during the southern hemisphere winter and spring months
of June to November, inclusive. The 12-month moving average
revealed a marked decline for children �4 years of age, commenc-

TABLE 1. Hospital Discharges for Pneumonia in Australia, 1998–2007

Number % Total All-Cause Rate per 1000 p/yr*

All-cause pneumonia 523,591 100% 2.94 (2.99)
Subgroup

Pneumococcal pneumonia 26,286 5.0% 0.15 (0.15)
Pneumonia, organism unspecified but

excluding lobar pneumonia
445,640 85.1% 2.50 (2.55)

Pneumonia, organism specified but excluding
S. pneumoniae

51,655 9.9% 0.15 (0.15)

Age group
�2 yr 30,277 5.8% 5.92
2–4 yr 30,807 5.9% 3.95
5–17 yr 30,007 5.7% 0.85
18–39 yr 49,444 9.4% 0.78
40–64 yr 102,997 19.7% 1.67
�65 yr 280,059 53.5% 11.15

Gender
Male 279,048 53.3% 3.11 (3.60)
Female 244,534 46.7% 2.76 (2.57)
Not specified 9 0.0%

Season
Spring 150,765 28.8%
Summer 105,950 20.3%
Autumn 97,639 18.6%
Winter 169,237 32.3%

*Age-adjusted rate standardized to 2001 Australian population shown in parentheses where appropriate.
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ing after the 7vPCV program began in January 2005, which
appears greater for those less than 2 years than those 2 to 4 years
of age. Changes in older age groups are less evident on inspection
but there is some suggestion of a decline in the moving average for
all age groups.

Model estimates were validated by the lack of autocorrelation
in the residuals of the model for any age group. After adjusting for
background trend and seasonal cycle, a statistically significant de-
crease in age-specific rates of hospitalization in the period following
vaccine introduction was observed for all-cause pneumonia in chil-
dren aged less than 2 years (38%), and 2 to 4 years (28%), as shown
in Figure 2. A 3% to 11% reduction, of borderline statistical signifi-
cance, was observed in the older age groups. Overall, the model

estimated that for children aged �4 years, 7vPCV prevented approx-
imately 4700 hospitalizations for pneumonia over the 30-month
period from the introduction of universal funding in January 2005.

Pneumonia by Diagnostic Subgroup
The pattern by diagnostic subgroup was consistent with a

vaccine effect. This is based on the observation of an almost 70%
reduction in rates of presumptive pneumococcal pneumonia in chil-
dren less than 5 years, compared with approximately 40% for pneu-
monia of unspecified cause, and no reduction in pneumonia coded as
due to other specified organisms (Fig. 3). Although the magnitude of
absolute reductions in all-cause coded pneumonia was less in older
age groups, the progressive pattern of greater reductions in more
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specific coded subgroups remained. It was notable that in adults 40
years and older, although there was a statistically significant increase
in cases coded as due to specified causes other than S. pneumoniae,
relative to background trends, there was nevertheless a statistically
significant decrease in all-cause pneumonia.

DISCUSSION
The Australian 3�0 schedule for routine administration of

7vPCV differs from other developed countries, which include a
booster dose in the second year of life after either 2 or 3 primary doses
(2�1 or 3�1).29,30 Immunogenicity and carriage studies have sug-
gested that protection against outcomes more closely related to mu-
cosal antibody titers, such as pneumonia and otitis media, may require
the higher antibody titers induced by a dose in the second year of
life.31,32 However, we have previously demonstrated that myringot-
omy with ventilation tube insertion procedures, used to treat severe
otitis media, reduced significantly in children �2 years of age fol-
lowing the introduction of the Australian 3�0 7vPCV program.33

This is the first postlicensure observational study of hospital-
izations for pneumonia in a country not using a booster dose of

7vPCV in the second year of life. The most marked reduction in the
rate of hospitalization for pneumonia was in children �2 and 2 to 4
years of age (38% and 28%, respectively). The decrease seen in
children �2 years of age was of similar magnitude to that reported
from a study of a subset of hospitalizations coded as pneumonia from
the United States, with a recommended 3�1 schedule, in the first year
postvaccination and appreciably greater than the 8% reduction docu-
mented in Quebec under a 2�1 schedule. The point estimate for 2- to
4-year olds was also greater than the US estimate of 17% (�3% to
34%). Statistically significant decreases were also observed in older,
nonvaccinated, age groups. Interpretation of the findings for older age
groups must be cautious, however, as statistical significance was
marginal and arose from analysis of a large dataset. More importantly,
the consistent pattern of different rates of change across age
groups and between diagnostic groups supports the trends
observed being related to vaccination program implementation
rather than nonspecific confounding effects, such as changes in
diagnostic coding or clinical practice.

Caution is required when comparing results between coun-
tries due to variations in vaccine program implementation, uptake,
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and coverage. In Australia, approximately 91% of children born
during the first year of the program received 3 doses by 12 months
of age.34 The program also included a catch-up component for
children up to 2 years of age in the first year, with an estimated
coverage of approximately 60%.12 Coverage of 87% was achieved in
the first year of the program in Quebec and a passive catch-up
approach for children between 4 and 59 months of age was estimated
to achieve coverage of 73%.35 By comparison, when 7vPCV was
introduced in the United States, although catch-up to 2 years of age
was also recommended, there was both slower uptake and early
vaccine shortages with reduced dosage recommendations.36 Finally,
while influenza immunization has been recommended in Australia for
all persons who wish to reduce their risk of acquiring influenza for
some time, during the study period influenza vaccine was funded
under the National Immunization Program only for persons more than
65 years and Indigenous persons over 50 years of age.12 The low level
of coverage in younger age groups would not be expected to have had
any influence on hospitalizations for pneumonia.

The primary limitation of this ecologic study is that it is not
possible to exclude other external factors that might confound the
observed effect of 7vPCV on the age-specific rates of hospitalization
for pneumonia, such as changing management or coding practices for
pneumonia. The Pneumonia Severity Index37 has been recommended
in Australian guidelines since 2003 as a tool to determine which cases
of community-acquired pneumonia should be treated as outpatients
and which should be admitted to hospital. Clinical audits and studies
have demonstrated that compliance with and use of Pneumonia
Severity Index varies considerably and is generally low.11,38,39 There-
fore, it is unlikely that a systematic shift in the management of
pneumonia coincided with the introduction of the pneumococcal
vaccine. A discharge diagnosis of pneumonia is commonly made on
clinical and radiologic findings without microbiologic confirmation,
and so a specific causative pathogen is not identified in most cases in
Australia and elsewhere.40 Improved procedures for diagnostic testing
may have influenced the pattern observed between the diagnostic
subgroups. This is demonstrated by comparing the percentage of
pneumonia cases with unspecified etiology in this study (85%) with
the 55% achieved in a recent Australian study where cases hospital-
ized for community-acquired pneumonia underwent a standardized,
detailed assessment for bacterial, and viral pathogens.11 It would,
therefore, be expected that more cases of pneumococcal pneumonia
would be recorded over time, not fewer as we observed, so it is
possible the effect observed in this group is actually an underestimate.
Regardless, any changes in diagnostic testing procedures should not
have affected our primary study outcome of all-cause pneumonia, or
resulted in the differential pattern by age evident in the data. ICD-10
coding using all diagnosis codes has been demonstrated to have
good sensitivity (98%) and specificity (97%) in recording med-
ical record notation of all-cause pneumonia in the hospitalized
elderly in Australia.41

We believe that this study adds to information from a previous
study on another non-IPD (invasive pneumococcal disease) outcome
(myringotomy with ventilation tube insertion procedures)33 and pro-
vides further evidence to suggest that the effect of the Australian
pneumococcal conjugate vaccine program without a booster dose is
comparable to that of schedules that include a booster in the second
year. The World Health Organization recommends a 3�0 schedule at
6,10, and 14 weeks in developing countries where financial and
operational barriers prohibit booster dose inclusion.42 This abbrevi-
ated schedule is cost-effective in such settings based on data from
clinical trials.43 The current study provides data from a large popu-
lation over a long period further supporting the effectiveness of a
7vPCV schedule without a booster dose, which has implications for
cost-effectiveness. Population level catch-up programs were found to

increase temporarily the effectiveness of a primary schedule without
booster for invasive Haemophilus influenzae type b disease in the
United Kingdom,44 and it is possible that the effectiveness of the
Australian pneumococcal vaccination program without a booster may
wane over time. Continued monitoring and longitudinal analyses are
warranted to assess the longer term effects of various contributing
factors such as dosing schedule, serotype replacement, and vaccina-
tion coverage as well as catch-up programs. This will be particularly
important as new pneumococcal conjugate vaccines offering addi-
tional serotype protection are licensed and included in immunization
programs.
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Pneumonia in Elderly Australians: Reduction
in Presumptive Pneumococcal Hospitalizations
but No Change in All-Cause Pneumonia
Hospitalizations Following 7-Valent
Pneumococcal Conjugate Vaccination

Robert I. Menzies,1,2 Andrew Jardine,1,3 and Peter B. McIntyre1,2

1National Centre for Immunisation Research and Surveillance, The Children’s Hospital at Westmead, Sydney, 2Sydney Medical School, University of
Sydney, and 3National Centre for Epidemiology and Population Health, Australian National University, Canberra

Background. Studies evaluating long-term trends in hospitalizations coded as pneumonia following introduc-
tion of the 7-valent pneumococcal vaccine (PCV7) are sparse, especially in adults. We extended our previous analysis
to 6.5 years after the “3 + 0” PCV7 schedule was introduced in Australia in 2005.

Methods. We estimated vaccine impact on hospitalizations coded as pneumonia (pneumococcal/lobar, other
specified, unspecified, and all-cause) using a multivariate negative binomial regression model of monthly hospital-
ization rates by age group for the pre-PCV7 (July 1998 to December 2004) and post-PCV7 (January 2005 to June
2011) periods, adjusting for vaccination coverage. Changes in pneumonia hospitalizations were measured as inci-
dence rate ratios.

Results. A total of 791 000 hospitalizations coded as pneumonia were identified; unspecified causes accounted
for >85%. Reductions in pneumonia coded as pneumococcal/lobar were statistically significant in all age groups and
greatest in children. Significant reductions in all-cause pneumonia were seen only in children aged <2 years (32%;
95% confidence interval [CI], 28%–37%) and 2–4 years (20%; 95% CI, 14%–27%), with no significant changes in
other age groups, including adults aged 65–74 (4%; 95% CI, −3% to 10%), 75–84 (2%; 95% CI, −4% to 9%), and ≥85
years (3%; 95% CI, −3% to 10%).

Conclusions. We could not replicate reductions of 23% in all-cause pneumonia 7–9 years post-PCV7 introduc-
tion reported for adults aged ≥85 years in the United States. This could be attributable to vaccine program factors,
differing proportions of pneumonia due to pneumococci, or data limitations. More data from countries with differ-
ing PCV schedules and from the PCV13 era are needed to inform vaccination strategies for elderly adults.

Keywords. Streptococcus pneumoniae; pneumonia; heptavalent pneumococcal conjugate vaccine; immunization
schedule.

The 7-valent conjugate pneumococcal vaccine (PCV7)
is highly effective against invasive pneumococcal

disease (IPD), noninvasive disease, and carriage due
to the 7 vaccine serotypes. Reductions in IPD due to
vaccine serotypes in unvaccinated age groups have re-
sulted in net decreases in IPD in adults in several set-
tings, although the magnitude has varied [1]. These
indirect “herd” benefits have a major impact on cost-
effectiveness of PCV7, because of their influence on
the total number of cases prevented [2]. In addition to
reductions in IPD, reductions in all-cause pneumonia
hospitalizations in children following PCV7 introduc-
tion have been reported from the United States [3–6],
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Canada [7], the United Kingdom [8, 9], and Australia [10].
However, reductions in pneumonia in adults have been report-
ed only from the United States [4, 6] and Australia [10]. Our
original study [10] found significant reductions ranging from
3% to 11% in all-cause pneumonia in the first 2.5 years of the
“3 + 0” Australian infant PCV7 vaccination program (ie, no
booster dose after 6 months of age) in persons aged >5 years. Re-
ductions became less marked with increasing age, similar to early
results from the United States [3]. However, 2 more recent US
studies found significant declines in adults aged ≥65 years over
longer periods: 6 years [6] and 7–9 years [4] years postvaccina-
tion. Declines in adults of all ages accounted for 90% [6] and
>50% [4] of the overall decline in all-cause pneumonia, respec-
tively. The Australian PCV7 program has a 3-dose primary
schedule at 2, 4, and 6 months, but differs from the United States,
both in having no booster in the second year of life, and in having
achieved high vaccine coverage within 12 months of commence-
ment (>90% received 3 doses in 2005) [11]. In contrast, due to
slower uptake exacerbated by a vaccine shortage, coverage took
approximately 5 years to reach 90% in the United States [12,
13]. Prior to vaccine introduction, both countries had a high pro-
portion of PCV7-type IPD (Australia: 85% of IPD patients aged
<5 years, 67% aged ≥65 years [14]; United States: 83% and 56%,
respectively) [15]. We extended our previous study of trends in
coded pneumonia hospitalizations to 6.5 years postvaccination,
with a particular emphasis on age groups >65 years [4].

METHODS

Data Sources
The Australian Institute of Health andWelfare National Hospital
Morbidity Database is an electronic collection of de-identified
records of episodes of care in >99% of public and private hos-
pitals in Australia. A primary diagnosis and up to 31 second-
ary diagnoses are coded according to the 10th Revision of the
International Classification of Diseases, Australian Modifica-
tion (ICD-10-AM) [16]. All records with a primary diagnosis
code for pneumonia were extracted between July 1998 and
June 2011 inclusive. Cases were classified into 3 diagnostic
groups based on De Wals [7]. The first group was presumptive
pneumococcal pneumonia, which included all cases where
Streptococcus pneumoniae was identified as the causative
pathogen (ICD-10-AM code J13) and lobar pneumonia
(J18.1), as S. pneumoniae is more likely to be the causative
agent in such cases. The second group, unspecified pneumo-
nia, included all codes for pneumonia for which a cause was
not specified (J15.9, J18). The remaining cases, in which a
pathogen other than S. pneumoniae was specified, were clas-
sified as nonpneumococcal pneumonia (J10.0, J11.0, J12, J14,
J15.0–J15.8, J16, J17J). Hospitalizations recorded as occurring
in Indigenous Australians were excluded from the analysis

due to differences in vaccine program implementation and
disease etiology [17].

Statistical Analysis
The data were analyzed as a time series. Monthly rates of all-cause
pneumonia hospitalizations per 100 000 population were plotted for
each of the following age groups: <2 years, 2–4 years, 5–17 years,
18–39 years, 40–64 years, and ≥65 years. A 12-month moving av-
eragewas then overlaid to smooth out seasonal variation and display
underlying trends in the data. For each age group, multivariate neg-
ative binomial regression was performed using Stata software, ver-
sion 9.2 (StataCorp, College Station, Texas) to quantify the change
over time in rates of hospitalizations for all cause, and the 3 diagnos-
tic subgroups of pneumonia, associated with introduction of the
universal PCV7 program. The number of cases per month was as-
signed as the dependent variable and the population estimate for
that year as the offset variable. Independent variables included in
the model were background trend (1/12 increments per month)
and seasonality (indicator variables for each calendar month).
The vaccine term was modeled as a linear increase per month
from January to December 2005 up to a maximum of 91% cover-
age, and stable from then onward, approximating trends in percent-
age vaccine uptake. The background trend term was dropped from
the model for age groups where it was not a statistically significant
component. The vaccine term parameter estimates from the final
adjusted analyses were then exponentiated to generate an estimate
of the percentage change in pneumonia hospitalization rates associ-
ated with vaccine introduction. The model residuals were plotted in
a correlogram to check for autocorrelation and ensure the standard
errors and P values generated from the model were accurate.

RESULTS

Between July 1998 and June 2011, 791 812 hospitalizations were
recorded as due to all-cause pneumonia in Australian hospitals.
In 85.7% of cases, coding did not specify a causative organism.
Codes for lobar and pneumococcal pneumonia accounted for
4.3%, and the remaining 10.0% were coded as due to other spec-
ified causative organisms, with no consistent trend by age group
(data not shown). The rate per 100 000 per month varied by age
group (Figure 1).

Pneumonia by Diagnostic Subgroup
Decreases were greatest and statistically significant in all age
groups except ≥85 years in the pneumococcal and lobar catego-
ry, consistent with a vaccine effect (Table 1, Figure 2). Decreases
in pneumonia coded as unspecified cause were statistically sig-
nificant only in children aged <5 years. In all age groups, there
were significant increases in pneumonia coded as due to other
specified causative organisms statistically significant in all ex-
cept 18–39, 75–84 and ≥85 years (Table 1).
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All-Cause Pneumonia
Monthly age-specific rates of hospitalization for all-cause pneu-
monia per 100 000 population are shown in Figure 1. A strong

seasonal pattern is evident in all age groups. For children <5
years of age, the 12-month moving average revealed marked de-
clines in the first 1–2 years after the PCV7 program began in

Figure 1. Age-specific monthly rates of hospitalization for all-cause pneumonia per 100 000 population in Australia, July 1998–June 2011 (gray line).
Solid black line indicates annual moving average for the previous 12 months. Vertical lines represent pneumococcal conjugate vaccine program introduction.
Note the variation in the scale on the y-axis between age groups. Abbreviation: PCV7, 7-valent pneumococcal conjugate vaccine.
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January 2005. Two to 3 years after program commencement,
decreases in ages 5–39 years were less marked, but still evident,
whereas there was no clear impact in age groups ≥40 years.

After adjusting for background trends in the prevaccine peri-
od and seasonality, statistically significant decreases following
PCV7 introduction were found in age-specific hospitalization
rates for all-cause pneumonia of 32% (95% confidence interval
[CI], 28%–37%) in children aged <2 years and 20% (95% CI,
14%–27%) in children 2–4 years (Table 2). In older age groups,
the corresponding point estimates for percentage of change
ranged from −5% to 7%, and 95% CIs for the post- to prevacci-
nation incidence rate ratios (IRRs) overlapped 1.0. Overall, the
model estimated that for the 1.43 million Australian children
aged ≤4 years, PCV7 prevented 2070 hospitalizations for pneu-
monia per year in the period 2005–2011.

DISCUSSION

In this updated analysis, our point estimates of vaccine impact
on all-cause pneumonia were lower at 6.5 years postvaccination
compared with our previous analysis at 2.5 years, but 95% CIs
overlapped in all age groups [10]. As in our previous analysis,
we found statistically significant reductions in pneumonia hos-
pitalizations coded as pneumococcal or lobar in all age groups
(except ≥85 years). However, these represented only a small
proportion of all-cause pneumonia hospitalizations.

In vaccinated age groups (children aged <2 years and 20% aged
2–4 years), statistically significant decreases of approximately
30% in all-cause pneumonia hospitalizations were seen in the
6.5-year period following introduction of universal childhood
PCV7 vaccination (Table 2), similar to findings from a number
of countries using both 3 + 1 (United States, Uruguay) and 2 + 1

(Quebec, England, and Wales) schedules [3, 4, 6–8, 18, 19]. How-
ever, no net decreases were seen in those aged ≥5 years, in con-
trast to 2 US studies, both of which found significant decreases
in adults aged ≥65 years [4, 6].A comparison of our results with
the US study for which comparable age groups and time periods
were available is presented in Table 2. There is no suggestion of
the late emergence of any decreasing trend in the elderly in Aus-
tralian data, as occurred in the United States, where decreases
were evident at 6 years after introduction of PCV7.

The reasons for differing findings in ours and the US studies
are unclear, but there are several potential reasons for varying
trends in ecological studies. They include the possibility of vac-
cine program differences, including vaccination schedules (lack
of a routine booster in the second year of life in Australia) or
childhood conjugate vaccine coverage, and differing epidemio-
logic settings such as prevaccine distributions of pneumococcal
serotypes and/or the proportion of pneumonia attributable to
pneumococci. It is also possible that other population charac-
teristics unrelated to causative agents or vaccination, such as
prevalence of smoking, polysaccharide pneumococcal, and in-
fluenza vaccination may be responsible, or that undetected
study biases, such as differing coding practices or treatment
guidelines, could be responsible.

It is unlikely that herd immunity was limited by low coverage in
our study. Data on the rapid uptake are presented in the introduc-
tion to this article, and high coveragewasmaintained at >90% every
year since then [20]. In addition there was a catch-up program in
2005–2006, in which approximately 60% of children aged <2 years
received the recommended number of doses (data not shown).

It is plausible that the lack of a booster in Australia results in a
less robust herd immunity impact. A recent systematic review
found that evidence of a net decrease in all-cause pneumonia

Table 1. Estimates of the 7-Valent Pneumococcal Conjugate Vaccine Impact on Pneumonia Hospitalizations, Australia, July 1998–June 2011a

Age Group, y

Pneumococcal Subgroupb

Pneumococcal and Lobar
(95% CI)

Other Specified Cause
(95% CI)

Unspecified Cause
(95% CI)

All-Cause Pneumonia
(95% CI)

<2 0.26 (0.21–0.33) 1.28 (1.11–1.47) 0.57 (0.53–0.61) 0.68 (0.63–0.72)

2–4 0.40 (0.32–0.48) 1.48 (1.29–1.69) 0.69 (0.64–0.75) 0.80 (0.73–0.87)
5–17 0.46 (0.38–0.55) 1.15 (1.00–1.33) 0.91 (0.84–1.00) 0.94 (0.86–1.03)

18–39 0.66 (0.59–0.73) 1.11 (0.97–1.27) 0.99 (0.92–1.06) 0.98 (0.92–1.06)

40–64 0.77 (0.70–0.84) 1.17 (1.06–1.29) 1.05 (1.00–1.10) 1.05 (1.00–1.10)
65–74 0.86 (0.74–0.99) 1.21 (1.04–1.40) 0.95 (0.88–1.01) 0.96 (0.90–1.03)

75–84 0.86 (0.76–0.98) 1.13 (0.99–1.29) 0.96 (0.90–1.03) 0.98 (0.91–1.04)

≥85 0.91 (0.77–1.09) 1.07 (0.89–1.27) 0.96 (0.89–1.02) 0.97 (0.90–1.03)

Data are presented as incidence rate ratio of with vaccine (2005–2011) to without vaccine (1998–2004) incidence rates.

Abbreviation: CI, confidence interval.
a Using multivariate negative binomial regression modeling, adjusting for background and seasonal trends.
b International Classification of Diseases, Australian Modification codes. Pneumococcal: J13, J18.1; other: J10.0, J11.0, J12, J14–J15.8, J16–J17; unspecified:
J15.9, J18.0, J18.2, J18.8, J18.9.
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in adults was found only from the United States (3 + 1 sched-
ule), but there was no evidence either way from countries
with 2 + 1, and only our preliminary study from a 3 + 0 schedule

[18]. However, although there is evidence that a 3 + 1 schedule
produces a superior immunologic response compared with
3 + 0 [21], differences in vaccine effectiveness and herd

Figure 2. Age-specific monthly rates of hospitalization for pneumococcal and lobar pneumonia per 100 000 population in Australia, July 1998–June 2011
(gray line). Solid black line indicates annual moving average for the previous 12 months. Vertical lines represent pneumococcal conjugate vaccine program
introduction. Note the variation in the scale on the y-axis between age groups. Abbreviation: PCV7, 7-valent pneumococcal conjugate vaccine.
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immunity have not been clearly established. Another recent re-
view concluded that boosters following 2 primary doses were
clearly beneficial in preventing carriage, but the benefit of a boos-
ter remained uncertain for 3 + 0 schedules that achieve high cov-
erage [22]. In fact, a comparison of IPD trends in a wide range of
settings found that post- to prevaccination IRRs of vaccine-type
IPD were similar in Australia and the United States for children
aged <5 years at 5 years postvaccination (0.03 [95% CI, .02–.08]
and 0.04 [95% CI, .02–.08]). However, in those aged ≥65 years,
IRRs were actually lower in Australia (0.12 [95% CI, 08.0–.17] vs
0.20 [.17–.23]), suggesting a greater herd immunity impact. The
smaller overall decrease in total IPD in those aged ≥65 years in
Australia compared to the United States was due to a greater in-
crease in non-vaccine-type IPD (IRR for Australia: 2.74 [95% CI,
2.22–3.39]; United States: 1.38 [95% CI, 1.22–1.56]) [1]. Statisti-
cally significant decreases in pneumonia hospitalizations coded
as pneumococcal or lobar were seen in all age groups in our
study, consistent with a herd effect on vaccine-type pneumonia
from infant vaccination, which in adults did not translate into
a decrease in all-cause pneumonia.

It is possible that there were differing distributions of the
causes of pneumonia prior to vaccine use between the 2 coun-
tries. The proportions of total IPD caused by PCV7 serotypes
were high and not substantially different between Australia
and the United States, as mentioned earlier. However, studies
on the proportions of total pneumonia due to S. pneumoniae
by age group are too few to permit a comparison between the
2 countries [23]. Differences in the diagnostic codes used in
our study and that by Griffin et al [4] are also unlikely to
have been influential. Griffin et al [4] included all-cause septi-
cemia and meningitis as a principal diagnosis, with pneumonia
as a secondary cause, whereas we did not. Testing for sensitivity
to this in our study, these codes constituted an extra 4.6% to the

total, and time trends were similar to those for pneumonia as
primary cause, in all age groups (data not shown).

Influenza vaccination coverage in persons ≥65 years was stable
at 79% in 2004 to 75% in 2009, as was pneumococcal polysaccha-
ride coverage at 51% vaccinated within the previous 5 years in 2004
to 54% in 2009 [24, 25]. Smoking rates declined from 19% of the
adult population in 2001 to 16% in 2011, declining in all age groups
[26]. The results could have been influenced by changes in admis-
sion, diagnostic or coding practices, patterns in other causes of
pneumonia, or other factors. However, there have been no changes
to ICD-10-AM recommendations for pneumonia coding over this
study period [27].Although Indigenous Australians have high rates
of pneumonia hospitalization, and hospitalizations reported in In-
digenous people have been excluded from this analysis, variations
in reporting of Indigenous status are unlikely to have influenced the
results. Indigenous status reporting in hospitalization data has been
assessed [28]. In 4 jurisdictions that include 60% of the total In-
digenous population and >90% of areas classified as remote, re-
porting has been verified as complete and suitable for analyzing
time trends from 1999 onward. In the other jurisdictions where
reporting has increased over the study period, which comprise
mostly urbanized populations, Indigenous people constitute
only 0.4% of the population aged ≥65 years [29, 30].

This study is consistent with many others that have shown a
decrease in all-cause pneumonia hospitalizations in children
following introduction of a PCV7 infant vaccination program.
However in the elderly, despite showing evidence of herd im-
munity impacts on presumptive pneumococcal pneumonia,
this did not translate to a net decrease in all-cause pneumonia,
unlike recent US studies. Our data show that decreases in all-
cause pneumonia in the elderly following PCV use in children
may not necessarily be observed in all settings. More studies are
needed to determine the causes of these differences.

Table 2. Comparison of Trends in All-Cause Pneumonia Hospitalizations Following Introduction of 7-Valent Pneumococcal Conjugate
Vaccine—Australia and the United States

Age, y

Australia United States [4]

Prevaccine Ratea
Percentage of Decline

0–6.5 y Postvaccination (95% CI) Prevaccine Ratea
Percentage of Decline

7–9 y Postvaccination (95% CI)

<2 738 32 (28–37) 1274 43 (34–52)

2–4 480 20 (13–27) 411 13 (2–23)
5–17 98 6 (−3 to 14) 97 5 (−6 to 16)

18–39 90 2 (−6 to 8) 107 8 (0–16)

40–64 191 −5 (−10 to 0) 336 −10 (−18 to −3)
65–74 719 4 (−3 to 11) 1293 7 (0–13)

75–84 1600 2 (−5 to 9) 2758 13 (7–19)

≥85 3224 4 (−3 to 11) 5697 23 (7–14)

Abbreviation: CI, confidence interval.
a Hospitalizations per 100 000 population per year.
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a  b  s  t  r  a  c  t

Background:  High  incidence  and  serotype  diversity  of  invasive  pneumococcal  disease  (IPD)  in Indige-
nous  children  in  remote  Australia  led to rapid  introduction  of  7-valent  conjugate  pneumococcal  vaccine
(7vPCV)  at  2,  4 and  6 months  in  2001,  followed  by  23-valent  polysaccharide  pneumococcal  vaccine
(23vPPV)  in  the  second  year of  life. All  other  Australian  children  were  offered  3  doses  of  7vPCV  with-
out  a  booster  from  2005.  This  study  evaluated  the impact  of the  unique  pneumococcal  vaccine  schedule
of  7vPCV  followed  by the 23vPPV  booster  among  Indigenous  Australian  children.
Methods: Changes  in  IPD  incidence  derived  from  population-based  passive  laboratory  surveillance  in
Indigenous  children  <5  years  eligible  for  23vPPV  were  compared  to non-Indigenous  eligible  for 7vPCV
only  from  the  pre-vaccine  introduction  period  (Indigenous  1994–2000;  non-Indigenous  2002–2004)  to
the  post-vaccine  period  (2008–2010  in both  groups)  using  incidence  rate  ratios  (IRRs)  stratified  by  age
into  serotype  groupings  of  vaccine  (7v and  13vPCV  and  23vPPV)  and  non-vaccine  types.  Vaccine  coverage
was  assessed  from  the  Australian  Childhood  Immunisation  Register.
Results:  At baseline,  total  IPD  incidence  per  100,000  was  216  (n =  230)  in Indigenous  versus  55  (n  =  1993)
in  non-Indigenous  children.  In 2008–2010,  IRRs for 7vPCV  type IPD  were  0.03  in both  groups,  but  for
23v-non7v  type  IPD  1.2  (95%  CI 0.8–1.8)  in  Indigenous  versus  3.1  (95%  CI 2.5–3.7)  in  non-Indigenous,
difference  driven  primarily  by serotype  19A  IPD  (IRR  0.6 in  Indigenous  versus  4.3  in  non-Indigenous).
For non-7vPCV  type  IPD overall,  IRR  was  significantly  higher  in  those  age-eligible  for  23vPPV  booster

compared  to  those  younger,  but in  both  age  groups  was  lower  than  for non-Indigenous  children.
Conclusion:  These  ecologic  data  suggest  a  possible  “serotype  replacement  sparing”  effect  of  23vPPV  fol-
lowing  7vPCV  priming,  especially  for  serotype  19A with  supportive  evidence  from  other  immunogenicity
and  carriage  studies.  Applicability  post  10vPCV  or 13v  PCV  priming  in  similar  settings  would  depend  on

n  of  I
local  serotype  distributio

. Background
Aboriginal children living in Central Australia had the highest
ecorded incidence of invasive pneumococcal disease (IPD) in the
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world in the 1980s, caused by diverse serotypes [1,2]. Indigenous
children living in remote settings in south-western United States
and Alaska, and children living in many low-income countries, had
similar background IPD epidemiology [3–8]. In Australia, use of
pneumococcal vaccines among Aboriginal and Torres Strait Islander
(hereafter referred to as Indigenous) children spans almost 15

years. For Indigenous children living in high incidence jurisdic-
tions, the vaccine schedule included a booster dose of 23-valent
pneumococcal polysaccharide vaccine (23vPPV) in the second year
of life. This population level experience is potentially relevant to
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ther settings with a high incidence and serotype diversity of IPD
1,9,10].

The publicly funded conjugate pneumococcal vaccine pro-
ramme  in Australia was fast-tracked in 2001 for children at
ncreased risk of IPD, including Indigenous children. All Indigenous
hildren received the 7-valent pneumococcal conjugate vaccine
7vPCV) at 2, 4 and 6 months of age. In view of their high bur-
en of IPD and the lower serotype coverage from 7vPCV[1,11,12]

ndigenous children living in the Northern Territory (NT), Western
ustralia (WA), South Australia (SA) and Queensland (QLD) were
lso offered the 23vPPV booster, at either 18 (in NT and WA)  or
4 (in SA and QLD) months of age [1,13–15]. This recommendation
as based on two lines of evidence. First, that 23vPPV in the sec-

nd year of life could boost antibody responses to the 7 serotypes
ommon to both vaccines [16,17], and induce antibody responses
o some additional serotypes. Second, that in a high mortality set-
ing in Papua New Guinea, PPV reduced mortality and morbidity
ue to acute lower respiratory tract infection among children vac-
inated at 6 months to 2 years of age [18,19]. However, despite its
se for over 30 years among older children and adults, the pro-
ective efficacy and effectiveness of 23vPPV remains controversial,
nd impaired antibody responses following a challenge dose after
mmunisation with 23vPPV have been reported [20–22].

In 2005, funded provision of 7vPCV at age 2, 4 and 6 months, with
o booster (3 + 0 schedule), was extended to all Australian infants,
ith catch-up to the age of 24 months. Absence of a routine booster
ose of 7vPCV, and a 23vPPV booster for a subset of Indigenous
hildren, were unique aspects of the Australian childhood pneu-
ococcal vaccination programme. In 2011, 13vPCV replaced the

rimary 7vPCV doses for all children, and also replaced 23vPPV as
he booster dose for Indigenous children in eligible jurisdictions,
n the Australian national immunisation programme (NIP). In the
T, there was an intervening period of 2 years between 7vPCV and
3vPCV use when a 3 + 1 schedule of 10vPCV was used (October
009–October 2011).

The impact of the 23vPPV booster on IPD incidence among
ustralian Indigenous children is unclear from regional reports
f small case numbers [11,12,23]. We  used pooled data from
ong-standing IPD surveillance in three regions where Indigenous
hildren were eligible for a schedule of 7vPCV plus 23vPPV, and
ompared their age- and serotype-specific trends in IPD with that
n non-Indigenous children eligible for only 7vPCV.

. Methods

We  used an ecological before–after design to evaluate the
mpact from 23vPPV booster after 7vPCV in Indigenous children.

e  compared incidence and changes in overall and individual
erotype/serotype category-specific IPD in Indigenous children <5
ears of age in regions where 23vPPV was recommended with non-
ndigenous children at national level. Vaccine coverage was also
ompared between the two groups.

.1. Population data, laboratory surveillance and IPD incidence

IPD has been a notifiable disease nationally in Australia since
001. Across all jurisdictions in Australia, medical practitioners
nd laboratories report all cases of IPD to their regional health
uthorities [24]. IPD is defined as detection of Streptococcus pneu-
oniae from a normally sterile body site (e.g., blood, cerebrospinal,
eritoneal, or pleural fluid) by culture or nucleic acid testing.

e-identified data on IPD notifications are subsequently trans-

erred electronically to a centralised data system managed by the
ustralian Department of Health, the National Notifiable Disease
urveillance System (NNDSS). Complete data of notified IPD cases
33 (2015) 6666–6674 6667

across Australia are available in the NNDSS from 2002 onwards.
For this study national IPD notifications data in non-Indigenous
children aged <5 years, from 2002 to 2010, were sourced from
NNDSS.

For Indigenous children IPD surveillance data were obtained
from the regional public health authorities in NT, WA and North
QLD (Limited to North QLD only as no pre 2000 data were available
for rest of QLD). The period for which pre-vaccine introduction data
were available differed by region, with data from NT available from
1994, WA  from 1996 and North QLD from 1999. Post-vaccination
period data were available for all 3 regions up to 2010. These three
regions combined accounted in 2001 for 63.5% (n = 22,666) of the
population of Indigenous children <5 years living in jurisdictions
where the policy of 23vPPV booster was in place and in 2006 for 83%
of reported IPD cases in those children. In the NT, 4 out of 5 Indige-
nous people live in areas classified as either remote or very remote.
In QLD and WA,  more than half of the Indigenous population live
in outer, regional, remote or very remote areas [25].

2.1.1. Serotype groups and surveillance periods for comparison
Periods of observation in our study were grouped as pre- and

post-vaccine introduction in the Indigenous and non-Indigenous
children as follows:

Period Indigenous Non-Indigenous

Pre-vaccine introduction 1994a–2000 2002–2004
Transitional 2001 2005
Post-vaccine introductionb 2008–2010 2008–2010
a 1994 in NT, 1996 in WA and 1999 in North QLD.
b 2008–2010 used for both groups as it was  immediately prior to changeover from

7vPCV to 13vPCV with high coverage in both for at least 3 years. In a sensitivity anal-
ysis, the entire post vaccination period (2002–2010 for Indigenous and 2006–2010
for  non-Indigenous) was examined.

IPD notifications were aggregated into five serotype categories.
These categories were based on those common and additional in
each vaccine as shown below.

Vaccine Common serotypes Additional serotypes

7vPCV types Other

13vPCV 4, 6B, 9V, 14, 18C,
19F, 23F

1, 5, 7F, 3, 19A
6A

23vPPV 2, 8, 9N, 10A, 11A, 12F,
15B, 17F, 20, 22F, 33F

First category was 7vPCV types common to all pneumococ-
cal vaccines considered. Second, serotypes included in 23vPPV
but not in 7vPCV (23v-non7v) to give an overall measure of
changes potentially related to 23vPPV separate to 7vPCV. Third, to
facilitate comparison with the currently available 13vPCV, the addi-
tional serotypes in 13vPCV (13v-non7v), which include 6A (not in
7vPCV or 23vPPV but with documented cross-protection from 6B
in 7vPCV). Fourth, serotypes in 23vPPV but not in 13vPCV (23v-
non13v). Fifth, serotypes not present in either 13vPCV or 23vPPV,
including 6C, were classified as non-vaccine types (NVT). Cases
where the serotype had not been identified were excluded from
serotype/serotype category specific analyses but included in total
IPD counts.

IPD incidence rates were calculated as annual average per
100,000 population with denominator population estimates based
on applicable published national census data, including projections
of Indigenous population estimates from the 2001 census.

In the primary analysis, incidence rates in children <5 years of
age in the pre- and nominated post-vaccine introduction periods
were compared using incidence rate ratios (IRR) in the five serotype

groups specified above and all IPD, which included non-typed
isolates, for Indigenous versus non-Indigenous children. IRRs for
individual 13v-non7v and 23v-non13v serotypes were also calcu-
lated.
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The incidence rate ratio (IRR) was calculated using the formula
elow.

Incidence rate (post-vaccine introduction)
Incidence rate (pre-vaccine introduction)

Confidence intervals (CI, 95%) around IRRs were calculated
ssuming a Poisson distribution. If the CI of any IPD incidence in
ny serotype/serotype category did not overlap among Indigenous
ompared with non-Indigenous children, this was considered a pri-
ri evidence of a difference beyond that expected from random
ariation.

A secondary analysis examined wider post vaccine introduc-
ion periods (2002–2010 for Indigenous children and 2006–2010
or non-Indigenous children), included larger numbers of IPD cases
ith the aim of enabling comparison of age group categories of

ndigenous children by eligibility for 23vPPV (varying from ≥18
onths to ≥24 months of age by jurisdiction as above) with non-

ndigenous children <18 and ≥18 months of age respectively. This
nalysis included a period 2001–2004 when coverage for both
vPCV and 23vPPV was substantially lower in Indigenous chil-
ren than the primary analysis period of 2008–2010, examined
nly 3 serotype categories (7v, 23v-non7 and NVT) and 19A and
s reported as percentage reduction with 95% CIs rather than
RRs. Results of the secondary analysis are provided in Appendix
Table A1).

Analyses were performed using IBM SPSS statistics for Win-
ows, version 21.0. Armonk, NY: IBM Corp.

.1.2. Vaccine coverage estimates
The uptake of 3 doses of 7vPCV by 12 months of age for all Indige-

ous and non-Indigenous children nationally and 23vPPV by 36
onths of age for 3 month birth cohorts in Indigenous children

n NT, WA and QLD were obtained from the Australian Childhood
mmunisation Register (ACIR). The ACIR receives notifications of
mmunisations for all children up to 7 years of age. Coverage limited
o the defined geographical area of North QLD only could not be
etermined so 23vPPV coverage for the whole state of QLD was
sed, although likely to be lower than coverage for North QLD only.

. Results

.1. Vaccine coverage

Among Indigenous children, 7vPCV coverage for 3 doses at 12
onths of age reached about 45% in the first year of the funded vac-

ination programme from 2001, increasing steadily over the next
 years to reach 87% in 2005–2006 and remained around 85% until
010 (Fig. 1). (However, it is important to note that coverage by
ge 2 years was over 90% during this period [26]) Among non-
ndigenous children, 3 dose 7vPCV coverage by 12 months of age
ncreased rapidly from around 5% to over 90% within a year into the
niversal 7vPCV programme and was maintained up to 2010. From
006 to 2010, 23vPPV coverage in Indigenous children remained
0–80% in the NT, improved from 40% to about 60% in WA and
lthough it remained around 50% in QLD as a whole, this is likely to
e an underestimate for North QLD.

.2. Incidence of IPD

In Indigenous children <5 years of age, a total of 230 cases of
PD were recorded by surveillance systems in the NT, WA and
orth QLD in the pre-vaccine introduction period (1994–2000).

ausative serotype was known for 212 (92%), with 7vPCV serotypes
ccounting for 61.8% of cases of known serotype, 23v-non7v
erotypes for 26.4% (including serotype 19A 8.0%) and NVT for
1.8%. Between 2002 and 2010, 213 cases were notified, with
33 (2015) 6666–6674

serotype known for 199 (93.4%), of which 72 (34%) were in the
primary post-vaccine introduction comparison period 2008–2010.
Among non-Indigenous children <5 years of age, there were 1993
cases of IPD notified nationally pre-7vPCV (2002–2004). Causative
serotype was  known for 1795 (90.1%), with 7vPCV types account-
ing for 87.4%, 23v-non7 types for 7.8% (including 19A 4.1%) and
NVTs for 4.7%. Between 2006 and 2010, 1092 cases were identified
with serotype known in 1005 (92%), of which 709 (70.5%) were in
2008–2010.

Fig. 2 shows long term trends of serotype-specific IPD between
1994 and 2010 in Indigenous and between 2002 and 2010 in non-
Indigenous children. In Indigenous children a steep decrease in
7vPCV type IPD is notable in 1994 and 1995, for which data are only
available from NT. Incidence of 7vPCV IPD was  more stable between
100 and 140 per 100,000 in the 6 years 1996–2001, when data
from WA and North QLD also contributed. In 2002, when estimated
7vPCV coverage reached 45%, 7vPCV type IPD decreased by about
50%, but did not reach its nadir until >80% coverage was achieved
in 2006. In contrast, among non-Indigenous children, 7vPCV type
IPD fell steeply from 2005, and continued to decrease each year
thereafter. The other striking difference is the steady increase in
the incidence of IPD due to 19A in non-Indigenous children from
2006, whereas in Indigenous children showed a decreasing trend.

Detailed data by serotype categories and selected individual
serotypes for the primary comparison (pre vaccine period with
2008–2010) are shown in Table 1. For 7vPCV type IPD IRRs for non-
Indigenous and Indigenous children are identical. In contrast, for
23v-non7v serotypes as a whole, the IRR point estimates for Indige-
nous and non-Indigenous children are 1.19 versus 3.06, with 95%
CIs that do not overlap. This is largely attributable to the subgroup
of 13v-non7v serotypes, for which the IRR for Indigenous children
is 0.70 (95% CI 0.39–1.23) compared to 2.58 (95% CI 2.13–3.14)
for non-Indigenous. This is despite no reduction in serotype 6A
in Indigenous children, in contrast to an 84% reduction in non-
Indigenous children. The IRR for all other individual 13v-non7v
serotypes is lower for Indigenous children, significantly lower for
19A (0.61; 95% CI 0.21–1.55 versus 4.27; 95% CI 3.31–5.57). In the
pre-vaccine introduction period, incidence of 19A IPD was 8 times
higher in Indigenous children (16.0) than non-Indigenous (2.0) but
in 2008–2010 only marginally higher (9.7 versus 8.5).

In contrast, the IRR for 23v-non13v category was higher for
Indigenous children (2.43 versus 1.64), and the 95% CIs for two
groups overlapped, with no individual serotypes showing convinc-
ing evidence of lesser increase among Indigenous children. Further,
in Indigenous children, the point estimate of IRR for 23v-non7 types
(1.19) is lower than for NVT (1.34), whereas for non-Indigenous
children it is higher (3.06 versus 2.45), although 95% CIs overlap for
both. Among Indigenous children in 2008–10, total IPD incidence
per 100,000 was 100.1, with 33F (13.9) the highest incidence single
serotype, followed by serotypes 12F, 19A and 1 (all 9.7). In contrast,
in non-Indigenous children 19A had the highest incidence (8.5 per
100,000), and the next most common serotypes were 19F (0.8), 22F
(0.7) and 7F and 3 (each 0.6). Overall, there were significant reduc-
tions in total IPD for both Indigenous (IRR 0.46; 95% CI 0.35–0.61)
and non-Indigenous (IRR 0.32; 95% CIs 0.29–0.35) children.

Changes in all individual serotypes between the pre-vaccine
period and 2008–2010 for Indigenous and non-Indigenous children
are shown in Fig. 3. Notable differences are that 13vPCV serotypes
as a whole (including 7v serotypes) account for 75.2% of IPD in
Indigenous children pre-vaccine introduction, decreasing to 31.9%,
whereas in non-Indigenous children they accounted for 85.9% pre-
vaccine introduction but 65.2% in 2008–10. The pattern of decline

for individual 7vPCV serotypes is similar, but there are several
differences among 13v-non7 types. Serotypes 1 and 5 are much
more prominent in Indigenous children pre-vaccine introduction
and serotype 5 disappeared post-vaccine introduction. In contrast,
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ig. 1. National 7vPCV vaccine coverage (3 doses at 12 months of age) in indigenou
6  months of age in indigenous children in Northern Territory, Western Australia a

erotype 6A largely disappeared in non-Indigenous children but
ncreased in Indigenous children, whereas serotype 6C emerged in
oth. Among 23v-non13v serotypes, 12F is prominent in Indige-
ous children pre- and post-vaccine introduction but absent in
on-Indigenous children, whereas types 22F and 33F appear to
merge in both groups.
When entire post-vaccination periods of 2002–2010 in Indige-
ous children and 2006–2010 in non-Indigenous children were
onsidered (Appendix), the increase in incidence of IPD due to 19A

ig. 2. IPD rates in Indigenous (study areas) and non-Indigenous (national, inset) children
non-indigenous children, 2001–2010 and 23vPPV vaccine booster dose coverage at
eensland 2006–2010 (inset).

remained statistically significant at 256% [95% CI 177.7–362.1%) in
non-indigenous children, whereas in Indigenous children there was
a decline of 37.5%, which was  not statistically significant. In the
pre-vaccine introduction period among Indigenous children, the
incidence of IPD was  much higher in those too young to be eligible
for 23vPPV booster (500.7) than those age eligible (86.3), whereas

among non-Indigenous children incidence of total IPD were simi-
lar by age group (58.4 in <18 months and 50.9 in ≥18 months of
age). Also among Indigenous children, changes in the incidence

 under 5 years of age by serotype caregory, pre-vaccine introduction to 2010.
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Table  1
Comparison of IPD incidence rates and post-versus pre- vaccine introduction IRRs in Indigenous (in study areas) and non-Indigenous (national) children < 5 years of age.

Serotype category/serotype Indigenous Non-Indigenous

Pre-vaccinationa Post-vaccinationc IRR 95% CI Pre-vaccinationb Post-vaccinationc IRR 95% CI

7vPCV 123.1 (131) 4.2 (3) 0.03 0.01–0.15 43.0 (1569) 1.4 (55) 0.03 0.02–0.04
13v-non7v 39.5 (42) 27.8 (20) 0.70 0.39–1.23 3.9 (143) 10.1 (407) 2.58 2.13–3.14

1  9.4 (10) 9.7 (7) 1.04 0.33–3.01 0.1 (2) 0.3 (11) 4.98 1.09–46.26
3  0.0 (0) 0.0 (0) 0.00 – 0.4 (16) 0.6 (22) 1.25 0.62–5.34
5  8.5 (9) 1.4d (0) <0.16 0.00–0.75 0.0 (0) 0.0 (0) 0.00 –
6A  2.8 (3) 4.2 (3) 1.48 0.19–11.05 1.2 (45) 0.2 (8) 0.16 0.07–0.35
7F  2.8 (3) 4.2 (3) 1.48 0.19–11.05 0.2 (7) 0.6 (22) 2.85 1.17–7.89
19A  16.0 (17) 9.7 (7) 0.61 0.21–1.55 2.0 (73) 8.5 (344) 4.27 3.31–5.57

23v-non13v 16.0 (17) 38.9 (28) 2.43 1.28–4.75 1.2 (43) 1.9 (78) 1.64 1.12–2.44
2  0.00 (0) 0.0 (0) 0.00 – 0.0 (0) 0.0 (0) – –
8  1.9 (2) 1.4d (0) <0.74 0.00–7.88 0.1 (2) 0.1 (3) 1.36 0.16–16.27
9N  0.9 (1) 1.4 (1) 1.48 0.01–116.12 0.1 (2) 0.2 (6) 2.72 0.49–27.53
10A  0.9d (0) 4.2 (3) >4.4 0.61–∞ 0.1 (3) 0.2 (7) 2.11 0.48–12.67
11A  0.9d (0) 2.8 (2) >2.2 0.28–∞ 0.1 (5) 0.2 (7) 1.27 0.35–5.07
12F  6.6 (7) 9.7 (7) 1.48 0.44–4.94 >0.0 (1) 0.02d (0) 0.67 0.00–35.33
15B  0.0 (0) 0.0 (0) 0.00 – 0.3 (9) 0.3 (13) 1.31 0.52–3.47
17F  1.9 (2) 1.4d (0) <0.74 0.00–7.88 >0.0 (1) 0.1(3) 2.72 0.22–142.65
20  0.0 (0) 0.0 (0) 0.00 – >0.0 (1) >0.0 (1) 0.91 0.01–71.09
22F  0.9d (0) 7.0 (5) >7.4 1.36–∞ 0.4 (13) 0.7 (28) 1.95 0.98–4.10
33F  4.7 (5) 13.9 (10) 2.96 0.92–11.03 0.2 (6) 0.3 (10) 1.51 0.50–5.05

23v-non7v 52.7 (56) 62.6 (45) 1.19 0.78–1.79 3.9 (141) 11.8 (477) 3.06 2.53–3.72
NVT  20.7 (22) 27.8 (20) 1.34 0.69–2.58 1.1 (40) 2.7 (108) 2.45 1.69–3.61
All  216.2 (230) 100.1 (72) 0.46 0.35–0.61 54.6 (1993) 17.6 (709) 0.32 0.29–0.35

a 1994–2000.
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c 2008–2010.
d Incidence rate corresponding to a case count of one was assigned where observ

f IPD due to 19A differed by age group with a 49.4% decline in
he younger and 18.1% increase in the older age group, both non-
ignificant. The incidence of 23v-non7v type IPD excluding 19A also
iffered by age group, with a 6.9% reduction in younger children
nd a 62.7% increase in older children, contributing to an increase
f 18.1% among all Indigenous children <5 years of age. In contrast,
mong non-indigenous children incidence of IPD due to serotype
9A increased to a similar and statistically significant level in both
ounger and older age groups. Among older Indigenous children the
ncrease in NVT was greater than the increases in 23v-non7v and
9A type IPD incidence. In contrast among older non-Indigenous
hildren NVT type IPD increase was substantially lower than those
or 23v-non7v and 19A.

. Discussion

These data from three regions of Australia with long-term
PD surveillance among Indigenous children eligible for a 23vPPV
ooster include more than 200 cases each in the pre- and
ost-vaccine introduction periods. Although causal inference is
recluded by the ecologic design, the incidence of IPD due to
3v-non7v serotypes increased less, and in the case of serotype
9A, significantly less, in these Indigenous children than in non-

ndigenous children at the national level that received 7vPCV only
ithout a booster. This finding was internally consistent, as in con-

rast with these serotypes, the incidence of NVT (non-23vPPV) IPD
ncreased to a somewhat similar degree among Indigenous and
on-Indigenous children. An important question is how IPD pat-
erns among Indigenous children would have differed if a booster
ose with 7vPCV rather than 23vPPV had been given. Data from two
roups of Native American children, Alaskan Natives and Native
mericans in the Navajo nation, who have a socio-demographic
rofile and pre-vaccine IPD epidemiology similar to Indigenous

ustralian children, provide some basis for comparison between

he impact of long-term 7vPCV, with a booster dose at 12 months,
nd a 23vPPV booster following an initial three doses of 7vPCV
27–29].
e count was zero to derive IRRs to indicate direction of change.

In Alaska, after 5–6 years of 7vPCV use in a 3 + 1 schedule, non-
7vPCV type IPD among Native Alaskan children rose significantly
more than in non-Native Alaskan children [28], although no sig-
nificant increase was found in Navajo children [29]. In Table 2, we
compare changes in IPD pre- and post-7vPCV introduction among
Indigenous children in Australia in our study with that in these
two groups of native North American children, as these three pop-
ulation groups had similar baseline IPD incidence prior to 7vPCV
introduction. Post vaccine introduction, differences between these
populations were most marked among children <2 years of age.
In this age group, Australian indigenous children had a decrease
in IPD due to non-7v types, with 95% CIs which did not overlap
with those for either Alaskan native or Navajo children. Among
children 2–4 years of age, Australian indigenous children had a
similar increase in non 7vPCV types to Alaskan native children,
while there was a non-significant decrease among Navajo chil-
dren in the post-vaccine period. However, for serotype 19A, both
Alaskan native children and Navajo children had statistically sig-
nificant increases, whereas 19A decreased, albeit non-significantly,
among Australian indigenous children, suggesting the possibility of
a specific mitigating effect of 23vPPV on replacement with serotype
19A among non-7v types. For IPD due to 19A, in contrast to 39%
decrease and the 327% increase in Indigenous and non-Indigenous
children, respectively, in our study, native and non-native Alaskan
children both had over 200% increases (personal communication
Lisa Bulkow, Arctic Investigations Programme, Centres for Disease
Control, Atlanta, USA).

Other data which can help inform interpretation of our expe-
rience with the 23vPPV booster following 7vPCV come from
immunogenicity and carriage studies. A small study in Indigenous
children in the NT demonstrated significant boosting of IgG anti-
body levels to all 7vPCV serotypes following a 23vPPV booster, and
lesser but significant increases in antibody levels to many 23v-

non7v types [30]. Specifically for serotype 19A, two  recent studies
have shown significant functional antibody responses following
23vPPV in children primed with 7vPCV. In a phase 3 study among
Thai children primed with 3 doses of 7vPCV, opsonophagocytic
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ntibody levels (OPA) against serotype 19A increased significantly
ollowing a 23vPPV booster at 12–18 months of age [31]. In Fijian
hildren, while 23vPPV alone (at 12 months) with no prior 7vPCV
as poorly immunogenic against 19A, when 23vPPV was given at

2 months following 7vPCV, high IgG and OPA responses against
9A were elicited [32,33]. Similarly, in a carriage study in Indige-
ous children who received the 23vPPV booster, a statistically
ignificant decrease of 4% in 19A carriage (from 15 to 11%) was seen,
n the face of an increase in overall carriage of non 23vPPV types of
0% [34]. In contrast, in Alaska, prevalence of 19A carriage increased
rom an undetectable level in persons of all ages pre-7vPCV intro-
uction, to around 20% in children <5 years of age at the time when

arge increases in 19A IPD were being observed [28].
There are a number of limitations in our study. The ecolog-

cal design precludes establishing a causal effect of vaccine on
hanges in disease incidence, and small case numbers limit statis-
ical inference. Differing pre-vaccination periods, specifically the
ecline in 7vPCV serotypes prior to vaccine introduction in NT [9],
nd the lack of data on potentially influential factors such as the

revalence of risk factors for IPD, antibiotic use and the thresh-
ld for obtaining blood cultures in Indigenous and non-Indigenous
hildren also hamper interpretation. With the exception of the
ost vaccine introduction periods in indigenous (in study areas) and non Indigenous

reduction in 7vPCV serotype prevalence in one study area (the NT,
as mentioned above) we are not aware of any differences in cir-
culating pneumococcal serotypes during pre-vaccine periods, and
believe that this is unlikely to have influenced our findings. For non-
Indigenous children, we  used national data rather than data only
from the same geographic areas to enhance precision of estimates.
To assess potential bias, we  replicated analyses using data of non-
Indigenous children limited to NT, WA and North QLD, and found
almost identical point estimates.

A recent review concluded that although a schedule consisting
of primary doses of conjugate vaccine plus a 23vPPV booster seems
attractive with respect to serotype coverage, there was insufficient
evidence for wider implementation [35]. Our findings significantly
enhance the evidence base, by providing the first set of data on
IPD trends in the context of population use of 23vPPV as a booster
among Indigenous Australian children, in comparison with non-
Indigenous Australian children and with Indigenous populations
in Alaska and the Navajo lands, which had similar IPD incidence
and serotype distribution pre 7v PCV use. Differences identified

were most striking for serotype 19A, which was  associated with sig-
nificant IPD serotype replacement in all three comparator groups,
but not in Australian Indigenous children despite the pre 7vPCV
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Table  2
Percentage changes in IPD incidence in the post vaccination period compared to pre vaccine introduction in US native (Alaskan and Navajo) and Indigenous Australian
children.

Serotype group Age group Alaskan natived 0,28
(Pre-7vPCV [1995–00]
incidence & % change
post-7vPCV [2004–06])

Navajo children29 (Pre-7vPCV
[1995–97] incidence & %
change post-7vPCV [2004–06])

Australian Indigenous
(Pre-7vPCV [1994–00]
incidence & % change
post-7vPCV [2008–10])

7vPCV <2 yearsa 275 236 288
−96 (−100 to −86) −100 (−100 to −94) −98.2 (−99.8 to −93.1)

2–4  yearsb 47 51 48
−100 (−100 to −66) −100 (−100 to −90) −95.6 (−99.9 to −73.7)

<5  years 140 124 123
−97 (−100 to −88) −100 (−100 to −95) −97.1 (−99.4 to −91.4)

Non-
7vPCV

<2  yearsa 95 172 168
+140 (47 to 200) +6 (−29 to 57) −58.8 (−75.2 to −33.2)

2–4  yearsb 13 51 34
+195 (0 to 890) −46 (−76 to 13) +165.9 (58.8 to 354.2)

<5  years 47 97 76
+158 (66 to 308) −8 (−35 to 30) +6.9 (−33.0 to 49.2)

19Ac <2 yearsa 20 NA 42
+170 (−11 to 804) −49.4 (−77.6 to 14.5)

2–4  yearsb 0 NA 4
+400 18.1 (−73 to 607.7)

<5  years 8 NAc 16
+212 (6 to 929) −39 (−79 to 55)

All  IPD <2 yearsa 403 405 501
−39 (−58 to−14) −56 (−39 to −69) −85.1 (−90.4 to −77.7)

2–4  yearsb 74 99 86
−46 (−76 to 11) −73 (−47 to −87) +10.4 (−26.4 to 64.5)

<5  years 208 222 216
−39 (−56 to −16) −61 (−71 to −47) −60.2 (−69.8 to −48.0)

a For Australian Indigenous <18 months/2 years.

 was 

s for D

i
g
c
r
h
a
p
I
p
m
2
c
a
o
i
I
w
w
u
1
d
t
t
u
i

sory Group on Immunisation (ATAGI).
b For Australian Indigenous 18 months/2 years–<5years.
c Percentage change not available reported but absolute incidence rate difference
d Personal communication Lisa Bulkow, Arctic Investigations Programme, Centre

ncidence of 19A being more than double that documented in the
roup with the next highest reported incidence (Alaskan native
hildren). The evidence regarding effect on 19A disease incidence
esulting from the use of a 23vPPV booster is mixed. On the one
and, immunogenicity data demonstrate a 19A booster response
fter 23vPPV in children primed with 7vPCV [30–32] and are sup-
orted by data showing 19A carriage reductions in Australian

ndigenous children, at least in the context of the NT Indigenous
opulation. On the other hand, reductions in 19A incidence were
ost notable among children too young to be eligible for the

3vPPV booster dose, and no impact of 23vPPV on pneumococ-
al carriage was found in Fijian children [36], making inferences
bout indirect impact of 23vPPV uncertain. In either case, evidence
f incremental protective benefit against serotypes that are present
n 23vPPV but not 13vPCV was absent from our study, although
PD due to some serotypes common elsewhere, such as serotype 2,

ere absent in our study population. Notably, Papua New Guinea
here serotype 2 has traditionally been prevalent, continues the
se of 23vPPV at 9 months of age following the introduction of
0v or 13vPCVs into its immunisation schedule, in the context of
emonstration of efficacy of 23vPPV alone against mortality due

o lower respiratory tract infections and more recent demonstra-
ion of favourable immune responses over the longer term when
sed post PCV [18,37]. In the Australian context, it was  decided that

ntroducing a fourth dose of 13vPCV would provide more assured
+15 (+3 to +28) compared to −6.3 (−16.7 to +4.2) in Australian Indigenous.
isease Control, Atlanta, USA.

benefit, particularly in light of recent outbreaks of serotype 1 in
Aboriginal communities, compared with retention of the 23vPPV
booster [38] Evaluation of effectiveness and uptake of the 4th dose
13vPCV recommendation in eligible Indigenous children will be
important for comparison with our 23vPPV booster experience and
that in similar settings internationally.
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Long-term Impact of a “3 + 0” Schedule for 7- and 
13-Valent Pneumococcal Conjugate Vaccines on Invasive 
Pneumococcal Disease in Australia, 2002–2014
Sanjay Jayasinghe1,2, Rob Menzies3, Clayton Chiu1,2, Cindy Toms4, Christopher C. Blyth5, Vicki Krause6, Peter McIntyre1,2,7

1National Centre for Immunisation Research and Surveillance for Vaccine Preventable Diseases, Westmead; 2Discipline of Child and Adolescent Health, University of Sydney, and 3School of Public 
Health and Community Medicine, University of New South Wales, Sydney; 4Office of Health Protection, Australian Government Department of Health, Canberra; 5Department of Infectious Diseases 
and Microbiology, Princess Margaret Hospital, School of Paediatrics and Child Health and Telethon Kids Institute, University of Western Australia, Perth; 6Centre for Disease Control, Department of 
Health, Darwin, Northern Territory; and 7School of Public Health, University of Sydney, Sydney, Australia

Background. Australia introduced universal 7-valent pneumococcal conjugate vaccine (PCV7) from 2005, replaced by 13-valent 
PCV (PCV13) in 2011, uniquely among high-income countries giving doses at 2, 4, and 6 months (3 + 0 schedule). Data on impact 
of a timely 3 + 0 PCV schedule with high coverage are sparse, with none for PCV13.

Methods. We used national surveillance of invasive pneumococcal disease (IPD) from 2002 for baseline and appropriate later 
comparison periods to calculate incidence rate ratios (IRRs) by serotype and age using a Poisson model. PCV coverage was assessed 
from the Australian Childhood Immunisation Register.

Results. After 9 years of timely 3-dose PCV coverage of >92%, all-age IPD in Australia almost halved (IRR, 0.53; 95% confidence 
interval [CI], .50–.57), but differed by PCV era. Reductions in IPD due to vaccine serotypes from PCV7 (IRR, 0.20; CI, .17–.22) were 
about 2-fold greater than for IPD due to extra serotypes in PCV13 (13v-non7v) in a similar period (IRR, 0.58; CI, .51–.66). Post-
PCV13 declines in serotype 19A IPD in persons aged <2 years (IRR, 0.23; CI, .13–.35) and ≥2 years (IRR, 0.35; CI, .28–.44) differed 
from other 13v-non7v IPD (IRR, 0.73; CI, .35–1.48 for those aged <2 years and IRR, 0.96; CI, .81–1.15 for those ≥2 years). Meningitis 
due to vaccine serotypes nearly disappeared in children eligible for 3 PCV13 doses. IPD due to non-PCV13 serotypes increased by 
30% compared with 76% for non-PCV7 serotypes in equivalent period of vaccine use.

Conclusions. Reductions in vaccine-type IPD post-PCV13 were inferior to Australian experience with PCV7 and reports from 
high-income countries giving a PCV booster dose. Applicability of findings to other settings would depend on age of IPD onset, 
serotype profile, and timeliness of vaccination.

Keywords. PCV7; PCV13; invasive pneumococcal disease; Australia; vaccine impact.
 

Streptococcus pneumoniae (pneumococcus) is a major cause 
of pneumonia, septicemia, and meningitis worldwide, with 
the greatest burden seen in extremes of age [1]. The efficacy of 
pneumococcal conjugate vaccines (PCVs), now used in national 
infant vaccination programs in >95 countries, was initially 
demonstrated in randomized controlled trials of 7- and 9-valent 
PCVs in developed and developing countries, respectively [1, 
2]. Subsequently, observational studies of invasive pneumococ-
cal disease (IPD) from developed countries showed substantial 
overall reductions in incidence at a population level following 
7-valent PCV (PCV7) introduction, in both children and adults, 

despite increases in certain nonvaccine serotypes (NVTs) [3–5]. 
Increases in NVTs prompted replacement of PCV7 by 13-valent 
PCV (PCV13), containing 6 additional serotypes (1, 3, 5, 6A, 
7F, and 19A), licensed on the basis of extrapolation of immuno-
logic correlates of protection from PCV7 efficacy trials.

Uniquely among high-income countries, the PCV schedule 
in Australia’s National Immunisation Program (NIP), starting 
with PCV7 in 2005, has been 3 primary doses with no booster 
(3  +  0 schedule). In the first 12  months of PCV7 use in the 
NIP, vaccine coverage by 12  months of age increased rapidly 
to >90%, and was around 60% in children <2 years of age for 
catch-up doses [6]. Studies at the state [7] and national level 
[8, 9] demonstrated direct and indirect reductions in IPD inci-
dence following PCV7 use in Australia comparable to those in 
the United Kingdom (UK) and the United States, countries with 
similar long-term surveillance of large populations, but using, 
respectively, 2  +  1 and 3  +  1 schedules [3, 7–9]. In addition, 
reductions in presumptive noninvasive pneumococcal disease 
post-PCV7 introduction were also found in Australian studies of 
International Classification of Diseases–coded pneumonia [6, 9] 
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and ventilation tube insertions [9, 10]. Based on these data, the 
3 + 0 schedule was continued [11] when PCV13 replaced PCV7 
in mid-2011, a decision consistent with an independent system-
atic review of the effectiveness of differing PCV7 schedules that 
did not find significant advantages of 2 + 1 or 3 + 1 schedules 
over 3 + 0 [12]. However, a randomized trial of PCV13 sched-
ules found lower antibody responses to some serotypes after pri-
mary sequence of 2 doses compared with 3 [13], highlighting the 
need for postimplementation studies in countries using differing 
schedules to examine population-level impact of PCV13.

Although caution is needed in interpretation of postimple-
mentation studies [3, 14], Australian national IPD surveillance, 
like that in the UK and sentinel sites in the United States, fulfills 
quality criteria requiring stable, long-term enhanced surveil-
lance capturing a large number of cases [7, 8]. Here we report 
impact on IPD 3.5 years post-PCV13 introduction, compared 
with an equivalent period post-PCV7 introduction, using a 
3 + 0 schedule. The Australian experience complements reports 
from other settings using alternate PCV schedules, in the con-
text of continuing global considerations about the optimum use 
of PCVs in national programs [15].

METHODS

Data Sources and Period of Observation

Data from the national laboratory–based passive surveillance 
system, the National Notifiable Disease Surveillance System 
(NNDSS), with corresponding midyear resident population esti-
mates from the Australian Bureau of Statistics as denominators, 
were used to derive age- and serotype-specific IPD incidence 
rates per 100 000 population. IPD has been a notifiable disease 
nationally in Australia since 2001, with constant and consistent 
capture of isolates since 2002. A confirmed IPD case is defined as 
isolation of S. pneumoniae by culture or detection of nucleic acid 
from a normally sterile body site. Serotyping of S. pneumoniae 
isolates is carried out in 3 reference laboratories. Data flow and 
data elements of the NNDSS have been described elsewhere [16].

All cases of IPD with a date of diagnosis between 1 January 2002 
and 31 December 2014, in individuals not identified as Indigenous 
from all jurisdictions except the Northern Territory were included 
in the study. These exclusions were due to earlier commencement 
of PCV7 funding for all Indigenous children nationally and pro-
grammatic use of PCV10 for 2 years between discontinuation of 
PCV7 and commencement of PCV13 in the Northern Territory.

The uptake and timeliness of PCV13 and PCV7 doses for all 
non-Indigenous children nationally were obtained from the 
Australian Childhood Immunisation Register (ACIR) [17].

Design and Statistical Analysis

First, trends of incidence rates of IPD from 2002 to 2014, 
stratified by age and serotype categories, were examined. Case 
counts were adjusted for those where serotype was not availa-
ble by proportional allocation according to the distribution of 

known serotypes in relevant year and age group. The serotypes 
included in each serotype category in the analyses are shown in 
Supplementary Table 1.

The incidence rate ratio (IRR) post– vs pre–vaccine introduc-
tion was the metric used to measure vaccine impact, with con-
fidence intervals (95% or 99%) calculated assuming a Poisson 
distribution. Average IPD incidence in the 3  years preceding 
vaccine introduction and the incidence in the last 12-month 
period of the 3.5 years since vaccine introduction were used to 
calculate pre– and post–vaccine introduction rates, respectively, 
for PCV7 and PCV13 and over the combined PCV period 
(Supplementary Table 2). Vaccine impact was examined for IPD 
due to selected individual serotypes (PCV7 types, 13-valent 
non-7-valent [13v-non7v] types, 6A and 6C) and relevant sero-
type categories and total IPD cases (Supplementary Table  3). 
Incidence rates of IPD for individual 13v-non7v types and 6C 
were calculated also for each post-PCV13 year.

Serotype replacement: To evaluate the emergence of serotypes 
causing replacement disease post-PCV13, IRRs were calculated 
for individual non-PCV13 serotypes and benchmarked against 
data for serotype 19A following PCV7 introduction.

In addition, cumulative proportions of annual average case 
counts for pre- and post-PCV13 periods by serotypes were 
compared, to better characterize changes in serotype coverage 
from vaccines currently in use in the NIP.

Pneumococcal meningitis: The impact of PCV13 on pneu-
mococcal meningitis was separately evaluated in the age 
group in which it is most common (<2 years). This was of par-
ticular interest, as one rationale for preferring 3 + 0 schedule 
is potential for earlier attainment of highest achievable protec-
tion against meningitis, the most severe manifestation of IPD.

Vaccination Coverage

Vaccine uptake was calculated as proportions of children in 
12-month birth cohorts (1 January to 31 December) recorded 
as receiving each PCV7/PCV13 dose by 12-month milestone 
age. Timeliness was assessed through examining the percent-
age of the cohort who received a third vaccine dose with a 
delay of <6 months (ie, at age 7–12 months) and ≥6 months 
(ie, at age ≥12 months). The uptake of PCV13 supplementary 
program was assessed with reference to eligible age cohorts.

Analyses were performed using IBM SPSS statistics software 
for Windows, version 22.0 (IBM, Armonk, New York).

Ethical Approval

Ethical approval was granted for the study on 26 November 2013 
by the Australian Capital Territory Health Human Research 
Ethics Committee’s Low Risk Sub-Committee (ETHLR.13.317).

NNDSS data for the study were supplied by the Office of Health 
Protection of the Australian Government Department of Health 
following approval of data release by the Communicable Diseases 
Network Australia (data request identifiers 289/2013 and 357/2015).

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/64/2/175/2698919 by U

niversity of O
tago user on 18 January 2021



Long-term PCV Impact in Australia • CID 2017:64 (15 January) • 177

RESULTS

From 2002 to 2014, 23 239 cases of IPD were reported to 
NNDSS. Eligible cases decreased to 20 635 when those iden-
tified as Indigenous or reported from the Northern Territory 
were excluded. The serotype was documented in 87.5% of cases 
in 2002–2004, increasing to 94.4% by 2014.

A decline in incidence of PCV7 vaccine-type (VT) IPD is evi-
dent in all age groups in the first year post-PCV7 (2005), steepest 
in the youngest (<2 and 2–4 years) age groups (Figure 1). From 
2006, across all age groups, 13v-non7v–type IPD increased. 
Following PCV13 introduction, 13v-non7v–type IPD incidence 
declined substantially in children aged <2 years from the first 
year onward, with a slower decline, commencing in the second 

year, in those older. Among children aged <2 years, total IPD 
rapidly fell below the nadir previously reached post-PCV7, 
whereas in older age groups, total IPD either did not reach post-
PCV7 nadir until year 2 or remained above it.

Declines in 13v-non7v–type IPD varied by serotype and age 
group (Table  1). Serotype19A, which accounted for approxi-
mately 80% of PCV13-type IPD in children and approximately 
40% in adults pre–PCV13 introduction, showed the most 
marked reduction, similar by age group, of almost 70% (IRR, 
0.33; 95% CI, .27–.40) overall. IPD due to serotypes 1 and 6A 
also declined uniformly, with all-age reductions of >80%. In 
contrast, serotype 3 IPD incidence did not change appreciably 
in any age group and serotype 7F declined only in children aged 

Figure 1. Incidence rates (per 100 000) of invasive pneumococcal disease (IPD) due to 7-valent pneumococcal conjugate vaccine (PCV7), 13-valent non-7-valent (13v-non7v), 
and nonvaccine serotypes (NVT) and total from 2002 to 2014 by age group and serotype category.
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Table 1. Incidence Rates (per 100 000) and Incidence Rate Ratios of Invasive Pneumococcal Disease due to 13-Valent Non-7-Valent Serotypes, by Age 
Group

Age Group Serotype Pre-PCV13

Post-PCV13

IRR 2014 vs Pre-PCV13 (95% CI)2012 2013 2014

<2 y 1 0.13 (0.7) 0.00 (0.0) 0.00 (0.0) 0.00 (0.0) 0.00 (.00–14.86)

3 1.11 (6.0) 1.33 (7.5) 1.13 (6.5) 1.50 (8.7) 1.35 (.55–3.27)

7F 1.17 (6.3) 0.19 (1.1) 0.75 (4.3) 0.38 (2.2) 0.32 (.03–1.22)

19A 15.63 (84.1) 3.41 (19.3) 3.75 (21.6) 3.57 (20.6) 0.23 (.13–.35)

6A 0.13 (0.7) 0.00 (0.0) 0.00 (0.0) 0.00 (0.0) 0.00 (.00–14.86)

6C 0.91 (4.9) 0.19 (1.1) 0.00 (0.0) 0.38 (2.2) 0.41 (.04–1.74)

Total (excl. 6C) 18.18 (97.8) 4.93 (27.8) 5.63 (32.3) 5.44 (31.5) 0.30 (.20–.43)

2–4 y 1 0.45 (3.6) 0.38 (3.2) 0.24 (2.1) 0.00 (0.0) 0.00 (.00–1.11)

3 0.36 (2.9) 0.64 (5.4) 1.10 (9.5) 1.69 (14.7) 4.65 (1.91–12.05)

7F 0.28 (2.3) 1.15 (9.7) 0.24 (2.1) 0.26 (2.3) 0.93 (.09–5.20)

19A 5.74 (46.3) 3.45 (29.2) 1.47 (12.6) 1.43 (12.4) 0.25 (.12–.43)

6A 0.19 (1.5) 0.00 (0.0) 0.00 (0.0) 0.13 (1.1) 0.68 (.01–7.05)

6C 0.36 (2.9) 0.26 (1.1) 0.12 (1.1) 0.65 (5.6) 1.81 (.54–5.85)

Total (excl. 6C) 7.03 (56.7) 5.62 (48.6) 3.06 (26.3) 3.51 (30.5) 0.50 (.32–.73)

5–14 y 1 0.25 (6.4) 0.43 (11.6) 0.08 (2.3) 0.17 (4.7) 0.70 (.21–2.05)

3 0.15 (3.9) 0.14 (3.9) 0.17 (4.5) 0.17 (4.7) 1.15 (.24–3.46)

7F 0.14 (3.6) 0.72 (19.3) 0.33 (9.0) 0.30 (8.3) 2.19 (.77–6.35)

19A 0.55 (14.1) 0.43 (11.6) 0.25 (6.8) 0.09 (2.4) 0.16 (.02–.52)

6A 0.01 (0.4) 0.05 (1.3) 0.00 (0.0) 0.00 (0.0) 0.00 (.00–110.03)

6C 0.20 (5.3) 0.10 (2.6) 0.04 (1.1) 0.00 (0.0) 0.00 (.00–.73)

Total (excl. 6C) 1.10 (28.3) 1.78 (47.6) 0.83 (22.5) 0.73 (20.2) 0.66 (.39–.73)

15–49 y 1 0.15 (15.6) 0.27 (28.7) 0.11 (11.5) 0.01 (1.1) 0.07 (.00–.35)

3 0.27 (27.6) 0.37 (39.3) 0.27 (29.3) 0.23 (25.7) 0.88 (.55–1.40)

7F 0.44 (45.3) 0.93 (99.8) 0.79 (85.8) 0.63 (68.5) 1.43 (1.06–1.94)

19A 0.75 (77.9) 0.67 (72.2) 0.23 (25.1) 0.28 (31.0) 0.38 (.25–.55)

6A 0.03 (3.5) 0.01 (1.1) 0.00 (0.0) 0.00 (0.0) 0.00 (.00–1.13)

6C 0.10 (10.6) 0.10 (10.6) 0.08 (8.4) 0.07 (7.5) 0.67 (.24–1.48)

Total (excl. 6C) 1.64 (170.0) 2.25 (241.1) 1.40 (151.7) 1.17 (128.4) 0.71 (.58–.87)

50–64 y 1 0.16 (6.1) 0.05 (2.1) 0.05 (2.1) 0.00 (0.0) 0.00 (.00–.62)

3 0.71 (27.1) 0.66 (26.4) 0.56 (22.9) 0.62 (25.9) 0.87 (.54–1.38)

7F 0.56 (21.1) 1.00 (40.2) 0.79 (32.3) 0.72 (30.0) 1.30 (.81–2.04)

19A 1.84 (70.0) 1.71 (68.7) 0.84 (34.4) 1.00 (41.4) 0.54 (.37–.75)

6A 0.20 (7.5) 0.03 (1.1) 0.13 (5.2) 0.02 (1.0) 0.13 (.00–.77)

6C 0.33 (12.5) 0.31 (12.7) 0.38 (15.6) 0.30 (12.4) 0.91 (.42–1.74)

Total (excl. 6C) 3.47 (131.8) 3.49 (138.5) 2.37 (96.8) 2.36 (98.5) 0.68 (.54–.85)

≥ 65 y 1 0.09 (2.5) 0.07 (2.1) 0.00 (0.0) 0.00 (0.0) 0.00 (.00–1.74)

3 1.53 (43.6) 2.26 (72.1) 1.40 (46.4) 1.61 (55.2) 1.05 (.76–1.46)

7F 0.42 (12.1) 1.13 (36.1) 0.97 (32.0) 0.58 (19.8) 1.37 (.77–2.48)

19A 3.59 (103.1) 3.26 (103.93) 2.03 (67.0) 0.94 (32.3) 0.26 (.17–.38)

6A 0.67 (19.1) 0.20 (6.4) 0.12 (4.1) 0.06 (2.1) 0.09 (.01–.33)

6C 1.71 (49.1) 2.06 (66.7) 1.40 (46.4) 1.12 (38.5) 0.66 (.44–.93)

Total (excl. 6C) 6.30 (180.0) 6.91 (219.6) 4.52 (149.5) 3.19 (109.4) 0.51 (.41–.62)

All ages 1 0.17 (34.9) 0.22 (47.7) 0.08 (18) 0.03 (5.8) 0.15 (.05–.38)

3 0.53 (111.1) 0.70 (154.6) 0.53 (119.1) 0.59 (134.9) 1.12 (.87–1.46)

7F 0.43 (90.7) 0.94 (206.2) 0.73 (165.5) 0.58 (131.1) 1.33 (1.02–1.78)

19A 1.89 (395.5) 1.39 (304.93) 0.75 (167.5) 0.62 (140.1) 0.33 (.27–.40)

6A 0.16 (32.7) 0.05 (9.9) 0.04 (9.3) 0.02 (4.2) 0.12 (.03–.33)

6C 0.41 (85.3) 0.43 (94.8) 0.32 (72.6) 0.29 (66.2) 0.72 (.51–1.00)

Total (excl. 6C) 3.17 (664.6) 3.29 (723.2) 2.14 (479.1) 1.84 (418.5) 0.58 (.51–.66)

Adjusted annual case counts are in parentheses (for pre-PCV13 period, the case counts are average annual across 2008–2009 to 2010–2011). Note that serotype 5 is not shown as there 
were only 4 cases altogether (2 each in the 50–64 age group in 2012 and in the 15–49 age group in 2014). IRRs are shown for the pre-PCV13 introduction period vs 2014.

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; PCV13, 13-valent pneumococcal conjugate vaccine.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/64/2/175/2698919 by U

niversity of O
tago user on 18 January 2021



Long-term PCV Impact in Australia • CID 2017:64 (15 January) • 179

<2 years. Serotype 5 was rare both pre- and post-PCV13 intro-
duction (4 cases). Overall, the declines in 19A IPD in persons 
both aged <2 years (IRR, 0.23; 95% CI, .13–.35) and ≥2 years 
(IRR, 0.35; 95% CI, .28–.44) differed from other 13v-non7v IPD 
(IRR, 0.73; 95% CI, .35–1.48 for age <2 years and IRR, 0.96; 95% 
CI, .81–1.15 for age ≥2  years) (data not shown). For all ages, 
total reduction in 13v-non7v serotypes post-PCV13 introduc-
tion was 42% (IRR, 0.58; 95% CI, .51–.66).

For PCV7, large and statistically significant declines were 
seen for all vaccine serotypes in almost all age groups, with 
the upper 95% CI of IRR for most serotypes <.50 in children 
(Supplementary Figure  1). In contrast, for PCV13, the only 
individual serotype for which IRR estimates resembled those 
for PCV7 types was 19A.

Among children aged <2  years, after 9  years of PCV use, 
incidence of total IPD declined by 82% (IRR, 0.18; 95% CI, 
.15–.22) from baseline, compared with a 69% (IRR, 0.31; 95% 
CI, .24–.40) reduction among children aged 2–4 years (Table 2). 
Declines in IPD were greater in all age groups pre- to post-
PCV7 compared with pre- to post-PCV13. For all age groups 
combined, incidence of all IPD declined by 47% over the 9 years 
of PCV use (IRR, 0.53; 95% CI, .50–.57). Reductions pre- to 

post-PCV7 were almost 4-fold greater (42%) than pre- to post-
PCV13 (11%), despite significantly greater increases in NVT 
IPD post-PCV7 of 76% (IRR, 1.76; 95% CI, 1.58–1.96) vs 30% 
(IRR, 1.30; 95% CI, 1.16–1.45) post-PCV13.

Among non-PCV13 serotypes, statistically significant 
increases (P  <  .01) were found for 9N and 15A (Table  3), 
restricted to persons aged ≥5  years. Increase post-PCV13 of 
serotype 23B also reached statistical significance when age 
groups were combined. In comparison, increases in 19A IPD 
post-PCV7 was highly significant in all 3 age groups.

Pneumococcal Meningitis

The overall decline of approximately 65% in pneumococcal 
meningitis in children aged <2 years due to PCV13 serotypes 
was similar to that of nonmeningitis IPD (Figure 2). The pro-
portion of cases occurring after 6 months of age (of total cases 
<2 years of age) pre- to post-PCV13 declined substantially more 
for VT pneumococcal meningitis (50% to 7%, P ≤ .005) than 
for VT nonmeningitis IPD (87% to 77%, P  =  .02). Serotype 
19A drove this difference, with meningitis in children aged 
>6  months decreasing 100% (18 to 0 cases), compared with 
75.8% (186 to 45) for nonmeningitis IPD.

Table 2. Incidence Rates (per 100 000) and Incidence Rate Ratios Before and After Vaccine Introduction for 7-Valent and 13-Valent Pneumococcal Conju-
gate Vaccine, by Serotype Categories and Age Group

Age Group
Serotype 
Category

PCV7 PCV13

IRR Post- 
PCV13 vs 
Pre-PCV7 (95% CI)

Pre–Vaccine 
Introduction 
(2002–2004)

Post–Vaccine 
Introduction 
(2007–2008) IRR (95% CI)

Pre–Vaccine 
Introduction 

(2008–2009 to 
2010–2011)

Post–Vaccine 
Introduction 

(2014) IRR (95% CI)

<2 y VTa 84 (402.6) 3.0 (15.7) 0.04 (.02–.06) 19.9 (107.0) 6.9 (40.2) 0.35 (.24–.48) 0.02 (.01–.04)

NVTb 12.1 (57.8) 22.2 (116.3) 1.84 (1.44–2.34) 7.9 (42.7) 10.5 (60.8) 1.32 (.96–1.82) 1.32 (1.02–1.71)

Total 96 (460.3) 25.2 (132) 0.26 (.22–.31) 27.8 (149.7) 17.5 (101.0) 0.63 (.50–.78) 0.18 (.15–.22)

2–4 y VTa 25.8 (185.6) 1.8 (14.2) 0.07 (.04–.12) 7.9 (63.7) 4.4 (38.4) 0.56 (.38–.79) 0.04 (.02–.07)

NVTb 3.5 (25.0) 8.8 (68.8) 2.52 (1.80–3.55) 3.7 (30.0) 4.7 (40.6) 1.26 (.86–1.86) 2.35 (1.67–3.30)

Total 29.3 (210.7) 10.6 (83.0) 0.36 (.28–.45) 11.6 (93.7) 9.1 (79.0) 0.78 (.60–1.01) 0.31 (.24–.40)

5–14 y VTa 2.5 (63.1) 0.7 (18.4) 0.29 (.16–.46) 1.5 (38.1) 1.1 (30.8) 0.76 (.50–1.15) 0.16 (.08–.30)

NVTb 0.9 (23.6) 1.3 (34.6) 1.46 (.95–2.23) 1.1 (27.5) 0.7 (20.2) 0.69 (.39–1.12) 1.56 (1.04–2.34)

Total 3.4 (86.7) 2.1 (53.0) 0.61 (.44–.82) 2.5 (65.7) 1.9 (51.0) 0.73 (.53–1.00) 0.55 (.40–.74)

15–49 y VTa 3.6 (343.9) 1.0 (100.9) 0.28 (.22–.34) 2.2 (226.3) 1.5 (160.6) 0.67 (.56–.80) 0.08 (.06–.12)

NVTb 1.3 (122.8) 2.4 (246.1) 1.89 (1.60–2.23) 1.1 (114.0) 1.3 (143.4) 1.19 (.97–1.45) 1.95 (1.66–2.82)

Total 4.9 (466.7) 3.4 (347.0) 0.7 (.62–.79) 3.3 (340.3) 2.8 (304.0) 0.85 (.74–.96) 0.57 (.50–.65)

50–64 y VTa 6.5 (210.8) 1.8 (67.5) 0.28 (.22–.36) 4.6 (174.6) 3.3 (137.8) 0.72 (.59–.87) 0.15 (.10–.20)

NVTb 2.9 (95.5) 5.5 (204.5) 1.87 (1.56–2.25) 3.3 (126.4) 4.3 (179.2) 1.29 (1.08–1.55) 2.26 (1.91–2.68)

Total 9.5 (306.3) 7.3 (272.0) 0.78 (.67–.89) 7.9 (301.0) 7.6 (317.0) 0.96 (.84–1.09) 0.81 (.71–.92)

≥65 y VTa 16.9 (420.7) 4.6 (128.0) 0.27 (.23–.33) 8.7 (251.0) 4.6 (157.1) 0.52 (.44–.62) 0.08 (.06–.11)

NVTb 8.2 (205.3) 12.0 (335.0) 1.46 (1.28–1.67) 8.3 (238.6) 10.4 (356.9) 1.25 (1.10–1.42) 1.65 (1.46–1.86)

Total 25.1 (626.0) 16.6 (463.0) 0.66 (.60–.73) 17.1 (489.7) 15.0 (514.0) 0.88 (.79–.97) 0.6 (.54–.66)

All ages VTa 8.5 (1626.7) 1.7 (344.7) 0.20 (.17–.22) 4.0 (860.7) 2.5 (564.9) 0.62 (.55–.68) 0.08 (.06–.09)

NVTb 2.8 (530) 4.9 (1005.3) 1.76 (1.58–1.96) 2.7 (579.2) 3.5 (801.1) 1.30 (1.16–1.45) 1.93 (1.74–2.15)

Total 11.3 (2156.7) 6.6 (1350) 0.58 (.54–.62) 6.8 (1440.1) 6.0 (1336) 0.89 (.83–.96) 0.53 (.50–.57)

Adjusted annual case counts are shown in parentheses.
Abbreviations: CI, confidence interval; IRR, incidence rate ratio; NVT, non–vaccine type; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; 
VT, vaccine type. 
aPCV7 types for pre/post-PCV7 introduction periods and post-PCV13 vs pre-PCV7 comparison, PCV13 for pre/post-PCV13 introduction periods.
bNon-PCV7 for pre/post-PCV7 introduction periods and post-PCV13 vs pre-PCV comparison, non-PCV13 for pre/post-PCV13 introduction periods.
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Vaccine Coverage

Among the cohort of non-Indigenous children born in 2013 
(approximately 300 000), vaccine coverages of each dose of 
PCV13 by age 12 months were 93.1%, 92.8%, and 92.5%, margin-
ally higher than for PCV7 in the 2010 birth cohort (92%, 91.4%, 
and 89.8%). The uptake of supplementary PCV13 dose was more 
than twice as high in those aged 12–23  months (47.9%) com-
pared with 24–35 months (21.7%). With respect to timeliness of 
PCV13 third dose, <3% of children who received this dose did so 
after age 12 months, although around 18% received it between 
age 7 and 12 months, similar to timeliness for PCV7 dose 3.

The proportion of PCV13 type IPD declined from 65.1% in 
the pre- to 39.4% in the post-PCV13 period in children aged 
<5  years and from 48.3% to 29.4% in adults aged ≥65  years 
(Supplementary Figures 2 and 3).

DISCUSSION

During the PCV7 era, using a 3 + 0 schedule, with rapid uptake 
among infants to >90%, and a concomitant catch-up program 
to age 24 months with uptake of around 60%, our data show 
substantial and sustained reductions in incidence of VT IPD in 

all age groups in Australia, consistent with previous reports [7, 
8, 16]. Following PCV13 introduction in 2011, with similar cov-
erage but lower uptake of the supplementary dose, only serotype 
19A showed reductions in children and adults of similar magni-
tude to those post-PCV7. By the third post-PCV13 year, there 
was an 11% reduction in all-age total IPD incidence from pre-
PCV13 baseline, compared with 42% decline in an equivalent 
PCV7 period. These 2 periods combined yielded an overall 47% 
decline in all-age total IPD. We can gain insight into the appar-
ent differential impact under 3 + 0 schedule following PCV13, 
compared with PCV7, from clinical trial data on immunogenic-
ity and carriage, and from comparison of our experience with 
that reported by England and Wales [18] and the United States 
[19], countries with comparable pneumococcal epidemiology, 
vaccine coverage, and quality of postimplementation surveil-
lance, but using alternate 2 + 1 and 3 + 1 vaccine schedules.

With respect to immunogenicity and carriage studies, data for 
PCV7 suggest that 3 primary doses compared to 2 in the first 
year of life gives greater protection at 1–7 months postvaccina-
tion, particularly against some vaccine serotypes [12, 20–22]. 
This is potentially important for early, direct protection against 
pneumococcal meningitis, the most severe manifestation of IPD 

Figure 2. Case counts and cumulative proportions of pneumococcal meningitis and nonmeningitis invasive pneumococcal disease, total and due to all 13-valent pneumo-
coccal conjugate vaccine (PCV13) serotypes (VT) and 19A only, in children aged <2 years, before (2008–2009 to 2010–2011) and after (2012–2014) PCV13 introduction, by 
2 month-age groups.
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that occurs more commonly in infancy. Importantly, in head-to-
head immunogenicity trials, antibody responses for PCV13 for 
serotypes in common were somewhat lower than for PCV7 [23, 
24]. For PCV13, serotype-specific functional antibody responses 
to 13v-non7v types varied more widely than did PCV7 serotypes 
in PCV7 recipients [24]. In a PCV13 immunogenicity trial, an 
11-month booster dose in children primed with 3 doses at age 
2, 4, and 6 months resulted in significantly increased antibody 
responses against 7F, but not 3 and 19A [13]. Higher antibody 
levels, achieved post–booster dose [13], may be required for 
optimum reduction in susceptibility to IPD and carriage in the 
case of serotype 7F. Supporting this premise, antibody concen-
tration needed for clinical protection against 7F IPD, estimated 
using postlicensure vaccine effectiveness data, was greater than 
the correlate of protection used for PCV13 licensure [25].

The impact on IPD seen post-PCV7 in Australia was similar 
to that in the United Kingdom and the United States, despite dif-
ferent schedules [7]. Comparisons post-PCV13 are likely to be of 
even greater validity, as all 3 countries had high PCV13 coverage, 
and similar proportions of all-age total IPD caused by 13v-non7v 
serotypes at baseline. However, there were differences in IPD bur-
den accounted for by specific 13v-non7v serotypes. In both the 
UK and United States, pre-PCV13 IPD due to 7F was of a similar 
magnitude to 19A [5, 19, 26], whereas 19A dominated in Australia. 
Additionally, UK had higher serotype 1 IPD rates than Australia 
and the United States. This is an important consideration, as sero-
type 1 is more subject to temporal variation independent of vac-
cine pressure [27]. In contrast to Australia, the UK and United 
States reported reductions in 7F IPD post-PCV13 that were sim-
ilar to 19A IPD, both in children and adults [18, 19]. Similarly, 
we observed little change in serotype 3 IPD, whereas both the UK 
and United States had decreases. Although the interpretation of 
both immunogenicity and effectiveness data for serotype 3 are 
more uncertain than for any other serotype [24, 25, 28–30], a high 
case-to-colonization ratio and relatively high mortality make rel-
ative impact on serotype 3 disease by schedule an important con-
sideration [31]. As a 3 + 0 and a 2 + 1 schedule require the same 
number of doses, this is arguably the more important comparative 
consideration. Overall, reductions in 13v-non7v IPD post-PCV13 
were greater across all age groups in the UK than in ours, with the 
difference most marked between ages 5–65 years. Persistence of 
immunity from the booster dose extending beyond age 2 years, 
when the colonization levels for PCV13 types peak, is the most 
likely explanation for this difference [32].

Our study has several limitations, related to its ecological design, 
which relies upon temporal associations post–vaccine introduc-
tion to infer causal links between changes in IPD incidence and 
vaccine uptake. As serotype specific incidence trends for individ-
ual 13v-non7v serotypes in years preceding PCV13 varied, we used 
mean incidence over 3 years (2008–2009 to 2010–2011) to provide 
a more stable pre-PCV13 baseline. Other factors that may impact 
on IPD incidence trends and serotype distribution, apart from 

the schedule used and vaccine coverage, include changes in prev-
alence of risk factors, and other pneumococcal vaccines used in 
the population at the same time, such as 23-valent pneumococcal 
polysaccharide vaccine in adults and in individuals with risk fac-
tors. Lower uptake of the supplementary PCV13 dose in children 
12–36 months of age (approximately half that observed for PCV7 
catch-up program [6]) may also have contributed to lower impact 
of PCV13 compared to PCV7, through lesser impact on carriage.

The magnitude of incremental direct benefit from the use in 
elderly adults of PCV13 has been an important question follow-
ing findings of the Community-Acquired Pneumonia in Adults 
(CAPiTA) Trial [33]. In our data, reductions in PCV13 VT IPD 
in age groups >5 years, including adults ≥65 years, were lower 
than reported by the UK and United States. As herd impact on 
nonbacteremic community-acquired pneumonia (CAP) appears 
to parallel changes in IPD [34, 35], such impact may also be less 
with a 3 + 0 infant schedule [34, 36, 37]. If so, Australia could 
expect a greater incremental benefit on nonbacteremic pneumo-
coccal CAP from a direct PCV13 program in older adults [34], 
which is a major driver of cost-effectiveness of such a program.

Overall, our comparison of both PCV7 and PCV13 eras in 
Australia with the United States and the UK suggests that the 3 + 0 
schedule yielded greater dividends for PCV7 than for PCV13, 
and lesser benefits from PCV13, than from alternate schedules. 
On this basis, replacement of 3 + 0 schedule with a 2 + 1 schedule 
appears likely to be cost-effective. The only question is whether 
2-dose breakthrough cases, especially of meningitis, could occur 
between receipt of the second and third doses; this is relevant as 
we have seen near-disappearance of PCV13-type meningitis in 
infants aged ≥6 months. The 3 + 1 schedule would obviate this 
problem, but may not be cost-effective, unless there were sub-
stantially greater indirect effects in adults than the 2 + 1 sched-
ule, particularly on nonbacteremic CAP. Waning immunity is 
also a concern with the 3 + 0 schedule, especially for serotype 
1, which is more likely to occur in older age groups, as high-
lighted in an assessment of a 2 + 1 schedule with a booster dose 
at 9 months in South Africa [38]. Our findings suggest that the 
WHO-recommended 3 + 0 schedule, at earlier age points (6, 10, 
and 14 weeks compared with 6–8, 16, and 24 weeks in Australia) 
would, if adhered to, provide even less longer-term protection in 
older children against epidemics of especially serotype 1, which 
are more common in low-income settings. Continued moni-
toring of vaccine impact, combined with vaccine effectiveness 
assessments, will be needed to determine optimum spacing and 
number of doses to maximize protection from pneumococcal 
conjugate vaccines in the context of the epidemiologic and pro-
gram implementation characteristics of each region.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the author to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the author, so 
questions or comments should be addressed to the author.
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Effectiveness of 7- and 13-Valent Pneumococcal Conjugate 
Vaccines in a Schedule Without a Booster Dose: A 10-Year 
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(See the Editorial Commentary by Whitney  on pages 375–7.)

Background. Unique among high-income countries, Australia has used a 3 + 0 schedule (3 primary doses, no booster) for infant 
pneumococcal conjugate vaccine (PCV) since January 2005, initially 7 valent (PCV7) then 13 valent (PCV13) from July 2011. We 
measured vaccine effectiveness (VE) of both PCVs against invasive pneumococcal disease (IPD) using 2 methods.

Methods. Cases were IPD notifications to the national surveillance system of children eligible for respective PCVs. For case-con-
trol method, up to 10 age-matched controls were derived from the Australian Childhood Immunisation Register. For indirect cohort 
method, controls were IPD cases due to serotypes not in PCVs. VE was calculated as (1 − odds ratio [OR]) × 100 by logistic regres-
sion. VE waning was estimated as odds of vaccine type (VT) IPD in consecutive 12-month periods post-dose 3.

Results. Between 2005 and 2014, there were 1209 and 308 IPD cases in PCV7-eligible and PCV13-eligible cohorts, respectively. 
Both methods gave comparable VE estimates. In infants, VE for 3 doses against VT IPD was 92.9% (95% confidence interval [CI], 
27.7% to 99.3%) for PCV7 and 86.5% (95% CI, 11.7% to 97.9%) for PCV13. From 12 months post-dose 3, the odds of VT IPD by 
24–36 months increased significantly for PCV7 (5.6, 95% CI, 1.2–25.4) and PCV13 (5.9, 95% CI, 1.0–35.2).

Conclusions. For both PCVs in a 3 + 0 schedule, despite similar VE, progressive increase in breakthrough cases only occurred 
post-PCV13. This supports the importance of a booster dose of PCV13 in the second year of life to maintain protection.

Keywords. pneumococcal conjugate vaccine; vaccine effectiveness; Australia; case-control; indirect cohort.

 Diseases caused by Streptococcus pneumoniae (pneumococcus) 
are a major cause of morbidity and mortality globally [1, 2]. 
In the developed world, serious pneumococcal disease occurs 
mainly in very young children and the elderly. Pneumococcal 
conjugate vaccines cover those serotypes that most frequently 
cause serious disease in normally sterile body sites, that is, inva-
sive pneumococcal disease (IPD) [3]. The 7-valent pneumococ-
cal conjugate vaccine (PCV7) became available in Australia in 
2001 but was first publicly funded only for high-risk children. 
It was offered to all children starting in January 2005 through 
the National Immunisation Program (NIP) with a schedule of 3 
doses at ages 2, 4, and 6 months (3 + 0 schedule). In 2011, PCV13 
containing 6 additional serotypes (13v-non7v types), including 
19A (the most common serotype to cause IPD following PCV7), 

replaced PCV7; the 3 + 0 schedule was continued for PCV13 [4]. 
For both PCVs, greater than 90% coverage was achieved rapidly.

Licensure of PCV13 was based on noninferiority to PCV7 
using World Health Organization (WHO)–recommended cri-
teria for an aggregate putative immune correlate of protection 
[5, 6]. However, when serotype-specific correlates of protection 
for PCV13 were estimated from comparison of post-licensure 
vaccine effectiveness (VE) measures to antibody levels achieved 
at age 5  months following doses at age 2 and 4  months, the 
thresholds exceeded the WHO-recommended 0.35 µg/mL level 
(used for PCV13 licensure) for several serotypes, most notably 
serotypes 3 and 19A [7].

While in pivotal prelicensure trials of PCV7 and PCV13, the 
vaccine schedule consisted of 3 primary doses followed by a 
booster (3  +  1 schedule) [8, 9]; the reduced dosage schedule 
adopted by the Australian NIP was expected to provide opti-
mum protection in infancy when the incidence of meningitis 
is the highest. The WHO currently recommends a 3 + 0 sched-
ule for PCVs based on 2 key systematic reviews [1, 10, 11]  
of data for PCV7. However, for PCV13, population-based 
impact assessments suggest that booster dose schedules (2 + 1 
and 3 + 1) provide greater herd benefits, likely due to greater 
immune persistence beyond age 2  years when colonization 
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levels for PCV13 types peak [12–15]. A randomized, controlled 
trial comparing immunogenicity of PCV13 in 4 primary immu-
nization schedules showed that a booster dose after priming 
with 3 doses at age 2, 4, and 6 months resulted in significantly 
increased antibody levels at around age 12 months for 7F, but 
not for 19A [16]. However, potential waning of antibody levels 
and vaccine-induced protection over time by vaccine schedule 
has not been evaluated.

VE studies help to bridge the evidence gap between clinical 
trial and immunogenicity data and routine use of PCVs for 
pneumococcal disease prevention [17]. For PCV7, post-licen-
sure effectiveness estimates under a 3 + 1 schedule matched effi-
cacy estimates from randomized, controlled trials [8, 18]. For 
both PCV7 and PCV13, effectiveness estimates against IPD are 
available for 3 + 1 and 2 + 1 schedules, but not for 3 + 0 schedule 
[7, 19–21].

In this study, we assessed the effectiveness of PCV13 and 
PCV7 in Australian children against IPD using 2 study meth-
ods: matched case-control and indirect cohort [22]. We also 
examined change in VE with increasing time after comple-
tion of respective vaccine courses. Data used were from the 
national long-term enhanced IPD surveillance and vaccina-
tion register [23–25].

METHODS

Selection of Cases and Controls
Cases
IPD cases for both study designs were sourced from the National 
Notifiable Disease Surveillance System (NNDSS), the popula-
tion-based passive surveillance system for notifiable diseases in 
Australia. For surveillance, a case of IPD is defined as detection 
of S. pneumoniae from a normally sterile site, such as blood or 
cerebrospinal fluid, by culture or by nucleic acid amplification 
testing. Isolates from IPD cases are serotyped in 1 of 3 refer-
ence laboratories. Data flow, data elements, and data quality of 
NNDSS have been described elsewhere [26].

For VE assessments, cases were those eligible to receive either 
PCV7 or PCV13 based on date of birth, aged ≥2 months at dis-
ease onset (eligible to receive at least 1 PCV dose), and disease 
onset before 31 December 2014. The PCV7 and PCV13 pro-
grams commenced on 1 January 2005 and 1 July 2011, respec-
tively (a single jurisdiction, the Northern Territory [NT] used 
PCV10 from 1 October 2009 to 30 September 2011). Therefore, 
cases born between 1 November 2004 and 31 December 2010 
(31 March 2009 for NT) were PCV7 eligible and those born 
after 1 May 2011 (1 August 2011 for NT) were PCV13 eligible. 
When PCV13 was introduced, children who had incomplete 
PCV7 schedules were offered PCV13 for the remaining doses. 
For those up to age 3 years with a completed PCV7 course, a 
supplementary PCV13 dose was offered. Cases eligible for these 
mixed PCV schedules were excluded.

Controls for Matched Case-Control Design
Controls for this method were obtained from a de-identified 
dataset of the Australian Childhood Immunisation Register 
(ACIR), held by the National Centre for Immunization Research 
and Surveillance. The ACIR includes all children enrolled in 
the national publicly funded healthcare system (Medicare), 
which includes approximately 99% of children in Australia by 
age 12 months. Controls were matched to cases by date of birth 
(+/−4 days), indigenous status, and jurisdiction of residence. Since 
the method relies on discordance in vaccination status between 
cases and matched controls and given the high vaccine coverage 
for PCV (>90% for 3 doses at 12 months) and ready availability of 
controls from ACIR, 10 controls were sampled per case to max-
imize precision. The reference date for vaccination status assess-
ment in controls was the IPD onset date in their matched case.

Controls for Indirect Cohort Design
In this method, cases due nonvaccine serotypes (NVTs) acted as 
controls on the assumption that the vaccine does not have any 
effect against these serotypes [22]. Cases due to vaccine-related 
serotypes with known cross-protection (6A for PCV7 and 6C 
for PCV13) were excluded from controls.

Vaccination Status Ascertainment

For eligible cases (and controls for the indirect cohort method), 
vaccination history was derived from NNDSS (usually in turn 
derived from ACIR); for controls in the matched case-control 
method, it was sourced directly from ACIR. Only doses of the 
respective PCV received >14 days prior to onset/reference date 
were counted. Children were considered unvaccinated if there 
was no record of any PCV doses or only 1 dose in the 14 days 
before the onset/reference date. Cases and controls with vacci-
nation data missing were excluded.

Statistical Analyses

Analyses were performed using SPSS Statistics for Windows, 
version 22.0 (IBM Corp., Armonk, New York). 

For the matched case-control design, odds ratios (ORs) of 
vaccination (vs no vaccination) in cases and controls and 95% 
confidence intervals (CIs) were generated using a conditional 
logistic regression (COXREG command in SPSS). For the indi-
rect cohort method, similar ORs (and 95% CIs) adjusted for 
age were generated using binary logistic regression. Age adjust-
ment was required for the indirect cohort method because of 
greater differences in age distribution among cases and controls 
within age strata feasible with available cases. VE was calcu-
lated as (1 – OR) × 100. VE was estimated using the number of 
doses and serotype/serotype category (vaccine-serotypes com-
bined [VT], 13v-non7v types, VT-related serotypes, NVTs). 
For PCV7, cases and corresponding controls were limited to 
those aged ≤48 months to be comparable to PCV13 estimates. 
To investigate potential waning of VE, we first calculated ORs 
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for 4 periods post-last dose (up to 12, 12–<24, 24–<36, and  
≥ 36  months), with “not vaccinated” set as the reference 
 category using the case-control method. Thereafter, we reset 
the  reference category to “up to 12 months” post-last dose to 
 generate relative odds of VT IPD for subsequent periods.

Modeling Potential Effect of Serotype Replacement on VE in Indirect 
Cohort Method

Differential changes in risk of NVT disease among the vaccinated 
group relative to the unvaccinated group could introduce bias in the 
indirect cohort method. We evaluated this bias by measuring the 
maximum difference between VE derived using the indirect cohort 
method (VE observed) and true VE for values of observed VE 
between 60% and 95% under an extreme scenario where increases 
in NVT incidence post-PCV introduction exclusively occurred in 
the vaccinated group, using the formula below [27]: 

VEobserved
VEtrue

= −
−

1
1( )

θ

θ = relative increase in NVT incidence affecting vaccinated only.
We used observed pre- and post-PCV7 and -PCV13 intro-

duction NVT IPD incidence rates in children aged <5  years 
in Australia and 3-dose vaccine uptake estimates (at age 
12 months) to calculate θ (Table 1).

Ethical approval was granted by the Health Human Research 
Ethics Low Risk Sub-Committee of the Australian Capital 
Territory (26 November 2013; ETHLR.13.317). NNDSS data 
were supplied by the Office of Health Protection, Australian 
Government Department of Health, following approval by 
the data custodian the Communicable Disease Network of 
Australia (data requests 289/2013 and 357/2015).

RESULTS

There were 1209 and 308 IPD cases, respectively, in PCV7-
eligible and PCV13-eligible children during the 10-year study 
period (2005–2014). Vaccination status was available for 1050 
(86.8%) of PCV7-eligible and 300 (97.4%) of PCV13-eligible 
cases (Table 2). Few cases without available vaccination history 
were due to VTs (14/159 PCV7-eligible and 2/8 PCV13-eligible).

The mean age of PCV13-eligible cases (15.2  months; 
range, 2–40.2) was less than half that of PCV7-eligible cases 
(32.5 months; range, 2–107.0). The most common VT causing 
IPD in PCV7-eligible cases was 19F (n = 47, 4.5%), and 19A 
was the most common VT causing IPD in PCV13-eligible cases 
(n = 58, 19.3%). Receipt of 4 vaccine doses before disease onset 
was uncommon, with 93 among PCV7-eligible cases (86 [92%] 
NVTs) and 8 among PCV13-eligible cases (all NVTs). Total 
vaccine doses received by PCV-13 eligible cases were 670 com-
pared with 912 over a similar period for PCV7-eligible cases, 
who were higher in number and older. Between years 1 and 4 
post-vaccine introduction, annual 13-non7v serotype IPD cases 
increased 8.6-fold (from 5 to 43)  in PCV13-eligible children 
vs a 2.4-fold (from 9 to 22) increase in VT IPD among PCV7-
eligible children (Figure  1). The cumulative proportion who 
had received ≥1 dose of vaccine in all cases aged <12 months 
was less for PCV13-eligible (77.4%) than for PCV7-eligible 
(83.0%) but similar for all cases aged <18 months (Figure 2).

For the case-control method, we matched 10 501 controls 
from ACIR to PCV7-eligible cases and 3003 to PCV13-eligible 
cases. For the indirect cohort method, NVT cases available as 
controls were 850 for PCV7 and 167 for PCV13.

For VE of ≥1 dose of PCV7 against VT IPD in children aged 
≥2 to 48 months, case-control and indirect cohort methods gave 
almost identical estimates (72% and 73%, Table 3). Among infants 
aged 2 to <12 months, VE for ≥1 dose of PCV7 by the case-control 
method was 80.0% (95% CI, 50.2% to 92.0%). For PCV13, VE of 
≥1 dose against VT IPD in children aged ≥2 months to a maxi-
mum of 42 months was 71.3% (95% CI, 48.3% to 84.0%) using the 
case-control method and 75.6% (95% CI, 46.4% to 88.9%) using 
the indirect cohort method. When limited to the infant age group 
of 2 to <12 months, VE estimates for 3 doses of PCV13 were 86.5% 
(95% CI, 11.7% to 97.9%) by case-control method and 94.4% (95% 
CI, 71.1% to 98.9%) by indirect cohort method.
Vaccine Effectiveness by Time Since Last Dose
For PCV7, declines in 3-dose VE estimates for VT IPD were 
seen in successive 12-month periods, from 89.4% (95% CI, 
75.8% to 95.3%) in the first 12  months post-dose 3 to 74.0% 
(95% CI, 23.9% to 91.1%) between 12 and 24  months and 
40.7% (95% CI, <-100.0% to 84.7%) between 24 and 36 months. 
Similarly, VE for 3 PCV13 doses decreased from 87.1% (95% CI,  

Table 1.  Pre- and Post-Pneumococcal Conjugate Vaccine 7 (PCV7) and PCV13 Introduction and Invasive Pneumococcal Disease Incidence in Children 
Aged <5 Years and Population Coverage of PCV7 and PCV13 at Age 12 Months 

Vaccination Program Era
NVT Incidence  

Pre-Vaccine Introduction
NVT Incidence  

Post-Vaccine Introduction
Vaccine Coverage for 3 Doses by  

Age 12 Months, %

Early PCV7 (2005–2006) 8.8/100 000 9.2/100 000 85

Intermediate PCV7 (2007–2008) 8.8/100 000 16.2/100 000 92

Mature PCV7 8.8/100 000 17.0/100 000 92

PCV13 6.5/100 000 7.5/100 000 91

Abbreviations: NVT, nonvaccine serotype; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
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70.6% to 94.3%) in the first 12  months to 69.6% (95% CI, 
23.1% to 88.0%) between 12 and 24 months and 23.3% (95% 
CI, <-100.0% to 86.1%) between 24 and 36 months post-dose 3 
(Table 4). For both vaccines, the ORs of VT IPD relative to the 
first 12 months after dose 3 reached statistical significance for 
the period 24 to 36 months after the third dose.

The VE estimates by individual serotype for both PCVs using 
the case-control method are shown in Supplementary Appendix 
Table 1a. For 3 doses of PCV7 up to 12 months post-last dose, VE 
was highest for 6B and 18C and lowest for 19F. For 3 doses of PCV13, 

VE against any 13v-non-7v serotype IPD was 71.5% (95% CI, 44.9% 
to 85.2%). VE against 19A up to 12 months post-dose 3 was 90.0% 
(95% CI, 71.8% to 96.5%). VE for the 2 next most common individ-
ual serotypes (3 and 19F) did not reach statistical significance. The 
point estimate of VE against all PCV7 types common to both vac-
cines was lower for PCV13 than for PCV7 (75.3% and 89.4%), but 
the difference did not reach statistical significance (P = .124).

VE estimates for 1 and 2 doses and against VT-related 
serotypes and NVTs for both PCV13 and PCV7 are shown in 
Supplementary Appendix Tables 2a and 3a.

Table 2. Characteristics of Invasive Pneumococcal Disease Cases in Children Eligible to Receive Pneumococcal Conjugate Vaccine 7 (PCV 7) and PCV13 
in Respective Vaccination Programs Who Were Included in the Study 

Characteristic
PCV7 Eligible, n (%)  

(N = 1050)
PCV13 Eligible, n (%)  

(N = 300)

Age (in months) at IPD onset 0 to <12 200 (19.0) 115 (38.3)

12 to <24 270 (25.7) 133 (44.3)

24 to <36 187 (17.8) 46 (15.3)

36 to <47 125 (11.9) 6 (2.0)

48 to <59 104 (9.9) …

≥60 164 (15.6) …

Mean (standard deviation) 32.5 (22.9) 15.2 (8.9)

Indigenous status Aboriginal 158 (15.0) 46 (15.3)

Nonaboriginal 892 (85.0) 254 (84.7)

Serotype causing IPD 4 4 (0.4) …

6B 14 (1.3) 1 (0.3)

9V 2 (0.2) 1 (0.3)

14 7 (0.7) 1 (0.3)

18C 14 (1.3) 1 (0.3)

19F 47 (4.5) 15 (5.0)

23F 12 (1.1) …

1 64 (6.1) 3 (1.0)

3 36 (3.4) 21 (7.0)

5 1 (0.1) …

7F 50 (4.8) 5 (1.7)

19A 370 (35.2) 58 (19.3)

6A 19 (1.8) 1 (0.3)

6C 23 (2.2) 5 (1.7)

Nonvaccine serotype 306 (29.1) 167 (55.6)

Unknown 81 (7.1) 21 (7.0)

Number of vaccine doses received >14 days before IPD onset None 100 (9.5) 44 (14.7)

1 51 (4.9) 32 (10.7)

2 85 (8.1) 42 (14.0)

3 721 (68.7) 174 (58.0)

4 93 (8.9) 8 (2.7)

Year of IPD diagnosis after introduction of the vaccination program 27 (2.6) 7 (2.3)

2 73 (7.0) 44 (14.7)

3 152 (14.5) 99 (33.0)

4 208 (19.8) 150 (50.0)

5 160 (15.2) …

6 126 (12.0) …

7 139 (13.2) …

8 81 (7.7) …

9 59 (5.6) …

10 25 (2.4) …

Case counts with percentages in parenthesis.

Abbreviations: IPD, invasive pneumococcal disease; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
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Effect of Serotype Replacement on Vaccine Effectiveness in Indirect 
Cohort Method
Our modeling of the impact of serotype replacement on indirect 
cohort method estimates found that with high vaccine uptake, 
when VE estimates using the indirect cohort method were high 
(≥90%), they approximated true VE (Supplementary Appendix 
Figure 1a). This was true even in the extreme scenario, where 
all NVT increases were assumed to occur in vaccinated chil-
dren. However, when VE estimates from the indirect cohort 
were low and NVT increases were high (such as in the mature 
PCV7 period), we estimated that the indirect cohort method 
could inflate VE by up to about 40%.

DISCUSSION

In this study, we are the first to explore the effectiveness of 
PCVs against IPD using a 3 + 0 schedule. Our findings com-
plement impact assessments for both PCV7 and PCV13 in 

this schedule, unique to Australia among high-income coun-
tries, in the context of rapidly attained high vaccine uptake [14, 
28, 29]. Notably, both PCVs had high effectiveness in infancy 
when incidence of pneumococcal meningitis, the most severe 
form of IPD, is highest. For both vaccines, VE point estimates 
showed a progressive decrease with increasing time since the 
third dose, with a significant increase in relative likelihood of 
VT IPD beyond 24  months compared to the first 12  months 
after dose 3. As the case-control method did not show signif-
icantly increased risk of NVT disease in those vaccinated, any 
substantial overestimation of VE by the indirect cohort method 
is unlikely, as observed previously for PCV7 [27].

Ours is the only study to explore VE waning for PCV13, find-
ing declines in VE between 12 and 24  months after a 3-dose 
schedule completion of 17%, with further reductions of about 
46% in the next 12 months. For PCV7, a waning pattern similar 
to ours for 3 doses, but more stable VE for 4 doses, was found in 

Figure 1. Number of invasive pneumococcal disease cases in children eligible to receive pneumococcal conjugate vaccine 7 (PCV7) and PCV13 in respective vaccination 
programs by year of diagnosis and category of serotype causing disease. Abbreviations: VT, serotypes in relevant vaccine; NVT, serotypes not in respective vaccine; not typed, 
serotype not determined; PCV, pneumococcal conjugate vaccine.

Figure 2. Invasive pneumococcal disease cases in children eligible to receive pneumococcal conjugate vaccine 7 (PCV7) (n = 1050) and PCV13 (n = 300) in respective 
vaccination programs by age at disease diagnosis and cumulative proportions that had received at least 1 respective vaccine dose. Abbreviations: PCV7, 7-valent pneumo-
coccal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
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the United States [27]. It is plausible that doses given only prior 
to age 12 months yield a shorter duration of protection due to 
poorer B-cell response compared to doses given in the second 
year of life, as documented in the PCV7 trial among Navajo and 
White Mountain Apache Indian children [30].

For PCV7, VE estimates across 3 + 0, 2 + 1, and 3 + 1 sched-
ules in different settings were similar, consistent with impact 
assessments [31]. For PCV13, VE estimates against 13v-non-7v 
types were similar between the United Kingdom’s 2 + 1 schedule 
and our 3 + 0 schedule [7] but 10%–15% higher for the 3 + 1 
schedule in studies from the United States and Germany [20, 32]  
(Table  5). This comparison also suggests a lower VE against 
serotype 3 with 3-dose schedules, which is consistent with 
immunogenicity data [7]. The point estimate for VE against all 
PCV7 types combined was greater for PCV7 than for PCV13 
in our study and in other studies [7, 21, 33]. Lower immuno-
genicity of PCV13 for common serotypes after infant series that 
persisted to some extent even after the toddler dose was seen in 

prelicensure trials [9, 34]. Post-dose 3 antibody responses for 
PCV13 did not reach prespecified noninferiority criteria com-
pared to PCV7 for 6B and 9V [9]. These data suggest that this 
lower protective effect against IPD due to the common sero-
types of PCV13 than PCV7 is likely due to inherent properties 
of the 2 vaccines.

Of equal, and arguably greater, importance than PCV-
induced direct protection is the magnitude of indirect impact 
on unimmunized cohorts. For PCV7, 19F IPD incidence 
declined to levels similar to other VTs with continued high 
coverage, despite lower VE, which is consistent with eradica-
tion of carriage over time [28, 35, 36]. In contrast, 19A remains 
the most common serotype to cause breakthrough IPD among 
Australian children, even after 4 years of high PCV13 coverage 
and despite being the serotype that PCV13 has the highest VE 
against.

A limitation in our matched case-control design is poten-
tial misclassification bias, as we were unable to definitively 

Table 4. Effectiveness of Pneumococcal Conjugate Vaccine 7 (PCV7) and PCV13 Against Invasive Pneumococcal Disease (IPD) Due to Vaccine Serotypes 
(VT) and Relative Odds of VT IPD by Time Since Receipt of the Third Vaccine Dose

Vaccine Time Interval
Cases N 

(% Vaccinated)
Controls N 

(%Vaccinated)
Vaccine Effectiveness,  

% (95% CI, P)

Relative Odds of Vaccine Serotype 
Invasive Pneumococcal Diseasea  

(95% CI, P)

PCV7 Up to 12 Months post-last dose 36 (47.2) 393 (78.6) 89.4 (75.8 to 95.3, <.001) Reference

12–<24 months post-last dose 33 (42.4) 238 (64.7) 74.0 (23.9 to 91.1, .014) 2.404 (0.782–7.392, .126)

24–<36 months post-last dose 30 (36.7) 193 (56.5) 40.7 (<−100.0 to 84.7, .450) 5.620 (1.240–25.421, .025)

≥36 months post-last dose 38 (50.0) 262 (67.9) 16.7 (<−100.0 to 77.8, .787) 4.891(1.751–35.602, .007)

PCV13 Up to 12 months post-last dose 48 (54.2) 460 (78.5) 87.1 (70.6 to 94.3, <.001) Reference

12–<24 months post-last dose 50 (56.0) 401 (75.3) 69.6 (23.1 to 88.0, .012) 2.356 (0.811–6.848, .115)

24–<36 months post-last dose 30 (36.4) 169 (41.4) 23.3 (<−100.0 to 86.1, .760) 5.944 (1.002–35.220, .050)

Abbreviations: CI, confidence interval; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine. 
aOdds ratio for vaccine effectiveness invasive pneumococcal disease calculated with “up to 12 months post-last dose” set as reference (1.0).

Table 3. Vaccine Effectiveness Estimates Using Matched Case-Control and Indirect Cohort Study Methods for Pneumococcal Conjugate Vaccine 7 (PCV7) 
and PCV13 Against Invasive Pneumococcal Disease Due to Vaccine Serotypes by Number of Doses and Age Range With Number of Cases and Controls 
With Proportions Vaccinated for Each Study Method

Vaccine Dose
Age Range, 

Months
Cases N 

(% Vaccinated)

Case-Control Indirect Cohort

Controls N 
(% Vaccinated)

Vaccine Effectiveness,  
% (95% CI, P)

Controlsa  
 N (% Vaccinated)

Vaccine Effectiveness,  
% (95% CI, P)

PCV7 1 or more Age ≥2b 82 (78.0) 823 (91.1) 72.3 (48.8 to 85.1, <0.001) 635 (93.7) 73.3 (50.1 to 85.7, <0.001)

Age <12 31 (64.5) 313 (85.3) 80.0 (50.2 to 92.0, 0.001) 149 (91.3) 82.6 (55.9 to 93.1, <0.001)

Age 12–24 27 (85.2) 270 (95.2) 68.9 (14.0 to 90.2, 0.047) 222 (93.7) 61.1 (−28.0 to 88.2, 0.121)

3 Age <12 16 (31.3) 169 (72.8) 92.9 (27.7 to 99.3, 0.025) 101 (84.2) 91.4 (72.0 to 97.4, <0.001)

Age 12–24 24 (83.3) 265 (95.1) 70.6 (5.2 to 90.9, 0.040) 198 (90.4) 46.9 (−71.5 to 83.6, 0.290)

PCV13 1 or more Age ≥ 2c 107 (79.4) 1070 (90.7) 71.3 (48.3 to 84.0, <0.001) 167 (92.8) 75.6 (46.4 to 88.9, 0.001)

Age <12 34 (55.9) 340 (78.5) 77.4 (47.3 to 90.3, <0.001) 73 (87.7) 82.2 (52.9 to 93.3, 0.001)

Age 12–24 51 (90.2) 510 (95.9) 58.8 (−10.9 to 84.7, 0.079) 71 (98.6) 87.4 (−13.6 to 98.6, 0.065)

3 Age <12 17 (11.8) 114 (36.0) 86.5 (11.7 to 97.9, 0.039) 37 (70.3) 94.4 (71.1 to 98.9, <0.001)

Age 12–24 47 (89.4) 500 (95.8) 61.8 (−3.3 to 85.8, 0.058) 65 (98.5) 87.1 (−15.7 to 98.6, 0.067)

Abbreviations: CI, confidence interval; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine. 
aCases due to nonvaccine serotypes.
bUpper age limit 48 months.
cUpper age limit 42 months.
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exclude possible cases among ACIR-derived controls; how-
ever, given the low population incidence of IPD, such mis-
classification is highly unlikely. We were unable to control 
for potential confounders, such as household crowding and 
comorbidities associated with increased risk of IPD, as these 
data are not captured by ACIR. In studies that used the tra-
ditional case-control method in the United States and the 
indirect cohort method in the United Kingdom, effectiveness 
of PCV13 and PCV7, respectively, did not differ significantly 
with the presence of such risk factors [20, 33]. However, it is 
possible that our VE estimates could differ if we were able 
to control for these risk factors. In the Australian program, 
children with at-risk medical conditions, including those that 
cause immunosuppression, and all indigenous children resi-
dent in 4 high-incidence jurisdictions are offered a fourth PCV 
dose. Among cases in our study who had received 4 doses, 
none of the PCV13-eligible and only 8% of PCV7-eligible had 
VT disease. Thus, our estimates of VE against VT IPD apply 
almost exclusively to the 3 + 0 schedule. Variability in age dis-
tribution in VT and NVT IPD may affect VE estimation in 
the indirect cohort method, and it is the likely reason for any 
discrepancy between VE estimates in some age strata between 
the 2 methods.

Possible interaction of influenza with IPD has been 
described, with suggestion that influenza virus downregulates 
innate immune responses to pneumococcus [37]. However, 
comparison of notifications to NNDSS of influenza and IPD in 
concurrent periods did not show a strong association [14, 38]. 
In future studies where there are sufficient IPD case numbers, it 
would be useful to examine variation in VE of PCV with influ-
enza activity.

In summary, our study, the first to measure the effectiveness of 
PCV7 and PCV13 in a 3 + 0 schedule and to use 2 methods of esti-
mation, shows high effectiveness in infancy and suggestive waning 
over time, particularly beyond 24 months of course completion. 
On 1 September 2017, the Australian National Immunisation 
Technical Advisory Group recommended a change in the PCV13 
schedule from 3 + 0 to 2 + 1 for children. This was in response to 
increasing PCV13 breakthrough cases and lesser indirect reduc-
tions in VT IPD in older age groups [39], possibly due to persistent 
colonization with vaccine serotypes [40]. A  precise comparison 
of VE between PCV schedules, particularly for serotype-specific 
estimates more relevant in other settings, would require expanded 
sample sizes only achievable by metaanalytic methods [31].
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Supplementary materials are available at Clinical Infectious Diseases online. 
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so questions or comments should be addressed to the corresponding author.
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Table 5. Serotype-Specific Vaccine Effectiveness Estimates for at Least 1 Vaccine Dose for Pneumococcal Conjugate Vaccine 7 (PCV7) and PCV13 in Our 
Study Compared to Studies from Countries Using 2 + 1 (United Kingdom) and 3 + 1 (United States and Germany) Schedules

Vaccine Serotype

Country (Schedule) and Study Design

Australia (3 + 0)  
Case-Control, %

United Kingdom (2 + 1)  
Indirect Cohort, % [7, 37]

United States (3 + 1)  
Case-Control,a % [13,18]

Germany (3 + 1)  
Indirect Cohort,b % [21]

PCV7 4 NA 99 (72 to 100) 93 (65 to 99) 70 (−636 to 100)

6B 75 (1.2 to 94) 49 (−14 to 77) 94 (77 to 98) 90 (66 to 98)

9V NA 79 (−2 to 90) 100 (88 to 100) 89 (−13 to 100)

14 82 (−76 to 98) 93 (80 to 98) 94 (81 to 98) 90 (66 to 98)

18C 81 (32 to 94) 94 (64 to 99) 97 (85 to 99) 8 (−239 to 76)

19F 7 (−214 to 72) 70 (29 to 87) 87 (65 to 95) 55 (−34 to 87)

23F 76 (−3 to 95) 76 (20 to 94) 98 (80 to 100) 61 (−62 to 94)

PCV13 13v-non7v 72 (45 to 85) 73 (57 to 83) 87 (77 to 93) 82 (66 to 91)

1 NA 84 (54 to 95) NA 83 (15 to 97)

3 31 (−275 to 87) 26 (−69 to 68) 80 (30 to 95) 74 (2 to 93)

6A NA 98 (64 to 99.8) NA 96 (56 to 100)

7F 100 (<−100 to 100) 97 (70 to 98) 97 (83 to 100) 84 (18 to 98)

19A 73 (40 to 87) 67 (33 to 84) 86 (71 to 94) 77 (47 to 90)

Abbreviations: NA, not calculated/not available; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine. 
aMean age of participants in both studies was 21 months.
bAge group for all is ≤ 2years.
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Background. Universal pneumococcal conjugate vaccine (PCV) programs began in Indigenous Australian children in 2001 and 
all children in 2005, changing to 13-valent PCV (PCV13) in 2011. We used laboratory data for invasive pneumococcal disease (IPD) 
and coded hospitalizations for noninvasive pneumococcal community-acquired pneumonia (PnCAP) to evaluate long-term impact.

Methods. Annual incidence (per 100  000 population) was calculated for age-specific total IPD, PCV13 non–7-valent PCV 
(PCV7) serotypes, and PnCAP by Indigenous status. Incidence in the pre–universal PCV7 (2002–2004), early PCV7 (2005–2007), 
pre-PCV13 (2008 to mid-2011), and post-PCV13 (mid-2011 to 2016) periods was used to calculate incidence rate ratios (IRRs).

Results. In the total population, all-age incidence of IPD declined from 11.8 pre-PCV7 to 7.1 post-PCV13 (IRR, 0.61 [95% con-
fidence interval {CI}, .59–.63]) but for PnCAP declined among ages <1 year (IRR, 0.34 [95% CI, .25–.45]) and 1–4 years (IRR, 0.50 
[95% CI, .43–.57]) but increased significantly among age ≥5 years (IRRs, 1.08–1.14). In Indigenous people, baseline PCV13 non-
PCV7 IPD incidence was 3-fold higher, amplified by a serotype 1 epidemic in 2011. By 2015–2016, although incidence of IPD and 
PnCAP in children aged <5 years decreased by 38%, neither decreased in people aged ≥5 years.

Conclusions. Fifteen years post-PCV and 5 years post-PCV13, direct and indirect impact on IPD and PnCAP differed by age 
and between Indigenous and non-Indigenous people, with potential implications for long-term PCV impact in comparable settings.

Keywords. Australia; pneumococcal conjugate vaccines; impact; invasive pneumococcal disease; pneumococcal pneumonia.

Pneumococcal disease is a major cause of morbidity and mor-
tality globally in different age groups, caused by the encapsulated 
bacterium Streptococcus pneumoniae (pneumococcus) [1], with 
invasive pneumococcal disease (IPD) most severe but noninva-
sive pneumococcal community-acquired pneumonia (PnCAP) 
also life-threatening, especially in the elderly [2, 3]. Since 2000, an 
increasing number of countries have introduced pneumococcal 
conjugate vaccines (PCVs) for children, initially 7-valent PCV 
(PCV7), followed by 13-valent PCV (PCV13), with 10-valent 
PCV (PCV10) also used [4]. Pneumococcal polysaccharide 
vaccines, most recently with 23 serotypes (PPSV23), have been 
in use much longer, but are recommended only for adults and 
older children with an increased risk of pneumococcal disease. In 

Australia, pneumococcal vaccines have been universally funded 
through the National Immunization Program since January 
2005 (PCV7 for children aged 2, 4, and 6 months and PPSV23 
for adults aged ≥65  years), but funded programs for PCV7 
(limited to Aboriginal children and children with predisposing 
medical conditions) were in place from 2001 and PPSV23 was 
funded (for Aboriginal and Torres Strait Islander [hereafter re-
ferred to as Indigenous] adults aged ≥50  years) or subsidized 
(non-Indigenous adults aged ≥65  years) from 1998. Australia 
was unique among high-income countries in adopting a PCV 
schedule of 3 primary infant doses with no booster (3 + 0) and in 
July 2011, PCV13 replaced PCV7.

For IPD, Australia introduced national laboratory-based 
surveillance from 2002. Previous studies have reported trends 
in the epidemiology of IPD following PCV7 and PCV13 use in 
children and PPSV23 use in adults [5–7] but were limited to 
specific regions and populations and/or included shorter time 
periods. For International Statistical Classification of Diseases 
and Related Health Problems (ICD)–coded pneumonia hospital-
izations, previous studies have examined trends in children [8] 
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and all ages [9], but codes for presumptive IPD were included 
with codes for presumptive pneumococcal pneumonia, unlike 
similar US studies [10], and cases in Indigenous people were ex-
cluded. Although coded hospitalizations have limitations, data 
on diagnosis of pneumococcal community-acquired pneumonia 
without IPD (PnCAP) are limited [11]. Clinical trials [4, 12] and 
observational studies using specific diagnostic tests for pneumo-
coccal pneumonia [13, 14] have found lesser direct and indirect 
impact of PCVs against PnCAP than IPD in children and adults.

This study aimed to evaluate the impact of the PCV on trends 
in incidence of IPD and PnCAP over a 15-year period, between 
2002 and 2016, by Indigenous status and vaccine-relevant age 
and serotype groups, with a focus on the 5-year period after 
PCV13 introduction [15–17]..

METHODS

Study Design and Data Sources

The study design was cross-sectional and descriptive, both 
for IPD notifications and coded hospitalizations consistent 
with PnCAP.

IPD data were sourced from core and enhanced National 
Notifiable Diseases Surveillance System (NNDSS) datasets be-
tween 2002 and 2016. NNDSS core data on cases of IPD notified 
to the 8 Australian State and Territory (jurisdictions) health 
departments includes age, date of onset, serotype, and vacci-
nation history, while enhanced data add clinical category and 
risk factor status. The case definition for IPD was isolation of 
S. pneumoniae by culture, or detection by nucleic acid testing, 
from a normally sterile site [18].

PnCAP data were sourced from the Australian Institute of 
Health and Welfare’s National Hospital Morbidity Database for 
the period 1 July 2002 to 30 June 2016. PnCAP was defined as 
hospitalizations assigned International Statistical Classification of 
Diseases and Related Health Problems, Tenth Revision, Australian 
Modification (ICD-10-AM) discharge codes J13 (pneumococcal 
pneumonia) and J18.1 (lobar pneumonia), together or separately, 
after excluding cases also assigned the codes G00.1 (pneumo-
coccal meningitis) and A40.3 (pneumococcal septicemia). ICD-
10-AM discharge codes were used throughout the study period.

Age Groups

For annual trends in IPD incidence and PnCAP hospital-
izations, we used the age groups <1, 1–4, 5–49, 50–64, and 
≥65 years for the whole population irrespective of Indigenous 
status. Examination of trends by Indigenous status used dif-
ferent geographic and age distributions (see below).

Vaccine Period

Four vaccine periods were defined, corresponding to changes in 
the universal PCV program (Table 1). The pre–universal PCV7 
period was defined as the 3  years 2002–2004 (PCV7 funded 
for Indigenous children and non-Indigenous children with 

high-risk conditions only), the early PCV7 period as the 3 years 
2005–2007, the pre-PCV13 period as the 3.5 years from 2008 
to the end of June 2011 (corresponding to maximum serotype 
replacement, dominated by 19A) and the post-PCV13 period as 
the 5.5 years from July 2011 to the end of 2016. Incidence rate 
ratios (IRRs) were calculated against the pre–universal period 
as baseline for both early PCV7 and post-PCV13 and against 
the pre-PCV13 period as baseline for the post-PCV13 period.

Incidence for total IPD and PnCAP was at national level, in-
cluding Indigenous and non-Indigenous cases, and 95% con-
fidence intervals (CIs) were estimated assuming a Poisson 
distribution. IRRs were calculated as follows:

Incidence rate (postPCV13 introduction)

Incidence rate (preuniversal PCV7 or prePCV13 introduction)

Indigenous Status

In NNDSS IPD data, reporting of Indigenous status was >80% 
complete from 2002; records with unknown status were classi-
fied as non-Indigenous. However, for coded hospitalizations, the 
Australian Institute of Health and Welfare recommends that only 
data from the Northern Territory, South Australia, Queensland, 
and Western Australia are appropriate to examine trends in 
PnCAP by Indigenous status over the whole period of interest 
[19]. Because of these restrictions on use of PnCAP data, when 
comparing summary trends in IPD and PnCAP by Indigenous 
status, we used only data from these 4 jurisdictions for both IPD 
and PnCAP in the broader age groups <5 and ≥5 years.

Serotypes

Reference laboratories serotyped S.  pneumoniae isolates from 
IPD cases. Cases with no serotype reported, or which were 
nontypeable, were excluded from serotype-specific analysis but 
included in total IPD. We limited analysis by individual sero-
types to those included in PCV13 but not PCV7 and examined 
all-age annual incidence separately for Indigenous and non-
Indigenous people at the national level.

Data Analysis

Incidence was calculated as a rate per 100  000 population 
(Indigenous and non-Indigenous) by calendar year for IPD 
notifications and, to maximize use of the available data, by 

Table 1. Vaccine Periods Used for Comparison, Australia, 2002–2016

Vaccine Period Inclusion Dates Duration, y

Pre–universal PCV7 2002–2004 3

Early PCV7 2005–2007 3

Pre-PCV13 2008–June 2011 3.5

Post-PCV13 July 2011–2016 5.5

Abbreviations: PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumo-
coccal conjugate vaccine.
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Australian financial year (1 July–30 June) for PnCAP hospital-
izations. Annual incidence was calculated for the age groups 
<1, 1–4, 5–49, 50–64, and ≥65 years, corresponding to the pri-
mary vaccine target age groups. Analyses were performed using 
Stata statistical software for Windows, Release 14.2 (StataCorp, 
College Station, Texas).

Ethical approval was granted by the Australian National 
University Human Research Ethics Committee (number 
2017/742).

RESULTS

Vaccine Coverage

PCV7 coverage was only around 10% in non-Indigenous 
children during the years 2002–2004 but increased among 
Indigenous children to be >50% at the national level by 2004, 
the year prior to universal funding (Table 2). From 2005, 3-dose 
PCV coverage at 12  months of age was around 90% in both 
Indigenous and non-Indigenous children. Estimates of cov-
erage for PPSV23 vaccine are less robust, but estimated to be 
around 50% in 2004 (Table 2).

IPD IMPACT

Total IPD (Indigenous and Non-Indigenous) by Age Group

At the national level, annual incidence was similar during 
each of the 3  years prior to universal PCV funding (2002–
2004) in all age groups (Figure 1) declining from a mean of 
83.2 per 100 000 in infants <1 year to 50.3 in the age group 
1–4 years, with a nadir of 5.2 in the age group 5–49 years be-
fore almost doubling in those 50–64 to 9.9 and almost tripling 
in those >65 years of age to 25.2 (Table 3). Declines post–uni-
versal PCV introduction were greatest and most rapid in the 
age groups directly targeted by the PCV program (<1 year and 
1–4 years), with more gradual declines in older nontargeted 
age groups (Figure 1).

When IPD was examined by vaccine period (Table 3), the lar-
gest reductions in total IPD occurred in the early PCV7 period 
in all age groups, greatest and similar in children aged <1 year 
(IRR, 0.29 [95% CI, .25–.35]) and 1–4 years (IRR, 0.35 [95% CI, 
.32–.39]) and lesser but significant in those aged ≥5 years, with 

a reduction in total IPD across all age groups of 37% (IRR, 0.63 
[95% CI, .61–.66]). Comparing the pre-PCV13 and post-PCV13 
periods, significant decreases in incidence were limited to chil-
dren aged <1 year (IRR, 0.61 [95% CI, .51–.73]) and 1–4 years 
(IRR, 0.75 [95% CI, .67–.83]), with little change in older age 
groups such that all age incidence was almost unchanged (IRR, 
0.98 [95% CI, .94–1.01]). However, compared with the early 
PCV7 period, total IPD incidence declined in the post-PCV13 
period in all age groups except 50–64 years (Table 3), with all-
age IPD decreasing by 39% from 11.8 to 7.1 per 100 000 popu-
lation (IRR, 0.61 [95% CI, .59–.63]).

Serotype-specific IPD by Indigenous Status

The 6 PCV13 non-PCV7 serotypes increased from 11.3% of 
all-age IPD in 2002–2004 to 25.7% in the early PCV7 period 
and 41.5% in the pre-PCV13 period, before declining to 32.4% 
during 2011–2016 and 22.5% in 2016. Patterns after PCV13 in-
troduction differed among the 6 serotypes, with reductions in 
all-age incidence (data not shown) for serotypes 1, 6A, 7F, and 
19A; serotype 5 IPD was rare. In contrast, for serotype 3 all-
age incidence increased relative to the pre-PCV13 period (IRR, 
1.18 [95% CI, 1.05–1.33]), driven by increases in children aged 
<5  years (data not shown). The contribution of the 11 sero-
types included in PPSV23 but not in PCV13 to total IPD also 
increased year on year from 8.4% in 2002–2004, to 15.1% and 
20.1% during PCV7 use, reaching 25.6% across the post-PCV13 
period and 29.0% in 2016.

Patterns of all-age incidence of PCV13 non-PCV7 serotypes 
differed substantially between non-Indigenous (Figure 2A) and 
Indigenous (Figure 2B) Australians. Before 2005, serotypes 7F 
and 19A had an incidence 3- to 4-fold higher in Indigenous 
people, remaining stable for 7F but with progressive increases in 
19A in the post-PCV7 period. The most striking feature of this 
15-year period is the epidemic of serotype 1 IPD in Indigenous 
Australians, which began in remote northern Australia 
(Northern Territory, Western Australia, Queensland) and 
peaked in 2011, at 16.4 notifications per 100  000 population, 
about 80 times greater than among non-Indigenous Australians 
(0.2 per 100 000). In 2015–2016, the predominant PCV13 non-
PCV7 serotype in Indigenous and non-Indigenous people was 

Table 2. National Vaccination Coverage by Vaccine Type and Indigenous Status, Australia 

Indigenous Status 

PCV Vaccination in Children PPSV Vaccination in Adults

Pre-2005 Post-2005a Pre-2005 2009

Indigenous 33%b 80%–86% 34%c

Non-Indigenous 10% 91%–92% 51%d 56%

Abbreviations: PCV, pneumococcal conjugate vaccine; PPSV, pneumococcal polysaccharide vaccine.
aRange of reported coverage during 2005–2012 .
bMean 2002–2004 [32]; increased to 53% by 2004 [33].
cRemote areas = 56%, nonremote areas = 26% in 2004–2005 [34].
dRegions except Victoria, which had an earlier funded program [5].
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3, followed by 19A and 7F, with very small contributions from 
other serotypes (Figure 2A and 2B).

PnCAP Hospitalizations

When examined by individual years, PnCAP hospitalizations de-
creased before universal PCV at the beginning of 2005 (2003–2004 
compared with 2002–2003) in persons aged ≥5 years, most strik-
ingly in those ≥65 years, but not in those <5 years of age (Figure 3).  
In 2004–2005 and the next 2 years, annual incidence declined in 
all age groups, reaching its nadir in 2006–2007, with variable in-
creases among those ≥5 years of age thereafter. After PCV13 in-
troduction in mid-2011, incidence decreased among persons aged 
<5  years, especially infants. Although incidence among people 
≥5 years of age increased between 2011–2012 and 2013–2014, by 
2015–2016 it was lower in all age groups than in 2002–2003.

Table 4 shows PnCAP hospitalizations grouped by similar, 
but not identical, vaccine periods to total IPD (see Methods).  
In the pre–universal PCV period (2002–2003 to 2004–2005), 

there were significant differences with the age-specific in-
cidence of IPD (Table 3). In age groups <5 years, incidence 
of PnCAP was around one-quarter that of IPD, but in older 
age groups was higher than IPD, almost 50% higher among 
those aged ≥65 years (Tables 3 and 4). In the early PCV pe-
riod, there were significant decreases in PnCAP in all age 
groups—an all-age reduction of 32%, similar to IPD (IRR, 
0.68 [95% CI, .65–.70]). In contrast to IPD, there was no 
significant decline in PnCAP post-PCV13 vs pre-PCV13 in 
any age group, with all-age IRR significantly increasing (1.50 
[95% CI, 1.46–1.55]).

Comparing Age-specific Patterns of IPD and PnCAP by Indigenous Status

Trends in total IPD with PnCAP by age and Indigenous status are 
shown in Figures 4A and 4B, restricted to regions with complete 
data, which also have the largest remote-dwelling Indigenous 
populations and highest burden of pneumococcal disease 
[6]. In Figure 4A, total IPD incidence among ages <5  years in 

Table 3. Incidence Rate Ratios for Total Invasive Pneumococcal Disease (Indigenous and Non-Indigenous) by Age Group and Vaccine Period, 2002–2016

 Age Group, y

IPD Rate per 100 000 Population IRR (95% CI)

Pre-universal PCV7 Early PCV7 Pre-PCV13 Post- PCV13
Pre-universal  

PCV7 to Early PCV7 Pre- to Post-PCV13
Pre-universal  

PCV7 to Post-PCV13

<1 83.2 24.5 27.1 16.7 0.29 (.25–.35) 0.62 (.52–.73) 0.20 (.17–.23)

1–4 50.3 17.7 17.2 13.1 0.35 (.32–.39) 0.76 (.69–.84) 0.26 (.24–.28)

5–49 5.2 3.9 3.8 3.6 0.75 (.70–.80) 0.95 (.89–1.00) 0.70 (.66–.74)

50–64 9.9 8.1 8.3 8.7 0.82 (.75–.90) 1.05 (.98–1.13) 0.89 (.82–.96)

≥65 25.2 18.5 16.6 17.1 0.73 (.69–.79) 1.03 (.97–1.09) 0.68 (.64–.72)

All ages 11.8 7.5 7.3 7.1 0.63 (.61–.66) 0.98 (.94–1.01) 0.61 (.59–.63)

Abbreviations: CI, confidence interval; IPD, invasive pneumococcal disease; IRR, incidence rate ratio; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal 
conjugate vaccine.

Figure 1. Total invasive pneumococcal disease notification rates by age group (in years), Australia, 2002–2016.
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Indigenous children in 2004 reached parity with non-Indigenous 
children, in whom PCV7 coverage was much lower (Table 2). 
After universal PCV7 introduction in 2005, incidence declined 
much more steeply in non-Indigenous children, with a further 

modest decline post–PCV13 introduction in 2012. In Indigenous 
children, after a significant spike related to the serotype 1 out-
break, incidence declined in 2016 to the same as 2005 (46 per 
100 000). Although this was a decrease of 50.8% compared with 

Figure 2. All-age incidence of invasive pneumococcal disease due to 13-valent pneumococcal conjugate vaccine (PCV), non-PCV7 serotypes among non-Indigenous (A) and 
Indigenous (B) Australians, 2002–2016. Serotype 5 notifications were removed for comparison; n = 1 in 2005, 2006, 2011, and 2016; n = 2 in 2002, 2012, and 2014; n = 3 in 2008 (A). 
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incidence in 2002, 2.8 times higher than in non-Indigenous chil-
dren (46.0 vs 16.2 per 100 000), compared with 1.4-fold higher 
in 2002 (Figure 4A and Supplementary Appendix Table A). In 
Indigenous adults, the disparity was even greater in 2002 (4.8-
fold; 34.3 vs 7.2 per 100 000) and increased to 6.6-fold in 2016 
(32.4 vs 4.9 per 100  000), driven, as in children, by decreased 
non-Indigenous incidence (Supplementary Appendix Table A).

Figure 4B shows all-age noninvasive PnCAP hospitaliza-
tion incidence by Indigenous status for age groups <5  years 
and ≥5  years in the same calendar years (2003–2015) as IPD 
to aid comparison (see Methods). A spike in incidence among 
Indigenous people is seen, as for IPD, in 2011 (118.8 and 80.6 

per 100  000 population in <5 and ≥5  years, respectively). In 
2012 (first year post–PCV13 introduction) there was a dra-
matic decrease in PnCAP incidence in children aged <5 years 
to 44.4 per 100  000, with a mean incidence in 2012–2015 of 
45.4 per 100 000, 45% lower than 2003–2004 (Supplementary 
Appendix). In contrast, in people ≥5 years, there was little in-
crease in incidence in 2012, and mean incidence in 2012–2015 
was 66.8 per 100 000, a 7% reduction compared with 71.8 in 
2003–2004 (Supplementary Appendix). In non-Indigenous 
children aged <5 years, incidence of PnCAP declined 69% from 
2003 to 2015 (2.9 to 0.9 per 100 000) and in those aged ≥5 years 
by 34% (18.8 vs 12.4 per 100 000).

Table 4. Incidence Rate Ratios for Pneumococcal Community-acquired Pneumonia (Indigenous and Non-Indigenous) by Age Group and Vaccine Period, 
2002–2003 to 2015–2016

Presumptive Noninvasive PnCAP

Age Group, y

Rate per 100 000 Population IRR (95% CI)

Pre-universal PCV7 Early PCV7 Pre-PCV13 Post-PCV13
Pre-universal PCV7  

to Early PCV7 Pre- to Post-PCV13
Pre-universal PCV7  

to Post-PCV13

<1 18.6 7.5 8.1 6.2 0.41 (.29–.56) 0.77 (.56–1.07) 0.34 (.25–.45)

1–4 15.9 6.5 7.7 7.9 0.41 (.35–.49) 1.02 (.88–1.19) 0.50 (.43–.57)

5–49 5.6 3.9 4.3 6.0 0.70 (.65–.75) 1.39 (1.31–1.47) 1.08 (1.02–1.15)

50–64 13.8 9.2 11.1 16.5 0.67 (.61–.73) 1.48 (1.39–1.58) 1.19 (1.11–1.27)

≥65 36.1 25.5 26.3 41.2 0.71 (.67–.75) 1.57 (1.50–1.65) 1.14 (1.09–1.20)

All ages 11.6 7.8 8.7 13.1 0.68 (.65–.70) 1.50 (1.46–1.55) 1.13 (1.10–1.17)

Abbreviations: CI, confidence interval; IRR, incidence rate ratio; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PnCAP, pneumococcal 
community-acquired pneumonia.

Figure 3. National incidence of hospitalizations coded as noninvasive pneumococcal community-acquired pneumonia by age group (in years), Australia, 2002–2003 to 
2015–2016.
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DISCUSSION

In this landscape analysis over 15 years, we used complementary 
approaches for total and serotype-specific IPD and PnCAP by 
region to examine high-level trends post–PCV introduction by 

age and Indigenous status. Comparing the post-PCV13 to the 
pre–universal PCV7 period, IPD decreased at the national level 
in all age groups, such that all-age incidence decreased by 39% 
(IRR, 0.61 [95% CI, .59–.63]), similar to the United Kingdom 

Figure 4. A, Total invasive pneumococcal disease notification rates by age group and Indigenous status, Northern Territory, Queensland, South Australia, and Western 
Australia, 2002–2016. B, Total noninvasive pneumococcal community-acquired pneumonia hospitalization rates by age group and Indigenous status, Northern Territory, 
Queensland, South Australia, and Western Australia, 2003–2015.
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and United States [7, 20, 21]. We did not examine serotype-
specific changes in detail, but the small increases in total IPD 
incidence in 2015 and 2016 may be due to non-PCV13 sero-
type IPD as observed in the United Kingdom, particularly in 
older age groups [22]. In July 2018, Australia changed from a 
3 + 0 to a 2 + 1 PCV schedule for low-risk infants, in response 
to 3-dose vaccine failures from the second year of life, but left a 
3 + 1 schedule in place for Indigenous infants in high-incidence 
areas and all children with high-risk conditions [23].

In Indigenous people, incidence of IPD due to PCV13 non-
PCV7 serotypes at baseline was about 3-fold higher, and of 
serotype 19A as high as peak incidence in non-Indigenous 
people in 2011 [24]. Serotype 1 IPD in Indigenous Australians 
increased from 2010, peaking in 2011, due to a common clone 
[25–27]. A lower incidence of serotype 1 was seen during the 
outbreak among Northern Territory children who received 
PCV10 through a specific jurisdictional program, commencing 
in 2009 [28]. Continued use of PCV13, which in Indigenous 
children in high-incidence regions is given as a 3 + 1 schedule, 
may prevent future outbreaks, the last of which occurred in the 
Northern Territory in 1991 [29].

In contrast to children, incidence of PnCAP was substan-
tially higher than IPD in adults aged ≥50 years, and like IPD, 
was >5-fold higher in Indigenous children and adults. Thus, al-
though PnCAP represents only a small proportion of all-cause 
pneumonia [8, 9], we argue that it represents an important 
potentially preventable disease burden. Annual PnCAP hospi-
talization data for the whole population suggested declines in 
adult age groups, especially those ≥65 years, before 2005 when 
universal PCV7 was introduced, which could amplify the in-
crease in incidence we observed comparing the post-PCV13 
period [5]. However, subsequent progressive annual increases 
in PnCAP incidence in adults ≥50 years of age were evident, 
similar to the United Kingdom, which used a 2  +  1 PCV 
schedule [30]. More specific laboratory data on pneumococcal 
etiology would be needed to confirm if this represented a true 
vaccine effect [12].

Comparison of incidence of total IPD and PnCAP in 
Indigenous and non-Indigenous people <5 and >5 years of age 
showed some important differences, obscured by the small pro-
portion of the population that is Indigenous in the national data. 
Importantly, the peak related to serotype 1 seen in the IPD data 
was also reflected in the PnCAP data, increasing confidence in 
its validity as a true reflection of pneumococcal infection, and 
differential incidence was at least as great as for IPD. Although 
clear reductions in IPD and PnCAP were seen in Indigenous 
children aged <5  years, incidence of both IPD and PnCAP in 
older children and adults remained unchanged post PCV13, with 
the main feature of the 15-year period being the 2010–2012 out-
break. Although recent experience in Kenya, an African country 
with a high incidence of pneumococcal disease, suggests short-
term reductions in IPD in adults following a high coverage PCV 

program with catch-up [31], our longer-term experience across 
a much more geographically dispersed high-incidence popula-
tion suggests caution in long-term extrapolation. Although steep 
decreases in serotype 1 disease are likely outbreak related, it will 
be important to assess duration of PCV13 protection [25].

This study had several limitations. First, the use of annual 
data aggregated into periods related to vaccine use has the ad-
vantage of enhancing precision, but may lead to bias if IPD 
trends differed within the period chosen or if decreasing annual 
trends existed before PCV7 introduction. Although time-series 
analysis would have better accounted for preexisting trends, it 
is also limited by case numbers and was not in the scope of this 
study. Similarly, we were unable to separately identify cases de-
tected by nucleic acid testing of specimens from sterile sites, 
but these are small in number and unlikely to impact on overall 
results.

In conclusion, we examined national trends in IPD and 
PnCAP over the longest period reported to date, using baseline 
data over >3 years, as recommended for impact analyses [24]. 
Our findings extend those from previous studies finding lesser 
impact post-PCV13 than post-PCV7, and support moving to 
a 2 + 1 schedule in low-incidence children, although in high-
incidence populations with early peak incidence and continued 
circulation of vaccine-type pneumococci [31], a 3 + 1 schedule 
may offer advantages if affordable [7].
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authors, so questions or comments should be addressed to the corre-
sponding author.

Notes
Acknowledgments. The authors thank the Enhanced Invasive 

Pneumococcal Disease Surveillance Working Group (EIPDSWG) for its 
support in this project, as well as the Australian National University for su-
pervisory support in this project. K. M. conducted this study as a require-
ment of the Masters of Philosophy in Applied Epidemiology (MAE) degree 
program. The National Centre for Immunisation Research and Surveillance 
(NCIRS) provided a scholarship for K.  M.  to complete the MAE pro-
gram. Notification data were provided by the Department of Health and 
EIPDSWG, and hospitalization and mortality data were provided by the 
Australian Institute of Health and Welfare. Population estimates were pro-
vided by the Australian Bureau of Statistics.

Financial support. This study was conducted at the NCIRS, which re-
ceives funding from the Australian Government Department of Health.

Potential conflicts of interest. The authors report no potential conflicts. 
All authors have submitted the ICMJE Form of Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed. 

References
1. World Health Organization. Immunization, vaccines and biologicals—pneu-

mococcal disease. 2011. Available at: http://www.who.int/immunization/topics/
pneumococcal_disease/en/. Accessed 15 May 2018.

2. O’Brien KL, Wolfson LJ, Watt JP, et al; Hib and Pneumococcal Global Burden of 
Disease Study Team. Burden of disease caused by Streptococcus pneumoniae in 
children younger than 5 years: global estimates. Lancet 2009; 374:893–902.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/70/12/2607/5544590 by U

niversity of O
tago user on 18 January 2021

http://www.who.int/immunization/topics/pneumococcal_disease/en/
http://www.who.int/immunization/topics/pneumococcal_disease/en/


2002–2016 Australian IPD and PnCAP Trends • cid 2020:70 (15 June) • 2615

3. Said MA, Johnson HL, Nonyane BA, et al; AGEDD Adult Pneumococcal Burden 
Study Team. Estimating the burden of pneumococcal pneumonia among adults: 
a systematic review and meta-analysis of diagnostic techniques. PLoS One 2013; 
8:e60273.

4. Cohen  R, Cohen  JF, Chalumeau  M, Levy  C. Impact of pneumococcal conju-
gate vaccines for children in high- and non-high-income countries. Expert Rev 
Vaccines 2017; 16:625–40.

5. Menzies RI, Krause VL, McIntyre PB. Impact of pneumococcal polysaccharide 
vaccine in people aged 65 years or older. Med J Aust 2014; 201:200.

6. Jayasinghe S, Chiu C, Menzies R, et al. Evaluation of impact of 23 valent pneumo-
coccal polysaccharide vaccine following 7 valent pneumococcal conjugate vaccine 
in Australian Indigenous children. Vaccine 2015; 33:6666–74.

7. Jayasinghe S, Menzies R, Chiu C, et al. Long-term impact of a “3 + 0” schedule 
for 7- and 13-valent pneumococcal conjugate vaccines on invasive pneumococcal 
disease in Australia, 2002-2014. Clin Infect Dis 2017; 64:175–83.

8. Jardine  A, Menzies  RI, McIntyre  PB. Reduction in hospitalizations for pneu-
monia associated with the introduction of a pneumococcal conjugate vaccination 
schedule without a booster dose in Australia. Pediatr Infect Dis J 2010; 29:607–12.

9. Menzies RI, Jardine A, McIntyre PB. Pneumonia in elderly Australians: reduction 
in presumptive pneumococcal hospitalizations but no change in all-cause pneu-
monia hospitalizations following 7-valent pneumococcal conjugate vaccination. 
Clin Infect Dis 2015; 61:927–33.

10. Griffin MR, Zhu Y, Moore MR, Whitney CG, Grijalva CG. U.S. hospitalizations 
for pneumonia after a decade of pneumococcal vaccination. N Engl J Med 2013; 
369:155–63.

11. Yin  JK, Jayasinghe  SH, Charles  PG, et  al. Determining the contribution of 
Streptococcus pneumoniae to community-acquired pneumonia in Australia. Med 
J Aust 2017; 207:396–400.

12. Bonten  MJ, Huijts  SM, Bolkenbaas  M, et  al. Polysaccharide conjugate vaccine 
against pneumococcal pneumonia in adults. N Engl J Med 2015; 372:1114–25.

13. Rodrigo  C, Bewick  T, Sheppard  C, et  al. Impact of infant 13-valent pneumo-
coccal conjugate vaccine on serotypes in adult pneumonia. Eur Respir J 2015; 
45:1632–41.

14. McLaughlin J, Jiang Q, Isturiz R, et al. Effectiveness of 13-valent pneumococcal 
conjugate vaccine against hospitalization for community-acquired pneumonia in 
older US adults: a test-negative design. Clin Infect Dis 2018; 67:1498–1506.

15. van Werkhoven CH, Hollingsworth RC, Huijts SM, et al. Pneumococcal conju-
gate vaccine herd effects on non-invasive pneumococcal pneumonia in elderly. 
Vaccine 2016; 34:3275–82.

16. van Werkhoven CH. Herd effects of child vaccination with pneumococcal con-
jugate vaccine against pneumococcal non-invasive community-acquired pneu-
monia: what is the evidence? Hum Vaccin Immunother 2017; 13:1177–81.

17. Ansaldi  F, Turello  V, Lai  P, et  al. Effectiveness of a 23-valent polysaccharide 
vaccine in preventing pneumonia and non-invasive pneumococcal infection 
in elderly people: a large-scale retrospective cohort study. J Int Med Res 2005; 
33:490–500.

18. Australian Government Department of Health and Ageing. Vaccine preventable 
diseases and vaccination coverage in Australia, 2003 to 2005. 2007. Available 
at: http://www.health.gov.au/internet/publications/publishing.nsf/Content/cda-
cdi31suppl.htm/$FILE/cdi31supp1.pdf. Accessed 17 May 2018.

19. Australian Institute of Health and Welfare. Indigenous identification in hospital 
separations data. Quality report. Canberra: Australian Government, 2013.

20. Waight PA, Andrews NJ, Ladhani SN, Sheppard CL, Slack MP, Miller E. Effect of 
the 13-valent pneumococcal conjugate vaccine on invasive pneumococcal disease 
in England and Wales 4 years after its introduction: an observational cohort study. 
Lancet Infect Dis 2015; 15:535–43.

21. Moore MR, Link-Gelles R, Schaffner W, et al. Effect of use of 13-valent pneumo-
coccal conjugate vaccine in children on invasive pneumococcal disease in chil-
dren and adults in the USA: analysis of multisite, population-based surveillance. 
Lancet Infect Dis 2015; 15:301–9.

22. Ladhani SN, Collins S, Djennad A, et al. Rapid increase in non-vaccine serotypes 
causing invasive pneumococcal disease in England and Wales, 2000-17: a pro-
spective national observational cohort study. Lancet Infect Dis 2018; 18:441–51.

23. Australian Technical Advisory Group on Immunisation. Public consulta-
tion on the infant pneumococcal vaccination schedule. 2017. Available at:  
http://file://localhost/c$/temp/LOCAL%20FOLDER%20%E2%80%93%20
NOT%20BACKED%20UP/60102582/Downloads/final_public_consultation_
document_-_infant_pneumococcal_vaccination_schedule_recommendations.
pdf. Accessed 2018.

24. Feikin  DR, Kagucia  EW, Loo  JD, et  al; Serotype Replacement Study Group. 
Serotype-specific changes in invasive pneumococcal disease after pneumococcal 
conjugate vaccine introduction: a pooled analysis of multiple surveillance sites. 
PLoS Med 2013; 10:e1001517.

25. Toms  C, de  Kluyver  R; Enhanced Invasive Pneumococcal Disease Surveillance 
Working Group. Invasive pneumococcal disease trends in Australia, 2011 and 
2012. Commun Dis Intell 2016; 40:E267–84.

26. Lai  J, Cook  H, Yip  T, et  al. Surveillance of pneumococcal serotype 1 carriage 
during an outbreak of serotype 1 invasive pneumococcal disease in central 
Australia 2010–2012. BMC Infect Dis 2013; 13:409.

27. Staples  M, Graham  RM, Jennison  AV, et  al. Molecular characterization of an 
Australian serotype 1 Streptococcus pneumoniae outbreak. Epidemiol Infect 2015; 
143:325–33.

28. Cook H. A serotype 1 invasive pneumococcal disease outbreak in the Australian 
Indigenous population. In: Public Health Association of Australia National 
Immunisation Conference, Adelaide, Australia, 2018.

29. Gratten  M, Morey  F, Dixon  J, et  al. An outbreak of serotype 1 Streptococcus 
pneumoniae infection in central Australia. Med J Aust 1993; 158:340–2.

30. Thorrington D, Andrews N, Stowe J, Miller E, van Hoek AJ. Elucidating the im-
pact of the pneumococcal conjugate vaccine programme on pneumonia, sepsis 
and otitis media hospital admissions in England using a composite control. BMC 
Med 2018; 16:13.

31. Hammitt LL, Etyang AO, Morpeth SC, et al. Effect of ten-valent pneumococcal 
conjugate vaccine on invasive pneumococcal disease and nasopharyngeal car-
riage in Kenya: a longitudinal surveillance study. Lancet 2019; 393:2146–54.

32. Gidding  HF, McCallum  L, Fathima  P, et  al; ACIR Linkage Investigator Team. 
Effectiveness of a 3 + 0 pneumococcal conjugate vaccine schedule against invasive 
pneumococcal disease among a birth cohort of 1.4 million children in Australia. 
Vaccine 2018; 36:2650–6.

33. Hull BP, McIntyre PB. What do we know about 7vPCV coverage in Aboriginal 
and Torres Strait Islander children? Commun Dis Intell Q Rep 2004; 28:238–43.

34. Australian Bureau of Statistics. National Aboriginal and Torres Strait Islander 
health survey 2004–5. Australia: Australian Bureau of Statistics, 2006:54.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/70/12/2607/5544590 by U

niversity of O
tago user on 18 January 2021

http://www.health.gov.au/internet/publications/publishing.nsf/Content/cda-cdi31suppl.htm/$FILE/cdi31supp1.pdf
http://www.health.gov.au/internet/publications/publishing.nsf/Content/cda-cdi31suppl.htm/$FILE/cdi31supp1.pdf
http://file://localhost/c$/temp/LOCAL%20FOLDER%20%E2%80%93%20NOT%20BACKED%20UP/60102582/Downloads/final_public_consultation_document_-_infant_pneumococcal_vaccination_schedule_recommendations.pdf
http://file://localhost/c$/temp/LOCAL%20FOLDER%20%E2%80%93%20NOT%20BACKED%20UP/60102582/Downloads/final_public_consultation_document_-_infant_pneumococcal_vaccination_schedule_recommendations.pdf
http://file://localhost/c$/temp/LOCAL%20FOLDER%20%E2%80%93%20NOT%20BACKED%20UP/60102582/Downloads/final_public_consultation_document_-_infant_pneumococcal_vaccination_schedule_recommendations.pdf
http://file://localhost/c$/temp/LOCAL%20FOLDER%20%E2%80%93%20NOT%20BACKED%20UP/60102582/Downloads/final_public_consultation_document_-_infant_pneumococcal_vaccination_schedule_recommendations.pdf


 

440  

Chapter 3 – Pneumococcal disease 
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a b s t r a c t

Advanced age has been associated with a wide range of defects in both the innate and adaptive immune
systems including diminished specific antibody responses that increase the risk of invasive pneumococcal
disease (IPD) and limit the effectiveness of vaccines. However, the elderly are a heterogeneous group and
measures of overall frailty may be a better indicator of disease susceptibility (or vaccine response) than
chronological age alone.
Aim: To evaluate the immunogenicity of the 7-valent conjugated pneumococcal vaccine (PCV7) versus 23-
valent polysaccharide vaccine (23vPPV) and compare the immune response to four serotypes (4, 6B, 18C
and 19F), with respect to age or frailty in an elderly population of previously unvaccinated hospitalized
patients.
Method: 241 patients aged 60 years and over, recruited between 16 May 2005 and 20 February 2006, were
randomised to 23PPV or PCV7 vaccine. We measured Frailty Index (FI), Barthel index and the MiniMental
State. Serotype-specific IgG was measured by ELISA at base line and 6 months after vaccination. Antibody
responses were defined by the ratio of post-vaccination to pre-vaccination IgG antibody concentration
(poor < 2-fold increase, acceptable ≥ 2.0 to 3.99-fold and strong ≥ 4.0-fold increase).
Results: Pre-immunization IgG was generally low and did not differ significantly by age or frailty. Post-
immunization, IgG increased to all four serotypes; acceptable or strong response ranged between 29% for
(6B) and 57% for (18C). There was no significant difference between the two vaccine types (23PPV versus

PCV7). At 6 months post-vaccination, the highest geometric mean IgG concentrations (GMCs) were seen
for serotype 19F and the lowest for serotype 4. Although there was some variation by serotype, responses
after vaccination were lowest in the most frail or aged subjects.
Conclusions: Pneumococcal vaccines are perceived to offer low protection in the frail elderly, but our
study showed that the proportion of this vulnerable population with acceptable responses is encourag-
ing. Frailty, as measured by the Frailty Index, appears to be a better predictor of immune response to

han a
pneumococcal vaccines t

. Introduction

The average life expectancy of individuals in developed coun-
ries is steadily increasing and this trend is expected to continue
ncreasing with continuing improvements in health care, nutrition

nd disease prevention. Presently, approximately 13% of the Aus-
ralian population is aged 65 years and over, projected to increase
o over one-quarter by 2051 [1]. Globally, the proportion of the pop-
lation over 65 years is estimated to reach 21% by 2050 [1]. This

∗ Corresponding author at: National Centre for Immunization Research and
urveillance Sydney, NSW, Australia. Tel.: +61 02 98453029.

E-mail address: imanridda@hotmail.com (I. Ridda).
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ge alone.
© 2008 Elsevier Ltd. All rights reserved.

shift in population age structure will require an increasing focus on
health problems experienced disproportionately by older adults,
including certain infectious diseases. Among the most important
of these is pneumonia and invasive disease resulting from Strep-
tococcus pneumoniae infection. In developed countries, the annual
incidence of invasive pneumococcal disease (IPD) has been esti-
mated at greater than 50 per 100,000 for adults aged 65 years and
older [2,3], who represent a high-risk group, with high morbidity
and case mortality which may exceed 50% [4].
Ageing has been associated with a wide range of defects in both
innate and adaptive immune system including diminished clonal
expansions of B- and T-cells that limit immunological repertoire
and are associated with diminished specific antibody responses [5].
Although the decreased capacity of the elderly immune system to

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:imanridda@hotmail.com
dx.doi.org/10.1016/j.vaccine.2008.11.098
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espond to new pathogens is likely to reduce the efficacy of most or
ll vaccines in this population, the evidence for protection of older
ersons by pneumococcal vaccines is conflicting. Three recent stud-

es illustrate this. One study in a large retrospective cohort study
f adults >65 confirmed the efficacy of 23vPPV in preventing bac-
eremia, but no effect on inpatient or outpatient pneumonia [6]. In
ontrast, two cohort studies, retrospective and prospective, found
ecreased rates pneumonia, whether or not associated with bac-
eremia [7], attributable to 23vPPVvaccination [8]. Because young
hildren do not respond effectively to pneumococcal polysac-
haride antigens [9], a 7-valent polysaccharide-protein conjugate
accine (PCV7) has been recommended for children under 2 years
f age [10,11] that, unlike 23vPPV, induces T-cells to stimulate B-cell
evelopment into antibody-producing or memory cells [4]. Because
CV7 prevents pneumonia in young children [11], there is interest in
scertaining whether PCV7 might offer an advantage over 23vPPV
n adults. In one study of elderly people who had been previously
accinated with 23vPPV, a booster dose of PCV7 appeared to be
etter than a booster does of 23vPPV [12]. Further, the conjugate
accine has been shown to be effective against invasive disease
n children [13] but more clinical research is needed for primary
accine immunogenicity of conjugate vaccines in adults [14].

Chronological age may not be the best measure of overall vul-
erability to disease in the elderly. Though there is considerable
isagreement on operational definitions [15–18], the concept of
railty has evolved to signify “a multidimensional syndrome of loss
f reserves (energy, physical ability, cognition, health) that gives
ise to vulnerability” [19]. Used in this way, frailty has been shown
n various conceptualizations to correlate with a wide range of mor-
id conditions, including psychiatric illness, obesity and cataract as
ell as all-cause hospitalization, disability and mortality [20–23].

he deficit-based Frailty Index (FI) developed by Rockwood et al.
as gained support as a measurement tool, and has been validated

n various contexts [24]. The essence of this approach is that frailty
an be defined as an accumulation of age-related adverse changes,
r deficits, in a range of functional systems [25].

We hypothesised that age may not be the only predictor of
ecline of immune function, but that frailty may also provide such
measure. We evaluated this in the specific context of response to
neumococcal vaccines.

. Aim

To evaluate the immunogenicity of the PCV7 versus 23-
alent polysaccharide vaccine (23vPPV) and compare the immune
esponse to four serotypes (4, 6B, 18C and 19F), with respect to
ge or frailty in an elderly population of previously unvaccinated
ospitalized patients.

. Methods

We conducted a randomized, controlled clinical trial (RCT)
pecifically targeting frail older people aged ≥60 years who received
ollow-up care in the Geriatric, cardiology, rheumatology and
rthopaedic Departments of a large 800-bed tertiary referral hospi-
al in Sydney, Australia. The hospital is located in the west of Sydney,
erves as a tertiary referral base for the western metropolitan area
nd also acts as the district hospital for the immediately surround-
ng community. The population served by this hospital in 2006 was
,114,020 people [26].
The study was approved by the Human Research Ethics Commit-
ees of Sydney West Area Health Service, The Children’s Hospital at

estmead and the University of Sydney, as well as by the New South
ales Guardianship Tribunal. Every participant or their legal repre-

entative signed the written informed consent prior to enrolment.
(2009) 1628–1636 1629

Exclusion criteria included age less than 60 years, previous vac-
cination with pneumococcal vaccine and life expectancy less than
12 months.

Detail concerning medications history; previous illness, present
health and prior pneumococcal vaccination was obtained for all
participant. Vaccination status was confirmed by contacting their
general physician.

Basic Activities Of Daily Living (ADL’s) were measure using the
Barthel Index [27] and a modified version of the Frailty Index (FI);
the FI has been found to be a robust measure of a simple count of
deficits, morbidity and impairments [25]. The psychometric prop-
erties are retained even when some items are deleted or replaced
provided enough items are included. We added several items par-
ticularly relevant to a pneumococcal vaccine trial to the FI. The
Frailty Index aims to detect co-morbidity, disability and frailty. The
index has a list of 40 items (yes/no). The presence of any item
receives a score of one, and the total score is summed for each
patient to give a Frailty Index measure. The minimum possible score
is 0 (least frail) and the maximum is 40 (most frail) (Appendix A)
[25].

The criteria for the diagnosis of dementia include impairment
of attention, orientation, memory, judgment, language, motor and
spatial skills, and function. The MiniMental State Examination
(MMSE) [28] is the most commonly used test for memory prob-
lems and facilitate classification of dementia. Hence we used this
test in our sample population to determine the diagnosis of demen-
tia. MMSE is a good instrument for assessing cognitive function
it takes up to 10 min and questions involve orientation, registra-
tion (naming three objects), attention and calculation, recall (the
previous three objects) and language. Whilst the MMSE in isola-
tion is insufficient to confirm mental capacity we used a cut off
point of ≤19 out of a maximum of 30 points for diagnosing demen-
tia (and thus mental incompetence) on the MMSE and, as a guide,
considered a score of 20 points or more adequate for a person to
be able to consent for themselves. Subjects were randomised to a
control arm of receiving the standard the 23-valent pneumococcal
polysaccharide vaccine (23PPV) or to an intervention arm of receiv-
ing the PCV7. Both vaccines were administered intramuscularly by
a trained nurse.

Blood for serum analysis was obtained from patients at base
line and 6 months after vaccination; Serum samples were stored
at −80 ◦C until the time for assay for capsule pneumococcal
polysaccharide-specific IgG. The laboratory personnel were not
aware of the vaccination status at the time of sampling.

4. Measurement of pneumococcal antibodies

The prevalence of antibody to PPS were studied using ELISA
designed according to the consensus protocol [29,30] with minor
modifications. Serotypes 4, 6B, 18C and 19F were tested as they are
in both vaccines (PCV7 and 23PPV).

All serum samples (both pre and post vaccination) were pre-
absorbed with purified pneumococcal cell wall polysaccharide
(C-PS) (Serum Statens Institute) and a capsular preparation from
22F [29,30] and antibody concentrations were determined for each
sample using three serial dilutions (for each of the four serotypes)
and read off a standard curve prepared using C-PS absorbed 89-
SF reference serum. Assay conditions were optimised [29,30] for
the following: (a) concentration of individual polysaccharides used
to coat the ELISA plates, (b) concentration and absorption times

for C-PS and 22F and (c) additional individual ELISA reagents as
required. Unless otherwise stated, 100-�l volumes were used in
all incubation steps. In brief, each PPS was diluted at 5 �g/ml in
0.05 M sodium bicarbonate buffer (pH 9.6), then added to the wells
of microtiter plates (Maxisorp; Nunc, Roskild, Denmark) and incu-
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Table 1
Comparisons of patients’ characteristics between two treatment groups (n = 241).

Patients’ characteristics Treatment groups Results

PVC7 (n = 122) PPV (n = 119)

Age
Mean 71.18 69.96
S.D. 9.44 8.98 p = 0.1777
Median 68.50 67.00

Age group
60–64 years 37 (30.33%) 47 (39.495%)
65–74 years 45(36.88%) 37(31.09%) p = 0.322
75–100 years 40(32.78%) 35(29.41%)

Sex
Male 55 (45.08%) 50 (42.01%) p = 0.631
Female 67 (54.91%) 69 (57.98%)

Frailty
Mean 9.38 10.13
S.D. 4.981 5.067 p = 0.917
Median 9.00 9.00

Frailty group
Low (1–10) 78 (63.93%) 69 (57.98%)
Moderate (11–15) 28 (22.95%) 32 (26.89%) p = 0.638
Severe (16–24) 16 (13.11%) 18 (15.12%)

MiniMental
Mean 26.93 25.86
S.D. 3.798 4.53 p = 0.212
Median 28 28

MiniMental
Impaired (≤18) 4 (3.28%) 11 (9.24%)
Borderline (19–22) 8 (6.55%) 16 (13.44%) p = 0.020
Normal (≥23) 110 (90.16%) 92 (77.3%)

Barthel index
Mean 85.90 85.80
S.D. 18.19 19.18 p = 0.632
Median 95 95

Barthel index (disability scores)
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Severe dependency (0–49) 4 (3.27%)
Moderate dependency (50–90) 49 (40.16%)
Minimal dependency (91–100) 69 (56.55%)

ated at 4 ◦C overnight. After each step, the plates are washed with
00 �l/well of phosphate-buffered saline (PBS; pH 7.2) containing
.1% Tween 20 using an automated plate washer (Wellcozyme 812
W2) programmed for a 30-s soak and five wash cycles. The assays

ere performed at room temperature. PBS-Tween 20 containing
% bovine serum albumin (BSA; Sigma Chemical Co, St. Louis, MO)
as used for blocking non-specific binding (200 �l/well, 2 h incu-
ation) and for further dilutions. All serum samples were tested in
uplicate and incubated for 2 h. Every plate contained five 2-fold

able 2
eometric mean concentrations of IgG antibody for serotype 4, 6B, 18C and 19F during th

ero-type Vaccine(s) GMC (95% CI) (�g/m

Baseline

23PPV 0.60 (0.53–0.69)
PCV7 0.59 (0.52–0.67)
Both vaccines 0.60 (0.55–0.66)

B 23PPV 3.01(2.62–3.46)
PCV7 2.85 (2.50–3.24)
Both vaccines 2.93(2.67–3.21)

8C 23PPV 1.39(1.16–1.65)
PCV7 1.46 (1.22–1.75)
Both vaccines 1.42 (1.26–1.61)

9F 23PPV 2.67 (2.22–3.20)
PCV7 2.46 (2.13–2.85)
Both vaccines 2.56 (2.28–2.88)
8 (6.72%) p = 0.466
47 (39.49%)
64 (53.78%)

serial dilutions beginning with 1:100 of the International pneumo-
coccal reference serum (lot 89SF-3) kindly provided by C. Frasch
(FDA, Bethesda, MD). A negative laboratory reference serum was
also included on each plate at a single dilution of 1:200. The plates

are washed 5 times and a peroxidise-conjugated mouse anti-human
IgG (HP6017HRP; Zymed Laboratories, San Francisco, CA) diluted
1:500 was added and the plates again incubated for 90 min. After a
further 5 washes the amount of enzyme immobilised to the wells
was determined with 3,3′,5,5′-tetramethylbenzidine (TMB) single

e course of vaccination with 23PPV and PCV7 (n = 241).

l) OR (95% CI)

6 months

1.21 (0.97–1.51) 2.0 (−2.98–4.98)
1.40 (1.09–1.80) 2.4 (−0.81–3.46)
1.30 (1.10–1.54) 2.2 (0.81–3.34)

4.63 (3.72–5.78) 1.5 (−0.63–3.67)
4.79 (3.79–6.05) 1.7 (−0.49–3.85)
4.71 (4.02–5.53) 1.6 (−0.5–3.70)

3.89 (3.23–4.70) 2.8 (−0.03–4.19)
4.18 (3.48–5.02) 2.9 (0.02–4.24)
4.03 (3.54–4.60) 2.8 (0.04–4.17)

5.47 (4.14–7.22) 2.05 (−0.15–4.29)
5.42 (4.09–7.19) 2.2 (0.01–4.40)
5.45 (4.47–6.63) 2.13 (−1.66–2.60)
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Table 3
Immunological response at 6 months by age, Frailty Index, gender and vaccine type.

Sero-type Odds Ratio (95% CI) P-value

4 Age 1.128 (0.522–2.436) 0.7599
Frailty index 0.266 (0.099–0.711) 0.0083
Gender 9.485 (4.173–21.557) <0.0001
Vaccine type 20.506 (8.424–49.916) <0.0001

6B Age 1.957 (0.664–5.763) 0.2232
Frailty index 0.453 (0.139–1.476) 0.1889
Gender 1.167 (0.434–3.137) 0.7601
Vaccine type 0.940 (0.363–2.433) 0.8988

18C Age 0.528 (0.175–1.594) 0.2571
Frailty index 0.229 (0.076–0.690) 0.0088
Gender 1.209 (0.431–3.391) 0.7182
Vaccine type 1.600 (0.592–4.323) 0.3542

19F Age 1.553 (0.540–4.463) 0.4142
Frailty index 0.169 (0.048–0.588) 0.0052
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Vaccine type

mmunological response (GM IgG ≥2- and <2-fold rise), age (≥70 and <70), Frailty In

olution substrate (Zymed laboratories, San Francisco, CA). After
0 min the reaction was stopped by the addition of an equal amount
f 1N hydrochloric acid. Optical density (OD) was measured using
n ELISA reader (Packard) at 450 nm and adjusted by subtracting the
D of the corresponding blank wells to which all reagents except

he test serum had been added [31].
Serotype-specific antibody level for the test samples was deter-

ined using I-Smart software (Packard) and the 89SF-3 reference
erum with officially assigned IgG values to each PPS studied. Anti-
ody concentrations were calculated by extrapolation from the
-point standard curve (the serially diluted reference serum) using
4-parameter logistic-log method and reported in micrograms per
illilitre. Values equal or lower than the negative laboratory serum

usually <0.4, <0.6, <1.6 and <2.0 �g/ml for serotype 4, 18C, 19F and
B, respectively) were regarded as containing no IgG antibody to
he individual PPS. If the serum assay point was fallen outside the

ost accurate portion of the standard reference curve the assay was
epeated.

. Interpretation of antibody response

Currently there are no guidelines for the interpretation of the

esults generated with the serotype-specific assay. No international
tandard is available; hence antibody responses have been reported
n a variety of ways (antibody fold increase, antibody concentration
geometric mean concentration GMC), threshold antibody level or
ntibody function). These differences have added to the complex-

able 4
ntibody responses by treatment groups (poor, acceptable and strong responders to indiv

ero-type Fold response (baseline to 6 months)

Poor response < 2.0
Acceptable responses ≥ 2.0–3.99
Strong responses ≥ 4.0

B Poor response < 2.0
Acceptable responses ≥ 2.0–3.99
Strong responses ≥ 4.0

8C Poor response < 2.0
Acceptable responses ≥ 2.0–3.99
Strong responses ≥ 4.0

9F Poor response < 2.0
Acceptable responses ≥ 2.0–3.99
Strong responses ≥ 4.0
1.651(0.625–4.358) 0.3113
0.602 (0.237–1.528) 0.2853

≥16 and <16), gender (male and female) and vaccine type (PCV7 and PPV) (n = 241).

ity of comparing and interpreting studies [32]. A threshold value
(0.35 �g/ml) has been derived from conjugate vaccine studies in
young children but is somewhat arbitary and is likely to have even
less validity in adults, many of whom have pre-immunization anti-
body levels above this threshold. In the absence of a threshold
agreed upon for the geriatric patients, an antibody response con-
sistent with protection from vaccination remains undefined [32].
Therefore, in our study patients, we used the ratio of pre and post
serotype specific IgG antibody levels as the measure of response.
Thus we designated an acceptable response as a ratio of ≥2.0 to
3.99-fold, a poor response as a ratio of <2.0 and a strong response
is ≥4.0 [33].

6. Analyses

Differences in log-transformed concentrations of capsule spe-
cific IgG antibodies between pre and post vaccination sera of
both groups were calculated. The differences between groups in
IgG increases and fold increases were determined by two-tailed
Fisher exact and Pearson Chi-squared tests. The p-values were
two-tailed and the level of significance was set at p ≤ 0.05. We
used of the Statistical Software SPSS V15 (SPSS, Inc. Chicago, IL).

The immunogenicity data for 23PPV and PCV7 are summarized as
geometric mean antibody concentration (GMC) values with 95%
confidence intervals. The distribution of pneumococcal antibodies
is described with reverse cumulative frequency curves. The per-
centage of elderly patients achieving the pre-defined fold increases

idual serotypes at 6 months).

Treatment groups Results

PCV7 = 122 23vPPV = 119

55.7% (68) 57.1% (68)
15.6% (19) 24.4% (29) p = 0.082
28.7% (35) 18.5% (22)

68% (83) 73.1% (87)
12.3% (15) 12.6% (15) p = 0.535
19.7% (24) 14.3% (17)

41.8% (51) 42.8% (51)
19.7% (24) 20.2% (24) p = 0.986
37.7% (46) 36.9% (44)

65.6% (80) 63.9% (76)
11.5% (14) 14.3% (17) p = 0.807
22.9% (28) 21.8% (26)



1632 I. Ridda et al. / Vaccine 27 (2009) 1628–1636

F (a) ge
m

w
w
≥

7

M
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ean by age for individual serotypes (both vaccines).

as also examined [33]. Responses at 6 months post-vaccination
ere grouped as follows: poor response <2.0, acceptable responses
2.0–3.99 and strong responses ≥4.0.
. Results

We recruited 241 patients admitted to the hospital between 16
ay 2005 and 20 February 2006 to a pneumococcal vaccine trial
ometric mean by frailty for individual serotypes (both vaccines) and (b) geometric

[34]. Of whom 119 received 23PPV and 122 PCV7. Patient char-
acteristics were evenly distributed between the arms as shown
in (Table 1), except the proportion scoring poorly on MiniMental
state. The Frailty Index (FI) results (Table 1) showed that all sub-

jects achieved at least one item, with a wide spread of scores from
1 to 24.

The total pre and post vaccination IgG antibody concentrations
measured by using enzyme-linked immunosorbant assay (ELISA)
showed that almost all subjects demonstrated an increase from pre
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Fig. 2. Reverse cumulative distribution (RCD) graph for individual vaccines (n = 241): (a) sero 4 at baseline and 6 months; (b) sero 6B at baseline and 6 months; (c) sero 18C
at baseline and 6 months; (d) sero 19F at baseline and 6 months.
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ig. 3. Six months relationships between immune responses, age and frailty (n = 2
6–18, 19–21 and 22–24), and the age is the mean age of each subset. FI score for ea

o post immunization. The Geometric mean concentration of IgG
ntibody in Table 2 shows an increase for all serotypes. However,
CV-7 did not elicit a significantly higher antibody concentra-
ion than 23-PPV for any of the serotypes examined. The GMCs
f IgG antibody to the four serotypes are shown in (Table 2 and
ig. 2).

Table 3 shows that age has no significant impact on immunolog-
cal increase. FI predicted immunological response for serotype 4,
8C and 19F but not 6B, and people with high FI have lower immuno-
ogical response. Also shown in Table 3 that gender is significantly
elated to immunological increase for serotype 4, with males hav-
ng higher immunological response increase than females. Vaccine
ype did not predict immunological response, except for serotype
, where there was a significantly improved response to PCV7.

For serotype 4, PCV7 resulted in a strong response in 28.7%
35/122) compared to 18.5% (22/119) for PPV. Overall, between 29%
6B) and 57% (18C) of patients met the definition of acceptable or
trong response for individual serotypes, with a ≥2.0-fold increase
n IgG post-vaccination (Table 4).

Frailty predicted poor immune responses to both polysaccharide
nd conjugate pneumococcal vaccines but this varied by serotype
Fig. 1a). Although we did not measure functional antibodies, it is

ikely that the healthy elderly have better functional antibody status
han the frail elderly, as shown by Romero-Steiner et al. [35].

To evaluate the full spectrum of the immune response we used
everse cumulative distribution curves (Fig. 2). This shows that
hile the overall range of antibody responses for the two vaccines
r the FI index score, data was divided into 8 subsets (1–3, 4–6, 7–9, 10–12, 13–15,
set is the maximum score of it.

(23PPV and PCV7) was similar, within the range examined, individ-
ual values for PCV7 are slightly higher than 23PPV for serotypes 4,
6B and 18C.

Fig. 3 shows that there was a significance correlation between
antibody response for serotype 4 (p = 0.0072), 18C (p = 0.0025) and
19F (p = 0.0036) to frailty, whereas for age only 18C (p = 0.00001).

8. Discussion

Pneumococcal disease presents a serious risk of morbidity and
mortality in the elderly due to the declining immune response with
increasing age [35,36]. This limits the efficacy of vaccines. Reports
of the diminished vaccine efficacy in the elderly may reflect either
poor functionality of vaccine induced anti-PPS specific antibod-
ies (or inconsistent antibody measurements). Subsequently, there
are doubts amongst physicians about the efficacy of pneumococcal
vaccine in the elderly [37,38].

Our subjects were all ill hospitalised older people and between
29 and 57% of patients met the definition of acceptable or strong
response for individual serotypes, with a ≥2.0-fold increase in IgG
post-vaccination, which is encouraging and provides evidence to

counter the negative perceptions about pneumococcal vaccines. We
were only able to demonstrate a benefit of PCV7 for serotype 4. We
recognise the importance of functional antibody status, which was
not done in this study, but could be more informative than serology
alone.
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Appendix A (Continued )
19. Derived trouble with vision
20. Hearing problems
21. Speech problems
22. Mobility problems
23. Dexterity problems
24. Emotional problems
25. Cognition problems (but no dementia diagnosed)
26. Activities prevented by pain/discomfort
27. Known renal failure (mild, moderate or severe)a

28. Needing help in preparing meal
29. Needing help to shop
30. Needing help for housework
31. Needing help for heavy household chores
32. Needing help in moving about the house
33. Receiving home care services
34. Heart failurea

35. Leg ulcersa

36. Alcohol dependencya

37. Chronic liver diseasea

38. Haematological disorders (anaemia, CML, etc.)a

[

[

[

[

[

[

I. Ridda et al. / Vacc

We did not test functional antibody status in this study. This
ill be the subject of a subsequent analysis and may be more infor-
ative than serology alone particularly for other serotypes. Our

tudy was not powered to address clinical endpoints, so we cannot
omment on clinical efficacy of the vaccines in the elderly.

Our results were limited to only four serotypes primarily due to
imited funding. Therefore, we chose serotype 4, 6B, 18C and 19F
ecause they are in both vaccines (23PPV and PCV) and represent
pread of serotypes to which the vaccine is highly immunogenic
e.g. 4 and 18C) and poorly immunogenic (e.g. 19F and 6B). Fur-
her testing will include comparison of immune responses to the
erotypes in the 23vPPV that are not in the PCV7.

Our study supports opportunistic vaccination of those who have
issed vaccination. For those whom their vaccination status is

nknown it is acceptable to consider them as un-vaccinated since
here is no significant danger in repeated vaccination with pneu-

ococcal vaccine [39].
Frailty, as measured by the Frailty Index, appears to be a good

redictor of immune response to pneumococcal vaccines. The FI has
een found to be as good as or a better predictor than age alone for
wide range of outcomes including hospital days, onset of new

iseases and physical and cognitive decline, although it did not
mprove predictive ability for mortality [40,41]. An RCT of a geri-
tric assessment practices found a deficit-based FI to be valid and
eliable, to correlate with worse function and mental status, and
o successfully predict adverse outcomes (i.e., death or hospitaliza-
ion). It has also been shown that the FI better predicts mortality
han chronological age alone [25,42,43].

The FI is robust to the choice of items used to construct the index,
ith validity depending on the proportion of accumulated deficits

23]. In this highly selected population, age predicted immune
esponse but frailty was also a valid predictor. In fact, frailty, as mea-
ured by the FI, appears to be as good as age in predicting immune
esponse to pneumococcal vaccines; it was easy to measure and
hus should be considered in vaccination and other interventional
rials.

Many of the subjects in our study who were elderly had low
railty indices and be expected to have good quality of life. We have
hown that older patients are significantly less likely to be vacci-
ated [34]. This may be because providers overlook patients who
re old, based purely on age alone. If FI were also used to assess such
atient, providers may be less likely to overlook them for vaccina-
ion. However, the most frail patients are still in need of vaccination
nd our results suggest that even in these patients there is some
enefit of vaccination.

ppendix A. Frailty Index (Rockwood et al.) [23]. As adapted
or the pneumococcal vaccine trial

. Allergy, other than food allergy
. Asthma
. Arthritis or rheumatism
. Back pain (excluding arthritis)
. High blood pressure or hypertension or treated blood pressure
.Migraine
. Chronic bronchitis or chronic obstructive pulmonary disease
. Diabetes
. Epilepsy
0. Heart disease including ischaemic heart disease
1. Cancer
2. Stomach or intestinal ulcers

3. Suffers from the effects of stroke
4. Urinary incontinence
5. Bowel disorder including faecal incontinence
6. Alzheimer’s Disease or other dementia
7. Glaucoma
8. Thyroid condition or treatment

[

[

39. Autoimmune diseasea

40. Chronic infectious disease (hepatitis, HIV, osteomyelitis, etc.)a

a Additional items for our study, we deleted sinusitis from the original list.
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Abstract

Background: Elderly people do not mount strong immune responses to vaccines. We compared 23-valent capsular
polysaccharide (23vPPV) alone versus 7-valent conjugate (PCV7) vaccine followed by 23vPPV 6 months later in hospitalized
elderly.

Methods: Participants were randomized to receive 23vPPV or PCV7-23vPPV. Antibodies against serotypes 3, 4, 6A, 6B, 9V,
14, 18C, 19A, 19F, 23F were measured by enzyme-linked immunosorbent (ELISA) and opsonophagocytic (OPA) assays at
baseline, 6 months and 12 months.

Results: Of 312 recruited, between 40% and 72% of subjects had undetectable OPA titres at baseline. After one dose, PCV7
recipients had significantly higher responses to serotypes 9V (both assays) and 23F (OPA only), and 23vPPV recipients had
significantly higher responses to serotype 3 (ELISA), 19F and 19A (OPA only). In subjects with undetectable OPA titres at
baseline, a proportionately greater rise in OPA titre (P,0.01) was seen for all serotypes after both vaccines. The GMT ratio of
OPA was significantly higher at 12 months in the PCV7-23vPPV group for serotypes 6A, 9V, 18C and 23F. OPA titre levels for
these serotypes increased moderately after 6 months, whereas immunity waned in the 23vPPV only arm.

Conclusion: We did not show overwhelming benefit of one vaccine over the other. Low baseline immunity does not
preclude a robust immune response, reiterating the importance of vaccinating the frail elderly. A schedule of PCV7-23vPPV
prevents waning of antibody, suggesting that both vaccines could be useful in the elderly. Follow up studies are needed to
determine persistence of immunity.

Trial Registration: The Australian Clinical Trials Registry ACTRN12607000387426

Citation: MacIntyre CR, Ridda I, Gao Z, Moa AM, McIntyre PB, et al. (2014) A Randomized Clinical Trial of the Immunogenicity of 7-Valent Pneumococcal
Conjugate Vaccine Compared to 23-Valent Polysaccharide Vaccine in Frail, Hospitalized Elderly. PLoS ONE 9(4): e94578. doi:10.1371/journal.pone.0094578

Editor: Ray Borrow, Public Health England, United Kingdom

Received October 31, 2013; Accepted March 17, 2014; Published April 23, 2014

Copyright: � 2014 MacIntyre et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This investigator-driven and designed research was funded by the National Health and Medical Research Council of Australia (NHMRC Project Grant
##352337). The laboratory testing was conducted and funded by Pfizer, USA. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Competing Interests: The authors have read the journal’s policy and have the following conflicts. C.R. MacIntyre has received funding for investigator-driven
research from Merck, GSK and BioCSL, and support for the laboratory testing for this study from Pfizer. Iman Ridda is supported by the Australian National Health
and Medical Research Council Postdoctoral Fellowship and has participated in advisory boards for Merck in 2011 and has received funding for investigator driven
research from GSK. Peter McIntyre has received in kind support to his institution for the conduct of research from GSK, Merck and Pfizer. Others declared no
competing interest. This is to declare that Pfizer, USA conducted the laboratory testing and also the authors confirm that this does not alter their adherence to all
the PLOS ONE policies on sharing data and materials.

* E-mail: a.moa@unsw.edu.au

Background

Streptococcus pneumoniae causes invasive pneumococcal disease

(IPD), with peak incidence in the very young and the very old [1].

In contrast to children, over 80% of adults with IPD have

underlying risk factors [1,2]. Although 7-valent and more recently

13-valent pneumococcal conjugate vaccines (PCV7 and PCV13),

are used in infant immunization programs in many countries, only

23-valent capsular polysaccharide vaccine (23vPPV) is recom-

mended for adults.

In Australia, a funded national immunization program for both

23vPPV in adults $65 years and PCV7 in children under 2 years

was introduced in 2005. Infant programs have resulted in

significant reductions in IPD due to vaccine serotypes in all age

groups, including adults over 65 years [3–5]. There has been little

reduction in IPD serotypes specific to 23vPPV in the population
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aged .65 years. 23vPPV is 60–70% effective against IPD, with

declining effectiveness and waning immunity in older adults [6,7].

A number of studies (Table 1) have compared the immunoge-

nicity of PCV7 and 23vPPV in adults [8–16]. These studies differ

in study populations, age of subjects, vaccine schedule and

intervals of follow up, making comparison of studies difficult

[17]. Only 3 studies to date have included older adults with

significant co-morbidities [8,12,14], who are at increased risk of

IPD.

Strain replacement, antibiotic resistance, poor immune respons-

es and the continued ageing of the population pose an on-going

challenge in the elderly [18]. The proportion of the population

aged 65 years and over is growing, and is projected to increase to

25% by the middle of this century [19]. Vaccination against

pneumococcal disease is one of the readily available preventive

health strategies for the elderly. In this paper, we aimed to

compare the immunogenicity of 23vPPV and PCV7 alone and

following a dose of 23vPPV given to PCV recipients, in vaccine-

naı̈ve, hospitalized adults $60 years of age.

Methods

Ethics statement
The study was approved by the Human Research Ethics

Committees (HREC) of Sydney West Area Health Service, The

Children’s Hospital at Westmead and the University of Sydney, as

well as by the New South Wales Guardianship Tribunal. Each

participant or her/his legal representative signed the written

informed consent prior to enrolment.

Study design and eligibility
We conducted a randomized, controlled clinical trial to

compare PCV7 and 23vPPV in unvaccinated, hospitalised adults

aged $60 years. Participants were recruited from the geriatric,

cardiology, orthopaedic or rheumatology wards at a tertiary

referral hospital in Sydney, Australia, which serves a population of

1,114,020 people [20]. We previously reported on a subset of the

same hospitalised, frail elderly subjects using preliminary in-house

ELISA testing only for four serotypes (4, 6B, 18C and 19F) [11].

This study reports on a larger number of subjects for 10 serotypes

using standardized methods for both ELISA and OPA at the

laboratories of Pfizer Vaccine R&D, Pearl River, NY 10965. The

protocol for this trial and supporting Consort checklist are

available as supporting information; see Protocol S1 and Checklist

S1.

Eligible subjects were hospitalised adults aged $60 years who

had never received pneumococcal vaccine. The patients’ physi-

cians were contacted to validate self-reported vaccination status.

Participants were eligible if they were stable and able to give

consent. We also obtained next-of-kin consent and Guardianship

Board approval for patients who were demented or did not have

capacity to consent.

Using a randomized, controlled clinical trial design, subjects

were recruited from May 2005 through December 2007, and the

trial follow-up completed on February 2008. Participants were

randomized by secure computerized randomization to receive

either 23vPPV (control - standard recommended vaccine) or

PCV7 (intervention) by a single injection in the deltoid muscle.

Those who received PCV7 at baseline received a dose of 23vPPV

6 months later as shown in Figure 1. Vaccine was open label, but

laboratory testing was blinded, given outcomes were immunolog-

ical responses.

Serum samples were obtained from patients at baseline, six and

12 months after vaccination, and stored at 280uC until tested.

The approving HREC did not approve collection of serum at 4

weeks post-vaccination, because of concerns of subjecting frail

elderly patients to an additional blood collection. In light of the

request to reduce the number of serum collections, it was felt that

functionally, in terms of sustained response, 6 months was a more

important measure.

The outcomes were antibody levels as measured by ELISA and

OPA at 6 months (compared to baseline) and 12 months. Adverse

events following vaccination were monitored on day 1 and day 7

after each vaccination and graded as mild, moderate or severe.

At the time the trial was funded by the National Health and

Medical Research Council of Australia in 2004, and when it

commenced in January 2005, the requirement for trial registration

was not universally present. The trial was registered while in

progress in 2007, at a time when universal registration was gaining

wide acceptance, on the Australian Clinical Trials Registry #
ACTRN 12607000387426 (http://www.anzctr.org.au/). The

authors confirm that all on-going and related trials for this

intervention are registered.

Vaccines. 23vPPV (Merck Pneumovax) consists of a mixture

of purified capsular polysaccharides from 23 serotypes of S.

pneumoniae: 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10, 11A, 12F, 14, 15B,

17F, 18C, 19F, 19A, 20, 22F, 23F, and 33F. The vaccine does not

contain an adjuvant.

PCV7 (Wyeth/Pfizer Prevenar7), which is currently licensed for

pediatric use, contains polysaccharides of pneumococcal serotypes

4, 6B, 9V, 14, 18C, 19F, and 23F. The polysaccharides are

conjugated to the protein carrier CRM197. The vaccine contains

aluminium phosphate as an adjuvant.

Measurement of frailty and comorbidity. Activities of

daily living (ADL) and frailty were measured using the Barthel

Index (BI) [21] and a modified Frailty Index (FI) [22,23],

respectively. The BI is a summary score of functional level. The

Frailty Index has a list of 40 items, mostly comorbidities, and a

total score is summed for each patient. A score of 0 is the least frail

and a maximum of 40 indicates extreme frailty. High frailty

reflects a high number of co-morbid conditions.

We also assessed cognition function by using the standard Mini-

Mental Status Examination (MMSE) [24]. Our criteria required

relative/guardian consent for a MMSE score of less than 20.

Outcomes and measurement of pneumococcal
antibodies

The primary endpoint was serological response to vaccines as

measured by ELISA and OPA. OPA was done to measure

functional antibody status, given there is no robust protective

threshold value of ELISA for frail hospitalized elderly people.

Laboratory testing for OPA activity and ELISA anti-PS IgG

antibody concentrations were conducted at the laboratories of

Pfizer Vaccine R&D, Pearl River, NY 10965.

ELISA anti-PS IgG antibody concentrations. Anti-pneu-

mococcal polysaccharide (PnPs) antibodies against vaccine sero-

types 3, 4, 6A, 6B, 9V, 14, 18C, 19A, 19F, 23F were measured by

ELISA using both C-PS and 22F serotype capsular PS absorption,

as described previously [25].
Opsonophagocytic assay. The opsonic activities of the

samples were evaluated by OPA for serotypes 4, 6A, 6B, 9V,

14, 18C, 19A, 19F, 23F as previously described [26]. Serotype 3

was unable to be tested due to insufficient volumes of sera. The

limit of detection for each of the OPAs was a titre equal to 1:8.

Sample size calculations and statistical evaluation
A sample size of 132 subjects per arm was required to test the

difference in reactogenicity and response rate between groups with

RCT of PPV and PCV7 in the Elderly
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the estimated standard deviation of 0.55 for the change in log10-

22FA levels within any group. We recruited 153 in 23vPPV arm

and 159 in PCV7-23vPPV arm to allow for loss to follow up.

Comparisons of geometric means of the antibody concentra-

tions (GMC) of ELISA (mg/mL) and geometric mean titres (GMT)

of OPA (titer21) at baseline, 6 months and 12 months were

performed for pneumococcal serotypes 3, 4, 6A, 6B, 9V, 14, 18C,

19A, 19F, 23F, using unpaired 2-tailed t-test for parametric

analyses and Wilcoxon rank sum test for non-parametric analyses,

respectively. The 95% confidence intervals were constructed by

back transformation of the confidence intervals for the mean of the

log transformed assay results computed using the Student t

distribution [27]. Reserve cumulative distribution (RCD) curves

were used to evaluate the full spectrum of the immune response

(ELISA GMC, IgG, mg/mL), and p-value was calculated with

non-parametric log-rank test to compare RCD curves between

PCV7 and 23vPPV arms (Appendix S1). We further analysed both

ELISA and OPA responses to vaccination according to whether

subjects had detectable OPA antibody at baseline. ELISA

responses were also analysed by frailty and age group (over and

Figure 1. Flow Diagram of recruitment for the trial.
doi:10.1371/journal.pone.0094578.g001
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under 75 years of age) to determine if age and frailty predicted

response. A modified FI [22,23] with the minimum score 0 (least

frail) and the maximum 40 (most frail) was used to categorise

subjects into low (FI#10), moderate (11#FI#15) and severe

(FI$16) frailty groups. We compared the proportion of partici-

pants in each arm of the trial who experienced local or systemic

adverse events as a result of the 1st dose using a chi-squared test or

Fisher’s exact test. We also compared the proportions of

participants who experienced adverse events who received PCV7

in their first dose and 23vPPV in their second dose using

McNemar’s test (exact if small cell sizes). Statistical analysis was

performed with SAS 9.2 system and figures in this paper were

produced using MATLAB R2010b.

Results

A total of 5533 subjects were assessed for eligibility, and 312

recruited (Figure 1). Of these, 153 received 23vPPV (23vPPV only

group) and 159 received PCV7, followed by 23vPPV at six months

(PCV7-23vPPV group). There were no significant differences at

baseline between two vaccine groups as shown in Table 2. During

the 12 month period of the study, 21 subjects died. The deaths

were from unrelated causes, with no significant differences in the

death rates between arms (Table 2). Over 40% of subjects had

multiple co-morbidities (as measured by FI), and almost all

subjects had at least one co-morbid condition. Almost half the

subjects had a moderate or high level of dependency as measured

by BI, and about 11% had cognitive impairment in 23vPPV group

(Table 2).

Antibody responses
IgG antibody measured by ELISA. Table 3 shows the

geometric mean concentrations (GMC) of IgG antibody measured

by ELISA. There were no significant differences between arms at

baseline. At six months, the GMC for all serotypes and both

vaccines were significantly higher than baseline, with at least a

twofold increase in all, except for serotypes 6A in both arms and 3

in the PCV7 group (serotype 3 is not present in PCV7). The

response to 9V (common to both vaccines) was significantly higher

in the PCV7 arm compared to the 23vPPV arm. The GMC ratio

was close to 1.0 for other antibody comparisons except for

serotypes 14, 19A and 3 (latter contained only in 23vPPV) (Table 3).

At 12 months antibody levels in both arms were still higher than at

baseline, particularly for serotypes 14, 18C, 19A, 19F and 23F.

The GMC of IgG antibody for serotype 3 was now similar

between arms (ratio 0.88, 95% CI 0.64 to 1.22) and the antibody

levels of both 9V and 23F were significantly higher in the PCV7-

23vPPV arm (ratios 1.57 and 1.46 respectively, Table 3).

Figure 2 illustrates the reverse cumulative distribution (RCD)

curve of ELISA testing. For most serotypes, there was no

difference in the curves (Appendix S1). The exceptions were

serotypes 3 at 6 months and 9V at 12 months, as shown in Figure 2.

Table 4 shows the GMC for IgG antibody compared in vaccine

groups between subjects aged ,75 years and .75 years. GMCs

were not significantly different by age group for any serotype at

baseline, but there was a uniform pattern of lower responses

among the older age group post vaccination. At 6 months

following a dose of 23vPPV, GMCs were significantly lower in

those .75 years for serotypes 3, 6A, 6B, 9V, 14 and 18C. At 6

months, in both trial arms, subjects aged .75 years had

significantly lower responses to serotypes 3, 6A, 6B and 9V.

Following a dose of PCV7, responses were significantly lower in

the .75 year age group for serotypes 19F and 23F. At 12 months

following 23vPPV, GMCs had decreased in both age groups, but

more in younger subjects who had reached higher post vaccination

levels, and the only significant differences by age were for

serotypes 6A, 14 and 18C. In the PCV7 group, 6 months

following a dose of 23vPPV, there was a persistently and

significantly lower GMC in subjects $75 years, compared to

subjects ,75 years, for serotypes 6A, 19F and 23F.

Opsonophagocytic antibody levels (OPA). The geometric

mean titres of OPA responses for both vaccines are summarized in

Table 5. There were no significant differences in the ratio of OPA

GMT between 23vPPV and PCV7 at baseline, but variability was

greater and for one serotype (19F) the baseline GMT in the PCV7

group was significantly lower. There was an increase of more than

twofold above baseline at 6 months, with levels remaining higher

than baseline for both groups at 12 months. For PCV7 recipients,

at 6 months there was a significantly higher GMT for serotypes 9V

and 23F, with both remaining significantly higher than for

23vPPV recipients at 12 months (6 months following the 23vPPV

dose). Among 23vPPV recipients at 6 months, OPA GMTs were

significantly higher against serotypes 19F (common to both

vaccines) and 19A (present only in the 23vPPV vaccine). In

general, levels fell by 12 months post a single dose of 23vPPV to a

modest extent, but usually remained more than twofold higher

than baseline, except 19F and 23F. The GMC ratio of OPA

between trial arms was significantly higher at 12 months for

PCV7-23vPPV for serotypes 6A (not present in either vaccine),

9V, 18C and 23F. OPA levels for these serotypes increased

moderately from the 6 month level, whereas waning of immunity

was seen for the 23vPPV only arm. Among the PCV7/23vPPV

group at 12 months, 6 months post the 23vPPV dose, OPA GMTs

were no longer reduced for 19A or 19F compared to the 23vPPV

group.

Impact of frailty on immune response
Subjects with high frailty had lower antibody levels post

vaccination for all serotypes, as measured by both ELISA and

OPA. Figure 3 shows the 3 serotypes (4, 18C and 19F) where high

frailty subjects had a significantly lower antibody response.

Notably, there was no evidence of a superior OPA response at 6

months post vaccination for high frailty recipients of PCV7

compared with those who received 23vPPV, and for serotype 18C,

23vPPV recipients had better responses at 6 months.

Impact of pre-vaccination immunity status on immune
responses to PPV and PCV7

Depending on serotype, between 28% (serotype 23F) and 60%

(serotype 14) of subjects had detectable OPA (i.e., titre $1:8) at

baseline (DOB). Subjects with high frailty were significantly less

likely to have DOB for serotypes 4, 9V and 19A (data not shown).

Age alone was less likely to predict DOB than frailty, with OPA

responses in subjects aged .75 years significantly lower only to

serotype 4 (data not shown). We compared post vaccine responses

between trial arms among subjects who had DOB and undetect-

able OPA antibody at baseline (UOB). All results are displayed in

Figure 4. The magnitude of response to both vaccines is much

greater among subjects with UOB. However, the absolute level of

the antibody post vaccination remained lower in the UOB group

for all serotypes and both vaccines at 6 and 12 months. ELISA

responses to serotypes 4, 14, 18C, and 19A increased significantly

in both the DOB and UOB groups. In both vaccination groups,

OPA titres decreased slightly in those with DOB for serotypes 4,

9V, 19F and 23F (statistically significant for 9V and 23F among

23vPPV recipients).
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PLOS ONE | www.plosone.org 5 April 2014 | Volume 9 | Issue 4 | e94578



Adverse events (AE)
The most common adverse events in both vaccine groups after a

single dose of either vaccine were pain and redness at the injection

site. There were no significant differences in adverse events

between two groups after the first dose. However, a booster dose of

23vPPV following an initial dose of PCV7 showed significant

increase in the incidence of local adverse events compared with the

first doses of either vaccine as shown in Table 6. We also found that

for all serotypes except 14, subjects with pain at the injection site

had significantly higher ELISA antibodies at 6 months (data not

shown). No serious vaccine-related adverse events were reported in

either study arm.

Discussion

This is the largest study of hospitalized elderly patients, for the

first time including patients with severe dependency, cognitive

impairment (including dementia), and high frailty, who are

generally excluded from clinical trials [28]. We demonstrated

superior responses by OPA to a single dose of PCV7 over 23vPPV

for serotypes 9Vand 23F, but not for other serotypes; and a single

dose of 23vPPV elicited a higher OPA response than PCV7 for

serotypes 19A and 19F (Table 5). A schedule of PCV7 followed by

a dose of 23vPPV six months later, results in sustained antibody

responses to serotypes common in both vaccines (9V, 18C and

23F), as well as against serotype 6A (not present in either vaccine).

Waning of OPA antibodies was seen in the 23vPPV-only arm at

12 months, but this waning did not occur in the PCV7-23vPPV

arm, and in fact a modest increase in antibodies was seen for some

serotypes. Given waning immunity in the elderly [18], scheduling

of 23vPPv following PCV7 should be explored further. The

priming effect of PCV7 followed by 23vPPV in our study contrasts

with a previous study in healthy adults aged 50–70 years [9],

which showed no priming benefit of PCV7 either with one or two

doses prior to 23vPPV. However, these were healthy adults

recruited from general practice, and not hospitalized, frail elderly

as in our study. Two studies have reported a similar priming effect

of PCV7 followed by 23vPPV, however these antibody responses

were short-term only [14,15]. Follow up studies are needed to

determine immunity beyond 12 months, as well as persistence of

immunity following PCV7 alone.

Increasing frailty and age both predicted poorer responses to the

vaccines. Interestingly, frailty more than age better distinguished

low baseline immunity as measured by undetectable OPA. An

assessment of frailty should have a role in vaccination of adults for

more effective use of pneumococcal vaccine. Furthermore, the

relative response to vaccination is greater for people with low

baseline immunity. This is a novel finding, not previously

described, and has potential implications; as such individuals are

at greatest of developing invasive pneumococcal disease. Our

study and previous studies [14,15] have found that the final level of

antibody response achieved is higher in people with detectable

Table 2. Comparison of patients’ characteristics between two vaccine groups (n = 312).

Patients’ characteristics Vaccine groups

23vPPV (n = 153) PCV7-23vPPV (n = 159) p-value

Age

Mean 69.97 70.38 p = 0.692

SD 8.94 9.33

Median 66.63 66.46

Age group (Years)

60–64 55 (35.95%) 53 (33.33%) p = 0.793

65–74 55 (35.95%) 63 (39.62%)

75–100 43 (28.10%) 43 (27.04%)

Sex

Male 79 (51.63%) 87 (54.72%) p = 0.585

Female 74 (48.37%) 72 (45.28%)

Frailty Index*

Low (1–10) 83 (54.25%) 99 (62.26%) p = 0.338

Moderate (11–15) 44 (28.76%) 36 (22.64%)

Severe (16–24) 26 (16.99%) 24 (15.09%)

Death during study period 14 (9.15%) 7 (4.40%) p = 0.094

Mini-Mental State

Impaired (#18) 17 (11.11%) 8 (5.03%) p = 0.064

Borderline (19–22) 148(11.76%) 13 (8.18%)

Normal ($23) 118 (77.12%) 138 (86.79%)

Barthel index (disability scores)

Severe dependency (0–49) 11 (7.19%) 7 (4.40%) p = 0.427

Moderate dependency (50–90) 68(44.44%) 66 (41.51%)

Minimal dependency (91–100) 74 (48.37%) 86 (54.09%)

*The Frailty index sums comorbid conditions.
doi:10.1371/journal.pone.0094578.t002
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levels of antibody at baseline. Whilst this indicates the capacity for

more robust immune response in people with better baseline

immunity, our analysis of undetectable OPA at baseline adds

further understanding to this subject and challenges the view that

the frail elderly do not respond to vaccination [18,29]. We believe

this finding highlights the value of vaccinating the frail elderly,

despite weaker immunity, because even if the final level of

antibody achieved is not as high as in less frail people, they may

still mount a protective response. Our previous work has shown

that demented frail elderly and those aged .80 years are

significantly less likely to be given pneumococcal vaccine than

younger, non-demented patients [30]. This suggests that vaccina-

tion providers make judgments to withhold vaccine based on age

and frailty. Our findings show this is not justified, as such people as

can mount a potentially valuable immunological response.

Our study has some limitations. First, the study was not blinded,

but laboratory testing was, and since the primary outcome was

antibody levels, this should not have resulted in any bias. Secondly,

whilst serological endpoints may indicate clinical protection, they

are only a proxy for clinical protection. The strengths of this study

include the use of OPA, as well as the measurement of frailty. We

previously reported on a subset of the same hospitalized, frail

elderly subjects using preliminary in-house ELISA testing only for

four serotypes [11]. This study reports on a larger number subjects

for a greater number of serotypes using both ELISA and OPA

assays tested at the Pfizer laboratories, and unlike the preliminary

report, demonstrated some differences between the two vaccina-

tion schedules. This may be due to larger sample size, use of OPA

testing and use of a standardized ELISA method. The use of OPA

in this study clearly enabled better comparison between the

vaccine schedules, but we also showed a good correlation between

OPA and ELISA for most serotypes. We were also able to show

that classifying people by baseline detectable and undetectable

OPA is helpful in predicting the magnitude of responses to

vaccination. It is also a strength that we were able to include a

unique study population who have not been included in previous

studies – our subjects were affected by comorbidities (over 40% the

study population), dementia, dependency, polypharmacy and

higher mortality, which makes such a trial inherently complex

and difficult to conduct.

In recent years, 13-valent pneumococcal conjugate vaccine

(PCV13) has replaced PCV7 for infant immunization in many

developed countries, and is being trialled in adults aged $65 years

with efficacy endpoints against pneumonia [31]. Regardless of the

ultimate clinical value of PCV7 in adults, the proof of principle in

this study should be applicable to other conjugate vaccines and the

benefit of a schedule of 13-valent PCV followed by 23vPPV in frail

elderly people should be explored and compared with 13-valent

PCV alone.

An increased incidence of IPD caused by replacement strains

has been reported in many countries [32–34], notably serotype

19A. Interestingly, 23vPPV, either alone or following PCV7,

resulted in a good immune response to 19A, highlighting a benefit

of this vaccine. The T-cell independent response elicited by

polysaccharide vaccines in theory should not produce as good an

immune response as conjugated vaccines, yet the studies to date

have not shown an overwhelming advantage of conjugate vaccines

in the elderly [17].

With a rapidly ageing population, an evidence base in the frail

elderly and their response to vaccines is greatly needed. There

have been conflicting results between the few published studies in

the elderly about choice between pneumococcal polysaccharide

and conjugate vaccines, or combined schedules of both vaccines in

most populations who most need them [7,9,11,15,35–37]. The

unique contribution of our study is the inclusion of hospitalized

frail elderly patients, including patients with dementia and high

levels of comorbidity, who are generally excluded from clinical

trials, yet who suffer the highest burden of pneumococcal disease

[28]. Continued aging of the population and an increasing

proportion of frail elderly will place higher demands on healthcare

system, particularly in industrialized countries. Better prevention

of pneumococcal disease in the elderly has the potential for

significant cost savings in healthcare.

In summary, a single dose of PCV7 is more immunogenic for

two serotypes (9V and 23F), but a single dose of 23vPPV is more

immunogenic for serotype 19F. Frailty better indicates baseline

immunity than age, age and frailty both predict responses, but

contrary to long-held beliefs, people with low baseline immunity

do mount an immune response to vaccination. A schedule of

conjugate followed by polysaccharide vaccines results in sustained

antibody levels at 12 months in the elderly, who are otherwise

Figure 2. Reverse cumulative distribution (RCD) graphs for serotypes 3 at 6 months and serotype 9V at 12 months (based on ELISA
IgG, mg/mL).
doi:10.1371/journal.pone.0094578.g002

RCT of PPV and PCV7 in the Elderly

PLOS ONE | www.plosone.org 8 April 2014 | Volume 9 | Issue 4 | e94578



T
a

b
le

4
.

C
o

m
p

ar
is

o
n

o
f

G
M

C
(g

e
o

m
e

tr
ic

m
e

an
co

n
ce

n
tr

at
io

n
)

EL
IS

A
,I

g
G

,m
g

/m
L

(d
ic

h
o

to
m

o
u

s
an

al
ys

is
)

b
e

tw
e

e
n

o
ld

e
st

ag
e

g
ro

u
p

(A
g

e
$

7
5

yr
s,

n
=

8
6

)
an

d
o

th
e

r
(A

g
e

,
7

5
yr

s,
n

=
2

2
6

).

2
3

v
P

P
V

(G
M

C
,

E
L

IS
A

,
Ig

G
,

mg
/m

L
)

P
C

V
7

(G
M

C
,

E
L

IS
A

,
Ig

G
,

mg
/m

L
)

S
e

ro
ty

p
e

B
as

e
li

n
e

6
m

o
n

th
s

1
2

m
o

n
th

s
B

as
e

li
n

e
6

m
o

n
th

s
1

2
m

o
n

th
s

(P
C

V
7

-2
3

vP
P

V
)

A
g

e
,

7
5

A
g

e
$

7
5

p
-v

a
lu

e
A

g
e

,
7

5
A

g
e

$
7

5
p

-v
a

lu
e

A
g

e
,

7
5

A
g

e
$

7
5

p
-v

a
lu

e
A

g
e

,
7

5
A

g
e

$
7

5
p

-v
a

lu
e

A
g

e
,

7
5

A
g

e
$

7
5

p
-v

a
lu

e
A

g
e

,
7

5
A

g
e

$
7

5
p

-v
a

lu
e

3
0

.5
6

0
.3

9
0

.1
8

1
.3

7
0

.8
0

0
.0

4
0

.9
9

0
.6

8
0

.2
0

0
.4

5
0

.3
2

0
.1

5
0

.5
3

0
.2

8
,

0
.0

1
0

.8
5

0
.6

6
0

.3
1

4
0

.2
7

0
.3

5
0

.3
3

1
.5

4
0

.9
5

0
.1

0
1

.1
1

0
.7

0
0

.1
4

0
.2

2
0

.3
1

0
.1

7
1

.7
5

1
.2

3
0

.2
7

1
.4

2
1

.2
4

0
.6

5

6
A

1
.7

3
1

.6
0

0
.6

7
3

.1
1

2
.0

0
,

0
.0

5
2

.5
2

1
.6

1
0

.0
4

1
.7

7
1

.3
7

0
.1

5
3

.2
1

1
.6

7
,

0
.0

1
2

.7
9

1
.7

9
0

.0
3

6
B

1
.5

8
1

.3
0

0
.3

4
5

.2
1

2
.8

5
0

.0
2

3
.6

7
2

.4
6

0
.1

2
1

.6
9

1
.4

4
0

.4
4

5
.1

6
2

.7
8

0
.0

3
4

.1
9

3
.1

3
0

.2
8

9
V

1
.0

5
0

.8
6

0
.3

5
3

.9
2

2
.1

1
0

.0
1

2
.8

8
1

.8
9

0
.0

8
1

.0
0

1
.0

6
0

.8
1

5
.5

7
2

.8
9

0
.0

3
4

.4
0

3
.3

1
0

.3
0

1
4

2
.7

6
2

.5
0

0
.7

0
1

6
.2

2
6

.3
7

,
0

.0
1

1
1

.4
1

4
.5

0
0

.0
1

2
.2

4
1

.8
6

0
.4

9
1

1
.5

3
6

.4
1

0
.0

8
9

.3
6

6
.9

1
0

.3
5

1
8

C
1

.0
1

0
.9

3
0

.7
5

7
.7

3
3

.3
9

,
0

.0
1

5
.5

7
2

.6
2

,
0

.0
1

0
.8

4
1

.0
9

0
.3

0
7

.0
2

4
.3

0
0

.1
1

5
.0

4
4

.6
6

0
.7

8

1
9

A
3

.2
1

2
.9

9
0

.7
0

1
1

.3
1

7
.3

2
0

.0
6

8
.9

8
7

.0
4

0
.3

4
3

.3
7

3
.1

5
0

.7
2

8
.7

1
5

.8
9

0
.1

0
9

.1
5

9
.1

4
0

.9
9

1
9

F
1

.2
5

1
.1

3
0

.6
9

3
.7

3
2

.2
6

0
.1

3
2

.9
4

2
.1

1
0

.3
4

1
.1

8
0

.9
2

0
.3

0
4

.0
7

1
.6

8
,

0
.0

1
4

.0
5

2
.2

1
0

.0
4

2
3

F
1

.1
3

1
.1

9
0

.8
3

3
.4

7
2

.6
1

0
.2

6
2

.7
8

2
.0

4
0

.2
3

1
.2

5
1

.0
0

0
.3

0
5

.3
8

2
.1

7
,

0
.0

1
4

.4
6

2
.2

6
0

.0
2

Fo
r

2
3

vP
P

V
g

ro
u

p
,b

o
th

yo
u

n
g

e
r

an
d

o
ld

e
r

in
cr

e
as

e
d

su
b

st
an

ti
al

ly
p

o
st

va
cc

in
e

fo
r

al
ls

e
ro

ty
p

e
s

an
d

at
le

as
t

2
fo

ld
ri

se
e

xc
e

p
t

fo
r

6
A

–
n

o
t

in
2

3
vP

P
V

-
w

h
ic

h
in

cr
e

as
e

d
b

y
1

.8
an

d
1

.2
5

fo
r

,
7

5
yr

s
an

d
$

7
5

yr
s

re
sp

e
ct

iv
e

ly
.T

yp
e

s
1

4
an

d
1

8
C

sh
o

w
e

d
g

re
at

e
st

in
cr

e
m

e
n

t
o

f
5

.9
an

d
7

.6
fo

ld
re

sp
e

ct
iv

e
ly

fo
r

,
7

5
yr

s
b

u
t

fo
ld

in
cr

e
as

e
w

as
si

g
le

ss
fo

r
$

7
5

yr
s

o
f

2
.6

an
d

3
.6

re
sp

e
ct

iv
e

ly
.

Fo
r

P
C

V
7

g
ro

u
p

,
al

so
lo

w
e

r
re

sp
o

n
se

s
am

o
n

g
$

7
5

yr
s

fo
r

7
v

ty
p

e
s

e
xc

e
p

t
4

(a
ls

o
2

3
vP

P
V

)
w

h
ic

h
w

as
p

ar
ti

cu
la

rl
y

m
ar

ke
d

fo
r

1
9

F
an

d
2

3
F

w
h

e
re

th
e

re
w

as
n

o
t

si
g

d
if

fe
re

n
ce

b
y

ag
e

fo
r

2
3

v.
N

o
ta

b
ly

,
G

M
C

s
am

o
n

g
$

7
5

yr
s

g
ro

u
p

w
e

re
n

o
t

h
ig

h
e

r
6

m
o

n
th

s
p

o
st

P
C

V
7

co
m

p
ar

e
d

w
it

h
2

3
vP

P
V

–
in

fa
ct

v
si

m
ila

r
4

(0
.9

5
vs

1
.2

3
),

6
B

(2
.8

5
vs

2
.7

8
),

9
V

(2
.1

1
vs

2
.8

9
),

1
4

(6
.3

7
vs

6
.4

1
)

1
8

C
(3

.3
9

vs
4

.3
0

),
1

9
F

(2
.2

6
vs

1
.6

8
)

an
d

2
3

F
(2

.6
1

vs
2

.1
7

)
–

n
o

te
9

V
d

if
fe

re
n

ce
si

g
fo

r
o

ve
ra

ll
g

ro
u

p
w

it
h

ra
ti

o
o

f
1

.4
0

an
d

th
is

ra
ti

o
is

sa
m

e
fo

r
$

7
5

yr
s

-
1

.4
.F

o
r

o
th

e
r

n
o

n
7

v
ty

p
e

s,
th

e
re

ar
e

re
la

te
d

ty
p

e
s

(6
A

an
d

1
9

A
)

an
d

o
n

e
n

o
n

7
v

ty
p

e
(3

).
Si

g
ra

ti
o

fo
r

3
,m

ar
g

in
al

si
g

(0
.0

8
)

fo
r

1
9

A
an

d
n

o
n

si
g

fo
r

6
A

.L
o

w
e

r
re

sp
o

n
se

s
am

o
n

g
$

7
5

yr
s

fo
r

al
l

se
ro

ty
p

e
s

fo
r

b
o

th
va

cc
in

e
s

ty
p

e
s.

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

0
9

4
5

7
8

.t
0

0
4

RCT of PPV and PCV7 in the Elderly

PLOS ONE | www.plosone.org 9 April 2014 | Volume 9 | Issue 4 | e94578



T
a

b
le

5
.

C
o

m
p

ar
is

o
n

(t
-t

e
st

)
b

e
tw

e
e

n
2

3
vP

P
V

an
d

P
C

V
7

fo
r

O
P

A
in

G
M

T
(t

it
re

2
1
).

O
P

A
G

M
T

(t
it

re
2

1
)

a
t

b
a

se
li

n
e

O
P

A
G

M
T

a
t

6
m

o
n

th
s

O
P

A
G

M
T

a
t

1
2

m
o

n
th

s

S
e

ro
ty

p
e

2
3

v
P

P
V

(n
=

1
5

3
)b

P
C

V
7

(n
=

1
5

9
)c

R
a

ti
o

(9
5

%
C

I)
a

p
-v

a
lu

e
2

3
v

P
P

V
(n

=
1

5
3

)d
P

C
V

7
(n

=
1

5
9

)e
R

a
ti

o
(9

5
%

C
I)

a
p

-v
a

lu
e

2
3

v
P

P
V

(n
=

1
5

3
)f

P
C

V
7

-
2

3
v

P
P

V
(n

=
1

5
9

)g
R

a
ti

o
(9

5
%

C
I)

a
p

-v
a

lu
e

3
-

-
-

-
-

-
-

-
-

-
-

-

4
6

6
(8

4
)

3
9

(8
4

)
0

.5
9

(0
.3

1
–

1
.1

1
)

0
.1

0
4

1
0

(5
7

)
3

8
7

(6
0

)
0

.9
4

(0
.3

9
–

2
.2

5
)

0
.6

1
3

3
2

(7
6

)
4

3
4

(8
4

)
1

.3
1

(0
.6

8
–

2
.5

3
)

0
.5

7

6
A

8
4

(8
1

)
7

0
(9

1
)

0
.8

3
(0

.5
0

–
1

.3
9

)
0

.4
7

2
5

9
(6

7
)

2
1

5
(8

8
)

0
.8

3
(0

.4
5

–
1

.5
5

)
0

.7
2

1
6

8
(1

0
9

)
2

7
7

(1
2

0
)

1
.6

6
(1

.0
2

–
2

.6
9

)
0

.0
2

6
B

1
3

9
(5

9
)

1
2

9
(5

7
)

0
.9

2
(0

.4
4

–
1

.9
2

)
0

.8
3

4
2

1
(7

7
)

4
5

7
(9

3
)

1
.0

9
(0

.6
0

–
1

.9
6

)
0

.6
0

3
0

8
(9

1
)

3
9

4
(9

7
)

1
.2

8
(0

.7
4

–
2

.2
1

)
0

.3
5

9
V

3
3

8
(8

9
)

2
8

1
(9

3
)

0
.8

3
(0

.6
1

–
1

.1
3

)
0

.3
2

3
5

0
(8

2
)

5
0

5
(1

0
3

)
1

.4
5

(1
.0

3
–

2
.0

4
)

,
0

.0
5

3
6

4
(9

4
)

6
4

0
(9

9
)

1
.7

6
(1

.2
4

–
2

.4
9

)
,

0
.0

1

1
4

1
6

4
(1

0
3

)
1

4
8

(9
9

)
0

.9
0

(0
.5

2
–

1
.5

5
)

0
.6

5
5

1
6

(8
3

)
3

7
1

(9
4

)
0

.7
2

(0
.4

0
–

1
.2

8
)

0
.2

1
4

1
8

(1
1

6
)

5
9

4
(1

1
9

)
1

.4
2

(0
.8

8
–

2
.2

8
)

0
.1

3

1
8

C
8

3
(9

7
)

5
3

(8
5

)
0

.6
4

(0
.3

7
–

1
.1

0
)

0
.0

8
6

8
3

(9
6

)
4

7
9

(1
1

4
)

0
.7

0
(0

.4
2

–
1

.1
7

)
0

.3
9

3
3

6
(1

0
7

)
6

9
4

(1
1

8
)

2
.0

6
(1

.2
7

–
3

.3
6

)
,

0
.0

1

1
9

A
5

2
(8

4
)

3
6

(8
6

)
0

.7
0

(0
.4

1
–

1
.2

0
)

0
.2

4
2

5
3

(7
3

)
8

8
(9

4
)

0
.3

5
(0

.2
0

–
0

.6
0

)
,

0
.0

1
1

6
7

(1
0

6
)

1
7

3
(1

2
7

)
1

.0
4

(0
.6

7
–

1
.6

1
)

0
.6

8

1
9

F
8

1
(7

9
)

4
8

(8
1

)
0

.5
9

(0
.3

6
–

0
.9

7
)

,
0

.0
5

1
6

8
(9

3
)

9
9

(1
1

1
)

0
.5

9
(0

.3
7

–
0

.9
3

)
0

.0
3

1
4

4
(1

0
3

)
1

3
3

(1
1

6
)

0
.9

2
(0

.5
9

–
1

.4
3

)
0

.6
8

2
3

F
2

4
(8

2
)

2
2

(7
2

)
0

.9
1

(0
.4

8
–

1
.7

4
)

0
.9

3
5

7
(7

6
)

1
1

4
(9

9
)

2
.0

0
(1

.0
1

–
3

.9
9

)
,

0
.0

5
4

4
(1

0
8

)
1

2
0

(1
2

0
)

2
.7

1
(1

.5
0

–
4

.8
8

)
,

0
.0

1

a
R

at
io

o
f

P
C

V
7

to
2

3
vP

P
V

.
b

T
h

e
n

u
m

b
e

r
o

f
sa

m
p

le
s

te
st

e
d

fo
r

e
ac

h
st

e
re

o
ty

p
e

va
ri

e
d

d
e

p
e

n
d

in
g

o
n

vo
lu

m
e

o
f

av
ai

la
b

le
se

ra
an

d
ra

n
g

e
d

fr
o

m
5

9
–

1
0

3
.

c
T

h
e

n
u

m
b

e
r

o
f

sa
m

p
le

s
te

st
e

d
fo

r
e

ac
h

st
e

re
o

ty
p

e
va

ri
e

d
d

e
p

e
n

d
in

g
o

n
vo

lu
m

e
o

f
av

ai
la

b
le

se
ra

an
d

ra
n

g
e

d
fr

o
m

5
7

–
9

9
.

d
T

h
e

n
u

m
b

e
r

o
f

sa
m

p
le

s
te

st
e

d
fo

r
e

ac
h

st
e

re
o

ty
p

e
va

ri
e

d
d

e
p

e
n

d
in

g
o

n
vo

lu
m

e
o

f
av

ai
la

b
le

se
ra

an
d

ra
n

g
e

d
fr

o
m

5
7

–
9

6
.

e
T

h
e

n
u

m
b

e
r

o
f

sa
m

p
le

s
te

st
e

d
fo

r
e

ac
h

st
e

re
o

ty
p

e
va

ri
e

d
d

e
p

e
n

d
in

g
o

n
vo

lu
m

e
o

f
av

ai
la

b
le

se
ra

an
d

ra
n

g
e

d
fr

o
m

6
0

–
1

0
3

.
f T

h
e

n
u

m
b

e
r

o
f

sa
m

p
le

s
te

st
e

d
fo

r
e

ac
h

st
e

re
o

ty
p

e
va

ri
e

d
d

e
p

e
n

d
in

g
o

n
vo

lu
m

e
o

f
av

ai
la

b
le

se
ra

an
d

ra
n

g
e

d
fr

o
m

7
6

–
1

1
6

.
g

T
h

e
n

u
m

b
e

r
o

f
sa

m
p

le
s

te
st

e
d

fo
r

e
ac

h
st

e
re

o
ty

p
e

va
ri

e
d

d
e

p
e

n
d

in
g

o
n

vo
lu

m
e

o
f

av
ai

la
b

le
se

ra
an

d
ra

n
g

e
d

fr
o

m
8

4
–

1
2

7
.

Si
g

d
if

fe
re

n
ce

id
e

n
ti

fi
e

d
b

y
EL

IS
A

fo
r

9
V

al
so

id
e

n
ti

fi
e

d
b

y
O

P
A

an
d

p
e

rs
is

te
d

to
1

2
m

o
n

th
s.

A
ls

o
,s

ig
h

ig
h

e
r

O
P

A
fo

r
2

3
F

in
P

C
V

7
g

ro
u

p
at

6
m

o
n

th
s

w
h

ic
h

p
e

rs
is

te
d

at
1

2
m

o
n

th
s.

Si
g

n
if

ic
an

tl
y

h
ig

h
e

r
O

P
A

at
6

m
o

n
th

s
fo

r
2

3
vP

P
V

g
ro

u
p

fo
r

1
9

A
an

d
1

9
F

–
m

o
re

m
ar

ke
d

fo
r

1
9

A
-

w
h

ic
h

w
as

ab
o

lis
h

e
d

at
1

2
m

o
n

th
s’

ti
m

e
p

o
in

t
(6

m
o

n
th

s
p

o
st

2
3

vP
P

V
b

o
o

st
e

r)
.

d
o

i:1
0

.1
3

7
1

/j
o

u
rn

al
.p

o
n

e
.0

0
9

4
5

7
8

.t
0

0
5

RCT of PPV and PCV7 in the Elderly

PLOS ONE | www.plosone.org 10 April 2014 | Volume 9 | Issue 4 | e94578



subject to waning of immunity. Waning of immunity is a universal

challenge that accompanies ageing, so strategies that prevent

waning are valuable. Longer-term follow up data on the

persistence of immunity and clinical protection following pneu-

mococcal vaccination would be valuable to inform vaccination

policy for the elderly.

Figure 3. Comparison of immune responses (GMC of ELISA, IgG, mg/mL, GMT of OPA, titre21) between low (frailty ,16) and high
(frailty $16) frailty groups. (* Significant difference between low frailty and high frailty for t-test, p#0.05).
doi:10.1371/journal.pone.0094578.g003
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Figure 4. ELISA (IgG, mg/mL) and OPA titres (titre21) by time point based on baseline titre (i.e., detectable and not detectable) for
each of 9 serotypes: 4, 6A, 6B, 9V, 14, 18C, 19A, 19F and 23F (R = ratio to baseline; *significant difference from baseline, p#0.05;
**highly significant difference from baseline, p#0.01).
doi:10.1371/journal.pone.0094578.g004
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Background: Data on long-term antibody responses to pneumococcal vaccines in the elderly, especially
the frail elderly at greatest risk of severe disease, are limited. We followed up participants in a
randomised trial of the immunogenicity of 23-valent polysaccharide vaccine (23vPPV) and 7 valent
pneumococcal conjugate vaccines (PCV7) in hospitalised older adults.
Methods: We measured antibody to vaccine serotypes by standardised enzyme-linked immunosorbent
assay (ELISA) and opsonophagocytic (OPA) assays. A follow up study was conducted six years after vac-
cination with 23vPPV alone or with PCV7 followed by 23vPPV six months later.
Results: Of 215 surviving trial participants, 136 (63%) completed follow up; 62 received 23vPPV and 74
received PCV7 + 23vPPV. There was no significant difference in death and readmission between arms.
Antibody levels by ELISA and OPA did not differ significantly between the two study arms at 72 months
post-vaccination. ELISA and OPA antibody remained higher than baseline except for OPA antibody to 4,
6A, 6B, 9v, 19F and 23F, including in subjects with undetectable immunity at baseline.
Discussion: While ELISA responses in both study arms remained high 6 years post-vaccination, consider-
able waning was observed by OPA in both study arms, which should be considered given the current
single-dose recommendation in Australia. Further research is needed to inform pneumococcal vaccine
recommendations in people over the age of 65.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Infection with Streptococcus pneumoniae causes invasive pneu-
mococcal disease (IPD) and is the most common pathogen identi-
fied in cases of community-acquired pneumonia (CAP) [1,2].
Adults over the age of 65 are at increased risk of severe disease
and death due to IPD and CAP, particularly if they have other
underlying health conditions [1,3–7]. Given that the proportion
of the population over 65 years old is increasing, developing an
effective pneumococcal vaccination strategy is a matter of public
health importance [8].

In Australia and the United Kingdom, adults aged 65 and older
without high risk medical conditions are recommended to receive
a single dose of 23-valent polysaccharide pneumococcal vaccine
[9,10]. Previously, a five year booster dose was recommended for
this group in Australia, but this was removed from the recommen-
dations in 2011 [11]. Due to the greater immunogenicity and effi-
cacy of pneumococcal conjugate vaccines, including proven
efficacy against adult community acquired pneumonia [12], some
countries, such as the United States, recommend either PCV alone
or a combination of PCV followed by 23vPPV for adults over 65
[12–15].

We previously reported the immunogenicity of 23-valent
polysaccharide vaccine (23vPPV) and 7 valent pneumococcal con-
jugate vaccines (PCV) in hospitalised older adults and showed that
there was no clear advantage of a single dose of 7-valent PCV over
23vPPV in hospitalized older people in Australia 6 months after
vaccination [16]. However, while waning of OPA antibodies after
12 months was observed among individuals that received only
23vPPV, antibody levels increased after 12 months in individuals
that received PCV7 followed by 23vPPV, suggesting a boosting
effect of a combined schedule [16].

There are limited data on the long-term immunogenicity of
pneumococcal vaccines in older populations. Studies have demon-
strated that antibody levels remain above pre-vaccination levels

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2019.07.005&domain=pdf
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for more than five years after vaccination with 23vPPV [17–20].
Vaccination with PCV also elicits increased antibody levels that
persist for at least two years in older adults [21,22]. In this paper,
we present the results of a six-year follow up study of our previous
clinical trial conducted among hospitalized older adults [16]. We
aimed to determine the persistence of immunity in older adults
that received either 23vPPV alone or PCV7 followed 6 months later
by 23vPPV. This is the first study, to our knowledge, of pneumococ-
cal immunity beyond five years in frail older adults.
2. Methods

2.1. Study design and recruitment

We conducted a six-year follow up study of an open-label, ran-
domized, controlled clinical trial to compare the immunogenicity
of PCV7 and 23vPPV in unvaccinated, hospitalised older adults that
was conducted between May 2005 and February 2008 [16]. Inclu-
sion criteria for adults admitted to geriatric, cardiology, rheumatol-
ogy, or orthopaedic wards at the participating hospital were being
60 years of age or older and no previous history of pneumococcal
vaccination. Self-reported vaccination history was validated by
each participant’s physician. Patients were excluded if they were
not stable enough to provide informed consent, or consent could
not be obtained by the patient’s legal guardian. Participants were
randomized to receive a single dose of either 23vPPV (control –
standard immunisation recommendation at the time) or PCV7
(intervention). Participants that received PCV7 were given a dose
of 23vPPV six months later, because 23vPPV was the recom-
Assessed 
n= 5533

Ineligible 
n= 4730 

Eligible
n= 803

Followed u
n=312 

Received 23vPPV 
n= 153 

Lost to follow up, n=4
Died, n=6

n=143

Lost to follow up, n=0
Died, n=8

n=135

Randomiz
n= 314 

12 months follow up      

6 months follow up 

Baseline 

6 years follow up       n=62

Lost to follow up, n=42
Died, n=31

Fig. 1. CONSORT diagram of recruitment
mended vaccine on the National Immunisation Schedule. Antibody
levels were measured by ELISA and OPA at baseline and 6- and 12-
months post-vaccination as described below.

Methods of recruitment, consent, and randomization for the ini-
tial trial have been published previously [16]. Fig. 1 shows the Con-
sort diagram for the initial trial and long-term follow up. To recruit
patients for the six years follow up study, we first reviewed hospi-
tal records to identify any deaths in the initial trial subjects.
Excluding deceased subjects, we contacted their last known gen-
eral practitioner (GP) to review vital status, vaccinations received,
and any medical presentations not resulting in hospitalisation. If
their GP believed he or she was still alive, we provided patient
information leaflets and a consent form for the GP to provide to
their patient. Trial staff followed up with patients that did not
respond to the letter by telephone. We obtained consent from
either the patient or their guardian prior to data collection. We vis-
ited participants in their homes to conduct interviews and collect
serum samples.
2.2. Outcomes and data collection

The main outcomes of this follow up study were maintenance
or change in pneumococcal antibody levels and functional anti-
body status 5 years after the last follow up (12 months), which
was 6 years after baseline vaccination. The primary endpoint was
serological response to vaccines as measured by ELISA and OPA.

Serum samples were collected from participants 60 months
after the 12 months follow up (72 months from baseline) visit
and stored at �80 �C until tested. Serology testing was conducted
 
Not included (n=489) due to the 
following reasons:

Pa�ent refused, n=253
Family refused, n=87 
On ward doctors refused, n=15
Likely follow up difficul�es, n=73
Communica�on problem, n=61

Excluded, n=2: 1- due to consent 
withdrawal; 1- same subject 
recruited twice 

p

Lost to follow up, n=4
Died, n=5

Lost to follow up, n=3; 
Died, n=2

Received single 
dose of 23vPPV

ed

Lost to follow up, n=37
Died, n=34

Received PCV7 
n= 159 

n=150

n=145

n=74

for the initial and follow up study.



Table 1
Comparison of patients’ characteristics at 6 years follow up by study arm (n = 136).

Patients’ characteristics Vaccine groups

23vPPV
(n = 62)

PCV7-23vPPV
(n = 74)

p-value

Age
Mean 71.00 71.08 0.941

SD 6.48 6.04
Median 69 70

Sex
Male, frequency (%) 31 (50.0%) 35 (47.3%) 0.752

Female 31 (50.0%) 39 (52.7%)

Frailty index
Low (1–10) 47 (75.8%) 50 (67.6%) 0.811

Moderate (11–15) 8 (12.9%) 17 (23.0%)
Severe (16–24) 7 (11.3%) 7 (9.5%)
Deaths between baseline

and 6 years follow up
47 (30.7%)3 42 (26.4%)4 0.402

At least one readmission
between baseline and follow up

44 (71.0%) 57 (77.0%) 0.422

1 Estimated using student’s t-test.
2 Estimated using Pearson’s chi-square test.
3 Sample size at baseline was 153.
4 Sample size at baseline was 159.

Table 2
Comparison of 23v PPV and PCV7-23vPPV for GMC (mg/mL) measured by ELISA at
72 months from baseline.

Serotype GMC (95% CI) at 6 years follow up
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at the laboratories of Pfizer Vaccine Research (Pearl River, NY), or at
the Pfizer-contract laboratory PPD (Richmond, VA). To determine
IgG antibody concentrations, anti-pneumococcal polysaccharide
antibodies against serotypes 3, 4, 6A, 6B, 9V, 14, 18C, 19A, 19F
and 23F were enumerated by ELISA using C-PS and 22F serotype
capsular PS absorption. This method has been described in detail
previously [23]. Opsonic activities were measured using
opsonophagocytic assay (OPA) for serotypes 4, 6A, 6B, 9V, 14,
18C, 19A, 19F and 23F. Details of the OPA methods used in this
study have been published previously [24]. The lower limit of
detection was a titre equal to 1:8. There were inadequate volumes
of sera to test for serotype 3.

Secondary outcomes included survival and hospital readmis-
sion rates. We measured frailty as a predictor, using a modified
Frailty index (FI) [16]. The Frailty Index includes a list of 40 items,
most of which are comorbidities. For each comorbidity present, the
participant receives one point. The total frailty score is the total
number of comorbidities, with a minimum score of 0 and a maxi-
mum score of 40. A score of 1–10 was considered low frailty, 11–15
was considered morderate frailty, and 16–24 was considered sev-
ere frailty.

2.3. Data analysis

Details on the sample size calculations for the initial clinical
trial have been published previously [16]. We calculated geometric
means of antibody concentrations (GMC) of ELISA and geometric
mean titers (GMT) of OPA for each treatment group for each of
the 7 pneumococcal serotypes common to both vaccines (4, 6B,
9V, 14, 18C, 19F, and 23F) as well as serotypes 3 (ELISA only), 6A,
and 19A, 60 months (5 years) after the last follow up visit
(12 months post-vaccination), corresponding to 72 months from
baseline. We constructed 95% confidence intervals by back trans-
formation of the confidence intervals for the mean of the log trans-
formed assay results computed using the Student t distribution. To
compare geometric mean concentrations and geometric mean
titres between the two study arms, we used unpaired 2-tailed t-
tests. P-values for these tests were adjusted for multiple compar-
isons using the Sidak step down method [25]. We used t-test and
Chi-square tests to compare patient characteristics between the
two study arms. Statistical analysis and figure preparation were
done using Stata version 14 [26]. We used unpaired 2-tailed t-
tests to compare antibody GMC and GMT between individuals that
were classed as low frailty versus moderate/high frailty at the fol-
low up visit.

2.4. Ethics statement

The present study was approved by the Western Sydney Local
Health Network’s Human Research Ethics Committee (approval
number: HREC2010/12/4.17(3257) AU RED HREC/10/WMEAD/239).
This trial was registered with the Australian New Zealand Clinical
Trials registry (Trial ID: ACTRN12613001244796) in November
2013, and the initial trial was registered in July 2007
(ACTRN12607000387426).
23vPPV (n = 62) PCV7-23vPPV (n = 75) p-value

3 1.33 (0.98–1.80) 0.81 (0.61–1.08) 0.33
4 1.49 (1.00–2.21) 1.25 (0.88–1.77) 0.99
6A 3.47 (2.74–4.41) 3.53 (2.76–4.52) 0.99
6B 4.68 (3.61–6.06) 4.06 (2.96–5.57) 0.99
9V 4.55 (3.52–5.89) 4.65 (3.43–6.32) 0.99
14 13.80 (9.69–19.65) 11.44 (7.86–16.64) 0.99
18C 6.33 (4.82–8.30) 4.38 (3.24–5.93) 0.75
19A 9.85 (7.75–12.53) 7.91 (6.04–10.37) 0.98
19F 3.98 (2.76–5.73) 3.46 (2.45–4.86) 0.99
23F 4.28 (3.22–5.69) 4.60 (3.30–6.40) 0.99
3. Results

Of the 280 participants that completed the 12 months follow up
in the initial study, 136 (49%) completed the subsequent six years
follow up. Thirty-six (13%) were lost to follow up, 43 (15%)
declined to participate, and 65 (23%) died between the 12 months
follow up in the initial trial and the 6 years follow up visit. Exclud-
ing deceased subjects, the response rate was 63% (136/215). Of the
subjects that completed the 6 years follow up, 62 received 23vPPV
and 74 received PCV7 followed by 23vPPV. Participant characteris-
tics at 6 years follow up are summarized in Table 1. Nearly a
third of all participants were moderately or severely frail, as
measured by FI. There were no significant differences between
the two vaccine groups, including in deaths between baseline
and follow up.
3.1. IgG antibody levels measured by ELISA

Table 2 shows geometric mean concentrations (GMC) of IgG
antibody measured by ELISA 60 months after the final 12 months
follow up visit in the initial study (72 months from baseline). Anti-
body concentrations from previous time points have been pub-
lished previously [16]. There were no significant differences
between trial arms.

Fig. 2 illustrates the changes in GMC for both study arms
between baseline and the 72 months follow up visit. At the
72 months follow up visit, antibody levels in both study arms were
still greater than baseline for all tested serotypes.

GMC increased slightly between the 12 months and 72 months
follow up for serotypes 3, 4, 6A, 6B, 9V, 14, 18C, 19A, 19F, 23F in the
PPV arm, and for serotypes other than 4, 18C, 19A, and 19F in the
PCV7-PPV arm.



Fig. 2. ELISA (GMC, IgG mg/mL) by study arm at each time point for each of 10 serotypes.

C.R. MacIntyre et al. / Vaccine 37 (2019) 5016–5024 5019
3.2. Opsonophagocytic antibody (OPA) levels

Table 3 shows geometric mean titres (GMT) of OPA responses
for both vaccines at 72 months. OPA levels from other time points
in the initial trial have been published elsewhere [16]. There were
no significant differences in OPA GMT between the two study
arms.

Fig. 3 illustrates the changes in GMT for both study arms
between baseline and the 72 months follow up visit. At the
72 months follow up visit, OPA levels in both study arms dropped
to or below baseline levels for serotypes 4, 6A, 6B, 9V, and 23F.
GMTs were greater than baseline levels for serotypes 14, 18C,
and 19A at the 72 months follow up visit. For serotype 19F, OPA
GMT remained greater than baseline for the PPV arm, but dropped
to baseline levels in the PCV7-PPV arm. OPA GMT decreased
between the 12 months and 6 years follow up visits for all sero-
types in both study arms.

There was a significant correlation between ELISA and OPA titre
for each given serotype (results not shown).

3.3. Impact of frailty on immune response

As shown in Fig. 4, GMC as measured by ELISA at 72 months fol-
low up was significantly higher among subjects in the PCV7-PPV
Table 3
Comparison (t-test) between 23v PPV and PCV7-23vPPV for OPA in GMT (titre�1).

Serotype GMT (95% CI) at 6 years follow up

23vPPV (n = 62) PCV7-23vPPV (n = 75) p-value

4 63 (34, 120) 57 (32, 101) 0.99
6A 46 (25, 85) 65 (38, 112) 0.99
6B 101 (56, 182) 85 (47, 152) 0.99
9V 70 (38, 126) 125 (68, 231) 0.95
14 356 (205, 617) 314 (185, 532) 0.99
18C 255 (157, 413) 189 (109, 325) 0.99
19A 110 (73, 167) 73 (48, 113) 0.95
19F 118 (69, 203) 52 (32, 85) 0.37
23F 36 (21, 62) 49 (29, 84) 0.99
arm with a low frailty index compared to subjects in the PCV7-
PPV arm with a moderate or high frailty index for serotypes 4
and 18C (p = 0.01 and p < 0.01, respectively). ELISA GMC did not
vary significantly by frailty for other serotypes, and there were
no significant differences by frailty for any serotype in the PPV arm.

OPA GMT were significantly higher in subjects in the PCV7-PPV
arm with a low frailty index compared to those in the PCV7-PPV
arm with a moderate or high frailty index for serotypes 18C and
23F (p = 0.03 and p = 0.04, respectively), as shown in Fig. 5. GMT
did not differ significantly between frailty groups for other sero-
types, and there were no significant differences by frailty for any
serotype in the PPV arm.

3.4. Impact of pre-vaccination immunity status on immune responses
to PPV and PCV7

We compared immune responses at 72 months between trial
arms among subjects who had detectable OPA at baseline (DOB)
and those that had undetectable OPA at baseline (UOB). ELISA
responses are displayed in Fig. 6 and OPA responses are displayed
in Fig. 7. The magnitude of response at 72 months in both the PPV
and PCV7-PPV groups was greater among subjects with UOB,
except for serotype 6B in the PPV group. However, absolute anti-
body levels were higher in subjects with DOB compared to UOB
for all serotypes and both study groups at 72 months, except for
ELISA responses to serotypes 18C and 23F in the PCV7-PPV group.

4. Discussion

We have shown that serological immunity, especially as evi-
denced by IgG levels, to pneumococcal antigens in hospitalised
older adults persists above baseline levels six years after vaccina-
tion for serotypes 3, 4, 6A, 6B, 9V, 14, 18C, 19A, 19F, and 23F. Wan-
ing was demonstrated between 12 months and six years for OPA,
but not for ELISA levels, which remained constant or increased.
Whilst PCV7 followed by PPV23 vaccination resulted in modest
boosting at 12 months for some serotypes common to both
vaccines, the differences between arms did not persist over the



Fig. 3. OPA (GMT, titre�1) by study arm at each time point for each of 9 serotypes.

Fig. 4. Comparison of immune responsea (GMC of ELISA, IgG mg/mL) at 72 months between low frailtyb (�10) and moderate/high frailty (>10) groups. aSignificant difference
between low and moderate/high frailty for t-test, p � 0.05. bFrailty assessed using modified Frailty Index.
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subsequent five years. There were no significant differences in
immune responses between the two study arms for any of the ser-
otypes tested at 72 months. Whilst there are no clearly defined cor-
relates of protection, OPA is believed to be a better measure of
functional protection [27]. Although antibody levels stayed above
baseline for many serotypes, it’s not known whether this correlates
to clinical protection.

Compared to other long-term pneumococcal vaccine studies,
this is the longest follow up study directly comparing the immuno-
genicity of polysaccharide and conjugate vaccines in adults [28].
The only long-term study comparing the immunogenicity of the
two vaccines we identified was in COPD patients followed for
two years, who received either PCV7 or 23vPPV, with no 23vPPV
dose post PCV7. After two years, OPA responses were significantly
higher for PCV7 group for 4 of 7 serotypes tested, including
serotypes 4, 14, 18C, and 23F [28].

A previous long-term study of immunogenicity of 23vPPV
alone, which followed a similar study population (similar age, high
prevalence of comorbidities), found that 10 years after a first
PPV23 dose, ELISA IgG GMCs for all serotypes tested, except



Fig. 5. Comparison of immune responsea (GMT of OPA, titre�1) at 72 months between low frailtyb (�10) and moderate/high frailty (>10) groups. aSignificant difference
between low and moderate/high frailty for t-test, p � 0.05. bFrailty assessed using modified Frailty Index.
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serotype 3, remained greater than baseline, but significantly so
only for serotype 6B [18]. A small study among nursing home res-
idents in Santiago, Chile found that antibody titres, as measured by
ELISA, in individuals that received 23vPPV remained higher than
baseline at two years for all serotypes tested (1, 3, 4, 5, 6B, 9V,
14, 18C, 19F, 23F) [29]. Another study measured IgG GMC’s by
ELISA in a large cohort of healthy older adults (aged 50 and over)
five years after vaccination or revaccination with 23vPPV. For ser-
otypes 4, 6B, 8, 9V, 12F, 14, and 23F, GMC’s remained higher than
baseline levels for 5 years following primary vaccination, while
they fell to baseline levels after 1 year for serotype 3 [19]. Whilst
consistent with our ELISA findings, these studies did not measure
functional antibody.

Another immunogenicity study of PPV23 conducted among
older adults, recruited from health centres and two nursing homes,
found that ELISA antibody GMCs decreased significantly between
one and three years follow up, but were still significantly higher
than baseline levels for serotypes 4, 9V, 14, and 23F, but not for ser-
otypes 6B and 19F [30].

Studies of conjugate vaccines alone in older people have inves-
tigated the 13 valent vaccine, which includes 1, 3, 5, 6A, 7F and 19A
in addition to 7vPCV. A study among adults between the ages of 55
and 65 found that following a single dose of PCV13, IgG and OPA
antibody levels to all vaccine serotypes (except IgG GMC to sero-
type 3) dropped but remained above baseline 5 years after vaccina-
tion [22]. The larger CAPiTA study also showed that a single dose of
PCV13 produced OPA titers and IgG concentrations for all 13 vac-
cine serotypes that remained significantly greater than baseline,
and the corresponding responses in the placebo group, for
24 months post-vaccination [21]. These studies were consistent
with our OPA findings.

In 2017, there were a total of 2044 notifications of invasive
pneumococcal disease in Australia, which was a 22% increase rela-
tive to 2016. Serotype 3 was the most common serotype identified,
causing approximately 12.7% of total cases and 14.0% of cases in
people over 65 years of age. Serotype 19A was responsible for
6.2% of total reported IPD cases, and for 6.0% of cases in people over
65.

The introduction of universal infant PCV7 vaccination in Aus-
tralia in 2005 decreased overall IPD incidence due to herd immu-
nity but increased the incidence of IPD caused by non-vaccine
serotypes, particularly serotype 19A [31]. As a result, PCV7 for
infants was replaced by PCV13 in the National Immunisation Pro-
gram in 2011. While this significantly decreased incidence of IPD
caused by serotypes 1, 6A, and 19A, serotype 3 incidence did not
decrease and the incidence of non-13vPCV serotypes has increased.
Similar trends in serotype replacement have been observed in
other high-income countries following the introduction of infant
pneumococcal conjugate vaccines [32]. In the UK, the decline in
IPD incidence from PCV serotypes among older adults has been lar-
gely offset by an increase in IPD incidence from non-PCV serotypes,
even with high coverage of 23vPPV in people over 65 [33]. This
highlights the need to re-examine pneumococcal vaccination
strategies for older adults, as the herd immunity benefits from
infant PCV vaccination may not result in long-term decreases in
IPD incidence in older adults.

A change in recommendations occurred in 2011 in Australia
from 5 yearly booster to a single dose of 23vPPV for people
aged > 65 years without risk factors for IPD [34]. Our study showed
substantial waning of OPA for several serotypes at 6 years for both
arms, which is a concern given the single dose recommendation.
Approximately 5.2% of total IPD cases and 6.0% of cases in people
over 65 were attributed to serotype 19F [35–38]. Although preva-
lence of 23F pneumococcal carriage is low in Australia and has
decreased in Aboriginal people in Western Australia, serotype
23F isolates in Australia have demonstrated high rates of multi-
drug resistance [39]. Therefore, the weak immune response to
23F observed in both vaccine groups is particularly concerning
and warrants further research. The waning of OPA titres to baseline
levels for serotypes 4, 6A, 6B, 9V, 19F, and 23F are also concerning
in light of the single dose recommendation. The impact of PCV13
recommendations on IPD and pneumococcal pneumonia in the



Fig. 6. ELISA (GMC, IgG mg/mL) by time point based on baseline OPA titre (i.e.
detectable or not detectable) for each of 9 serotypes: 4, 6A, 6B, 9V, 14, 18C, 19A, 19F,
23F (R = ratio to baseline; * significant difference from baseline for paired t-test,
p � 0.05; **highly significant difference from baseline for paired t-test, p � 0.01.

Fig. 7. OPA (GMT, titre�1) by time point based on baseline OPA titre (i.e. detectable
or not detectable) for each of 9 serotypes: 4, 6A, 6B, 9V, 14, 18C, 19A, 19F, 23F
(R = ratio to baseline; * significant difference from baseline for paired t-test,
p � 0.05; **highly significant difference from baseline for paired t-test, p � 0.01).
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US is currently being reviewed by the ACIP [40] and the role of
PCV13 in relation to the current 23vPPV program is being assessed
in Australia [41]. A proposal to remove routine vaccination for
adults aged 65–74 years is currently being considered as of June
2019 [42].

Similar to our initial trial, increasing frailty and weaker baseline
immunity (as determined by undetectable OPA at baseline) pre-
dicted poorer overall immune responses to some serotypes at
72 months. However, individuals with low baseline immunity
had a greater magnitude of response at 72 months to both vaccina-
tion schedules compared to those with detectable OPA at baseline.
We observed similar results in our initial study. This highlights the
importance of vaccinating frail older adults despite weaker immu-
nity, because they may still be able to mount a protective response
even if their final antibody levels are lower than less frail adults.
This is an important finding, given that older adults (aged 80 and
over) with complex comorbidities are generally less likely to
receive pneumococcal vaccine from their medical providers in Aus-
tralia [43].

This study was not without limitations. Because this was a
6 year follow up of hospitalised, frail older adults, there was signif-
icant loss to follow up in both study arms, primarily due to death of
participants (unrelated to vaccination). Only half of participants
recruited for the initial trial completed the 6 year follow up. As
such, it is unclear if there was sufficient statistical power to deter-
mine any differences in immue response between the two study
arms. In addition, patients with lower frailty were more likely to
survive the entire follow up period, and thus immune responses
after 6 years may be biased towards higher values. Since partici-
pants were initially recruited during hospitalisation, reflecting a
more frail and ill population, the findings in this study may not
be generalisable to healthy, older adults. Whilst subjects with
higher ELISA titres also had higher OPA titres, ELISA results
remained high, whilst OPA waned during long term follow up. It
is generally accepted that the OPA results are thought to better
reflect functional protection. These data provide reassurance that
antibody levels for some serotypes remain above baseline beyond
5 years in frail elderly recipients of pneumococcal vaccines, includ-
ing those with no measurable antibody pre-vaccination. Whether
this translates to continued protection is unknown, but possible.
More research is required to inform dosing and scheduling of vac-
cination for long term protection, especially in light of the single
dose PPV reccomendation in Australia. Vaccinology in older adults
hold promise, as has recently been seen with a novel adjuvant and
high efficacy against herpes zoster in older people [44–46]. Further
reductions in IPD and pneumonia in the high risk frail elderly pop-
ulation may require new vaccine technology.
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Abstract
The Australian Childhood Immunisation Register (ACIR) commenced operation in January 1996
and provides a comprehensive database of children’s immunisations in Australia. The ACIR
enables implementation of an immunisation recall and reminder system and improved
surveillance and reporting of immunisation coverage. Before the introduction of the ACIR, the
methods used in assessing coverage varied widely in design and quality, with few studies
measuring coverage at national or statewide level. This is a systematic review of the scope and
reliability of estimates of immunisation coverage available in Australia from 1990 to 1998. A total
of 108 studies were identified of which 51 were classified as higher quality based on a range of
criteria including whether they had a response rate of 50% or better. Commun Dis Intell
1999;23:145-170.

Summary
Introduction

Accurate information on the proportion of children
immunised in Australia is essential for the
planning of effective immunisation programs.
Before the introduction of the Australian
Childhood Immunisation Register (ACIR) in

January 1996, the methods used in assessing
coverage varied widely in design and quality, with
few studies measuring coverage at national or
statewide level.

This systematic review of the scope and reliability
of estimates of immunisation coverage from 1990
to 1998 was initiated by the National Centre for
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Vaccine Preventable Diseases (NCIRS) to evaluate the
available Australian estimates of immunisation status
against data from the ACIR.

Methods

Studies were identified and included in the review, using
all available sources, if they examined Australian data and
were published or produced between January 1990 and
June 1998. Eligible studies were abstracted with a
standard proforma including type of publication, sample
characteristics, validation and outcome measures. Studies
were classified as higher quality using a range of criteria,
including if they had response rates of 50% or higher. The
term ‘fully immunised’ was defined as coverage of the full
course of vaccines scheduled at the time of each study.
Data were also tabulated by individual vaccine and age
strata (12-23 months, 24-35 months and 4-6 years) where
available.

Results

A total of 108 eligible studies were identified and 51 higher 
quality studies tabulated by location, design, sample size,
response rate, strategy and method of validation (Tables
1-7). Studies investigating immunisation procedures and
processes, and letters and editorials that did not report
original data on immunisation coverage were excluded.

The most common assessment age was from 24 to 35
months and the proportion of children fully immunised
ranged from 51% to 88% (excluding Haemophilus
influenzae  type b (Hib)). The 1995 Australian Bureau of
Statistics (ABS) estimates for 24 to 35 months were lower
(51.3%) than most other comparable population-based
studies (range 60.3% - 88%). Details of the immunisation
status of children by age strata are shown in Tables 8-10.

Immunisation coverage in child-care settings for children
aged 0-5 years ranged from 60.3% to 70% (excluding Hib)
in studies using provider documentation. Coverage in
schools for children aged 4-6 years was higher (range
67% to 89% excluding Hib) but likely to be overestimated.
While studies in remote Aboriginal communities suggested 
coverage was much higher than the general population,
studies in less remote areas found much lower levels of
coverage in Aboriginal children than in the general
population.

Comprehensiveness and validity at a national population
level were key criteria for data quality, fulfilled only by the
ABS surveys. Statewide population databases using
provider-held records to assemble a prospective birth
cohort had the next highest validity, followed by
cross-sectional studies with appropriate sampling and high 
response rates. Many studies based on retrospective birth
cohorts had low response rates with potential selection
bias. These more geographically restricted studies have
generally produced higher estimates of immunisation
coverage than the ABS survey. The first 12 month cohort
from the ACIR gave lower coverage estimates for
diphtheria-tetanus-pertussis (DTP) and poliomyelitis
(OPV), but higher for Hib than the ABS survey. ACIR data
are currently incomplete and should be viewed as
minimum estimates, but can detect large changes over
time such as has occurred with Hib vaccine coverage.

Conclusions

This review showed that methodology strongly influences
the final estimates of coverage and supports the need for a 
nationally consistent methodology, which would make
comparisons much easier. The best national estimate of
immunisation status in Australian children prior to the
ACIR is the 1995 ABS survey. The ACIR should give
increasingly accurate estimates as reporting improves.
This can be expected due to current incentive initiatives,
but specific surveys of coverage in small populations such
as urban Aboriginal communities may still be required. The 
available data from comparable industrialised countries
still indicate suboptimal performance by Australia, with
coverage for three doses of pertussis-containing vaccines
at around 80% compared with estimates of over 90% in
the United Kingdom (UK) and the United States of America 
(USA).

Introduction
Accurate information on the proportion of children
immunised for each vaccine on the recommended
schedule is essential for the planning of effective
immunisation programs. In Australia, there have been few
studies measuring national or statewide immunisation
coverage and the methods of data collection have varied
in quality. The Australian Childhood Immunisation Register 
(ACIR) was introduced in 1996 in part to provide more
consistent and comparable information about
immunisation coverage, but all immunisations for children
less than 7 years of age will not be included until after
2001.

This systematic review of the scope and reliability of
estimates of immunisation coverage in Australia since
1990 was initiated by the NCIRS to provide the
background against which coverage estimates from the
ACIR could be judged. The available literature was
examined with reference to the following research
questions:
1. With the exception of the ACIR:

(a) What is the best overall estimate of the current
immunisation status of Australian children?

(b) What is the best estimate of immunisation
status for each scheduled vaccine by age?

2. How do the estimates from other studies compare
with those from the ACIR?

3. How does the immunisation status of Australian
children compare with overseas estimates?

Background
Australia has had childhood immunisation programs since
the 1920s, with enormous advances in eliminating or
reducing the impact of vaccine preventable diseases
(VPDs) such as poliomyelitis, tetanus and diphtheria.1

However, outbreaks of measles and rubella continued to
occur in the 1990’s and pertussis is endemic, with nine
deaths in infants occurring in 1996-97.

2,3 
This disease

activity is occurring because immunisation coverage
remains below the level of 90%-95% required to interrupt
transmission of these highly contagious infections.

4

Concern about Australia’s poor record for immunisation
coverage prompted a series of national initiatives,
beginning with the National Health and Medical Research
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Council (NHMRC) convening a panel to review services in
1993. The resulting National Immunisation Strategy set
targets for immunisation coverage and control of vaccine
preventable diseases (VPDs) and recommended initiatives 
to achieve these targets. 4

The recommendations of the National Immunisation
Strategy were addressed in several ways. The
establishment of the National Notifiable Diseases
Surveillance Scheme (NNDSS) in 1991 had already begun 
the process of national surveillance and reporting of VPDs
using common case definitions. From 1996 the ACIR
provided both an immunisation recall and reminder system 
for parents and improved surveillance and reporting of
immunisation coverage.

In 1997, the Minister for Health and Family Services
initiated the ‘Seven Point Plan’ to increase the proportion
of fully immunised children in Australia. This Plan included
monetary incentives, commencing in mid 1998, for parents 
whose children receive child-care assistance payments
and incentives for general practitioners whose practices
include a high proportion of fully immunised children. The
Plan outlined the measles elimination strategy, a range of
educational initiatives, a proposal to introduce uniform
school entry legislation relating to immunisation status,
and enhancement of research activities which led to the
establishment of the NCIRS.

The only national immunisation coverage data, prior to the
ACIR, came from national surveys by the Australian
Bureau of Statistics (ABS). The most recent survey in
1995 found that 52.1% of children aged 0-6 years were
fully immunised for age, excluding Hib. The level of full
immunisation for the same age group in the previous ABS
survey in 1989-90 was similar (54.1%), although these
estimates are not directly comparable due to changes in
the standard immunisation schedule and the format of the
questionnaire.5  The ABS survey showed that coverage
levels varied between States and Territories, vaccines,
age groups and socioeconomic and ethnic groups.5

Other than the ABS surveys, data on coverage were
statewide or regional and predominantly from ad hoc
surveys. Meaningful comparisons between these studies
are difficult because methodology and outcome measures
were not uniform. Several States and Territories also
developed their own population-based vaccination
registers (Australian Capital Territory,6 Victoria7 ,
Queensland8,9 and Northern Territory10,11) to obtain more
consistent data for analysis of trends. Comprehensiveness 
of the data from some of these registers can be
questioned due to incomplete reporting by providers and
because some children receive their immunisations in both 
the private and public sectors. Other estimates of
coverage have come from a variety of sources including
outbreak investigations, serological surveys and field
vaccine studies, but this was incidental to their main
objective and applied only to particular settings.

This review includes both published and unpublished
literature from 1990 to 1998 and focuses on studies in
which the primary purpose was to estimate immunisation
coverage. These data on childhood immunisation
coverage in the 1990s provide the background against
which the initiatives begun in 1997 may be compared.

Methods
Search strategy

Studies were included in the review if they gave Australian
data and were published or produced between January
1990 and June 1998. University theses and treatises were
included, as were conference abstracts and proceedings
although efforts were made to identify resulting
publications wherever possible. Publication was defined as 
a peer-reviewed journal, government bulletin or report in
the public domain. All other studies were classified as
unpublished. Letters and editorials containing relevant
data were also included.

While the review focuses on coverage of the primary
immunisation schedule in children aged 6 years and under 
(the age group used in the ACIR and ABS immunisation
surveys) studies were also included for young people up to 
the end of high school. The eligible vaccines were those
recommended for use in children during the study period:
diphtheria-tetanus-pertussis (DTP), poliomyelitis (OPV),
measles, mumps and rubella (MMR), Hib and hepatitis B.

The following sources were searched for studies and
reviews on childhood immunisation status in Australia
since 1990:

• Medline from 1990 to 1998 using the search terms
‘immunisation’, ‘immunisation programs’, ‘immunisation
status’, ‘Australia’ (in MeSH) and the text words
‘immunisation status or cover(age) or rate(s)’ and
‘vaccination status or cover(age) or rate(s)’ for all
headings. The term ‘vaccination’ was coded under
‘immunisation’.

• Published and unpublished departmental reports,
studies and newsletters from the States and Territories. 
These were identified by direct contact with
immunisation co-ordinators, members of the
Communicable Disease Network of Australia and New
Zealand (CDNANZ) and the authors themselves.

• Manual and electronic searching of the Communicable
Diseases Intelligence journal from 1990-1998.

• University theses and treatises in public health located
by personal contact with authors and supervisors.

• Follow-up of references from key reports and
publications.

• Abstracts and conference proceedings from the Public
Health Association (PHA) National Immunisation
Conferences of 1991, 1993, 1995 and 1996 and other
relevant conferences in Australia, for example the NSW 
Public Health Network Conference. The authors of
these studies were contacted and full reports obtained
wherever possible.

Criteria for eligibility

The following study designs were included in the review:

• cross-sectional or cohort studies directly measuring
immunisation coverage, both in the entire population
and in specific settings, such as child care centres and
schools;

• state immunisation databases and data from vaccine
distribution systems;

• immunisation coverage measured as part of outbreak
investigations;

• serological surveys; and
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• studies were excluded if they were surveys primarily
measuring attitudes, knowledge and behaviour of
providers and consumers, studies of vaccine adverse
events or studies monitoring the vaccine cold chain.

Data abstraction

After assessment of eligibility, identified studies were
abstracted using a standard proforma, which included:

• type of publication (published / unpublished);

• study design (population based / non-population based
and including sub-sets such as schools, child-care
services);

• sample characteristics - design, size and response
rates;

• vaccines included;

• measures of immunisation status; and

• validation of immunisation status.

These data were entered into a Reference Manager
database.

Quality assessment

A group of higher quality studies from a range of designs
and settings were selected for tabulation and comparison
with the ACIR. Studies were classified as higher quality
using criteria including study design, study population,
response rates, sample size and validity. Generalisability
was a particularly important criterion. For example,
population-based cross-sectional studies using large
sample sizes and with high response rates were rated
more highly than retrospective birth cohorts with sample
sizes of less than 50% and evidence of selection bias.
Moreover, studies with validated coverage data were rated 
more highly than those relying on parental recall.

The peer-reviewed published studies in this review were
given greater weight than the unpublished studies.
However, several State Health Departments routinely used 
data from non-peer reviewed publications to estimate and
monitor immunisation coverage in their regions.
Peer-reviewed publication was therefore not the only
important measure of data quality.

Age strata for coverage assessment

The National Immunisation Strategy in 1993 identified
2 year old children as the primary group for estimates of
full immunisation4  and this is reflected in the outcomes of
many of the studies in this review. More recently, the
NHMRC described immunisation outcomes in terms of
‘milestones’ set at 6 months, 12 months and 18 months.12

However, the outcomes from the majority of the studies in
the review were not classified according to these
categories (other than 12 months) and therefore the
assessment ages outlined above were used. The
Appendix outlines the 1994 NHMRC immunisation
schedule current for the 1995 ABS survey and describes
the major changes made since the previous survey in
1989-90. The 1996 immunisation schedule is also outlined
in the Appendix, including the immunisation ‘milestones’.12

The outcome measures from the higher quality studies,
including data on full immunisation and for individual
vaccines, were grouped into the following age strata for

comparability with each other and data from the 1995 ABS 
survey:

• 12-23 months

• 24-35 months; this was the most common assessment
age used in the studies

• 4-6 years; to determine school entry immunisation

Definitions of immunisation coverage

Immunisation coverage is normally expressed as the
proportion or prevalence (%) of complete immunisation by
particular assessment ages or ‘milestones’. Most studies in 
this review have allowed for a ‘grace period’ of around 1 to 
3 months in assessing coverage, which is up to 6 months
for the ACIR cohort.13 The definition ‘fully immunised’ used 
in this review is receipt of the full course of vaccines
scheduled at the time of the study for the assessment age. 
This definition includes using various outcomes such as
‘age appropriately immunised’ and ‘immunised up to date’
but only if separate questions have been asked about
each vaccine.14  The full course of vaccines included are
those defined in the standard vaccination schedule at the
time of the study (Appendix) but it is noted that a small
number of studies in this review have accepted the
combined diphtheria and tetanus (CDT) vaccine as a
substitute for DTP.8,15

The ABS immunisation surveys

The ABS has conducted national immunisation surveys on 
a regular basis since 1983, which until the advent of the
ACIR, provided the only Australia-wide population, based
data on immunisation status. The ABS surveys have been
considered a reference standard for estimating
immunisation coverage because of their high quality
sampling methods.

The most recent survey in 1995 was conducted as part of
the regular monthly Labour Force survey, which derives a
probability population sample using a stratified, multistage
and clustered design.5 Each State or Territory was divided
into strata, and sampling of Census Collection Districts
then undertaken. Around 30,000 private dwellings in total
were included, with interviews conducted by trained
interviewers over a two week period in April 1995. High
response rates, complete population ascertainment and
large sample size are notable features of this survey.

Information on children’s immunisation and health
screening was obtained by parental report for 6,768
children aged 0-6 years from approximately 5,000
households. Of these children, 870 were aged under
1 year, 960 were 12-23 months, 1,021 were 24-35 months, 
907 were 36-47 months and 3,010 were aged 4-6 years.
Parent Held Records (PHRs) were consulted for 60.6% of
children aged 3 months to 6 years. Just over half (52.1%)
of the 1995 sample were found to be fully immunised
(excluding Hib), and 46% were classified as partially
immunised as they had not completed the full course of
each vaccine. The remaining children had either an
unknown immunisation status (1.1%) or were totally
unimmunised (0.4%).5

Although the same sample selection procedure is used for
all the ABS immunisation surveys, comparability between
the 1995 and earlier surveys is limited by changes in the
NHMRC schedule and the questions asked.5,16  These
changes are summarised in the Appendix.
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The Australian Childhood Immunisation Register

The ACIR began on January 1, 1996 as part of the 1993
National Immunisation Strategy.4 The aim of the register
was to provide more accurate and comprehensive
information about immunisation coverage and to be a key
component of an initiative to improve the immunisation
status of Australian children.13 The register is administered 
by the Health Insurance Commission (HIC), which is
responsible for both routine reports and a recall-reminder
system. The database holds immunisation details on all
children under the age of 7 years who are registered for
Medicare (approximately 98% of children by 12 months of
age) and also for any notification of immunisation to the
ACIR for children not registered with Medicare.

Immunisation information may be transferred to the ACIR
by all providers in both the public and private sectors.
Under-reporting is estimated to reduce immunisation
coverage by approximately 10%,17,18 especially in States
with a higher proportion of general practitioner (GP)
providers such as New South Wales (NSW) and Western
Australia (WA). Difficulties have also occurred in the
transfer of data to the HIC from some regions.18

Coverage reports from the ACIR are based on 3 month
birth cohorts measured at two ‘milestones’: 12 months
(DTP, OPV and Hib vaccines) and 24 months (MMR, DTP, 
Hib and OPV vaccines).13

Results
Studies reviewed

A total of 108 out of 448 studies reporting published and
unpublished data on immunisation coverage in Australian
children from 1990 to 1998 were eligible for inclusion.

Fifty-one higher quality studies were selected from a range 
of designs and settings shown in Tables 1-7.  These tables
summarise the location, design, sample size and age,
response rate, strategy and method of validation for each
study. Several studies, which indirectly reported coverage
data, were included in this review. For example, some
evaluated the implementation of immunisation reminder
systems19-21 others evaluated the effectiveness of the
Parent Held Record (PHR),22 or the accuracy of parental
report23 or described an immunisation campaign.24 A
preliminary evaluation of the ACIR was also included.25

Excluded studies26-29  were primarily those investigating
immunisation procedures and processes rather than
coverage. Seventeen letters and editorials14,30-46  and a
review document on the role of parents and service
providers47 were also excluded as they did not contain
original data on immunisation coverage.

Type of publication

The majority (72%) of the coverage studies included in the
review were published in either peer-reviewed journals or
State/Territory communicable diseases bulletins. Of the
remainder, five were Master of Public Health treatises or
PhD theses48-52 and 12 studies were either published as
government reports or were included in State government
annual reports.7,53-64

Methodology

Study populations

Most studies were either population-based (52%) or from
specific settings such as child-care (9%), schools (29 %)
or population sub-groups such as Aborigines or persons of 
non-English speaking background (6%). Six studies which
were based in clinical or related settings were included in
the review, five of which are shown in Table 7.23,65-68  Many
of the population based studies, including the ABS, used
appropriate random sampling methods but the findings
may not be generalisable beyond the population from
which they were drawn. Thirty school-based
studies

50,62,69-96
 including all measles outbreak

investigations were identified, with some overlap between
primary and high schools in some studies. Nine of these
are presented in Table 5 and five outbreak investigations
are outlined in Table 6. Ten child-care studies were
included,55,97-108 six of which are presented in Table 4.

Study design

Cross-sectional study designs accounted for 66% of the
total, followed by birth cohorts (28%), of which three were
retrospective51,109,110 and two prospective.104,111 All other
prospective cohort studies used data from registers in
Victoria (Victorian Maternal and Child Health Nurses
(VMCHN) database),7

 
the Australian Capital Territory

(ACT) (ACT Central Vaccination Register),6 Queensland8 ,9

and the Northern Territory (NT).10,11

Sample size and response rates

The sample size in the studies varied widely, from a final
sample of 69 two year old children in child-care102 to over
6,700 children in the 1995 ABS immunisation survey,5

shown in Tables 1-5. In many studies, particularly those
using birth cohort methods, low response rates reduced
power and generalisability. Furthermore, some studies
reported significant differences in the characteristics of
respondents and non-respondents, further reducing their
representativeness.109,110  However, several studies using
random sampling achieved response rates of above
90%.5,16,112-114 Two studies used the World Health
Organization (WHO) method115 of cluster random
sampling, one in a sparsely populated rural region58  and
one in metropolitan Melbourne.116

Vaccines studied

The majority of studies measured all age-appropriate
vaccines with a small number measuring individual
vaccines only (Table 3). Studies evaluating individual
vaccines were primarily focused on recently introduced
vaccines such as Hib6,61,117 and hepatitis B118,119  or were
part of outbreak investigations for measles72,79,91

rubella,
49,120

 or pertussis.
15,103

Validation of immunisation status

The majority of studies in the Tables 1-7 validated at least
a subset of their data by sighting Parent Held Records
(PHRs) or by contacting the vaccination provider. A small
number of serological surveys were conducted23,54,68,118,121

while immunisation databases used only data transmitted
from providers.
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Validation of parental recall

Validation by Parent Held Record (PHR)

Most parents use the PHR when it is available and refer to
it as their primary source of information. Hall et al found
that 80.1% of parents of children 2-4 years used the PHR
which was completed correctly in most cases. 58 With some 
exceptions,121,122  most studies in this review investigating
the validity of parental report found significant differences
between reported and validated levels of vaccination. For
example, a study in Northern Sydney found only 60%
agreement between parental report of vaccination status
and provider records.110

The 1995 ABS immunisation survey used both parental
recall and viewing of PHRs (60.6%) for children aged 3
months to 6 years. Forty-seven per cent of children with
records available were fully immunised compared with
33.1% of all children in the survey. The ABS study
classified children as unimmunised if the parent could not
recall the exact number of doses for each vaccine, which
is likely to have underestimated true immunisation
coverage. 5

A study of children attending child-care facilities in
Queensland also found that those with a PHR were more
likely to be fully immunised at 2 years of age.97 The PHR is 
less likely to be useful among disadvantaged groups, as
illustrated by a study of Aboriginal families which found
that there was no documentation of vaccinations for 52%
of children.114

Serologic validation of parental recall

A serosurvey in Western Sydney medical centres found
only 74% of the children in the total sample had protective
levels of measles antibody, compared with 84% from
parentally reported vaccination, a positive predictive value
of 84%.23 A population-based serologic survey in NSW
found a non-significant difference in measles immunity
between parents with written records (84% immunity) and
those using parental report (76% immunity).121

Serological surveys

The small number of serological surveys largely focused
on specific diseases, for example measles and
rubella,23,49,54,121  including two studies54,121  that were
opportunistically added to larger studies, for example the
National Survey of Lead in Children. These studies gave
valuable data on age-specific seroprevalence but were
unable to differentiate between acquired and vaccine
induced antibody (Causer et al, 1998; personal
communication).

Regional immunisation registers

Coverage estimates from population immunisation
databases are more likely to be accurate than parental
recall, but underestimates coverage if providers do not
report all immunisations given. The VMCHN database7

calculates age-specific coverage rates using all births in
Victoria as the denominator and all children attending
Maternal and Child Health (MCH) clinics as the numerator. 
The data are likely to be accurate for children up to 1 year
of age, as approximately 90% of all children in this age
group attend the clinics, 7 but as attendance progressively
falls and children may be immunised by more than one
provider, ascertainment through MCH clinics is less
complete over this age.

Other regional databases include the NT immunisation
database,10,11 the ACT Central Vaccination Register6 and
the Vaccination Information Vaccination Administration
System (VIVAS) in Queensland.9,21  The VIVAS system
includes a vaccine distribution scheme which increases
reporting of immunisation encounters. The VIVAS and
ACT databases have been modified to transmit data for
the ACIR on a centralised reporting basis since early 1996, 
but the other separate databases have been discontinued.

School entry immunisation certificates

School entry immunisation certificates were made
compulsory in NSW, Victoria and the ACT during the
period covered in this review. A number of studies have
assessed the quality of these data and estimated coverage 
for children entering school. Many schools do not have a
completed certificate for all children in kindergarten or
Year 181,96 and those certificates which are completed
substantially overestimate immunisation.71

Acceptance of non-statutory evidence of immunisation was 
identified as the major factor leading to over-estimation of
compliance with the legislation.71,93,95 Two studies
evaluating the effectiveness of the new legislation in
Victoria and NSW found inconsistencies in the issuing and
administration of certificates and evidence of schools. To
reduce the impact of over-reporting, some studies
excluded incomplete certificates from their analysis75,78

and one study concluded that school certificates should
not be used for assessing coverage.83

Child-care immunisation certificates

Immunisation certificates at entry into licensed child-care
services have recently been introduced in many Australian 
states, some on a compulsory basis (NSW, Victoria, ACT). 
In 1995 in NSW, the Statewide Sentinel Immunisation
Surveillance System (SSISS) database for child-care was
established, containing a systematic random sample of
child-care immunisation records.101 Among 745 children
aged 2 years of age, 70% of children were recorded fully
immunised (excluding Hib). Prior to the introduction of
legislation in the ACT in 1994, 34% of records in a
child-care centre were found to be incomplete during an
outbreak investigation for pertussis.103

A survey in the NT following the introduction of a voluntary
program in 1995, found that centres had documentation for 
only 66% of children.106 Similarly, a study reviewing
documentation of immunisation records in Family Day
Care and child-care centres in NSW in 1995 found that
many parents in Family Day Care had not submitted their
certificates to the provider.102 Overall it seems likely that
similar problems to school immunisation certificates (poor
quality and low levels of compliance) are prevalent with
child-care immunisation certificates.

Measures of immunisation status

Full immunisation, partial immunisation and timeliness

The outcome measure used in the majority of studies was
‘fully immunised’ and the ages most commonly used in the 
assessments were 24-35 months and school entry (aged
4-6 years). A summary of outcome measures for age
groups of 1 year, 2 years and school entry are shown in
Tables 8-10. A small number of studies did report both the
coverage and timeliness of the vaccinations, with only 21% 
of vaccinations given on time in a Northern Sydney study
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(within 1-2 weeks for the infant doses and 4-6 weeks for
the 12 and 18 month doses).110 In child-care, although
66% of 2 year old children were completely immunised,
only 24% had been immunised on time.99,100  Several
studies measured the level of partial immunisation where
one or more doses of vaccine were given but others had
been missed. The proportion of partially immunised
children ranged from 11% to 33.5%.58,69,99,100,106,110,123

Age of assessment

Many studies showed a drop in the proportion of children
immunised after the age of 12 to 18 months. In the ABS
1995 survey, 88.5% of children were fully immunised
against D/T at 1 year falling to 63% at 2 years. These data
indicate that while many children received the 12 month
single dose of MMR, they did not receive the fourth doses
of DTP and Hib at the age of 18 months. A child-care
coverage survey found that coverage for the primary
series of DTP and Hib was over 95%, falling at 18 months
by 22%-26%.106 Similarly, coverage of only 65% for the
fourth doses of DTP and Hib was found in a regional
Queensland database, where coverage for the first three
doses had been 81%-84%.8

Vaccines assessed

Many studies reviewed reported coverage for separate
vaccines, which while providing more information, made
comparisons by age more complex. Moreover, while most
studies reported the levels of the combined vaccine DTP,
a small number reported levels of the combined diphtheria
and tetanus (CDT) vaccine, which excludes pertussis, in
their definition of ‘fully immunised’.8,15

The major change to the Immunisation Schedule during
the review period was the introduction of Hib in April 1993,
with free vaccine available from July 1993. As a result,
several studies5,50,113 undertaken around this time give
estimates of full immunisation coverage including and
excluding Hib, with large differences between the
estimates. For example, a school entry study using PHRs
in 1996 found that full immunisation was 47% if Hib was
included but that this increased to 74.5% if Hib was
excluded.50 Similarly, the ABS survey estimated that full
immunisation for children aged 0-6 years was 33.1% with
Hib and 52.1% without Hib.5

Immunisation status of 1 year old children

Only a small number of studies reported immunisation
status for children at approximately 12 months of age
(Table 8). There is some variation in the estimates for full
immunisation as some include MMR and others exclude
these antigens. Estimates from the ABS 1995 survey were 
51.4% including Hib and 70.8% excluding Hib. Estimates
of full immunisation from other studies were generally
higher, for example the NT database reported levels of
75% including Hib.11 Where rates for DTP are reported,
however, these are similar to the ABS 1995 estimates.
Assessment of immunisation status in a cohort of children
in Melbourne suggested that 92%-93% of children aged
either 9 or 16 months were fully immunised, much higher
than both the 1995 ABS estimate and estimates from the
VMCHN database. However, a serosurvey assessing the
prevalence of measles immunity in NSW found that 77% of 
children aged 12-23 months were immune, which is 10%
lower than the levels reported in the 1995 ABS survey but

consistent with a measles vaccine efficacy of around
90%.121

Immunisation status of 2 year old children

Table 9 illustrates the range of outcome measures used
for children of around 2 years of age in several studies
dated from 1994, including the 1995 ABS survey. Most of
these studies included 4 doses of DTP and OPV in their
definition of ‘fully immunised’, but at least one of these
studies116 included only 3 doses of DTP and OPV in their
assessment. Estimates for both full immunisation and DTP 
showed a very wide range (51%-88% and 58%-93%
respectively).

The ABS 1995 rate of full immunisation for 2 year old
children is much lower than any other reported estimate for 
this age group. The other studies that estimated full
immunisation, including Hib, ranged from 51.1% - 66.5%
compared to 34.3% for the ABS survey. Estimates
excluding Hib ranged from 60.3%-87.8%, compared to
51% for the ABS survey. A cross-sectional,
population-based, cluster sample survey in Newcastle,
NSW,113 reported estimates both with and without Hib of
51.1% and 77% respectively. While the reported
immunisation coverage for DTP and OPV in the two
Victorian studies were similar,7,116 estimates for the same
vaccines differed in the NT, although one of these was a
child-care centre based study.10,106

There were also major variations in coverage reported for
studies using the same method of data collection. For
example, the Victorian immunisation database7 showed
that 85.3% of children aged 18 months to 3 years in
1996-97 were immunised for DTP while the urban Darwin
database in the NT reported that only 60% of children had
been immunised for DTP in 1996.10  The pattern for all
other vaccines in these databases was similar with the
exception of Hib and it is unclear whether these are
caused by technical problems with the database or due to
actual differences in coverage between the States.

Immunisation status at school entry

Table 10 shows estimates from school entry and other
school surveys, which as discussed above, show a higher
level of full immunisation coverage than for younger
children. In WA between 80% and 86.5% of children were
fully immunised (excluding Hib).81,125 In NSW, 89% of
children were classified as fully immunised at school entry, 
based on parental reports.69 Overall, the estimates shown
in Table 10 are higher than those from the ABS 1995
survey but are likely to be overestimates (see Methods).

Child-care settings

Studies based in child-care centres using provider held
documentation, show estimates of full immunisation for
2 year olds ranging from 60.3%-85%.97,99,100,106-108 One
study in the NT found that 67% of 2 year old children with
child-care immunisation certificates were fully immunised
and that this rate was higher than in the general population 
of 2 year olds in Darwin,10 although estimates in Darwin
were lower than those using data from all seven NT
databases.11  A prospective cohort study in Perth found
higher rates of full immunisation (excluding Hib) than other 
comparable studies, with levels ranging from 86% at
12 months to 85% at 24 months.104,105  However, these
data were based on parental report only and are likely to
be overestimates.

152 CDI     Vol 23,   No  6   10 June 1999

Article



Immunisation status in States and Territories

State by State coverage results from population-based
studies and for children aged 2 years are reported in
Table 11  and are compared with the ABS 1995 results. In
all regions, with the exception of Tasmania and one study
in the NT, the fully immunised coverage estimates from
studies other than the ABS are much higher. This appears
to be largely due to low proportions of DTP in the ABS
data, (48%-66%). Rates for OPV and MMR, however, are
largely comparable with the ABS estimates and as
expected, Hib rates are lower in the ABS than the other
studies. Interestingly, the ABS estimates vary considerably 
between States, with Tasmania showing full coverage of
only 23.9% (including Hib) compared to 42.5% in WA.
Estimates without Hib for these two States were 37.3%
and 58.3% respectively.

Hib

Two studies in the review assessed the pre and post
uptake of Hib after its introduction in 1993 and one of
these also compared the age-specific incidence of Hib with 
changes in uptake of Hib.6,61,122 In Sydney, uptake of Hib
was estimated at 9% in May 1993 rising to 48% in August
1993 for children under 18 months of age and rising from
31% to 45% in the same period for children aged 19-60
months.61,122  The ACT immunisation register estimated
that 68% of 9 month old children and 34% of 2 year old
children had received Hib vaccine by March 1995.6

Hepatitis B

Three studies assessing the level of coverage of hepatitis
B in specific populations, including Aboriginal and
non-English speaking groups were involved in the
review.68,118,119 Coverage was generally low, with only 54% 
of Aboriginal children (median age of 24.5 months) in
North Queensland immune to hepatitis B.118 In one study
however, 81.6% of infants from ‘at risk’ groups in Victoria
received one or more doses of hepatitis B vaccine.119

Aboriginal communities

Some studies assessing coverage in Aboriginal children
from remote communities in the NT and WA suggested a
higher than average rate of immunisation.112,125 For
example, the NT study estimated that over 97% of 2 year
old children had been immunised for all vaccines other
than fourth doses of DTP and polio.112 Conversely, studies
in urban and less remote rural areas found a much lower
level of coverage in Aboriginal children compared to
non-Aboriginal children from the same populations.57,114

For example, a study in western NSW estimated that only
60% of Aboriginal children aged between 2 and 4 years of
age were fully immunised compared to 84.1% of the
non-Aboriginal children.57  Furthermore, a study in the
North Coast region of NSW reported ABS estimates which
showed the immunisation status for Aboriginal children
was only half that of the overall population.114

Evaluating Australian coverage studies

The 51 higher quality studies summarised in Tables 1-7
included 38 published in peer-reviewed journals, the two
ABS surveys (1989-90 and 1995)5,16  and 12 government
reports, treatises and abstracts. Attempts to evaluate all
these studies were difficult for reasons previously outlined
in this review due largely to variations in age groups,
vaccines studied and definitions of immunisation status, in

addition to study design and other criteria used for
assessing quality. Generalisability and reliability at a
national population level were key determinants of quality
and in this review only the ABS surveys fulfilled these
criteria.

The studies with highest validity at a State level were
databases using provider-held records and calculating
coverage from a prospective birth cohort, such as the
VMCHN database,7 the ACT vaccination database6  and
the NT database.10,11  The NT database was also sensitive
enough to give data on specific small populations such as
remote Aboriginal communities.112

The second category of coverage studies was
cross-sectional studies with appropriate sampling and high 
response rates that are likely to have high validity for the
specific populations included. These included a cluster
sample from metropolitan Melbourne,116 a cluster sample
from Newcastle, NSW113 and a cross-sectional study of
Hib vaccine coverage in Sydney.61,122  A household study in 
central Sydney investigating coverage of measles and
rubella used serology to validate parental report and while
this provided optimum validation it was only generalisable
to the local area.53 All these surveys had positive features
but generalisability of the findings was limited by the
differences in vaccine delivery and uptake between
regions in Australia.

The third category of coverage surveys was retrospective
birth cohorts, which shared the problem of low response
rates and selection bias. Response rates in Sydney,110 
Western Australia51  and Queensland109 were 49%-58%. It
is likely that respondents have higher immunisation
coverage than non-respondents and that this study design
will overestimate coverage.

The ABS immunisation survey remains the reference
standard in this review for generalisability and reliability.
This is followed by State immunisation databases and then 
a small number of coverage surveys. However, all these
designs exhibit different biases and comparisons are
difficult. A national, prospective birth cohort design in
which data is complete is clearly the ideal method,
complemented by ad hoc coverage surveys to assess
coverage in small populations with special needs such as
urban Aboriginal communities.

Comparison of data from the ACIR with the ABS

Table 12 compares the proportion of children fully
immunised with DTP, OPV and Hib in each State and
Territory using the ABS 1995 survey and the ACIR
coverage estimates.18  The estimates for DTP and OPV
from the ABS are much higher than those for the ACIR for
all States/Territories with the exception of Queensland,
probably reflecting the more complete data available from
the VIVAS reporting system which is linked to the vaccine
supply.

It is important to note that ABS estimates for full
immunisation at 1 year were derived from a
cross-sectional sample at 12-23 months of age whereas
the ACIR reports the status of a birth cohort at 12 months
of age. This means that children who received the third
dose of a vaccine scheduled in the first year of life after
12 months of age are deemed immunised by the ABS but
not by the ACIR, which may slightly increase the ABS
estimates.
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As expected, Hib coverage is lower in the ABS estimates
than in those from the ACIR because the ABS survey was
conducted soon after the introduction of Hib vaccine, while 
ACIR data refer to a 1996 birth cohort (Figure 1). The
comparison shows how rapidly uptake of Hib vaccine
occurred, with an average increase of 17% for all of
Australia. The only region with similar Hib vaccine
estimates in both the ACIR and the1995 ABS survey is the 
NT, where the two dose primary course and widespread
publicity may have promoted early Hib uptake.

Overall, ACIR estimates should be viewed as preliminary
minimum estimates consistent with the estimates from the
ABS survey. Coverage as measured by the ACIR is likely
to improve dramatically with the introduction of a range of
incentives for parents and providers to immunise and to
report to the ACIR.

Comparisons with overseas studies

Immunisation coverage estimates overseas in comparable
industrialised countries such as the UK and the USA are
higher than in Australia. Estimates for five other English
speaking countries are shown in Table 13. The vaccination 
coverage statistics for children at 12 months of age in the
UK for three doses of DTP, OPV and Hib are between
91.7% and 92.8%, compared with estimates from the ABS
1995 survey of 83%-86% for DTP and OPV (Figure 2).126

Coverage for children aged 2 years in the UK is higher
than at 12 months, contrasting with the situation in
Australia in which a reduction in coverage occurs after
12 months of age. However, the UK immunisation
schedule does not include a fourth dose of DTP or Hib at
18 months, in contrast to Australia. In the UK, regional
databases submit immunisation data to a centralised
register from which quarterly reports are prepared. This
system commenced in 1987 and uses the birth cohort
method to analyse data, which is similar to the ACIR. It
also incorporates a financial incentives scheme for GPs to
encourage high immunisation levels and the British
national target now exceeds 90% coverage for each
antigen.127

In the USA, the National Immunisation Survey (NIS)128 was 
initiated in 1994 as the main method to estimate coverage
for children aged 19-35 months. In this quarterly random

telephone survey, response rates are around 67% and
providers are also contacted for verification of
immunisation status. The 12 month estimate for the period
January to December 1997 was 95% for three doses of
DTP or CDT, 91% for OPV and 93% for Hib and 91% for a 
measles-containing vaccine (MCV).128 The equivalent
proportions for the 1995 ABS survey are comparable for
measles but much lower for DTP (at only 63% for
diphtheria /tetanus and 58% for pertussis) and also for
OPV (87%). Estimates of full immunisation at around
24 months of age show that 78% of children in the USA
were fully immunised in comparison to 51.3% of children in 
Australia.128

Prior to the implementation of the NIS, coverage was
measured by ad hoc surveys and it was found that while
most children (87%) were fully immunised at school entry
because of legislation requiring compulsory immunisation,
the proportions for children aged 2 years old were much
lower at 44%.129 Coverage for very young children in the
USA has therefore increased substantially since 1994.

The Canadian experience mirrors that of the USA in that
immunisation estimates were not collected in a
standardised manner until 1994, when a system which
collects data by mailed questionnaire for four cohorts of
children turning 2 years of age during 1994-96 was
implemented.130 Coverage for this period ranged from
85%-87% for four doses of DTP, and was 90% for polio.
Coverage for MMR was high at 97% and has remained
fairly constant while the lower rates for Hib vaccine reflect
its introduction during the period of data collection.
Vaccine specific estimates increased by 1% -3% above
baseline in the period from 1994 to 1996.130

New Zealand immunisation estimates were obtained by
coverage surveys and by health benefit claim data.
Immunisation estimates in the 1990s show a progressive
increase in coverage from a relatively low level. For
example, a cohort study of children born in 1990-1991
found a complete immunisation rate of 75% by 6 months of 
age131  while a more recent cohort study in Christchurch in
1995 estimated that 93% of children had been fully
immunised by 8 months of age.133 Health Benefit data from 
1994 are shown in Table 13, with an estimated a range of
79%-87% for most vaccinations for children aged
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12-18 months.133  Recent New Zealand coverage data for
the same age group indicates that coverage levels of
DTP/Hib in 1997 dropped slightly to 87.3% after an overall
increase to 90.6% in 1996.134 This may be due to changes
in processing claims rather than a real decrease.
Coverage for Maori and Pacific Islander children was lower 
in northern New Zealand than for all other children,
reflecting a similar pattern similar to Aboriginal children in
Australia.58,114,135

While there is some variation with the immunisation
schedules in some overseas countries, the available data
suggest that the UK, USA and Canada out-perform both
Australia and New Zealand particularly for immunisation
with pertussis containing vaccines. The differentials are
especially large when comparing coverage for the fourth
dose of DTP, with estimates in Australia falling well behind 
those of the other countries in Table 13. The UK appears
to have the highest coverage levels of all the countries
surveyed, with estimates of between 90%-95% for all
antigens shown in this table. While the Australian data are
not as recent as all the other estimates in Table 13, they
remain the only population-based estimate available for
comparison, while the ACIR is still in the developmental
stage.

Coverage levels in most other countries in the world are
reported on the WHO Internet site.136 These data are
obtained from routine national reports without details of
methodology and are therefore difficult to compare with
those outlined above.

Discussion
The best estimate of immunisation status in Australian
children, or reference standard, in 1998 is the 1995 ABS
survey. It is the only national coverage study that is
generalisable to the whole population, despite concerns
about reliance on unvalidated parental report for almost
half of the responses. However, it is likely that the ACIR
will take over this role when it becomes fully established.

The estimate for full immunisation in the ABS study for
children aged 2 years (51%), even when Hib was excluded 
from the analysis, was substantially lower than those in
other coverage studies in this review ( range 60% to 88%). 
This appears to be due largely to lower reported levels of
DTP rather than the levels of OPV and MMR. With the
exception of serological surveys which tend to focus on
assessing coverage for single vaccines in specific
populations, the ABS was also the best estimate of
coverage for specific vaccines and ‘milestones’.

When estimates from the ABS 1995 survey were
compared with the first ‘milestone’ data from the ACIR
(Table 12), the ABS estimates were higher than the ACIR
for most vaccines and some statewide differences did
emerge in this comparison. However, any meaningful
interpretation is complicated by technical difficulties with
the ACIR resulting in underestimates of coverage at
present. This may improve with the introduction of financial 
incentives to GPs based on their performance as recorded 
by the ACIR, from July 1998. The exception was the
difference between the low levels of Hib in the ABS 1995
survey (during the phasing-in of the vaccine) and the
higher estimates of the ACIR. This comparison is useful as 
it shows how quickly the uptake of Hib has occurred in
younger Australian children.

This review included both published and unpublished
literature, reducing the possibility of publication bias
resulting in an overly optimistic view of immunisation
coverage. The extent to which the large variation in
coverage estimates was attributable to methodological
problems in study design and analysis was often
impossible to assess, as very few publications provided
adequate data. It was difficult to determine whether the net 
effect of a particular study had been to underestimate or
overestimate vaccine coverage.

The higher quality studies were larger and population
based. Retrospective cohorts suffered from low response
rates and selection bias, leading to an overestimate in
coverage. Cross-sectional studies, although largely free of
bias, provided only a snapshot at one point in time and
could not monitor trends. Most of the immunisation
databases cited in the review were derived from
prospective birth cohorts, as was the ACIR and the well
established COVER database in the UK. This method is
clearly the best design if reporting is complete, and
provided there has been adequate time for the operation of 
the database to become established.

Serological surveys, while the most accurate method for
validating coverage, have sample sizes that are
necessarily limited and therefore differences between
population subgroups cannot be examined. At the whole
population level, serological surveys have been shown to
be very useful in demonstrating trends in susceptibility to
vaccine preventable diseases, as in the UK.136  The first
population-based serological surveys using
opportunistically collected sera are currently underway in
Australia sponsored by the National Centre for Disease
Control and conducted by the NCIRS. These surveys will
be repeated on a two or three-yearly basis.

In contrast, parental recall is the simplest means of
estimating immunisation status, but frequently
overestimates coverage. The PHR is more accurate than
parental recall, but is dependant on the quality of the
information added to the record and the book being kept
up-to-date. Well maintained provider-held records
overcome these problems but must be adequately linked
for children who have multiple providers and/or high
mobility. Providers are the source of data for the
State/Territory immunisation databases in this review, for
the ACIR and for coverage in the UK126 and the USA.128

As methodology strongly influences the final estimates,
this review supports the need for a nationally consistent
methodology, facilitating comparisons between regions. A
national, prospective birth cohort design in which data are
complete is clearly the ideal method, complemented by ad
hoc surveys to assess coverage in small and specific
populations, for example urban Aboriginal communities.

Immunisation coverage in developed countries overseas,
particularly the UK, is reportedly higher than in Australia
(over 90% for all antigens at 24 months). Both the USA
and Canada collect national data regularly using national
surveys. The USA has recorded increased uptake in
infants and very young children since the implementation
of their quarterly surveys. The UK has a well established
centralised immunisation database which reports coverage 
data on a quarterly basis. The use of 1995 data from
Australia, however, meant that it was not as up to date as
the other overseas estimates. A fundamental requirement
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in comparing such estimates is the need for timely,
accurate Australian data which should be achievable
through the ACIR.

Failure to develop a regular system of measuring
immunisation coverage which is high quality and
generalisable at a national population level will result in
continued confusion about the true levels and trends of
coverage in Australia. It is only by having a sensitive and

timely system that interventions to improve and maintain
coverage can be assessed and gaps identified. Only when 
true coverage rates regularly exceed 90% can we hope to
achieve and maintain the levels of herd immunity needed
to interrupt transmission of vaccine preventable diseases
in Australia. We will then be able to eliminate diseases
such as measles and take a responsible role in the
world-wide eradication efforts planned by the World Health 
Organization.
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Study Location Design Final sample size
and age

Response
rate* (%)

Strategy and date Validation

ABS (1989)  6 Australia
(national)

Cross-sectional 
population
survey

Multistage, random
sample of 12,732
children aged 0-14
years

96% Household interviews
with data for children
0-14 years collected by 
parental report

Parent Held
Record (PHR)
consulted in
45% cases

ABS (1995) 5 Australia
(national)

Cross-sectional 
population
survey

14,591 children aged
0-14 years (6,768 aged 
0-6 years)

>95% Household interviews.
Parental report

PHR consulted 
in 61% cases

Australian
Childhood
Immunisation
Register 
(ACIR) 18

Australia
(national)

Birth cohort,
Immunisation
Register

All Australian children
aged 0-6 years (birth
cohort 259,167 children 
in 1996)

>76% NSW
>86%Victoria

Providers submit
immunisation data to
national database

Provider held
records used

Victorian
Maternal and
Child Health
database 7

Victoria
(statewide)

Birth cohort
using MCH
records

All children age 0-6
years attending
maternal & child health
clinics (birth cohort
62,857 children in
1996)

90% of all
births,
decreasing
with
increased
age

MCH nurses collect
data and this is
collated annually

Use verified
records

Carnie J et al
1995 116

Three areas of
metropolitan
Melbourne

Cross-sectional 
population
survey

Cluster sample (WHO
method) of 630
children aged 18
months to 3 years

N/A Household interviews
in 1991. Parental
report

PHR or
provider held
records used

Thorman et al 
(1997) 11

Northern
Territory (NT)
(statewide)

Birth cohort,
Immunisation
Register

All children born after
January 1996 (part of
ACIR) (birth cohort
35,000 in 1996)

87% Providers submit
immunisation data to
NT database

Provider held
records used

Mitchell et al
(1997) 10

Darwin urban
area

Birth cohort,
Immunisation
Register

All children immunised
in Darwin urban area
(approx birth cohort
2,500 in 1995)

91% Providers submit
immunisation data to
database

Provider held
records used

Skinner et al
(1995) 110

Northern
Sydney Health
region

Birth cohort
(retrospective)

1,004 children aged 2
years from a 3 month
birth cohort

58% Parent questionnaire
(sent by mail) in 1994

Providers
contacted.
60%
agreement with 
parents

Herceg et al
(1995) 113

Newcastle,
NSW

Cross-sectional 
population
survey

Cluster sample of 187
children aged 2 years

97% Household interviews
in 1994. Parental
report

PHR or
provider held
record

Tables

Table 1. Immunisation coverage : Population-based studies (national and regional) with high response rates
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Study Location Design Final sample size
and age

Response
rate* (%)

Strategy and date Validation

Sullivan et al
(1998) 124

NSW Cross-sectional 
population
survey

Multistage, random
sample of 322 children
aged 3-24 months

100% Household interviews
undertaken in 1992

PHR only
(produced in
84% of cases)

Bond et al
(1998) 17

NW Melbourne
Victoria

Randomised
controlled trial

405 children 9 months
or 16 months

100% Children on the ACIR
who were late for their
vaccinations were
randomised with 2
arms to evaluate a
home vaccination
service

PHR and
provider held
records used

Parker et al
(1996) 8

Darling Downs,
SW
Queensland

Birth cohort,
Immunisation
Register

50,000 vaccination
events for children born 
1994 onwards

N/A Vaccination rates
calculated from
vaccination events

Provider held
records used

Guthridge et
al (1993) 112

NT (remote
Aboriginal
communities in
3 districts)

Birth cohort,
Immunisation
Register

461 Aboriginal children
born in 1990, and aged 
between 12-24 months

90% Data analysed on all
vaccinations received
by cohort until
December 1992

Provider held
records used

Young et al
(1994) 114

North Coast
Health Region
of NSW

Cross-sectional 
survey

1,094 Aboriginal
children aged from
0-11 years

93% of study 
population

Review of provider
held immunisation
records from 10 areas
in Region in 1991

Provider held
records used

Hall et al
(1994) 58

Western NSW
(4 rural health
districts)

Cross-sectional 
survey

Cluster sample of 211
children (WHO
method) aged 2-4
years

>98% Survey by telephone
and household
interview using
modified WHO method
in 1993

PHR cited in
most cases

McCall et al

(1995) 109

West Moreton,

Queensland

Birth cohort

(retrospective)

108 children aged 18

months

55% Household interviews.

Significant difference
between respondents
and non-respondents

Provider held

records used

Hanna et al
(1995) 118

Queensland (10 
Aboriginal and
Torres Strait
Islander
communities)

Cross sectional 
serological
survey (HBV,
OPV, measles)

101 Aboriginal children
median age 24.5
months (non-random)

N/A Serosurvey of fully
vaccinated children to
assess immunity to
HBV, OPV, measles

Provider held
records and
serosurvey

Kilmartin et al

(1998)
111

Southern

Tasmania

Prospective

birth cohort

242 mothers of infants

born between
June1994 and
February 1995

75% at 1

week and
61% at 12
months

Mothers completed

questionnaires by
interview (1 week) and
mail (12 months)
post-partum

PHR used

Andrews et al
(1995) 30 
Part 1 of
study, see
Table 4

Victoria (Upper
Yarra)

Retrospective
review of
immunisation
records

845 children aged 2-4
years

N/A Review of
immunisation records
from Shire of Upper
Yarra's Shire database 
in 1995

Provider held
records used

* Response rate shows % of original sample in the final sample

Table 1. Immunisation coverage : Population-based studies (national and regional) with high response rates,
continued
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Table 2. Immunisation coverage: Studies (population and settings based) with less than 50% response rates

Study Location Design Final sample size
and age

Response
rate* (%)

Strategy and date Validation

Edwards BM
et al (1995)51

Western Australia 
(WA) (statewide)

Birth cohort
(retrospective)

487 children born in
April 1993 (and
aged 2 years at time 
of survey)

49% Questionnaire mailed to
mothers across WA,
randomly selected from
midwives database

96.5% mothers
referred to PHR
(not validated by
researchers)

Conaty et al

(1996) 57

Western Sydney,

NSW

Cross-sectional 

telephone
survey

483 children aged 2

years

36% Telephone household

survey conducted in
1995 in Western Sydney 
and Wentworth Health
Areas

86% respondents 

cited PHR

Ferson MJ 
et al (1995)74

NSW (Eastern
Sydney)

Randomised
controlled trial
of primary
school
intervention

103 in final sample
(249 randomised)
from kindergarten in 
1991

43% of
randomised 
children

Kindergarten children
screened and non-fully
immunised children
randomised into 2
intervention arms

Screening cards
completed by
school nurses

Miles et al
(1996) 102

Hunter Health
Area, NSW

Cross-sectional 
survey

69 children aged 2
years attending
formal child-care

29% Review of immunisation
records held by
child-care services in
1995

Provider held
record used

* Response rate shows % of original sample in the final sample

Table 3. Immunisation Coverage: Population-based studies (national and regional) single vaccine studies

Study Location Design Sample size
and age

Response
rate* (%)

Strategy and date Validation

Causer et al
(1998) 54

Central and
Southern
Sydney,
NSW

Cross-sectional
serological survey 
(measles &
rubella only)

580 children
aged 18 months
to 5 years

75%
approx.

Household interviews and
venous blood samples

PHR and 
serosurvey

McIntyre 
et al (1995)122

Sydney
Statistical
Division

Cross-sectional
population survey
(Hib only)

549 children
aged 0-4 years
from 412
households

82% Random telephone sample
to households in August
1993

50% sub-sample
had records
verified from
providers

McIntyre et al

(1994) 
61

Sydney

Statistical
Division

Cross-sectional

population survey
(Hib only)

551 children

aged 0-4 years
from 394
households

74% Random telephone sample

to households in August
1994 (repeat of 1993
survey)

50% sub-sample

had records
verified from
providers

O'Brien et al
(1997) 6

ACT
(statewide)

Birth cohort using
immunisation
register (Hib only)

9,790 children
aged either 9 or
24 months

N/A Providers submitted
immunisation data to ACT
central database

Provider held
records used

Oman et al
(1997) 119

Victoria 
(statewide)

Birth cohort using
MCH records
(Hepatitis B only)

3,611 children at
risk of HBV aged
12-24 months

63% of
infants at
increased
risk of HBV

MCH nurses collected data
on 'targeted' infants born
between July 1992 - June
1993

Provider held
records used

Ferson et al
(1998) 121

NSW Population-based
serosurvey using
data from
National Survey
of Lead in
Children

347 children
aged 1-4 years in 
1995 who
provided
adequate blood
sample for two
assays

50%
provided
adequate
blood
sample

Blood samples collected
from National Lead survey
were tested for measles
and compared with parental 
report and PHRs

Serosurvey

* Response rate shows % of original sample in the final sample
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Table 4. Immunisation coverage in child-care settings

Study Location Design Final sample size
and age

Response
rate* (%)

Strategy Validation

Hanna et al
(1994) 97

Northern
Queensland
(Cairns area)

Cross-sectional 
survey

Cluster sample of 613
children aged 0-5
years attending formal 
child-care

94% Review of
immunisation status
using PHR and
provider held records

PHR and
provider held
records used

Lloyd et al

(1996) 
99

Illawarra region, 

NSW

Cross-sectional 

survey

1,109 children aged

0-2 years attending 80 
child-care centres

94% of

child-care
centres

Review of

immunisation records
held at child-care
centres in 1995

Provider held

records used

Menzies et al
(1996) 101

NSW
(statewide)

SSISS
Immunisation
register‡

745 children aged 2
years attending
child-care centres

N/A Review of sample of
records in SSISS
register  in 1995

Provider held
records used

Chow  et al
(1995) 55

Western
Sydney, NSW

Cross-sectional 
survey

1,092 children aged
2-3 years attending 95 
long day care centres

83% of
child-care
centres

Review of
immunisation records
held by centres in

Western Sydney and
Wentworth Health
Areas

Provider held
records used

Mitchell et al
(1997) 106

NT
(Territory-wide)

Cross-sectional 
survey

269 children aged 2
years in 39 child-care
centres

66% of
children
from 87% of 
centres

Review of
immunisation records
held at child-care
centres in 1995

Provider held
records used

Andrews et al
(1995) 48 
Part 2 of study

(see Table 1)

Victoria (Upper
Yarra)

Cross-sectional 
survey

250 children randomly 
selected from 700
Family Day Care and

pre-school records in
1995 (2-4 years old)

75% Parent questionnaire
(mailed)

Immunisation
Register used
to validate

responses

* Response rate shows % of original sample in the final sample
‡  Statewide Sentinel Immunisation Surveillance System

Study Location Design Final sample size
and age

Response
rate* (%)

Strategy Validation

Watt et al
(1996)96

NSW Central
Coast

Cross-sectional
survey (school
entry)

3,741 children from
68 schools, enrolled
in kindergarten in
1994

97% of total
kindergarten
enrolments

Review of immunisation 
certificates in all North
Coast schools including 
non-government
schools

School entry
certificates used
(90% completed)

Kelly et al
(1993)126

WA (Midwest & 
Gasgoyne
regions)

Cross-sectional
survey (school
entry)

1,008 children from
49 schools, enrolled
in Grade 1 in 1992

N/A Review of immunisation 
status by school nurse
using a range of
documentation and
maternal report

86.7% of children 
had 'adequate'
documentation

Kelly et al
(1994)81

WA (Great
Southern
Region)

Cross-sectional
survey (school
entry)

1,220 children
enrolled in Grade 1
in 1994

N/A Review of immunisation 
status by school nurse
using documentation
and maternal report

84% had
immunisation
cards or school
records

Gilchrist 
et al (1993)76

NSW (South
West Health
Area)

Cross-sectional
survey (school
entry)

3,666 kindergarten
children attending
schools in 1992

86% Questionnaire mailed to 
parents by school
nurses

Most parents
consulted PHR -
not validated by
researchers

Table 5. Immunisation coverage in schools
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Study Location Design Final sample size
and age

Response
rate* (%)

Strategy Validation

Bell et al
(1993) 69

NSW (western
Sydney)

Cross-sectional
survey in
primary schools

966 kindergarten
children in 1992

91% sample Questionnaire mailed to 
parents, including
non-government
schools

No - parental
report only

Kempe et al
(1995) 82

ACT
(Territory-wide)

Cross-sectional
survey (school
entry)

Random sample of
350 immunisation
records from 3,398
kindergarten records

85% parents
returned
child's record
to school (N= 

3,398)

Review of a sample of
school immunisation
records for kindergarten 
children in 1994

Providers
authorised the
records

Leckie et al
(1996) 83

NSW (Auburn
LGA)

Cross-sectional
survey (school
entry)

737 kindergarten
children in all
primary schools in
1994

100% Review of all school
immunisation records
by school nurses

Most had
provider
authorised
records

Watson
(1997) 95

WA (Swan
Health Service)

Cross-sectional
survey (school
entry)

405 kindergarten
children from 9
primary schools

100% Review of all school
immunisation records
by school nurses and
follow-up as required

Provider
authorised
records used

Duffield
(1997) 

50
WA (Southern
Region)

Cross-sectional
survey (school
entry)

2,203 kindergarten
children from 158
schools in 1995-6

55% Review of immunisation 
records by school
nurses with follow-up if
no record produced at
enrolment

Provider
authorised
records only
used

Table 5. Immunisation coverage in schools, continued

Table 6. Immunisation coverage: Outbreak studies

Study Location Design Final sample size 
and age

Response 
rate* (%)

Strategy Validation

Herceg 
et al (1994)79

ACT (one
primary
school)

Cross-sectional
survey (outbreak
investigation for
measles)

384 children
attending a primary
school aged 4-12
years

78% Questionnaire mailed to
parents and cases
identified in 1993

Parents asked to
consult PHR

Miles et al
(1992) 88

Port
Stevens
Shire, NSW

Cross-sectional
survey (outbreak
investigation for
measles)

158 cases including 
116 school pupils
(average age 7
years, 7 months)
73% school
children

N/A Data was collected on all
cases in a measles
outbreak by active
surveillance and contact
tracing in 1990

Record of clinical 
or serological
diagnosis

Donnelly et
al (1994) 72

Bunbury,
WA

Cross-sectional
survey (outbreak
investigation for
measles)

53 cases from high
and primary
schools

N/A All cases notified received
a telephone questionnaire
and contacts were
identified

Serological
confirmation in
40% of cases

Lush et al
(1994) 84

Alice
Springs, NT

Review of measles
notifications
(outbreak

investigation for
measles)

258 cases notified
aged from <1 year
to over 30 years

(55% Aboriginal)

N/A Review of notifications and
hospital records of measles 
cases

Serosurvey and
clinical diagnosis

McDonnell
et al (1995)85

NSW
(Western
Sydney)

Matched
case-control study
(measles vaccine)

79 children aged
5-9 years in 5
primary schools in
1993

91%
response
from initial
screening
survey

Screening for measles by
parent questionnaire
(mailed). Cases and
controls selected, parents
interviewed at home

PHR / provider
held records
used

* Response rate shows % of original sample in the final sample
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Table 7. Immunisation coverage in other settings

Study Location Design
Final sample size 

and age
Response

rates* Strategy Validation

Burgess et al 
(1996) 65

NSW (Central
Sydney)

Cross-sectional
survey in Early
Childhood Centres
(ECCs), GP
surgeries and
hospital A&E

5,162 children age
0-15 years during
an 8 week period in 
1993

N/A Questionnaire
completed by all
parents prior to their
child receiving service
(ECC, GP or A&E). 'On
the Spot' vaccination
given if required

Provider records
used where
possible (or
parental recall)

Jones et al
(1992) 67

NSW
(Camperdown, 
Sydney)

Cross-sectional
survey (hospital
based)

All children (N=520) 
attending casualty
over a 10 day
period in 1989

100% Parents of all children
attending a paediatric
casualty dept. were
interviewed

PHR and provider 
held records
where possible

Thompson 
et al (1998)68

Melbourne
Juvenile
Justice Centre
(MJJC)

Cross-sectional
serological survey

90 adolescents
participated and 85
agreed to
venipuncture

69%
participated

Questionnaire
completed and blood
sample taken from
trainees at the MJJC

Serosurvey

Hawe et al
(1991) 23

NSW (Western 
Sydney)

Cross-sectional
serological survey
(measles only)

128 children in final
sample in 1986-87

80% Parents were
approached in four 24
hour medical centres
waiting rooms and
interviewed. Blood
sample also taken

Serosurvey

Ewald et al
(1998) 66

Alice Springs,
NT

Cross-sectional
study of PHRs in
three General
Practices

146 children aged
0-6 years attending
GPs in Alice
Springs in 1997

100% Parent interviews at the
GP surgeries. PHRs
viewed and results
checked against ACIR
database

PHRs, providers
records and ACIR

 * Response rate shows % of original sample in the final sample

Table 8. Summary of immunisation status for children aged 12-23 months (using studies dated from 1995)

Study State Age
DTP (3 doses)

(%)
OPV 
 (%)

MMR 
 (%) Hib (%)

Fully immunised
(%)

ABS (1995) 
(Australia) 5

12-23 months 88.5% (D/T)
86.2% (P)

86.3% 86.8% measles
86.0% mumps

81.4% rubella

62.3% 51.4% (incl. Hib)
70.8% (exc. Hib)

Bond et al (1998) 
(Vic) 17

9-16 months N/A N/A N/A N/A 9 months: 93.1%
(includes Hib) 
16 months: 92%

Victorian Maternal & Child
Health nurses (1995-6) 
(Vic) 7

1-2 years 85.2% 85.4% 77% N/A N/A

Thorman et al (1997) 
(NT) 11

12-14 months 89% 87% 91% 79% 75%

Parker et al (1995) 
(Qld) 8

12-18months 85-86%
(DTP/OPV/Hib)

81% N/A N/A

Kilmartin et al (1998)
(Tas) 111

12 months 
(54 weeks)

N/A N/A N/A N/A 94%

Skinner et al (1995) 
(NSW)110

12 months N/A N/A N/A N/A 21% (on time)
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Table 9. Summary of immunisation status for children aged 2 years (using studies dated from 1994)

Study State Age range DTP (%) OPV (%) MMR (%) Hib (%)
Fully

immunised (%)

ABS (1995)
(Australia) 5

24-35 months 63% (D/T)
57.5% (P)

86.9% 91.5% measles
90.1% mumps
81.1% rubella

52% 34.3% (inc. Hib)
51.3% (exc. Hib)

Skinner et al (1995)
(NSW) 110

21-24 months N/A N/A N/A N/A 86% (exc. Hib)

Herceg et al (1995)
(NSW) 113

24-35 months 80.9% 95.5% 93% 59.2% 51.1% (inc. Hib)
77%  (exc. Hib)

Lloyd et al (1996)
(NSW) 99

24-35 months 69.9% 79.8% 86.5% N/A 63.8% (exc. Hib)

Hall et al (1994)
(NSW) 58

2-4 years 84% 89.6% 90.6% N/A 80.2% (exc. Hib)

Sullivan et al (1998)
(NSW) 124

3-24 months N/A N/A N/A N/A 66% (exc. Hib)

Hanna et al (1994)
(QLD) 97

24-35 months 63.8% 82.4% 81.9% N/A 60.3% (exc. Hib)

Victorian Maternal
and Child Health
Nurses ( 1996-7)
(VIC) 7

24-35 months 85.3% 86.7% 76% 85.2% N/A

Carnie et al (1995)
(VIC) 116

18-36 months 93.1% (DTP/
OPV)

89.9% N/A 87.8% (exc. Hib)

Mitchell et al 1996
NT child-care
services (NT) 106

24-35 months 77% 73% 92% 76-81% 66.5% (inc. Hib)

Mitchell et al 1996
Urban Darwin area
(NT) 10

24-35 months 60% 60% 76% 50% N/A

Table 10. Summary of immunisation status for children at school entry, aged 4-6 years, using selected studies
from the review

Study State Location Age Fully immunised (%)*†

ABS (1995) (Australia) 5 National 6 years 21.5%

Bell et al (1993) (NSW) 69 NSW (Western Sydney) 4-6 years 89%

Watt et al (1996) (NSW) 96 NSW (Central Coast) 5 years 79%

Roden et al (1992) (NSW) 90 NSW (Western Sydney) 5 years 84%

Kempe  (1995) (ACT) 82 ACT 4-5 years 67%

Kelly et al (1994) (WA) 
81

Western Australia 4-6 years 80%

Watson et al 1997 (WA) 95 Western Australia 4-5 years 80%

* These children were not be eligible for Hib
†  5th dose PT only came in early 1994 and would exclude many of these children
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Study and date
Age coverage

estimated DTP (%) OPV (%) MMR (%) Hib (%)
Fully immunised  

(%)

New South Wales

NSW 
5

24-35 months 63%    (D/T)
59.7% (P)

85.9% 89.2% measles  
86.9%  mumps
76.3% rubella

48.7% 33.6% inc. Hib
54.2% exc. Hib

Newcastle 113 24-35 months 80.9% 95.5% 93% 59.2% 51.1% inc. Hib
77%  exc. Hib

Northern Sydney 110 21-24 months N/A N/A N/A N/A 86% exc. Hib

Western NSW 58 2-4 years 84% 89.6% 90.6% N/A 80.2%  exc. Hib

Central Sydney 54 18-60 months N/A N/A 88.8% measles 
91.9% rubella

 N/A N/A

Victoria

Victoria 5 24-35 months 58.4%  (D/T)

52.4%  (P)

88.2% 92.5% measles 

92.0% mumps
85.2% rubella

55.6% 34.4% inc. Hib

47.6% exc. Hib

Victoria 7 24-35 months 85.3%  (DTP) 86.7% 76.0% 85.2% N/A

Melbourne 116 18-36 months 93.1% (DTP/OPV) see rate for
DTP

89.9% N/A 87.8%

Queensland

Queensland5 24-35 months 58.2%  (D/T)
59.5%  (P)

86.9% 93.2% measles 
92.4% mumps
79.0% rubella

53.6% 33.1% inc. Hib
50.4% exc. Hib

West Moreton109 18 months 95% (12 months) N/A N/A N/A 74% inc. Hib
85% exc. Hib

Darling Downs8 12-18 months 85-96%
(DTP/OPV/Hib)

see DTP 81% See DTP N/A

Australian Capital
Territory

ACT5 24-35 months 62.2%  (D/T)
60.0%  (P)

84.4% 93.3% measles 
93.3% mumps
93.3% rubella

55.6% 42.2% inc. Hib
57.8% exc. Hib

ACT13 9 and 24 months  N/A N/A N/A (9m) 68%
(24m) 34%

N/A 
N/A

Western Australia

 WA5 24-35 months 70.4%  (D/T) 
66.0%  (P)

90.3% 91.5% measles 
91.1% mumps
91.8% rubella

58.3% 42.5% inc. Hib
58.3% exc. Hib

Northern Territory

NT5 24-35 months 65.4%  (D/T) 

65.4%  (P)

61.5% 99.9% measles 

99.9% mumps
99.9% rubella

46.2% 38.5% inc. Hib

53.8% exc. Hib

NT11 12-14 months 89% 87% 91% 79% 75% inc Hib

Darwin10 24-35 months 60% 60% 76% 50% N/A

Remote NT 112 12-24 months 91 (4th dose) 91%  (4th
dose)

 97% N/A N/A

Table 11. Regional studies by vaccine: Population studies only
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Study and date
Age coverage

estimated DTP (%) OPV (%) MMR (%) Hib (%)
Fully

immunised  (%)

South Australia

SA5 24-35 months 57.9%  (D/T) 
50.8%  (P)

89.3% 91.9% measles 
90.9%  mumps
97.8% rubella

52.8% 31.0% inc. Hib
47.2% exc. Hib

Tasmania

Tasmania5 24-36 months 52.2%  (D/T)
47.8%  (P)

77.6% 89.6% measles 
86.6% mumps
79.1% rubella

40.3% 23.9% inc. Hib
37.3% exc. Hib    

Southern Tasmania111 12 months  N/A N/A N/A  N/A 94% inc. Hib

Table 11. Regional studies by vaccine: Population studies only, continued

Table 12. Percentage of children fully immunised with Diphtheria, Tetanus, Pertussis (DTP), 
Oral Polio (OPV) and Haemophilus influenzae type b (Hib) vaccines by State and Territory
 assessed at 12 months of age ‡

State

Vaccine Fully Immunised

DTP (%) OPV (%) HIB (%) (%)

ACIR* ABS† ACIR* ABS† ACIR* ABS† ACIR* ABS§ ABS**

New  South Wales 78% 87% 78% 88% 78% 63% 76% 54% 74%

Victoria 83% 90% 83% 88% 83% 66% 82% 54% 77%

Queensland 84% 79% 85% 83% 85% 52% 83% 41% 62%

South Australia 81% 86% 81% 85% 81% 57% 79% 45% 69%

Western Australia 77% 87% 77% 84% 77% 71% 75% 50% 69%

Tasmania 83% 87% 83% 91% 83% 63% 82% 44% 62%

Australian Capital Territory 86% 87% 85% 87% 82% 69% 82% 57% 71%

Northern Territory 67% 85% 67% 70% 71% 70% 62% 59% 63%

AUSTRALIA‡ 81% 83%-86% 81% 83%-86% 81% 55%-62% 79% 51% 71%

‡  Totals from ABS 1995 range from children aged 7-12 months to children 12-23 months
*  ACIR: Assessment date 31/12/97 for cohort of children born between 1/7/96-30/9/96
†   Australian Bureau of Statistics: Children’s Immunisation Survey, April 1995. Data for children aged 12-23 months.
§ 

1994 schedule including Hib
** 1994 schedule excluding Hib
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Table 13. Comparison of ABS immunisation coverage data with overseas studies

Study Age DTP (%)* OPV (%)*
MMR (%) 
(1 dose)

Hib 3 
(3 doses)

Fully immunised
(%) (exc. Hib)

ABS (1995)5 12-23 months 85.5% (D/T)
86.2% (P)

86.3% 86.8% measles 
86.0% mumps
81.4% rubella

62.3% 51.4% inc. Hib
70.8% exc. Hib

24-35 months 63% (D/T)

57.5% (P)

86.9% 91.5% measles 

90.1% mumps
81.1% rubella

52% 34.3% inc. Hib

51.3% exc. Hib

UK (1998) 126

(1997 data)
12 months 92.8% 91.7% N/A 92.6%

24 months 95.8% 94.3% 90.5% 95.5% N/A

USA (1998)127  
(1997 data)

19 months 95% 91% 91%† 93% N/A

35 months 81% (4 doses)  91% 91% 76% (4DTP/3 OPV/ 
1MCV/3Hib)

New Zealand (1995)133

(1994 data)
12 months- 
18 months

84.1% 84.4% 86.6% 94.1%
(Monovalent
Hib)

N/A

Canada (1996)130  

(1994-96 data)

2 years 87.1% (D) (4 doses)
84.8% (T) (4 doses)

85.9% (P) (4 doses)

89.9%
(3-4 doses)

97.0% 69.3% N/A

*3 doses unless stated
† 

Measles containing vaccine

Appendix 1.  Australian Standard Vaccination Schedule, August 1994

Age Disease Vaccine

2 months Diphtheria, tetanus, pertussis, poliomyelitis, Hib DTPw* OPV-Sabin vaccine, Hib vaccine
(HbOC or PRP-OMP)**

4 months Diphtheria, tetanus, pertussis, poliomyelitis, Hib DTPw* OPV-Sabin Vaccine, Hib vaccine
(HbOC or PRP-OMP)**

6 months Diphtheria, tetanus, pertussis, poliomyelitis, Hib
(HbOC schedule only)

DTPw* OPV-Sabin Vaccine, Hib vaccine
(HbOC)

12 months Measles, mumps, rubella, Hib (PRP-OMP
schedule only)

MMR, Hib vaccine (PRP-OMP)

18 months Diphtheria, tetanus, pertussis, Hib (HbOC
schedule only)

DTPw, Hib vaccine (HbOC)

Prior to school entry: 4-5 years Diphtheria, tetanus, pertussis, poliomyelitis DTPw, OPV-Sabin vaccine

10-16 years Measles, mumps, rubella MMR

Prior to leaving school:15-19 years Diphtheria, tetanus, poliomyelitis Td (ADT)*** OPV-Sabin Vaccine

* DTPw is the abbreviation for Diphtheria-Tetanus-Pertussis vaccine (whole cell).
** Abbreviations for Hib vaccines - HbOC is ‘HibTITER’; PRP-OMP is ‘PedvaxHIB’. HbOC is given at 2, 4,  6 and 18 months. PRP-OMP is given at 2, 4 and 12

months.
*** Td is combined Diphtheria-Tetanus vaccine. The DT formulation for children is often referred to by the trade name ‘CDT’. The Td formulation for adults is

often referred to by the trade name ‘ADT’.



Appendix 2. Changes to Australian Standard
Vaccination Schedule between 1989 and 1994*

The following changes have been made to the schedule
since the ABS last collected information on immunisation
status in the 1989-90 NHS (which used the 1986 version
of the schedule):

• The introduction of a DTP vaccination to replace the
CDT vaccination at 5 years or prior to school entry

• Introduction of vaccination against Hib, not previously
included in the schedule. This vaccine was
recommended for inclusion in 1993. For the purpose of
measuring uptake of the vaccine and its effect on the
overall immunisation status of the child, the Hib vaccine 
was excluded in the derivation of overall status against
the previous schedule; and

• Introduction of a combined Measles, Mumps and
Rubella vaccination at one year of age.

* Taken from ABS 1995  5

Interim hepatitis B schedule for infants

The NHMRC has endorsed the use of hepatitis B vaccine
(HBV) for all infants. HBV should be administered at birth,
1 month, and 6-12 months of age. Hepatitis B vaccine has
not yet been included in the standard infant schedule
because it is only available as an additional injection.
Parents who express an interest in infant HBV should be
encouraged to have their children vaccinated, as long as
compliance with schedule vaccines is not jeopardised.

The NHMRC strongly recommends that HBV be offered to
all infants born to HBsAg+ mothers and to all infants and

young children from groups with hepatitis B carrier rates of 
over 2%.

Editorial Note:
This historical article describes the Australian Standard
Vaccination Schedule in 1994 and 1996. The current
schedule at May 1999 includes DTPa vaccine as an
Alternative to DTPw for infants and has the second dose of 
measles, mumps and rubella vaccine at age 4-5 years
(rather than at 10-16 years).
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Appendix 3. Australian Standard Vaccination Schedule,
111

 November 1996

Age Disease Vaccine Milestones

2 months Diphtheria, tetanus, pertussis
poliomyelitis 
Hib

DTPw*
OPV-Sabin vaccine 
Hib vaccine (HbOC or PRP-OMP)**

4 months Diphtheria, tetanus, pertussis
poliomyelitis 
Hib

DTPw* 
OPV-Sabin Vaccine
Hib vaccine (HbOC or PRP-OMP)**

6 months Diphtheria, tetanus, pertussis

poliomyelitis
Hib (HbOC schedule only)

DTPw* 

OPV-Sabin Vaccine 
Hib vaccine (HbOC)

First (6 months)

12 months Measles, mumps, rubella 
Hib (PRP-OMP schedule only)

MMR
Hib vaccine (PRP-OMP)

Second (12 months)

18 months Diphtheria, tetanus, pertussis
Hib (HbOC schedule only)

DTPa* or DTPw* 
Hib vaccine (HbOC)

Third (18 months)

Prior to school entry :
4-5 years

Diphtheria, tetanus, pertussis
poliomyelitis

DTPa* or DTPw* 
OPV-Sabin vaccine

10-16 years Measles, mumps, rubella
Hepatitis B (1st dose)

MMR 
HBV

1 month later Hepatitis B (2nd dose) HBV

6 months after 1st dose Hepatitis B (3rd dose) HBV

Prior to leaving
school:15-19 years

Diphtheria, tetanus 
poliomyelitis

Td (ADT)***
OPV-Sabin Vaccine

* DTPw is the abbreviation for Diphtheria-Tetanus-Pertussis vaccine (whole cell); DTPa is the abbreviation for Diphtheria-Tetanus-Pertussis vaccine
(acellular).

** Abbreviations for Hib Vaccines - HbOC is ‘HibTITER’; PRP-OMP is ‘PedvaxHIB’. HbOC is given at 2, 4,  6 and 18 months. PRP-OMP is given at 2, 4 and
12 months.

*** Td is combined Diphtheria-Tetanus vaccine. The DT formulation for children is often referred to by the trade name ‘CDT’. The Td formulation for adults is
often referred to by the trade name ‘ADT’.
Hepatitis B schedule for adolescents - give the 1st dose at the same time as MMR (10-16 years), the 2nd dose about 1 month later, and the 3rd dose 6
months after the 1st dose.
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Cryptosporidium in Water
Report of the consensus conference on Cryptosporidium in Water,

 Melbourne, October 1998

Robert Douglas
1
 and Martha Sinclair

2

Introduction
The Cryptosporidium in Water conference, held in
Melbourne in October 1998, provided an overview of the
current scientific knowledge on Cryptosporidium , and an
opportunity to discuss the needs for future research, public 
health strategy, and risk assessment and management for
water supplies.

More than 290 delegates from diverse backgrounds in
water supply and management, parasitology, general
microbiology, epidemiology and public health attended the
conference.

The conference was divided into three themes, each with
its own objective:

• Parasitology and genetic typing, to introduce genetic
typing to assist in locating the source of the parasite;

• Epidemiology,  to improve epidemiological surveillance, 
outbreak management and public health response; and

• Risk assessment and management, to understand and
manage the health risks implied by Cryptosporidium
monitoring results.

During the opening session, five speakers presented an
overview of the latest Cryptosporidium research. The
conference was then divided into the three parallel
workshops for more specialised presentations on each of
the themes.  The conference closed with a plenary session 
in which the discussions on each theme were summarised
by expert reporters, and questions were invited from the
audience.

On the day following the general conference, small groups
of experts continued discussions on each theme, with the
aim of arriving at consensus positions on parasitology
research needs, public health strategy and risk
management principles. The deliberations and conclusions 

of the Epidemiology workshop group are summarised in
the following Consensus Statement.

Consensus Statement: Epidemiology workshop group

Discussions led to the identification of a number of areas
of research priority as well as the need to develop rational
public health policies despite the current limitations in our
understanding. The group agreed that the primary aims of
public health in relation to Cryptosporidium in water
supplies are to:

• control disease;

• only intervene when needed; and

• use public funds as efficiently as possible.

Research priorities

The research priorities agreed by the group highlighted the 
current inadequate understanding of the natural history of
the disease in humans, the nature and role of the immune
response and the determinants of disease.

It was agreed that in this current state of uncertainty, there
is a need to invest in well-targeted research that:

• will help us to understand the natural history of the
disease and its immunology;

• explores the factors which enhance transmission of the
infection in humans and the risk factors which
predispose to that infection; and

• explores the effect of prior serological experience on
infection outcomes.

Phenotyping or genotyping of strains

It was agreed that considerable effort should go into
developing methods for routine phenotyping or genotyping
of strains isolated from humans and from water.  Such
techniques would represent a significant advance in
epidemiology by allowing us to trace the origins of
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Abstract

Objective: To assess the level of under-

reporting to the Australian Childhood

Immunisation Register (ACIR) and the

resulting underestimation of national

immunisation coverage using ACIR data,

and to correct national immunisation

estimates for under-reporting.

Methods: A national population-based

telephone survey was conducted in May-

July 2001 of two random samples of

children born in 1998 and 1999 who were

recorded on the ACIR as incompletely

immunised at either 12 months or 24

months of age. Parents were asked

whether and when their child had received

the vaccinations required to qualify as fully

immunised. Survey data were then used to

correct ACIR-derived coverage estimates at

12 and 24 months of age.

Results: Of 640 surveyed children in the

12-month group, 258 (40%) met the study

definition of ‘definitely immunised’. This

adjusted the ACIR coverage estimate

upwards by 2.7% to 94% (95% CI 93.6-

94.1). Of 698 surveyed children in the

24-month group, 387 (55%) met the study

definition of ‘definitely immunised’ at the

second birthday. Adjusted coverage for

doses due by 24 months was 89.8%

(95% CI 89.6-90.1), 5% higher than

recorded on the ACIR.

Conclusions: Immunisation coverage in

Australia for all scheduled vaccines due by

12 months of age is 94% and for all

vaccines due by two years of age is almost

90%. The ACIR underestimates coverage

by up to 5%. As the ACIR database relies

on provider notification, published

estimates of immunisation coverage are

unlikely to rise significantly above current

levels, unless mechanisms are put in place

to further improve notification to the ACIR.

(Aust N Z J Public Health 2003; 27: 533-8)
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Immunisation coverage in Australia corrected

for under-reporting to the

Australian Childhood Immunisation Register

A ccurate information on the

immunisation status of children is

needed at the community level for

program management and targeted

immunisation efforts. A population-based

immunisation register can address this need.

The Australian Childhood Immunisation

Register (ACIR) is an important component

of the Immunise Australia Program. It is

administered and operated by the Health

Insurance Commission (HIC),1 which

provides quarterly immunisation coverage

reports at the local, State and national level.

Coverage is calculated using the cohort

method,2 with a cohort defined by date of

birth in three-month groups. There are

approximately 64,000 children in each birth

cohort. The immunisation status of the cohort

members is assessed at the two key mile-

stones of 12 months and 24 months of age.

Definitions of full immunisation are based

on the Australian Standard Vaccination

Schedule3 and are described elsewhere.2

Over the past few years, reported immun-

isation coverage estimates in Australia using

ACIR data increased substantially, with some

areas achieving the coverage target of 95%

at 12 months of age.4-5 Several studies

undertaken since the ACIR commenced

found that ACIR data underestimated official

national immunisation coverage estimates at

the 12 and 24-month milestones by 4-7%.6-11

In most of these studies, researchers

contacted providers and parents of a random

sample of children registered on the ACIR.

They demonstrated that between 40% and

60% of children identified by the ACIR as

incompletely immunised for age were

actually completely immunised when

followed-up, but their immunisation pro-

viders had not reported this to the ACIR.6

However, each of these studies had limit-

ations. First, most were undertaken in

specific local areas or with specific demo-

graphic groups, so results could not be easily

generalised to the State or national level.

Second, all studies were conducted in the first

few years after the ACIR commenced, before

the introduction of various initiatives aimed

at improving both immunisation uptake and

notification of immunisation encounters to

the ACIR.

This study aimed to assess the degree of

underestimation of immunisation coverage

from ACIR data, at a national level, due to

under-reporting by immunisation providers.

We conducted an Australia-wide survey of

children recorded as incompletely immu-

nised at either 12 or at 24 months of age.

The survey data were used to adjust ACIR-

derived immunisation coverage estimates for

each birth cohort.

Approval for the study was obtained from

the Commonwealth Department of Health

and Aged Care Ethics Committee.

Methods
Study design and population

The study used a cross-sectional survey

design. Children were eligible for inclusion
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in the study population if they had a valid Medicare registration,

were born in one of two three-month birth cohorts and were

recorded on the ACIR at 4 May 2001 as incompletely immunised

for doses used to assess coverage at either 12 or 24 months of age.

The 5,660 eligible children in the 12-month birth cohort were born

between 1 October and 31 December 1999, while 9,750 eligible

children in the 24-month birth cohort were born between 1 October

and 31 December 1998. Random samples of eligible children in

each age group were selected from the ACIR. Using the

conservative assumption that 45% of the 12-month old study

children (n=5,660) were actually completely immunised, the

sample required to detect this proportion with a precision of 5%

with 99% confidence was estimated to be 589. Using the same

assumption and identical methods but applying them to the 9,750

eligible children in the 24-month group, the required sample of

24-month old children was estimated as 615. Children whose

parents had registered a conscientious objection with the ACIR or

had opted out of it could not be sampled for privacy reasons.

Recruitment
Based on a previous study using similar methodology,12 we

anticipated a response rate of approximately 40% to 60%. Letters

were sent to parents of 1,565 children in the 12-month group and

1,681 children in the 24-month group to advise them that their

child had been selected for the study and to provide information

about the study. Electronic telephone directory searches were

conducted to identify numbers corresponding to addresses listed

in the ACIR. Alternative methods of contact were also attempted,

including contacting households listed with the same family name

in the telephone directory. Up to 10 contact attempts were made

for each child.

Data collection
Interviews were conducted between 22 May and 3 July 2001

using computer-assisted telephone interviews. Once contacted, the

parent was invited to participate in the study and verbal consent

was obtained before proceeding. Parents were asked whether the

child had received specific doses of vaccines used to assess

coverage at either 12 or 24 months of age, and the dates they had

been received. They were encouraged to read from a provider-

completed written record.

Data analysis
Data were analysed using SAS version 813 and EpiInfo version

6.04b14 software. To assess the representativeness of the surveyed

children, we compared demographic variables and immunisation

histories recorded on the ACIR for the children whose parents com-

pleted the interview (designated the surveyed children), with those

where telephone contact was unsuccessful or the parent refused to

participate in the survey (designated the unsurveyed children). A

rural/metropolitan residential indicator was assigned to each ACIR

record based on postcode.15 Levels of significance were assessed

using uncorrected p values based on the chi-square test.

Immunisation status assessment
Proportions of children who had received the immunisations of

interest were calculated for the 12- and 24-month study groups.

We used a hierarchy of categories to assess whether a child had

received the immunisations, based on information provided by

the parent or caregiver. These categories were:

Definitely immunised: The parent read from a written record

and provided dates or lacked a written record but was certain of

the dates provided.

Possibly immunised: The parent stated the child had received

the particular vaccine doses but could not provide a certain date.

Under-immunised: The parent confirmed that the child had

not received the specified vaccine doses.

Children who met the study definition of ‘definitely immunised’

were further assessed to identify the age at which they received

the specified vaccines (the timeliness of vaccination) and the type

of immunisation provider who gave the vaccines.

Calculation of vaccination coverage
at 12 and 24 months of age

To calculate corrected vaccination coverage at 12 and 24 months

of age the proportion of surveyed children defined as ‘definitely

immunised’, and the 95% confidence limits around this proportion,

were applied to the fraction of the birth cohort that was sampled.

ACIR-derived coverage estimates indicated that 8.82% of the 12-

month birth cohort and 15.25% of the 24-month birth cohort were

incompletely immunised at the 12 or 24-month milestones,

respectively. We assumed that all children ineligible for sampling

were incompletely immunised at the two milestones. This

unsampled proportion comprised a late immunisation group that

was recorded as completely immunised on the date the sample

was drawn (May 2001), but not in October–December 2000 when

they turned 12 or 24 months of age, and the children who could

not be surveyed for privacy reasons. After subtracting ‘late

immunisation’ and ‘privacy’ groups, only 6.68% (not 8.82%) of

the 12-month birth cohort and 11.70% (not 15.25%) of the 24-

month birth cohort were eligible for selection. The point estimate

of coverage was therefore calculated using the formula [(x)*y] +

z, where

x = the proportion of surveyed children defined as ‘definitely

immunised’

y = the percentage of the birth cohort eligible for selection for

the study

z = the percentage vaccination coverage from the ACIR.

We assessed whether surveyed and unsurveyed children were

comparable for variables recorded on the ACIR (gender, area of

residence and vaccines recorded). If the two groups differed, we

calculated coverage assuming a higher or lower coverage level

among unsurveyed children compared with surveyed children,

based on differences in recorded immunisation histories. We also

determined the effect on coverage estimates of using more or less

stringent definitions of ‘immunised’ such as including ‘possibly

immunised’ children, or restricting ‘definitely immunised’ to only

those with a written record and a full date of immunisation.

Hull et al. Article



2003 VOL. 27 NO. 5 AUSTRALIAN AND NEW ZEALAND JOURNAL OF PUBLIC HEALTH 535

Table 1: The samples of children overdue at 12 and 24
months: success of contact, eligibility, and participation
in the survey.

12-month 24-month
sample sample

n % n %

Total in sample 1,565a 1,681b

Contacted 793 50.7 830 49.4

Not contacted 772 49.3 851 50.6

Contactedc

Eligible 690 87.0 755 91.0

Ineligibled 103 13.0 75 9.0

Eligible

Interviewed 645 93.5 700 92.7

Refused 45 6.5 55 7.3

Interviewed

Included 640 41.0e 698 41.5e

Excludedf 5 2

Notes:
(a) All children selected (n=1,600) minus 4 with an HIC address, 20 selected

for a pilot study and 11 twins.
(b) All children selected (n=1,700) minus 1 with an HIC address, 1 overseas

address and 17 twins.
(c) Contacted: any contact via market research company or HIC.
(d) Ineligible: not able to be surveyed due to parent unavailable during survey

period (many overseas), non-English speaking parent or child deceased.
(e) Response rate: (number interviewed/total in sample) *100.
(f) Excluded: wrong age (ascertained at interview).

Table 2: Comparison of ACIR data for surveyed and
unsurveyed children overdue for immunisations due by
12 months of age.

Characteristic Surveyed Unsurveyed p valuea

(n=640) (n=925)
n % n %

Demographic

Male gender 317 49.5 490 53.0 0.18

Metropolitan 464 72.5 690 74.6 0.35
residence

Vaccination history

Any vaccine 321 50.2 454 49.1 0.68
recordedb

Any up-to-date 33 5.2 55 5.9 0.50
12-month dosec

MMR1d 160 25.0 157 17.0 0.0001

Notes:
(a) Uncorrected p values based on the chi-square test.
(b) Excludes doses of hepatitis B vaccine.
(c) Any of the third doses of diphtheria-tetanus-pertussis (DTP), poliomyelitis or

Haemophilus influenzae type B (Hibtiter) (or second dose Pedvax Hib)
vaccines used to assess whether a child is completely immunised at 12
months of age.

(d) First dose of measles-mumps-rubella (MMR) vaccine, due at 12 months of
age.

Results
Response to survey

Six hundred and forty interviews were completed for children

documented on the ACIR as incompletely immunised at 12 months

of age and 698 interviews for those at 24 months of age. This

represented a response rate of around 41% for both age groups

(see Table 1). The majority of those not surveyed in both age groups

were not contactable mainly because the address recorded on the

ACIR was out of date.

There were no significant differences between the surveyed and

unsurveyed children in the 12-month group in terms of gender,

State/Territory of residence or rural versus metropolitan residence,

although members of the surveyed group were more likely to have

had a MMR vaccine recorded (see Table 2). There were significant

differences between surveyed and unsurveyed children in the 24-

month old group, with surveyed children more likely to live in a

rural area and be recorded on the ACIR as having received all the

immunisations due by 12 months of age (see Table 3).

Evidence of immunisation status of surveyed
children at 12 months of age

At the time of interview, 42% of respondents stated that their

child had not received the immunisations of interest, while 56%

(n=358) either had written evidence or believed the child to have

received the relevant immunisations (see Table 4). Of these 358,

320 were able to support their claim by providing a full or partial

date of immunisation, although only 293 respondents stated they

read the date from written records or were certain it was accurate.

These 293 children (46% of 640 surveyed children) met the study

definition of ‘definitely immunised’.

Immunisation coverage at 12 months of age
Of the 293 who met the criteria for ‘definite’ immunisation,

258 (40.3% of the 640 surveyed children) had received the

immunisations before the 12-month milestone. The HIC estimate

of immunisation coverage at 12 months of age for this birth cohort

(1 October to 31 December 1999) was 91.18%,4 leaving 8.82%

incompletely immunised at 12 months, which decreased to 6.68%

after subtracting the 2.14% not sampled. If 40.3% (95% CI 36.5-

44.1) of the 6.68% of the cohort sampled for the survey were

actually completely immunised at 12 months of age, this increased

immunisation coverage to 93.87% (95% CI 93.62-94.12), 2.69%

(95% CI 2.44-2.95), higher than the published 91.18%.4 As sur-

veyed and unsurveyed children did not differ significantly in their

immunisation histories recorded on the ACIR, no further correc-

tion of this estimate was required.

Sensitivity analysis of 12-month group
The coverage estimate corrected for under-reporting to the ACIR

would have been higher if we had included all surveyed children

who met criteria of either ‘definitely’ or ‘possibly’ immunised or

lower if we had included only those children with a written record

and full date of immunisation (see Table 4). Assuming that, like

the ‘definitely’ immunised children, 88% were completely

immunised by 12 months of age, the point estimate of coverage

would become 94.5% (using definitely or possibly immunised) or

93.4% (using only those with written records).

Promoting Health Accuracy of the ACIR



536 AUSTRALIAN AND NEW ZEALAND JOURNAL OF PUBLIC HEALTH 2003 VOL. 27 NO. 5

Table 3: Comparison of ACIR data for surveyed and
unsurveyed children overdue for immunisations due by
24 months of age.

Feature Surveyed Unsurveyed p valuea

(n=698) (n=983)
n % n %

Demographic

Male gender 342 49.0 499 50.8 0.48

Rural residence 202 28.9 224 22.8 0.004

Vaccination history

Any vaccine 552 79.1 642 65.3 <0.0001
recordedb

All up-to-date 418 59.9 425 43.2 <0.0001
12-month dosesc

Any 12- or 18- 468 67.0 457 46.5 <0.0001
month dosed

Any 12+ any 51 7.3 44 4.5 0.01
18-month dosee

Notes:
(a) Uncorrected p values based on the chi-square test.
(b) Excluding doses of hepatitis B vaccine.
(c) All of the third doses of diphtheria-tetanus-pertussis (DTP), poliomyelitis or

Haemophilus influenzae type (Hibtiter) (or second dose Pedvax Hib)
vaccines used to assess whether a child is completely immunised at 12
months of age.

(d) Any one of MMR1, DTP4, HibTiter4 or PedvaxHib3 doses due at 12 or 18
months of age that are used to assess whether a child is completely
immunised at 24 months of age.

(e) Any one of MMR1 or Pedvax Hib3 plus any one of DTP4 or HibTiter4.

Table 4: Parent/care-giver report of whether
immunisationsa due by 12 months of age had been
received.

Immunisation Cumulative
status frequency

n % n %

Definitely immunised 293 45.8 293 45.8

Possibly immunised 65 10.2 358 55.9

Under-immunised 270 42.2 628 98.1

Not sure/refused to answer 12 1.9 640 100.0

Note:
(a) Immunisations were the third doses of DTP and poliomyelitis vaccines and

either second dose of Pedvax Hib or third dose of HibTiter vaccine.

Table 5: Parent/care-giver report of whether
immunisationsa due by 24 months of age were received.

Immunisation Cumulative
status frequency

n % n %

Definitely immunised 433 62.0 433 62.0

Possibly immunised 64 9.2 497 71.2

Under-immunised 191 27.4 688 98.6

Not sure/refused to answer 10 1.4 698 100.0

Note:
(a) Immunisations were the first dose of MMR, fourth dose of DTP, and either

third dose of Pedvax Hib or fourth dose of HibTiter vaccine.

Evidence of the immunisation status of surveyed
children at 24 months of age

At the time of interview, 27.4% of the 698 survey respondents

stated that their child had not received all the doses due at 12 and

18 months of age, while 62% fulfilled criteria for ‘definitely

immunised’. Another 9.2% fulf illed criteria for ‘possibly

immunised’ (see Table 5).

Immunisation coverage at 24 months of age
The published estimate of immunisation coverage at 24 months

of age for those born 1 October to 31 December 1998 was

84.77%,4 leaving 15.25% of the birth cohort incompletely immu-

nised. Of these, 11.70% were eligible for sampling for the survey

and 3.56% were ineligible (‘late’ and ‘privacy’ groups), and as-

sumed to be incompletely immunised. If 55.4% (95% CI 51.8-

59.8) of the 11.70% sampled for the survey were ‘truly’ completely

immunised by 24 months of age, then the corrected immunisa-

tion coverage figure is 91.2% (95% CI 90.8-91.7), 6.49% (95%

CI 6.05-6.92) higher than the official HIC estimate of 84.8%.4

Adjusted analysis of 24-month group
The 698 surveyed children are more likely to have been

completely immunised than the 983 unsurveyed children, based

on their significantly different ACIR immunisation histories. We

estimated that 20% fewer of the unsurveyed children who were

recorded on the ACIR as incompletely immunised at 24 months

of age were actually up-to-date, compared with the surveyed

children (i.e. 35% of 983 unsurveyed children versus 55.4% of

698 surveyed children). Applying these estimates, 43.5% (95%

CI 41.1-45.9) of the total sample were completely immunised,

which reduced the corrected coverage estimate at the 24-month

milestone to 89.8% (95% CI 89.6-90.1).

Sensitivity analysis of 24-month group
The coverage estimate corrected for under-reporting to the ACIR

and adjusted for differences between surveyed and unsurveyed

children was based on the children whom we defined as ‘defi-

nitely immunised’. Estimates would have been higher if we had

included children who met the criteria of ‘possibly’ immunised

(90.9%) or lower if only children with a written record and full

date of immunisation were included (89.2%) (see Table 5).

Immunisation provider of surveyed children at
12 and 24 months of age

Two-thirds of the 293 children in the 12-month group who were

defined as ‘definitely immunised’ received their immunisations

at a general practice (see Table 6). Approximately 13% received

their immunisations while overseas. The percentage of

immunisations given by general practitioners was similar to that

given to all children recorded on the ACIR (68% versus 70%).

Approximately 73% of the 433 the children in the 24-month

old group who were defined as ‘definitely immunised’ received

either their 12 or 18-month doses at a general practice (see Table

6). About 6% and 4% received the 12-month and 18-month doses,

respectively, when overseas. Again, the percentage of immunisa-

tions given by general practitioners was similar to all children

recorded on the ACIR (73% versus 70%).
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Table 6: Providers from whom immunised children received doses due at 6 months of age and at 12 and 18 months of
age.

Provider Doses due at 6 months of agea Doses due at 12 months of ageb Doses due at 18 months of ageb

n % n % n %

Doctor’s surgery 198 67.6 314 72.5 319 73.7

Hospital clinic 24 8.2 31 7.2 34 7.9

Local council 19 6.5 42 9.7 48 11.1

More than one of the above 3 1.0 4 0.9 1 0.2

Overseas 37 12.6 26 6.0 17 3.9

Child health or community clinic 7 2.4 10 2.3 8 1.8

Other 5 1.7 5 1.2 6 1.4

Unsure 0 0.0 1 0.2 0 0.0

Total 293 433 433

Notes:
(a) 12-month cohort.
(b) 24-month cohort.

Discussion
The main finding of this study is that immunisation coverage

in Australia is high for the scheduled series of vaccines in chil-

dren under two years of age – approximately 90% at 24 months

of age and approaching 95% at 12 months of age. The ACIR un-

derestimated coverage by 2.7–5%, although the proportion of

children incorrectly classified as incompletely immunised has

fallen compared with earlier data.6-8 The degree of under-estima-

tion of coverage was greater for the 24-month group than the 12-

month group. Sensitivity analyses showed that, at the national

level, the plausible range of the proportion of children completely

immunised at 12 months of age is 93.4-94.5% and at 24 months

of age is 89.2-90.9%. This is substantially higher than the 75%

coverage at 12 months of age estimated in 1998 when the first

coverage estimates were published.1

Among children who fulfilled the study criteria for ‘definite

immunisation’ by parent report, general practitioners were the main

immunisation providers, as expected from the proportion of im-

munisations given in general practice nationally. If all immunisa-

tions given by general practitioners were notified to the ACIR,

immunisation coverage rates would increase by approximately

1.9% at 12 months of age and 3.5% at 24 months of age. Report-

ing by hospitals may be suboptimal, while the lack of recording

of doses given overseas further contributes to the underestima-

tion of coverage.

A small but significant proportion of children recorded on the

ACIR as incompletely immunised at 12 or 24 months of age had

spent a relatively large part of their lives overseas. These included

children who lived in Australia but received immunisations over-

seas, some on different immunisation schedules, and those who were

born in Australia but living overseas for an extended period of time.

This study had several important strengths compared with ear-

lier studies that assessed coverage among children recorded on

the ACIR as incompletely immunised. It was a national survey,

involving a large sample of children in recent birth cohorts, so

results are highly generalisable to the population sampled. Also,

we assessed immunisation status based on doses used by the HIC

to calculate official coverage estimates at the 12- and 24-month

milestones.

There were several limitations to the study, although none is

likely to substantially alter key results. They relate to selection

and representativeness of the study sample and ascertainment of

immunisation status by telephone interview. It is difficult to

achieve true random sampling from the ACIR because of confi-

dentiality requirements and intrinsic limitations of the Medicare

database. In this study, disadvantaged or highly mobile families

may have been less likely to be contacted and surveyed and also

less likely to be immunised.6 There were several reasons for the

lower-than-optimal contact rates. First, the ACIR does not hold

telephone numbers. Second, the birth of a child is a significant

reason for moving address, but there are few incentives for par-

ents to update their address with Medicare and the ACIR, espe-

cially if they attend bulk-billing practices. This may have increased

the difficulty of White Pages telephone directory searches. Third,

some households will not be contactable through telephone di-

rectory methods. However, the ACIR remains the best available

method of obtaining a representative sample of the population.

The study relied on parental report from provider-completed

written immunisation records, with the full date of immunisation

accepted as a proxy for confirmed receipt. Previous studies have

shown that parental recall tends to overestimate immunisation

coverage if the parent is simply asked whether the child is immu-

nised, but can underestimate coverage if questions are phrased so

that parents are required to recall a lot of detail about individual

doses.16-17 In this study, parents without written records were asked

if they believed all doses due at a certain age had been received,

to provide the date that the immunisations were given, and asked

whether they were confident of the date they provided. Thus, al-

though misclassification may have occurred, it is likely to be mini-

mal and is accounted for in the sensitivity analyses using more

and less stringent definitions of ‘immunised’ to estimate under-

reporting and correct immunisation coverage estimates.
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Conclusions
The ACIR is now likely to be close to its maximal achievable

performance following the impact of the General Practitioner

Immunisation Incentive Scheme, parental incentives and data-

cleaning initiatives. Mechanisms aimed at further improving no-

tification of immunisations to the ACIR by general practitioners

and other providers need to be considered, as well as methods to

facilitate the recording of immunisations given overseas on the

ACIR. The functionality of the Medicare database would be en-

hanced if greater currency of address details could be achieved.

This survey has established, within the limitations of cost-ef-

fective sampling, a methodology that could be applied to serially

evaluate immunisation coverage. Maintenance of the high level

of immunisation coverage currently achieved in Australia will

require continuing high standards of communication and innova-

tive strategies, which the results of surveys such as these can in-

form.
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Abstract

In 1998, Australia enacted comprehensive national legislation making receipt of the maternity immunisation allowance (MIA) and the
child care benefit (CCB) conditional on evidence of age-appropriate immunisation. We assessed the impact of this policy on immunisa-
tion status using a nationally representative population-based case–control study of 589 fully immunised controls and 190 incompletely
immunised cases, aged 28–31 months. Immunisation status was significantly associated with parent awareness of the MIA (adjusted odds
ratio (aOR) = 3.34, 95% CI= 2.28–4.91) and CCB (aOR= 2.08, 95% CI= 1.30–3.34). Only 31% of the 219 control parents who were
receiving the CCB reported that they could continue to afford child care without the assistance of the CCB. The use of legislated financial
immunisation incentives for parents appears to be widely accepted among Australian parents and to have had an impact on immunisation
uptake. The policy may serve as a model for other comparable countries.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Financial incentives for parents are a tool available to
policy makers to help achieve and maintain the very high
immunisation coverage levels required for the sustained
control of vaccine preventable diseases. However, world-
wide there is little evidence of the effectiveness of such
policies, particularly at a national level. Only two studies
evaluating parent financial incentive/sanction schemes have
been published. Both evaluated USA state-based programs
among low-income families and showed conflicting results
[1,2].

In early 1998, Australia set an international precedent
when it introduced a comprehensive national scheme of leg-
islated financial immunisation incentives for parents[3,4].
Federal law requires parents to provide evidence that their
child is age-appropriately immunised or that they have an
approved medical or philosophical exemption in order to
receive two government-funded payments, the maternity
immunisation allowance (MIA) and the child care benefit
(CCB) [5,6]. The legislation was one of a number of major
reforms to Australian immunisation policy and practice in-
troduced in the 1990s that were aimed at improving both the

∗ Corresponding author. Tel.:+61-2-9845-1254; fax:+61-2-9845-3082.
E-mail address:glendal@chw.edu.au (G.L. Lawrence).

coverage and timeliness of childhood immunisation. Other
reforms included the implementation of the Australian
childhood immunisation register (ACIR) and the general
practice immunisation incentive (GPII) scheme[3,4]. The
ACIR is a national population-based immunisation register
that includes 99% of children under 7 years of age[7]. The
GPII Scheme provides incentive payments to general med-
ical practitioners to immunise children, notify the ACIR
of completed immunisations and achieve immunisation
coverage targets[8,9].

Parents must make a specific application to the gov-
ernment to receive either of the two immunisation-linked
payments. The MIA is the second instalment of the fully
means-tested maternity allowance[5]. Approximately 75%
of parents meet the financial eligibility criteria for this
payment, although the precise financial threshold differs
depending on the specific family circumstances. The first
instalment of AU$ 750 is paid at birth while the MIA com-
ponent (AU$ 200) is payable at 18–24 months of age if all
immunisations due at or before 18 months of age have been
received or a medical or philosophical exemption applies.
To encourage timeliness of immunisation, a parent must
apply for the MIA before their child’s second birthday[5].

The CCB assists parents who use specific types of child
care and are employed, seeking employment or studying
[6]. The payment ranges from AU$ 22 to 130 per week

0264-410X/$ – see front matter © 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2003.10.038



2346 G.L. Lawrence et al. / Vaccine 22 (2004) 2345–2350

per child, depending on the type of child care used, family
income and the number of children in the household. All
parents are eligible for the minimum payment irrespective of
income[6]. Approximately 45% of children aged 0–4 years
are in paid child care in Australia, although this varies by
age (approximately 41% of 2-year-old children and 83% of
4-year-old children)[10].

The aim of this study was to assess whether the nation-
ally legislated policy of financial incentives had impacted
on parents’ immunisation decisions, and thus on the immu-
nisation status of their children. We used a nationally repre-
sentative population-based case–control study of 2-year-old
children who were born after the policy was introduced to
measure the association between parents’ knowledge and
awareness about the financial incentives policy and the
immunisation status of their children, after adjusting for
confounding factors. At the time the study was conducted,
immunisation coverage among 2-year-old children was
estimated to be 85%[11].

2. Methods

The study was approved by the Human Research Ethics
Committee of the Commonwealth of Australia Department
of Health and Ageing.

Yes No 

Parent confirmed incomplete 
immunisation status 

Casec

(n=190)

Ineligible for selection 
(privacy)b 
(n=400) 

Not eligible 
(n=508)

Surveyed 
(n=698) 

Contacted 
(n=753) 

Selected for assessment of 
immunisation status (n=1681)

Recorded as incompletely immunised  
N = 9,540 (15.2%) 

Controld  
(n=589) 

Surveyed 
(n=589) 

Contacted  
(n=595)  

Selected  
(n=979) 

Recorded as fully immunised 
N = 53,225 (84.8%) 

Children born 1 October – 31 December 1998  
registered with the ACIRa at 4 May 2001 (N = 62,765) 

Fig. 1. Selection and recruitment of study participants. Key: (a) Australian Childhood Immunisation Register; (b) ineligible for selection due to privacy
reasons (this included 249 registered conscientious objectors and 151 who had registered an objection to being contacted by third parties); (c) cases were
recorded on the ACIR and confirmed by parents to be incompletely immunised for age; (d) controls were recorded on the ACIR as fully immunised for age.

2.1. Study population

The study population comprised children who were regis-
tered with the ACIR at 4 May 2001 and were born between
1 October and 31 December 1998 (aged 28–31 months).
Controls were defined as children who were fully immu-
nised and were randomly selected from among the 85% of
the birth cohort who were recorded on the ACIR as fully
immunised for age. Cases were defined as children who
were incompletely immunised for age. Because of known
under reporting of immunisation encounters to the ACIR
[12,13], cases had to be identified in a two-stage process. In
the first stage, a random sample of children recorded on the
ACIR as incompletely immunised for age was selected. The
parents of these children were then contacted by telephone
and information sought about their child’s immunisation
history. Children who were confirmed by their parents to be
incompletely immunised at the time of the interview were
selected as cases (Fig. 1). For privacy reasons we were un-
able to select children whose parents were recorded on the
ACIR as conscientious objectors to immunisation or had
declined consent to be contacted by third parties.

We aimed to recruit the parents of 375 cases and 375
controls for the study. This was sufficient to detect a differ-
ence of 10% between groups (or an odds ratio of≥1.56),
with 80% power and 95% confidence, assuming that 60%
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of case parents were financially eligible to receive the
payments and knew of the immunisation or exemption
requirements.

2.2. Recruitment

Based on a previous study[14] using similar methods,
we anticipated that up to 50% of families sent letters would
not be contactable due to a change of address or an unlisted
telephone number. We also anticipated that approximately
50% of the children recorded on the ACIR as incompletely
immunised would be reported by parents to be fully immu-
nised, due mainly to under reporting of immunisations to
the ACIR by providers[12,13].

Letters were sent to the parents of 979 fully immunised
children and 1681 children recorded as incompletely immu-
nised on the ACIR to explain the study and advise them that
they may be telephoned and invited to participate in an inter-
view. Telephone numbers were identified from an electronic
telephone directory. If telephone contact was unsuccessful,
alternative methods were employed, including telephoning
households with the same name and locality as the family
selected for the study. A minimum of 10 contact attempts
was made for each family at different times of the day and
evening.

2.3. Data collection

Computer-assisted telephone interviews were conducted
in June and July 2001. Verbal consent was obtained from
the parent before proceeding with the interview. Information
collected included whether parents had heard of the MIA
and CCB, were aware of the immunisation or exemption re-
quirements to receive the payments, believed that they were
financially eligible to receive either payment, had received
the MIA and the types of child care they used. Parents who
indicated they were financially eligible to receive the CCB or
were unsure about their eligibility were asked whether they
could afford child care costs without the assistance of the
CCB. All parents were asked what, in addition to their con-
cern for their child’s health, had been the single most impor-
tant influence on their immunisation decisions. This was a
closed question with the first four options (MIA, CCB, gen-
eral practitioner, and immunisation clinic staff) presented in
a random order, followed by the options of ‘other’, ‘unsure’
and ‘refused’. Demographic information was collected from
all parents. Parents of children recruited as cases were also
asked to provide the reason that their child was not fully
immunised.

2.4. Data analysis

Descriptive and logistic regression analyses were con-
ducted using SAS version 8 software[15]. For the de-
scriptive analyses, uncorrected chi-squared p values were
calculated to assess statistical significance.

In logistic regression analyses, the main explanatory
variables of interest were parents’ knowledge about the
MIA and the CCB. It was assumed that for either incentive
payment to have had an impact on a parent immunisation
decisions, the parents had to (i) have heard of the benefit,
(ii) believed themselves to be financially eligible to receive
it, (iii) be aware of the immunisation or exemption require-
ments and, (iv) for the CCB, use the specific types of child
care for which the benefit is payable. Two variables called
‘knowledgeable about the MIA’ and ‘knowledgeable about
the CCB’ were created to capture these factors.

A multivariate logistic regression model was developed
to assess the association between immunisation status and
each of the two main explanatory variables, after adjusting
for confounding variables and factors independently asso-
ciated with full or incomplete immunisation. A number of
socio-demographic and attitudinal variables were tested, and
collinearity in the model investigated. Being a health care
card recipient was used as an indicator of socio-economic
disadvantage. These are issued to people who are eligible
for government income support including the unemployed,
low-income earners, disabled adults and carers of disabled
children.

3. Results

One hundred and ninety incompletely immunised cases
and 589 fully immunised controls were recruited for the
study (Fig. 1). The power of the study using this num-
ber of cases and controls was assessed and was found to
be sufficient to detect a difference of 12% (an odds ratio
of ≥1.64) with 80% power and 95% significance, where
58% of cases were assumed to be financially eligible for
benefits.

3.1. Reasons for incomplete immunisation

Forty-two percent (n = 79) of the 190 cases were incom-
pletely immunised because the parent disagreed with immu-
nisation or was concerned about it. Parents of 31% (n = 58)
of cases reported either a medical recommendation against
immunisation or an illness in the child at the time immuni-
sations were due. Other reasons included having forgotten
that the immunisations were due (n = 14), overseas travel
(n = 21) and family break-up (n = 6).

3.2. Socio-demographic factors

Parents of cases and controls differed significantly in sev-
eral socio-demographic characteristics (Table 1). Parents of
cases were less likely to report that they spoke a language
other than English at home, and more likely to have com-
pleted post-secondary school education, be single, have three
or more children living in the household, or be a health care
card recipient.
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Table 1
Socio-demographic characteristics of parents of under-immunised case
and fully immunised control children

Characteristic Cases,
n = 190

Controls,
n = 589

P-value

Metropolitan residence 125 (65%) 400 (68%) 0.59
Born in Australia 142 (75%) 446 (76%) 0.78
Speak a language other

than English at home
21 (11%) 149 (25%) <0.001

Single parent householda 31 (16%) 64 (11%) 0.05
≥3 Children in household 81 (43%) 183 (31%) 0.004
Health care card recipient 81 (43%) 199 (34%) 0.03
Annual gross household

income AU$<50,000b
78 (43%) 217 (39%) 0.28

Completed post-secondary
school education

92 (48%) 217 (37%) 0.005

a Includes divorced, separated and widowed parents.
b 5% of participants in both groups declined to answer or were unsure

of their household income (cases:n = 10; controls:n = 30).

3.3. Immunisation incentive payments

Significantly fewer parents of incompletely immunised
children reported that they had heard of the MIA or CCB,
believed that they were financially eligible to receive the
payments, or were aware of the immunisation or exemption
requirements to receive the payments (Table 2). These par-
ents were also less likely to have applied for and received
the MIA or to use CCB-specific types of child care. Only
45% (n = 19) of 42 case parents and 31% (n = 68) of 219
control parents, who currently used CCB-payable children
and were eligible for the CCB, reported that they could af-

Table 2
Parent knowledge about, and receipt of, the MIA and CCB

Characteristic Cases,
n = 190

Controls,
n = 589

P-value

Were ‘knowledgeable’a about the:
MIA 101 (53%) 437 (74%) <0.001
CCB 29 (15%) 146 (25%) 0.006

Had heard of the:
MIA 156 (82%) 517 (88%) 0.05
CCB 132 (69%) 470 (80%) 0.003

Believed financially eligible to receive the:
MIA 118 (62%) 483 (82%) <0.001
CCB 101 (53%) 373 (63%) 0.01

Were aware of immunisation or exemption requirements to
receive the:
MIA 111 (58%) 480 (81%) <0.001
CCB 87 (46%) 345 (59%) 0.002

Had applied for and received
the MIA payment

37 (19%) 414 (70%) <0.001

Used CCB-payable types of
child care

51 (27%) 247 (42%) <0.001

a Participants were assessed as ‘knowledgeable’ about the MIA or
CCB if they had heard of the specific incentive payment, believed them-
selves financially eligible to receive it and knew of the immunisation
or exemption requirements. For the CCB, participants also indicated that
they used CCB-payable types of child care.

Table 3
Single major influence on immunisation decisions reported by parents

Major factor Cases,n = 190 Controls,n = 589

Maternity immunisation
allowance

3 (1.6%) 26 (4.4%)

Child care benefit 2 (1.1%) 4 (0.7%)
Encouragement by general

practitioner/clinic staff
33 (17%) 214 (36%)

Other factors 145 (76%) 341 (58%)
Unsure 0 4 (0.7%)
Refused 7 (3.7%) 0

ford to continue using child care without the assistance of
the CCB (data not shown).

Parents were asked whether, in addition to their concerns
for their child’s health, the MIA, CCB or encouragement
from a health care provider had been the single most im-
portant influence on their immunisation decisions. The ma-
jority of parents in both groups indicated that factors other
than these had been important (Table 3). Of the two bene-
fits, more parents indicated that the MIA had been the most
important influence on their immunisation decisions. Signif-
icantly fewer parents of cases cited encouragement from a
health care provider as the single most important influence
on their immunisation decisions.

In a multivariate logistic regression model, incomplete
immunisation was significantly associated withlack of
‘knowledge’ about the MIA and CCB (Table 4) after ad-
justing for the effects of all other factors in the model on
immunisation status. Other factors in the model that were
significantly associated with incomplete immunisation sta-
tus were having completed post-secondary school education,

Table 4
Univariate (unadjusted) and multivariate (adjusted) assessment of explana-
tory variables associated with incomplete immunisation (case) status

Explanatory variable Unadjusted
odds ratio

Adjusted
odds ratio

OR 95% CI OR 95% CI

Not ‘MIA knowledgeable’a 2.53 1.80–3.56 3.34 2.28–4.91
Not ‘CCB knowledgeable’b 1.83 1.18–2.83 2.08 1.30–3.34
Completed post-secondary

school education
1.61 1.16–2.24 2.05 1.41–2.99

Health care card recipient 1.46 1.04–2.04 2.03 1.35–3.04
≥3 Children in household 1.65 1.18–2.31 1.70 1.17–2.47
Single parent household 1.60 1.01–2.55 1.88 1.09–3.25
Provider encouragement

important
0.37 0.24–0.56 0.41 0.26–0.63

Speak a language other than
English at home

0.37 0.23–0.60 0.26 0.15–0.45

a Participants were ‘MIA knowledgeable’ if they had heard of the ma-
ternity immunisation allowance (MIA), believed they were financially eli-
gible to receive it and knew of the immunisation/exemption requirements.

b Participants were ‘CCB knowledgeable’ if they used child care ben-
efit (CCB)-payable types of child care, had heard of the CCB, believed
they were financially eligible to receive it and knew of the immunisa-
tion/exemption requirements.
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having at least three children in the household, being single
and being a health care card recipient. Speaking a language
other than English in the home and reporting encourage-
ment from a health care provider were ‘protective’ against
incomplete immunisation. The final model was assessed to
be stable and robust with little collinearity evident.

4. Discussion

There is limited experience worldwide regarding the use
of financial incentives for parents to encourage childhood
immunisation. At present, Australia is the only country to
have legislated the linkage of parent payments to the im-
munisation status of children as a national policy. This was
the first study to assess the impact of that policy on parents’
immunisation decisions using a national population-based
sample of children born after the policy was imple-
mented. Our results showed that parent knowledge about
the immunisation incentive payments was associated with
age-appropriate immunisation of their children. The study
also showed that encouragement by immunisation providers
was an important factor in parents’ immunisation decisions.
Some of this may be attributed to encouragement by general
medical practitioners, the major providers of vaccination
services in Australia, following the implementation of the
GPII scheme in July 1998.

The impact of the parent financial incentive policy on
immunisation coverage and timeliness is likely to be greater
than can be assessed by direct parent report. Although only
4.4% of parents of fully immunised children reported that
the MIA was the single most important influence on their
immunisation decisions, 70% reported that they had applied
for and received the payment. This finding suggests that the
single cash payment of AU$ 200 is acting as an incentive for
immunisation among Australian families. Perhaps more im-
portantly, while only 0.7% of control parents indicated that
the CCB was the single most important influence on their
immunisation decisions, only 31% of controls currently
using CCB-payable child care and eligible for the benefit
reported that they could afford to use child care without the
assistance of the CCB. The issue of affordability of child
care is likely to be a powerful incentive for working parents
to ensure that their children are age-appropriately immu-
nised, particularly as more parents return to the workforce
as their children become older (83% of 4-year-old children
are in some form of paid child care in Australia[10]). Bond
et al.[16], in a study of child care attendees in one Australian
state, found that immunisation coverage in that study popu-
lation had increased significantly following the introduction
of government incentives for parents using child care.

4.1. Ethical issues of legislated financial incentives

Unlike the financial incentive schemes evaluated in the
USA [1,2], the Australian policy of immunisation-linked

incentive payments for parents targets a very broad
socio-economic range within the population. However, as
concluded by US researchers and commentators[1,2,17,18],
it is important that policies of immunisation-linked financial
incentives/sanctions not impact inequitably on economi-
cally and socially disadvantaged parents. It is important to
note that in this study, those most at risk of not complet-
ing immunisations, and most likely to be eligible for the
maximum incentive payments on financial grounds, were
either unaware of the benefits or believed they were not
financially eligible to receive them. Further efforts are re-
quired to inform all Australian parents about the policy and
availability of immunisation incentive payments. This has
partly been addressed with the recent initiative to include
information about the MIA and CCB with the immunisa-
tion history statement sent to all parents at their child’s
first birthday. Improved access to immunisation services,
including home vaccination services[19], is also important
in reaching children in lower income families.

4.2. Study issues

This study had several strengths and some limitations.
The main limitations related to our inability to sample
children whose parents had registered with the ACIR as
conscientious objectors to immunisation, the need for a two
stage case–ascertainment process due to under reporting of
vaccination status on the ACIR, and the lower than ideal
contact rates among families selected from the ACIR for the
study (Fig. 1). However, these issues are likely to have had
relatively little impact on the results of the study. Parents are
able to receive the immunisation incentive payments on the
basis of a philosophical exemption to immunisation with-
out needing to register as a conscientious objector with the
ACIR. In fact, two-thirds of case parents who reported that
they had received the MIA also indicated that they disagreed
with immunisation (data not shown). Further, only 4.6% of
the parents of children who were recorded on the ACIR as
incompletely immunised were registered as conscientious
objectors (Fig. 1). Our inability to include registered con-
scientious objectors in the study may have led to a slight
overestimation of the association between immunisation
status and parent knowledge about the financial incentives,
although this is unlikely to affect the main conclusions of the
study.

Out-of-date contact details recorded on the ACIR con-
tributed to lower than ideal contact rates among families
selected from the ACIR for telephone interview. This was
balanced by the very high participation rates (over 92%)
among families who were contactable. Fewer cases than
the 375 estimated in the design phase of the study were re-
cruited, due mainly to a higher level of parent report of full
immunisation status than anticipated among the children
recorded on the ACIR as incompletely immunised. Impor-
tantly, case and control families recruited into the study
are likely to have been representative of the population
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based on the reasons provided by parents of cases for in-
complete immunisation status, and on the proportion of
controls who reported they were eligible for the MIA or
used CCB-payable child care compared with proportion of
the population eligible for these payments.

While case–control studies are not as strong as cohort
studies, a population-based case–control study was the
most appropriate and feasible type of study to address the
research question given the relatively high immunisation
coverage rates among the study population, and the fact that
the policy of immunisation-linked benefits had already been
implemented nationally. The major strengths of the study
were that the study population was selected from a com-
prehensive national immunisation register and comprised
children who were born at least 6 months after the policy
was introduced and had passed their second birthday, the
age by which parents must to apply for the MIA. Ascer-
tainment of the immunisation status of study participants
was valid and reliable because controls (fully immunised
children) were identified from the ACIR while cases (in-
completely immunised children) were ascertained by parent
report. Previous studies have shown that a complete ACIR
record accurately and reliably indicates full immunisation
status, while parent report of incomplete immunisation is
also accurate and reliable[13].

5. Conclusion

The results of this study showed that the immunisation
status of 2-year-old children in Australia was significantly
associated with their parents being aware and knowledge-
able about two immunisation-linked parent incentive pay-
ments, after adjusting for confounding factors. These data,
supported by other data showing consistent increases in
immunisation coverage and timeliness among Australian
children since the introduction of the policy[20] and the
results of the study of child care attendees by Bond et al.,
indicate that immunisation-linked financial incentives for
parents has had a favourable impact on parents’ immu-
nisation decisions and on childhood immunisation cover-
age and timeliness. The Australian experience may serve
as a model for other comparable countries where initia-
tives to increase or sustain immunisation coverage are re-
quired to maintain adequate control of vaccine preventable
diseases.
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Abstract

There are few data, especially outside the United States, examining the timeliness of childhood vaccination, although it is of key impor-
tance for diseases such as pertussis, and invasive disease due to Haemophilus influenzae type b and Streptococcus pneumoniae. The aim
of this study was to use the unique resource of the Australian Childhood Immunisation Register (ACIR) to examine trends in and factors
associated with timeliness of infant vaccination at the national level. As in previous studies, age-appropriate immunisation was defined
as within 30 days of the recommended age. Vaccination delays became more common for later doses, given at an older age, but long
delay (greater than 6 months) occurred in only 1–2%. Although immunisation coverage increased over time, timeliness did not improve.
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mong Indigenous infants, long delays occurred in 5–12% of those residing in very remote areas, but by 2 years of age, overall immuni-
ation coverage was similar to non-Indigenous children. With immunisation coverage at the key indicator ages of 12 and 24 months now
igh in most industrialised countries including Australia, timeliness of vaccine doses should be the next benchmark to aim for in pro-
ram performance, especially in specific sub-groups such as Indigenous children who stand to gain most from prevention of early onset
isease.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

Immunisation coverage at certain milestone ages in chil-
ren is the most widely used indicator of the performance of
mmunisation programs, typically reported at 12 months, 24

onths, and 4–6 years of age. The most widely accepted indi-
ator internationally is the proportion of children who have
eceived all recommended vaccines by 24 months of age, as
rescribed by the World Health Organisation [1]. Such mea-
ures do not capture delay in the acquisition of immunity
hrough late immunisation, which is especially important for

number of potentially severe infections of young infants
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001, Westmead, NSW 2145, Australia. Tel.: +61 2 9845 1435;
ax: +61 2 9845 3095.
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such as pertussis and invasive disease due to Haemophilus
influenzae type b or Streptococcus pneumoniae. Immunisa-
tion at the earliest appropriate age (timeliness) is an important
public health goal, especially for countries where high levels
of vaccine coverage at milestone ages have been achieved.
However, timeliness of vaccine administration has received
close attention only in the United States (US) [2–9] with one
study from Sweden [10]. Australia is uniquely well placed
to monitor timeliness routinely and regularly because of its
universal national childhood immunisation register, the Aus-
tralian Childhood Immunisation Register (ACIR). The ACIR
records immunisation data on all children under the age of
7 years enrolled in the Australian universal health insurance
scheme, Medicare, and constitutes a nearly complete popula-
tion register, as approximately 99% of the 250,000 children
born each year are registered with Medicare by 12 months of
age [11]. In this study, we report the degree of childhood vac-
cination delay in Australia with respect to time trends, age,

264-410X/$ – see front matter © 2006 Elsevier Ltd. All rights reserved.
oi:10.1016/j.vaccine.2006.02.049
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vaccine, area of residence and Indigenous status and review
this in the context of available data internationally.

2. Methods

Immunisation data were obtained from the ACIR. The
ACIR records notifications from providers of vaccinations
received, and dates of administration. Date of birth, postcode
of residence and Indigenous status are also recorded, although
the latter is incomplete [12].

The primary outcome measure, age-appropriate immuni-
sation, was defined as receipt of a scheduled vaccine dose
within 30 days of the recommended age. So, a child who
received the first dose of DTP (due at 60 days of age) when
more than 90 days of age was classified as late for this vaccine
dose. For descriptive purposes, we categorised the outcome
measure for each dose coded as either ‘no delay’ (age-
appropriately immunised), ‘delay of 1–6 months’, ‘delay
greater than 6 months’, vaccine received ‘acceptably early’
(within 30 days prior to when it was due), vaccines received
‘too early’ (greater than 30 days prior to when it was due)
or vaccine dose ‘not recorded’. All children included in the
analysis were at least 36 months of age when the data were
extracted and, therefore, old enough to potentially experience
d
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assessment were the first three doses of diphtheria, tetanus,
pertussis (DTP) and H. influenzae type b (PRP-OMP), and
the first dose of measles, mumps, rubella (MMR) vaccine.
This choice of vaccines allowed the effect of dose number
and age when dose was scheduled to be compared. Timeli-
ness was calculated using ACIR data as at 31 March 2004.
We also selected a second cohort, children born in 1998, to
compare with the study cohort.

The area of residence of children was defined as accessi-
ble or remote using the Accessibility/Remoteness Index of
Australia (ARIA) developed by the Department of Health
and Aged Care [13]. It is becoming a “defacto standard”
on remoteness and was proposed as the national standard
measure of remoteness for inclusion in the ABS 2001 cen-
sus [14]. We defined the two ARIA categories with most
restricted access to services as remote (approximately 2.6%
of the Australian population) and all other areas as accessible.

Indigenous status on the ACIR is recorded as ‘Indigenous’,
‘non-Indigenous’ or ‘unknown’. For this analysis we made
the assumption that those children recorded as ‘unknown’ for
Indigenous status were ‘non-Indigenous’. The completeness
of Indigenous status recording has progressively improved
since 2002 with most recent estimates around 65% [12].

Published papers addressing timeliness of immunization
were searched for using the terms ‘timeliness’, ‘immuniza-
tion’ and ‘vaccination’ in Medline, 1990–2005. References
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elays in immunisation greater than 6 months for immunisa-
ion due by 24 months of age or earlier. The interval between
oses was not evaluated. We compared the timeliness of dif-
erent vaccines and doses by plotting the cumulative percent-
ge receiving each vaccine dose by age, with the proportion
ver immunized set as 100%.

Children born between the 1 January 2001 and the 31
ecember 2001 were selected as the study cohort and the

imeliness of administration of specific vaccines due by 24
onths of age was calculated. Vaccines included in the

Fig. 1. Timeliness of the first thr
rom identified eligible papers were also examined. Search
f other literature sources and requests to authors were not
ndertaken.

. Results

Timeliness of the first three doses of diphtheria, tetanus
nd pertussis (DTP) for the study cohort is shown in Fig. 1.

s of DTP—cohort born in 2001.
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Fig. 2. Timeliness of DTP3—1998 cohort versus 2001 cohort.

The timeliness of receipt of DTP vaccines decreased by dose;
94.2% of children were on time for the first dose of DTP,
declining to 75.6% by the third dose. Fig. 2 compares time-
liness for the third dose of DTP for the study cohort (2001)
with an identical sized cohort (1998). It demonstrates that
there has been almost no change in timeliness of the third
dose of DTP over time, although estimated coverage from
the ACIR has increased over this period from 88 to 92%. The

timeliness curve is shifted slightly to the left for 1998 com-
pared with 2001, consistent with increased reporting rather
than increased immunisation coverage in 2001.

The timeliness of the first three doses of PRP-OMP (Ped-
vax) vaccine showed a similar pattern to DTP, with a decline
in timeliness by dose (Fig. 3). However, the proportion with a
delayed third dose of PRP-OMP, given at 12 months (32.2%),
was greater than for the third dose of DTP, given at 6 months
Fig. 3. Timeliness of the first three doses o
f PRP-OMP—cohort born in 2001.
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Table 1
Vaccination delay for Australia for the cohort of children born 1 January 2001 to 31 December 2001

Vaccine dose No delay Acceptably early 1–6 months delay >6 months delay Not immunised at 24 months

DTP1 59.4 28.8 4.3 0.6 6.8
DTP2 62.1 20.4 10.7 1.2 5.5
DTP3 61.6 12.9 17.7 2.3 5.3
Hib/Pedvax1 58.6 28.4 4.3 0.7 8.0
Hib/Pedvax2 61.5 20.1 10.6 1.3 6.4
Hib/Pedvax3 56.2 9.8 22.7 2.2 7.6
MMR1 58.1 10.0 23.5 2.2 5.9

of age (24.4%), while the timeliness of the first dose of MMR
vaccine, also given at 12 months, showed a similar pattern to
that of the third dose of PRP-OMP (not shown).

Table 1 shows the categories of vaccination timeliness for
the seven vaccine doses examined. As indicated by the fig-
ures, the proportion with vaccination delay increases with
doses given at an older age, as does the proportion with long
delays (greater than 6 months), reaching 2% for doses given
at 6 or 12 months. The greatest proportion with any delay was
seen with the first dose of the MMR (almost 26% of children
in the study cohort), and the third dose of PRP-OMP (25%),
both due by 13 months of age. By contrast, any vaccination
delay for the earlier doses, due at 2 and 4 months, was sig-
nificantly lower at 5% for both of the first doses of DTP and
PRP-OMP and 12% for the second doses of the same vac-
cines.

Timeliness of vaccination by Indigenous status, remote-
ness and vaccine dose is shown in Table 2. Among indigenous
children, the proportion with long delays was 3–5 times
higher than in non-Indigenous children, with greater differen-
tial in accessible than in remote areas. However, Indigenous
children had identical immunisation coverage, measured at
24 months of age, to non-Indigenous children (90.1% ver-
sus 90.1%). When we looked at the degree of vaccination
delay amongst Indigenous and non-Indigenous children by
remoteness, we found that, for the third dose of DTP vaccine,
v
r
i

case when we looked at doses due at 12 months of age (PRP-
OMP3 and MMR1), where only small differences were found
in delay amongst Indigenous and non-Indigenous children by
remoteness.

4. Discussion

Whilst timeliness of immunisation has been well studied
in the US, primarily through studies derived from periodic
National Immunisation Surveys [15], there is a dearth of
information on timeliness elsewhere in the world (Table 3).
Other countries such as the United Kingdom (UK) and some
northern European countries have child immunisation data
collection systems in place and publish immunisation cov-
erage estimates but timeliness has been little studied, with
only one regional study in Sweden [10]. Immunisation at the
earliest appropriate age should be a public health goal for
countries such as the US, the UK, and Scandinavia where
high levels of vaccine coverage at milestone ages have been
achieved and where immunisation data collection systems
allow the accurate assessment of age-appropriate immunisa-
tion.

There are several important findings of this study, the first
such assessment of timeliness of immunisation in Australia
and the first in the world using immunisation register data at
a
t
m

T
V for the

V 1–6

D 29.6
39.6
17.1
19.5

H 31.2
32.3
22.3
23.9

M 32.8
32.4
23.2
24.3
accination delay amongst Indigenous children residing in
emote areas was greater than for Indigenous children resid-
ng in accessible areas (Table 2). However, this was not the

able 2
accination delay for Australia by Indigenous status and remoteness status

accine dose Indigenous status Remoteness

TP3 Yes Accessible (n = 5242)
Remote (n = 2238)

No Accessible (n = 238017)
Remote (n = 5567)

ib/Pedvax3 Yes Accessible
Remote

No Accessible
Remote

MR1 Yes Accessible
Remote

No Accessible
Remote
national level. Although most children eventually complete
he scheduled vaccination series by the 24-month milestone,

any children do not complete it in a manner consistent with

cohort of children born 1 January 2001 to 31 December 2001

months delay (%) RR (95% CI) >6 months delay (%)

0.75 (0.70–0.80) 10.1
7.6

0.88 (0.83–0.93) 2.3
2.7

0.97 (0.90–1.04) 7.0
5.5

0.93 (0.89–0.98) 2.3
2.3

1.01 (0.94–1.09) 6.9
5.1

0.95 (0.91–1.0004) 2.4
2.1
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Table 3
A comparison of international studies that have examined timeliness of immunization—country of study, year, data sources, findings and key findings

Authors Country Year of study Data sourcea Age-appropriately
immunised

Factors associated
with timeliness

Trauth et al. [6] US (Pittsburgh) 1991–1995 Telephone survey of parents
from inner city clinics

48% (DTP3) Ethnicity and family
size

Ehresmann et al. [7] US (Minnesota) 1992–1993 Survey of children in
kindergarten

44% (all vaccines
at 16 months)

Ethnicity

Dombkowski et al. [2] US (national) 1992–1996 National health interview
survey supplement

46% (DTP4) Ethnicity, residence
and poverty

Cotter et al. [5] US (Virginia) 1995 Medicaid primary care case
management program

6% (all vaccines at
18 months)

Age and residence

Luman et al. [8] US (national) 2000 National Immunisation
Survey (NIS)

66% (DTP4) Age, dose and vaccine
type

Strine et al. [3] US (national) 2001 NIS 67% (DTP3) Dose, timeliness of
earlier doses and
education

Luman et al. [9] US (national) 2003 NIS 62% (DTP4) Vaccine type
Dannetun et al. [10] Sweden (regional) 2001 Well baby clinic records in

one county. Timeliness of
MMR vaccination

Not given Publicity surrounding
adverse events of
MMR

Hanna et al. [4] Australia (regional) 1991 Survey of child care
facilities

58% (DTP3 and
OPV3)

Dose and vaccine type

This study Australia (national) 2004 National, universal,
childhood immunisation
register of all children
under 7 years of age

75% (DTP3) Age, dose and vaccine
type

a Age-appropriate immunisation = within 30 days of due date except [10].

the recommended national schedule, especially for doses
given at an older age, and in Indigenous children, particu-
larly those living in remote areas.

The findings also demonstrate that assessing trends in the
timeliness of immunisation provides important information
in addition to the measurement of coverage at certain mile-
stones. In contrast to this study, one previous study found
that timeliness for the fourth dose of DTP, the third dose of
polio and the first dose of MMR vaccination improved over a
4-year time period, from 8 to 17% [2] but changes to the rec-
ommended vaccination schedule during these years may have
influenced calculation of timeliness. While we have seen sig-
nificant improvements in immunisation coverage in Australia
over the past 4–5 years, the degree of vaccination delay has
remained unchanged, and is cause for concern for diseases
where multiple vaccine doses are required for protection and
disease risk below 6 months of age is significant. This also
has implications for the immunisation schedule, as countries
such as the UK and France, where the primary schedule is
completed by 4 months of age, would be expected to have
more timely completion as the last dose of the primary series
is completed at an earlier age. However, accelerated sched-
ules typically result in lesser immune responses than those
achieved at an older age and this may be a significant issue for
conjugate vaccines against capsulated organisms, as recently
documented in the UK with respect to Hib [16] and Meningo-
c

d
d

15%, respectively, of children received the first dose of DTP
vaccine late, rising to 33 and 52%, respectively, for the third
dose [3,6], with both defining ‘vaccination delay’ as greater
than 1 month after the dose was due, as we did. Similarly,
US studies have also shown a relationship between ethnic-
ity and area of residence and vaccination delay. African-
Americans and Hispanic non-Whites had greater vaccination
delay [2,6,7] and, among children in Virginia, those living in
rural areas had greater delay in vaccination, perhaps related
to longer travel time to health care facilities. However, unlike
in the US, Indigenous children in Australia, whilst experienc-
ing similar delays in vaccination, eventually are immunised
and have levels of recorded coverage at 12 and 24 months
of age the same or higher than those of the non-Indigenous
child population [12]. Indeed, the high levels of coverage at
24 months of age among Indigenous children living in remote
areas represent a major achievement given the barriers of time
and distance to be overcome.

It was notable that, in the Australian context, in contrast
to the UK experience [18] there was little evidence of greater
delay in MMR vaccination compared with another vaccine
due at the same age (the third dose of Hib/Pedvax vaccine), as
might be expected from negative media coverage regarding
MMR vaccine and autism.

Analysis of age appropriateness of childhood immunisa-
tion in Australia is not routinely undertaken using ACIR data,
w
s
m
a

occal C vaccines [17].
As in other, primarily US, studies, there were greater

elays for doses scheduled at an older age independent of the
ose number [2,3,6,7,9,10]. Two US studies found 13 and
ith regular reports limited to immunisation coverage for
cheduled vaccines at the age milestones of 12, 24 and 60
onths for each 3-month birth cohort [19,20]. With cover-

ge estimates for most vaccines reaching levels required for
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herd immunity, the next benchmark for program success is
timeliness, which can be regularly reported with an immuni-
sation register, in contrast to the intermittent reports possible
from national surveys. In addition, failure to commence the
immunisation schedule on time has been shown to be a pow-
erful predictor of failure to complete it [4,21]. Measurement
of timeliness should be incorporated into routine monitoring
of the success of immunisation program delivery in countries
with high levels of immunisation coverage.

Common to almost all analyses of ACIR data is the
problem of under-reporting of immunisation encounters
by providers. We do know from a previous study that
under-reporting of immunisation encounters leads to under-
estimation of coverage rates [22]. However, the level of
under-reporting over the past 4–5 years has decreased some-
what as a result of a number of initiatives [22,23], and we have
no evidence to suggest that dates of administration of immu-
nisations provided to the ACIR by providers are incorrect.
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cial incentives for providers and parents, linked to the ACIR, followed from 1998. Over the subsequent
decade, national levels for receipt of all vaccines by 12, 24 and 72 months of age have risen to 91%, 93%,
and 88%, respectively. Conscientious objection to immunisation can be registered, with retention of eligi-
bility for incentives. The ACIR has been important in implementation of a range of measures to improve
childhood immunisation coverage in Australia. Linkage of a universal childhood immunisation register

ce sc
ncentives for immunisation
accine coverage

to national health insuran

. Background

The Australian Childhood Immunisation Register (ACIR) was the
rst complete purpose-built national childhood immunisation reg-

ster in the world. It commenced operation in 1996, using the
ustralian universal health insurance scheme, Medicare, as a plat-

orm, replacing an ad hoc group of regional registers and periodic
ational household surveys [1]. The ACIR now contains immunisa-
ion records for over 5.8 million children and 44 million immuni-
ation encounters from over 21,000 immunisation providers and
s linked to a range of incentive payments for parents [2,3] and
roviders [4]. There have been three unpublished external reviews
f the ACIR conducted over the past 10 years and one peer-reviewed
ublication summarising its operation and development [5]. This
aper presents an overview of the development of the ACIR and
xamines its applicability to immunisation registries elsewhere.

. Scope and definition of immunisation registers

Immunisation registers have been defined as confidential,

opulation-based, computerised information systems containing

dentified data sent directly by providers of immunisation [6,7].
hen additional capabilities, such as adverse event reporting, vac-

ine management, or linkages with other electronic databases, are
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hemes has potential applicability in a variety of settings internationally.
© 2009 Elsevier Ltd. All rights reserved.

added to a register, it is designated an immunisation information
system (IIS) [8].

Accurate information on the immunisation status of children is
needed both at the individual and population level. Coverage data at
the regional, jurisdictional and national level is needed for planning
and delivery of immunisation programs and targeting of specific
geographic areas or populations. At the individual level, combin-
ing immunisation records from multiple providers allows accurate
assessment of whether a child requires an immunisation, enables
issuing of recall and reminder letters, and facilitates opportunistic
immunisation [9].

3. Immunisation registers in other countries

3.1. United States

Minimum functional standards for immunisation registries in
the United States (US) were adopted by the National Immuniza-
tion Program in 2001 [10]. The US Healthy People 2010 initiative
includes an objective of 95% participation of children <6 years of
age with two or more immunisations recorded on a US immuni-
sation registry [11]. However, in 2000, a survey of registry funding
indicated that only 24% of children <6 years were enrolled on a
registry, increasing to 56% in 2005 [11].
3.2. United Kingdom

The Cover of Vaccination Evaluated Rapidly (COVER) program
was first piloted in England and Wales in January 1987 and, by May

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:brynleyh@chw.edu.au
dx.doi.org/10.1016/j.vaccine.2009.06.056
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989, 175 of 200 districts in England and Wales were participating,
ielding vaccination data for quarterly cohorts of resident chil-
ren for sentinel antigens. Since 2002, COVER data are collected in
ngland using primary care trusts as the denominator, based on reg-
stration with general practitioners (GPs) and area of residence [12].
he objectives of the COVER program are to: improve vaccination
overage by providing program coordinators with timely compar-
tive information; encourage the development and dissemination
f quarterly reports within districts; standardise measurement cri-
eria and thereby facilitate the enhancement of existing software;
apidly detect local and national changes in vaccination coverage;
nd investigate through ad hoc enquiries possible reasons for poor
erformance.

.3. New Zealand

The National Immunisation Register (NIR) of New Zealand is a
omputerised information system maintaining immunisation data
or New Zealand children, with phased national implementation
ommencing in 2004/05 [13]. The five major practice management
ystem software programs used by primary health care providers in
ew Zealand were enhanced to interface with the NIR [13]. Mater-
ity facilities and maternity carers send information on newborns
irectly to the NIR. Migrant children and children born to New
ealand citizens overseas, whose date of birth falls within the birth
ohort, are registered at their first point of contact with primary
ealth care services. After an immunisation event, the information
and any changes to the child’s demographic information) is sent to
he NIR.

.4. Denmark

Since April 1968, all Danish residents have been given a unique
dentification number in the Danish Civil Registration System (CRS).
he CRS number acts as a key to recorded information in national
egistries and facilitates linkages between individuals and relevant
nformation in all registries [14]. Information on the vaccination
istory of children can be obtained from one of these registries,
he Danish Childhood Vaccination Database. GPs administer all
hildhood vaccinations in Denmark and receive reimbursement
or reporting vaccinations to the National Health Insurer. One of
he valuable characteristics of the linkages among Danish health-
elated registers that use the CRS number is that it is possible to
onduct large prospective cohort studies of vaccine-effectiveness
nd safety [14].

. The Australian Childhood Immunisation Register

Prior to the establishment of the ACIR, a number of registers
perated in an ad hoc and variable manner across Australia, with the
opulation served often difficult to ascertain [15]. Given the decen-
ralised nature of immunisation provision in the Australian health
are system, a national register was seen as the only way to accu-
ately record immunisation status across local and state/territory
oundaries. The initial objectives of the ACIR were to enable the
ommonwealth, States and Territories to better manage immuni-
ation programs and to increase coverage rates, to interrupt disease
ransmission, to enable providers and parents to determine a child’s
mmunisation status in real time, to develop recall-reminder sys-
ems, and to provide national coverage data at regular intervals
y age, vaccine and region, for program management and targeted

mmunisation efforts.

The ACIR was established on January 1, 1996, by transferring
ata on all children <7 years of age enrolled in Medicare, to the
egister [5]. Participation in the ACIR is opt-out, and can be con-
idered a nearly complete population register as it is estimated
(2009) 5054–5060 5055

that 99% of children resident in Australia are registered with Medi-
care by 12 months of age and children not enrolled in Medicare
can be added to the ACIR via a supplementary number [5]. By 2
years of age, the ACIR records exceed official population estimates
[16], so although there may be some multiple registrations, the
number of children not accounted for is likely to be very small.
Child records are transferred nightly from the Medicare database
to the ACIR. Immunisation data is sent to the ACIR by a recog-
nised immunisation provider through a number of channels; via
Medicare Australia’s Internet site, through practice management
software applications, and paper forms which can be mailed to
the ACIR. The proportion of providers sending notifications to the
ACIR online has steadily increased over time from 6% in 1998 to
65% in 2007, with a further 5% notifying by other electronic means.
In 2001, after discovering that 14% of immunisations not notified
to the ACIR were given overseas [17,18], the ACIR legislation was
amended to allow these immunisations to be recorded, if a provider
endorsed their validity. The existence of medical contraindications
and conscientious objection to immunisation is also recorded. All
vaccination records for a child remain on the register but no new
records are added after the seventh birthday. The number of vac-
cinations recorded on the ACIR per year has increased from 3.3
million in 1996 to 4.9 million in 2005, reflecting increased num-
bers of vaccines on the National Immunisation Program schedule,
allowances to record immunisation given overseas, and increases in
the number of providers notifying immunisations, especially since
GP incentives were introduced in 1998.

Immunisations recorded on the Register must be rendered in
accordance with the guidelines issued by the National Health and
Medical Research Council as stated in The Australian Immunisa-
tion Handbook [19]. Notifications falling outside these guidelines or
duplicate notifications prompt an enquiry with the provider and if
their validity cannot be established, they are rejected. From the data
entered onto the ACIR, Medicare Australia sends parents/guardians
a copy of their child’s immunisation history statement at milestone
ages and on request, and provides identified, de-identified and sta-
tistical data to approved providers and health administrators.

4.1. ACIR provider and parent incentives

The number and range of provider and parental immunisation
incentives is unique to Australia and linkage of the ACIR to Medi-
care allows efficient administration. GPs administer the majority of
immunisations in Australia (e.g., 71% in 2007). The General Prac-
tice Immunisation Incentives (GPII) scheme provides three types
of direct and indirect payments to GPs [4]. These are a Service
Incentive Payment (SIP) payable for reporting the completion of
age appropriate vaccinations for children <7 years, an Outcomes
Payment to practices that achieve 90% immunisation coverage of
the children attending the practice and infrastructure funding for
organisations providing support to GPs at the local and national
level [20]. An information payment of up to A$6 is made to all
immunisation providers (not just physicians), who notify the ACIR
of a vaccination that completes one of the age-based schedules. In
2007, the total amount paid to providers for information payments
was approximately A$8 million and payments have remained con-
stant since 1998. In contrast, total SIP and outcome payments to
GPs increased substantially from July 1998 to June 2001, and have
remained stable since, at around A$40 million.

In 1998, an international precedent was set when Australia
introduced a nationwide scheme of financial immunisation incen-

tives for parents [21]. Federal law requires parents either provide
evidence that their child is age-appropriately immunised or send a
completed form documenting approved medical, religious or philo-
sophical exemptions, in order to receive two government-funded
payments, the maternity immunisation allowance (MIA) and the
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Table 1
Immunisation coverage (%) by age group and vaccine, Australia, 2007.

Age group Number of children DTP Polio Hib Hep B MMR Fully immunised

1
2
7
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2 months 277,933 92.0 91.9
4 months 268,300 95.1 95.1
2 months 266,841 89.1 89.1

hild care benefit (CCB) [2,3]. The MIA was means-tested until 2004
2] and is currently set at A$233, payable at 18–24 months of age if
ll immunisations due at or before 18 months have been received or
medical or philosophical exemption applies. To encourage time-

iness of immunisation, a parent must apply for the MIA before
heir child’s second birthday. In the 12 months from July 2004 to
une 2005, A$43 million was paid to parents for the MIA [22]. The
CB assists parents who use specific types of child care and are
mployed, seeking employment or studying, with eligibility requir-
ng either documentation of full immunisation or an approved
xemption [3]. The payment ranges from A$28–$169 per week per
hild, depending on the type of child care used, family income and
he number of children in the household. Parents using the specified
are are eligible for the minimum payment irrespective of income
3].

.2. Measuring immunisation coverage using the ACIR

The cohort method was adopted for calculating coverage at the
opulation level (national and state/territory) [23] since the ACIR’s

nception, with each cohort defined by date of birth in 3-month age
roups. Cohort immunisation status is assessed at the three key
ilestones: 12 months of age (for vaccines due at 6 months); 24
onths of age (for vaccines due at 12 months); and 6 years of age

for vaccines due at 4–5 years). A minimum 3-month lag period
s allowed for late notification of immunisations to the Register,
ut only immunisations given on or before a child’s first, second or
ixth birthday are considered. If a child’s records indicate that the
hild received the last dose of a vaccine that requires >1 dose to

omplete the series, it is assumed that earlier vaccinations in the
equence have been given. This assumption has been shown to be
alid [24,25].

The proportion of children designated as “fully immunised” is
alculated with Medicare-registered children who have completed

Fig. 1. Trends in “fully immunised” immunisation cov
94.5 94.4 n/a 91.3
94.4 95.9 94.1 92.7
n/a n/a 89.1 88.4

the primary schedule as the numerator and the total number of
Medicare-registered children in the age cohort as the denominator.
“Fully immunised” at 12 months of age is defined as a child having
a record on the ACIR of three doses of a diphtheria (D), tetanus (T)
and pertussis-containing (P) vaccine, three doses of polio vaccine,
two or three doses of Haemophilus influenzae type b (Hib) vaccine,
and two or three doses of hepatitis B vaccine. “Fully immunised” at
24 months of age is defined as a child having a record on the ACIR
of three doses of a DTP-containing vaccine, three doses of polio
vaccine, three or four doses of Hib vaccine, two or three doses of
hepatitis B vaccine, and one dose of a measles, mumps and rubella-
containing (MMR) vaccine. “Fully immunised” at 72 months of age
is defined as a child having a record on the ACIR of four doses of a
DTP-containing vaccine, four doses of polio vaccine, and two doses
of an MMR-containing vaccine.

4.3. Coverage estimates

The 2007 coverage estimates for the three milestone ages of
12 months, 24 months and 6 years are provided in Table 1. “Fully
immunised” coverage and coverage for all individual vaccines for
the 12 and 24-month age groups are greater than the Immunise Aus-
tralia Program’s target of 90%. However, recorded coverage for the 6-
year (72 month) age group is approaching, but still below the target.

Fig. 1 shows the trends in “fully immunised” vaccination cov-
erage for all three milestone ages from the first ACIR-derived
published coverage estimates in 1997–2007. There is a clear trend
of increasing vaccination coverage over time for children of all age
groups assessed, with the two youngest age cohorts having the

highest coverage. Coverage at 24 months of age exceeded that at 12
months of age for the first time at the end of 2003 and has remained
higher since. This is likely related to the removal of the require-
ment for an 18-month dose of DTP for full immunisation, as well as
the introduction of immunisation incentives. Increasing coverage

erage at 12, 24 and 72 months of age, Australia.
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ates for the 72-month cohort in recent years coincides with the
ntroduction of combination vaccines leading to fewer injections.
overage of individual vaccines mirrors the fully immunised trends
ut exceeds them for some vaccines, especially those requiring only
ne dose.

Coverage estimates can now be calculated by Indigenous sta-
us, as completeness of Indigenous status recording on the ACIR
as progressively improved, from 42% of the estimated national
ohort of Indigenous children aged 12–14 months in 2002 to 95% in
005 [26]. It was estimated that this had increased to 99% by 2007
27]. Vaccination coverage estimates for the three milestone ages
y Indigenous status are shown in Fig. 2 and reveal that in 2007
overage is lower for Indigenous children than non-Indigenous for
ll three ages, with the difference in coverage being greatest at 12
onths of age. This difference in coverage at 12 months of age has

een relatively consistent for the past 6 years.
.4. Timeliness of immunisation

The most widely accepted indicator of the performance of
mmunisation programs globally is the proportion of children

Fig. 4. “Fully immunised” coverage at 24 months of a
Fig. 3. Proportion of children >6 months late for their immunisations by Indigenous
status, Australia, 2007.

receiving all recommended vaccines by 24 months of age [28].
However, this does not capture delay in receipt of immunisa-
tion. Timeliness is an important public health goal, as a number
of vaccine preventable diseases such as invasive disease due to
Hib, Streptococcus pneumoniae or Bordetella pertussis, particularly
impact young infants. Although vaccination coverage has increased
in Australian children between 1998 and 2007 from 88% to 92%,
there has been no substantial change in timeliness [28]. Delayed
immunisation is more marked for Indigenous compared with
non-Indigenous children, especially for immunisations due by 12
months of age. By 24 months of age this disparity decreases some-
what (Fig. 3).

4.5. Small area coverage reporting including maps of

immunisation coverage

Although “fully immunised” coverage at the national level by
24 months of age was 92% for children born between the 1 July
and 30 September 2004, several regions within the country have

ge by Statistical Sub-Division, Australia, 2006.
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ubstantially lower coverage (Fig. 4). Coverage maps have consis-
ently shown pockets of low coverage, both in metropolitan and
ural regions [29]. Coverage estimates by region are important for
argeting local interventions to improve immunisation coverage
30,31].

.6. Conscientious objectors to immunisation

An important feature of the ACIR is that it records registered
onscientious objectors to immunisation. Parents with a personal,
hilosophical, religious or medical belief that their child should not
e immunised must see a medical practitioner to complete a con-
cientious objection form in order to retain eligibility for parental
ncentives. Low coverage is associated with a high proportion of
onscientious objectors which ranges from 0 to 8% by statistical
ub-division, with an average of 1.2% (Fig. 5).

. Discussion

Since its inception, the ACIR has grown to hold records for over
.8 million children and receives reports from over 21,000 providers
f immunisation services. The functionality of the ACIR has been
nhanced over time following the recommendations of reviews
n 1997, 2000 and 2003 such that it now has many of the fea-
ures of an “ideal” immunisation register, including enrolment at
irth, a unique personal identifier, information on vaccine dose,
ate and provider, and mechanisms for aggregating data regionally
nd nationally [32].

The main alternative to an immunisation register is a periodic
ross-sectional survey. These can be conducted by telephone, such
s occurs with the American National Immunization Survey (NIS),
hich is of sufficient size to estimate immunisation coverage rates

or children aged 19 to 35 months in all 50 states in the US [33],

r by personal interview at the household level, such as the sur-
eys conducted by the Bureau of Statistics which preceded the ACIR
n Australia. One question about coverage estimates derived from
he ACIR is how much of the change demonstrated over time was
ttributable to higher vaccination rates versus higher reporting.
ectors to immunisation, Australia, 2006.

A household survey replicating previous methodology was con-
ducted in Australia in 2001 [34] and comparison with estimates
from previous surveys [1,34] confirmed that coverage for pertussis-
containing vaccines had increased substantially, whereas there was
only a modest increase for vaccines such as MMR given as a single
dose at 12 months of age. In contrast, comparing coverage estimates
for the three milestone ages of 12, 24 and 72 months from the 2001
survey with contemporaneous estimates from the ACIR showed
similar estimates at 12 months of age, but increasing divergence
at 24 and 72 months of age, consistent with diminishing parental
recall and availability of records over time.

The US NIS uses provider confirmation of parental report which
was not done in the Australian household surveys [33]. Coverage
estimates from the 2005 NIS and 2006 ACIR for DTP and one dose
of MMR at 24 months of age were 96.1% versus 95.1% and 91.5%
versus 93.9%, respectively. The ACIR tends to under-estimate cov-
erage [18,35] due to incomplete provider reporting, whereas the
NIS will tend to over-estimate coverage due to inherent biases
of telephone-based methodologies. In 2001 it was estimated that
the ACIR underestimated coverage by 2.7–5.0%, with the degree of
underestimation greater for the 24 months compared with the 12-
month age group [18]. In 2002, a survey conducted in an inner city
area of Sydney of 162 children identified as being overdue for immu-
nisations through ACIR found that only 37% were actually overdue.
Failure of providers to notify immunisation encounters, migration
and failure to record overseas vaccination were the main reasons
for children having incomplete immunisation [36]. It is important
to note that since 2001, electronic notification by providers has
increased by 45%.

An advantage of surveys such as the NIS is that a wide variety
of socio-demographic information about children and their parents
can be collected. The only socio-demographic data collected by the
ACIR is the age, sex and Indigenous status of the child, limiting

the scope of immunisation coverage research which can be under-
taken using ACIR-derived data. In addition, surveys can collect data
on persons of any age, which is important as immunisation pro-
grams are increasingly targeting adolescents and adults. In contrast,
the ACIR currently only captures children <7 years of age, limiting
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ssessment to young children. The NIS collected provider-reported
accination information for adolescents aged 13–17 years for the
rst time in 2006 [37].

A strength of the ACIR is that it can be considered to be a census
f Australian children <7 years rather than a sample of the target
opulation, as used in survey methodology. Children not captured
y the ACIR may differ in their immunisation rate. However as an
stimated 99% of children are captured by the ACIR through Medi-
are, and non-registered children can still be notified to the ACIR,
ny such difference should have a very small overall impact on cov-
rage rates. It may have a more measurable impact in urban areas
ith large immigrant populations.

The completeness of the register at any time point is dependent
n provider notification, but does not depend on parental recall
nd data can be available relatively quickly. Over time there has also
een an increasing proportion of providers reporting electronically,
esulting in less notification delay, however further improvements
re possible, as there are still approximately 30% of providers not
eporting electronically. Registries which only allow electronic noti-
cation may have less notification delay, however this may be at
he expense of completeness if there are a substantial number of
roviders not using electronic communication.

The accuracy of immunisation status as recorded on the ACIR at
oth the individual and regional level has improved substantially in
he same time frame as the introduction of financial incentives to
arents and providers. The latter group of incentives predominantly
pplies to GPs, who represent the majority of providers in Australia
71%). The only payments available to non-GP providers are for
otification to the ACIR (i.e., information payments), which have
emained at approximately A$8 million annually since the ACIR’s
ntroduction. Payments specific to GPs are substantially larger and
ave risen since their inception from A$26 million to A$40 million
nnually, due to increasing numbers of GP providers rather than
ny increase in unit payment. By 2004, the amount paid to general
ractices for achieving certain targets for immunisation coverage
t the practice level was approximately equal to that paid through
IP for vaccines delivered, despite increasing the coverage required
or being eligible for payment from 85% to 90% in 2003. In the 2008
ederal budget, it was announced that the SIP component of the GPII
cheme would be discontinued from October 2008 [38]. It remains
o be seen whether this change will impact immunisation coverage,
owever as other incentives remain intact, it is hoped that there will
e minimal impact.

Total payments to GPs are much lower than parental payments,
ecause of the latter’s greater numbers. In 2004–05, following
emoval of the means test to qualify, payment of the MIA was
$43 million. It is likely that this payment, A$233 per child in
007, is substantial enough to provide motivation both to complete

mmunisation and for parents to prompt their provider to notify
utstanding reports to the ACIR before the child reaches 24 months
f age. ACIR-reported coverage at 12 and 24 months of age reached
0% by 2000, approximately 18 months after the introduction of the
PII Scheme. However, the increase in the level of complete immu-
isation at 24 months of age was considerably steeper than for 12
onths of age, suggesting that the parental incentive payment had
substantial independent influence. A study in 2000 was able to
emonstrate a significant association between receipt of both the
IA and the CCB and completion of immunisation [39]. Since that

ime, removal of means testing of the MIA may also have increased
mpact. In the 2008 budget, it was announced that the MIA payment

ould be paid in two equal amounts of A$167, with eligibility for

he second payment assessed at 4–5 years of age [38]. It remains to
e seen whether this will impact 72-month coverage.

In summary, the ACIR has been instrumental in extending and
valuating the reach and impact of Australia’s publicly funded child-
ood immunisation programs. Coverage targets have been reached

[

[
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for two of the milestone ages and are close to being realised for the
third. Many other countries have universal national health insur-
ance schemes and linkage to these, based on the ACIR experience,
appears likely to be an appropriate model in various settings, pro-
viding legislative and privacy issues can be addressed.
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Trends and patterns in vaccination
objection, Australia, 2002e2013
Abstract
onsiderablemedia and public
attention has been focused in
Objectives: To examine geographic and demographic trends in objection to
vaccination in Australia.

Design: Cross-sectional analysis of Australian Childhood Immunisation
Register (ACIR) data (2002e2013) for children aged 1e6 years.

Main outcome measures: Immunisation status according to whether an
objection had been registered, and remoteness and socio-economic
status of area of residence. Registration of children with Medicare after
12 months of age was used as a proxy indicator of being overseas-born.

Results: The proportion of children affected by a registered vaccination
objection increased from 1.1% in 2002 to 2.0% in 2013. Children with a
registered objection were clustered in regional areas. The proportion was
lower among children living in areas in the lowest decile of socio-economic
status (1.1%) than in areas in the highest socio-economic decile (1.9%). The
proportion not affected by a recorded objection but who were only partly
vaccinated for vaccines due at 2, 4 and 6 months of age was higher among
those in the lowest decile (5.0% v 3.4%), suggesting problems of access
to health services, missed opportunities, and logistic difficulties. The
proportion of proxy overseas-born for whom neither vaccinations nor an
objection were recorded was 14 times higher than for other children
(17.1% v 1.2%). These children, who are likely to be vaccinated although this
is not recorded on the ACIR, resided predominantly in major cities.

Conclusions: There was a small increase in registered objection rates since
2002. We estimate that 3.3% of children are affected by registered or
presumptive (unregistered) vaccination objection, which suggests that the
overall impact of vaccination objection on vaccination rates has remained
largely unchanged since 2001. Incomplete records, barriers to access,
and missed opportunities are likely to be responsible for most other
deficiencies in vaccination coverage.
C recent years on the refusal
by some parents to vaccinate their
children as recommended by health
authorities. Vaccination coverage
has often been purported to be
declining nationally as a result,
particularly in more affluent inner-
city suburbs (for example, 1).

Until the end of 2015, the Australian
Childhood Immunisation Regis-
ter (ACIR) recorded registered
objection to vaccination based on
personal, philosophical or religious
beliefs. Registration of objection
required a vaccination provider to
complete a conscientious objection
form; this was necessary only when
the parentswished to remain eligible
for family assistance payments from
the federal government or, in some
states, to be able to enrol their child
in childcare. It is therefore likely that
ACIR data have not captured all in-
stances of parental objection to
vaccination.

Only one published Australian
study has reported an in-depth
analysis of vaccination objections, a
national survey conducted in 2001.2

Our study aimed to examine trends
in registered vaccination objection
and differences in the geographic
and demographic distribution
of objection across Australia, and
to assess the contribution of
unregistered objection to incomplete
vaccination.
Methods

The ACIR was established in 1996
by incorporating demographic data
recorded byMedicare for all enrolled
children under the age of 7 years.3

Children not enrolled in Medicare
can also be added to the ACIR with
a supplementary number. “Fully
vaccinated” status is assessed at three
key milestones: 12 months of age (for
vaccines due at 2, 4 or 6 months);
24 months of age (for vaccines due at
12 or 18 months); and 60 months of
age (for vaccines due at 48 months).
The algorithms used for calculation
of fully vaccinated status at these
milestones have been described pre-
viously.4 We defined “partially
vaccinated” children as those with
one or more vaccinations recorded,
but who were not fully vaccinated
with respect to the vaccines due at the
relevant schedule points.

We examined the following four
subgroups of children, defined ac-
cording to ACIR data:

� objection to vaccination and no
vaccinations recorded;

� objection to vaccination and one
or more vaccinations recorded;

� no objection to vaccination and
no vaccinations recorded; and

� no objection to vaccination and
partially vaccinated.
MJA 204
We examined trends over time for
cohorts aged 12 months to less than
7 years for the period 2002e2013.
Children under 12 months old
were excluded to allow time for
parents to have registered an objec-
tion to vaccination. We analysed
the 2013 data further, mainly for
children born 1 January 2007 e 31
December 2012.

The area of residence of children
was defined as “major cities”, “inner
regional”, “outer regional”, “remote”
or “very remote” according to the
Accessibility/Remoteness Index of
Australia (ARIAþ).5 We combined
the inner and outer regional cate-
gories into a single “regional” cate-
gory, and the remote andvery remote
categories into a single “remote”
category.

If a child was registered with Medi-
care later than 365 days after birth,
(7) j 18 April 2016 275.e1
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Research
we assumed that they had been born
overseas.

We compared children living in post-
codes in the bottom and top 10%of all
postcodes with regard to economic
resources, according to the Socio-
Economic Indexes for Areas: Index of
Economic Resources.6 For small area
analyses, we used Australian Bureau
of Statistics (ABS) Statistical Area 3
(SA3) areas.7Mapswere createdusing
MapInfo version 12.0 (Pitney Bowes)
and ABS census boundary informa-
tion. The ABS Postal Area to SA3
Concordance 20118wasused tomatch
ACIRpostcodes to SA3.9 If a postcode
was matched to more than one SA3,
the SA3 with the greatest proportion
of thepopulation of that postcodewas
used.

Due to the extremely large num-
ber of children included in this
study, statistical comparisons were
unnecessary.

Ethics approval
Ethics approval was not required for
this study, as de-identified popula-
tion-based data were used only for
routine public health surveillance.
d vaccination objection status and va
to less than 7 years, Australia, 2002e2

and 6months of age. The number of children in each

MJA 204 (7) j 18 April 2016
Results

The percentage of children aged 1e6
years with a vaccination objection
recorded on theACIR increased from
1.1% (17 430 of 1 612 864 children) in
2002 to 2.0% in 2013 (1.1% [19 244/
1 785 421] with no vaccinations
recorded; 0.9% [15 917/1 785 421]
with one or more vaccinations
recorded; Box 1).

In contrast, the percentage of chil-
dren for whom neither vaccinations
nor an objection were recorded
decreased from 4.3% (69 684/
1 612 864) in 2002 to 2.4% (42 578/
1 785 421) in 2013. The percentage of
children who were partially vacci-
nated with respect to vaccines
scheduled at 2, 4 and 6 months of
age and for whom no objection was
recorded also declined, from
7.1% (114 221/1 612 864) in 2002 to
3.4% (60 094/1 785 421) in 2013
(Box 1).

In 2013, the proportion of children
with a recordedvaccination objection
living in the lowest 10% of postcodes
with regard to economic resources
was about half that of those living in
ccination status of children aged
013

annual cohort is given below the respective year
the highest 10% (1.1% [1664/152 279]
v 1.9% [4598/236 649]; Box 2).

The proportion of children in the
lowest socio-economic decile who
were partially vaccinated and for
whom there was no recorded objec-
tion was 50% higher than for those
living in the most advantaged decile
for vaccinations due at 2, 4 and
6 months of age (5.0% [7644/152 279]
v3.4%[8016/236 649]), 35%higher for
vaccines due at 12 and 18 months of
age (5.4% [6677/124 271] v
4.0% [7909/198 126]), and 20% higher
for vaccines due at 48 months of age
(4.5% [2023/44 897] v 3.7% [2807/
75 890]).

The percentage of children with a
vaccination objection recorded on the
ACIR was 2.5% (11 342/462 237) in
regional areas, 1.8% [22 973/
1 268 599) in major cities, and
1.4% (536/39 062) in remote areas.

Children likely to have been born
overseas (using the proxy measure of
late Medicare registration) were less
likely to have a recorded vaccination
objection than other children
(1.4% [1754/123469] v 2.0% [33407/
1661952]), but much more likely to
have neither an objection nor any
vaccinations recorded (17.1% [21134/
123 469] v 1.2% [19 619/1661952]), or
to have no recorded objection but to be
partially vaccinated with respect to
vaccines due at 2, 4 and 6 months of
age (19.6% [24 241/123 469] v
2.1% [35205/1661952]). Seventy-five
per cent (145 091/194757) of proxy
overseas-born children lived in major
cities, compared with 71% of other
children (1 123 799/1 576 567); they
comprised 52% of children with
neither an objection nor any vaccina-
tions recorded (21 134/40 753).

Some children with a vaccination
objection documented on the ACIR
were recorded as being fully vacci-
nated at the relevant age milestones.
At 12 months of age, 23% of all chil-
dren with a recorded objection
(7946/35 161) were fully vaccinated;
in 90% of these cases, the objection
had been registered after receiving
the third dose of the diphtheriae
tetanusepertussis vaccine. At
24 months of age, 15% of all chil-
dren with a recorded objection



2 Recorded vaccination objection status by socio-economic status of area of residence and
vaccination status, children aged 12 months to less than 7 years, Australia, 2013 (cohort
born 1 January 2007 e 31 December 2012)*

* No objection and partially vaccinated with respect to vaccines due at 12 and 18 months: cohort born 1 January 2007 e 31
December 2011; no objection and partially vaccinated with respect to vaccines due at 48 months: cohort born 1 January
2007 e 31 December 2008. Addition of percentages may result in apparent discrepancies because of rounding. u
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(4606/30910) were fully vaccinated;
in 78% of these cases the objection
had been registered after receiving
the first dose of the measlese
mumpserubella (MMR) vaccine. At
60 months of age, 12% of all children
with a recorded objection (3685/
31228) were fully vaccinated; in
25% of cases, the objection had been
registered after receiving the second
dose of the MMR vaccine (data not
shown).

The proportion of children with an
objection to vaccination recorded on
the ACIR varied substantially at the
small area level. Most areas with
high levels of recorded objection
were in regional zones, with marked
clustering in northern New South
Wales and south-east Queensland
(Box 3).

Discussion

Registered objection to vaccination in
Australia, as a percentage of the total
population aged from 12 months to
less than 7 years, increased by less
than one percentage point between
2002 and 2013. During this period,
the percentage of children with no
recorded objection but incompletely
vaccinated (either no vaccinations or
only some scheduled vaccinations
recorded) decreased, while vaccina-
tion coverage remained relatively
high and stable.4,9 Contrary to
frequent claims in the media, this
suggests that overall levels of objec-
tion (registered and unregistered)
have not changed, and increases in
registered objection may have been
driven by increased awareness that
registration preserved eligibility for
family assistance payments, which
rose in value during this period.10

Among the 5.8% of children in
2013 who were incompletely vacci-
nated but with no recorded objec-
tion, potential explanatory factors
include unregistered objection,
reporting and recording errors, and
problems of access, opportunity and
logistics.

Our data show that for 2.4% of
children there was no recorded ob-
jection but also no scheduled vacci-
nations recorded on the ACIR; of
these children, 52% were likely to
have been born overseas. This is
consistentwithfindings froma recent
study in Western Australia which
found that 44% of children with no
recorded objection or vaccinations
had been born and vaccinated over-
seas; only 28% involved an unregis-
tered objection.11,12 Extrapolating
from these data, we estimate that the
proportion of children in our study
with no recorded vaccinations
because of an unregistered objection
was about 0.7% (ie, 28% � 2.4%;
Box 4). Our finding that the per-
centage of children with no
recorded objection and no recorded
vaccinations is highest in major
cities and lowest in regional areas is
consistent with the greater propor-
tion of overseas-born children in
major cities.13 Estimation of true
vaccination coverage needs to take
overseas-born status into account,
particularly at the small area level
in major city locations, where
recording and reporting errors may
explain reports of apparently lower
coverage.14,15
Another important subgroup of
incompletely vaccinated children in-
cludes the 3.4% of children for whom
there was no recorded objection, but
who were only partially vaccinated
with respect to vaccines due at 2, 4
and 6 months of age. This group
included a substantially higher pro-
portion of children living in the bot-
tom 10% of socio-economic status
postcodes, suggesting delayed
vaccination caused by problems
related to disadvantage, logistic dif-
ficulties, access to health services,
andmissed opportunities in primary,
secondary and tertiary health care.
Incomplete vaccination has previ-
ously been associated with socio-
economic factors in Australian and
overseas studies.16,17

In the absence of alternative data, we
assumed that the ratio between the
proportions of children affected by
registered objection with some and
no vaccinations (ie, 0.9:1.1) was
similar to that for partially unvacci-
nated and completely unvaccinated
MJA 204 (7) j 18 April 2016 275.e3



3 Recorded vaccination objection by Statistical Area 3 (SA3), for children from 12 months to
less than 7 years old, in (A) Australia and (B) south-east Queensland and northern New
South Wales, 2013 (cohort born 1 January 2007 e 31 December 2012)

A

B

* Number of SA3s in each category in parentheses; SA3s in 6e< 12% category are named on the map. u
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children with unregistered objection.
We consequently estimated that the
proportion of children who were
partially vaccinated as the result of an
unregistered objection was about
MJA 204 (7) j 18 April 2016
0.6%. The estimated total proportion
of children affected by a regis-
tered or unregistered objection to
vaccination, ranging from those who
have received no vaccinations to
those who have received some or
delayed vaccinations, was thus
3.3% (Box 4).

This figure includes fully vacci-
nated children with a registered ob-
jection. Our findings indicate that, at
earlier vaccination milestones, the
objection was typically registered
after scheduled vaccinations were
given. At the 60 months’ milestone,
however, appropriate vaccinations
had usually been given after the
objection had been registered,
which may reflect a change of mind
by the parent(s) and subsequent
(ie, delayed) vaccination.

The distribution of recorded vacci-
nation objection shows marked
geographical clustering, posing a risk
of local disease outbreaks.18-21

Teasing out the various issues
contributing to incomplete vaccina-
tion will be particularly important
now that data on registered objection
is no longer collected: from 1 January
2016, philosophical and religious
beliefs are no longer legally valid
reasons for exemption from vaccina-
tion requirements for receiving
family assistance payments.22 Our
findings provide a baseline against
which to track trends in objection,
although limitations include our
use of ACIR data without directly
interviewing parents, and the
limited nature of recent information
on the completeness and accuracy of
ACIR data. The most recent national
survey of parents of incompletely
vaccinated children estimated in
2001 that 2.5e3.0% of the annual
birth cohort were affected by parents
who had registered an objection or
had significant concerns about
vaccination.2,23 Our estimate (3.3%)
was only slightly higher, suggesting
that there has been little change in the
overall impact of vaccination objec-
tion since 2001. A national survey,
focusing on incompletely vaccinated
children, equipped to evaluate data
quality, and using personal in-
terviews to assess parental attitudes,
would allow verification of our
findings.

In light of our conclusions, primary
care clinicians should pay close
attention to ensuring that the vacci-
nation history of overseas-born



4 Estimates of the proportions of children aged from 12 months to less
than 7 years affected by registered and unregistered vaccination
objection, Australia, 2013

Objection/immunisation status

Proportion
of child

population

Proportion of child
population affected

by objection

A. Objection and no vaccinations
recorded

1.1% 1.1%

B. Objection and one or more
vaccinations recorded

0.9% 0.9%

C. No objection and no vaccinations
recorded

2.4% 0.7%*

D. No objection recorded and partially
vaccinated

3.4% 0.6%†

Total: 3.3%

* Assumption: 28% of total proportion (ie, 0.28 � 2.4%) are affected by unregistered objection
(based on Western Australian study11,12). † Assumption: the ratio of children affected by
unregistered objection who are partially vaccinated [D] and children affected by an unregistered
objection for whom no vaccinations are recorded [C, adjusted] is similar to the ratio of children with
a registered objection for whom some vaccinations are recorded [B] and those for whom no
vaccinations are recorded [A]; ie, D ¼ [B]/[A] � [C, adjusted] ¼ 0.9/1.1 � 0.7%). u
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children is correctly recorded in
the ACIR. Clinicians should also
be on the alert for appropriate
catch-up opportunities for partially
vaccinated children, as in most
cases they are probably not up to
date for reasons other than parental
objection.
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Reported infant vaccination coverage at age 12 months in Australia is >90%. On-time coverage of the 2–4–
6 month schedule and coverage in specific populations is rarely reported. We conducted a population-
based cohort study of 1.9 million Australian births, 1996–2012, combining individual birth and perinatal
records with immunisation records through probabilistic linkage. We assessed on-time coverage across
13 demographic and perinatal characteristics of diphtheria-tetanus-pertussis vaccines (DTP) defined as
vaccination 14 days prior to the scheduled due date, to 30 days afterwards. On-time DTP vaccination cov-
erage in non-Aboriginal infants was 88.1% for the 2-month dose, 82.0% for 4-month dose, and 76.7% for 6-
month dose; 3-dose coverage was 91.3% when assessed at 12 months. On-time DTP coverage for
Aboriginal infants was 77.0%, 66.5%, and 61.0% for the 2–4–6 month dose; 3-dose coverage at 12 months
was 79.3%. Appreciable differences in on-time coverage were observed across population subgroups. On-
time coverage in non-Aboriginal infants born to mothers with �3 previous pregnancies was 62.5% for the
6-month dose (47.9% for Aboriginal infants); up to 23.5 percentage points lower than for first-borns.
Infants born to mothers who smoked during pregnancy had coverage 8.7–10.3 percentage points lower
than infants born to non-smoking mothers for the 4- and 6-month dose. A linear relationship was appar-
ent between increasing socio-economic disadvantage and decreasing on-time coverage. On-time cover-
age of the 2–4–6 month schedule is only 50–60% across specific population subgroups representing a
significant avoidable public health risk. Aboriginal infants, multiparous mothers, and those who are
socio-economically disadvantaged are key groups most likely to benefit from targeted programs address-
ing vaccine timeliness.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Immunisation is one of the most effective public health preven-
tion strategies worldwide. The National Immunisation Program
(NIP) in Australia incorporates a 3-dose infant schedule at 2–4–6
months of age including vaccines against diphtheria, tetanus, per-
tussis, poliomyelitis, hepatitis B, Haemophilus influenzae type B,
pneumococcal disease and rotavirus. The Australian Immunisation
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Register (AIR), one of only a few population-based vaccine registers
worldwide, is used to report immunisation coverage. This is nor-
mally assessed at age 12 months using 3-monthly cohorts [1].
Coverage is measured using the ‘third dose assumption’ which
defines a child as fully immunised if a third dose of a particular
vaccine course is recorded regardless of whether the first or second
doses are recorded [2]. Using this method, coverage rates in Aus-
tralia of vaccines on the NIP schedule (excluding rotavirus) are
reported as over 90% [3]. The population-level coverage of each
vaccine at time points closer to the scheduled ages of 2, 4 and 6
months are not routinely examined, but might be an important
indicator of on-time vaccination coverage. Delayed vaccination,
particularly in high risk children including Aboriginal and/or Torres
Strait Islander children (hereinafter referred to as Aboriginal),
could be contributing to the continued high rates of some vaccine
preventable diseases and the large disparity between Aboriginal
and non-Aboriginal children for many infectious diseases [4,5].

Linkage of birth and perinatal records to the AIR allows accurate
assessment of population-level coverage close to the scheduled vac-
cination time, using the number of births in the population as the
denominator. More importantly, the only demographic information
that is recorded on AIR is the child’s age, sex, residential postcode
and Aboriginal status; therefore calculation of coverage within par-
ticular population subgroups (including those born preterm, or from
lower socio-economic areas) is only possible through combining
information frommultiple datasets with record linkage. The assess-
ment of vaccination coverage in population subgroups might allow
identification of specific demographic groups that would benefit
most from targeted strategies to improve timeliness. A recent sys-
tematic review identified higher birth order, low maternal educa-
tion and low socio-economic status to be the most cited factors
associatedwith incomplete or delayed vaccination [6], although fac-
tors relating to social determinants of uptake have been shown to be
context specific [7] and have not been assessed in minority popula-
tions such as indigenous populations. Using an assembled linked
dataset of perinatal and birth records linked to immunisation
records, we assessed ‘on-time’ immunisation coverage of the 2–4–
6 month schedule in Australia by population subgroup, focusing
on the uptake of diphtheria-tetanus-pertussis vaccines (DTP)
among Aboriginal and non-Aboriginal infants. We hypothesised
that coveragewould vary among subgroups and that on-time cover-
age would be lower than routinely reported coverage at 12 months.
2. Patients and methods

2.1. Study population

The study population was defined as all live births in Western
Australia (WA) and New South Wales (NSW) between 1996 and
2012. WA and NSW together represent 42% of Australia’s popula-
tion. The full details of assembling the linked dataset through prob-
abilistic linkage across three linkage centres are provided elsewhere
[8,9]. In brief, the cohort comprised 1,953,881 infants that had both
a registered birth record and a perinatal data record. Aboriginal sta-
tus was derived using a multi-stage median algorithm, described
previously [10] using information from all linked datasets in the
study, excluding deaths, and based onAustralia’s national best prac-
tice guidelines for data linkage activities relating to Aboriginal and
Torres Strait Islander people [11]. Using this validated algorithm,
5% of our cohort (97,778) were identified as Aboriginal.
2.2. Vaccination records

The AIR (previously known as the Australian Childhood Immu-
nisation Register, ACIR) contains information regarding the date,
dose number and types of vaccines given and the type of health
service that provided the vaccine. DTP immunisation records for
the study cohort between 1996 and 2013 were extracted from
AIR and probabilistically linked at the Australian Institute of Health
and Welfare as described previously [8,9]. In brief, immunisation
data from AIR were linked to the birth register based on a matched
linkage rate of 99.3% (similar to a sensitivity measure) with a cor-
responding linkage accuracy of 99.0% (similar to a positive predic-
tive value measure). Duplicate immunisation records with the
same immunisation date and vaccine dose number were removed.
Records with the same immunisation date but different vaccine
dose number were combined, retaining the record with the most
recent date of recording in AIR. Vaccination records that did not
have a corresponding birth cohort record were removed as were
records of infants where the date of immunisation was before
the child’s date of birth on their associated perinatal data record
[9]. These exclusions from the cohort equated to 1% of all cohort
members (Fig. 1). Records pertaining to pneumococcal conjugate
vaccines (PCV) for which a national program commenced in 2005
were also analysed with details provided as Supplementary
Information.

In order to measure coverage at each scheduled infant dose, we
chose time-windows reflecting on-time receipt. A 30-day time per-
iod from the expected date of vaccination has been used previously
as the standard measure of on-time vaccination [12]. For all infants
in the birth cohort, we calculated the age in days at vaccination for
each dose at 2, 4 and 6 months of age. A vaccination record within
a 3 day window prior to the scheduled date of a 2-month dose up
until 30 days after the scheduled date was considered an on-time
vaccination dose. A vaccination record within a 2 week window
prior to the expected date up until 30 days after the expected date
was considered an on-time vaccination dose for the 4- and 6-
month dose. This assessment means that on-time receipt of the
2-month dose was defined as vaccination from age 39 days (the
first DTP dose can be administered from 6 weeks and allowing a
3 day grace period) to age 90 days, the window for the 4-month
dose was defined as age 106–150 days and the window for the
6-month dose was defined as age 166–210 days.

2.3. Population subgroups

We selected maternal, paternal and infant factors from the
linked birth register and perinatal datasets a priori based on avail-
able literature [6]. Maternal and paternal factors included age at
time of their child’s birth in four discrete age groups, maternal
smoking during pregnancy, number of previous births and
mother’s country of birth (Australia vs overseas). Infant and birth
related factors included Aboriginal status, sex, season of birth
(summer [December-February], autumn [March-May], winter
[June-August], spring [September-November]), mode of delivery
(vaginal, caesarean, instrumental), prematurity across three gesta-
tional age groups, birthweight across 5 groups, state of birth, socio-
economic status measured through the Index of Relative Socio-
Economic Advantage and Disadvantage (IRSD) and remoteness as
measured through the Accessibility/Remoteness Index of Australia
(ARIA). The IRSAD is one of four Socio-Economic Indexes for Areas.
Each index measures a different aspect of the socio-economic con-
ditions of the people living in a particular area and ranks different
geographical areas across Australia according to a score created
from the characteristics in that area [13]. The IRSAD score is
derived from 17 variables including income, internet connection,
unemployment and education [13] and is grouped into five cate-
gories ranging from most disadvantaged (index scores below the
10th percentile) to least disadvantaged (index scores above the
90th percentile). ARIA is a standard national measure of remote-
ness and access to services for localities and areas throughout



Fig. 1. Flow chart of datasets and exclusions for DTP infant coverage.
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Australia and is classified into 5 groups ranging from major cities
to very remote [14]. The IRSAD and ARIA classifications were based
on the mother’s residential address at the time of delivery. There
were minimal missing data for all the population subgroups (7%
for maternal country of birth and paternal age at birth; 0–1% for
all other factors [9]).
2.4. Statistical analysis

The proportion vaccinated for each scheduled dose was defined
as the number of infants with a recorded vaccination within the
on-time dose window divided by the number of births eligible
for vaccination at that time point. Infants who died before the
end of the time window for each dose were excluded. We calcu-
lated vaccination uptake by year of birth and by population sub-
group for each dose and compare this to coverage assessed by
receipt of the third dose by age 12 months, as is defined in pub-
lished coverage reports. Confidence intervals at the 95% level are
not shown for any of the coverage figures as they were very narrow
(<0.5% change from the point estimate) and represent the popula-
tion coverage. Analysis was conducted in Stata version 13 and data
were accessed through the Secure Unified Research Environment
[15].
2.5. Ethical approval

Approval was granted by the Department of Health WA Human
Research Ethics Committee, the NSW Population & Health Services
Research Ethics Committee, The WA Aboriginal Health Ethics Com-
mittee, the NSW Aboriginal Health and Medical Research Council
Ethics Committee, The Australian Government Department of
Health and Ageing Departmental Ethics Committee and the Aus-
tralian Institute of Health and Welfare.
3. Results

The cohort for analysis consisted of 1,953,746 births of whom
97,778 (5.0%) were recorded as Aboriginal (Fig. 1). Births from
NSW accounted for 76.4% of the cohort (4.6% Aboriginal) and
births from WA accounted for 23.6% (6.4% Aboriginal). Most vac-
cines in NSW were given in general practice (e.g. 83% of 2-month
dose) followed by community health centres (13%) and other ser-
vices (4%) including Aboriginal health services and hospitals; in
WA 66% of the 2-month doses were given in general practice,
24% through community health centres and 10% through other
services.

Overall DTP vaccine uptake is presented in Fig. 2. On-time vac-
cination for non-Aboriginal infants ranged from 76.7 to 88.1% and
61.0 to 77.0% for Aboriginal infants. Coverage for the third dose
assessed at age 12 months was 91.3% for non-Aboriginal infants
and 79.3% for Aboriginal infants. Thus, on-time vaccination for
the 6-month dose was 14.7 percentage points lower for non-
Aboriginal infants and 18.3 percentage points lower for Aboriginal
infants than coverage assessed at 12 months. Vaccination uptake
steadily increased over the study period for all doses (Fig. 3). Due
to coverage being systematically lower in Aboriginal than in



Fig. 2. Proportion of Aboriginal and non-Aboriginal children born between 1996
and 2012 with on-time receipt of DTP at 2, 4, 6 months and coverage for the third
dose assessed at 12 months.
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non-Aboriginal infants, analyses of predictors of slow uptake were
conducted separately for these populations.

Tables 1 and 2 display on-time coverage for non-Aboriginal and
Aboriginal infants for the 2–4–6-month doses across population
subgroups. On-time vaccination decreased with each consecutive
dose. Similar patterns of differential levels of on-time coverage
across population subgroups were seen for Aboriginal and non-
Aboriginal infants although the size of discrepancy differed. The
discrepancy between subgroups was most marked for the 4-
month and 6-month dose in both non-Aboriginal and Aboriginal
infants across all subgroups. The largest discrepancy was seen with
maternal parity; on-time uptake for the 6-month dose in infants
born to mothers with 3 or more previous pregnancies was only
62.5% in non-Aboriginal infants and 47.9% in Aboriginal infants
equating to coverage 20.8 and 23.5 percentage points lower for
Fig. 3. On-time vaccination uptake of DTP at 2, 4, 6 months in
non-Aboriginal and Aboriginal infants respectively compared with
first-borns (Tables 1 and 2). Non-Aboriginal and Aboriginal infants
born to mothers who smoked during pregnancy had a vaccine
uptake for the 6-month dose approximately 10 percentage points
lower than infants born to mothers who did not smoke.

There was a general trend towards a relationship of increasing
level of deprivation and decreasing on-time vaccination across
the three scheduled doses for all infants, however the discrepancy
was greater among Aboriginal than non-Aboriginal infants (e.g.
coverage for the 6-month dose was 11.8 percentage points lower
in Aboriginal infants living in the most socio-economically disad-
vantaged areas compared with those living in the least disadvan-
taged; the discrepancy was only 4.4 percentage points for non-
Aboriginal infants; Tables 1 and 2). Infants born to teenage parents
had lower on-time coverage, with the 6-month vaccine coverage
difference greater in non-Aboriginal infants (7.4 percentage points
lower than for infants born to parents aged in their 30 s) compared
with Aboriginal infants (1.4 percentage points lower). Six month
vaccine uptake was lower for infants of low birthweight compared
to normal birthweight (6.6–7.2% percentage points lower in infants
<1500 g when compared with normal birthweight), with similar
discrepancies for extreme prematurity (7.2–9.1 percentage points
lower compared with term births).

On-time coverage did not vary considerably by remoteness for
non-Aboriginal infants but varied considerably for Aboriginal
infants; those from regional areas had uptake similar or higher
than those in major cities whereas infants from very remote areas
had uptake 6.3 percentage points lower than major cities for the 6-
month dose. Vaccine uptake was lower in WA than in NSW for all
infants, especially for Aboriginal infants in WA.

One-third (34.6%) of the cohort had a mother born overseas.
Vaccine uptake was lower for infants of mothers born overseas
than infants of mothers born in Australia, most notably for mothers
from North America and Oceania (including New Zealand, Pacific
Islanders and Papua New Guinea), however the discrepancy was
only 1.2 percentage points for the 6-month dose. Both Aboriginal
and non-Aboriginal infants born by instrumental delivery had
higher on-time coverage than other modes of delivery with the
lowest on-time coverage in infants born vaginally. There was min-
imal difference in vaccine uptake by sex or season of birth. Similar
patterns were seen across all subgroups for PCV uptake (Supple-
mentary Information).
Aboriginal and non-Aboriginal children by year of birth.



Table 1
Proportion of non-Aboriginal children with on-time receipt of DTP doses scheduled at 2,4 and 6 months by population subgroup.

Subgroup 2mth dose 4mth dose 6mth dose

n % n % n %

Total 1,613,023 88.1 1,501,557 82.0 1,403,607 76.7

Mother’s age (years)
>=40 54,715 86.3 50,813 80.2 47,409 74.8
30–39 818,075 89.0 763,843 83.1 712,298 77.5
20–29 689,785 87.6 640,953 81.4 600,912 76.3
<20 50,448 82.2 45,948 74.9 42,988 70.1

Father’s age (years)
>=40 202,777 87.6 188,438 81.4 176,308 76.2
30–39 872,739 89.3 815,725 83.5 762,573 78.0
20–29 446,440 87.7 413,967 81.4 387,456 76.2
<20 15,056 81.5 13,692 74.2 12,740 69.1

Delivery method
Vaginal 959,643 86.9 886,043 80.3 823,814 74.6
Instrumental 195,297 90.4 186,659 86.4 177,828 82.3
Caesarean 457,626 89.5 428,427 83.8 401,558 78.6

Maternal smoking during pregnancy
No 1,412,901 88.8 1,322,624 83.1 1,239,902 77.9
Yes 197,178 83.2 176,158 74.4 161,031 68.0

Number of previous pregnancies
0 650,790 89.8 627,213 86.5 603,588 83.3
1 544,897 88.8 505,333 82.4 468,889 76.5
2 254,411 86.7 228,269 77.8 205,961 70.2
3 or more 162,925 81.3 140,742 70.3 125,169 62.5

Infant Sex
Male 829,138 88.0 770,643 81.8 719,132 76.4
Female 783,317 88.1 730,380 82.1 683,978 76.9

Prematurity
<32 weeks 11,016 73.1 11,176 74.5 10,407 69.6
32–36 weeks 93,051 87.0 86,700 81.1 80,872 75.7
>=37 weeks 1,508,753 88.3 1,403,495 82.1 1,312,156 76.8

Birth Season
Spring 409,006 88.2 395,467 83.0 357,850 77.1
Summer 387,375 87.8 359,743 81.6 334,795 75.9
Autumn 408,050 87.8 379,047 81.6 355,628 76.6
Winter 408,006 88.3 377,300 81.7 355,334 77.0

Birthweight group (gms)
<1500 9121 71.8 9388 74.3 8808 69.9
1500–2499 73,196 86.0 68,128 80.1 63,908 75.2
2500–3499 827,646 88.1 771,666 82.2 723,742 77.1
3500–4499 675,039 88.5 626,692 82.2 583,391 76.5
>=4500 27,664 87.2 25,352 79.9 23,453 73.9

Socio-economic index*

91–100% 148,941 88.8 139,703 83.3 130,336 77.7
76–90% 248,541 89.5 233,536 84.1 218,312 78.6
26–75% 781,888 88.5 728,662 82.5 682,056 77.2
11–25% 241,290 87.1 223,120 80.6 208,309 75.2
0–10% 149,634 85.1 137,077 78.0 128,808 73.3

Remoteness index
Major Cities 1,217,720 88.0 1,137,329 82.3 1,068,710 77.3
Inner Regional 240,703 88.3 221,878 81.4 205,616 75.5
Outer Regional 91,167 87.9 84,759 80.9 77,274 73.8
Remote 18,002 90.6 16,629 83.7 15,002 75.6
Very Remote 4,411 88.9 4,023 81.1 3,599 72.6

Mother country of birth
Australia 1,050,037 89.3 976,960 83.1 909,871 77.4
Overseas 443,863 85.6 415,334 80.1 395,072 76.2

Infant state of birth
WA 380,542 88.3 350,038 81.2 317,393 73.7
NSW 1,232,481 88.0 1,151,519 82.2 1,086,214 77.6

* State specific quintiles. 91–100% least disadvantaged; 0–10% most disadvantaged.
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4. Discussion

Through the linkage of perinatal data to immunisation records,
we report for the first time, on-time vaccination for the 2–4–6 m
onth infant schedule across population subgroups in a cohort cov-
ering >40% of Australia’s population. Despite reported coverage
assessed at age 12 months in excess of 90%, we have shown that
vaccine receipt within acceptable windows of timeliness for each



Table 2
Proportion of Aboriginal children with on-time receipt of DTP doses scheduled at 2,4 and 6 months by population subgroup.

Sub-group 2 month dose 4 month dose 6 month dose

n % n % n %

Total 74,947 77.0 64,734 66.5 59,351 61.0

Mother’s age (years)
>=40 1,106 77.8 969 68.2 887 62.4
30–39 17,501 77.8 15,143 67.3 13,889 61.8
20–29 42,023 76.8 36,272 66.3 33,286 60.9
<20 14,317 76.4 12,350 66.0 11,289 60.4

Father’s age (years)
>=40 4,509 78.9 3,929 68.7 3,523 61.7
30–39 20,454 79.6 17,742 69.1 16,357 63.7
20–29 33,583 78.8 29,136 68.4 26,714 62.7
<20 5933 77.1 5044 65.6 4583 59.6

Delivery method
Vaginal 52,258 75.5 44,845 64.8 40,930 59.2
Instrumental 5591 83.6 4991 74.6 4673 70.0
Caesarean 17,074 79.6 14,878 69.4 13,725 64.1

Maternal smoking during pregnancy
No 43,654 80.8 38,402 71.1 35,383 65.5
Yes 31,204 72.2 26,252 60.8 23,902 55.4

Number of previous pregnancies
0 26,687 84.1 24,128 76.1 22,647 71.4
1 19,521 79.6 17,084 69.7 15,502 63.2
2 12,456 74.4 10,374 63.0 9423 57.2
3 or more 16,283 66.1 13,148 53.4 11,779 47.9

Infant sex
Male 38,303 76.9 33,004 66.3 30,134 60.6
Female 36,628 77.1 31,712 66.8 29,201 61.5

Prematurity
<32 weeks 1023 65.3 890 57.3 811 52.5
32–36 weeks 6436 72.0 5,443 61.0 5,082 56.9
>=37 weeks 67,458 77.7 58,376 67.3 53,439 61.6

Birth season
Spring 18,196 77.4 16,182 68.9 14,572 62.2
Summer 18,111 76.6 15,481 65.5 14,158 60.0
Autumn 19,436 76.6 16,678 65.8 15,453 61.0
Winter 19,204 77.3 16,393 66.0 24,838 61.2

Birthweight group (gms)
<1500 875 64.8 760 56.7 711 53.3
1500–2499 6036 70.8 5021 59.0 4668 54.9
2500–3499 40,104 75.8 34,692 65.6 31,639 59.9
3500–4499 26,661 80.1 23,205 70.3 21,332 64.6
>=4500 1258 81.4 1044 67.6 990 64.1

Socio-economic index*

91–100% 954 82.5 866 75.0 795 69.0
76–90% 3066 83.2 2732 74.2 2580 70.1
26–75% 26,468 80.7 23,209 70.8 21,283 64.9
11–25% 17,020 76.5 14,597 65.6 13,434 60.4
0–10% 23,422 73.6 19,865 62.5 18,155 57.2

Remoteness
Major Cities 31,734 76.5 27,687 66.8 25,487 61.5
Inner Regional 19,439 79.3 16,731 68.3 15,590 63.6
Outer Regional 12,213 78.5 10,418 67.0 9388 60.5
Remote 5260 75.4 4501 64.6 4028 57.8
Very Remote 2849 71.2 2423 60.7 2202 55.2

Mother country of birth
Australia 66,593 77.6 57,616 67.2 52,930 61.7
Overseas 3039 78.8 2728 70.7 2521 65.3

State of birth
WA 20,961 71.2 17,580 59.8 15,537 52.9
NSW 53,986 79.5 47,154 69.4 43,814 64.5

* State specific quintiles. 91–100% least disadvantaged; 0–10% most disadvantaged.
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dose is as low as 50–60% in some population subgroups represent-
ing a significant avoidable public health risk. Jurisdictions should
be encouraged to assess vaccination coverage using both course
and narrow age milestones enabling vaccine programs to bench-
mark against different jurisdictions and design and implement
local interventions to improve vaccination uptake.

Under vaccination or delayed vaccination is a significant
avoidable public health risk and can contribute to the overall
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susceptibility of the population to outbreaks of vaccine pre-
ventable diseases. Indeed, a recent study has shown infants with
delayed DTP immunisation had a significantly earlier onset of per-
tussis compared to those vaccinated on time and therefore repre-
sent a source of potential disease spread during an outbreak [16].
A recent Australian review of all pertussis-related intensive care
unit admissions from 1997 to 2013 showed that 88.5% of cases
occurred in infants before age 6 months [17], highlighting the
importance of on-time vaccination, including for the second dose
which has been shown to confer high protection [18]. The impor-
tance of on-time vaccination is not likely to be unique to the Aus-
tralian context with similar observations previously arising from
the United States where vaccination uptake at traditional mile-
stones was as high as 85% but with only 34% vaccinated on time
[19]. In order to maintain adequate levels of population immunity,
on-time receipt of vaccinations funded by national programs
should be a public health goal.

A systematic review assessed the factors relating to delayed
vaccination included 23 cross-sectional or cohort studies across
13 countries with sample sizes ranging from 187 to 17,295 infants.
Higher birth order and low socio-economic status were the most
cited factors associated with delayed vaccination [6]. A further
recent study using linked data from Wales also found similar
results with respect to infants of multiparous mothers [20]. Here
we report, on a significantly larger cohort of 1.9 million births
through integrating population-based perinatal, birth and immuni-
sation datasets, on-time uptake of DTP infant doses in population
subgroups, many of which also have been previously identified
as significant factors for delayed vaccination. Our findings confirm
those of the systematic review, with differences in on-time uptake
between infants of multiparous versus primiparous mothers as
high as 23%.

Apart from high birth order, our population-based study has
highlighted other key groups who could benefit from targeted
interventions such as regular reminders to address vaccine timeli-
ness. Groups with less than optimal levels of on-time coverage
were: premature and low birthweight infants, infants whose moth-
ers smoked during pregnancy, and those who were most socio-
economically disadvantaged. The relationship between level of
socio-economic disadvantage and morbidity within Aboriginal
and non-Aboriginal infants has not been well documented. Here
we show a strong association between socio-economic status and
on-time vaccination, especially in Aboriginal infants where the dif-
ference in uptake between the most socio-economically disadvan-
taged Aboriginal infants and least disadvantaged Aboriginal infants
was up to 13%. On-time vaccine coverage was lower for Aboriginal
infants compared to non-Aboriginal infants across all population
subgroups. Aboriginal children still experience disproportionately
higher rates of many infectious diseases, especially pneumonia
and pertussis where rates are up to 15 times higher than non-
Aboriginal children [21]. Although vaccine coverage has increased
over the past decade, further improvements in vaccine timeliness
are needed.

On-time vaccination coverage was lower in WA than in NSW
with more marked differences in Aboriginal infants. This may be
related to immunisation delivery practices. A far greater propor-
tion of the WA population lives in rural and remote areas than
for NSW. Additionally, due to the high morbidity of pertussis in
the early weeks of life, the 2-month DTP dose can be given as early
as 6 weeks of age [3], and this recommendation was promoted ear-
lier (2009) and more actively in NSW than in WA. However, this
difference in recommendation only accounts for a small proportion
of the study period and for the first dose only so it could only
account for a small part of the difference in vaccine uptake
observed here. NSW has funded an Aboriginal Immunisation
Health Worker Program since 2012, with a focus on timeliness of
infant vaccination. Aboriginal health workers work with providers
and families to overcome barriers to on-time vaccination. The gap
in on-time completion between Aboriginal and non-Aboriginal
children of the primary course showed a steady decrease from
17% to 13% in 2016 [22] suggesting Aboriginal health workers have
had a positive influence. Further investigation into the differences
in coverage by type of vaccine provider, especially for the 2-month
dose, may assist in explaining the differences by jurisdiction.

Several other studies have documented the impact of social
determinants to delayed vaccination including the social context
of the family and parental attitudes to vaccination in various set-
tings [7,19,23,24]. We have indicated here that similar barriers,
in particular larger families and those from more socio-
economically deprived areas may exist in the Australian context.
The importance of maternal vaccination to prevent serious morbid-
ity and mortality due to pertussis and influenza in infants before
age 6 months is being realised. It is likely that social determinants
of maternal vaccination and other childhood vaccinations could be
similar to infant vaccination we have reported here. A systematic
review of determinants of maternal vaccination for seasonal influ-
enza identified that women from higher socioeconomic back-
grounds and non-smokers were more likely to be vaccinated [25].

It is highly likely that some maternal, paternal and infant fac-
tors we have assessed are co-related. We have not presented any
multivariate analyses here. Rather we have presented a descriptive
analysis of the absolute on-time uptake in various population sub-
groups. Our coverage assessed at age 12 months correlates with
reported coverage rates using the AIR data alone [9]. Further
research to understand the relative importance of maternal, birth
and demographic characteristics by degree of vaccine delay are
the subject of ongoing analyses.

Our study has some limitations. There are other social factors
that may contribute to on-time infant coverage including breast-
feeding practices, parental education levels, religious beliefs and
maternal immunisation coverage for which information is cur-
rently not available from the administrative datasets used in this
study. Indigenous status and reporting of immunisation of those
living in remote areas has previously been identified as a concern,
although the quality of data recording has vastly improved [26].
We do not see this as a significant limitation to our study as
we did not rely on the recording of Indigenous status from AIR
data alone. Rather we used a validated algorithm using informa-
tion from all linked datasets to identify Aboriginal and Torres
Strait Islander infants [10]. There are still, however, possibly miss-
ing vaccination records that have not been entered onto AIR due
to immunisation providers not entering information into patient
records or problems with automated software packages from cer-
tain general practices [27]. While it is recognised that coverage
estimates from AIR may be up to 3% lower than the true coverage
[28], this arises from administered doses not transmitted to AIR
and other factors including duplicate records, and not the accu-
racy of recorded dates of vaccination which would affect on-
time estimates.

Nevertheless, the strength of these data is the total population-
based sample size of 1.9 million births, with minimal missing
demographic data and a high level of linkage accuracy [9], and
these findings can now be used to inform targeted programs to
improve vaccination timeliness. Such programs can be developed
utilising the World Health Organization’s Tailoring Immunisation
Programs approach [29] and may include immunisation recall
reminder programs using SMS technology, which have shown
some success in parts of Australia [30], for key population groups
including larger families and those from lower socioeconomic
areas to prompt parents to vaccinate their infants on time, or a case
management approach, as in the NSW Aboriginal health worker
program.
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5. Conclusion

Australia, like other industrialised countries has high vaccina-
tion uptake at the reported age milestone of 1 year. However, this
population-based analysis, made only possible through linking
Australia’s immunisation register with perinatal and birth datasets
has highlighted a significant avoidable public health risk with
delayed vaccination across numerous population groups. These
results are likely to be generalizable to international settings,
especially to countries with minority populations. Countries with
population vaccination programs would benefit from assessing
on-time coverage as opposed to traditional age milestones.
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Background: Most studies use indirect cohort or case-control methods to estimate vaccine effectiveness
(VE) of 7- and 13-valent pneumococcal conjugate vaccines (PCV7 and PCV13) against invasive pneumo-
coccal disease (IPD). Neither method can measure the benefit vaccination programs afford the unvacci-
nated and many studies were unable to estimate dose-specific VE. We linked Australia’s national
immunisation register with health data from two states to calculate IPD incidence by vaccination status
and VE for a 3 + 0 PCV schedule (doses at 2, 4, 6 months, no booster) among a cohort of 1.4 million births.
Methods: Births records for 2001–2012 were probabilistically linked to IPD notifications, hospitalisations,
deaths, and vaccination history (available until December 2013). IPD rates in vaccinated and unvacci-
nated children <2 years old were compared using Cox proportional hazards models (adjusting for
potential confounders), with VE = (1 � adjusted hazard ratio) � 100. Separate models were performed
for all-cause, PCV7, PCV13 and PCV13-non-PCV7 serotype-specific IPD, and for Aboriginal and non-
Aboriginal children.
Results: Following introduction of universal PCV7 in 2005, rates of PCV7 serotype and all-cause IPD in
unvaccinated children declined 89.5% and 61.4%, respectively, to be similar to rates in vaccinated chil-
dren. Among non-Aboriginal children, VEs for 3 doses were 94.2% (95%CI: 81.9–98.1) for PCV7
serotype-specific IPD, 85.6% (95%CI: 60.5–94.8) for PCV13-non-PCV7 serotype-specific IPD and 80.1%
(95%CI: 59.4–90.3) for all-cause IPD. There were no statistically significant differences between the VEs
for 3 doses and for 1 or 2 doses against PCV13 and PCV13-non-PCV7 serotype-specific IPD, or between
Aboriginal and non-Aboriginal children.
Conclusion: Our population-based cohort study demonstrates that >90% coverage in the first year of a
universal 3 + 0 PCV program provided high population-level protection, predominantly attributable to
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strong herd effects. The size of the cohort enabled calculation of robust dose-specific VE estimates for
important population sub-groups relevant to vaccination policies internationally.

� 2018 Elsevier Ltd. All rights reserved.
1. Introduction births in the perinatal data). This restriction was made because
Pneumococcal conjugate vaccines (PCVs) have been highly
effective in preventing invasive pneumococcal disease (IPD). Sev-
eral countries have evaluated the post licensure vaccine effective-
ness (VE) of the 7-valent (PCV7) and 13-valent (PCV13) vaccines.
However, differences in serotype distribution, ethnicity, vaccine
coverage and schedule, indicate that country-specific VE estimates
are required [1,2]. Examination of VE in Australia offers particular
insights of international policy relevance because of its 3 + 0 PCV
schedule (primary course of three doses at 2, 4 and 6 months, with
no booster dose unless children were in particular risk groups) [3].
This schedule is unique among high income countries but common
in low-middle income countries, where robust surveillance sys-
tems are lacking.

Australia introduced a publically funded PCV7 vaccination pro-
gram for children at increased risk of IPD (including Aboriginal and
Torres Strait Islander infants; hereafter respectively referred to as
Aboriginal) in 2001. From January 2005, PCV7 was funded for all
children and replaced with PCV13 in 2011. Coverage with 3 doses
by 12 months of age increased rapidly to above 90% by the end of
the first year of the universal PCV7 program [4].

Previous studies have used either indirect cohort or case-
control methods to estimate the VE of PCV7 and PCV13 [5–10].
However, neither method can quantify the incidence of disease
in vaccinated or unvaccinated children, a requirement for measur-
ing the benefit vaccination programs afford the unvaccinated.

We calculated population-based estimates of IPD incidence by
vaccination status and VE for a 3 + 0 PCV schedule among a cohort
of 1.4 million Australian births with linked immunisation register
and health outcome datasets. Our aim was to evaluate the overall
impact of universal PCV vaccination on IPD, includingmeasurement
of herd immunity and VE against all-cause and vaccine serotype IPD
in the first two years of life for Aboriginal and non-Aboriginal
infants during both the pre-universal and universal vaccination
periods. Using information from the linked datasets, we were able
to estimate VE accounting for a range of potentially important clin-
ical and demographic confounders of vaccine impact [11–14].

2. Methods

2.1. Study design

We conducted a retrospective population-based cohort study of
children born in New South Wales (NSW) and Western Australia
(WA) in 2001–2012. The combined population of WA (2.6 million)
and NSW (7.6 million) represents 42% of Australia’s population and
includes approximately 125,000 births annually [15]. Birth records
were probabilistically linked (using name, date of birth, residential
address and sex) [16,17] to health data pertaining to IPD notifica-
tions, all-cause hospitalisations and deaths, and vaccination his-
tory available until December 2013. Ethical approval was
obtained from state Aboriginal ethics committees, state and Com-
monwealth health departments, and the Australian Institute of
Health and Welfare Ethics Committee.

2.2. Linked data sources

The cohort was restricted to all live-born singleton births hav-
ing both a perinatal and birth registration record (97.5% of live
perinatal records often do not include the full name of the baby,
therefore only children with a birth registry record could be linked
to the national databases. Perinatal data include maternal and
child demographic characteristics, maternal medical and obstetric
history, and information on the labour and delivery. Birth registra-
tions include demographic details on both parents and the child.

Laboratory confirmed IPD cases (study outcome) for the cohort
were identified from mandatory state notification databases. IPD
has been notifiable in both states since 2001. Vaccination history
(exposure) was obtained from the Australian Childhood Immunisa-
tion Register (ACIR) which includes details of all vaccinations (type,
date of administration) given to children <7 years old and includes
99% of all children by 12 months of age [18].

Co-morbid conditions associated with an increased risk of IPD
[19,20] were identified from linked hospitalisation records. Hospi-
talisation data covers all inpatient separations (discharges, trans-
fers and deaths) in each state and includes a primary diagnosis
code (first-listed diagnosis), and up to 50 (NSW) or 20 (WA) sec-
ondary diagnosis codes (coded using the International Classifica-
tion of Diseases [ICD] coding system).

Information about deaths for censoring person-time at risk was
obtained using an algorithm based on all linked databases; the
National Death Index accounted for 93% of all ascertained deaths
with the remaining 7% identified based on an indication in their
emergency, hospital, perinatal or ACIR records that the child had
died [17].

The Aboriginal status of each child was derived by applying an
established multi-stage median algorithm [21] using all linked
databases, except deaths. A full list of factors selected as possibly
confounding the association between vaccination status and IPD
and their data source are provided in Appendix A. Further details
regarding the data sources, assembly of the cohort, and full list of
variables available for analysis are provided elsewhere [17].
2.3. Statistical analysis

The percentage of children in each vaccination period (Table 1)
who received a dose 3 PCV by 12 months of age was calculated.
Rates of all-cause and vaccine serotype IPD among vaccinated
(by dose number) and unvaccinated children <2 years old were cal-
culated using person-time-at-risk as the denominator. The person-
time for each child started at birth and was censored on the date
of: their first IPD notification, death, invalid vaccination, fourth
dose of PCV, turning 2 years old, or at the end of the follow-up per-
iod (December 2013), which ever came first. Vaccinations were
considered invalid if given <39 days after birth (i.e. before the mid-
dle of the child’s 6th week of life), �28 days following a previous
dose, or if a vaccine dose number was repeated. We used Cox pro-
portional hazards models to compare IPD notification rates accord-
ing to vaccination status, where vaccination status was a time
dependent variable. Age in days was used as the time scale. Poten-
tial confounding variables were kept in the final model if the p-
value was <0.05, or if removal changed the log hazard ratio (HR)
of IPD by vaccination status by >10%. Adjusted hazard ratios
(aHR) obtained from the final model were used to estimate VE,
where VE = (1 � aHR) � 100%. The assumption of proportional haz-
ards was evaluated using Schoenfeld residuals and the natural log
of analysis time. Models were stratified by any variables identified



Table 1
Vaccination eligibility by birth cohort.

Birth years Vaccination period Vaccination eligibility (primary PCV course) Dose 3 PCV coverage by 12
months

Non-Aboriginal Aboriginal

2001–2004 Pre-universal 3 doses PCV7 at 2, 4, and 6 months for Aboriginal (and other
at-risk infants) + infants born in 2003–2004 were eligible for
a catch up 3 + 0 schedule in 2005

9.9% 32.7%

January 2005–October 2008 Universal PCV7 3 doses PCV7 at 2, 4, and 6 months for all infants 91.7% 80.1%
November 2008–April 2011 Universal PCV7 +

Catch-up PCV13
As above + supplementary PCV13 dose offered between Oct
2011 and Sept 2012 to infants born from Nov 2008 to Oct
2010 who had completed their primary course of PCV7

92.0% 83.8%

May 2011–December 2012 Universal PCV13 3 doses PCV13 at 2, 4, and 6 months 91.1% 85.7%
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as being non-proportional. Separate models were performed for
all-cause IPD, and IPD due to PCV7, PCV13, PCV13-non-PCV7, 19F
and 19A serotypes, Aboriginal and non-Aboriginal children, and
by vaccine period (Table 1). Some dose-specific VE estimates for
Aboriginal children, serotypes 19F and 19A were not reported as
the available sample size precluded meaningful analysis.
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Fig. 1. Rate of PCV7 serotype invasive pneumococcal disease in children less than 2
years old in the pre-universal and universal vaccination periods, Western Australia
and New South Wales. *See Table 1 for description of vaccination period.
3. Results

3.1. Study cohort and outcomes

From the initial cohort of 1,407,181 live-born children in 2001–
2012, we excluded 41,142 (2.9%) multiple births and 143 children
who were censored on their date of birth. A further three children
were excluded as their Aboriginal status was missing, leaving
1,365,893 children in the analysis cohort of whom 66,484 (4.9%)
were Aboriginal; 4.6% (62,798/1,365,892) children were censored
at receipt of a fourth dose of PCV. In the universal PCV program, dose
3 PCV coverage by 12 months of age was above 80% in Aboriginal
children and above 90% in non-Aboriginal children (Table 1). During
the 2,526,560 person-years follow-up for non-Aboriginal children,
932 IPD caseswere notified,with 460 (49.4%) due to PCV7 serotypes
and 230 (24.7%) due to PCV13-non-PCV7 serotypes; 108 (11.6%)
cases lacked serotype data. During the 128,753 person-years
follow-up for Aboriginal children, 73 IPD cases were notified, with
19 (26.0%) due to PCV7 serotypes and 25 (34.2%) due to PCV13-
non-PCV7 serotypes; 12 (16.4%) cases lacked serotype data.

3.2. PCV7 serotype-specific IPD

In the pre-universal period, the rate of IPD due to PCV7 sero-
types was 9.9-fold higher in unvaccinated children compared with
children who had received 3 PCV doses (Fig. 1). The VE for 3 doses
of PCV7 was 97.0% (95%CI: 77.0–99.6) for Aboriginal children (all
periods combined, adjusting for gestational age, remoteness, and
state of birth) and 94.2% (95%CI: 81.9–98.1) for non-Aboriginal
children in the pre-universal period (Table 2). The VE for the most
common serotype in the pre-universal period (19F) was 77.5% (95%
CI: 37.5–91.2) for one or more doses of PCV in non-Aboriginal chil-
dren. Rates of IPD due to PCV7 serotypes in both vaccinated and
unvaccinated children declined following the introduction of uni-
versal PCV7 vaccination (Fig. 1). There was an 89.5% reduction in
IPD rates among unvaccinated children between the pre-
universal and universal PCV7 periods, compared with a 61.4%
reduction among vaccinated children. As a result, in the universal
period, the VE for 3 doses was not significant when compared to
unvaccinated children in the same period but there were no cases
of IPD among Aboriginal children who had received at least 2 doses
of PCV (Table 2). Of the 18 cases due to PCV7 serotypes in children
who had received a third dose of PCV, eleven were serotype 19F
(61.1%), three each were 18C and 6B, and one was serotype 4.
The median time between the third dose and IPD onset was 10.5
months (range: <1–16 months). One case occurred in a child who
had received a dose of PCV13 (PCV7 for dose 1 and PCV13 for doses
2 and 3).
3.3. PCV13 and PCV13-non-PCV7 serotype-specific IPD

There was a 2-fold increase in rates of PCV13-non-PCV7 sero-
type IPD among both vaccinated and unvaccinated children follow-
ing the introduction of universal PCV7 vaccination (Fig. 2). During
this period, children who had received one or more doses of PCV7
were 3.4 (95%CI: 2.1–5.5) times more likely to get IPD due to ser-
otype 19A compared with unvaccinated children. During the uni-
versal PCV13 period, there was a significant reduction in the rate
of PCV13-non-PCV7 serotype IPD among children who received
the third dose of PCV13. There were no PCV13-non-PCV7 serotype
IPD cases among Aboriginal children who received at least one
dose of PCV13 (Table 2). Among non-Aboriginal children, 1, 2 and
3 doses of PCV13 were all significantly protective against all
PCV13 serotype and PCV13-non-PCV7 serotype IPD, with no evi-
dence that 1 dose was inferior to 2 or 3 doses. The only cases of
PCV13 serotype IPD among children who had received 3 doses of
PCV13 were due to serotype 19A (n = 4). All of these cases were
in non-Aboriginal children, vaccinated at least 6 months prior to
their IPD onset date. The VE for one or more PCV13 doses against
serotype 19A was 79.8% (95%CI: 59.4–90.0).
3.4. All-cause IPD

In the pre-universal period, the rate of all-cause IPD was 4.2-
fold higher among unvaccinated children compared with children



Table 2
Effectiveness of pneumococcal conjugate vaccine (PCV) against PCV serotype invasive pneumococcal disease (IPD) by number of doses and vaccine period in Non-Aboriginal and
Aboriginal children less than 2 years of age born in New South Wales or Western Australia in 2001–2012 with follow-up to December 2013.

Aboriginal* Non-Aboriginal*

Vaccine perioda Outcome No.
dosesb

Cases/
Person-Years

IPD rate (CI)c Cases/
Person-Years

IPD rate (CI)c %VE (95% CI)d

Pre-universal (born
2001–2004)

PCV 7 serotype-
specific IPD

0 13/20,405 63.7 (36.7–109.7) 414/643,830 64.3 (58.4–70.8) Reference
1 2/3830 52.2 (13.1–208.8) 4/42,822 9.3 (3.5–24.9) 87.1 (65.5–95.2) e

2 0/3938 0 3/48,383 6.2 (2.0–19.2) 92.0 (75.0–97.4) e

3 1/9470 10.6 (1.5–75.0) 3/58,973 5.1 (1.6–15.8) 94.2 (81.9–98.1) e

Universal (born 2005–
2012)

PCV 7 serotype-
specific IPD

0 2/14,387 13.9 (3.4–55.6) 9/224,784 4.0 (2.1–7.7) Reference
1 1/10,861 9.2 (1.3–65.4) 8/177,347 4.5 (2.3–9.0) 23.7 (-190.3–79.9)**

2 0/11,042 0 1/176,366 0.6 (0.08–4.0) 92.8 (23.6–99.3)**

3 0/52,893 0 18/1,124,723 1.6 (1.0–2.5) 64.7 (-21.1–89.7)**

Catch-up PCV13 +
Universal PCV13
(born Nov 2008 to
Dec 2012)

PCV13-non-PCV7
serotype- IPD

0 8/29,123 27.5 (13.7–54.9) 79/544,132 14.5 (11.6–18.1) Reference
1 0/5587 0 2/104,813 1.9 (0.5–7.6) 86.6 (45.2–96.7)f

2 0/4471 0 4/83,518 4.8 (1.8–12.8) 71.4 (21.3–89.6)f

3 0/8217 0 4/157,734 2.5 (1.0–6.8) 85.6 (60.5–94.8)f

PCV13 serotype-
IPD

0 10/29,121 34.3 (18.5–63.8) 86/544,124 15.8 (12.8–19.5) Reference
1 0/5587 0 3/104,813 2.9 (0.9–8.9) 82.2 (43.4–94.4)f

2 0/4471 0 5/83,515 6.0 (2.5–14.4) 66.1 (15.9–86.4)f

3 0/8217 0 4/157,732 2.5 (1.0–6.8) 86.0 (61.6–94.9)f

* VE estimates for non-Aboriginal children against PCV 7 serotype-specific IPD are presented separately for the pre-universal and universal periods as hazards were non
proportional. See text for VE estimates for Aboriginal children.

a See Table 1 for details about each period.
b Number of doses of PCV (7 or 13) for PCV7 serotype IPD or number of doses of PCV13 for PCV13-non-PCV7 and PCV13 serotype IPD.
c Per 100,000 person-years. CI: 95% confidence interval.
d VE = vaccine effectiveness. See Appendix A for a detailed description of all potential confounders assessed, and the Statistical analysis section in the Methods for inclusion

criteria.
e Model stratified by parity, and adjusted for gender, state of birth, remoteness, admission to hospital within first 6 weeks of life, and presence of category A risk factor for

IPD (see Appendix A for description of risk factors and supplementary material for adjusted hazard ratios).
** Model adjusted for presence of category A risk factor for IPD (see Appendix A for description of risk factors and supplementary material for adjusted hazard ratios).
f No adjustment for confounding variables was required.
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who had received the third PCV dose (Fig. 3). For non-Aboriginal
children born during this period, the VE for 1, 2 and 3 doses of
PCV were similar and significantly protective (Table 3). Among
Aboriginal children, the VE point estimate for 3 doses was 61.5%
(95% CI: �16.0–87.2; adjusting for delivery method, and whether
or not the child was hospitalised with a category A risk factor
[see Appendix A for details] before IPD onset) which was lower
than for non-Aboriginal children (80.1%; 95%CI: 59.4–90.3). How-
ever, the CIs were wide and included the VE estimate for non-
Aboriginal children.

Following the introduction of universal PCV7 vaccination, there
was a 77.0% reduction in IPD rates among unvaccinated children
(Fig. 3). For recipients of a third dose of PCV, there were no
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Fig. 2. Rate of PCV13-non-PCV7 serotype invasive pneumococcal disease in
children less than 2 years old by vaccination period, Western Australia and New
South Wales. *See Table 1 for description of vaccination period.
significant differences in rates across the vaccination periods,
although there was a trend towards lower rates in PCV13 eligible
cohorts compared with cohorts eligible for PCV7 only. Further-
more, for children born after the introduction of universal PCV vac-
cination, there was no significant difference in IPD rates between
recipients of a third dose of PCV and unvaccinated children, except
among non-Aboriginal children who had received at least one of
their 3 PCV doses as PCV13 during the universal PCV7 period (VE
60.6%; 95%CI: 11.5–82.5; Table 3). The VE estimates for the univer-
sal PCV13 vaccination period were imprecise and non-significant
due to the short follow-up time (Table 3). However, compared with
unvaccinated children in the pre-universal period, rates among
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Fig. 3. Rate of all-cause invasive pneumococcal disease in children less than 2 years
old by vaccination period, Western Australia and New South Wales. *See Table 1 for
description of vaccination period.



Table 3
Effectiveness of pneumococcal conjugate vaccine (PCV) against all-cause invasive pneumococcal disease (IPD) by number of doses and vaccine period in Non-Aboriginal and
Aboriginal children less than 2 years of age born in New South Wales or Western Australia in 2001–2012 with follow-up to December 2013.

Aboriginal* Non-Aboriginal

Vaccine perioda No. dosesb Cases/Person-Years IPD rate (CI)c Cases/Person-Years IPD rate (CI)c %VE (95% CI)d

Pre-universal (born 2001–2004) 0 19/20,401 93.1 (59.4–146.0) 539/643,732 83.7 (77.0–91.1) Reference
1 5/3830 130.6 (54.3–313.7) 8/42,810 18.7 (9.3–37.4) 78.4 (55.8–89.5)e

2 2/3937 50.8 (12.7–203.1) 10/48,371 20.7 (11.1–38.4) 74.4 (49.5–87.1)e

3 4/9491 42.3 (15.9–112.6) 10/58,958 17.0 (9.1–31.5) 80.1 (59.4–90.3)e

Universal PCV7 + Catch-up
PCV13 (born January
2005–April 2011)

0 5/11,883 42.1 (17.5–101.1) 33/181,213 18.2 (12.9–25.6) Reference
1 3/8554 35.1 (11.3–108.7) 25/137,692 18.2 (12.3–26.9) 25.3 (�50.9–63.0)**

2 7/8832 79.3 (37.8–166.2) 30/139,847 21.5 (15.0–30.7) 10.9 (�73.6–54.3)**

3 21/43,100 48.7 (31.7–74.7) 226/922,638 24.5 (21.5–27.9) 18.7 (�35.6–51.2)**

�1 PCV13f 0/4801 0 6/68,131 8.8 (4.0–19.6) 60.6 (11.5–82.5)**

Universal PCV13 (born May 2011
to Dec 2012)

0 3/2329 128.8 (41.5–399.4) 5/39,531 12.6 (5.3–30.4) Reference
1 0/2039 0 6/33,641 17.8 (8.0–39.7) 22.7 (�265.0–83.6)g

2 0/1948 0 5/31,059 16.1 (6.7–38.7) 12.6 (�375.8–84.0)g

3 3/8470 35.4 (11.4–109.8) 24/167,945 14.3 (9.6–21.3) 41.7 (�92.5–82.2)g

* See text for reported VE estimates for Aboriginal children.
a See Table 1 for details about each period.
b Number of doses of PCV7 during pre-universal, number of doses of PCV (7 or 13) during the universal PCV7 + Catch-up PCV13 vaccine period; number of doses of PCV13

during universal PCV13 period.
c Per 100,000 person-years. CI: 95% confidence interval.
d VE = vaccine effectiveness. See Appendix A for a detailed description of all potential confounders assessed, and the Statistical analysis section in the Methods for inclusion

criteria.
e Model stratified by year of birth (2001–3 versus 2004) and parity, and adjusted for gender, state of birth, remoteness, and presence of category A risk factor for IPD (see

Appendix A for description of risk factors and supplementary material for adjusted hazard ratios).
** Model stratified by parity, and adjusted for smoking status, gender, remoteness, and presence of category A risk factor for IPD (see Appendix A for description of risk

factors and supplementary material for adjusted hazard ratios).
f At least one dose of PCV13.
g Model adjusted for paternal age and gestational age (see Appendix A for description of risk factors and supplementary material for adjusted hazard ratios).
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PCV13 dose 3 recipients were 84% lower in non-Aboriginal children
and 62% lower in Aboriginal children.

4. Discussion

Probabilistic linkage of Australia’s national childhood immuni-
sation registry with other health data has enabled calculation of
disease rates by vaccination status and VE estimation for a 3 + 0
schedule. It is the first time this retrospective cohort method has
been used to estimate PCV VE, and due to the size of the cohort,
the analysis adds to the limited data on dose-specific VE. We found
a significant impact of PCV7 on PCV7 serotype-specific and all-
cause IPD rates among vaccinated children <2 years old; the VE
for 3 doses in the targeted program period was >90% for PCV7 ser-
otypes and >80% for all-cause IPD in non-Aboriginal children. There
was also evidence of herd immunity following the introduction of
universal vaccination, with similarly low rates of IPD among both
vaccinated and unvaccinated children. PCV13-non-PCV7 serotypes
were more common in vaccinated than unvaccinated children dur-
ing the PCV7 universal program. However, following the introduc-
tion of PCV13 the rate of IPD due to these serotypes declined
among vaccinated children. The VE for 3 PCV13 doses against IPD
due to PCV13 serotypes was 86% for non-Aboriginal children; there
were no cases among Aboriginal children. Importantly for
countries considering a move to 1 + 1 or 2 + 1 schedules (including
Australia), we did not find statistically significant differences in VE
between 1, 2 or 3 doses of PCV13 against IPD due to PCV13 sero-
types among non-Aboriginal children <2 years old, although
person-time following dose 1 and 2 was limited by the 2, 4, 6
month schedule.

Our VE estimates are in keeping with changes in IPD epidemiol-
ogy observed in surveillance data, which found a 96–98% decline in
IPD due to PCV7 serotypes, a 65–70% decline in IPD due to PCV13-
non-PCV7 serotypes, and 74–82% decline in all-cause IPD following
the introduction of universal vaccination [22–24]. They are similar
to VE estimates from the only other study to examine VE against
IPD for a 3 + 0 schedule, also from Australia, which used both a
case-control and indirect cohort method (VE 89% for PCV7 and
87% for PCV13 within 12 months of last dose) [25]. Our findings
are not significantly different from dose specific VE estimates
observed in the UK, US and Germany despite differing schedules
and study methodologies [5–9,26]. However, for many studies
the VE estimates were imprecise. The large size of our cohort
enabled more precise estimates for dose one VE against PCV13
and PCV13-non-PCV7 serotypes than has previously been reported
[9,10,26], highlighting the value of linked population-based data
for VE estimation.

Despite high VE estimates for both 19A and 19F, these serotypes
accounted for the majority of cases in vaccine recipients. However,
it should be noted that most cases of vaccine serotype IPD in fully
vaccinated children (20/22; 16/18 PCV7 and 4/4 PCV13) in the uni-
versal period occurred among children who had been vaccinated
more than 6 months prior. While we didn’t find any evidence of
waning in VE (i.e. no significant non-proportionality of vaccine
effects up to 2 years of age), Jayasinghe et al. [25] found a decline
in VE more than 24 months after the last dose and breakthrough
IPD cases due to PCV13 serotypes, especially in the second year
of life, have continued to be reported. With this in mind, Australia
recently flagged a potential change from a 3 + 0 to a 2 + 1 schedule
[27].

A strength of our study was that we were able to measure the
VE against all-cause IPD (unlike the indirect cohort method) and
also report IPD rates among both vaccinated and unvaccinated
children (unlike the indirect cohort and case-control methods).
To our knowledge, Navarra in Spain, which has a 3 + 1 vaccination
program publically funded for selected risk groups, is the only
other setting to report IPD rates by vaccination status among chil-
dren in the same cohort (using computerised health records) and
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thus estimate the indirect and total impact of PCV on IPD [28].
However, they used a case-control method to estimate direct VE.
Our study is significantly larger (1,365,893 v � 34,700 children),
thus enabling VE estimation for each dose rather than one or more
doses. Like us, Guevara et al. [28] found that the herd effect of PCV
vaccination against all-cause IPD among unvaccinated children
was similar to the total effect among vaccinated children, once
high coverage had been achieved.

Our study cohort of over 1.4 million children enabled VE esti-
mation for Aboriginal children. Dose 3 VE point estimates were
generally lower for Aboriginal children than non-Aboriginal chil-
dren. These differences could be explained by the greater propor-
tion of non-vaccine serotypes causing IPD in Aboriginal
compared with non-Aboriginal children [23]; only 26% of IPD cases
in Aboriginal children were PCV7 serotypes compared with 49% in
non-Aboriginal children. However, the differences between dose 3
VE estimates for Aboriginal and non-Aboriginal children were not
statistically different. Even though we had a large cohort, dose 3
VE estimates for Aboriginal children were imprecise and dose 1
and 2 VE were not able to be estimated. This highlights the need
for linkage of immunisation data to additional Australian states
and territories to fully assess vaccine programs in Aboriginal
children.

Limitations related to assembly of the cohort are described in
detail elsewhere [17]. In brief, our cohort only includes children
with both a perinatal and birth registration record and certain pop-
ulation sub-groups are less likely to register their births (e.g. Abo-
riginal, young mothers, remote residence, low socio-economic
status [17]). While this is a limitation when generalising our find-
ings to all births, our cohort includes 97.5% of all live births (89.8%
of all Aboriginal births) in the NSW and WA perinatal data collec-
tion and comparisons between groups within the cohort should be
valid [29]. We therefore expect our findings to be generally appli-
cable to all Australian children and to other developed countries,
especially those with similar vaccination schedules. Our cohort
was static (based on births in NSW andWA), so there may be some
unobserved loss to follow-up if children migrate overseas or inter-
state. However, this loss to follow-up is estimated to be only about
4% for children <2 years old [17]. Finally, due to the high VE and
coverage for PCV vaccination, there were few IPD cases in the uni-
versal period, especially among Aboriginal children during the
short (18 months) follow-up time post PCV13 introduction. There-
fore, some of the estimates are imprecise and updated linkages are
required to determine longer-term impacts of PCV13.

In conclusion, our large cohort study provides robust evidence
of a strong herd immunity effect and of the effectiveness of PCV
vaccination against vaccine serotype IPD using a 3 + 0 dose infant
schedule in both Aboriginal and non-Aboriginal children. The find-
ings highlight the benefit of routine linkage of immunisation and
Table 1A
Potential confounding variables included in the analyses and their data sources.

Data source Variables

Hospitalisations Comorbidities: Primary or secondary ICD-10-AM di
recorded before IPD onset (divided by whether th
increased risk of IPD [Category B] [19,20]); admiss

Perinatal data Maternal characteristics: age at birth, number of pr
Gestational/delivery characteristics: mode of deliver
Baby characteristics: gender, season of birth, year o
Geographical characteristics based on mother’s resid
Socio-Economic Indexes for Areas score (quintiles)

Birth registrations Paternal characteristics: age at birth
health data to inform vaccination policy both in Australia and
internationally.
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Appendix A

See Table 1A
agnosis code for a comorbid condition associated with an increased risk of IPD
e condition is associated with the highest increased risk [category A] or an
ion to hospital within first 6 weeks of life (excluding birth)
evious pregnancies, country of birth.
y, gestational age, maternal smoking during pregnancy.
f birth, Apgar score at 5 min, birthweight.
ential address at birth: State of birth (New South Wales or Western Australia);
, Accessibility/Remoteness Index of Australia (ARIA)
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Supplementary data associated with this article can be found, in
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Background: Finnish studies have shown a significant impact of 10-valent 
pneumococcal conjugate vaccine (PCV10) on nonnotified clinically sus-
pected invasive pneumococcal disease (IPD). We used a similar vaccine 
probe design to estimate PCV7 and PCV13 impact in Australian children.
Methods: Season and age-matched pre-PCV7 cohorts (born in 2002–2004) 
were compared with PCV7-early and PCV7-late, and PCV13-eligible 
cohorts. Using linked notification and hospitalization data, we calculated 
relative rate reductions (RRRs) and absolute rate reductions (ARRs) for 
notified IPD, and nonnotified clinically suspected IPD or unspecified sepsis 
(first hospitalization with an International Classification of Diseases 10th 
Revision-Australian Modification code: A40.3/G00.1/M00.1 or A40.9/
A41.9/A49.9/G00/I30.1/M00, respectively).
Results: Significant reductions in all outcomes were observed com-
paring PCV7-early and PCV7-late and PCV13-eligible to pre-PCV7 
cohorts. RRRs were high for both notified and nonnotified clinically 
suspected IPD (range 71%–91%), but ARRs were lower for nonnoti-
fied (5–6/100,000 person-years) than for notified cases (59–70/100,000 
person-years). RRRs for the combined outcome of nonnotified clinically 
suspected IPD or unspecified sepsis were lower at 21%–24% for PCV7-
eligible cohorts and 36% for the PCV13-eligible cohort, but ARRs were 
considerable due to the high pre-PCV7 rates (ARR 37-31/100,000 per-
son-years for PCV7-early and PCV7-late cohorts and 54/100,000 person-
years for PCV13).
Conclusions: This study provides a quantitative estimate of the total burden 
of IPD preventable by PCV7 and PCV13 vaccination programs in Australia. 
ARRs (compared with prevaccination) were significant but smaller than in 
Finland (122/100,000 for the combined outcome) and longer-term follow-
up is required to determine the additional impact of PCV13 above that seen 
for PCV7. Country-specific studies are needed to accurately estimate the 
burden of pneumococcal disease preventable by vaccination and cost-effec-
tiveness of PCV vaccination programs.

Key Words: pneumococcal conjugate vaccine, invasive pneumococcal dis-
ease, vaccine probe study, Australia

(Pediatr Infect Dis J 2019;38:860–865)

While the impact of pneumococcal conjugate vaccines (PCVs) 
on notified (laboratory confirmed) cases of invasive pneu-

mococcal disease (IPD) has been demonstrated in multiple settings, 
including Australia,1–3 the true burden of IPD that is preventable by 
vaccination is largely unknown. This is because notified cases rep-
resent only the tip of the iceberg; cases need to first seek treatment, 
then have a blood culture collected, which in turn is positive, with 
the sensitivity of blood culture for detecting bacteremia estimated 
at around 31%.4

To obtain a more complete picture of the vaccine-prevent-
able IPD incidence [absolute rate reduction (ARR) in IPD due to 
vaccination], 2 Finnish vaccine probe studies5 assessed the impact 
of the 10-valent PCV vaccine (PCV10) on nonnotified but clini-
cally suspected IPD.4,6 One study was nested in a preprogram clus-
ter randomized trial and the other compared cohorts, matched by 
age and season, before and after introduction of a universal 2 + 1 
infant vaccination program. Using linked IPD notification and hos-
pitalization records, they estimated that the ARR postvaccination 
for nonnotified but clinically suspected IPD or unspecified sepsis 
(based on hospital discharge diagnosis codes) was 2–3-fold greater 
than for notified IPD. In contrast, a study in England using differ-
ent methods but similar hospital discharge diagnosis codes found a 
more than 2-fold increase in unspecified sepsis coded hospitaliza-
tions (unlinked to notification records) between the pre-PCV7 and 
post-PCV13 eras in children <2 years of age.7 Given such divergent 
findings and the variation between countries in diagnostic coding 
and criteria for hospital admission and obtaining blood cultures, 
it is important to see if the Finnish results are confirmed in other 
settings.

In Australia, IPD notification and hospitalization records 
have been linked for a population-based cohort of children born 
before and after the introduction of universal PCV7 and PCV13 
vaccination programs.8,9 Using a similar vaccine probe design to the 
Finnish investigators, we aimed to estimate the absolute and relative 
impact of the introduction of PCV7 and PCV13 on the incidence 
of nonnotified but clinically suspected IPD and unspecified sepsis, 
and compare the results to those obtained for PCV10 in Finland.

METHODS

Study Design
We conducted a retrospective population-based study com-

paring rates of IPD-related outcomes in cohorts born before and 
after introduction of PCV7 and PCV13 vaccination programs in 
New South Wales (NSW) and Western Australia (WA). NSW and 
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WA represent 42% of Australia’s population and include approxi-
mately 125,000 births annually.10

PCV7 and PCV13 Vaccine Programs in Australia
Australia introduced a publically funded PCV7 vaccination 

program for children at increased risk of IPD (including Aboriginal 
and Torres Strait Islander infants) in 2001. From January 2005, a 
3 + 0 PCV7 schedule (primary course of three doses at 2, 4 and 
6 months, with no booster dose unless children were in particular 
risk groups) was funded for all children, with a catch-up program 
for children <2 years of age.11 By the end of 2005, coverage with 3 
doses by 12 months of age had increased to above 90%.12 In 2011, 
PCV7 was replaced with PCV13 and a supplementary PCV13 dose 
was also funded for children 12–35 months of age who had com-
pleted the primary PCV7 course.11

Assembly of the Study Data
A detailed description of the study datasets and linkage pro-

cess are provided elsewhere.8,9 In brief, birth records for all sin-
gleton live births between 2002 and 2012 in NSW and WA having 
both a perinatal and birth registration record (97.5% of live births in 
the perinatal data) were probabilistically linked (using name, date 
of birth, residential address and sex) to the National Death Index 
and state-based infectious disease notification and hospitalization 
datasets, available until December 2013. Hospitalization data cover 
all inpatient separations (discharges, transfers and deaths) in each 
state and includes a primary diagnosis code (first-listed diagnosis), 
and up to 50 (NSW) or 20 (WA) secondary diagnosis codes [coded 
using the International Classification of Diseases version 10-Aus-
tralian Modification (ICD-10-AM) coding system]. Notification 
databases include mandatory reports of laboratory-confirmed IPD 
cases (culture or detection by nucleic acid testing of Streptococcus 
pneumoniae from a normally sterile site), which have been notifi-
able in both states since 2001.

Before and After Vaccination Study Cohorts
The preuniversal program reference cohort was limited to 

children born from January 2002 to December 2004 with follow-
up until December 2004, as complete IPD notification data were 
only available from 2002 and catch-up vaccination programs 
began in 2005. The 2 PCV7 eligible cohorts (PCV7-early and 
PCV7-late; Table 1) were matched for season and age/follow-up 
time to this 2002–2004 reference cohort, such that all children in 
the PCV7 evaluation cohorts were 0 to <36 months of age. The 
PCV13-eligible cohort was limited to children born from May 
2011 (the first cohort to be eligible for the first dose of PCV13 
at 2 months) to December 2012 (last year of births available for 
analysis) with follow-up ending in December 2013 (end of study 
follow-up). This cohort was matched for season and age/follow-up 
time to 2 reference cohorts; one born before universal vaccination 

and one eligible for the PCV7 universal program, such that all chil-
dren in the PCV13 evaluation cohorts were 0 to <32 months of age 
(Table 1).

IPD-related Outcomes
Three IPD-related outcomes were investigated:

1. Notified IPD: The first notification per child of (laboratory con-
firmed) IPD.

2. Nonnotified but clinically suspected IPD or unspecified sepsis: 
The first occurrence per child of a hospitalization coded with an 
ICD-10-AM code (as primary or secondary diagnosis) consid-
ered compatible with either IPD or unspecified sepsis (Table 2) 
that was not linked to an IPD notification. That is, the child 
either did not have an IPD notification or the date of the first 
hospitalization with the code(s) of interest was more than 90 
days before the onset date of the notified IPD record. The ICD-
10-AM codes included were the same as the ICD-10 codes used 
in the Finnish studies4,6 except we excluded B95.5 (unspecified 
Streptococcus as the cause of diseases classified elsewhere) and 
B95.3 (S. pneumoniae as the cause of diseases classified else-
where) as these codes were predominantly related to infections 
in nonsterile sites such as urinary tract infection, acute bronchi-
olitis, or acute upper respiratory tract infection in our data.

3. Nonnotified but clinically suspected IPD: This was a subgroup 
of the above outcome where the codes were restricted to those 
compatible with nonnotified IPD only: A40.3/G00.1/M00.1.

Statistical Analysis
As an indication of the contribution each specific ICD-code 

made to the study outcomes, the distribution of the first-mentioned 
ICD-code per person for: (1) IPD-compatible and (2) unspecified 
sepsis without an IPD-compatible code, by whether or not they 
were linked to an IPD notification record was described for the 
largest prevaccination cohort (pre-PCV7), and the season- and age-
matched PCV7-late cohort.

Incidence rates for each IPD-related outcome were calculated 
using person-time-at-risk as the denominator and were reported by 
calendar year for <1 and 1 to <3 year olds. The person-time for each 
child started at birth and was censored on the date of their first IPD-
related outcome, death, or at the end the follow-up period for each 
cohort, which ever came first. Incidence rate ratios (and correspond-
ing 95% CIs) comparing the reference groups and age- and season-
matched vaccine-eligible cohorts were obtained using the Poisson 
regression models. Relative rate reductions (RRRs) were calculated 
as (1-incidence rate ratio) × 100%, and ARRs as the rate in each vac-
cine-eligible cohort minus the rate in the age- and season-matched 
reference group per 100,000 person-years. Rate comparisons and 
their 95% CIs were obtained using the stir command in STATA v14. 
Proportions were compared using Fisher exact test and P values 
<0.05 were considered statistically significant.

TABLE 1. Study Cohorts

Name Description Born Follow-up to

PCV7 cohorts (born over a 36-month period with maximum age <36 months at the end of follow-up)
    Pre-PCV7 Preuniversal program (reference group) January 2002–December 2004 December 2004
    PCV7 early* PCV7 eligible (early program) January 2005–December 2007 December 2007
    PCV7 late* PCV7 eligible (late program) January 2008–December 2010 December 2010
PCV13 cohorts (born over a 20 month period with maximum age <32 months at end of follow-up)
    Pre-PCV7† Preuniversal program (reference group a) May 2002–December 2003 December 2004
    PCV7† PCV7 eligible (reference group b) May 2008–December 2009 December 2010
    PCV13 PCV13 eligible cohort May 2011–December 2012 December 2013

*Season and age matched to available follow-up time pre-PCV7 program.
†Season and age matched to available follow-up time for PCV13 eligible cohort.
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Ethical and Data Custodian Approvals
Approval was obtained from the relevant data custodians 

and the Department of Health WA Human Research Ethics Com-
mittee, the NSW Population and Health Services Research Eth-
ics Committee, The WA Aboriginal Health Ethics Committee, the 
NSW Aboriginal Health and Medical Research Council Ethics 
Committee, The Australian Government Department of Health and 
Ageing Departmental Ethics Committee and the Australian Insti-
tute of Health and Welfare.

RESULTS

Description of ICD-coded and -notified Cases for 
Pre-PCV7 and PCV7 Late Cohorts
IPD Notifications

Of the 544 IPD notifications occurring in the pre-PCV7 and 
PCV7 late cohort combined, 511 (94%) had at least one linked hos-
pitalization within 90 days of the recorded onset date, with almost 
all (482, 90%) occurring within 7 days of the recorded onset date. 
Of the 511 cases with a linked hospitalization, 247 (48%) were 
assigned either an IPD-compatible or unspecified sepsis code, with 
most (197, 80%) having an IPD-compatible code (Table 2). Of the 
264 notifications with a linked hospitalization that did not have one 
of the codes of interest, by far the most common code was pneu-
monia due to S. pneumoniae (ICD code: J13; 22%). There were no 
significant differences in these proportions between the pre-PCV7 
and PCV7 late cohorts (data not shown).

Nonnotified IPD and Unspecified Sepsis-coded Hospitali-
zations

Most (≥82%) cases with an IPD-compatible code were noti-
fied (Table 2). Therefore, of all cases of nonnotified IPD-compat-
ible or unspecified sepsis, only 2.8% (n = 39) were coded as IPD-
compatible. Sepsis due to S. pneumoniae was the most common 
IPD-compatible code (≥76%) in both notified and nonnotified IPD-
compatible cases, with similar proportions in each cohort.

In contrast to cases with IPD-compatible codes, only 5% or 
fewer cases with a hospitalization coded as unspecified sepsis (with-
out an IPD-compatible code) were notified (Table 2). In addition, 
the proportional distribution differed between notified and nonnoti-
fied cases and by cohort. A49.9 (bacterial infection, unspecified) 

and A41.9 (sepsis, unspecified organism) were the most common 
nonnotified unspecified sepsis codes. The only nonnotified unspeci-
fied sepsis code to show a decline in absolute numbers between the 
pre-PCV7 and PCV7 late cohorts was A49.9 (bacterial infection, 
unspecified).

Annual Trends
Between 2002 and 2013, rates declined across all IPD-

related outcomes examined, with the greatest rate reductions occur-
ring between the preuniversal period and following introduction of 
the universal PCV7 program in 2005 (Fig. 1). Annual rates of non-
notified IPD or unspecified sepsis were at least 1.8 times higher in 
<1 year olds than in 1 to <3 year olds. In contrast, rates of notified 
IPD in <1 and 1 to <3 year olds were generally similar. Within 
each age group, rates tended to be higher for nonnotified IPD or 
unspecified sepsis compared with notified IPD, particularly for <1 
year olds where annual rates were at least 2.4 times higher. Given 
most IPD-coded hospitalizations were notified, rates for nonnoti-
fied IPD were much lower, with fewer than 5 cases per year in either 
<1 year olds or 1 to <3 year olds in 2005–2013.

Impact of Vaccination
There were significant RRRs and ARRs in all outcomes fol-

lowing successive implementation of universal childhood PCV7 
and PCV13 vaccination programs (Tables 3 and 4).

Nonnotified IPD Compared With Notified IPD
 The RRRs for nonnotified IPD were similar to those for 

notified IPD for all comparisons. However, the ARRs were much 
smaller for nonnotified IPD due to the low baseline rates.

Nonnotified IPD or Unspecified Sepsis Compared With 
Notified IPD

As expected, the RRRs for the less specific outcome of non-
notified IPD or unspecified sepsis were smaller than the reductions 
for notified IPD, although still considerable at between 21% and 
36% compared with pre-PCV7 cohorts. Point estimates were not 
significantly different, although generally lower, when the out-
come was restricted to just nonnotified unspecified sepsis (Tables, 
Supplemental Digital Content 1 and 2, http://links.lww.com/INF/
D449). Compared with the pre-PCV7 era, the estimated total PCV7 
late- and PCV13-preventable incidences (the sum of the ARRs 

TABLE 2. Distribution of First-mentioned IPD-compatible and Unspecified Sepsis ICD-coded Hospitalizations by 
Notification Status, for the pre-PCV7 and PCV7 Late Cohorts (See Table 1 for Definitions)

ICD  
code Definition

Pre-PCV7 Cohort PCV7 Late Cohort

Notified
N (%)*

Nonnotified
N (%)*

Total
N (% notified)†

Notified
N (%)*

Nonnotified
N (%)*

Total N  
(% notified)†

IPD- 
compatible

A40.3 Sepsis due to Streptococcus pneumoniae 106 (76) 25 (81) 131 (81) 44 (77) 7 (88) 51 (86)
G00.1 Pneumococcal meningitis 34 (24) 6 (19) 40 (85) 13 (23) 1 (13) 14 (93)
M00.1 Pneumococcal arthritis and polyarthritis 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Total At least one IPD-compatible code 140 (100) 31 (100) 171 (82) 57 (100) 8 (100) 65 (88)

Unspecified 
sepsis‡

A40.9 Streptococcal sepsis, unspecified 3 (9) 8 (1) 11 (27) 0 (0) 5 (1) 5 (0)
A41.9 Sepsis, unspecified organism 5 (15) 317 (45) 322 (2) 2 (13) 350 (53) 352 (1)
A49.9 Bacterial infection, unspecified 12 (35) 218 (31) 230 (5) 3 (19) 121 (18) 124 (2)
G00 Bacterial meningitis, not elsewhere classified 5 (15) 82 (12) 87 (6) 4 (25) 91 (14) 95 (4)
I30.1 Infective pericarditis 0 (0) 2 (<1) 2 (0) 0 (0) 0 (0) 0 (0)
M00 Pyogenic arthritis, not elsewhere classified 9 (26) 74 (11) 83 (11) 7 (44) 91 (14) 98 (7)
Total At least one unspecified sepsis code 34 (100) 701 (100) 735 (5) 16 (100) 658 (100) 674 (2)

Total At least one IPD-compatible or unspecified sepsis 
code

174 (100) 732 (100) 906 (19) 73 (100) 666 (100) 739 (10)

*Percents may not add to 100 due to rounding.
†% = percent of notified + nonnotified that was notified.
‡Excluding cases with at least one IPD-compatible code.
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FIGURE 1. Incidence rates of IPD-related outcomes by calendar year and age group. 

TABLE 3. Case Numbers and Rates by IPD-related Outcome and Cohort and Associated Relative and ARRs; 
Evaluation of the PCV7 Vaccination Program

Outcome

Pre-PCV7  
(2002–2004)*

PCV7 Early  
(2005–2007)*

PCV7 Late  
(2008–2010)*

PCV7 Early  
vs. Pre-PCV7

PCV7 Late  
vs. Pre-PCV7

N
Rate†  

(95% CI) N
Rate†  

(95% CI) N
Rate†  

(95% CI)
RRR%‡  
(95% CI)

ARR§  
(95% CI)

RRR%‡  
(95% CI)

ARR§  
(95% CI)

Notified IPD 406 84 (76–92) 114 22 (18–26) 137 25 (21–29) 74 (68–79) 61.9 (52.8–70.9) 71 (64–76) 59.1 (50.0–68.2)
Nonnotified IPD 31 6.3 (4.5–9.1) 4 0.8 (0.3–2.0) 8 1.4 (0.7–2.9) 88 (66–96) 5.6 (3.3–8.0) 78 (51–90) 5.0 (2.5–7.4)
Nonnotified IPD or  

unspecified sepsis
732 151 (140–162) 595 114 (105–124) 666 120 (111–129) 24 (16–32) 37.0 (22.7–51.2) 21 (12–29) 31.2 (17.0–45.5)

*Approximate person-years follow-up for each cohort (varies slightly depending on outcome being censored): Pre-PCV7 = 485,000, PCV7 early = 522,000 and PCV7 late = 557,000.
†Rate per 100,000 person-years.
‡RRR as a percent.
§ARR per 100,000 person-years.

TABLE 4. Case Numbers and Rates by IPD-related Outcome and Cohort and Associated Relative and ARRs; 
Evaluation of the PCV13 Vaccination Program

Outcome

Pre-PCV7 (May 
2002–December 

2004)*

PCV7 (May 
2008–December 

2010)*

PCV13 (May 
2011–December 

2012)*
PCV13 vs.  
Pre-PCV7

PCV13  
vs. PCV7

N
Rate†  

(95% CI) N
Rate†  

(95% CI) N
Rate†  

(95% CI)
RRR%‡  
(95% CI)

ARR§  
(95% CI)

RRR%‡  
(95% CI)

ARR§  
(95% CI)

Notified IPD 283 86 (76–96) 105 28 (23–34) 61 16 (13–21) 81 (75–86) 69.8 (59.0–80.6) 42 (21–58) 11.7 (5.0–18.3)
Nonnotified IPD 19 5.8 (3.7–9.0) 6 1.6 (0.7–3.5) 2 0.5 (0.1–2.1) 91 (61–98) 5.2 (2.5–7.9) 67 (-65–93) 1.1 (0.4–2.5)
Nonnotified IPD 

or unspecified 
sepsis

486 147 (134–160) 427 113 (103–124) 357 94 (85–104) 36 (27–44) 53.5 (37.1–69.9) 17 (4–28) 18.8 (4.3–33.3)

*Approximate person-years follow-up for each cohort (varies slightly depending on outcome being censored): Pre-PCV7 = 329,000; PCV7 = 378,000; and PCV13 = 379,000.
†Rate per 100,000 person-years.
‡RRR as a percent.
§ARR per 100,000 person-years.
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for notified IPD and nonnotified IPD or unspecified sepsis) were 
90.3/100,000 and 123.3/100,000, respectively, which are 1.5 and 
1.8 times higher than the ARRs for notified IPD alone.

DISCUSSION
To our knowledge, this is the first study to demonstrate the 

impact of PCV7 and PCV13 on nonnotified IPD and unspecified 
sepsis. In keeping with findings from Finnish studies,4,6 but in 
contrast to findings from an English study,7 we found significant 
relative and ARRs comparing prevaccination and postvaccination 
cohorts and an added impact of the change from PCV7 to PCV13. 
As expected, compared with prevaccination cohorts the RRRs for 
the more sensitive outcome of nonnotified IPD or sepsis were lower 
(21%–36%) than for the more specific outcomes of nonnotified and 
notified IPD (71%–91%). However, the higher incidence of non-
notified IPD or unspecified sepsis meant that the ARRs were sub-
stantial (31–54/100,000 person-years). When taken into account, 
they increased the total preventable incidence of IPD 1.5 to 1.8-fold 
above that estimated for notified IPD alone. While there are simi-
larities, there are also a number of differences between our findings 
and those from Finland.6

While the most common nonnotified sepsis code in both our 
study and in Finland was “sepsis, unspecified organism” (A41.9), 
our pre-PCV7 cohort had a broader distribution of codes included 
than the Finnish reference cohorts.6 Furthermore, in contrast to the 
Finnish observational study,6 which found reductions in all ICD 
codes except A49.9 “bacterial infection, unspecified,” we only saw 
a decline in this code and no other unspecified sepsis codes between 
the pre-PCV7 and PCV7 late cohorts. This suggests differences 
in coding practices and highlights the need to make comparisons 
using broad diagnostic categories to account for these variations.

In support of the above comment, the RRRs overall were 
remarkably similar between the 2 countries for all outcomes meas-
ured. This is despite the fact that Australia started with PCV7 
then moved to PCV13 (with catch-up programs initially in both 
instances), while Finland started with PCV10 (with no catch-up 
program). It also suggests that despite differing health systems and 
health seeking behaviors and referrals, the combination of codes 
selected for analysis are measuring similar outcomes. The relative 
reductions for notified cases are also consistent with vaccine effec-
tiveness estimates we obtained, using the same linked data, against 
all cause IPD (80% for all-cause IPD)13 and changes in IPD epide-
miology observed in surveillance data, which include a 65%–70% 
decline in IPD due to PCV13-non-PCV7 serotypes, and 74%–82% 
decline in all-cause IPD following the introduction of universal 
vaccination.1–3

While in Finland,6 the ARR for nonnotified IPD or unspeci-
fied sepsis was 122 per 100,000 person-years, our ARRs for non-
notified IPD or unspecified sepsis were considerably lower at 31–54 
per 100,000 person-years. This is in contrast to the higher prevac-
cination incidence and absolute reduction observed for notified IPD 
in Australia compared with Finland. This could be explained by 
the fact that the prevaccination rate of nonnotified IPD or unspeci-
fied sepsis was considerably lower in our study and that there was 
a lower proportion with the more specific codes of nonnotified 
IPD (23% in Finland vs. <3% in our study).6 However, even if the 
prevaccination notified and nonnotified IPD or unspecified sepsis 
rates were combined in our study, they would still be lower than 
the nonnotified IPD or unspecified sepsis rates for Finland (359 
per 100,000 person-years).6 It is unlikely that the lower baseline 
rates are due to the exclusion of the B95.3 and B95.5 codes from 
our study, as these made up <2% of the Finnish codes. They could 
be lower because we only included inpatient records and the diag-
nosis at discharge (not outpatient diagnoses and working diagnoses 

in emergency) as well as only the first episode of an IPD-related 
outcome. However, in both countries, most cases were hospital-
ized and only 4% of children in our study had a repeat episode 
recorded. Furthermore, we included diagnoses in any primary and 
up to 20 (WA) or 50 (NSW) secondary diagnosis fields (the Finnish 
study used codes listed in the first 3 positions) which should only 
serve to increase, rather than reduce, the baseline rates. A possi-
ble explanation could be that Finnish hospital pediatricians have a 
higher degree of suspicion of pneumococcal disease and sepsis in 
febrile children, to the extent that the IPD compatible and unspeci-
fied sepsis codes are more likely to be assigned in the absence of 
laboratory confirmation. Despite the methodologic differences, the 
estimated total preventable incidence of IPD-like illness is consid-
erably higher in both countries after taking into account the non-
notified cases.

The main strengths of our study are that it was population 
based and that there was complete capture of inpatient hospitaliza-
tions. As in the Finnish studies, we were able to report the addi-
tional burden of preventable IPD not captured though notifications, 
in contrast to the English study which was based on unlinked hos-
pitalization records.4,6,7 The main limitation is the ecologic study 
design that may be confounded by unmeasured changes over time 
in ICD coding practices, health systems and health seeking behav-
iors. However, as described above, the RRRs we observed for noti-
fied IPD are consistent with known VE estimates and surveillance 
data, as well as what was observed in Finland, and we are unaware 
of any changes to coding practices or surveillance methods dur-
ing this time. Finally, the size of our cohorts was limited by when 
surveillance for IPD notifications began, the timing of changes to 
the vaccination program and the follow-up time available. This is 
particularly a limitation with the PCV13 analysis, as there was only 
20 months of follow-up available post-PCV13 introduction for 
<1 year olds, and the declines post-PCV13 appear to continue a 
trend that started pre-PCV13. Therefore, longer-term follow-up of 
the PCV13 cohort is required before accurate conclusions can be 
drawn about the additional impact of PCV13 above that seen for 
PCV7. Despite this limitation, we were able to include ~300,000 
person-years of follow-up in each PCV13 cohort (an annual birth 
cohort that was twice the size of Finland’s) and show a small, but 
statistically significant, impact of the change from PCV7 to PCV13 
on nonnotified IPD or unspecified sepsis, although the confidence 
intervals are wide.

In conclusion, we have been able to provide a quantita-
tive estimate of the total burden of IPD preventable by PCV7 and 
PCV13 vaccination programs in Australia. As found in Finland for 
PCV10, the additional preventable disease burden identified using 
the sensitive case definition of nonnotified IPD or unspecified sep-
sis was significant, but relatively smaller in Australia. This high-
lights the need for country-specific studies to fully understand the 
burden of pneumococcal disease preventable by vaccination and 
thus accurately evaluate the cost-effectiveness of PCV vaccination 
programs.
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Current Abstracts

Imported Toxin-producing Cutaneous Diphtheria—Minnesota, 
Washington and New Mexico, 2015–2018
Griffith J, Bozio CH, Poel AJ, et al. Morbid Mortal Wkly Rep. 2019;68: 
281–284
From September 2015 to March 2018, the Centers for Disease Control and 
Prevention confirmed 4 cases of cutaneous diphtheria caused by toxin-
producing Corynebacterium diphtheriae in patients from Minnesota (2), 
Washington (1) and New Mexico (1). All patients had recently returned 
to the United States after travel to countries where diphtheria is endemic; 
Somalia, Ethiopia and the Philippines (2). Patients were 12, 35, 42 and 48 
years old, respectively.

Several common characteristics were observed among 4 patients 
with cutaneous diphtheria in this series. All had recently traveled to coun-
tries with endemic diphtheria; several European countries have also reported 
travel-related toxin-producing cutaneous diphtheria. C. diphtheriae was not 
clinically suspected in any of the patients and was only detected through 
laboratory testing. In 2 of 4 cases, C. diphtheriae was detected along with 
other more typical cutaneous pathogens, and similar coinfections have been 
described previously.

Treating institutions detected the organism through matrix-assisted 
laser desorption/ionization-time-of-flight mass spectrometry testing of 
wound-derived coryneform isolates. Matrix-assisted laser desorption/
ionization-time-of-flight mass spectrometry is a rapid screening platform 
that uses mass spectrometry to identify bacterial pathogens. State pub-
lic health laboratories confirmed C. diphtheriae through culture and sent 
isolates to the Centers for Disease Control and Prevention’s Pertussis and 
Diphtheria Laboratory for biotyping, polymerase chain reaction testing and 
toxin-production testing. All isolates were identified as toxin-producing C. 
diphtheriae.

Comment: Diphtheria is a rare, vaccine-preventable, bacterial disease 
caused by toxin-producing strains of C. diphtheriae. Respiratory disease 
can be life-threatening and is characterized by the development of an adher-
ent pseudomembrane in the upper respiratory tract. Cutaneous disease is 
typically characterized by well-demarcated ulcers that might have a mem-
brane; the lesions are slow healing and might act as a reservoir from which 
bacteria can be transmitted to susceptible contacts, potentially resulting in 
cutaneous or respiratory disease.

When suspected cases of C. diphtheria are identified, state health 
departments should be notified to ensure that appropriate diagnostic testing 
is completed. If an isolate is confirmed as toxin-producing diphtheria, pub-
lic health interventions should be initiated. Treating patients with a 14-day 
course of erythromycin or penicillin to eradicate C. diphtheriae will reduce 
symptoms of infection and prevent transmission. Treatment with diphthe-
ria antitoxin is generally not recommended, unless signs of systemic tox-
icity are present. Close contacts of patients should be monitored for the 
development of respiratory or cutaneous illness for 7–10 days after their 
last exposure. For chemoprophylaxis, close contacts should receive a 7–10 
day course of erythromycin or penicillin. Before antibiotic administration, 
diphtheria patients and their contacts should have nasal and throat swabs 
collected for culture to test for C. diphtheriae carriage. Patients and close 
contacts who are not up-to-date with diphtheria vaccination should receive 
the recommended doses of diphtheria-toxoid containing vaccine.

Cutaneous toxin-producing diphtheria should be considered in 
travelers with wound infections who have returned from countries with 
endemic disease to permit prompt public health response and prevent dis-
ease transmission. Although cutaneous diphtheria was not notifiable during 
1980–2018, all cases of diphtheria with toxin-producing disease, regardless 
of site, are now reportable since a modification to the case definition was 
implemented in January 2019.

Edited by Robert J. Leggiadro, MD
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Articles

Effectiveness of pneumococcal conjugate vaccine against 
hospital admissions for pneumonia in Australian children: 
a retrospective, population-based, record-linked cohort study
Parveen Fathima, Heather F Gidding, Peter B McIntyre, Thomas L Snelling, Lisa McCallum, Nicholas de Klerk, Christopher C Blyth, Bette Liu, 
Hannah C Moore

Summary
Background Reductions in pneumonia hospitalisations following introduction of pneumococcal conjugate vaccines 
(PCVs) have been reported from high-incidence and low-incidence settings but long-term data comparing vaccinated 
with unvaccinated children are sparse.

Methods We did a retrospective, population-based, record-linkage cohort study in Australian children using 
administrative health data from the Western Australian Midwives’ Notification System and New South Wales Perinatal 
Data Collection, and the birth and death registries in both states. PCV vaccination details, pneumonia-coded hospital 
admissions, and invasive pneumococcal disease notification records were individually linked for children born 
between 2001 and 2012. The primary outcome was defined as the first hospital admission for all-cause pneumonia. 
Cox models were used to calculate adjusted hazard ratios (HR) to estimate the effect of PCV doses on pneumonia-
coded hospital admissions by Aboriginal status, birth period, remoteness, and pneumonia diagnostic category in 
children younger than 2 years. Person-time of follow-up time for each child started at birth and was censored at the 
earliest of first hospital admission for all-cause pneumonia, death, invalid PCV dose, when the child reached age 
24 months, or the end date of the study period (Dec 31, 2013)

Findings The study cohort comprised 1 365 893 children liveborn between Jan 1, 2001, and Dec 31, 2012, of whom 
66 484 (4·9%) were identified as Aboriginal. The overall rate for all-cause pneumonia hospital admissions for children 
younger than 2 years over the entire study period was 17·6/1000 child-years in Aboriginal children and 5·5/1000 child-
years in non-Aboriginal children. Compared with children born between 2001 and 2004 (ie, the pre-universal PCV 
period), the incidence of pneumonia-coded hospital admissions decreased in both vaccinated (6·5 vs 5·7 per 
1000 child-years [12% reduction, 95% CI 3–21; p=0·01]) and unvaccinated non-Aboriginal children (6·8 vs 3·7 
[45% reduction; 41–49]) born 2005–12 (the universal PCV period); among Aboriginal children, declines were significant 
only among those vaccinated (27·4 vs 14·1 [49% reduction, 40–55]). Among Aboriginal children born 2005–12, the risk 
of pneumonia-coded hospital admission after three doses of PCV was lower than those unvaccinated (adjusted HR 0·83, 
95% CI 0·65–0·99) but, among non-Aboriginal children, the risk was similar (adjusted HR 1·09, 0·98–1·22). Overall, 
remote-born Aboriginal children had the highest incidence of hospital admission for pneumonia and among children 
born 2005–12, the adjusted risk was 37% lower (adjusted HR 0·63, 95% CI 0·42–0·96) among those fully vaccinated 
than those unvaccinated.

Interpretation Reductions in pneumonia-coded hospital admissions in unvaccinated children predominated in non-
Aboriginal children with low incidence of pneumonia but were not significant in Aboriginal children with high 
incidence. These findings have potential implications for measuring PCV effect using a non-specific endpoint such as 
all-cause pneumonia in high-incidence populations.

Funding Commonwealth Government Collaborative Research Infrastructure Strategy and Education Investment 
Fund Super Science Initiative and the Australian National Health and Medical Research Council.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Globally, pneumonia remains one of the leading causes 
of admission to hospital and death in young children.1 
There have been a large number of studies of the effect 
of pneumococcal conjugate vaccines (PCVs) against 
invasive pneumococcal disease.2

Non-invasive pneumonia is thought to account for 
a substantially greater disease burden than invasive 

pneumococcal disease and is a crucial determinant of 
the cost-effectiveness of PCVs, but difficulties in 
measurement of this outcome have led to substantial 
uncertainty about the effectiveness of PCVs, especially in 
high disease burden settings.2–4 To date, most studies 
assessing the effects of PCV on pneumonia have used 
ecological before-and-after designs with no linkage of 
individual pneumonia cases to their immunisation 
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status—ie, the effect of infant vaccination on both 
vaccinated and unvaccinated cohorts has not been 
explored. Additionally, vaccinated infants in high 
disease-burden settings have had short baseline 
comparison periods.2,5 Reductions in hospital admissions 
for pneumonia following introduction of PCVs have 
been reported from high-incidence and low-incidence 
settings, but long-term data comparing vaccinated with 
un- vaccinated children are sparse.

We have previously reported on serotype-specific 
and all-cause vaccine effectiveness against invasive 
pneu- mococcal disease for a cohort of Aboriginal and 
non-Aboriginal children from two Australian states 
between 2001 and 2013,6 using population-based birth 

records linked to individual immunisation and hospital 
admissions data. Furthermore, we have also reported on 
trends over a longer period (1996–2013) in the total 
number of admissions to hospital for pneumonia, and 
those where specific bacterial and viral pathogens had 
been identified in a Western Australian birth cohort.7 In 
this study, we aimed to estimate the direct effect of 
PCV vaccination on a non-specific endpoint of all-cause 
admissions to hospital for pneumonia in both vaccinated 
and unvaccinated children younger than 2 years by 
vaccination period, state of birth, Aboriginal status, 
remoteness at birth, and diagnostic category of 
pneumonia-coded hospital admissions. We hypothesised 
that the long periods of vaccine use and comprehensive 

Research in context

Evidence before this study
We searched PubMed for population-based studies published 
between 2001 and 2018 on the effects of pneumococcal 
conjugate vaccines (PCVs) on pneumonia-related admissions to 
hospital for children using the terms “pneumococcal conjugate 
vaccine”, “pneumonia hospitalisations”, “impact after PCV 
vaccine introduction”, “PCV vaccine effectiveness” and 
“reduction in pneumonia”. The effect of PCV on 
pneumonia-coded hospital admissions has mostly been 
reported from high-income and middle-income countries 
(particularly Latin American countries) with surveillance studies 
from Africa. The identified studies showed evidence of absolute 
and relative reductions in pneumonia-coded hospital 
admissions for young children after PCV introduction, but the 
magnitude of the effect varied from 0 to 85%. In Australia, 
post-PCV introduction, pneumonia-coded hospital admissions 
declined by 36–40% among non-Aboriginal children and by 
28–48% among Aboriginal children younger than 5 years. 
Almost all of the identified studies, including the Australian 
studies, were ecological or observational studies comparing 
rates of all-cause pneumonia admissions to hospital in the 
periods before and after the introduction of the PCV with no 
data on individual immunisation status. Therefore the relative 
effect of PCV on vaccinated and unvaccinated cohorts at the 
population level has not been explored.

Added value of this study
The study cohort of nearly 1·4 million children with linked 
individual immunisation data is, to our knowledge, the largest 
population-based study to report on the direct effectiveness of 
PCV against a non-specific endpoint of hospital admissions for 
all-cause pneumonia among both vaccinated and unvaccinated 
children younger than 2 years. Australia is a unique setting as it 
is a high-income, low pneumonia-incidence country but has 
an Aboriginal population with a high incidence of pneumonia, 
especially in remote areas. In common with other studies in 
high-income countries, we noted substantive absolute and 
relative reductions in pneumonia-coded hospital admissions 
following the universal PCV programme in unvaccinated and 

vaccinated non-Aboriginal children, indicating herd 
immunity. By contrast, among Aboriginal children, reductions 
in non-immunised children were small and not significant but 
a direct protective effect of PCV occurred with two and three 
doses of PCV associated with a decrease in the risk of all-cause 
pneumonia compared with no doses. Aboriginal children living 
in remote regions had a four-times higher incidence of all-cause 
pneumonia hospital admission than non-Aboriginal children. 
Thus, this study provides evidence of variability in the effect of 
PCV because of geographic and population-level differences 
between Aboriginal and non-Aboriginal children in Australia. 
Our findings are relevant and of value to countries with a high 
incidence of pneumonia to support the inclusion of PCV into 
their national childhood immunisation programmes.

Implications of all the available evidence
The burden of pneumonia-related hospital admissions remains 
high among Aboriginal children, especially those living in 
remote regions of Australia. The substantial variations in the 
effects of PCV even within a country, as evidenced by this study, 
highlights the importance of localised real-world effectiveness 
studies. PCV has significantly reduced the number of 
pneumonia-coded hospital admissions, but the causes of 
clinical pneumonia are complex with persisting baseline rates of 
non-pneumococcal and non-vaccine serotype pneumococcal 
pneumonia. Therefore, despite the evident herd effect, 
PCVs alone cannot be expected to eliminate the burden of 
pneumonia. The importance of other respiratory vaccines such 
as vaccines against seasonal influenza and Haemophilus 
influenzae type B in tackling non-pneumococcal pneumonia 
should be emphasised along with the need for acceleration of 
development or rollout of vaccines targeting other pathogenic 
causes of clinical pneumonia such as respiratory syncytial virus 
and parainfluenza virus. Additionally, in light of the change in 
the Australian PCV vaccination schedule from a 3 + 0 schedule 
to a 2 + 1 schedule (ie, two primary doses at 2 and 4 months 
followed by a booster dose at 12 months of age) in 2018, it is 
important to continue to monitor temporal trends in 
pneumonia in both vaccinated and unvaccinated children.
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data collections available in Australia could help to 
assess vaccine effectiveness and long-term effect of 
PCVs on community-acquired pneumonia in child 
populations.

Methods
Study design and data sources
We did a retrospective, population-based, record-linked 
cohort study using administrative health data. The cohort 
was identified through the perinatal data collections 
(Western Australian Midwives’ Notification System and 
New South Wales Perinatal Data Collection) and the birth 
and death registries in both states. The birth registry 
contains sociodemographic information of both parents 
and child as recorded by the parents. Along with socio- 
demographic information, the perinatal dataset also 
includes maternal medical and obstetric history, details 
of labour and delivery, characteristics of the child at birth, 
and infant birth outcomes as recorded by the attending 
midwife or physician.

The study cohort comprised all children in New South 
Wales and Western Australia (Australia) live-born between 
1996 and 2012 who had records in both the birth registry 
and the perinatal datasets.8 This cohort was part of a 
larger programme of work to assess Australia’s National 
Immunisation Program using probabilistically linked 
information from birth, perinatal, death, immunisation, 
hospital admissions, and notifiable disease registry data 
using a series of identifiers including full name, date of 
birth, residential address, and sex.8,9 For the analysis in 
this report of PCV effect on all-cause pneumonia, only 
data pertaining to singleton children born between 2001 
and 2012 were included (appendix p 1).

Hospital admissions data
Hospital admissions records pertaining to children in 
the cohort were sourced from the Western Australia 
Hospital Morbidity Data Collection and the New South 
Wales Admitted Patient Data Collection. The hospital 
datasets contain information on all public and private 
inpatient separations in each state (including dates 
relating to admissions, discharges, transfers and deaths), 
and coded diagnoses and procedures. The primary 
outcome of our analysis was defined as the first hospital 
admission for all-cause pneumonia. For this, we 
identified hospital records from 2001 to 2013 for children 
in the cohort with a pneumonia-related International 
Classification of Diseases (ICD; 10th Revision, Australian 
Modification) diagnosis code listed in the principal 
diagnosis field or in any of the additional diagnosis fields. 
The ICD codes used to define all-cause pneumonia are in 
the appendix (p 3). Based on diagnostic coding, secondary 
outcomes were hospital admissions in the following 
three diagnostic categories: pneumococcal pneumonia or 
lobar pneumonia (henceforth referred to as presumptive 
pneumococcal pneumonia), pneumonia due to other 
specified causes (specified pneumonia), and unspecified 

pneumonia (ICD codes included in each category are in 
the appendix p 3).

Laboratory-confirmed cases of invasive pneumococcal 
disease relating to the study cohort were identified 
from mandatory state notification databases; invasive 
pneumococcal disease has been notifiable in both 
Western Australia and New South Wales from 2001. A 
hospital admission for pneumonia was considered to be See Online for appendix

Aboriginal 
(n=66 484)

Non-Aboriginal 
(n=1 299 409)

Risk ratio* 
(95% CI)

Parental factors

Maternal age group (years)

≥35 5836 (8·78%) 285 307 (21·96%) 0·40 (0·39–0·41)

30–34 10 434 (15·69%) 437 538 (33·67%) 0·47 (0·46–0·48)

25–29 16 105 (24·22%) 362 861 (27·93%) 0·87 (0·85–0·88)

20–24 20 995 (31·58%) 173 189 (13·33%) 2·37 (2·34–2·40)

<20 13 114 (19·73%) 40 514 (3·12%) 6·33 (6·20–6·45)

Number of previous pregnancies

0 22 119 (33·27%) 520 276 (40·04%) 0·83 (0·82–0·84)

1 16 512 (24·84%) 434 073 (33·41%) 0·74 (0·73–0·76)

2 11 002 (16·55%) 205 396 (15·81%) 1·05 (1·03–1·07)

≥3 16 786 (25·25%) 138 257 (10·64%) 2·37 (2·34–2·41)

Maternal smoking during pregnancy

Yes 30 309 (45·59%) 151 309 (11·64%) 3·92 (3·87–3·96)

No 36094 (54·29%) 1 145 210 (88·13%) 0·62 (0·61–0·62)

Missing 81 (0·12%) 2890 (0·22%) 0·55 (0·44–0·68)

Mother born overseas

Yes 1776 (2·67%) 403 420 (31·05%) 0·09 (0·08–0·09)

No 63 671 (95·77%) 874 169 (67·27%) 1·42 (1·42–1·42)

Missing 1037 (1·56%) 21 820 (1·68%) 0·93 (0·87–0·99)

Paternal age group (years)

≥35 10 823 (16·28%) 479 883 (36·93%) 0·44 (0·43–0·45)

30–34 11 441 (17·21%) 418 803 (32·23%) 0·53 (0·53–0·54)

25–29 15 166 (22·81%) 262 700 (20·22%) 1·13 (1·11–1·15)

20–24 15 429 (23·21%) 92 647 (7·13%) 3·25 (3·20–3·31)

<20 5770 (8·68%) 12 996 (1·00%) 8·68 (8·41–8·95)

Socioeconomic index†

91–100% (least disadvantaged) 990 (1·49%) 160 519 (12·35%) 0·12 (0·11–0·13)

76–90% 2739 (4·12%) 199 055 (15·32%) 0·27 (0·26–0·28)

26–75% 21 704 (32·65%) 582 833 (44·85%) 0·73 (0·72–0·74)

11–25% 15 371 (23·12%) 196 074 (15·09%) 1·53 (1·51–1·56)

0–10% (most disadvantaged) 21 996 (33·08%) 126 124 (9·71%) 3·41 (3·36–3·46)

Accessibility or remoteness index of Australia 

Major cities 27 633 (41·56%) 989 470 (76·15%) 0·55 (0·54–0·55)

Inner regional 17 246 (25·94%) 189 454 (14·58%) 1·78 (1·75–1·81)

Outer regional 10 899 (16·39%) 71 056 (5·47%) 3·00 (2·94–3·06)

Remote 4813 (7·24%) 13 681 (1·05%) 6·88 (6·65–7·11)

Very remote 2711 (4·08%) 3310 (0·25%) 16·01 (15·22–16·84) 

(Table 1 continues on next page)
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linked to a notification of invasive pneumococcal disease 
if the date of admission and date of notification were 
within 30 days of each other.

Immunisation data
Details of the probabilistic linkage of the Australian 
Childhood Immunisation Register, known as Australian 
Immunisation Register since 2017, to the cohort datasets 
have been previously reported.8,9 Immunisation data 
including immunisation date, type, and vaccine dose 
number are sent to the Australian Immunisation Register 
by the immunisation provider.

The exposure of interest in this analysis was PCV 
immunisation. In Australia, PCV was added to the 

national immunisation programme in a 2-4-6 month 
schedule (three doses + 0; ie, one dose at age 2, 4, and 
6 months totalling three doses and no boosters) for all 
Aboriginal children and for high-risk non-Aboriginal 
children in July, 2001.10 From January 2005, the 
programme was expanded to include all births, with the 
first dose of a 3 + 0 schedule at age 2 months, and one or 
two catch-up doses according to age for all unvaccinated 
children younger than 2 years.10 By January 2006, 
three-dose vaccine coverage assessed at age 12 months 
had reached nearly 90% in all regions of Australia.11

In our analysis, an invalid dose was defined as any 
vaccine dose given less than 39 days following birth 
(ie, more than 3 days before the earliest permitted 
immunisation age) or within 28 days of a previous dose. If 
a PCV vaccine dose was recorded as occurring on or before 
the date of birth, the child was excluded from all analyses.

Statistical analysis
Crude age-specific rates of pneumonia-related hospital 
admissions among vaccinated and unvaccinated children 
born in the pre-universal PCV (2001–04) and universal 
PCV (2005–12) periods were calculated using person-
time-at-risk as the denominator. Person-time of follow-
up for each child started at birth and was censored at the 
earliest of one of the following: first hospital admission 
for all-cause pneumonia, death, invalid PCV dose, when 
the child reached age 24 months, or the end date of the 
study period (Dec 31, 2013).

Cox proportional hazards regression, with the first 
hospital admission for all-cause pneumonia (and other 
diagnostic categories) as the outcome was used to 
estimate hazard ratios (HRs) and their associated 
95% CIs for each dose of PCV (one, two, or ≥three doses) 
compared with no vaccine dose as time-dependent 
explanatory variables, and the age of the child (in days) as 
the time-scale for analysis. Age was inherently controlled 
for in these models, taking into account the variation of 
risk of all-cause pneumonia with increasing age. 
Potential confounding variables (appendix pp 4–7) were 
identified a priori.12 Univariate time-to-event analyses 
were done for each of these variables; those with a p-value 
of 0·2 or less were included in the multivariable model to 
obtain the adjusted HRs for each dose of PCV compared 
with no doses. The models were also adjusted for 
calendar time in years to account for secular changes. We 
used the Accessibility or Remoteness Index of Australia 
as a specific measure of remoteness and access to 
services that classified all individuals into five categories 
of residency (major cities, inner regional, outer regional, 
remote, and very remote; appendix pp 4–7). We further 
grouped these into three final categories: major cities, 
inner or outer regional (regional), and remote or very 
remote (remote). Separate models were developed for 
Aboriginal and non-Aboriginal children. To assess the 
potential for bias associated with access to care, we did a 
post-hoc sensitivity analysis by restricting the cohort to 

Aboriginal  
(n=66 484)

Non-Aboriginal  
(n=1 299 409)

Risk ratio* 
(95% CI)

(Continued from previous page)

Child factors

Sex

Male‡ 34 284 (51·57%) 668 021 (51·41%) 1·00 (0·99–1·01)

Female 32 200 (48·43%) 631 388 (48·59%) 1·00 (0·99–1·00)

Born in Western Australia 20 933 (31·49%) 305 473 (23·51%) 1·34 (1·32–1·36)

Gestational age (weeks)

≥37 59 835 (90·00%) 1 228 855 (94·57%) 0·95 (0·94–0·96)

32–36 5626 (8·46%) 61 859 (4·76%) 1·78 (1·73–1·83)

<32 993 (1·49%) 8539 (0·66%) 2·27 (2·13–2·43)

Method of delivery

Vaginal 46 471 (69·90%) 761 725 (58·62%) 1·19 (1·18–1·20)

Instrumental 4586 (6·90%) 154 210 (11·87%) 0·58 (0·56–0·60)

Caesarean 15 403 (23·17%) 383 111 (29·48%) 0·79 (0·77–0·80)

Apgar score (5min) >7 63 750 (95·89%) 1 263 219 (97·21%) 0·99 (0·98–0·99)

Birthweight (g)

<1500 833 (1·25%) 7105 (0·55%) 2·29 (2·13–2·46)

1500–2499 5417 (8·15%) 45 846 (3·53%) 2·31 (2·25–2·38)

2500–3499 36 029 (54·19%) 668 358 (51·44%) 1·05 (1·04–1·06)

3500–4499 23 126 (34·78%) 555 005 (42·71%) 0·81 (0·80–0·83)

≥4500‡ 1065 (1·60%) 22 771 (1·75%) 0·91 (0·86–0·97)

Season of birth

Summer‡ 16 185 (24·34%) 311 222 (23·95%) 1·02 (1·00–1·03)

Autumn‡ 17 161 (25·81%) 331 309 (25·50%) 1·01 (1·00–1·03)

Winter‡ 16 979 (25·54%) 327 867 (25·23%) 1·01 (1·00–1·03)

Spring‡ 16 159 (24·31%) 329 011 (25·32%) 0·96 (0·94–0·98)

Hospital admission aged <6 weeks 13 566 (20·40%) 193 020 (14·85%) 1·37 (1·35–1·40)

Hospital admission for 
category A risk condition§

333 (0·50%)‡ 5564 (0·43%) 1·17 (1·05–1·31)

Hospital admission for 
category B risk condition¶

2844 (4·28%) 41 094 (3·16%) 1·35 (1·30–1·41)

Hospital admission for 
pneumonia aged <2 years

2421 (3·64%) 15 674 (1·21%) 3·02 (2·89–3·15)

Died aged <2 years 371 (0·56%) 2997 (0·23%) 2·42 (2·17–2·70)

(Table 1 continues on next page)



Articles

www.thelancet.com/child-adolescent   Published online August 19, 2019   http://dx.doi.org/10.1016/S2352-4642(19)30249-4 5

children who were recorded as receiving at least one dose 
of diphtheria-tetanus-acellular pertussis (DTaP) vaccine 
on the Australian Immunisation Register. All analyses 
were done using Stata (version 14.1).

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and all authors had final 
responsibility for the decision to submit for publication.

Results
The study cohort comprised 1 365 893 singleton children 
liveborn between January, 2001, and December, 2012, of 
whom 66484 (4·9%) were identified as Aboriginal. 
Compared with non-Aboriginal children in the cohort, 
young maternal age at delivery, maternal smoking during 
pregnancy, at least three previous pregnancies, gestational 
age less than 36 weeks, infant birthweight less than 2500 g, 
low socioeconomic status, and residence in remote areas 
were more frequent in Aboriginal children (table 1). 
Western Australian-born children were more likely to 
reside in remote or very remote areas compared with 
children born in New South Wales: 26·4% (5554/20 933) 
versus 4·3% (1969/45 551) among Aboriginal children 
and 4·4% (13 531/305 473) versus 0·3% (3460/993 936) 
among non-Aboriginal children; p<0·0001 (data not 
shown). The total person-time of follow-up for analyses 
was 127 230 child-years for Aboriginal children and 
2 526 285 child-years for non-Aboriginal children. By the 
end of the follow-up, 371 (0·6%) Aboriginal children and 
2997 (0·2%) non-Aboriginal children had died.

Over the follow-up period, 2260 Aboriginal and 
14 092 non-Aboriginal children had at least one hospital 
admission for pneumonia before age 2 years (figure 1). 
The overall rate for hospital admissions for all-cause 
pneumonia in children younger than 2 years over the 
entire study period was 17·6/1000 child-years in 
Aboriginal children and 5·5/1000 child-years in non-
Aboriginal children. Among both Aboriginal and non-
Aboriginal children unspecified pneumonia was the 
most common diagnostic group (figure 1). Of all 
Aboriginal and non-Aboriginal all-cause pneumonia 
hospital admissions, around 1–2% were linked to a 
notification of invasive pneumococcal disease; among 
admissions coded as presumptive pneumococcal 
pneumonia, around 28% and 36% were linked to a 
record of invasive pneumococcal disease for Aboriginal 
and non-Aboriginal children, respectively (figure 1).

Among Aboriginal children born in the pre-universal 
PCV period (2001–04), around 36% had at least three 
PCV doses recorded and 39% had no recorded PCV 
doses (table 1); in the universal PCV period (2005–12), 
around 84% had at least three doses and 6% had no doses 
(table 1). Compared with Aboriginal children born in 
the pre-universal PCV period, the overall unadjusted 

Aboriginal  
(n=66 484)

Non-Aboriginal  
(n=1 299 409)

Risk ratio* 
(95% CI)

(Continued from previous page)

Study cohort PCV doses by end of follow-up||

Born 2001–04 (pre-universal PCV period)

No dose 7416/19 097 
(38·83%)

254 835/399 617 
(63·77%)

0·61 (0·60–0·62)

1 dose 1883/19 097 
(9·86%)

48 465/399 617 
(12·13%)

0·81 (0·78–0·85)

2 doses 2868/19 097 
(15·02%)‡

52 460/399 617 
(13·13%)

1·14 (1·10–1·19)

≥3 doses 6930/19 097 
(36·29%)

43 857/399 617 
(10·97%)

3·31 (3·22–3·39)

Born 2005–12 (universal PCV period)

No dose 2922/47 387 
(6·17%)

38 889/899 792 
(4·32%)

1·55 (1·49–1·61)

1 dose 1046/47 387 
(2·21%)

14 044/899 792 
(1·56%)

1·41 (1·33–1·51)

2 doses 3744/47 387 
(7·90%)

59 668/899 792 
(6·63%)

1·19 (1·15–1·23)

≥3 doses 39 675/47 387 
(83·73%)

787 191/899 792 
(87·49%)

0·96 (0·95–0·97)

Restricted cohort (post-hoc sensitivity analysis)** PCV doses by end of follow-up||

Born 2001–04 (pre-universal PCV period)

No dose 5526/17 206 
(32·12%)

236 878/381 632 
(62·07%)

0·52 (0·51–0·53)

1 dose 1882/17 206 
(10·94%)

48 445/381 632 
(12·69%)

0·86 (0·83–0·90)

2 doses 2868/17 206 
(16·67%)‡

52 456/381 632 
(13·75%)

1·21 (1·17–1·26)

≥3 doses 6930/17 206 
(40·28%)

43 853/381 632 
(11·49%)

3·51 (3·43–3·58)

Born 2005–12 (universal PCV period)

No dose 262/44 726 
(0·59%)

4396/865 198 
(0·51%)

1·15 (1·02–1·31)

1 dose 1045/44 726 
(2·34%)

13 977/865 198  
(1·62%)

1·45 (1·36–1·54)

2 doses 3744/44 726 
(8·37%)

59 652/865 198 
(6·89%)

1·21 (1·18–1·25)

≥3 doses 39 675/44 726 
(88·71%)

787 173/865 198 
(90·98%)

0·97 (0·97–0·98)

Invalid doses†† by end of follow-up||

Born 2001–04 (pre-universal 
PCV period)

80/19 097 
(0·42%)

917/399 617 
(0·23%)

1·83 (1·45–2·29)

Born 2005–12 (universal 
PCV period)

411/47 387 
(0·87%)

5854/899 792 
(0·65%)

1·33 (1·21–1·47)

Data are n (%). Because of missing observations, n in columns might not add up to N. All characteristics were assessed at 
birth unless otherwise noted. PCV=pneumococcal conjugate vaccine. *Risk ratio comparing Aboriginal with 
non-Aboriginal children. †State-specific quintiles: 91–100%=least disadvantaged, 0–10%=most disadvantaged. 
‡Proportion of Aboriginal children not significantly different to proportion of non-Aboriginal children. §Category A risk 
conditions in appendix. ¶Category B risk conditions in appendix. ||Follow-up was to age 2 years or death. **Restricted 
cohort includes only children who were recorded as receiving at least one dose of diphtheria-tetanus-acellular pertussis 
vaccine during the study period. ††Any vaccine dose administered <39 days following birth (ie, >3 days before the 
earliest scheduled immunisation age) or within 28 days of a previous dose.

Table 1: Demographic characteristics of the Australian study cohort by Aboriginal status



Articles

6 www.thelancet.com/child-adolescent   Published online August 19, 2019   http://dx.doi.org/10.1016/S2352-4642(19)30249-4

pneumonia hospital admission rate for Aboriginal 
children born in the universal PCV period and younger 
than 2 years decreased from 23·3/1000 child-years to 
15·2/1000 child-years (figure 2; 35% reduction; 95% CI 
29–40; p<0·001). Decreases occurred for vaccinated 
children (49% reduction; 95% CI 40–55) and unvaccinated 
children (12% reduction; 95% CI 3–25; figure 2, table 2) 
younger than 2 years. Following universal PCV 

introduction, decreases in hospital admission rates 
occurred in all age groups but there were no discernible 
differences in rates for all-cause pneumonia between the 
different age groups in either the pre-universal or 
universal PCV periods. (appendix p 2).

Among Aboriginal children born in the pre-universal 
PCV period, unadjusted pneumonia hospital admission 
rates were higher for those receiving at least three 
doses of PCV compared to those unvaccinated 
(27·4/1000 child-years vs 19·8/1000 child-years; p=0·001) 
but after adjustment in a Cox model, this association was 
no longer significant (table 2). By contrast, among 
children born in the universal PCV period, unadjusted 
pneumonia hospital admission rates were significantly 
lower in children with three or more recorded doses of 
PCV compared with unvaccinated children in the 
unadjusted model (14·1 versus 17·4; p=0·004); in the 
adjusted model, two doses of PCV (27% decrease; 95% CI 
3–45; p=0·025) and three doses (17% decrease; 1–35; 
p=0·01) were both associated with a significant reduction 
in the risk of pneumonia compared with no doses 
(table 2). When children with no recorded doses of DTaP 
were excluded (post-hoc sensitivity analysis), the adjusted 
HR estimates were similar (table 2).

Unadjusted pneumonia hospital admission rates were 
highest among Aboriginal children born in remote areas 
of Australia in both pre-universal PCV and universal 
PCV birth cohorts (table 3). In the universal-PCV period 
(2005–12), a direct protective effect of PCV was noted 
only among Aboriginal children born in remote areas in 
the adjusted Cox model, in which the hazard of all-cause 
pneumonia after three doses of PCV was 37% lower than 
in unvaccinated children.

In the pre-universal PCV period, around 64% of non-
Aboriginal children had no recorded PCV doses and 
11% had at least three PCV doses recorded; in the 

Figure 1: All-cause pneumonia hospital admissions in Aboriginal and non-Aboriginal children younger than 2 years
Data are presented for the different diagnostic categories of pneumonia and according to linkage to notification for invasive pneumococcal disease (IPD). ICD codes included in each diagnostic category 
of pneumonia are given in the appendix p 3.

2260 Aboriginal children younger 
 than 2 years with all-cause 
 pneumonia-coded 
 hospital admissions

2229 (98·6%) did not 
 link to IPD 
 notification

31 (1·4%) linked to an 
 IPD notification

69 (3·0%) coded as presumptive 
 pneumococcal pneumonia

50 (72·5%) did not 
 link to IPD 
 notification

19 (27·5%) linked to 
 an IPD notification

409 (18·1%) coded as pneumonia 
 from a specified bacterial or 
 viral cause

408 (99·8%) did not 
 link to IPD 
 notification 

1 (0·2%) linked to 
 an IPD notification

1782 (78·9%) coded as pneumonia 
 from an unspecified cause

1771 (99·4%) did not 
 link to IPD 
 notification 

11 (0·6%) linked to an
 IPD notification

14 092 non-Aboriginal children 
 younger than 2 years with 
 all-cause pneumonia-coded 
 hospital admissions

13 868 (98·4%) did 
 not link to IPD 
 notification

224 (1·6%) linked to 
 an IPD 
 notification

402 (2·9%) coded as 
 presumptive pneumococcal 
 pneumonia

258 (64·2%) did 
 not link to IPD 
 notification

144 (35·8%) linked to 
 an IPD 
 notification

3498 (24·8%) coded as 
 pneumonia from a specified 
 bacterial or viral cause

3475 (99·3%) did 
 not link to IPD 
 notification 

23 (0·7%) linked to 
 an IPD 
 notification

10 192 (72·3%) coded as pneumonia 
 from an unspecified cause

10 135 (99·4%) did 
 not link to IPD 
 notification 

57 (0·6%) linked to 
 an IPD 
 notification

Figure 2: Rates of hospital admissions for all-cause pneumonia per 1000 child-years in children younger 
than 2 years
Data are rates (95% CI error bars) by Aboriginal status, birth cohort, and vaccination status for pneumococcal 
conjugate vaccine (PCV). Numbers were obtained after we applied the censoring due to invalid PCV dose, which 
would have excluded a few admissions. *Birth in pre-universal PCV period. †Birth in universal PCV period.
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universal PCV period, around 88% had at least three 
recorded doses (table 1). Compared with children born in 
the pre-universal PCV period, the overall unadjusted 
pneumonia hospital admission rate for non-Aboriginal 
children aged <2 years and born in the universal PCV 
period decreased from 6·7 per 1000 child-years to 4·9 per 
1000 child-years (26% decrease; 95% CI 23–29; p<0·001); 
in both vaccinated children (12% reduction, 95% CI 3–21; 
p=0·01) and unvaccinated children (45% reduction, 
41–49; p<0·001; figure 2). Pneumonia hospital admission 
rates were highest in children aged 12–23 months and 
decreases in rates occurred in all age groups in the 
universal PCV period (appendix p 2).

There were no differences in unadjusted pneumonia 
hospital admission rates between vaccinated and un- 
vaccinated children born in 2001–04 (6·5 versus 6·8; 
p=0.4) but for those born in the universal PCV period 
(2005–12), the rates were higher in children who received 
three or more doses of PCV compared with unvaccinated 
children (5·7 versus 3·7; p<0·001; table 2). After 

adjustment, there was no evidence of a direct protective 
effect of PCV against all-cause pneumonia hospital 
admissions in either the pre-universal or universal PCV 
periods (table 2). When children with no recorded doses 
of DTaP were excluded from the post-hoc sensitivity 
analysis, two doses of PCV (32% decrease; 95% CI 17–45) 
and three doses (24% decrease; 95% CI 1–37) were 
associated with a reduction in the risk of pneumonia 
(table 2).

In the universal PCV period, the incidence of 
all diagnostic categories (presumptive pneumococcal, 
specified, and unspecified pneumonias) was lower irre-
spective of the number of doses than in the pre-universal 
PCV period, and for unspecified pneumonia significantly 
lower, with the exception of children with specified 
pneumonia who had no recorded PCV doses (table 4). For 
presumptive pneumococcal pneumonia, point estimates 
showed a substantially lower risk after receipt of two doses 
or at least three doses of PCV, but estimates were imprecise 
and non-significant for all other categories (table 4).

Born 2001–04* Born 2005–12†

Cases Rate‡ 
(95% CI)

HR 
(95% CI)

Adjusted HR§ 
(95% CI)

Cases Rate‡ 
(95% CI)

HR 
(95% CI)

Adjusted HR§ 
(95% CI)

Study cohort PCV doses 

Aboriginal

0 398 19·8 (18·0–21·9) 1 (ref) 1 (ref) 248 17·4 (15·4–19·7) 1 (ref) 1 (ref)

1 113 30·2 (25·2–36·4) 1·47 (1·18–1·82) 1·24 (0·96–1·61) 197 18·3 (15·9–21·0) 1·11 (0·88–1·39) 1·13 (0·87–1·49)

2 95 24·8 (20·3–30·4) 1·28 (1·01–1·61) 0·99 (0·75–1·32) 164 15·0 (12·9–17·5) 0·69 (0·54–0·88) 0·73 (0·55–0·97)

≥3 253 27·4 (24·2–31·0) 1·60 (1·34–1·90) 1·10 (0·88–1·38) 757 14·1 (13·1–15·1) 0·61 (0·50–0·73) 0·83 (0·65–0·99)

Non-Aboriginal

0 4347 6·8 (6·6–7·0) 1 (ref) 1 (ref) 839 3·7 (3·5–4·0) 1 (ref) 1 (ref)

1 255 6·0 (5·3–6·8) 0·80 (0·70–0·90) 0·90 (0·78–1·04) 545 3·1 (2·8–3·3) 1·05 (0·91–1·22) 1·04 (0·89–1·21)

2 281 5·8 (5·2–6·6) 0·73 (0·65–0·83) 0·90 (0·78–1·04) 563 3·2 (2·9–3·5) 0·95 (0·82–1·10) 0·93 (0·79–1·08)

≥3 390 6·5 (5·9–7·2) 0·78 (0·70–0·86) 0·98 (0·85–1·12) 6550 5·7 (5·6–5·9) 1·03 (0·92–1·14) 1·09 (0·98–1·22)

Restricted cohort (post hoc sensitivity analysis)¶ PCV doses

Aboriginal

0 300 18·1 (16·1–20·2) 1 (ref) 1 (ref) 157 16·6 (14·2–19·5) 1 (ref) 1 (ref)

1 113 30·2 (25·2–36·4) 1·59 (1·27–1·99) 1·20 (0·94–1·52) 197 18·3 (15·9–21·0) 0·88 (0·66–1·17) 0·99 (0·70–1·41)

2 95 24·8 (20·3–30·4) 1·42 (1·12–1·81) 0·97 (0·75–1·26) 164 15·0 (12·9–17·5) 0·52 (0·38–0·72) 0·62 (0·42–0·91)

≥3 253 27·4 (24·2–31·0 1·82 (1·51–2·20) 1·20 (0·97–1·49) 757 14·1 (13·1–15·1) 0·42 (0·32–0·57) 0·64 (0·44–0·94)

Non-Aboriginal

0 4130 6·8 (6·6–7·0) 1 (ref) 1 (ref) 574 3·6 (3·3–3·9) 1 (ref) 1 (ref)

1 255 6·0 (5·3–6·8) 0·79 (0·69–0·89) 0·88 (0·77–1·03) 545 3·1 (2·8–3·3) 0·79 (0·66–0·94) 0·83 (0·69–1·00)

2 281 5·8 (5·2–6·6) 0·72 (0·64–0·82) 0·88 (0·76–1·02) 563 3·2 (2·9–3·5) 0·64 (0·53–0·77) 0·68 (0·55–0·83)

≥3 390 6·5 (5·9–7·2) 0·77 (0·69–0·85) 0·95 (0·83–1·10) 6550 5·7 (5·6–5·9) 0·65 (0·55–0·77) 0·76 (0·63–0·99)

HR=hazard ratio. PCV=pneumococcal conjugate vaccine. *Pre-universal PCV period. †Universal PCV period. ‡Per 1000 child-years. §All models adjusted for year of birth, 
birthweight, gestational age, maternal age group, paternal age group, number of previous pregnancies, maternal smoking during pregnancy, socioeconomic status, region of 
residence, method of delivery, and presence or absence of category A or category B risk conditions for pneumonia. ¶Restricted cohort includes only children who were 
recorded as receiving at least one dose of diphtheria-tetanus-acellular pertussis vaccine during the study period. 

Table 2: All-cause pneumonia-coded admissions to hospital for Aboriginal and non-Aboriginal children younger than 2 years by birth cohort and number 
of PCV doses
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In the universal PCV period, the incidence of pre- 
sumptive pneumococcal pneumonia and unspecified 
pneumonia was lower in unvaccinated children, 
irrespective of the numbers of PCV doses (table 4). After 
adjusting for confounders, compared with receipt of no 
doses of PCV, receipt of at least three doses was associated 
with a 71% (95% CI 37–86) lower risk of being admitted 
to hospital for presumptive pneumococcal pneumonia 
in the pre-universal period but no protective effect 

was evident in the universal period. There was no 
association between receipt of PCV and risk of hospital 
admissions coded as due to other specified or unspecified 
pneumonia (table 4).

Discussion
Following implementation of the universal PCV pro- 
gramme in Australia in 2005, absolute and relative rates 
of all-cause pneumonia-coded hospital admissions 

Born 2001–04* Born 2005–12†

Cases Rate‡ 
(95% CI)

HR 
(95% CI)

Adjusted HR§ 
(95% CI)

Cases Rate‡ 
(95% CI)

HR 
(95% CI)

Adjusted HR§ 
(95% CI)

Number of doses in Aboriginal cohort

Major cities

0 133 13·4 (11·3–15·8) 1 (ref) 1 (ref) 63 10·4 (8·2–13·4) 1 (ref) 1 (ref)

1 31 22·0 (15·5–31·3) 1·62 (1·09–2·41) 1·52 (1·01–2·29) 51 11·0 (8·4–14·5) 1·17 (0·76–1·80) 1·13 (0·70–1·84)

2 18 14·0 (8·8–22·2) 1·07 (0·65–1·76) 1·06 (0·63–1·78) 37 8·0 (5·8–11·1) 0·62 (0·39–0·99) 0·60 (0·35–1·01)

≥3 31 13·2 (9·3–18·7) 1·07 (0·71–1·60) 1·12 (0·72–1·73) 239 10·6 (9·3–12·0) 0·63 (0·45–0·89) 0·83 (0·55–1·24)

Inner or outer regional

0 164 20·6 (17·7–24·0) 1 (ref) 1 (ref) 83 14·4 (11·6–17·9) 1 (ref) 1 (ref)

1 40 25·1 (18·4–34·3) 1·16 (0·82–1·66) 0·81 (0·43–1·51) 72 15·7 (12·4–19·7) 1·44 (0·95–2·17) 1·50 (0·93–2·43)

2 35 20·6 (14·8–28·7) 0·96 (0·66–1·40) 0·73 (0·38–1·41) 61 13·2 (10·3–17·0) 0·94 (0·62–1·44) 1·05 (0·64–1·74)

≥3 102 24·8 (20·4–30·1) 1·30 (0·99–1·70) 1·15 (0·72–1·84) 285 12·2 (10·8–13·7) 0·72 (0·51–1·02) 1·05 (0·68–1·62)

Remote or very remote

0 66 46·2 (36·3–58·7) 1 (ref) 1 (ref) 75 42·4 (33·8–53·2) 1 (ref) 1 (ref)

1 32 63·1 (44·6–89·2) 1·16 (0·73–1·82) 1·01 (0·44–2·30) 53 47·9 (34·6–62·7) 0·90 (0·59–1·37) 0·87 (0·54–1·41)

2 28 49·5 (34·2–71·7) 1·02 (0·63–1·65) 0·82 (0·35–1·90) 43 35·9 (26·6–48·4) 0·55 (0·36–0·86) 0·60 (0·36–0·98)

≥3 86 45·9 (37·2–56·7) 1·05 (0·72–1·54) 0·91 (0·44–1·91) 163 29·5 (25·3–34·4) 0·61 (0·42–0·86) 0·63 (0·42–0·96)

Number of doses in non-Aboriginal cohort

Major cities

0 3081 6·4 (6·2–6·6) 1 (ref) 1 (ref) 589 3·5 (3·2–3·8) 1 (ref) 1 (ref)

1 195 5·9 (5·1–6·8) 0·82 (0·71–0·94) 0·91 (0·78–1·08) 395 2·9 (2·6–3·2) 1·06 (0·89–1·26) 1·04 (0·87–1·25)

2 202 5·5 (4·8–6·3) 0·72 (0·62–0·83) 0·88 (0·75–1·05) 412 3·1 (2·8–3·4) 0·93 (0·78–1·10) 0·90 (0·76–1·07)

≥3 289 6·3 (5·6–7·1) 0·79 (0·70–0·89) 0·98 (0·84–1·16) 4878 5·6 (5·4–5·7) 0·97 (0·86–1·10) 1·06 (0·93–1·21)

Inner or outer regional

0 1111 8·3 (7·8–8·8) 1 (ref) 1 (ref) 219 4·8 (4·2–5·5) 1 (ref) 1 (ref)

1 56 6·9 (5·3–9·0) 0·79 (0·60–1·03) 0·89 (0·66–1·21) 131 3·7 (3·2–4·4) 0·96 (0·71–1·31) 0·93 (0·65–1·33)

2 73 7·5 (6·0–9·5) 0·81 (0·64–1·03) 0·93 (0·70–1·25) 134 3·8 (3·2–4·5) 0·96 (0·71–1·29) 0·85 (0·59–1·23)

≥3 92 7·4 (6·1–9·1) 0·76 (0·61–0·95) 0·94 (0·71–1·24) 1462 6·5 (6·2–6·9) 1·11 (0·89–1·38) 1·00 (0·77–1·31)

Remote or very remote

0 82 9·9 (8·0–12·3) 1 (ref) 1 (ref) 12 4·2 (2·4–7·4) 1 (ref) 1 (ref)

1 0 ·· ·· ·· 10 4·5 (2·4–8·3) 2·12 (0·59–7·64) 1·92 (0·53–6·95)

2 ≤5 5·9 (2·2–15·8) 0·59 (0·22–1·64) 0·84 (0·22–3·23) 10 4·3 (2·3–7·9) 1·39 (0·41–4·71) 1·31 (0·39–4·45)

≥3 ≤5 5·7 (2·4–13·7) 0·55 (0·22–1·39) 1·04 (0·31–3·57) 79 5·3 (4·2–6·5) 0·91 (0·34–2·39) 0·92 (0·34–2·47)

HR=hazard ratio. PCV=pneumococcal conjugate vaccine. ··=data not available. *Pre-universal PCV period. †Universal PCV period. ‡Per 1000 child-years. §All models adjusted 
for year of birth, birthweight, gestational age, maternal age group, paternal age group, number of previous pregnancies, maternal smoking during pregnancy, socioeconomic 
status, region of residence, method of delivery, and presence or absence of category A or category B risk conditions for pneumonia. 

Table 3: All-cause pneumonia-coded admissions to hospital for Aboriginal and non-Aboriginal children younger than 2 years by remoteness index, 
birth cohort, and number of PCV doses 
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declined for both Aboriginal and non-Aboriginal 
children, as reported in ecological studies from Australia 
and elsewhere.13–16 Despite this decrease, there is still a 
disparity in rates of all-cause pneumonia hospital 
admissions between the two groups with rates being 
three times higher in Aboriginal children than in 
non-Aboriginal children in the universal PCV period 
(2005–12).

Randomised controlled trials and other studies have 
shown a strong protective effect of PCV against vaccine-
type invasive pneumococcal disease, but its effectiveness 

against less-specific endpoints such as all-cause clinically 
diagnosed pneumonia have been more modest or 
absent.17–19 Other than a 17% reduction in the risk of being 
admitted to hospital for pneumonia among Aboriginal 
children in the universal period, our findings did not 
show any strong association between receipt of PCV and 
the number of hospital admissions for pneumonia, and 
there was no evidence of a direct protective effect of PCV 
against all-cause pneumonia hospital admissions in either 
the pre-universal or universal PCV periods. Following 
PCV inclusion in Australia’s National Immunisation 

Born 2001–04* Born 2005–12†

Cases Rate‡ (95% CI) Adjusted HR§ (95% CI) Cases Rate‡ (95% CI) Adjusted HR§ (95% CI)

Number of doses in Aboriginal cohort

Presumptive pneumococcal pneumonia

0 16 0·84 (0·51–1·36) 1 (ref) 7 0·51 (0·24–1·07) 1 (ref)

1 6 1·71 (0·77–3·80) 1·58 (0·54–4·60) 6 0·58 (0·26–1·29) 1·82 (0·33–9·89)

2 0 ·· ·· ≤5 0·28 (0·09–0·88) 0·30 (0·03–3·08)

≥3 7 0·80 (0·38–1·68) 0·26 (0·07–1·00) 19 0·36 (0·23–0·57) 0·38 (0·10–1·39)

Specified pneumonia

0 64 3·32 (2·60–4·25) 1 (ref) 65 4·72 (3·70–6·02) 1 (ref)

1 17 4·81 (2·99–7·74) 1·78 (0·88–3·59) 32 3·07 (2·17–4·34) 0·75 (0·43–1·30)

2 14 3·84 (2·27–6·48) 1·16 (0·51–2·65) 20 1·89 (1·22–2·93) 0·58 (0·31–1·09)

≥3 34 3·87 (2·76–5·41) 1·55 (0·79–3·00) 144 2·74 (2·32–3·22) 0·65 (0·41–1·03)

Unspecified pneumonia

0 318 15·97 (14·31–17·82) 1 (ref) 176 12·45 (10·74–14·43) 1 (ref)

1 90 24·32 (19·78–29·90) 1·21 (0·89–1·65) 159 14·89 (12·75–17·40) 1·30 (0·99–1·71)

2 81 21·35 (17·17–26·55) 1·03 (0·74–1·44) 141 13·04 (11·05–15·38) 0·79 (0·59–1·05)

≥3 212 23·13 (20·22–26·46) 1·17 (0·88–1·54) 594 11·13 (10·27–12·08) 0·86 (0·68–1·09)

Number of doses in non-Aboriginal cohort

Presumptive pneumococcal pneumonia

0 201 0·32 (0·28–0·37) 1 (ref) 22 0·10 (0·07–0·15) 1 (ref)

1 5 0·12 (0·05–0·29) 0·35 (0·14–0·86) 11 0·06 (0·04–0·11) 1·54 (0·50–4·71)

2 9 0·19 (0·10–3·67) 0·46 (0·23–0·94) 16 0·09 (0·06–0·15) 1·78 (0·63–5·07)

≥3 7 0·12 (0·06–2·49) 0·29 (0·14–0·63) 118 0·10 (0·09–0·13) 1·23 (0·52–2·90)

Specified pneumonia

0 844 1·35 (1·26–1·44) 1 (ref) 257 1·16 (1·03–1·31) 1 (ref)

1 58 1·39 (1·07–1·79) 1·07 (0·79–1·45) 150 0·86 (0·73–1·01) 0·94 (0·70–1·25)

2 57 1·21 (0·93–1·56) 0·99 (0·72–1·36) 137 0·79 (0·67–0·93) 0·72 (0·53–1·00)

≥3 77 1·30 (1·04–1·63) 1·05 (0·77–1·43) 1800 1·59 (1·51–1·66) 1·08 (0·88–1·34)

Unspecified pneumonia

0 3302 5·18 (5·01–5·36) 1 (ref) 560 2·51 (2·31–2·72) 1 (ref)

1 192 4·54 (3·94–5·23) 0·89 (0·75–1·04) 384 2·18 (1·97–2·41) 0·89 (0·75–1·05)

2 215 4·50 (3·93–5·14) 0·90 (0·76–1·06) 410 2·34 (2·12–2·58) 0·90 (0·76–1·06)

≥3 306 5·12 (4·58–5·73) 0·99 (0·84–1·15) 4632 4·05 (3·94–4·17) 0·99 (0·85–1·16)

HR=hazard ratio. PCV=pneumococcal conjugate vaccine. ··=data not available. *Pre-universal PCV period. †Universal PCV period. ‡Per 1000 child-years. §All models adjusted 
for year of birth, birthweight, gestational age, maternal age group, paternal age group, number of previous pregnancies, maternal smoking during pregnancy, socioeconomic 
status, region of residence, method of delivery, and presence or absence of category A or category B risk conditions for pneumonia.

Table 4: Admissions to hospital for the diagnostic categories of pneumonia in Aboriginal and non-Aboriginal children younger than 2 years, by birth 
cohort and number of PCV doses
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Program, the near-elimination of invasive pneumococcal 
disease caused by vaccine-type serotypes was partly offset 
by an increase in invasive pneumococcal disease due to 
non-vaccine serotypes; a similar pattern of pneumococcal 
serotype replacement has also occurred among strains 
colonising the nasopharynx in this period.20,21 Additionally, 
the equivalent decrease in pneumonia rates among 
unvaccinated and vaccinated non-Aboriginal children 
in the universal PCV era probably resulted from the 
rapid elimination of colonising vaccine strains among 
vaccinated and, because of reduced community trans- 
mission of pneumococcus, unvaccinated children (herd 
immunity).22,23

Apart from Streptococcus pneumoniae, clinical pneu- 
monia in young children is caused by several other 
pathogens with viruses, including respiratory syncytial 
virus, influenza, and parainfluenza virus, especially 
in young children—we have previously shown1,7 that a 
non-pneumococcus laboratory-confirmed pathogen 
was identified in more than 90% of all pneumonia-
coded hospital admissions after laboratory testing. 
Rates of pneumonia in vaccinated non-Aboriginal 
children decreased for 2 years after the introduction of 
the targeted PCV programme in 2001 (data not shown), 
then remained steady. This change might have been 
coincidental, but we believe it is more likely that 
the initial decline and subsequent absence of a 
difference in pneumonia rates between vaccinated and 
unvaccinated children probably reflects the early 
elimination of vaccine-type pneumococcal pneumonia. 
Thus, the absence of any apparent direct effect of PCV 
against pneumonia among non-Aboriginal children 
might have been caused by prompt elimination of 
vaccine serotypes and persisting baseline rates of non-
pneumococcal and non-vaccine serotype pneumococcal 
pneumonia.

By contrast, nasopharyngeal carriage with vaccine 
serotype pneumococcus is still high among Aboriginal 
children in Western Australia.24 Persistence of vaccine-type 
pneumococcal pneumonia could explain the difference 
in pneumonia hospital admissions among vaccinated 
children compared with unvaccinated Aboriginal children 
in the universal PCV period. In the pre-universal period, 
when vaccination targeted Aboriginal children and other 
children with risk factors, vaccinated Aboriginal children 
appeared to have a higher rate of pneumonia hospital 
admissions than unvaccinated children. This apparent 
paradox could be explained by confounding by indication, 
in which Aboriginal children at highest risk of pneumonia 
hospital admission were likely to be targeted for 
vaccination.

PCV appeared to have a greater direct effect on 
pneumonia hospitalisation among Aboriginal children 
born in remote regions of Australia compared with the 
other regions and also, among those living in Western 
Australia, especially in the universal PCV period. The 
greater proportion of Western Australian Aboriginal 

children living in remote and impoverished settings 
might have increased the contribution of pneumococcus 
(including from vaccine types) to pneumonia hospital 
admissions among these children, resulting in a greater 
direct protective benefit from vaccination. We note 
that in the Western Australian vaccination programme, 
Aboriginal infants were also eligible to receive a 23-valent 
pneumococcal polysaccharide vaccine (23vPPV) booster 
at age 18 months in addition to the primary course of 
three doses of PCV. Data from immunogenicity and 
carriage studies on the added effect of 23vPPV booster 
have been mixed;25,26 in a national study, the additional 
23vPPV dose appeared to reduce the risk of invasive 
pneumococcal disease attributable to 23v-non-7-valent 
serotypes among Aboriginal children (including from 
serotype 19A), but a study of Northern Territory 
Aboriginal children showed no evidence of protection 
from a 23vPPV booster against pneumonia-related 
hospital admissions.27,28 Our data now provide an 
opportunity for an assessment of 23vPPV uptake and 
effectiveness, especially focusing on hospital admission 
rates in children older than 2 years.

The risk of presumptive pneumococcal pneumonia 
hospital admissions decreased by 71% following receipt 
of PCV in the pre-universal period among non-Aboriginal 
children. In the universal period, despite absolute and 
relative reductions in hospital admission rates for 
pneumococcal pneumonia compared with the pre-
universal PCV period, the adjusted risk ratio estimates 
were not significantly different from those measured 
against all-cause pneumonia. This was probably due to 
the onset of vaccine-derived herd immunity in the 
universal PCV period. Our statistical power to show a 
difference among Aboriginal children was compromised 
by the few cases receiving the specific pneumococcal 
pneumonia ICD code. Additionally, only a few cases of 
pneumonia receive a definitive microbiological diagnosis, 
especially for bacterial pathogens, so it is likely that the 
diagnosis code was insensitive for true pneumococcal 
pneumonia and possibly also non-specific.29 Most hospital 
admissions coded as presumptive pneumococcal 
pneumonia were not linked to a notification of invasive 
pneumococcal disease. The effects of partial vaccination 
on hospital admissions, especially for non-Aboriginal 
children born in the pre-universal vaccine period, should 
be interpreted with caution. This is because nearly half 
(49·5%) of all non-Aboriginal children born in the pre-
universal PCV period received their first PCV dose 
between age 12–23 months (data not shown), probably as 
part of the catch-up programme. Therefore, children in 
the partly vaccinated group were older at the time of 
receipt of PCV vaccine than their corresponding 
Aboriginal counterparts and also older than the partly-
vaccinated children born in the universal PCV period.

Despite the inherent advantages of the size and 
completeness of our cohort, there were limitations to our 
study. ICD diagnosis codes were used to identify 
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pneumonia-related hospital admissions and therefore 
random errors from misclassifications were possible.30 
Clinical and pathological validation of pneumonia 
episodes might have provided more accurate and robust 
estimates of vaccine effect. Differences in health-care-
seeking behaviour—ie, vaccinated children might be 
more likely than unvaccinated children to access medical 
care for illness—are potential confounders that could not 
be directly controlled in our study. The post-hoc 
sensitivity analysis that was done to address this bias 
enhanced the beneficial effects of vaccination among 
non-Aboriginal children in the universal PCV period, 
suggesting a small bias in the main results due to 
differential access to care in vaccinated children. 
However, since there were no significant differences in 
the estimates in the pre-universal PCV period, it is 
unlikely that there were any systematic biases in the 
original analysis.

In summary, there has been a marked decrease in the 
rate of pneumonia hospital admissions in both vaccinated 
and unvaccinated Aboriginal and non-Aboriginal 
Australian children since the introduction of PCV. In 
light of the change in the Australian PCV vaccination 
schedule from a 3 + 0 schedule to a 2 + 1 schedule (ie, two 
primary doses at ages 2 and 4 months followed by a 
booster dose at age 12 months), temporal trends of 
pneumonia in both vaccinated and unvaccinated children 
should continue to be monitored. Additionally, efforts 
should be taken to not only investigate the relative 
contribution of non-vaccine serotypes and non-
pneumococcal pathogens, but also to identify other public 
health interventions that could further reduce the 
ongoing burden of pneumonia in children.
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Abstract
The Adverse Drug Reactions Advisory Committee (ADRAC) database collates notifications of adverse

events following immunisation (AEFI) from across Australia. The data were analysed for vaccines

received between 1 January 2000 and 30 September 2002. Dose-based AEFI reporting rates were

calculated using denominator data from the Australian Childhood Immunisation Register and annual

national influenza vaccination coverage surveys. The majority of the 2,409 AEFI records analysed

described non-serious events, principally injection site reactions; 10.5 per cent (n=253) described AEFIs

with outcomes defined as ‘serious’. Ten deaths were recorded but only one, following yellow fever

vaccine, was causally related to immunisation. The average annual population-based reporting rate was

4.5 per 100,000 population. Vaccine dose-based AEFI reporting rates were 2.2 per 100,000 doses of

influenza vaccine for adults aged 40 years and over and 14.6 per 100,000 doses of all scheduled vaccines

for children aged less than 7 years. The most frequently reported type of adverse event was injection site

reaction following receipt of an acellular pertussis-containing vaccine, particularly among children in

the age groups scheduled to receive their fourth or fifth doses of the vaccine (overall reporting rate 67 per

100,000 doses). The data highlight the safety of vaccines in Australia, and illustrate both the utility of

available immunisation coverage data to estimate dose-based AEFI reporting rates and the value of the

ADRAC database as a surveillance tool for monitoring AEFIs nationally. Commun Dis Intell

2003;27:307–323.

Keywords: AEFI, adverse events, vaccines, surveillance, immunisation

Introduction

The term ‘adverse event following immunisation (AEFI)’

describes any serious or unexpected adverse event

that occurs after immunisation that may be related to

the vaccine itself or to its handling or administration.
1

An adverse event may be coincidentally associated

with the timing of immunisation without necessarily

being caused by the vaccine or the immunisation

process.

Routine ongoing surveillance of AEFIs after a vaccine

is licensed allows the detection of rare, late-onset,

unexpected and population-specific adverse events

that are difficult to detect in pre-licensure vaccine

trials.
1,2

Surveillance also helps identify specific

problems related to the manufacture, storage or

administration of a vaccine, and allows monitoring of

trends over time. AEFI surveillance and the regular

reporting of surveillance data help build and maintain

public confidence in immunisation programs.
1,2,3

This

is increasingly important as the incidence of vaccine

preventable diseases declines
4

as a result of successful

immunisation programs, and the community focuses

more on vaccine safety.
3

Overview of passive AEFI surveillance in

Australia

Australia has had a passive AEFI surveillance system

in place for many years, which has undergone a

number of changes over time. The Adverse Drug

Reactions Unit (ADRU), which is part of the

Therapeutic Goods Administration and provides the

secretariat for the Adverse Drug Reactions Advisory

Committee (ADRAC), has been responsible for the

collation and review of all Australian AEFI

notifications since May 2000. Notifications are either

sent directly to the ADRU by reporters, or via state

and territory health departments (Figure 1).
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All state and territory health departments encourage

doctors, other health professionals and members of

the public to notify suspected AEFIs to a relevant

authority and request notification of specific AEFIs that

are listed and defined in the Australian Immunisation

Handbook.
5

However, AEFI surveillance methods

differ somewhat between the states and territories.

Legislation in New South Wales, Queensland, the

Northern Territory and Western Australia requires

doctors and hospitals to notify the respective health

department of suspected AEFIs
5

and notifications

are investigated by local public health staff. In South

Australia and the Australian Capital Territory,

notification of AEFIs is not a legislated requirement

although both jurisdictions request notification to

their respective health departments and investigate

notified cases. Victoria and Tasmania require all

suspected AEFIs to be notified directly to the ADRU.

At the ADRU, AEFI notifications are investigated

and managed following internationally consistent

protocols
6,7

(Figures 1 and 2). A causality rating is

assigned to each AEFI using the criteria described in

the Box, which describes the level of certainty that

suspected vaccines or drugs caused the reported

AEFI. All AEFI notifications are reviewed by ADRAC

at six-weekly committee meetings and summary

data are forwarded to the World Health Organization

(WHO) annually and as required.

Scope of this report

This report provides an overview of the AEFI

notification data collected in the ADRAC database

for vaccines received between 1 January 2000 and

30 September 2002 (33 months). The study period

was chosen based on the transition to the centralised

collation of all Australian AEFI reports in the ADRAC

database in May 2000, and the changeover to a new

ADRAC database in mid-November 2002. The time

frame encompasses several important changes in

childhood immunisation in Australia:

(i) universal hepatitis B vaccination was introduced

into the Australian Standard Vaccination Schedule

(ASVS) for babies born on or after 1 May 2000,
5

(ii) in May 2001, the 7-valent pneumococcal

conjugate vaccine (7vPCV) was added to the ASVS

for children in specific risk groups;
5

and

(iii) the varicella vaccine and meningococcal C

conjugate vaccine (MenCCV) became available for

use in Australia in early 2000 and late 2001,

respectively.
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Figure 1. Flow diagram of Adverse Event Following Immunisation surveillance in Australia

Arrows indicate the directions of information transfer. Dotted lines indicate acknowledgment of receipt of an AEFI notification by
the Adverse Drug Reactions Unit. All notifications are reviewed by the Adverse Drug Reactions Advisory Committee which
meets at six-weekly intervals.



Methods

Data source

De-identified information was released to the National

Centre for Immunisation Research and Surveillance

for all drug and vaccine adverse event notifications

entered into the ADRAC database between 1972 and

18 November 2002.

ADRAC database records were eligible for inclusion

in the analysis of AEFIs if:

• a vaccine was recorded as ‘suspected’ of
involvement in the reported adverse event and

• either

a) the vaccination occurred between 1 January

2000 and 30 September 2002

or

b) if no vaccination date was recorded, the date

of onset of symptoms or signs occurred between

1 January 2000 and 30 September 2002.

It was not possible to identify and link AEFI records*

that arose from the same AEFI notification.

Nevertheless, the number of notifications that

generated the AEFI records included in the analysis

was estimated from information provided by ADRU

staff and by comparison of the dates of birth, onset

and notification for a subset of AEFI records in the

database.
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Vaccination

Development of unusual or severe symptoms and/or signs

Notification of adverse event(s) following immunisation (AEFI)

AEFI notification received by Adverse Drug Reactions Unit (ADRU)

(either directly or via a state or territory health department)

Report triaged and reviewed (see Figure 1)

Identification of the number and type of individual AEFIs listed in the notification

(e.g. injection site adverse event and systemic adverse event)

Unique identification number assigned to each AEFI

(i.e. each individual AEFI treated as a separate record/report)

For each AEFI record

1. Identify reported symptoms, signs and diagnoses

2. Identify reported severity of each reported symptom, sign and diagnosis

3. Determine the timing of onset of symptoms and signs in relation to vaccination

4. Determine if any reported vaccines/drugs are suspected of involvement in the adverse event

5. Identify information regarding outcome/recovery, and hospitalisation

6. Determine whether further information is required from the notifier

7. Assign causality rating based on all information available (see Box)

Enter all relevant data into database for each AEFI

Automatic computerised assignment of standardised reaction term nomenclature

for reported symptoms, signs, diagnoses using the

World Health Organization Adverse Reaction Terminology thesaurus.
7

Figure 2. Flow chart showing processing of notifications of adverse events following immunisation by
staff of the Adverse Drug Reactions Unit

* Note that the terms ‘AEFI record’ and ‘AEFI notification’ have specific meanings in this report. One ‘AEFI notification’ (a
report to a relevant authority) may generate more than one ‘AEFI record’ in the ADRAC database if a number of adverse
events are described in the notification (e.g. a local injection site adverse event and a systemic adverse event – Figure 2).
This report is based on ‘AEFI records’.



Study definitions of AEFI outcomes and

reactions

AEFI outcomes were defined as ‘serious’ or ‘non-

serious’ using information recorded in the ADRAC

database and criteria similar to those used by the

World Health Organization
6

and the United States of

America (US) Vaccine Adverse Events Reporting

System (VAERS).
8

An AEFI was defined as ‘serious’

if the record indicated that the person had recovered

with sequelae, required attendance or treatment at a

hospital, experienced a life-threatening event, or died.

Typically, each AEFI record listed multiple symptoms,

signs and diagnoses, and their equivalent World

Health Organization standardised adverse reaction

terms. The WHO standardised terms were used to

create a set of reaction categories for analysis. First,

reaction terms were grouped to create reaction

categories analogous to the AEFIs listed and defined

in the Australian Immunisation Handbook.
5

The

categories were less specific than those defined in

the Australian Immunisation Handbook because the

investigators had to rely on information recorded in

the ADRAC database rather than complete clinical

notes. Specific reaction categories were then

created for all remaining WHO reaction terms that

were mentioned in more than 1 per cent of AEFI

records. Finally, terms mentioned in less than 1 per

cent of AEFI records were grouped into broader

reaction categories based on the organ system

where the reaction was manifested (e.g.

other-gastrointestinal, other-neurological). A panel

of four clinicians with expertise in AEFIs and two

epidemiologists reviewed the reaction category

definitions.

Article

The basic criteria used by the Adverse Drug Reactions Advisory Committee in determining causality ratings

are consistent with international World Health Organization criteria and are as follows:

Certain

(a) A reaction in association with a single drug/vaccine which is confirmed by re-challenge; or

(b) reaction in association with a single drug/vaccine which is confirmed by laboratory data specifically

implicating that drug/vaccine; or

(c) reaction whose onset is immediately following the administration of a single drug/vaccine (within five minutes

if injection was the method of administration); or

(d) reaction with a precise spatial correlation with the administration of a single drug/vaccine (e.g. at the exact

site of injection).

Probable

(a) A reaction with a close temporal or spatial (e.g. skin) correlation with the administration of a single

drug/vaccine; or

(b) reaction is in reasonable temporal association with a single drug/vaccine and recovery on withdrawal of the

drug/vaccine if no other drug/vaccine is withdrawn and no therapy given; or

(c) an uncommon clinical phenomenon associated with the administration of a single drug/vaccine and the

reasonable exclusion of other factors.

Possible

(a) An alternative explanation exists; or

(b) more than one drug/vaccine is suspected
†

in association with the adverse event; or

(c) data are incomplete; or

(d) recovery follows withdrawal of more than one drug/vaccine; or

(e) the time relationship is not clear; or

(f) the outcome of the reaction is not recorded; or

(g) recovery follows therapy in addition to withdrawal of the drug/vaccine.

Box. Criteria used to determine the causality rating* of a notified adverse event

* Modified from information provided by the Adverse Drug Reactions Advisory Committee.

† ADRAC will always code as suspected, the drug/vaccine implicated by the notifier of the suspected adverse event. On
some occasions, however, the Committee may suspect other drugs/vaccines whose commencement has a reasonable
temporal relationship with the onset of the event.



Data analysis

All data analyses were performed using the SAS

version 8.02 computer program.
9

The distribution of

AEFI records was analysed by age, gender, jurisdiction

and type of reporter (e.g. health department, doctor,

public). Average annual population-based reporting

rates were calculated for each state or territory and

by age group using 2001 mid-year census data

obtained from the Australian Bureau of Statistics.

The frequency and age distribution of AEFI outcomes

and reaction term categories were calculated. The

frequency of each vaccine listed as ‘suspected’ of

involvement in the reported adverse event was also

calculated. The age distribution and the proportion of

AEFI records for each vaccine was calculated where:

(i) the vaccine was the only suspected vaccine or

drug; (ii) the AEFI record was assigned a ‘certain’ or

‘probable’ causality rating; and (iii) the AEFI was

defined as ‘serious. Because many AEFI records

listed more than one suspected vaccine and several

reaction terms to describe an adverse event, column

totals in the relevant tables exceed the number of

AEFI records analysed.

Dose-based AEFI reporting rates were estimated for

children aged less than 7 years for seven childhood

ASVS vaccines (DTPa, DTPa-hepB, Hib, Hib-hepB,

hepB, polio and MMR), and for adults aged 40 years

and over for influenza vaccine. The number of

administered doses of each of the seven childhood

ASVS vaccines was calculated from the Australian

Childhood Immunisation Register (ACIR), a national

population-based register of >99 per cent of children

aged less than 7 years. Vaccine doses administered

between 1 January 2000 and 30 September 2002

were estimated for the age groups <1 year, 1 to

<2 years, and 2 to <7 years (i.e. the age at

vaccination). The number of administered influenza

vaccine doses was estimated from the 2000, 2001

and 2002 annual national influenza coverage

surveys
10,11,12

and mid-2001 population estimates

for the 40–64 years and � 65 years age groups.

Dose-based AEFI reporting rates could not be

determined for other vaccines and age groups due to

the lack of reliable denominator data for the number

of vaccine doses distributed or administered.

Results

There were 2,409 AEFI records entered into the

ADRAC database where the date of vaccination or

onset of a reported adverse event occurred between

1 January 2000 and 30 September 2002. This

corresponded to approximately 2,050 AEFI notifications,

and indicates that approximately 15 per cent of AEFI

notifications generated more than one AEFI record.

Two hundred and fifty-three AEFI records (10.5%)

were defined as ‘serious’ (i.e. recovery with

sequelae, requiring hospital treatment, experiencing

a life-threatening event or death). In total, 1,041

(43%) AEFI records were assigned causality ratings

of ‘certain’ (n=939) or ‘probable’ (n=102).

AEFI reporting sources and trends

The distribution, sources and population-based

reporting rates of AEFIs for each state or territory are

shown in Table 1. The overall average annual AEFI

reporting rate was 4.5 per 100,000 population. This

increased from 2.8 per 100,000 population for the

12 months January–December 2000 to 6.1 per

100,000 population for the 12 months October 2001–

September 2002. The average annual population-

based AEFI reporting rates varied considerably

between the states and territories. Generally, the

more populous jurisdictions (i.e. New South Wales,

Victoria, Queensland) had the lowest AEFI reporting

rates. Reporting rates for AEFIs assigned a ‘certain’

or ‘probable’ causality rating, or those defined as

‘serious’, were less variable across jurisdictions than

the overall AEFI reporting rates. The relative

contribution of each type of reporter (i.e. health

department, doctor/hospital, other) varied by jurisdiction

and was related to jurisdictional differences in AEFI

notification requirements.

The distribution of AEFI records by quarter of

vaccination is shown in Figure 3. The number per

quarter ranged from 133 records in January–March

2000 to 371 in January–March 2002 (median: 218).

Trends over time by type of reaction category and

vaccine type are shown in Figures 4 and 5 and

described later in the report. Although the proportion
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Figure 3. Reporter type and outcome records of
adverse events following immunisation,
ADRAC database, 1 January 2000 to
30 September 2002, by month of
vaccination

For reports where date of vaccination was not recorded, date
of onset was used as a proxy for vaccination date.



of AEFIs reported by state and territory health

departments increased from May 2000 onwards, when

jurisdictional reporting to the ADRU commenced, the

number defined as ‘serious’ remained relatively

constant (median 22; range 12–34 per quarter).

Age and gender distribution

In all, 62 per cent (n=1,496) of AEFI records involved

children aged less than 7 years. The average annual

population-based reporting rates were highest for

children aged less than two years, the age group that

receives the greatest number vaccinations (Table 2).

Overall, there were more AEFI records for females,

although the male to female ratio differed by age

group (Table 2).

AEFI outcomes and reactions

The majority of records were defined as ‘non-serious’

(55%) while 10.5 per cent had outcomes defined as

‘serious’ (Table 3). Fewer ‘serious’ AEFIs were

assigned ‘certain’ or ‘probable’ causality ratings

compared with ‘non-serious’ AEFIs (23% versus

46%). Death was recorded as the outcome in
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Table 1. Distribution and population-based reporting rates of adverse events following immunisation
ADRAC database, 1 January 2000 to 30 September 2002, by jurisdiction

Jurisdiction AEFI records Rate per 100,000 population* Reporter type

Overall ‘Certain’ or
‘probable’
causality
rating

†

‘Serious’
outcome

‡
Health

department
Doctor or
hospital

Other
§

n % %
��

%
��

%
��

Australian Capital

Territory

194 8.1 22.5 5.8 0.8 93 7 <1

New South Wales 544 22.6 3.0 1.3 0.5 53 43 3

Northern Territory 86 3.6 15.8 7.0 1.3 81 13 6

Queensland 305 12.7 3.1 1.3 0.3 48 47 5

South Australia 448 18.6 10.8 5.7 0.5 78 22 <1

Tasmania 30 1.2 2.3 1.2 0.2 0 97 3

Victoria 349 14.5 2.6 1.1 0.3 11 78 12

Western Australia 299 12.4 5.7 2.9 0.4 83 15 2

Australia
¶

154 6.4 na na na na na na

Total 2,409 100 4.5 2.0 0.5 55 35 10

AEFI Adverse event following immunisation.

* Average annual rates per 100,000 population, calculated using 2001 mid-year population census data (Australian
Bureau of Statistics).

† See the Box for criteria used to assign causality ratings.

‡ AEFI records defined as ‘serious’ (see Methods and Table 3).

§ Includes reports from pharmacists (n=21), the public (n=78) and pharmaceutical companies (n=143).

|| Percentages were calculated using the number of reports for the specific jurisdiction as the denominator e.g. 93 per cent
of the 194 AEFI reports from the Australian Capital Territory were reported to ADRAC by the health department, 7 per
cent by doctors or hospitals and < 1 per cent by other reporters.

¶ Records where the jurisdiction in which the AEFI occurred was not reported or was unclear. These included AEFIs
notified by pharmaceutical companies (n = 143) and by the Australian Vaccination Network (n=11).

na Not applicable

Table 2. Age and gender distribution of
records of adverse events following
immunisation, ADRAC database,
1 January 2000 to 30 September 2002

Age
group
(years)

Total Male to
female
ratio

Rate* per
100,000

population
n %

<1 442 18.3 1:0.8 62.5

1 to <2 632 26.2 1:0.8 89.7

2 to <7 422 17.5 1:0.8 11.7

7 to <20 152 6.3 1:1.4 1.6

20 to <65 503 20.9 1:3.0 1.6

� 65 209 8.7 1:2.2 3.1

Unknown 49 2.0 1:2.3 na

Total 2,409 100.0 1:1.2 4.5

* Average annual rate estimated using mid-2001
population census data (Australian Bureau of Statistics).

na Not applicable.



10 AEFI records (Table 3). Only one death (an adult

who received a yellow fever vaccination) was

thought to be causally related to vaccination
13,14

Thirty-four per cent of AEFI records were either

missing relevant information (10%) or indicated that

the person had not recovered at the time of

notification (24%). Many of the latter group are likely

to be reports of injection site reactions that had not

resolved at the time of the notification.

The distribution and frequency of reactions mentioned

in AEFI records are shown in Tables 4 and 5. In

Table 4, only the reaction categories analogous to

those listed in the Australian Immunisation Handbook
5

are shown. In Table 5, other reaction categories are

listed in descending order of frequency. Injection site

reactions were the most commonly mentioned

category of reaction (n=1,072 or 42% of AEFI records),

both overall and among the AEFIs of interest listed in

the Australian Immunisation Handbook
5

(Table 4).

This was followed by fever (18%), rash (16%) and

allergic reactions (10%). There was a large increase

over time in the number of AEFI records involving

injection site reactions compared with those

involving fever, rash and allergic reactions (Figure 4).

The peak in notifications of injection site reactions for

vaccines received in the first six months of 2002,

shown in Figure 4, corresponds in time with the peak

in the number of AEFI records shown in Figure 3.
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Table 3. Outcomes shown in records of adverse events following immunisation, ADRAC database,
1 January 2000 to 30 September 2002

Outcome AEFI records ‘Certain’ or
‘probable’

causality rating
†

Age group
‡

< 7 years � 7 years

n % n %
§

n %
§��

n %
§

Non-serious: total 1,333 55.3 611 46 885 66 430 32

Not recovered at time of report 576 23.9 259 45 309 54 253 44

Not known (missing data) 247 10.3 113 46 160 65 78 32

Serious
��

253 10.5 58 23 142 56 103 41

recovered with sequelae 7 4 3 43 4 57

hospital admission 210 46 120 57 84 40

emergency department 21 8 12 57 8 38

life-threatening event 29 6 13 45 15 52

death 10 1 5 50 5 50

Total 2,409 100 1,041 43 1,496 62 864 36

AEFI Adverse event following immunisation.

* Percentages relate to the total number of adverse event following immunisation (AEFI) records (n=2,409).

† Causality ratings were assigned to AEFI records using criteria described in the Box.

‡ AEFI records where age or date of birth was not recorded are not shown.

§ Percentages relate to the number of AEFI records with the specific outcome, e.g. of 1,333 AEFI records with a
‘non-serious’ outcome, 46 per cent had causality ratings of ‘certain’ or ‘probable’ and 66 per cent were for children aged
less than 7 years.

|| Categories are not mutually exclusive; an AEFI record may be counted in more than one ‘serious’ category
(e.g. ‘life-threatening event’ and ‘hospital treatment’).

Figure 4. Frequently reported reactions by
month of vaccination, records of
adverse events following immunisation,
ADRAC database, 1 January 2000 to
30 September 2002
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Table 4. Reactions of interest* listed in records of adverse events following immunisation, ADRAC
database, 1 January 2000 to 30 September 2002

Reaction* AEFI
records

Single reaction
reported

†
Certain/probable
causality rating

‡
Age group

§

<7 years � 7 years

n n %
��

n %
��

n %
��

n %
��

Injection site reaction 1,072 767 72 885 83 753 70 305 28

Fever 429 48 11 59 14 294 69 125 29

Rash 377 85 23 96 25 256 68 117 31

Allergic reaction 242 64 26 58 24 110 45 127 52

Abnormal crying 123 32 26 11 9 122 99 0 0

Convulsions 70 16 23 9 13 58 83 11 16

Lymphadenopathy/itis
¶

54 13 24 18 33 22 41 30 56

Arthralgia 51 4 8 9 18 5 10 44 86

HHE** 33 13 39 8 24 30 91 1 3

hypotonia/hypokinesia** 41 3 7 4 10 36 88 3 7

Anaphylactoid reaction
††

20 8 40 7 35 3 15 13 65

Arthritis 20 5 25 0 0 1 5 19 95

Abscess 16 12 75 13 81 11 69 5 31

Thrombocytopenia 11 1 9 1 9 5 45 6 55

Death 10 4 36 1 9 5 45 5 45

Encephalopathy 9 2 22 3 33 3 33 6 67

Brachial neuritis 4 2 50 1 25 0 0 4 100

Meningitis 4 2 50 0 0 3 75 1 25

Orchitis 4 2 50 0 0 0 0 4 100

Encephalomyelitis 3 0 0 0 0 1 33 2 67

Guillain-Barré syndrome 3 1 33 0 0 0 0 3 100

Parotitis 3 2 67 0 0 2 67 1 33

Sepsis 2 0 0 1 50 0 0 2 100

Osteomyelitis 1 0 0 0 0 1 100 0 0

Acute flaccid paralysis 0 0 0 0 0 0 0 0 0

Osteitis 0 0 0 0 0 0 0 0 0

SSPE
‡‡

0 0 0 0 0 0 0 0 0

Toxic shock syndrome 0 0 0 0 0 0 0 0 0

AEFI Adverse event following immunisation.

* Reaction term variables were created for the AEFIs of interest listed in the Australian Immunisation Handbook, 7th
edition, p 22–3 and 271–5

5
as described in Methods section.

† AEFI records where only one reaction was reported.

‡ See the Box for causality criteria.

§ AEFI records not shown if age or date of birth was missing.

|| Percentages relate to the number of AEFI records in which the specific reaction term was listed, e.g. of 1,072 AEFI
records listing injection site reaction, 72 per cent listed only one type of reaction while 83 per cent had causality ratings
of ‘certain’ or ‘probable’ and 70 per cent were for children aged less than 7 years.

¶ Includes lymphadenitis following BCG vaccination (n=2) and the more general term of ‘lymphadenopathy’.

** Hypotonic-hyporesponsive episode (HHE). The separate reaction term of ‘hypotonia/hypokinesia’ indicates records
where ‘HHE’ was not listed but other terms describing an HHE or similar event were.

†† Includes anaphylactoid reactions plus events reported as ‘anaphylaxis’ but coded in the database as ‘anaphylactoid
reaction’.

‡‡ Subacute sclerosing panencephalitis.
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Table 5. ‘Other’* reactions listed in records of adverse events following immunisation, ADRAC
database, 1 January 2000 to 30 September 2002

Reaction* AEFI
records

Single reaction
reported

†
Certain/probable
causality rating

‡
Age group

§

<7 years � 7 years

n n %
��

n %
��

n %
��

n %
��

Vomiting 117 5 4 10 9 72 62 43 37

Headache 110 5 5 19 17 8 7 99 90

Malaise 109 8 7 21 19 31 28 72 66

Fatigue 100 1 1 20 20 36 36 60 60

Nausea 97 3 3 22 23 9 9 81 84

Pain (nos) 85 2 2 60 71 34 40 50 59

Irritability 78 5 6 10 13 78 100 0 0

Pallor 78 2 3 16 21 58 74 18 23

Myalgia 75 3 4 11 15 4 5 69 92

Oedema (nos) 62 3 5 43 69 36 58 26 42

Diarrhoea 52 10 19 6 12 30 58 19 37

Increased sweating 50 0 0 16 32 10 20 40 80

Dizziness 46 3 7 15 33 1 2 44 96

Anorexia 45 0 0 6 13 31 69 13 29

Somnolence 42 1 2 5 12 33 79 9 21

Coughing 41 1 2 3 7 21 51 20 49

Varicella or herpes zoster 41 18 44 0 0 25 61 13 32

Purpura 38 5 13 20 53 32 84 6 16

Dyspnoea 37 1 3 9 24 14 38 21 57

Abdominal pain 35 0 0 3 9 11 31 23 66

Rhinitis 35 2 6 3 9 18 51 16 46

Syncope 34 5 15 9 26 10 29 21 62

Paraesthesia 30 3 10 9 30 0 0 29 97

Influenza-like illness 29 4 14 5 17 9 31 18 62

Pharyngitis 28 1 4 1 4 10 36 17 61

Agitation 27 3 11 3 11 23 85 3 11

Flushing 27 0 0 12 44 7 26 20 74

Chest pain 24 1 4 6 25 0 0 23 96

Other – neurological 105 7 7 19 18 48 46 56 53

Cardiovascular 80 5 6 16 20 38 48 38 48

Body as a whole 62 5 8 12 19 20 32 41 66

Special senses 61 2 3 9 15 17 28 40 66

Respiratory 58 7 12 7 12 33 57 24 41

Gastrointestinal 49 5 10 10 20 12 24 35 71

Psychological 33 2 6 7 21 13 39 19 58

Skin 31 2 6 7 23 14 45 17 55

Inflammation 21 2 10 3 14 13 62 8 38

Metabolic/endocrine 19 2 11 1 5 7 37 12 63

Musculo-skeletal 17 1 6 5 29 4 24 13 76

Haematological 14 1 7 2 14 2 14 12 86

Renal/urogenital 9 0 0 1 11 1 11 8 89

Miscellaneous 7 3 43 0 0 5 71 2 29

* Reaction terms not listed in the Australian Immunisation Handbook
5

but included in adverse event following immunisation
(AEFI) records in the ADRAC database. The top part of the table shows reaction terms included in 1 per cent or more of
AEFI records; the bottom part of the table shows reaction terms grouped by organ system that were included in less than 1
per cent of AEFI records.

† AEFI records where only one reaction was reported.

‡ See the Box for causality criteria.

§ AEFI records not shown if age or date of birth was missing.

|| Percentages relate to the number of AEFI records in which the specific reaction term was listed e.g. of 1,072 AEFI records
listing injection site reaction, 72 per cent listed only one type of reaction while 83 per cent had causality ratings of ‘certain’
or ‘probable’ and 70 per cent were for children aged less than 7 years.

nos Not otherwise specified.



Of reactions not listed in the Australian Immunisation

Handbook, gastrointestinal symptoms of nausea,

vomiting and diarrhoea were the most frequently

recorded (Table 5). Reactions mentioned in less than

1 per cent of AEFI records are shown grouped by

organ system category in the lower portion of Table 5.

Neurological symptoms and signs were the most

commonly reported category; the most frequent were

hypoaesthesia (n=13) and tremor (n=11).

Vaccines and AEFI

Twenty-nine vaccines were recorded as ‘suspected’

of involvement in the adverse events described in the

2,409 AEFI records analysed (Table 6). They included

all vaccines recommended in the ASVS, plus vaccines

recommended to travellers and specific risk groups

(e.g. hepatitis A, Japanese encephalitis and Q fever

vaccines) and the more recently licensed vaccines

such as the varicella and meningococcal C conjugate

vaccines.

The most frequently suspected group of vaccines were

those containing pertussis, diphtheria and tetanus

antigens (i.e. DTPa and DTPa-hepB); suspected in

1,163 (48%) reports (Table 6). Influenza (n=289) and

23-valent polysaccharide pneumococcal (23vPPV)

(n=173) vaccines were suspected in the majority of

AEFI records for people aged 7 years and over. The

proportion of AEFI records where only one vaccine

was suspected of involvement in the reported adverse

event differed by vaccine, as did the proportion

assigned causality ratings of ‘certain’ or ‘probable’, or

defined as ‘serious’ (Table 6).

Table 7 focuses on AEFIs defined as ‘serious’. The

proportion of ‘serious’ AEFI records assigned causality

ratings of ‘certain’ or ‘probable’ varied by vaccine.

While Hib and polio vaccines were among the most

frequently listed vaccines in ‘serious’ AEFI records,

only a small proportion of these records were assigned

‘certain’ or ‘probable’ causality ratings (Table 7).

AEFI reporting trends over time differed by vaccine

(Figure 5). The peaks in reported adverse events

following vaccination in the first six months of 2002,

shown in Figure 3, corresponded with a seasonal

peak in AEFIs reported for influenza and/or 23vPPV

vaccines among adults (Figure 5) and an increasing

number of AEFIs reported for DTPa vaccine among

children. The peaks in AEFIs reported for DTPa and

MMR vaccinations in January–March 2002 corresponds

to the commencement of the school year. A larger

number of vaccinations are given at this time of the

year than at other times (data not shown).

Dose-based AEFI reporting rates

Scheduled vaccines for children aged <7 years

Dose-based AEFI reporting rates for children aged

less than 7 years for seven scheduled vaccines are

shown in Table 8. Reporting rates differed by age

and vaccine type. Much of the difference in reporting

rates across age groups was attributable to DTPa

vaccine. The apparently high AEFI reporting rate for

children aged less than one year for MMR vaccine

(54.2 records per 100,000 recorded doses) was

estimated from only 15 records, all for children aged

11 months at the time of vaccination. Similarly, the

rate for DTPa-hepB vaccine for children aged 1 to <2

years was estimated from only 10 AEFI records

(Table 8).

Dose-based rates of the most commonly reported

reaction types differed by vaccine type (Figure 6).

Injection site reactions were reported for DTPa

vaccine at a rate of 27.9 per 100,000 recorded

doses, compared with rates of less than 8 per

100,000 recorded doses for other vaccines. The

higher overall dose-based AEFI reporting rates for

DTPa vaccine and for children aged over one year

were related to injection site reactions (Figure 7).

Dose-based reporting rates of injection site reactions

following DTPa vaccination were 69 per 100,000 for

children aged 1 to <2 years and 64 per 100,000 for

children aged 2 to <7 years. These ages correspond

to the timing of the fourth and fifth doses,

respectively, of a DTPa vaccine.
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Figure 5. Selected frequently suspected vaccine
types records of adverse events
following immunisation, ADRAC
database, 1 January 2000 to
30 September 2002, by month of
vaccination

Abbreviations of vaccine types are listed in the appendix.
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Table 6. Vaccine types listed as ‘suspected’ in records of adverse events following immunisation,
ADRAC database, 1 January 2000 to 30 September 2002

Suspected
vaccine type*

AEFI
records

One suspected
vaccine or drug

only
†

‘Certain’ or
‘probable’

causality rating
‡

‘Serious’
outcome

§
Age group

��

<7 years � 7 years

n n %
¶

n %
¶

n %
¶

n %
¶

n %
¶

DTPa 923 565 61 498 54 54 6 915 99 4 < 1

Hib 419 31 7 37 9 67 16 412 98 0 0

MMR 336 125 37 49 15 49 15 293 87 37 11

Polio 326 8 2 9 3 50 15 299 92 22 7

Influenza 289 257 89 110 38 43 15 0 0 275 95

DTPa-hepatitis B 240 58 24 54 23 36 15 234 98 1 < 1

23vPPV 173 144 83 99 57 19 11 8 5 160 92

Hepatitis B 145 117 81 51 35 23 16 37 26 101 70

Varicella 128 109 85 15 12 19 15 89 70 35 27

dT 100 85 85 63 63 5 5 2 2 96 96

Hib-hepatitis B 59 10 17 8 14 6 10 59 100 0 0

MenCCV 46 46 100 18 39 5 11 30 65 15 33

Q fever 37 37 100 21 57 5 14 1 3 36 97

Hepatitis A 34 19 56 2 6 6 18 2 6 32 94

Hepatitis A+B 32 25 78 7 22 1 3 2 6 28 88

Typhoid 27 10 37 1 4 6 22 0 0 27 100

JE 26 18 69 6 23 3 12 0 0 26 100

Pneumococcal (nos) 22 16 73 11 50 3 14 5 23 17 77

Rabies 17 10 59 1 6 2 12 0 0 17 100

Yellow fever 14 5 36 1 7 5 36 0 0 14 100

Tetanus 10 10 100 6 60 0 0 1 10 8 80

BCG 7 6 86 2 29 0 0 3 43 3 43

Men4PV 6 1 17 0 0 2 33 0 0 6 100

7vPCV 5 0 0 0 0 1 20 5 100 0 0

Cholera 4 1 25 1 25 0 0 0 0 4 100

Measles-mumps 4 0 0 0 0 0 0 3 75 1 25

Meningococcal (nos) 4 2 50 1 25 0 0 2 50 2 50

Rubella 2 2 100 1 50 0 0 1 50 1 50

Pertussis 1 1 100 0 0 1 100 1 100 0 0

Total** 2,409 1,717 71 1,041 43 253 11 1,496 62 864 36

AEFI Adverse event following immunisation.

* See appendix for abbreviations of vaccine types.

† AEFI records where only one vaccine was suspected of involvement in a reported adverse event.

‡ Causality ratings were assigned to AEFI records using criteria described in the Box.

§ ‘Serious’ outcomes are defined in the Methods section (see Table 3 also).

|| AEFI records not shown if age or date of birth was missing.

¶ Percentages are calculated for the number of AEFI records where the specific vaccine was suspected of involvement in
the AEFI, e.g. DTPa vaccine was listed as ‘suspected’ in 923 AEFI records; this was the only suspected vaccine in 61
per cent of the 923 AEFI records, 54 per cent had ‘certain’ or ‘probable’ causality ratings, 6 per cent were defined as
‘serious’ and 99 per cent were for people aged less then 7 years.

** Total number of AEFI records analysed, not the total in each column.
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Table 7. Causality ratings of adverse events
following immunisation defined as
‘serious’, ADRAC database, January
2000 to September 2002, by suspected
vaccine type and age group

Suspected
vaccine type*

‘Serious’
outcome

†
‘Certain’ or

‘probable’ causality
rating

‡

Total

Age group
§

< 7
years

� 7
years

n n n n

Hib 67 4 0 4

DTPa 54 10 0 10

Polio vaccine 50 1 0 1

MMR 49 5 0 6
§

Influenza 43 0 7 9
§

DTPa-hepB 36 5 0 5

HepB 23 2 6 8

23vPPV 19 0 7 7

Varicella 19 2 2 4

HepA 6 0 0 0

Hib-hepB 6 0 0 0

Typhoid 6 0 0 0

Q fever 5 0 2 2

dT 5 0 1 1

MenCCV 5 1 0 1

Yellow fever 5 0 1 1

JE 3 0 1 1

Pneumococcal
¶

3 0 1 1

Meningococcal
¶

2 0 1 1

Rabies 2 0 0 0

Hepatitis A + B 1 0 1 1

Pertussis 1 0 0 0

7vPCV 1 0 0 0

Total
��

253 27 28 58
§

AEFI Adverse event following immunisation

* The vaccine type was recorded as ‘suspected’ of
involvement in the reported adverse event. See
appendix for abbreviations of vaccine types.

† AEFI records defined as ‘serious’ (see Table 3 and
Methods).

‡ Causality ratings were assigned to AEFI records
using the criteria described in the Box.

§ AEFI records not shown where age or date of birth
was missing.

�� Total number of AEFI records analysed, not the
total in each column.

¶ Not otherwise specified.

Figure 6. Rates of frequently reported reactions
per 100,000 vaccine doses administered
to children aged less than 7 years for
recommended vaccine types, records of
adverse events following immunisation,
ADRAC database, 1 January 2000 to
30 September 2002

Abbreviations of vaccine types are listed in the appendix.

Figure 7. Rates of selected frequently reported
adverse per 100,000 administered
doses of DTPa, ADRAC database, 1
January 2000 to 30 September 2002,
by age group (DTPa dose number)
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Table 8. Reporting rates of adverse events following immunisation per 100,000 vaccine doses* for
children aged less than 7 years, ADRAC database, 1 January 2000 to 30 September 2002

Suspected vaccine type
†

or AEFI category
‡

Age group (years) Overall

<1 1 to <2 2 to <7

DTPa AEFI records (n)
§ 153 451 311 915

Vaccine doses (n)* 1,026,027 650,740 483,820 2,160,587

Rate per 100,000 doses
�� 14.9 69.3 64.3 42.3

DTPa-hep

B

AEFI records (n) 217 10 na 227

Vaccine doses (n) 891,482 10,237 na 901,719

Rate per 100,000 doses 24.3 97.7 na 25.2

Hib AEFI records (n) 239 162 11 412

Vaccine doses (n) 1,518,623 596,402 34,983 1,784,257

Rate per 100,000 doses 15.7 27.2 31.4 23.1

Hib-hebB AEFI records (n) 44 13 na 57

Vaccine doses (n) 365,751 103,676 na 469,427

Rate per 100,000 doses 12.0 12.5 na 12.1

HepB
¶

AEFI records (n) 21 6 10 37

Vaccine doses (n) 212,871 75,415 66,671 354,957

Rate per 100,000 doses 9.9 8.0 15.0 10.4

Polio AEFI records (n) 230 8 64 302

Vaccine doses (n) 1,914,883 34,630 446,130 2,395,643

Rate per 100,000 doses 12.0 23.1 14.3 12.6

MMR AEFI records (n) 15 129 150 294

Vaccine doses (n) 27,678 629,062 448,458 1,105,198

Rate per 100,000 doses 54.2 20.5 33.4 26.6

Total
‡

AEFI records (n) 409 589 345 1,339

Vaccine doses (n) 5,591,564 2,100,162 1,480,062 9,168,788

Rate per 100,000 doses 7.3 28.0 23.3 14.6

‘Certain’ or

‘probable’

causality

rating
‡

AEFI records (n) 86 306 194 586

Vaccine doses (n) 5,591,564 2,100,162 1,480,062 9,168,788

Rate per 100,000 doses 1.5 14.6 13.1 6.4

‘Serious’

outcome
‡

AEFI records (n) 61 50 19 130

Vaccine doses (n) 5,591,564 2,100,162 1,480,062 9,168,788

Rate per 100,000 doses 1.1 2.4 1.3 1.4

AEFI Adverse event following immunisation

* Number of vaccine doses recorded on the Australian Childhood Immunisation Register and administered between
1 January 2000 and 30 September 2002.

† AEFI records where the vaccine was one of those listed as ‘suspected’ of involvement in the reported adverse event.
See appendix for abbreviations of vaccine names.

‡ AEFI category includes all records (i.e. total), those assigned ‘certain’ or ‘probable’ causality ratings, and those defined
as ‘serious’ where at least one of the seven vaccines shown in the table was suspected of involvement in the reported
adverse event. Causality ratings were assigned using the criteria shown in the Box1. The definition of a ‘serious’
outcome is described in the Methods section.

§ Number of AEFI records in which the vaccine was coded as ‘suspected’ and the vaccination was administered between
1 January 2000 and 30 September 2002.

|| The estimated rate of adverse events records per 100,000 vaccine doses recorded on the ACIR.

¶ Includes the birth dose of hepatitis B vaccine.

na Not applicable as the vaccine is not recommended in the Australian Standard Vaccination Schedule for children aged
2 to < 7 years.



Influenza vaccine and adults aged � 40 years

Influenza vaccine was suspected of involvement in

289 AEFI records. Of these, 205 (71%) were for

people aged 40 years and over. The dose-based

AEFI reporting rates are shown in Table 9 and

Figure 8. Rates were higher among vaccinees aged

40 to 64 years than among the older age group. The

most frequently reported adverse events following

influenza vaccination were injection site reactions

and allergic reactions (0.7 and 0.4 per 100,000

doses, respectively). There were three reports of

Guillain-Barré syndrome following influenza

vaccination (Table 4).
8

This is a reporting rate of

approximately 0.03 per 100,000 doses or 3.2 per 10

million doses.

Discussion

This report analysing AEFI notifications to the ADRU

over a period of 33 months highlights the safety of

vaccines in Australia. Over 9 million doses of seven

ASVS vaccines were administered to children aged

less than 7 years and a similar number of influenza

vaccine doses were administered to adults 40 years

and over during the 33-month period. The

corresponding dose-based AEFI reporting rates were

14.6 per 100,000 doses of scheduled vaccine doses

for children under 7 years and 2.2 per 100,000 doses

of influenza vaccines for adults aged 40 years and

over. The majority of AEFIs reported were injection

site reactions and non-serious systemic events.

There were two major findings of this study. The first

estimates of national dose-based AEFI reporting rates

for the most commonly used vaccines in Australia

allows direct comparisons of AEFI reporting rates

over time, between vaccines and between surveillance

systems. The observed increase over time in ADRAC

notifications related to injection site reactions

following receipt of a fourth or fifth dose of a DTPa

vaccine shows that the surveillance system, despite

its limitations, is sufficiently sensitive to detect this

known AEFI.

Article

Figure 8. Rates per 100,000 doses of the most
frequently reported adverse events
following influenza vaccination,
ADRAC database, 1 January 2000 to
30 September 2002, by age group

Table 9. Dose-based reporting rates of adverse events following immunisation with influenza
vaccine,* ADRAC database, January 2000 to September 2002, by age group

AEFI category
†

Age group (years) Overall

40 to 64 � 65

Total AEFI records (n)
‡ 124 81 205

Vaccine doses (n)* 3,761,200 5,589,700 9,350,900

Rate per 100,000 doses
§ 3.3 1.4 2.2

‘Certain’ or ‘probable’

causality rating
†

AEFI records (n) 51 23 74

Vaccine doses (n) 3,761,200 5,589,700 9,350,900

Rate per 100,000 doses 1.4 0.4 0.8

‘Serious’ outcome
†

AEFI records (n) 11 16 27

Vaccine doses (n) 3,761,200 5,589,700 9,350,900

Rate per 100,000 doses 0.3 0.3 0.3

AEFI Adverse events following immunisation

* Number of administered influenza vaccine doses estimated from the 2000, 2001 and 2002 annual national influenza
coverage surveys,

10,11,12
and mid-2001 census data (Australian Bureau of Statistics).

† AEFI category includes all records, those assigned ‘certain’ or ‘probable’ causality ratings, and those defined as ‘serious’
where influenza vaccine was suspected of involvement in the reported adverse event. Causality ratings were assigned
using the criteria shown in the Box. The definition of a ‘serious’ outcome is shown in the Methods section.

‡ Number of AEFI records in which influenza vaccine was ‘suspected’ and the vaccination was administered between
1 January 2000 and 30 September 2002.

§ The estimated rate of adverse events records per 100,000 administered doses of influenza vaccine



Several studies have shown higher rates of severe

injection site reactions, particularly extensive limb

swelling, following receipt of a fourth or fifth dose of

acellular pertussis-containing vaccines (e.g. DTPa)

than after the first three doses of these vaccines or

following fourth or fifth doses of the previously used

whole cell pertussis vaccines (DTPw).
8,15,16,17

These

injection site reactions are characteristic of the

acellular pertussis vaccines. Despite being extensive,

they are usually associated with minimal discomfort,

resolve without sequelae and should not

contraindicate further vaccination. Importantly, studies

show that rates of systemic adverse reactions are

lower among children receiving acellular pertussis

vaccines than whole cell pertussis vaccines.
8,15,17

The trend and disproportionate increase in AEFI

notifications following receipt of a DTPa vaccine,

compared with MMR vaccine (which is given at

similar ages as the fourth and fifth doses of DTPa)

(Figure 5), reflects changes in the DTPa vaccine

funding policy for different jurisdictions and birth

cohorts.
4

In South Australia and the Northern

Territory, all children received free DTPa vaccines

instead of DTPw for all five scheduled doses from

August 1997. There, children started receiving their

fourth dose of DTPa from early 1999 and fifth dose

from mid-2001 onwards. The other states and

territories commenced funding all five doses of DTPa

in February 1999. These children started receiving

their fourth DTPa dose from mid-2001 and fifth dose

from early 2003. Extensive injection site reactions

following the fourth, then fifth, dose of a DTPa

vaccine were first observed in South Australia and

the Northern Territory and have now been seen in all

jurisdictions as more children have received four

doses of a DTPa vaccine. Further increases in the

number of notifications of injection site reactions are

expected as more children progress to receive their

fifth dose of a DTPa vaccine.

AEFI notification rates

The overall average annual population-based AEFI

reporting rate for the 33-month period analysed was

4.5 per 100,000 population. This was similar to that

averaged over 11 years for the US VAERS system of

4.4 per 100,000 population.
8

In general, the more

populous Australian States and Territories had lower

population-based reporting rates than the less

populous ones. This has also been observed in the

USA and Canada.
8,18

Reasons are unclear but the

rates of AEFIs with outcomes defined as ‘serious’ or

assigned ADRAC causality ratings of ‘certain’ or

‘probable’ were less variable across jurisdictions

than overall reporting rates (Table 1). This pattern

suggests large differences in the sensitivity of the

individual state and territory AEFI surveillance

systems. This is likely to be related, to some extent, to

known differences in notification and case

investigation procedures. Further study to evaluate

and compare AEFI surveillance methods across

jurisdictions would help to elucidate this.

The proportion of AEFI records with outcomes defined

as ‘serious’ was comparable with US VAERS data

(14.5% compared with 10.5% for ADRAC data),

although there are differences between the two

systems in the methods used to estimate numerator

and denominator data.
8

There were also similarities

between the two systems in dose-based AEFI

reporting rates for specific vaccines. In 2001, the

highest VAERS dose-based reporting rate was for

the DTPa vaccines (27.5 per 100,000 distributed

doses).
8

The USA data also showed an increasing

trend in the number of reports for acellular

pertussis-containing vaccines per 100,000 distributed

doses, and the number of reports for injection site

reactions following fourth or fifth doses of acellular

pertussis vaccines.
8

Limitations of passive AEFI surveillance

Caution is required when interpreting the AEFI data

presented here. The AEFI reporting rates cannot be

interpreted as true incidence rates. Like all passive

surveillance data, AEFI data are subject to

under-reporting, over-reporting and reporting biases

that are difficult to measure.
1,2,3

There is

under-reporting of less serious adverse events and

of those sustained by adults. In contrast, there is

over-reporting of serious events coincidentally

associated with the timing of immunisation,

particularly for newer vaccines and among children.

AEFI records assigned ADRAC causality ratings of

‘certain’ or ‘probable’ fulfil stricter criteria than those

rated as ‘possible’, and usually involve only one

vaccine (see Box). There are a wide range of

reasons why a reported AEFI might be assigned a

‘possible’ causality rating including insufficient

information, the existence of a plausible alternative

explanation or more than one vaccine or drug being

administered at a time, as is frequently the case in

infants and the elderly. The causality rating assigned

to each AEFI record describes the likelihood that a

suspected vaccine(s) was associated with the

reported adverse event at the level of the individual

patient. This is not the same as the epidemiological

concept of ‘causality’, which applies at the population

level. Specific epidemiological studies are required to

investigate the broader question of whether a vaccine

is causally associated with a specific adverse event

at the population level. Such studies are often

implemented as a result of ‘signals’ detected through

passive AEFI surveillance.
15,19

In Australia, passive AEFI surveillance is

complemented by specialist clinics in several

jurisdictions
17

that function as sentinel surveillance

sites for more serious AEFIs. Enhanced AEFI

surveillance during ad-hoc immunisation campaigns,

such as the 1998 Measles Control Campaign, also

Article



plays an important role.
20

Data linkage methods,

similar to the US Vaccine Safety Datalink methods
21

are currently being piloted in Australia. If successful,

they will provide an important adjunct to passive

AEFI surveillance. Internationally, the Brighton

Collaboration is developing and evaluating

standardised AEFI case definitions and guidelines

for AEFI surveillance, which may be applicable in

Australia.
22

Conclusions

The data reported here illustrate the high level of

vaccine safety in Australia, particularly at a time of

high vaccination coverage rates and resulting low rates

of vaccine preventable diseases.
4

Recent examples

include the dramatic decline in hospitalisations and

deaths among children since 1993, following the

introduction of Hib vaccine into the ASVS, and the

large reductions in measles and rubella infection

rates following changes to the MMR vaccination

schedule in the mid-late 1990s.
4

The benefits of

immunisation far outweigh the risks of adverse

events following immunisation, particularly since the

majority of those reported are not serious, and many

that are serious are only coincidentally associated

with immunisation.

The ADRAC database provides a valuable resource

of Australian AEFI surveillance data. The data have

been assessed using protocols consistent with

international practice allowing comparison with AEFI

surveillance data from other countries particularly

the USA. Routinely collected immunisation coverage

data from the ACIR and the annual national influenza

coverage surveys have allowed the estimation of

national dose-based AEFI reporting rates for the first

time. As denominator data become available about

the number of doses administered or distributed for

other vaccines, the estimation of dose-based AEFI

reporting rates will become more complete. While

continued effort is required to maintain and improve

AEFI surveillance in Australia, regular analysis and

reporting of the data and dose-based AEFI reporting

rates will provide important information for

immunisation service providers, program managers

and the general public.
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Appendix

Abbreviations of vaccine types

BCG Bacille Calmette-Guèrin (i.e. tuberculosis)

dT diphtheria and tetanus

DTPa diphtheria-tetanus-pertussis (acellular)

DTPa-hepB combined diphtheria-tetanus-pertussis (acellular) and hepatitis B

HepB hepatitis B

Hib Haemophilus influenzae type b

Hib-hepB combined Haemophilus influenzae type b and hepatitis B

JE Japanese encephalitis virus

Men4PV meningococcal polysaccharide tetravalent

MenCCV meningococcal C conjugate

MMR measles-mumps-rubella

7vPCV 7-valent pneumococcal conjugate

23vPPV 23-valent pneumococcal polysaccharide

polio poliomyelitis (oral and inactivated)
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National Study of Adverse Reactions
after Vaccination with Bacille Calmette-Guérin
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Few large prospective studies of adverse reactions after bacille Calmette-Guérin (BCG) vaccination are available.

In a prospective national study of such adverse reactions among 918 subjects (aged 1 day to 54 years) over a

14-month period, 45 vaccinees (5%) reported 53 adverse reactions (23 injection-site abscesses, 14 severe local

reactions, 10 cases of lymphadenitis, and 6 other reactions). Only 1% of vaccinees required medical attention.

Reactions, particularly lymphadenitis, were significantly less common in infants !6 months old (but not in

subjects aged �6 months) vaccinated by trained (vs. untrained) providers (relative risk [RR], 0.24; 95%

confidence interval [CI], 0.09–0.68). Injection-site abscesses (RR, 2.96; 95% CI, 1.11–7.90) and severe local

reactions (RR, 4.93; 95% CI, 1.11–21.90) were significantly more common in older vaccinees. Local reactions

were more frequently reported by adult females than by adult males (RR, 7.18; 95% CI, 1.59–32.45). Adverse

reactions were not significantly associated with any currently available vaccine batch, previous receipt of BCG

vaccine, or concomitant administration of other vaccines.

BCG vaccine has been used for routine vaccination

against tuberculosis for nearly 80 years. Despite its

modest efficacy [1, 2], the vaccine has been used in

180% of the world’s population [3]. In Australia, child-

hood BCG vaccination was discontinued in the 1980s,

and vaccination is currently recommended only for

those individuals at high risk of exposure to tubercu-

losis, including Aboriginal or Torres Strait Islander ne-

onates living in regions of high incidence; children aged

!5 years who will be traveling to live in countries with

a high tuberculosis prevalence or who live in house-

holds with migrants or visitors from countries with a

high incidence of the disease; health care workers in

certain occupational areas; and travelers aged 15 years

Received 26 February 2001; revised 7 September 2001; electronically published
4 January 2002.

Reprints or correspondence: Dr. M. A. Burgess, NCIRS of Vaccine Preventable
Diseases, The Children’s Hospital at Westmead, Locked Bag 4001, Westmead
NSW 2145, Australia (margarb1@chw.edu.au).
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who will spend prolonged periods in countries with a

high prevalence of tuberculosis [4].

Serious adverse reactions after BCG vaccination are

rare, occurring in association with !1 in 1 million doses

[5]. Although local and regional adverse reactions occur

most frequently, the majority are self-limiting. Varia-

tions in the frequency of adverse reactions have been

reported and are attributed to a number of factors,

including dose and strain of vaccine, age and immune

status of the vaccinee, and technique of vaccine ad-

ministration [5].

In Australia, an increase in adverse reactions to BCG

[6] was reported from one region after there was a

change in the national supply of BCG vaccine in mid-

July 1996. At this time, the BCG vaccine produced by

CSL Vaccines (derived from the New York strain;

7– 5 cfu per 0.1 mL, with lactose stabilizer) was15 � 10

replaced by a Connaught vaccine derived from the

Montreal strain (8– 5 cfu/mL with monosodium32 � 10

glutamate stabilizer). In response to the regional report,

national active surveillance was established from No-

vember 1998 through April 2000 to determine the in-
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cidence and nature of BCG reactions in a consecutive sample

of vaccine recipients.

METHODS

Study population. Administering BCG vaccinations on a fre-

quent basis centers in all Australian states or territories were

invited to participate in the study. The geographic distribution

of vaccine recipients in the study sample was related to the

distribution of BCG providers rather than to regional popu-

lation size. Providers were asked to enroll consecutive BCG

vaccinees and to record information at the time of vaccination,

including the patient’s age, sex, and ethnicity, previous receipt

of a tuberculin skin test, the clinic setting, the BCG vaccine

dose administered, vaccine batch, and the training of the pro-

vider. Standard data collection forms were used. Providers were

also asked to record whether they had been specifically trained

to administer the vaccine. Deidentified data for all enrolled

vaccinees were forwarded for entry and analysis. Where pos-

sible, investigators confirmed the written reports of adverse

reactions and their management by discussion with the pro-

vider who reported them.

Vaccine and administration. The vaccine used during the

study was the Connaught (Montreal strain) freeze-dried, live

BCG vaccine. When reconstituted with PBS, each 0.1 mL of

vaccine contains 8– 5 cfu and monosodium glutamate32 � 10

1.5% as a stabilizer. The vaccine is recommended to be given

via intradermal injection (Connaught product information, dis-

tributed by CSL, Melbourne, Australia).

Case identification. Adverse reactions were detected by

active case patient–finding by health care providers (by tele-

phone or in a face-to-face interview) at 2–4 weeks and again

at 16–18 weeks after vaccination. Vaccinees were also encour-

aged to report any adverse reactions to their provider during

this time.

Adverse reactions. Adverse reactions were classified, ac-

cording to World Health Organization definitions [7], as in-

jection-site abscess, lymphadenitis, severe local reaction, and

“other” (including disseminated BCG infection).

Statistical analysis and ethics approval. The incidence of

adverse reactions was calculated as the number of people who

reported reactions divided by the total number of vaccinees for

whom follow-up information was available. Vaccinees were

stratified by age into 2 groups for analysis: those aged !6

months and those aged �6 months. These age groups were

selected because both age and dose (0.05 mL for infants !6

months and 0.1 mL for older people) are known to influence

the rate of adverse reactions [5, 8, 9]. In this study, “adult

vaccinees” were defined as all vaccinees aged �15 years.

A sample size of 900 vaccinees was calculated to be necessary

to achieve a precision of �2.5% around an expected adverse

reaction incidence of 3% with 95% confidence. Statistical anal-

ysis was performed with SAS version 6.12 (SAS) and Epi Info

version 6 (Centers for Disease Control and Prevention). The

cumulative incidence of adverse reactions for the 2 age groups

was calculated. To compare the groups, RRs and their 95% CIs

were determined for each reaction type, and Fisher’s exact test

was used to ascertain whether the relative risks were significant

and to identify factors associated with an increased risk of

adverse reactions. Continuous variables were analyzed by anal-

ysis of variance.

The study was approved by the Communicable Diseases Net-

work of Australia and New Zealand and by the Australian De-

fence Medical Ethics Committee. Only vaccinees from the Aus-

tralian Defence Force were required to give written consent to

participate in the study.

RESULTS

Study population. Vaccinees were enrolled by BCG providers

from all Australian regions except the state of Queensland.

During November 1998–December 1999, 1246 vaccinees were

enrolled in the study; 918 patients (74%) completed follow-

up. The remaining 328 vaccinees could not be contacted for

follow-up. The majority of these vaccinees, particularly the

members of the Defence Force, were traveling overseas for ex-

tended periods. One infant died of sudden infant death syn-

drome within 5 weeks of vaccination; because of communi-

cation difficulties and the remote location of the infant, no

other information was available. Although the proportion of

eligible vaccinees was unknown, patients lost to follow-up were

not significantly different from those who completed the study

in terms of age ( ), sex ( ), or ethnicity ( ).P p .9 P p .2 P p .1

Most vaccinations (63%) were administered in hospital-based

or Defence Force clinics (which are listed in the Acknowledg-

ments). The remaining vaccinations were given in community

health clinics (19%); student health centers (10%); and in gen-

eral practice, council, or travelers’ vaccination clinics (8%). The

numbers of vaccinees from each region were as follows: New

South Wales, 122; Victoria, 109; Western Australia, 98; South

Australia, 113; Australian Capital Territory, 241; Northern Ter-

ritory, 185; and Tasmania, 50.

Vaccinees ranged in age from 1 day to 54 years. Among the

414 infants aged !6 months, 74% were neonates (�28 days

old), and 90% were Aboriginal or Asian (table 1). Of the 504

vaccinees aged �6 months, 91% were adults (�15 years). That

the majority (80%) of vaccinated adults were of European de-

scent and were aged 15–24 years reflects the large proportion

of vaccinations given to Defence Force personnel and to stu-

dents training in health care–related occupations. Although the

overall male:female ratio for adult vaccinees was 1.7:1 (table

1), for Defence Force personnel, the ratio was 3:1. Conversely,
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Table 1. Demographic characteristics of 918 vaccinees who received BCG.

Characteristic

No. of vaccinees, by age groupa

!6 Months (n p 414) �6 Months (n p 504)

Total
!4

weeks
4 weeks–
5 months Total

6 months–
4 years

5–14
years

15–19
years

20–24
years

25–29
years

�30
years

Sex

Male 188 138 50 296 24 3 199 49 14 7

Female 222 169 53 206 14 2 135 40 10 5

Country of birth

Australia 414 310 104 464 37 5 310 78 23 11

Other 0 0 0 40 1 0 26 11 1 1

Ethnicity

European 20 13 7 421 13 4 292 78 22 12

Aboriginal 250 238 12 3 1 0 2 0 0 0

Asian 121 44 77 45 14 0 22 7 2 0

Other 20 13 7 17 8 1 6 2 0 0

Indication for BCG

ADF

Male — — — 198 — — 156 35 6 1

Female — — — 65 — — 61 4 0 0

HCW or student

Male — — — 34 — — 30 3 1 0

Female — — — 52 — — 40 11 0 1

Otherb

Male 188 138 50 64 24 3 13 11 7 6

Female 222 169 53 89 14 2 34 25 10 4

NOTE. ADF, Australian Defense Force; HCW, health care worker.
a Demographic data not available for all age categories.
b Indication for BCG vaccination includes living in a region with a high incidence of tuberculosis or travel to country of high prevalence.

among those training in areas of health care, women outnum-

bered men (female:male ratio 1.5:1).

Of the 504 vaccinees for whom a tuberculin test was indicated

(individuals aged �6 months), 489 (97%) were tested before

vaccination. None was recorded as having a positive test result

(�5 mm). Only 13 (1.4%) of 918 had received a previous BCG

vaccination, from 9 to 28 years before their current vaccination.

No vaccinee was known to be immunocompromised.

Concomitant vaccinations (those given within 4 weeks before

BCG vaccination) were administered to 292 vaccinees (32%).

Of these, 234 were infants receiving routine childhood im-

munizations (predominantly hepatitis B vaccine [94%] but,

also, diphtheria-tetanus-pertussis and oral polio vaccine). With

the exception of oral polio vaccine, all infant vaccinations were

administered intramuscularly in the vastus lateralis muscle of

the leg.

Of the infants, 99% received the recommended BCG vaccine

dose of 0.05 mL (dose was not recorded for the remaining 1%).

Of the 503 adults for whom a vaccine dose was recorded, 96%

received 0.1 mL; the remainder received either 0.05 mL or 0.075

mL.

Vaccine batch was documented for 99.6% of subjects. Vac-

cinees received 1 of 4 vaccine batches: 2612-12 (26 vaccinees),

2614-12 (69 vaccinees), 2615-13 (807 vaccinees), and 2616-14

(13 vaccinees). Connaught batch 2615-13 accounted for 90%

of the BCG vaccine distributed in Australia in 1998. The vaccine

batch associated with the earlier regional cluster of adverse

events [6] was not distributed during the study.

In 86% of instances, BCG vaccine was given by a provider

trained in BCG vaccination. A greater proportion (95%) of

providers who vaccinated older individuals were trained, com-

pared with those who vaccinated infants !6 months of age

(76%). All vaccinations were given in the deltoid region of the

arm. Information about injection technique (e.g., whether the

vaccine was inadvertently administered subcutaneously rather

than intradermally) was not recorded.

Adverse reactions. A total of 53 adverse reactions were

reported by 45 (5%) of 916 vaccinees. Most adverse reactions

were mild and self-limiting. There were no reports of dissem-

inated BCG infection. Eleven vaccinees (1%) required attention

from a health care practitioner (table 2).

Injection-site abscesses accounted for 23 (43%) of 53 reac-

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/34/4/447/411028 by U

niversity of O
tago user on 18 January 2021



450 • CID 2002:34 (15 February) • Turnbull et al.

Table 2. Cumulative incidence (%) of adverse reactions after BCG vaccination, by
age group and type of reaction.

Condition

No. (%) of vaccinees, by age group

RR (95% CI)a P
!6 Months
(n p 414)

�6 Months
(n p 504)

All ages
(n p 918)

Abscess 5 (1.2) 18 (3.6) 23 (2.5) 2.96 (1.11–7.90) .02

Lymphadenitis 6 (1.4) 4 (0.8) 10 (1.0) 0.55 (0.16–1.93) .3

Severe local reaction 2 (0.5) 12 (2.4) 14 (1.5) 4.93 (1.11–21.90) .02

Other 2 (0.5) 4 (0.8) 6 (0.7) 1.64 (0.30–8.93) .6

Any reactionb 14 (3.4) 31 (6.2) 45 (4.9) 1.82 (0.98–3.37) .05

a Cumulative incidence of adverse reactions in vaccinees aged �6 months compared with those aged
!6 months.

b Eight vaccinees reported 11 reaction.

tions. The median time to onset was 30 days (range, 4–65 days).

Of the 23 abscesses, 7 required treatment (surgical excision, 2;

antibiotics, 3; and symptomatic treatment, 2). All 16 remaining

abscesses resolved spontaneously.

Lymphadenitis, which was reported by 10 vaccinees (1%)

and involved axillary nodes in 9 vaccinees and cervical nodes

in 1 vaccinee. The onset of lymphadenitis occurred at a median

of 63 days after vaccination (range, 16–87 days). Lymph node,

diameter was 15–30 mm. Most episodes resolved without in-

tervention; however, one infant (aged 3 months) was treated

with antituberculosis therapy (isoniazid and rifampicin).

Severe local reactions comprising pain, redness, or swelling

that lasted 13 days were reported by 14 vaccinees (1.5%) and

accounted for 14 (26%) of 53 reported reactions. No reaction

caused swelling beyond the nearest joint or resulted in hos-

pitalization. Three vaccinees received antibiotic treatment for

severe local reactions.

Another 6 problems categorized as “other” were reported:

pronounced scars ( ), marked redness at the site of in-n p 3

jection within 24 h of vaccination ( ), and fever for 2 daysn p 2

after vaccination ( ). None required treatment.n p 1

Eight vaccinees reported having 1 1 complication. Types of

reactions reported were as follows: local and other ( ),n p 3

abscess and local ( ), and abscess and other ( ).n p 4 n p 1

The overall incidence of adverse reactions was higher for

older subjects (6.2%) than for infants (3.4%) (table 2). This

difference was attributable to a higher reported rate of injec-

tion-site abscesses (RR, 2.96; 95% CI, 1.11–7.90) and severe

local reactions (RR, 4.93; 95% CI, 1.11–21.90). In vaccinees

aged !6 months, lymphadenitis was more common (1.4%) than

in vaccinees aged �6 months (0.8%) (RR, 1.82; 95% CI,

0.52–6.41), but this difference was not statistically significant.

Factors associated with the development of adverse reac-

tions and their management. Adverse reactions were less

common among older subjects when a previous tuberculin skin

test had been performed (RR, 0.27; 95% CI, 0.09–0.77). Al-

though there was no difference in the overall incidence of re-

actions according to sex, (10 [83%]) of 12 older vaccinees who

reported local reactions were women (RR, 7.18; 95% CI,

1.59–32.45). Older individuals were more likely to receive treat-

ment for their reactions (RR, 4.11; 95% CI, 0.90–18.64; table

3).

Adverse reactions among infants were less likely when the

vaccination was given by trained staff (RR, 0.24; 95% CI,

0.09–0.68). Neither age at vaccination ( ) nor birthP p .61

weight ( ) were significant factors. Among the 310 neo-P p .54

nates (aged 0–28 days), all adverse reactions occurred in Ab-

original infants (11 [5%] of 238).

The development of an adverse reaction was not significantly

associated with concomitant administration of other vaccines,

previous BCG vaccination, or vaccine batch (table 3). However,

the power of this analysis was limited by small numbers of

prior BCG recipients and receipt of the same vaccine batch in

85% of infants and 90% of older individuals.

DISCUSSION

The incidence of reactions (5%) in this national prospective

study was within the range (0.1%–19%) reported elsewhere [3,

5, 10–14], but differences in the methods used to detect and

define cases make direct comparisons difficult. In particular,

an earlier regional study’s suggestion of a significant increase

(from 0.7% to 3%) in adverse reactions after introduction of

the Connaught vaccine could not be examined because the

previous (CSL) vaccine was no longer in use [6] . Also, the

cases in the earlier study were detected by retrospective review

of patient records with probable incomplete ascertainment. In

the current study, adverse reactions were identified by active

surveillance that used standard case definitions [12]. Although

some complications have been reported to occur up to 2 years

after vaccination, the majority occur within the first 20 weeks

[5].
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Table 3. Factors examined for an association with the development of adverse reactions after BCG
vaccination, by age group.

Factor

No. of vaccinees aged !6 months No. of vaccinees aged �6 months

Total
With any
reaction RR (95% CI) Total

With any
reaction RR (95% CI)

Country of birth — 0.58 (0.21–1.58)

Australia 414 14 464 27

Other 0 0 40 4

Ethnicity 2.4 (0.68–8.47) —

Aboriginal 250 11 3 0

Other 164 3 501 31

Sex 0.85 (0.30–2.37) 1.74 (0.88–3.46)

Female 222 7 206 17

Male 188 7 296 14

Local reaction (by sex) — 7.18 (1.59–32.45)a

Female 222 2 206 10

Male 188 0 296 2

Trained provider 0.24 (0.09–0.68)a 1.70 (0.24–12.0)

Yes 313 6 477 30

No 101 8 27 1

Concomitant vaccine 1.27 (0.43–3.72) 1.38 (0.50–3.77)

Yes 243 9 49 4

No 171 5 455 27

Previous skin test — 0.27 (0.09.0.77)a

Yes 13 0 490 28

No 410 14 14 3

Previous BCG vaccination — 1.37 (0.20–9.17)

Yes 1 0 12 1

No 413 14 492 30

Batch 0.46 (0.15–1.41) 0.60 (0.25–1.89)

Common (2615-13) 350 10 457 27

Other 64 4 47 4

a .P ! .05

Because we followed the vaccinees for 18 weeks, it is unlikely

that adverse reactions were underestimated; however, several

factors may have led to the overestimation of reactions. These

include the method of case ascertainment, publicity concerning

the vaccine, and loss to follow-up of nearly one-quarter of

enrolled vaccinees, assumed that those lost to follow-up ex-

perienced fewer adverse reactions, because it is unlikely that

these vaccinees would fail to report serious adverse reactions

to their provider.

Adverse reaction rates were higher overall for older people

compared with infants. This was in part due to the predomi-

nance (180%) of young adult women who reported local re-

actions. Similar findings have been reported elsewhere [15];

however, the reason for this sex difference remains unknown.

The smaller size of the study and the higher vaccine dose,

relative to weight, for most female subjects may be important;

some studies have suggested that female vaccinees find the local

reaction to BCG cosmetically unacceptable [16]. It is unclear

why older people experienced a higher incidence of injection

site abscesses; however, failure to perform standard Mantoux

testing before vaccination may have been a contributing factor.

These local complications after BCG vaccination highlight the

need for careful consideration of the indication for vaccination

(including interpretation of tuberculin skin test results) and

clear explanation of possible side effects [17].

Vaccination by health care workers untrained in adminis-

tering BCG vaccine is likely to have contributed to the devel-

opment of reactions in vaccinees of all ages [18]. However, this

was most pronounced in infants aged !6 months, 24% of whom

were vaccinated by untrained staff.

Although current Australian guidelines recommend that vac-

cination be done by a trained provider, there is no universal
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training standard. Therefore, it is possible that certain vacci-

nation centers operating without such standards may have been

responsible for the majority of reactions. This analysis was lim-

ited by the overall small overall number of reactions and by

the fact that, for the most part, individual centers vaccinated

homogeneous populations (for example, young adults in the

Defence Force or Aboriginal children).

Providers’ lack of experience in administration of the vaccine

may also have contributed to an increased incidence of reac-

tions. A recent survey [19] in the Australian state of Victoria

found that, because of an increase in the number of registered

vaccinators, 69% of BCG providers vaccinated !25 individuals

per year. Vaccination skills are more likely to be maintained

when the vaccine is given on a regular basis. This is particularly

important for neonatal vaccination, for which there is an in-

creased risk of inadvertent subcutaneous injection. For this

reason, multipuncture percutaneous administration of the vac-

cine has been advocated because the technique is easier to learn

and is associated with a lower incidence of reactions [20].

Certain characteristics of the recently introduced BCG (Con-

naught) vaccine may have accounted for a proportion of ad-

verse reactions. Some strains are known to be more potent

(reactogenic) than others [10, 12]. In particular, BCG vaccines

with lower numbers of culturable particles (and therefore lower

ratios of live to killed bacilli), including Connaught, have been

associated with an increased incidence of adenitis. In 1982 in

Saint Lucia, the incidence of adenitis increased from 4.3% to

9.8% when the supplied vaccine changed from the Glaxo to

the Connaught preparation [21]. After reintroduction of the

Glaxo vaccine, the rate returned to previous levels. Similar find-

ings have been reported in other countries [13]. Other vaccine

properties, such as the composition of vaccine stabilizers, have

been implicated. For instance, monosodium glutamate, used

as the stabilizer in the Connaught preparation, may make re-

constitution more difficult, leading to an increase in reacto-

genicity [12]. Although batch-to-batch variation is known to

occur [6], a relationship between adverse reactions and a spe-

cific batch could not be determined in this study because almost

all subjects received vaccine from the same batch.

The current passive Australian surveillance system for ad-

verse events (Adverse Drug Reactions Advisory Committee, or

ADRAC) identified only 20 BCG adverse reactions during the

period of our study (ADRAC, unpublished data). Underre-

porting and lack of accurate denominator data limit the use-

fulness of passive systems in determining vaccine safety. Active

surveillance of adverse events after vaccination is not conducted

routinely in Australia but has been previously conducted in

specific instances, such as the 1998 Measles Control Campaign

[22]. Although there are limitations associated with prospective

studies of adverse events, such as the long delay before results

become known and the loss to follow-up (for example, people

vaccinated before traveling overseas, as in the present study),

prospective studies remain valuable public health tools. In Aus-

tralia, where claims (based on a case report [23]) of significant

problems after BCG vaccination, attracted considerable media

attention, data from our study were able to put such claims

into perspective.

Acknowledgments

We thank the BCG vaccination providers who contributed

data for this study (see below). We would also like to thank

squadron leader Anne-Marie Pope, Susan Botham, Geraldine

Smith, AnneMarie Egan, Barbara Clifton-Smith, Marysia Carr,

Jill Forrest, CSL Vaccines, the Therapeutic Goods Administra-

tion, University of Sydney Student Health Service, and the

ADRAC.

Hospitals/chest clinics: Royal Adelaide Hospital, Queen

Elizabeth Hospital, Lyell-McEwin Hospital, Liverpool Hospital,

Parramatta Chest Clinic, Royal Prince Alfred Hospital, Perth

Hospital, Broome Hospital, Launceston General Hospital,

Royal Hobart Hospital, Risden Prison Hospital, Canberra Hos-

pital, Mildura Hospital, Royal Darwin Hospital, and Katherine

Hospital.

Australian Defence Force: Health Services Flight Combat

Support Unit, Wagga, New SOuth Wales (NSW); Canberra Area

Medical Unit, Duntroon, Australian Capital Territory; Royal

Australian Air Force (RAAF) Base Edinburgh, South Australia

Area Health Service; 302 Health Services Flight, RAAF Base

Williamtown, NSW; No 6 RAAF Hospital, Base Williams, Lav-

erton, Victoria; and 382 Health Services Flight, RAAF Base

Amberley, Ipswich, Queensland; Health Centre Cerberus,

Victoria.

Community Clinics/General Practitioners: Mildura Rural

City Council; Immunisation Section, City of Greater Danden-

ong Council, Melbourne Travellers’ Medical and Vaccination

Centre, Shalimar House General Practice (Dandenong), Mon-

ash Medical Centre, Kalgoorlie Public Health Unit, Pilbara Pub-

lic Health Unit, Kimberley Health Services and Mercy Com-

munity Health Service, Kutungka Region, Launceston Specialists

Clinic, and Devonport Community Health Services Centre.

References

1. Colditz GA, Brewer TF, Berkey CS, et al. Efficacy of BCG vaccine in
the prevention of tuberculosis: meta-analysis of the published literature.
JAMA 1994; 271:698–702.

2. Fine PE. BCG vaccination against tuberculosis and leprosy. Br Med
Bull 1988; 44:691–703.

3. Bannon MJ. BCG and tuberculosis. Arch Dis Child 1999; 80:80–3.
4. National Health and Medical Research Council. The Australian im-

munisation handbook. 7th ed. Canberra: Australian Government Pub-
lishing Service, 2000.

5. Lotte A, Wasz-Hockert O, Poisson N, et al. BCG complications: esti-

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/34/4/447/411028 by U

niversity of O
tago user on 18 January 2021



Adverse Reactions after BCG Vaccination • CID 2002:34 (15 February) • 453

mates of the risks among vaccinated subjects and statistical analysis of
their main characteristics. Adv Tuberc Res 1984; 21:107–93.

6. Roekel KV, Stapledon R, Gold M. Review of BCG adverse reactions in
South Australia [abstract]. In: Program and abstracts of the 2nd Na-
tional TB Conference. Sydney, Australia: Public Health Association of
Australia, 1997.

7. World Health Organization (WHO). Surveillance of adverse events
following immunization—field guide for managers of immunization
programmes. Global programmes for vaccines and immunization: ex-
panded programme on immunization. Geneva: WHO, 1997.

8. Miles MM, Shaw RJ. Effect of inadvertent intradermal administration
of high dose percutaneous BCG vaccine [corrected and republished
article; originally printed in BMJ 1996; 312:1014]. BMJ 1996; 312:1205.

9. Puliyel JM, Hughes A, Chiswick ML, Mughal MZ. Adverse local re-
actions from accidental BCG overdose in infants. BMJ 1996; 313:528–9.

10. Gheorghiu M. The present and future role of BCG vaccine in tuber-
culosis control. Biologicals 1990; 18:135–41.

11. Grange JM. Complications of bacille Calmette-Guérin (BCG) vacci-
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Anaphylaxis to a vaccine, or to a known ingredient, is
widely recognized as the only absolute contraindica-
tion to vaccination. Vaccine ingredients with the 

potential to cause anaphylaxis in sensitized people include
egg proteins (e.g., influenza vaccine), gelatin (in live viral
vaccines) and antibiotics.1 Although anaphylaxis due to vac-

cination is rare, with an estimated incidence of 0.1–1 per
100 000 doses,2 its occurrence, especially if death occurs,
has the potential to severely damage public and provider
confidence in vaccination. 

Identified cases of anaphylaxis following vaccination tend
to occur less than 1 hour after vaccination.1 Measurement of
anaphylaxis and comparisons between different settings are
made difficult, however, by the lack of a universally agreed
definition of anaphylaxis3 and by variable presentation and
rate of progression, especially if adrenaline is given. Rates of
anaphylaxis reported by vaccine safety surveillance systems
may be underreported (apart from anaphylactic shock) and
vary depending upon the population vaccinated, the type of
vaccines used and the type of surveillance system. As they are
newly licensed, the rate of anaphylaxis that may occur fol-
lowing immunization with prophylactic human papillo-
mavirus (HPV) vaccines is currently unknown and awaits re-
sults from vaccine safety surveillance systems.

In late June 2007, we identified a potential vaccine safety
signal (reported information about a previously unknown or
incompletely documented but possible causal adverse event
following vaccination4), when 7 presumptive cases of anaphy-
laxis were reported following quadrivalent HPV vaccination.
We aimed to estimate the rate of anaphylaxis following HPV
vaccination.

Methods

New South Wales HPV vaccination program 
In 2007, Australia implemented a fully funded program of 
human papillomavirus vaccination for all women aged 12–26
years, using 3 doses of quadrivalent HPV vaccine (Gardasil,
Merck) that protects against HPV types 6, 11, 16 and 18. The
vaccine was delivered through schools for those aged 12–18
years and primary care for those aged 19–26 years. The state of

Julia M.L. Brotherton MD MPH, Mike S. Gold MD, Andrew S. Kemp MD PhD, 
Peter B. McIntyre MD PhD, Margaret A. Burgess MD, Sue Campbell-Lloyd RN, 
on behalf of the New South Wales Health HPV Adverse Events Panel

@@ See related commentary by Halsey, page 509
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Background: In 2007, Australia implemented the National
human papillomavirus (HPV) Vaccination Program, which
provides quadrivalent HPV vaccine free to all women aged
12–26 years. Following notification of 7 presumptive cases
of anaphylaxis in the state of New South Wales, Australia,
we verified cases and compared the incidence of anaphy-
laxis following HPV vaccination to other vaccines in com-
parable settings.

Methods: We contacted all patients with suspected ana-
phylaxis and obtained detailed histories from telephone in-
terviews and a review of medical records. A multidisciplin-
ary team determined whether each suspected case met the
standardized Brighton definition. Some participants also
received skin-prick allergy testing for common antigens
and components of the HPV vaccine.

Results: Of 12 suspected cases, 8 were classified as anaphy-
laxis. Of these, 4 participants had negative skin-prick test
results for intradermal Gardasil. From the 269 680 HPV
vaccine doses administered in schools, 7 cases of anaphy-
laxis were identified, which represents an incidence rate of
2.6 per 100 000 doses (95% CI 1.0–5.3 per 100 000). In com-
parison, the rate of identified anaphylaxis was 0.1 per
100 000 doses (95% CI 0.003–0.7) for conjugated meningo-
coccal C vaccination in a 2003 school-based program.

Interpretation: Based on the number of confirmed cases,
the estimated rate of anaphylaxis following quadrivalent
HPV vaccine was significantly higher than identified in
comparable school-based delivery of other vaccines. How-
ever, overall rates were very low and managed appropri-
ately with no serious sequelae.

Abstract
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New South Wales, with a population of 6.8 million, accounts
for about one-third of the Australian population. School-based
vaccination began in April 2007 for those aged 15 and older
(enrolled female cohort about 114 000). In order to complete
the course by the end of the school year in December, an accel-
erated vaccination schedule of 0, 1 and 4 months was used.

Identification and review of anaphylaxis episodes
Vaccines were administered by teams of nurses who provided
a summary of doses administered and reported any adverse
events following immunization daily by fax to the New South
Wales Health Immunization unit. Notification of an adverse
event, defined as an unwanted or unexpected event after the
administration of vaccine, is mandatory under the New South
Wales Public Health Act. Nationally, all such notifications
are forwarded to the Adverse Drug Reactions Advisory Com-
mittee, a subcommittee of Australia’s drug and therapeutics
regulatory authority, the Therapeutic Goods Administration.

A panel of 13 people with a range of expertise (program
delivery, pediatric allergy, surveillance of adverse events after
vaccination and public health) was convened to review re-
ports of adverse events following HPV vaccination. To deter-
mine the rates of anaphylaxis, we reviewed all reports of 1 or
more of skin rash within 48 hours of immunization (n = 40),
presumptive anaphylaxis (n = 8) or allergy (n = 28), and any
cases where adrenaline had been administered (n = 9) or with
respiratory or cardiovascular symptoms or both (n = 16).

Comparison with meningococcal vaccination
program
A comparable expert panel had been previously convened to
review reports of adverse events following a school-based
meningococcal C vaccination program in 2003. This pro-
gram, part of a national campaign to avert a further increase
in cases of meningococcal C disease in Australia, adminis-
tered 823 197 doses of vaccine to boys and girls aged 5–19
years. This panel classified relevant adverse events as ana-
phylaxis (n = 1), allergic reaction (n = 13) or rash (n = 10);
there were 4 children who received adrenaline (New South
Wales Health, unpublished data). We compared the rates of
suspected anaphylaxis in this program to those in the HPV
program, given similar surveillance systems and teams of
school-based vaccinators. Similarly, in 1998 a national cam-
paign to prevent a measles epidemic, with a large school-
based component, delivered 1.7 million doses of
measles–mumps–rubella vaccine to Australian children aged
5–12 years. An adverse events panel conducted an investiga-
tion into reports of allergic reactions.5

Clinical evaluation
Following an initial review, we contacted patients suspected
to have had anaphylaxis, or their guardians, for written con-
sent to conduct a telephone interview and to access their med-
ical records (ambulance and hospital). Trained staff used a
standardized, piloted questionnaire developed for this study
for telephone interviews with the patient, the patient’s
guardian and the immunization provider who witnessed or
managed the reaction. The patient and guardian questionnaire
included demographic information, past medical history (es-
pecially of atopic disease and allergies), presenting symp-
toms, treatment and outcome, and immunization history. The
provider questionnaire collected details of the preimmuniza-
tion assessment of the patient, history of latex exposure,
symptoms reported at the time of the event, clinical signs,
treatment and overall clinical impression.

We invited all patients with suspected anaphylaxis to at-
tend The Children’s Hospital at Westmead for allergy testing
at least 6 weeks after the episode. The allergy testing proto-
col included skin-prick testing for a panel of common anti-
gens (cat, rye grass pollen, alternaria, house dust mite), vac-
cine components (baker’s yeast [Saccharomyces cerevisiae],
polysorbate 80) and the HPV vaccines Gardasil and Cervarix
(GlaxoSmithKline). We performed intradermal testing
(0.02 mL per injection) with HPV vaccines and polysorbate
80 (dilutions 1:100 and 1:10). The vaccine adjuvant (propri-
etary Merck amorphous aluminum hydroxyphosphate 
sulfate) was not available for inclusion in the protocol.

Following investigation, we classified cases using the
Brighton case definition of anaphylaxis and the level of diag-
nostic certainty2 (Box 1, Box 2). The Brighton definition
refers to the level of diagnostic certainty but not the degree of
severity of the case (i.e., a level 1 classification is associated
with the greatest diagnostic certainty of anaphylaxis). For the
purpose of applying the definition, we considered a rash that
occurred at any site not contiguous with the injection site to
be “generalized.”

Research
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Box 1: Brighton case definition* of anaphylaxis† 

For all levels of diagnostic certainty 

Anaphylaxis is a clinical syndrome characterized by 

• sudden onset AND 

• rapid progression of signs and symptoms AND 

• involving multiple (≥ 2) organ systems, as follows 

Level 1 of diagnostic certainty 

• ≥ 1 major dermatological AND 

• ≥ 1 major cardiovascular AND/OR 1 major respiratory 
criterion 

Level 2 of diagnostic certainty 

• ≥ 1 major cardiovascular AND ≥ 1 major respiratory 
criterion OR 

• ≥ 1 major cardiovascular OR respiratory criterion AND 

• ≥ 1 minor criterion involving ≥ 1 different system (other 
than cardiovascular or respiratory systems) OR  

• (≥ 1 major dermatologic) AND (≥ 1 minor cardiovascular 
AND/OR minor respiratory criterion) 

Level 3 of diagnostic certainty 

• ≥ 1 minor cardiovascular OR respiratory criterion AND 

• ≥ 1 minor criterion from each of ≥ 2 different 
systems/categories 

*The case definition should be applied when there is no clear alternative 
diagnosis for the reported event to account for the combination of 
symptoms. 
†Reprinted, with permission from Elsevier, from Vaccine, Vol 25, 
Ruggeberg JU, Gold M, Bayas JM, et al; The Brighton Collaboration 
Anaphylaxis Working Group.2 Anaphylaxis: case definition and 
guidelines for data collection, analysis, and presentation of 
immunization safety data. p. 5675–84. © 2007. 



We based our causality assessment on the timing of the
onset of symptoms, according to the World Health Organiza-
tion classification (i.e., certain/very likely, probable, possible,
unlikely, unrelated),4 and whether or not an alternative trigger
was present.

Analysis
We calculated rates using the known number of adminis-
tered doses from the school-based programs as the denomi-
nator and calculated exact Poisson 95% confidence intervals
(CI). We also extracted published rates of anaphylaxis from
other population-based vaccination programs and calculated
95% CIs.

Funding and commercial interests
This study was funded by the New South Wales Department
of Health. The manufacturers of the HPV vaccine did not pro-
vide funding for this study. 

Results

In the 2007 school-based program, there were 269 680 doses
of HPV vaccine administered. This consisted of dose 1
(n = 95 006, 83% coverage), dose 2 (n = 91 289, 80% cover-
age) and dose 3 (n = 83 845, 74% coverage). Of 155 adverse
events reported after HPV vaccination, 110 were for vaccina-
tions in the school program (41 per 100 000 doses). In the
general practice program, there were 347 568 doses distrib-
uted, but the number of doses administered is not known. We
initially classified 12 cases as requiring further investigation
for suspected anaphylaxis. However, 1 patient did not pro-
vide consent for a telephone interview or medical record re-
view, and thus was not further classified. Among the 12
cases, there was no geographic clustering or vaccine batch
number implicated.

We reviewed all data for the 11 patients with suspected
anaphylaxis, and we classified 8 (73%) as fulfilling the
Brighton case definition (Table 1). Of these, 1 case was level
1, and 7 were level 2. Because the onset of symptoms oc-
curred within 30 minutes of vaccination and because there
was no alternate explanation, we determined that these cases
were certain or very likely to have been caused by the vac-
cine. We considered and rejected the possibility that these
cases could have been vasovagal episodes or somatic conver-
sion disorder misdiagnosed as anaphylaxis. Of the 8 cases, 6
had generalized urticaria, 1 had angioedema and 1 had no
dermatological signs but had stridor and hypoxia. Of the 3
cases not classified as anaphylaxis, 2 were classified as gen-
eralized allergic reactions on the basis of failure to progress,
and 1 was considered unlikely to be a case of anaphylaxis
because of the absence of objective signs and safe receipt of
a subsequent dose. No alternate diagnosis could be suggested
based on the available evidence. This person had been 
receiving high-dose steroids for Crohn disease at the time of
the reaction.

Of the 8 confirmed cases, 7 were reported from the school-
based program. The median age was 16.5 (min–max 15–25)
years. Six cases were reported after dose 1 of the vaccine, and
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Box 2: Major and minor criteria used in the case 
definition of anaphylaxis* 

Major criteria 

Dermatologic or mucosal 

•   generalized urticaria (hives) or generalized erythema 

•   angioedema,† localized or generalized  

•   generalized pruritus with skin rash 

Cardiovascular 

•   measured hypotension 

•   clinical diagnosis of uncompensated shock, indicated  
     by the combination of at least 3 of the following: 

-   tachycardia 

-   capillary refill time > 3 seconds 

-   reduced central pulse volume 

-   decreased level of consciousness or loss of consciousness 

Respiratory 

•   bilateral wheeze (bronchospasm) 

•   stridor 

•   upper airway swelling (lip, tongue, throat, uvula 
    or larynx) 

•   respiratory distress – 2 or more of the following: 

–   tachypnea 

–   increased use of accessory respiratory muscles  
    (sternocleidomastoid, intercostal, etc) 

–   recession 

–   cyanosis 

–   grunting 

Minor criteria 

Dermatologic or mucosal 

•   generalized pruritus without skin rash 

•   generalized prickle sensation 

•   localized injection site urticaria 

•   red and itchy eyes 

Cardiovascular 

•   reduced peripheral circulation as indicated by  
     the combination of at least 2 of 

–   tachycardia and 

–   a capillary refill time of > 3 seconds without hypotension 

–   a decreased level of consciousness 

Respiratory 

•   persistent dry cough 

•   hoarse voice 

•   difficulty breathing without wheeze or stridor 

•   sensation of throat closure 

•   sneezing, rhinorrhea 

Gastrointestinal 

•   diarrhea 

•   abdominal pain 

•   nausea 

•   vomiting 

Laboratory 

•   Mast cell tryptase elevation > upper normal limit 

*Reprinted, with permission from Elsevier, from Vaccine, Vol 25, Ruggeberg 
JU, Gold M, Bayas JM, et al; The Brighton Collaboration Anaphylaxis 
Working Group.2 Anaphylaxis: case definition and guidelines for data 
collection, analysis, and presentation of immunization safety data. p. 5675–
84. © 2007. 
†Not hereditary angioedema. 
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2 cases were reported after dose 2. Nei-
ther of the latter 2 patients had reported
a reaction to their first dose of the HPV
vaccine. Four patients had a history of
allergic reactions and atopic disease (1
had asthma, 3 had eczema or urticaria, 3
had allergic rhinitis). All had been fully
vaccinated according to the recommen-
dations for their age group, and anaphy-
laxis had not developed with previous
vaccinations.

Four cases of anaphylaxis (one level
1 case, three level 2 cases) received al-
lergy testing. Of these, 2 had a positive
reaction to skin-prick testing for house
dust mites. All had negative reactions to
skin-prick testing for baker’s yeast, and
to skin-prick testing and intradermal
testing for Gardasil, Cervarix and
polysorbate 80.

Based on the 7 confirmed cases of
anaphylaxis from the school-based pro-
gram (269 680 doses administered), the
estimated rate of anaphylaxis following
HPV vaccination was 2.6 per 100 000
doses administered (95% CI 1.0–5.3 per
100 000). Five cases occurred after dose
1 of the vaccine (95 006 doses adminis-
tered), giving a rate of anaphylaxis of
5.3 per 100 000 people vaccinated
(95% CI 1.7–12.3). Two cases occurred
after the second dose (91 289 doses ad-
ministered), giving a rate of anaphy-
laxis of 2.2 per 100 000 people vacci-
nated (95 % CI 0.3–7.9).

In comparison, the 2003 school-
based meningococcal C vaccination pro-
gram had 1 identified case of anaphy-
laxis (anaphylaxis rate 0.1 per 100 000
doses administered, 95% CI 0.003–0.7).
A 13-year-old boy, who was coadminis-
tered the hepatitis B vaccine, immedi-
ately developed tachycardia, diaphore-
sis, chest pain, an itchy blocked throat,
dysphagia, vomiting, agitation and a
blotchy rash on his neck. He required 2
doses of adrenaline. On chart review
performed for this study, 2 additional
cases (girls aged 11 and 12 years) would
have been assessed for suspected ana-
phylaxis in the current investigation, and
they may have met the Brighton defini-
tion for anaphylaxis if full clinical infor-
mation were available. One girl had
complained of tongue swelling, throat
tightness, and chest and abdominal pain
5 minutes after vaccination, and the
other reported difficulty breathing and a
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rash on her neck and leg and at the injection site 1.5 hours af-
ter vaccination. If we include these cases, the anaphylaxis rate
is 0.4 cases per 100 000 doses (95% CI 0.1–1.1).

Rates of anaphylaxis reported from other immunization
programs are given in Table 2 and Appendix 1 (www.cmaj.ca
/cgi/content/full/179/6/525/DC2).

Interpretation

The anaphylaxis rate in the 2007 school-based HPV vaccina-
tion program was 2.6 per 100 000 doses (95% CI 1.0–5.3 per
100 000 doses). This is higher than reported for other vac-
cines (Table 2). The rate of anaphylaxis after HPV vaccina-
tion is comparable only to the rate following administration of
vaccines containing bovine gelatin in Japan (Table 2), which
led to removal of the gelatin from the vaccine.17 The lower
limit of the confidence interval for the rate of anaphylaxis in
the New South Wales HPV vaccination program overlaps
with the upper limit of the confidence interval for the Canad-
ian hepatitis B vaccination program and UK measles–rubella
vaccination program (Table 2). Although the point estimate
for the rate of anaphylaxis is higher than in previous pro-
grams, the estimated rate is still an order of magnitude less
common than the World Health Organization categorization

of adverse events after immunization which are “very rare” (<
1 in 10 000).4

Unpublished safety data from the HPV vaccine manufac-
turer indicate that no vaccine safety signal for allergy or ana-
phylaxis was identified in the vaccine trials.18 However, it is
well recognized that prelicensure trials are underpowered to de-
tect anaphylaxis.2 Hypersensitivity reactions to HPV vaccine
were the fifth most common adverse event reported to the Vac-
cine Adverse Events Reporting System in 2007,19 and skin rash
within 48 hours accounted for 26% of the reports of adverse
events after HPV vaccination in New South Wales in 2007.

Reasons for the increased rate of anaphylaxis after HPV
vaccine in the New South Wales school-based program are
not clear but could be due to a number of factors including
possible allergenicity of components of the HPV vaccine,
enhanced passive adverse event surveillance and use of the
Brighton definition of anaphylaxis. Another potential factor
is that, from midadolescence onward, women have higher
rates of anaphylaxis than men.20,21 An English study found
that the risk of hospital admission for anaphylaxis is con-
siderably higher among women of child-bearing age than in
the rest of the population (rate ratio 1.38 95% CI 1.27–
1.50).21 The incidence of anaphylaxis in Australia also ap-
pears to be increasing.20 A recent analysis by Siegrist and
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Table 2: Summary of rates of anaphylaxis following immunization 

Surveillance type, program Period Vaccine 
Anaphylaxis rate, 

per 100 000 
95% Poisson 

confidence interval

School-based program     

New South Wales Apr–Dec 2007 Quadrivalent HPV 2.60 1.04–5.35 

Dí Souza et al.5 Aug–Nov 1998 Measles–mumps–rubella 0.41 0.17–0.85 

New South Wales Department of 
Health 

2003 Conjugated meningococcal C 0.12 0.003–0.68 

Dobson et al.6 1992 Hepatitis B 0.78 0.02–4.36 

UK Department of Health7 1994 Measles–rubella 1.00 0.79–1.24 

Enhanced surveillance     

Measles 1.68 1.28–2.17 

Mumps 1.96 0.90–3.72 

Rubella 1.60 1.02–2.37 

Varicella 2.35 1.35–3.82 

Sakaguchi et al.8 Apr 1994–Mar 1997 

Varicella 1996 (peak rate) 4.52 2.33–7.89 

Patja et al.9,10 1982–1996 Measles–mumps–rubella 0.05 0.02–0.08 

All vaccines, all study sites 0.07 0.02–0.15 Bohlke et al.11 1991–1997 

All vaccines, enhanced site 0.15 0.004–0.85 

Passive national surveillance     

Japanese encephalitis 0.06 0.02–0.14 

Diphtheria–tetanus–pertussis 
(acellular) 

0.09 0.05–0.17 

Nakayama and Onoda12 1994–2004 

Influenza 0.07 0.04–0.10 

Pool et al.13 1991–1997 Measles–mumps–rubella 0.18 0.15–0.21 

UK Department of Health14 1997–2003 All vaccines 0.11 0.09–0.13 

Zhou et al.15 1991-2001 All vaccines 0.02 0.022–0.026 

Kelso et al.16 1990–1997 Yellow fever 0.76 0.55-1.04 



colleagues22 anticipated the identification of vaccine safety
signals for allergic and autoimmune diseases following
population implementation of HPV vaccination because
medical presentations for allergy-related conditions in
young women are common. It is therefore important when
assessing causality to note that all of our cases occurred
within minutes of vaccination.

The school-based program in New South Wales might be
expected to have high sensitivity for adverse events occurring
soon after vaccination because experienced nursing teams
provide both vaccine and postvaccination observation. How-
ever, the same arrangements were in place for the recent
school-based vaccination program delivering meningococcal
C vaccines to a similar age group in this region and no such
signal was detected. Present definitions of anaphylaxis reflect
the understanding that it has a variable spectrum of severity
and presenting symptoms. This is an important issue when
comparing rates with previous published reports, which are
likely to be restricted to the most severe cases only. However,
when we applied the definitions used in other recent studies
of anaphylaxis following immunization to our cases, they all
satisfied the case definition for probable anaphylaxis.11,13,23 We
found the Brighton classification useful, but we considered it
inappropriate for screening because routine surveillance re-
ports of adverse events following vaccination usually lack the
necessary level of clinical detail.

Pre-existing allergen sensitization is biologically plausible
for several components of the quadrivalent HPV vaccine.
Natural HPV infection does not cause viremia; however,
HPV virus-like particles are highly immunogenic when in-
jected.24 It is unclear whether some people may produce an
IgE response to injected HPV antigens. One small trial in-
jected participants (n = 30) with HPV type 11 virus-like parti-
cles and found no increase in IgE levels;25 however, data from
a study of rhesus macaques (n = 10) suggests it is possible.26

Because the age group targeted by the HPV vaccination pro-
gram was 15 years and older, many women may have already
been exposed to HPV, because the median age of first sexual
intercourse in Australia is 16 years.27 There is potential for
residual amounts of yeast proteins to be in the HPV vaccine.
Although hypersensitivity to yeast is a documented phenom-
enon,28 there have been infrequent reports of anaphylaxis or
hypersensitivity reactions following the receipt of yeast-
containing vaccines.29–32

Quadrivalent HPV vaccine contains polysorbate 80 as a
stabilizer.33 Polysorbates are commonly used as solubilizers,
stabilizers and emulsifiers in cosmetics and medical prepara-
tions. Polysorbate 80 could be a potential trigger of nonaller-
gic (“anaphylactoid”) anaphylaxis. There have been a number
of reports of anaphylaxis or generalized hypersensitivity reac-
tions occurring following the receipt of drugs that have impli-
cated polysorbate 80 as the cause.34–37 Aluminum adjuvants
are not a documented cause of anaphylaxis.38

The most common event that may be confused with ana-
phylaxis during an acute episode is syncope. Syncope has
also been reported following HPV vaccination,19 but its onset
is typically more rapid, with a person becoming unconscious
in seconds.39 The absence of urticaria, pruritus, angioedema or

upper respiratory obstruction are helpful in differentiating
syncope from anaphylaxis, as are the presence of pallor in-
stead of flushing and nausea without abdominal pain.40

All of the people with anaphylaxis in the New South
Wales HPV vaccination program recovered completely. Most
did so rapidly after administration of adrenaline and were
asymptomatic by the time they reached the emergency depart-
ment (20–60 minutes later). In such cases, primary care staff
may need to rely on witness and patient history to obtain a
complete clinical picture.

In July 2007, the package insert for the quadrivalent
HPV vaccine was updated to reflect reports of anaphylaxis
following HPV vaccination, and the product information
has been updated internationally by the manufacturer. Fol-
lowing confirmation of the vaccine safety signal, all gen-
eral practitioners in New South Wales were reminded via
fax to be prepared for the occurrence of anaphylaxis fol-
lowing HPV vaccination and to have appropriate protocols
and equipment available. Consent forms used in the school-
based program include the small but real risk of anaphylac-
tic reaction. In December 2007, the Therapeutic Goods Ad-
ministration placed advice on its website alerting providers
to the occurrence of anaphylaxis following HPV vaccina-
tion.41 In 2008, the New South Wales school-based HPV
vaccination program is targeted to girls aged 12–15 years.
As of May 2008, 181 235 doses of HPV vaccine have been
administered and 78 adverse events following vaccination
have been reported. Twenty-two cases of “allergic reac-
tion” have been reported, but no reports of anaphylaxis
have been received. 

Limitations
This study had several limitations. First, because expert bod-
ies find it difficult to define anaphylaxis, the classification of
a case as anaphylaxis will be somewhat imprecise and de-
pendent on the particular definition used. The available de-
tails are those recorded by the immunization nurses and are
not as complete as those documented in a clinical trial set-
ting. Full clinical details were not available for all cases. Sec-
ond, there was a delay of weeks to months between the event
and the interview, because of delays in reporting, obtaining
consent and availability of cases for interview. Third, the
small number of cases identified in this and other reports of
anaphylaxis following vaccination makes estimates of inci-
dence imprecise and comparison between case series vulner-
able to misclassification. This makes the true magnitude of
the difference between the incidence identified here and that
for other vaccines uncertain, with misclassification of only 1
or 2 cases capable of substantially altering estimates of fold
differences. This is especially true when differences in the
propensity for the occurrence and recognition of possible
anaphylaxis by age group and sex are taken into account.2,20–22

Nevertheless, we attempted to be exhaustive in our evalua-
tion of the cases, and the case identification pathways were
identical to those in recent comparable school-based cam-
paigns. School-based HPV vaccination campaigns are being
conducted in Canada, the United Kingdom and elsewhere, so
awareness of this experience should focus attention on the

Research

CMAJ • SEPTEMBER 9, 2008 • 179(6) 531



identification of anaphylaxis and lesser possible allergic
manifestations, such as urticarial rash, in order to enlarge the
available denominator

Conclusion
Anaphylaxis following HPV vaccination is a rare event, as de-
fined by the World Health Organization,4 and it should not
curtail population-based HPV vaccination programs. It is note-
worthy that no cases of anaphylactic shock occurred, but it is
important to note the wide clinical spectrum of anaphylaxis.2

Although this makes confirming that these cases truly repre-
sent anaphylaxis difficult, it also highlights the importance of
good training for staff administering vaccines in school or
other settings in the recognition and management of suspected
anaphylaxis and its reporting. Routine reporting forms for ad-
verse events following vaccination could include prompts to
ensure that enough detail is recorded to allow subsequent clas-
sification using the Brighton definition of anaphylaxis. The bi-
ological basis for the reported reactions to HPV vaccine re-
quires further research.
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a b s t r a c t

Introduction: In Australia, post-marketing surveillance for intussusception following vaccination com-
menced with funding of RotaTeq® and Rotarix® vaccines under the National Immunization Program (NIP)
in July 2007.
Methods: Two active surveillance mechanisms (hospital-based case ascertainment and monthly reports
from paediatricians) identified intussusception cases between 1st July 2007 and 31st December 2008
in four states. Linkage to vaccination records identified cases occurring within 1–7 and 1–21 days of
rotavirus vaccination. Expected cases within the post-vaccination windows were calculated by applying
rates of intussusception from national hospitalisation data over 6 years (mid-2000 to mid-2006), by age
and state, to numbers vaccinated (by dose) according to the Australian Childhood Immunization Register.
Results: Combining exposure windows associated with all doses of rotavirus vaccine from 1 to 9 months of
age, there was no evidence of an increased risk of intussusception following vaccination for either vaccine.
However, in infants 1 to <3 months of age, there was suggestive evidence of excess intussusception cases

®
1–7 and 1–21 days following dose 1 (1–7 days: RotaTeq relative risk (RR) = 5.3, 95% confidence interval
[CI] 1.1,15.4; Rotarix® RR 3.5, 95% CI 0.7,10.1; 1–21 days: RotaTeq® RR 3.5, 95% CI 1.3, 7.6; Rotarix®RR 1.5,
95% CI 0.4, 3.9). There was no evidence that clinical outcome of intussusception occurring within 21 days
of rotavirus vaccination differed from that in cases occurring later post-vaccination.
Conclusion: Although we found no overall increase in intussusception following receipt of rotavirus
vaccine, there was some evidence of an elevated risk following the first dose of both vaccines. Larger

usin
population-based studies
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1. Introduction

The April 2009 WHO global recommendation for rotavirus vac-
cine implementation followed large-scale pre-licensure trial safety
data and reassuring early post-marketing surveillance data from
the U.S. and Latin America [1]. However, these data do not com-
pletely exclude a rare association between intussusception and the
receipt of a rotavirus vaccine. Intussusception, the telescoping of a

segment of proximal bowel into a more distal portion, can result
in bowel ischaemia and death if untreated [2]. In infants under 1
year of age the incidence of intussusception in developed coun-
tries is between 34 and 100 per 100,000 children [3–5]. Accurate
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Fig. 1. The number of doses administered of either RotaTeq or Rotarix vaccine during
the period 1st July 2007 and 30th December 2008. Light grey – states using Rotarix
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Data from APSU and PAEDS were linked using a minimal set of
n the National Immunization Program. Dark grey – states using RotaTeq in the
ational Immunization Program.

ata are lacking for most developing countries [2] although a much
igher incidence has been noted in Vietnam (302 cases per 100,000

nfants) [2].
An elevated risk of intussusception post-vaccination resulted in

he voluntary withdrawal of the first rotavirus vaccine, Rotashield®

n 1999 due to an estimated excess risk of IS in 1:10,000 to
:32,000 Rotashield® recipients [6–9]. The risk of intussusception
ost-Rotashield® was estimated to peak in the 3–7 days following
accination (odds ratio [OR]: 37.2; [95% confidence interval [CI]:
2.6–110.1]), with elevated risk persisting to 14 days following
accination and highest in infants older than 90 days when they
eceived their first dose [6,10]. Neither of the currently approved
otavirus vaccines, RotaTeq® (Merck & Co., NJ, USA) and Rotarix®

GlaxoSmithKline Biologicals, Rixensart, Belgium) were found to
e associated with intussusception in pre-licensure clinical safety
rials with power to detect a similar increase in intussusception
11,12].

Rotavirus vaccination was introduced under the Australian
ational Immunization Program (NIP) in July 2007 and has a high
overage rate (90–95% for most infant vaccines), with admin-
stration recorded on the Australian Childhood Immunisation
egister (ACIR) [13]. Due to different purchasing arrangements,
ach jurisdiction in Australia independently chose either RotaTeq®

r Rotarix® to administer, resulting in a similar population of infants
eceiving each vaccine (Fig. 1). Due to limited safety data outside
rial administered regimens, the recommended upper age limit for
eceipt of the first dose of RotaTeq was 12.9 weeks and Rotarix 14.9
eeks. During the 18-month period from rotavirus vaccine intro-
uction on 1st July 2007, to 31st December 2008, 87% of all eligible
ustralian infants received at least one dose of a rotavirus vaccine
efore 4 months of age, with 84% of these children completing a
ourse of 2 or 3 doses according to the recommended schedule
14].

In this study, the safety of rotavirus vaccines, with respect to
possible association with intussusception, was assessed in four
tates using two concurrent active surveillance mechanisms fol-
owing during the first 18 months following the introduction of
otavirus vaccines into the NIP in Australia.
9 (2011) 3061–3066

2. Methods

We actively sought all cases of confirmed intussusception in
infants <24 months of age from 1st July 2007 to 31st December
2008 and determined their rotavirus vaccine status. Pre-defined
time periods after vaccination were used to compare the observed
number of cases with expected numbers calculated from age-
specific incidence derived from routinely reported hospitalisation
data. Our analysis focused on two post-vaccination time periods
(1–7 days and 1–21 days), identified as the highest risk periods
for intussusception after Rotashield® vaccination [15]. Surveillance
was restricted to the four states participating in both methods of
surveillance (see below). Of these states, two (Victoria and South
Australia) administered RotaTeq® vaccine whereas two (New South
Wales and Western Australia) administered Rotarix®. Child-time at
risk was considered in four two-month age categories (1 to <3, 3
to <5, 5 to <7, and 7 to <9 months) since these covered >95% of all
administered doses of vaccine, the first three bracketing the rec-
ommended ages for administration (2, 4, 6 months for RotaTeq®,
and 2, 4 months for Rotarix®).

2.1. Vaccination-era surveillance of intussusception cases

Cases of intussusception were ascertained from two separate
surveillance mechanisms: the Australian Paediatric Surveillance
Unit (APSU) and Paediatric Active Enhanced Disease Surveillance
(PAEDS) study. Approval was given by Human Research Ethics Com-
mittees of the Royal Children’s Hospital (RCH), Melbourne (PAEDS
and APSU), and all PAEDS hospitals.

2.2. Australian Paediatric Surveillance Unit (APSU)

The APSU has undertaken national intussusception surveillance
since 1st May 2007 [16]. A monthly email report card is sent to
approximately 1250 registered paediatricians and surgeons across
Australia, asking them to report any case of intussusception in a
child <24 months of age. Once a notification is received, the report-
ing doctor completes a questionnaire to confirm the diagnosis of
intussusception in accordance with the Brighton Collaboration def-
inition and provide patient outcome data [17,18]. Details of prior
rotavirus vaccination are obtained from the patient file or, if miss-
ing, may subsequently be sought from the parent’s records or the
ACIR by the treating doctor.

2.3. Paediatric Active Enhanced Disease Surveillance (PAEDS)
Study

Active surveillance for intussusception was established in four
sentinel sites at major tertiary paediatric hospitals across Australia
(Royal Children’s Hospital, Victoria; Children’s Hospital at West-
mead, New South Wales; Women’s and Children’s Hospital, South
Australia and Princess Margaret Children’s Hospital, Western
Australia). Study nurses prospectively monitored hospital encoun-
ters, as well as radiology records, from 1st July 2007 for potential
cases of intussusception in children <24 months of age. Following
informed consent from parents (obtained in 96% of cases), patient
demographics, medical and surgical history, confirmation of intus-
susception by Brighton collaboration criteria, and outcome were
recorded. Immunization history data were verified using the ACIR.
A review of hospital records of patients diagnosed with intussus-
ception (ICD-10 code 56.1) was conducted to confirm completeness
reported information (first two letters of the first and last names,
state, date of birth, and date of intussusception). Cases where there
was only a single difference in these five variables were checked



cine 29 (2011) 3061–3066 3063

f
o
w

2

d
c
v
e
t
o
f
a
e
s

2

l
a
t
o
d
o
t
m
t
s
A
w
6
F
(
a
d
d
(
s
V
u
c
p
a

2

b
b
b
1
e
t
r
v
v

2

d
r

APSU = Australian Paediatric Surveillance Unit; PAEDS = Paediatric

Ever received rotavirus 
vaccine 

PAEDSAPSU

101 cases in 
95 children 

0-23 months of age

137 cases in 
132 children 

0-23 months of age
Duplicate

notifications
removed 

200 cases in 
192 children 

Combined dataset  
(0-23 months of age) 

1st episode IS 
only

    Total: 92 cases
    Days post-vaccine 

Age at IS (mths)    1-7           8-21   >21 (range post 21 days) 
    1-<3 6 4 4         (24-28) 
    3-<5 4 5 10       (22-56)  
    5-<7 0 3 19       (26-103) 
    7-<9 0 1 19       (33-181) 
    9-<12 0 0 11       (89-242) 
    >12 0 0 6         (187-337) 
J.P. Buttery et al. / Vac

or data entry errors to ensure that each case was counted only
nce. Subsequent episodes of intussusception in the same child
ere excluded.

.4. Expected incidence of intussusception

Expected numbers of cases of intussusception 1–7 and 1–21
ays post rotavirus vaccine were calculated by multiplying the
hild-time at risk post-vaccination (i.e. 7 or 21 days per child per
accine dose), based on the number of children who had received
ither Rotarix® or RotaTeq® vaccine during the period of observa-
ion, as recorded by ACIR, by the estimated background incidence
f intussusception (see Box 1). Calculations were made separately
or each dose of vaccine and by state and month of age between 1
nd 8 months inclusive, with results pooled to the four age brack-
ts previously described, and across the two Rotarix® and RotaTeq®

tates.

.5. Background incidence of intussusception

The Australian Institute of Health and Welfare (AIHW) col-
ates discharge coding data from state Health Departments on all
dmissions to hospitals across Australia [19]. In order to ascer-
ain the background incidence of intussusception in the absence
f rotavirus vaccination, data on children <24 months of age with a
ischarge diagnosis of intussusception (ICD-10AM code 56.1) were
btained for the six-year period (July, 2000–June, 2006) prior to
he introduction of rotavirus vaccines, together with their age in

onths. The annual incidence of intussusception was estimated as
he number of cases divided by the number of live births during the
ame period, a proxy for the population at risk obtained from the
ustralian Bureau of Statistics [20]. These data indicated a down-
ard trend in the incidence of intussusception in Australia over the
years (data not shown), continuing that previously reported [21].

or the current analysis we used average rates across this period
resulting in a conservative estimate of the incidence rate in each
ge bracket). Incidence rates were pooled across the two states
elivering Rotarix®, and the two states delivering RotaTeq®. Despite
iffering rates of intussusception across the four states included
p = 0.03 for comparison using Poisson regression), the rates were
imilar in New South Wales and Western Australia (p = 0.44) and in
ictoria and South Australia (p = 0.13), providing the rationale for
sing rates specific to each pair of states for the expected incidence
alculations for this analysis. In sensitivity analyses we also used
ooled national background rates of intussusception calculated on
n Australia-wide basis.

.6. Child-time at risk and expected intussusception cases

For the four included states, the ACIR provided data on the num-
er of children by month of age that received each rotavirus vaccine
y dose number. Child-time at risk was calculated from the num-
er of Rotarix® and RotaTeq® vaccinations administered between
st July 2007 and 31st December 2008, by month of age, with
ach child contributing 7 and 21 days at risk in the two calcula-
ions respectively. Since the ACIR provided data by month of age
ather than exact age, the time at risk for each child following each
accine dose (7 or 21 days) was assigned to the month-of-age at
accination.
.7. Data analysis

We calculated the ratio of observed to expected incidence (stan-
ardized incidence ratio), which provides an estimated relative
isk (RR) under the assumption of constant relative risk within age
 Active Enhanced Disease Surveillance; IS = intussusception 

Fig. 2. Intussusception cases identified in the four states with synchronous APSU
and PAEDS surveillance.

strata. Standard Poisson-based methods were used to produce 95%
confidence intervals (CI) for these relative risks.

3. Results

Numbers of cases and historical incidence rates of intussuscep-
tion for the two states using Rotarix®, the two states using RotaTeq®,
the 4 states combined, and across all Australian states, are shown
in Table 1.

Following removal of duplicate notifications in the combined
dataset 192 first occurrences of intussusception were identified
(Fig. 2), 92 occurring in vaccinated infants. Ten cases occurred
within 7 days of receipt of a rotavirus vaccine (5 Rotarix® and 5
RotaTeq®) and 23 occurred within 21 days (13 Rotarix® and 10
RotaTeq®; Tables 2 and 3). Infants who developed intussuscep-
tion within 21 days of receiving a rotavirus vaccine had a similar
rate of surgical intervention, including intestinal resection, as cases
where intussusception occurred more than 21 days after vacci-
nation (surgical reduction: 6 of 23 cases ≤ 21 days post-vaccine
(26%) vs 16 of 69 cases > 21 days (23%) and intestinal resection:
4 of 23 cases < 21 days (17%) vs 9 of 69 cases > 21 days (13%)). There
were 8 recurrent episodes in 7 children, including 5 episodes in 4
rotavirus-vaccinated infants. No recurrences were within 21 days
of vaccination. There were no deaths.

We observed no overall excess in cases of intussusception
between 1 and <9 months of age compared with expected num-
bers for either vaccine (Tables 2 and 3). However, in infants 1 to <3
months of age, there was some evidence of an excess of observed
cases following receipt of first dose of a rotavirus vaccine, with
higher RRs in the 1–7 day, compared to the 1–21 days, window for
both vaccines. There was no evidence for any excess risk following
dose 2 of either vaccine, and a lower than expected number of cases

®
following dose 3 of RotaTeq . Using national incidence rates for
intussusception (last column of Table 1) for calculation of expected
intussusception cases resulted in a RR for intussusception within
1–7 days of receipt of the first dose of vaccine of 4.48 (95% CI 0.92,
13.09) and 3.41 (0.70, 9.96) for RotaTeq® and Rotarix®, respectively.
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Table 1
Cases and incidence rates of intussusception, per 10,000 child-years for Australian jurisdictions by rotavirus vaccine used under the National Immunization Program and
nationally 2000–2006.

Age (months) RotaTeq states (VIC
and SA)

Rotarix states (NSW and WA) 4 PAEDS states All Australian states and territories

No of
cases

Incidence
rate (95% CI)

No of cases Incidence
rate (95% CI)

No of cases Incidence
rate (95% CI)

No of cases Incidence
rate (95% CI)

1 to <3 1 3 0.8 (0.2, 2.2) 9 1.7 (0.8, 3.2) 12 1.3 (0.7, 2.3) 19 1.5 (0.9, 2.4)
2 15 3.8 (2.1, 6.3) 21 3.9 (2.4, 6.0) 36 3.9 (2.7, 5.4) 51 4.1 (3.1, 5.4)

3 to <5 3 21 5.3 (3.3, 8.1) 46 8.6 (6.3, 11.5) 67 7.2 (5.6, 9.2) 97 7.8 (6.3, 9.5)
4 39 9.9 (7.0, 13.5) 40 7.5 (5.3, 10.2) 79 8.5 (6.7, 10.6) 128 10.3 (8.6, 12.2)

5 to <7 5 48 12.2 (9.0, 16.1) 55 10.3 (7.8, 13.4) 103 11.1 (9.1, 13.5) 153 12.3 (10.4, 14.4)
6 50 12.7 (9.4, 16.7) 64 12.0 (9.2, 15.3) 114 12.3 (10.1, 14.7) 155 12.5 (10.6, 14.6)

7 to <9 7 62 15.7 (12.1, 20.2) 37 6.9 (4.9, 9.5) 99 10.7 (8.7, 13.0) 131 10.5 (8.8, 12.5)
8 56 14.2 (10.7, 18.4) 64 12.0 (9.2, 15.3) 120 12.9 (10.7, 15.5) 153 12.3 (10.4, 14.4)

CI, Confidence Interval; NSW, New South Wales; WA, Western Australia; VIC, Victoria; SA, South Australia. Incidence rates are per 10,000 child-years, with confidence
intervals calculated using the exact Poisson method.

Table 2
Observed and expected cases of intussusception by age in months in jurisdictions delivering RotaTeq.

Dose Age
(months)

Number vaccinated 1–7 days post-vaccine 1–21 days post-vaccine

VIC SA Cases Expected RR (95% CI) Cases Expected RR (95% CI)

1 1 to <3 86,629 24,924 3 0.57 5.26 (1.09, 15.4) 6 1.71 3.51 (1.29, 7.64)
1 3 to <5 2413 876 0 0.04 1 0.13
1 5 to <7 460 156 0 0.01 0 0.04
1 7 to <9 163 36 0 0.01 0 0.02
2 1 to <3 108 24 0 0

1.33 (0.16, 4.82)

0 0

0.67 (0.14, 1.94)
2 3 to <5 70,112 20,329 2 1.5 3 4.51
2 5 to <7 6285 1794 0 0.19 0 0.57
2 7 to <9 476 163 0 0.02 0 0.06
3 1 to <3 8 1 0 0

0 (0, 2.16)

0 0

0 (0, 0.89)
3 3 to <5 144 32 0 0 0 0.01
3 5 to<7 55,061 15,933 0 1.71 0 5.13
3 7 to <9 7742 2154 0 0.29 0 0.88
Total 1 to <9 22,9601 66,422 5 4.36 1.15 (0.37, 2.68) 10 13.07 0.77 (0.37, 1.41)

RR, relative risk, estimated as standardised incidence ratio; CI, confidence interval; VIC, Victoria; SA, South Australia. Expected incidence rates calculated using the number
of vaccinated children in VIC and SA and the expected incidence of intussusception based on the age-specific incidence rate of intussusception pooled across these 2 states.

Table 3
Observed and expected cases of intussusception by age in months in jurisdictions delivering Rotarix.

Dose Age (months) Number vaccinated 1–7 days post-vaccine 1–21 days post-vaccine

NSW WA Cases Expected RR (95% CI) Cases Expected RR (95% CI)

1 1 to <3 118,120 36,169 3 0.87 3.45 (0.71, 10.1) 4 2.61 1.53 (0.42, 3.92)
1 3 to <5 6410 1923 0 0.13 0 0.39
1 5 to <7 736 175 0 0.02 1 0.06
1 7 to <9 145 31 0 0 0 0.01
2 1 to <3 188 64 0 0 1.05 (0.13, 3.80) 0 0.01 0.88 (0.29, 2.05)
2 3 to <5 97,785 28,711 2 1.9 5 5.69
2 5 to <7 8402 2591 0 0.22 1 0.67
2 7 to <9 559 129 0 0.01 1 0.03
Total 1 to <9 232,620 69,835 5 3.16 1.58 (0.51, 3.69) 13a 9.49 1.37 (0.73, 2.34)
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R, relative risk, estimated as standardised incidence ratio; CI, confidence interval; N
he number of vaccinated children in NSW and WA and the expected incidence of i
hese 2 states.

a One case was recorded as having occurred after a third dose of Rotarix, at 7 mo

. Discussion

In this study we report a possible association between receipt
f the first dose of RotaTeq® and Rotarix® and the development of
ntussusception in infants 1 to <3 months of age. This was despite
o evidence of a difference between the number of observed and

xpected cases of intussusception overall post-vaccination in chil-
ren 1 to <9 months of age for either vaccine. It is not possible
o make any comparison of the increased risk following these
wo vaccinations due the small number of intussusception cases
hich limits the precision of these estimates. If verified, these early
ew South Wales; WA, Western Australia. Expected incidence rates calculated using
sception based on the age-specific incidence rate of intussusception pooled across

f age.

findings raise the possibility of a class effect of differing magni-
tude across three very different live attenuated rotavirus vaccines
(including Rotashield®).

The strengths of this study include that it was based on com-
bined data from two surveillance sources in a country with a high
uptake of rotavirus vaccines. Vaccination status was confirmed

from written records and/or by linkage to a national vaccination
registry (ACIR) in PAEDS cases. The near-complete capture of all
administrations of rotavirus vaccines by the ACIR allowed us to
obtain an accurate estimate of child-time “at risk” following receipt
of these vaccines.
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There were, however, significant limitations to the data avail-
ble. First, since intussusception is a rare event, we observed small
umbers of cases within the post-vaccination windows, which lim-

ted the statistical precision of our relative risks. Second, there is
otential for bias in the estimation of both the observed cases and
he background incidence rate due to limitations in the data sources
sed in the calculations. It is important to consider the size and
irection of these possible biases but we consider them unlikely to
ccount for the observed excess cases.

The PAEDS system captured intussusception admissions to the
ajor tertiary paediatric hospital in each of four states but these

ospitals do not treat all cases of intussusception occurring in
nfants in these states. APSU, despite the broader potential to
apture intussusception cases, relies on voluntary reporting and
onsequently the number of reported cases is substantially lower
han the national hospitalisation numbers recorded annually in the
IHW database.

Despite the under-ascertainment of cases it is possible that
his was counter-balanced by a bias towards the reporting of
accine-related events in the APSU. This was unlikely in PAEDS
ince case ascertainment was based upon prospective systematic
earching of hospital records with permission to access immunisa-
ion records only after informed consent. Thus, the proportion of
ases with prior receipt of a rotavirus vaccine was lower among
PSU cases (27/101; 27%), compared with PAEDS cases (82/137;
0%), suggesting that, if anything, vaccination status may have been
nder-ascertained within the APSU data.

In calculating the expected numbers of intussusception cases,
e used historical data from 2000–2006 on the incidence of intus-

usception in the absence of more recent data on IS cases in
nvaccinated children following rotavirus vaccine introduction

nto the NIP. The historically estimated incidence rates relied on
outinely coded hospital admissions data, which may lead to inclu-
ion of cases that do not meet Brighton criteria and conceivably may
ver-estimate the incidence of intussusception. On the other hand,
se of admissions data may also underestimate true hospital intus-
usception encounters, with one comprehensive review at three
S hospitals showing many children treated for intussusception in
mergency departments or short stay units were not included in
dmission statistics [22]. This is less likely to be the case in our
tudy, as funding arrangements for Australian public hospitals lead
o stays of 8 h or more being routinely coded as hospital admissions.

Given that we noted a continuing downward trend in annual
ncidence of intussusception in these historical data [21], the use
f an average over the six-year period 2000–2006 may also have
ed to some over-estimation of the background incidence during
he study period. If correct, this would bias against our method-
logy detecting any post-vaccination excess of cases. There was
ubstantial state-to-state variability in background incidence, the
xplanation for which is not entirely clear since the demographics
f the populations of the states are similar. A regional difference in
ates of intussusception has also been observed in the US [23]. The
se of Australia-wide (pooled) background rates for the expected

ncidence calculations only affected the relative risk estimates and
verall conclusions slightly.

The ACIR data used to determine infant-time at risk follow-
ng vaccination are estimated to capture 95% of all infant vaccine
dministrations [24]. Thus, incompleteness of registration is not
ikely to have led to underestimation of infant-time at risk post-
accination. However, data used to calculate expected rates were
nly available by month of age. This meant that some of the time

t risk within 7 and 21 days post-vaccination was assigned incor-
ectly to the month in which the child was vaccinated (ignoring
he fact that in some cases the child would have passed into the
ext age category within the 7 or 21 day window). It is difficult to
etermine the direction of any bias that this may have created but
9 (2011) 3061–3066 3065

it is not likely to be large, especially for the 7-day window, which
produced the strongest findings in infants 1 to <3 months of age.

We believe that the largest sources of likely bias (under-
ascertainment of cases and over-estimation of expected incidence)
would have led us to underestimate rather than overestimate an
association between rotavirus vaccine and intussusception.

The observed/expected analysis method used in this study
has been used previously to examine IS following vaccine intro-
duction [15]. Other methodologies, including self-controlled case
series analysis, or a formal prospective case–control study utilising
community controls would have eliminated the potential for bias
regarding the ‘expected incidence’. However this was not possible
with this dataset as these require complete capture of both vacci-
nated and unvaccinated cases as well as vaccination status, which
are unlikely to be the case here.

It is important to emphasise that the evidence presented about
potential vaccine-associated risk relates only to the first dose of
rotavirus vaccine. Our data, not withstanding a possible underesti-
mate of risk as discussed above, suggest that any increased risk after
the first dose is offset by a reduced risk after later doses (in partic-
ular dose 3 of RotaTeq®). This is consistent with ecologic studies of
Rotashield® which suggested that intussusception associated with
the vaccine occurred in susceptible infants at a younger age [10].
Although it is possible that intussusception occurring at a younger
age may be associated with a higher rate of surgical intervention
or worse clinical outcome, this was not seen in the data presented
here and there are no published data to support this contention. It
is not clear why an association between receipt of the first dose of
a rotavirus vaccine and intussusception may have been observed
in Australian infants and not in the studies published to date in the
US [15,25]. However, the combination of two independent surveil-
lance systems with an efficient national immunization register may
explain these findings. The higher baseline rate of intussusception
described in the historical data from Australia compared with the
US may have resulted in a signal being detected earlier in this pop-
ulation [21]. Sensitive, prospective post-marketing surveillance for
intussusception will be critical in countries with high baseline rates,
to ensure the safety of rotavirus vaccines in these settings. National
and international collaborations using large linked databases offer
promise to rapidly address vaccine safety questions and maintain
community confidence in immunisation programs [25,26].

It is crucial to acknowledge that, even if a rare association with
intussusception of the order of magnitude suggested here were
to be confirmed in larger population-based studies, it needs to
be balanced against the global burden of rotavirus gastroenteri-
tis worldwide. There is strong emerging evidence of significant
direct and indirect protection against rotavirus gastroenteritis from
rotavirus vaccines within Australia [27,28] and globally, includ-
ing deaths prevented [29], which will substantially outweigh any
detrimental effects from intussusception.
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Background. Estimates of the risk of intussusception (IS) associated with currently licensed rotavirus vaccines
(RV1 [Rotarix; GSK] and RV5 [RotaTeq; Merck]) diverge. Contemporaneous introduction of both vaccines in Aus-
tralia enabled a population-based assessment of risk.

Methods. Confirmed cases of IS in infants aged 1 to <12 months were identified from national hospitalization
databases, supplemented by active hospital-based surveillance, from July 2007 through June 2010. Vaccination his-
tories were verified by the Australian Childhood Immunisation Register, which was also used to identify age-
matched controls. Self-controlled case series and case-control methods were used to assess the risk of IS associated
with both vaccines in prespecified periods after vaccination. The estimated burden of vaccine-attributable IS was
compared with estimated reductions in gastroenteritis hospitalizations.

Results. Based on 306 confirmed cases of IS, the relative incidence of IS in the 1–7-day period after the first
vaccine dose, was 6.8 (95% confidence interval, 2.4–19.0; P < .001) for RV1, and 9.9 (95% confidence interval,
3.7–26.4; P < .001) for RV5. There was a smaller increased risk 1–7 days after the second dose of each vaccine. The
case-control analysis gave similar results. We estimate an excess of 14 IS cases and >6500 fewer gastroenteritis
hospitalizations in young children annually in Australia after vaccine introduction.

Conclusions. We found a similarly increased risk of IS after both vaccines, but the balance of benefits and risks
at population level was highly favorable, a finding likely to extend to other settings despite varying incidence of IS
and potentially higher morbidity and mortality from both gastroenteritis and IS.

Keywords. rotavirus vaccine; intussusception; vaccine surveillance; vaccine adverse events; vaccination risk-benefit.

Worldwide, rotavirus is the leading cause of acute gas-
troenteritis, responsible in recent estimates for 200 000
deaths and 10 million episodes of severe diarrhea annual-
ly among children <5 years old [1, 2]. Efforts to reduce

the global burden of rotavirus disease suffered a setback
in 1999 when the first licensed vaccine, a rhesus-human
reassortant (RRV-TV; RotaShield; Wyeth-Lederle) was
withdrawn from use when found to be associated with an
attributable risk of intussusception (IS) of about 1 in
10 000 recipients after the first dose in infants 2 months
of age or older [3, 4]. Intussusception is the invagination
of bowel into an adjacent segment, causing intestinal ob-
struction that unless promptly reduced progresses to
bleeding and/or intestinal perforation [5]. Since 2005, 2
new oral rotavirus vaccines, a pentavalent human-bovine
reassortant (RV5; RotaTeq; Merck) and a monovalent
human rotavirus vaccine (RV1; Rotarix; GSK), have been
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widely licensed. Neither vaccine was associated with IS in large-
scale prelicensure clinical trials [6, 7]. In 2009, the World Health
Organization recommended routine rotavirus vaccine for all
infants worldwide [8].

At least 40 countries have introduced rotavirus vaccines into
their national immunization programs, and the health impact of ro-
tavirus vaccines is now emerging in a range of settings. A decline in
diarrhea mortality after the introduction of rotavirus vaccines has
been reported in Mexico and Brazil [9, 10]. Reductions in diarrhea-
related hospitalizations have been observed in Australia, the United
States, Mexico, Belgium, Brazil, and El Salvador [11–18]. In Austra-
lia, hospitalization rates for rotavirus-attributable gastroenteritis
have dropped by >70% since vaccine introduction in 2007 [19].

In light of the experience with RRV-TV, the World Health Or-
ganization recommends that countries implementing rotavirus
vaccination should conduct postmarketing surveillance to identify
rare or unexpected adverse events, including IS. A complicating
factor is that the reported (prerotavirus vaccination) incidence of IS
varies widely across regions and by ethnicity [5] and it has general-
ly been based on nonconfirmed ICD-coded hospitalization data,
for example, in Panama and the United States, estimated incidence
rates are similar (30 and 38 cases per 100 000 children <1 year old,
respectively), whereas in Australia incidence is 81 cases per 100 000
and in Vietnam it is substantially higher (304 cases per 100 000).
The incidence of IS increases sharply through the first 6–8 months
of life, coinciding with the period of routine immunization.

Since introduction of rotavirus vaccines into routine use,
postlicensure studies of the association between IS and RV5
[20–23], RV1 [24, 25], and both vaccines [26] have been pub-
lished from the United States, Latin America, and Australia, re-
spectively. Evidence of an association between IS and RV1 was
found in Mexico [24, 25], Brazil [24], and Australia [26]. For
RV5, evidence of an association was reported in Australia [26]
and indirectly in 1 of 3 studies from the United States [21–23].

Rotavirus vaccination was introduced to the Australian nation-
al immunization program in July 2007 and is delivered by juris-
dictional (state or territory) health authorities, some of whom
introduced RV5 (3-dose schedule at 2, 4, and 6 months of age)
and others RV1 (2-dose schedule at 2 and 4 months of age) [27].
This resulted in both vaccines being used contemporaneously in
demographically similar populations. After the preliminary report
of an association between both vaccines and IS based on active
surveillance in 4 sentinel hospitals [26], the Australian regulatory
agency, the Therapeutic Goods Administration (TGA), commis-
sioned a national study to assess the risk of IS after rotavirus vac-
cination. The aim of this study was to evaluate the association
between IS and receipt of either RV1 or RV5 vaccine in the previ-
ous 21 days nationally during a 3-year period. We also compared
the vaccine-attributable risk of IS with the estimated reduction in
gastroenteritis hospitalizations after vaccine introduction.

METHODS

Case Ascertainment
We identified cases of IS in children between 1 and 12 months
of age from the introduction of rotavirus vaccines on 1 July 2007
to the end of June 2010. The 6 jurisdictions included in the
study account for >95% of the Australian population (22
million; annual birth cohort approximately 290 000): New South
Wales, Victoria, Western Australia, South Australia, Queensland,
and the Northern Territory. RV1 was used in New South Wales
and the Northern Territory; RV5 was used in Victoria, South
Australia, and Queensland. In Western Australia, RV1 was used
from July 2007 to April 2009, when it was replaced by RV5.

Hospitalized IS case patients were identified retrospectively
by searching hospital discharge databases for infants who had
the International Classification of Diseases (ICD) (International
Classification of Diseases, 10th Revision, Australian Modifica-
tion) discharge code for IS (K56.1) recorded in any diagnostic
field. Only IS cases confirmed to have the highest level of diag-
nostic certainty, level 1 of the Brighton Collaboration classifica-
tion [28], were analyzed. Case notes were reviewed by
physicians or nurses using a standardized data extraction form.
Reviewers were not explicitly blinded to vaccination status, but
it was not generally recorded in clinical case notes. A small
number of additional cases were identified by the Paediatric
Active Enhanced Disease Surveillance (PAEDS) system, which
performed active surveillance in 4 large tertiary pediatric hospi-
tals [29]. Further detail on ascertainment of cases is provided in
the Supplementary Material. Vaccination history for each case
patient was obtained from the Australian Childhood Immuni-
sation Register (ACIR), which has near-complete capture
(>98%) of national immunization program–funded vaccines
provided to children aged <7 years [30].

Control Selection
For each confirmed IS case, 10 matched control subjects were ran-
domly selected from the ACIR database, after matching on date
of birth (within ±1 day), sex, and state or territory of residence.

Ethical Approval
The study was conducted on behalf of the TGA, in conjunction
with state and territory government health departments, as a
public health investigation, with authorization for compilation
of routinely collected data provided by these statutory bodies.
The use of deidentified data from the ACIR for selection of con-
trols for the case-control study was approved by the Australian
Government Department of Health and Ageing.

Statistical Analysis
The analysis assessed risk associated with 2 exposure periods
following each dose of vaccine, chosen on the basis of
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previously published literature: 1–7 and 8–21 days after vacci-
nation. Unexposed time was defined as time before vaccination
or >21 days after a dose of vaccine, within the 1–12-month age
window. The analysis included only case patients (and controls,
for the case-control analysis) for whom vaccination records
were available on the ACIR. We excluded case patients (and
controls) whose ACIR record indicated receipt of a second (or
third) dose of rotavirus vaccine but had missing data for the
earlier dose(s). Inclusion was otherwise independent of vacci-
nation history, with minor exceptions in the case-control analy-
sis as detailed in the Supplementary Material. Analysis was
performed using Stata 11.2 software (StataCorp; 2009).

Self-Controlled Case Series Analysis
The self-controlled case series (SCCS) method compares the
frequency with which the outcome occurred in periods of time

after vaccination (“exposure”) relative to its occurrence in unex-
posed time, in case patients only [31]. Results (obtained from a
conditional Poisson regression model) are reported as relative
incidence (RI), with 95% confidence intervals (CIs), for each
exposure period compared with time outside this window. We
treated IS as a nonrecurring event and analyzed first occurrences
only. Because the incidence of IS is strongly age related, we ad-
justed for the effect of age using indicators for month of age
categories in the regression model [31]. Alternative approaches
to the method of age adjustment, which varied the age categori-
zation and smoothed the age effect, were explored in sensitivity
analyses (see Supplementary Material). All cases of IS were in-
cluded in a single model; this allowed all case patients to con-
tribute information on the age effect, whereas those children
who received each vaccine contributed information on the po-
tential vaccine-related risk for that vaccine. In further

Figure 1. Summary of intussusception cases, and their clinical review, in children 1 to <12 months of age (Brighton level 1 primary cases only). The com-
bined data set includes all 282 cases from the state-based admissions data plus another 38 captured by Paediatric Active Enhanced Disease Surveillance
(PAEDS; numbers in parentheses). In the 8 case patients with incomplete records, the Australian Childhood Immunisation Register (ACIR) record document-
ed receipt of a second (or third) dose of rotavirus vaccine but was missing data for the earlier dose(s). NSW, New South Wales; NT, Northern Territory;
QLD, Queensland; SA, South Australia; SCCS, self-controlled case series; VIC, Victoria; WA, Western Australia.
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sensitivity analyses we excluded case patients who received a
dose of vaccine later than the recommended age limit for ad-
ministration [32] and allowed for a “healthy vaccinee effect” by
allowing for a different (lower) RI of IS during the 2-week
period before each vaccine dose [31].

Matched Case-Control Analysis
Case-control analysis was performed by assigning controls the
same “event date” as their matched IS case and comparing the
frequency with which the event date fell within the postvaccina-
tion exposure windows between case patients and controls. We
used conditional logistic regression to estimate odds ratios
(ORs) for each vaccine dose and exposure window. Because of
the rarity of the outcome, the OR in this model is equivalent to
the RI parameter estimated by the SCCS method, and both may
be interpreted as measures of relative risk. Analysis was per-
formed separately for each vaccine type, restricting to jurisdic-
tions which administered that vaccine within their official
immunization program; we excluded the few case patients who
received the nonstandard vaccine for their jurisdiction of resi-
dence. A range of sensitivity analyses was conducted, using an
approach similar to that used for the SCCS method (Supple-
mentary Material).

Risk-Benefit Analysis: Excess IS Compared With Rotavirus
Disease Averted
A simple risk-benefit analysis was conducted to compare the
estimated number of vaccine-attributable cases of IS (risk) with
the estimated number of rotavirus hospitalizations averted by
vaccination in Australia (benefit). Risks and benefits were cal-
culated using national estimates of vaccine coverage along with
the estimated baseline incidence of IS and the RI of IS after vac-
cination, on the risk side, and incidence of hospitalization for
rotavirus diarrhea and vaccine efficacy, on the benefit side [24].
(See Supplementary Material for further details.)

RESULTS

Ascertainment of cases is summarized in Figure 1. Most cases
included in the analysis were identified through hospitalization
databases. A total of 393 putative cases from the 2 systems was
reduced to 306 after exclusions detailed in Figure 1. Table 1 dis-
plays numbers of case patients and controls with “event date”
within 1–7 or 8–21 days of vaccination. Further details on cases
and their timing is provided in the Supplementary Material.

SCCS Analysis
Table 2 displays results from the SCCS analysis for each vaccine
dose. For both vaccines, the estimates of RI for the 1–7-day
period after dose 1 indicate very strong evidence (P < .001) of
elevated risk, with the lower limits of the 95% CIs both higher
than a doubling in risk. Elevated risk extended to the 8–21-day

postvaccination period for both vaccines but at a lower and less
statistically significant level. For both risk periods, the point es-
timate of the RI associated with RV5 was somewhat higher
than for RV1, but as the 95% CIs substantially overlapped, the
risk associated with each vaccine could not be distinguished.
There was weaker evidence of an increased risk of IS after dose
2 of both vaccines, particularly in the 1–7-day period after vac-
cination, but no suggestion of increased risk after dose 3 of
RV5. A range of sensitivity analyses is reported in the Supple-
mentary Material (Supplementary Tables 3–10). None of these
produced substantially different conclusions, although there
was some variation in RI estimates, especially for dose 1; in par-
ticular, when case patients who received RV1 outside the

Table 1. Summary of Case Patients and Controls (1 to <12
Months of Age) With Respect to Timing of Rotavirus Vaccination

Vaccine Dosesa

Case Patients Controls

No.b %c No.b %c

Received RV1 120 (115) 1078
Event 1–7 d after dose 1 5 4.2 14 1.3

Event 8–21 d after dose 1 6 5.0 37 3.4

Event 1–7 d after dose 2 5 4.2 22 2.0
Event 8–21 d after dose 2 7 5.8 53 4.9

Event not within 1–21 d of vaccine 97 (92) 80.8 952 88.3

Received RV5 135 (130) 1186
Event 1–7 d after dose 1 7 5.2 23 1.9

Event 8–21 d after dose 1 11 8.1 62 5.2

Event 1–7 d after dose 2 6 4.4 26 2.2
Event 8–21 d after dose 2 8 (7) 5.9 52 4.4

Event 1–7 d after dose 2 2 1.5 4 0.3

Event 8–21 d after dose 2 2 1.5 8 0.7
Event not within 1–21 d of vaccine 99 (95) 73.3 1011 85.2

Received ≥1 dose of both RV1 and RV5d 5 (0)

Event 1–7 d after dose 1 0 0
Event 8–21 d after dose 1 0 0

Event 1–7 d after dose 2 0 0

Event 8–21 d after dose 2 1 (0) 20.0
Event 1–7 d after dose 2 0 0

Event 8–21 d after dose 2 1 (0) 20.0

Event not within 1–21 d of vaccine 3 (0) 60.0
Did not receive either vaccine

RV1 jurisdictions 17 241

RV5 jurisdictions 29 375

a The event date was defined as the date of admission for case patients with
intussusception and the date of the matched case patient’s admission for
each control infant.
b Numbers in parentheses represent the number of case patients who received
the standard vaccine for their jurisdiction of residence and were included in the
case-control analysis, if different from the total number of case patients.
c Percentages of those who received that vaccine.
d These case patients were not included in the case-control study, so there are
no corresponding controls.
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recommended age range were excluded, the association
between RV1 and IS was diminished, (eg, RI for 1–7 days after
dose 1, 4.11 [95% CI, 1.09–15.50; P = .04]; Supplementary
Table 10).

Matched Case-Control Analysis
Table 3 shows estimated ORs for IS in the risk periods 1–7 and
8–21 days after each vaccine dose from the matched case-
control analysis. These analyses found a generally similar

pattern of results to the SCCS analysis, with an increased risk of
IS in the 1–7- and 8–21-day periods after dose 1 for both vac-
cines and some suggestion of an increased risk 1–7 days after
dose 2. Most estimates of the relative risk of IS after dose 1 were
higher in the case-control than in the SCCS analysis. The
results from the sensitivity analysis excluding case patients and
controls who received RV1 outside the recommended age
range showed effects similar to those of the corresponding
SCCS analysis (Supplementary Tables 11 and 12).

Risk-Benefit Assessment
The vaccine attributable risk for IS, based on the estimated RI
in the 1–21 days after dose 1 and the 1–7 days after dose 2
derived from the SCCS analysis, was estimated to be 4.3 (95%
CI, 0.8–23.3) cases per 100 000 infants vaccinated for RV1 and
7.0 (95% CI, 1.5–33.1) cases per 100 000 for RV5. Given the
substantial overlap in the CIs, we considered attributable risk to
be the same for both vaccines and used a mid-range estimate of
5.6 additional cases of IS per 100 000 vaccinated infants. This
resulted in an estimated excess of 14.3 cases annually at the na-
tional level (11.7 after dose 1 and 2.6 after dose 2), assuming
85% vaccination coverage from 3 months of age. On the other
hand, rotavirus vaccination was conservatively estimated to
prevent 2180 cases per 100 000 infants, or 6500 cases overall, of
acute gastroenteritis hospitalizations per year among children <5
years of age (Table 4).

DISCUSSION

Our results provide evidence that both currently licensed rotavirus
vaccines are associated with a similar increase in the incidence of
IS in the 21 days after the first vaccine dose, estimated at 6- to 10-
fold in the first 7 days and 3- to 6-fold in the 8–21 days after vacci-
nation. For RV1, these findings are similar to those from a smaller

Table 3. Case-Control Analysis of Association Between Intus-
susception Incidence and RV1 or RV5 Vaccination

Vaccine and Dose
Odds Ratio

(95% Confidence Interval) P Value

RV1 vaccinea

Dose 1, 1–7 d 15.61 (3.36–72.57) <.001
Dose 1, 8–21 d 6.48 (1.74–24.16) .005

Dose 2, 1–7 d 2.44 (.80–7.47) .12

Dose 2, 8–21 d 1.35 (.50–3.63) .56
RV5 vaccineb

Dose 1, 1–7 d 11.74 (3.18–43.37) <.001

Dose 1, 8–21 d 4.65 (1.80–12.00) .001
Dose 2, 1–7 d 2.53 (.89–7.20) .08

Dose 2, 8–21 d 1.38 (.53–3.62) .51

Dose 3, 1–7 d 1.06 (.23–4.84) .94
Dose 3, 8–21 d 0.80 (.18–3.64) .77

a Based on cases in New South Wales, the Northern Territory, and Western
Australia (WA); total of 132 case patients and 1319 matched controls. Data for
WA were restricted to infants born before 1 April 2009, when RV1 was
replaced by RV5 in the state immunization program.
b Based on cases in Queensland, South Australia, Victoria, and WA; 159 case
patients and 1501 matched controls. Data for WA were restricted to infants
born after 1 April 2009.

Table 2. Self-Controlled Case Series Analysis Based on 306
Cases of Intussusception in Children Aged 1 to <12 Monthsa

Vaccine and Dose Relative Incidence (95% CI) P Value

RV1 vaccine

Dose 1, 1–7 d 6.76 (2.40–19.01) <.001
Dose 1, 8–21 d 3.45 (1.33–8.94) .01

Dose 2, 1–7 2.84 (1.10–7.34) .03

Dose 2, 8–21 d 2.11 (.97–4.62) .06
RV5 vaccine

Dose 1, 1–7 d 9.89 (3.70–26.42) <.001

Dose 1, 8–21 d 6.32 (2.78–14.37) <.001
Dose 2, 1–7 d 2.81 (1.16–6.80) .02

Dose 2, 8–21 d 1.77 (.81–3.88) .16

Dose 3, 1–7 d 0.75 (.18–3.11) .69
Dose 3, 8–21 d 0.56 (.17–1.82) .33

Abbreviation: CI, confidence interval.
a Cases occurring between 1 July 2007 and 30 June 2010.

Table 4. Effect of a Rotavirus Vaccination Program, Compared
With No Program, on Hospitalizations Associated With Rotavirus-
Attributable Gastroenteritis or Intussusception in Australiaa

Reason for Hospitalization

Annual Hospitalizations in
Children <5 y of Age, No.

Without
Vaccination
Program

With
Vaccination
Program

Events
Averted or
Caused, No.

Rotavirus-attributable
gastroenteritis

11 073 4545 −6528

Intussusceptionb 144 158 +14
(Brighton level 1 cases)

a See Supplementary Appendix for details of calculations.
b The annual average number of ICD-coded intussusception cases was 240;
adjustment by a factor of 0.6 has been made to estimate the proportion that
were Brighton level 1 cases.

Intussusception Risk and Rotavirus Vaccination • CID 2013:57 (15 November) • 1431

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/57/10/1427/288694 by U

niversity O
f O

tago user on 18 January 2021

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/cit520/-/DC1


Australian study, which included some of the same cases but used
different methods [26], and to those from Mexico [24, 25]. Two
postmarketing studies in the United States found no evidence
of an association between IS and RV5 [21, 22], but a more
recent ecological study reported a small secular increase in IS
rates among infants aged 8–11 weeks after the introduction of
rotavirus vaccination (principally with RV5), consistent with
our findings [23]. Ours is the first epidemiological study to
examine a sizeable number of cases potentially associated with
RV5 vaccination and also the first study to find evidence of an in-
creased risk of IS after the second dose of both vaccines, although
a 2-fold relative risk was reported after the second dose of RV1 in
Brazil [24, 33]. A unique aspect of our study was the ability to
compare IS risk after administration of RV1 and RV5 within very
similar populations over the same period of time.

Our study was based on population-based capture of clini-
cally verified IS cases during a 3-year period. High vaccine cov-
erage (84% for a full vaccine course [34]), the capacity to
confirm dates of administration and vaccine type for each vac-
cination using the ACIR, and access to data on IS presentations
from population-based hospitalization databases, supplement-
ed by active surveillance at the largest pediatric hospitals,
ensured extensive capture of large numbers of vaccinated case
patients. Cases excluded because verification was not possible
were unlikely to have caused bias, because vaccination exposure
does not vary substantially by geographic location in Australia [35].
Although we cannot completely rule out variations in the ascer-
tainment of cases by ICD coding, evidence of high sensitivity in
detecting IS was provided by active surveillance that identified
very few additional cases at sentinel sites. In addition, the case-
note review confirmed approximately 60% of ICD-coded cases
as Brighton level 1 in the New South Wales series, suggesting
that the coding may overascertain but is unlikely to miss many
confirmed cases [36]. The available data enabled us only to
examine the relative risk of IS associated with specified postvac-
cination time windows, so it remains unclear whether our find-
ings reflect an increase in the cumulative incidence of IS during
the first year of life or earlier occurrence (triggering) of IS in
infants among whom it would have occurred later in infancy in
the absence of rotavirus vaccination.

Results similar to those of the SCCS analysis were seen in the
matched case-control analysis, although estimates of relative risk
were higher and CIs were wider. Greater precision might be ex-
pected in the SCCS, provided that our assumption of a common
pattern of age dependence of IS incidence across Australia
holds. A range of sensitivity analyses did not change the overall
pattern of results, although there was variation in the estimate of
relative risk after dose 1 for both vaccines. Dose 1 is given at
about age 2 months, when the incidence of IS increases sharply,
so SCCS estimates of vaccine-related risk are somewhat sensitive
to the method used for modeling the age-dependent background

incidence of IS. Weaker associations between RV1 and IS risk
were observed when case patients who were vaccinated at an age
beyond recommended upper age limits (predominantly during
the first year of the program) were excluded. Although these
case patients were few, the findings suggest that adherence to
upper age limits for vaccine administration may, in some set-
tings, reduce the likelihood of vaccination-related IS. In low-
and middle-income countries, however, prescribing strict age
limits may not be warranted, because of differences in IS inci-
dence and morbidity relative to rotavirus gastroenteritis [37].

The attributable risk of IS associated with rotavirus vaccination
identified in our study was conservatively estimated at 14 excess
cases per year within the annual birth cohort of approximately
300 000. In countries such as Australia, with good access to spe-
cialist hospital care, IS is usually diagnosed within 24 hours of
symptom onset, and prompt treatment by enema is associated
with a good outcome. Deaths from IS are rare and there were
none in this study (data not shown). In contrast, in low-income
countries, IS may be treated surgically and the case fatality rate
associated with delayed diagnosis may be as high as 25% [37].
However, these regions also tend to have a high rotavirus disease
burden, and rotavirus vaccination is likely to have a major benefi-
cial impact. Studies to assess the postmarketing risk of IS along-
side vaccine benefits in these settings would be helpful.

In conclusion, our analysis indicates that the 2 currently
licensed rotavirus vaccines (RV1 and RV5) give rise to a small
but measurable increase in the incidence of IS in young infants.
The ability to detect a rare vaccine-related adverse event associ-
ated with the implementation of a new vaccine, and to accu-
rately evaluate the risk-benefit, is testimony to the value of
robust and sensitive vaccine adverse event surveillance and in-
vestigation systems. Despite a small increased risk of IS associ-
ated with both RV1 and RV5 in Australia, the benefits of
rotavirus vaccination in preventing rotavirus gastroenteritis
clearly outweigh the risks. Although countries planning to in-
troduce rotavirus vaccines will need to consider their rotavirus
disease burden in relation to the incidence of IS and the ability
to diagnosis and treat it, it seems likely that the benefits of these
vaccines will outweigh the risks in other settings.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
provided by the author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.
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a  b  s  t  r  a  c  t

Background:  In  2010,  use  of  seasonal  trivalent  influenza  vaccine  (TIV)  in  children  <5  years  of  age  was
suspended  in  Australia  following  reports  of  vaccine-related  febrile  convulsions.  We  investigated  the
utility  of data  on  primary  care  [general  practice  (GP)]  consultations  for any  reason  within  three  days  of
receipt  of  influenza  vaccine  as  recorded  on  the  Australian  Childhood  Immunisation  Register  (ACIR)  as  a
means  of signal  detection.
Methods: Data  on  GP  consultations  were  obtained  from  Medicare  Australia  (Australian  Government
Department  of Human  Services)  for children  recorded  on the ACIR  as  receiving  either  TIV  or  monovalent
influenza  vaccine.  Rates  of GP  consultation  by  day  following  ACIR-recorded  receipt  of  influenza  vaccine
were  compared  by  year  (2008–2010),  vaccine  type,  age and  region.
Results:  In 2010,  GP  encounter  rates  on  the  day  after  receipt  of  the  TIV  manufactured  by  bioCSL  (formerly
CSL  Biotherapies  (Fluvax®) were  significantly  higher  than  both  bioCSL  TIVs in  the  previous  two  years  [rate
ratio  (RR)  1.9; 95%  CI:  1.7–2.2]  and  Sanofi  Pasteur  TIV,  Vaxigrip® [RR  1.6,  95%  CI  1.4–1.7]  in 2009–2010.

®
Encounter  rates  were  also  higher  than  for CSL  Monovalent  influenza  vaccine,  Panvax [RR  1.9,  95%  CI
1.7–2.2]  in  2009–2010.  These  findings  were  robust  to adjustment  for age  group  (≤2,  >2  years)  and  region
(Western  Australia  vs  other  Australian  states/territories).
Conclusions:  A  primary  care  consultation  on the  day  after  vaccine  receipt  is  a reasonable  proxy  for  early
reactogenicity  and  has  potential  for use  in various  settings.

© 2014  Elsevier  Ltd.  All  rights  reserved.
. Introduction

In Australia, there has been a number of changes in the use
nd availability of influenza vaccines in children under five years
f age in the last decade. In the Australian Immunisation Hand-
ook, 8th edition, 2003 [1] influenza vaccine was  recommended
or all children in this age group, due to high rates of hospitaliza-
ion [1–3]. However, it was not funded at a national or regional
evel prior to 2008. In 2008, the state of Western Australia (WA)

nitiated a free program of influenza vaccine for all children under
ve years following a number of influenza-related deaths identi-
ed in WA children in 2007 [4]. In July 2009, it was  announced that

∗ Corresponding author at: National Centre for Immunisation Research and
urveillance, Westmead, NSW, Australia. Tel.: +61 2 9845 1416; fax: +61 2 9845
418.

E-mail addresses: aditi.dey@health.nsw.gov.au, aditi dey@hotmail.com (A. Dey).

ttp://dx.doi.org/10.1016/j.vaccine.2014.02.044
264-410X/© 2014 Elsevier Ltd. All rights reserved.
seasonal influenza vaccine would be available free of charge under
the National Immunisation Program (NIP) from 2010 onwards for
all persons over the age of six months who  had one or more condi-
tions predisposing them to severe influenza [5]. From December
2009, pandemic H1N1 vaccine, Panvax® (monovalent influenza
vaccine of bioCSL, formerly CSL Biotherapies) was made available
free of charge to all Australian children six months and older [6,7],
having been available for individuals over the age of 10 years since
the end of September 2009 [8].

Influenza vaccination campaigns commenced in early March
2010. On 29 April 2010, the use of seasonal influenza vaccines in
children aged less than five years of age was  suspended nationally,
following reports of severe febrile illness and febrile convulsions
occurring within 24–48 h of administration of seasonal influenza

vaccine in Western Australian children, especially those less than
two years of age [9–12]. Following further investigations, the
seasonal trivalent influenza vaccine produced by only one manu-
facturer (bioCSL) was implicated [13]. Data were more limited from

dx.doi.org/10.1016/j.vaccine.2014.02.044
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
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egions other than WA  or for other influenza vaccines, including CSL
onovalent influenza vaccine. In particular, it was unclear to what

xtent stimulated reporting had enhanced the observed signal for
010 CSL seasonal trivalent influenza vaccine (TIV) in children.

All vaccines administered to children aged less than seven years
hould be reported to the Australian Childhood Immunisation Reg-
ster (ACIR) [14]. The ACIR constitutes a nearly complete population
egister, as approximately 99% of children are registered with Medi-
are Australia by 12 months of age [15]. Influenza vaccines are also
eported to ACIR though not routinely and are likely to be less com-
letely recorded compared to vaccines included on the NIP such
s those for pertussis or measles, mumps  and rubella. Australia’s
niversal health system provides GP and other services to all per-
anent residents. Each consultation is claimed and reported, linked

o the respective patients’ unique identifier (Medicare number).
owever, the reason of consultation is not reported. As GP consulta-

ions and ACIR data are both held by Medicare Australia, Australian
overnment Department of Human Services [14], these datasets
an be linked with by the Medicare number. We  aimed to deter-
ine how well early re-presentation to general practice for any

eason, following receipt of a vaccine, performed as a proxy mea-
ure of early-onset vaccine adverse events. We  used the 2010 CSL
anufactured TIV as a reference standard, to compare the results

btained from this method with those from other studies. Specifi-
ally, we aimed to compare rates of re-presentation following 2010
SL TIV with those of other influenza vaccines, including those
ade by CSL in previous years, and those made by another manu-

acturer. Our methods are similar to those used in a published study
f whole cell vs acellular pertussis vaccine early reactogenicity from
he United Kingdom, the only other study where GP consultation
ata have been used to compare reactogenicity in infants of two
ifferent vaccine types [16].

. Methods

GP encounters following ACIR-recorded receipt of an influenza
accine were obtained for children aged seven months to 60
onths from Medicare Australia. There was further breakdown of

he GP encounter data by region, recorded influenza vaccine type,
ge group at vaccination, month and year of vaccination. The data
ere provided as aggregated data in tabular form and extracted by
edicare Australia initially in May  2010. This initial dataset was

sed for preliminary analysis to inform the Australian Technical
dvisory Group on Immunisation (ATAGI) that provides advice to

he Minister for Health on the Immunise Australia Program and
ther related issues. A final complete dataset, including the whole
f 2010 calendar year, was requested from Medicare Australia in
011. This data was extracted by Medicare Australia in September
011. We  used this final dataset for analysis in this study.

For the analysis presented here, GP encounters were catego-
ized as follows: “Day 0” the day of vaccination; “Day 1” the day
ollowing vaccination, Day 2–3 the 2nd and 3rd day following vac-
ination. Pre-Day1 was the corresponding day before vaccination.
he following influenza vaccine types and years were investigated:
SL TIV 2008–2010; CSL Monovalent influenza vaccine, 2009–2010
nd Sanofi Pasteur TIV, 2009–2010.

.1. Data analysis

Rates of GP encounters per day per 1000 vaccine doses, with
5% confidence intervals were calculated for children aged seven

onths to 60 months by age group (≤2, >2 years), year, and

egion (Western Australia vs other states/territories). Unadjusted
nd adjusted incidence rate ratios with 95% confidence intervals
ere also determined using Poisson regression models. Adjusted
(2014) 2204–2208 2205

incidence rate ratios were estimated by controlling for age group
and region.

Incidence rate ratios were estimated for (1) CSL TIV, 2010 vs
CSL TIV, 2008–2009; (2) CSL Monovalent, 2009–2010 vs CSL TIV,
2010; (3) Sanofi Pasteur TIV, 2009–2010 vs CSL TIV, 2010; (4) CSL
TIV, 2008–2009 vs Sanofi Pasteur TIV, 2009–2010; (5) CSL TIV,
2008–2009 vs CSL Monovalent, 2009–2010; and (6) CSL Mono-
valent, 2009–2010 vs Sanofi Pasteur TIV, 2009–2010. Years were
combined for some comparisons, where appropriate, due to small
sample sizes.

Analyses were performed using STATA version 12 and Microsoft
Excel 2010.

3. Ethical review

The National Centre for Immunisation Research and Surveil-
lance (NCIRS), as part of its responsibilities under a funding
agreement with the Australian Government Department of Health
(DoH), takes a lead role in evaluating national immunization pro-
grams. As we  conducted our study using de-identified, aggregated
data in tabular form supplied by Medicare Australia for the pur-
poses of national program evaluation, specific ethics approval was
not required.

4. Results

When examining GP encounters by pre- and post-vaccination
periods, there were significant differences between CSL TIV, 2010
and the other vaccines only with respect to Day 1 encounters
(Fig. 1). Therefore, we  conducted the comparative analyses using
Day 1 GP encounters.

4.1. CSL TIV, 2010 vs CSL TIV, 2008–2009

In both WA and regions other than WA,  the GP encounter rate
per 1000 doses on Day 1 following CSL TIV vaccination in 2010 was
higher than in 2008–2009 (Table 1). This was the case for each age
group and all ages combined. Even though the GP encounter rate
on Day 1 following CSL TIV vaccination in WA was  lower than in
the other regions, the rate ratio (2010 vs 2008–2009) for all ages
combined for WA (RR 1.8; 95% CI 1.5–2.2) was almost identical to
that for other regions (RR 1.9; 95% CI 1.6–2.4). Hence overall, and for
each age group separately, the incidence rate ratios (CSL TIV 2010
vs 2008–2009) were significantly increased, with ages seven–24
months experiencing the greatest increase (Table 2).

4.2. CSL TIV, 2010 vs CSL Monovalent, 2009–2010

In both WA and regions other than WA,  the GP encounter rate
per 1000 doses on Day 1 following CSL TIV in 2010 was higher than
for CSL Monovalent influenza vaccine during 2009–2010 (Table 1).
Hence, the incidence rate ratios (CSL TIV in 2010 vs CSL Monova-
lent 2009–2010) by age group and overall were significantly raised
(Table 2).

4.3. CSL TIV, 2010 vs Sanofi Pasteur TIV, 2009–2010

The GP encounter rate per 1000 doses on Day 1 following CSL TIV
2010 vaccination was  significantly higher than that found for Sanofi

Pasteur TIV in 2009–2010 in both WA and in the other regions for
children aged between seven months to ≤60 months, (Table 1) and
this was  also reflected in significantly higher incidence rate ratios
for CSL TIV 2010 vs Sanofi Pasteur TIV 2009–2010 (Table 2).
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Fig. 1. GP encounters following influenza immunization in children aged 7 months to ≤60 months, Australia, 2008–2010.

Table 1
GP encounters on Day 1 following influenza vaccination by age, regions and vaccine types, Australia, 2008–2010.

Regions CSL TIV 2010 CSL TIV 2008–2009 CSL Monovalent 2009–2010 Sanofi Pasteur TIV 2009–2010

Vaccine
(number)

Ratea 95% CI Vaccine
(number)

Ratea 95% CI Vaccine
(number)

Ratea 95% CI Vaccine
(number)

Ratea 95% CI

Western Australia (WA)
7–24 mo 4218 17.3 13.6–21.8 22,387 7.1 6.1–8.3 1855 6.5 3.3–11.3 10,669 6.2 4.8–7.9
25  mo-60 mo  5984 9.2 6.9–12.0 28,358 6.8 5.8–7.8 2701 4.8 2.6–8.2 13,532 5.1 4.0–6.5
7  mo-60 mo 10,202 12.5 10.5–14.9 50,745 6.9 6.2–7.7 4556 5.5 3.6–8.1 24,201 5.6 4.7–6.6

Other  States & Territories
7–24 mo 2486 21.7 16.3–28.3 8808 10.3 8.3–12.7 31,647 9.4 8.3–10.5 1902 11.0 6.8–16.9
25  mo-60 mo  6316 16.5 13.5–20.0 19,022 8.8 7.5–10.2 57,997 7.3 6.6–8.0 4131 8.0 5.5–11.2
7  mo-60 mo  8802 18.0 15.3–21.0 27,830 9.3 8.2–10.5 89,644 8.0 7.4–8.6 6033 9.0 6.7–11.7

a Per day per 1000 vaccine doses.

Table 2
Incidence Rate Ratios (IRR) of GP encounters by vaccine type and age groups on Day 1 following influenza vaccination, Australia, 2008–2010.

Comparison IRR

Crude (95% CI) Adjusteda (95% CI)

CSL TIV 2010 vs CSL TIV
2008–2009

7–24 mo 2.35 (1.90–2.91)
25 mo-60 mo  1.71 (1.42–2.06)
All ages (7–60 mo)  1.93 (1.68–2.23) 1.88 (1.64–2.17)

CSL  TIV 2010 vs CSL
Monovalent
2009–2010

7–24 mo 2.06 (1.68–2.53)
25 mo-60 mo  1.80 (1.50–2.16)
All ages (7–60 mo)  1.91 (1.66–2.18) 2.29 (1.95–2.69)

CSL  TIV 2010 vs Sanofi
Pasteur TIV 2009–2010

7–24 mo 1.65 (1.44–1.90)
25–60 mo  1.50 (1.32–1.69)
All ages (7–60 mo)  1.55 (1.42–1.70) 1.48 (1.34–1.62)

CSL  TIV 2008–2009 vs
Sanofi Pasteur TIV
2009–2010

7–24 mo 1.08 (0.95–1.22)
25–60 mo  1.15 (1.03–1.28)
All ages (7–60 mo)  1.11 (1.03–1.21) 1.08 (1.00–1.18)

CSL  TIV 2008–2009 vs
CSL Monovalent
2009–2010

7–24 mo 0.88 (0.74–1.03)
25–60 mo  1.05 (0.92–1.21)
All ages (7–60 mo)  0.98 (0.88–1.09) 1.17 (1.03–1.34)

CSL  Monovalent
2009–2010 vs Sanofi
Pasteur TIV 2009–2010

7–24 mo 1.32 (1.05–1.69)
25–60 mo  1.24 (1.00–1.54)
All ages (7–60 mo)  1.26 (1.08–1.48) 0.92 (0.72–1.16)

a Adjusted by age group, state & territory (WA, other regions combined).
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.4. CSL TIV, 2008–2009 vs Sanofi Pasteur TIV, 2009–2010

The Day 1 GP consultation rate per 1000 doses on Day 1 for CSL
IV in 2008–2009 was slightly higher than for Sanofi Pasteur TIV in
009–2010 but after adjustment for age and region the difference
as not statistically significant (Table 2).

.5. CSL Monovalent, 2009–2010 vs CSL TIV, 2008–2009 and
anofi Pasteur TIV, 2009–2010

The Day 1 GP consultation rate per 1000 doses on Day 1 for
SL TIV 2008–2009 was significantly higher than for CSL Monova-

ent, 2009–2010, although the rate increase was significantly lower
han that for the comparison of CSL TIV 2010 with CSL Monovalent,
009–2010 (Table 2). There was no significant difference in the rate
f consultations for CSL Monovalent, 2009–2010 and Sanofi Pasteur
IV, 2009–2010 (Table 2).

. Discussion

Using the linked general practice encounters and ACIR data for
eceipt of an influenza vaccine, obtained from Medicare Australia,
e found a significant increase in general practice encounters on

he day following vaccination with CSL TIV in 2010 compared to
revious CSL influenza vaccines and other influenza vaccines. This
as a timely and sensitive method for detecting an increase in

dverse events following immunization using a national linked
ataset. This increase was observed in WA and in other regions
espite rates being lower in WA,  and remained when adjusted for
otential confounders. Our findings are consistent with those from
ther Australian studies on adverse events following immuniza-
ion with CSL TIV in 2010 [9,11,17–21] and lends some confidence
o the ancillary findings of a lack of such a signal with a seasonal
nfluenza vaccine from other manufacturers or CSL TIV in previous
ears. Specifically, our study findings are similar to a study that
ound a significantly higher parental report of visiting a general
ractitioner within 48 h after administration of the CSL TIV in 2010
ompared with the CSL Monovalent influenza vaccine (RR, 3.0; 95%
I, 1.3–6.8; P < 0.01) and TIV from another manufacturer (RR, 8.2;
5% CI, 1.9–35.4; P = 0.001) [21].

General practice encounters to assess reactogenicity of vaccines
ave been used in overseas studies as well [16,22,23]. Particularly,

n the United Kingdom, general practitioner consultation data were
sed to compare the reactogenicity in infants of an acellular per-
ussis vaccine to the whole cell-pertussis vaccine and found that
he relative incidence of specified adverse events following immu-
ization was significantly above one on the day of vaccination [16].
hat study used the General Practice Research Database (GPRD), a
rimary care database that holds data on consultations, referrals,
rescriptions and vaccinations for over 3 million active patients

n practices throughout the UK to compare the incidence of con-
ultations (using the self-controlled case series method) for events
ompatible with a vaccine reaction in children [16]. Our study used

 similar principle to the UK study even though the data sources
re quite different. For our study, we used a linked dataset since
here was no one database that had vaccination record and GP
ncounters similar to the UK’s GPRD. The other overseas studies
rom New Zealand have explored reactogenicity using convenience
amples of general practices that had received stocks of influenza
accines, and surveyed parents of children under five years of age
ho were vaccinated [22,23]. These studies found that compared
o other trivalent seasonal influenza vaccines (e.g. Sanofi Pasteur
IV), CSL TIV was associated with higher rates of febrile reactions
nd children were more likely to seek medical advice for fever from
eneral practitioners [22,23]. Both these New Zealand studies used
(2014) 2204–2208 2207

self-reported measures while our study was  based on actual gen-
eral practice encounters following receipt of an influenza vaccine,
which is a major strength of our study.

However, there are several potential limitations in our study
including the timeliness of the data and transfer of influenza vac-
cination data from general practice software systems to the ACIR
[24]. Another limitation is that sometimes the brand names are
not reported and the accuracy of those reported is unknown. We
were also unable to determine the reason for the GP encounter
and a vaccine-related encounter was  assumed given the proxim-
ity in time to vaccine administration. However, encounter rates
will include an unknown background rate of encounters for other
reasons. This background rate could vary seasonally with the preva-
lence of respiratory and other viral infections, although in this
linked dataset, all children who  were known to have received an
influenza vaccine were included in the study. Also, a severe but
rare acute adverse events may  not be detected unless it is associ-
ated with more common vaccine reactions. There also appears to be
geographic differences between GP encounter rates in WA and else-
where. This may  be due to a variability in GP encounter reporting
including differences in distribution of immunization providers
across regions, though general practitioners are the most common
providers at national level [25]. The proportion of non GP providers
varies from 76% in the Northern Territory, to less than 20% in NSW
and Queensland, with intermediate proportions in other regions
[25]. The majority of general practitioners (GPs) are private practi-
tioners, but most of their services are funded through Medicare, an
Australian Government program [26].

Despite the potential limitations, our method of evaluating reac-
togenicity following receipt of a vaccine has some unique strengths.
All Australian children who  were reported to the ACIR as having
received an influenza vaccine from a general practice setting during
the specified time period, have been included in this national link-
age study. Hence, a large and representative number of encounters
were available for analysis, giving good power to detect an effect
and allowing for an unbiased retrospective comparative analysis.

In conclusion, new vaccines and vaccination programs require
timely interventions and evaluation. Addition of new vaccine brand
names to practice management software and ACIR notification
forms in a timely manner, and educating providers about the
importance of, and correct way  to, notify influenza vaccination to
the ACIR would further improve the utility of this method. The
methodology reported here could be used for signal detection of
early-onset adverse events if the vaccine and general practice data
are readily accessible, and has the potential for use in various health
settings. Notably, the use of linked data from passive surveillance
systems such as general practice encounter data and ACIR provide
an enormous opportunity for not only monitoring uptake of vac-
cines but also for alerting to any early increase in reporting of
adverse events following immunization.
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Background:  China  is the  most  populous  country  in  the  world,  with  an annual  birth  cohort  of  approxi-
mately  16  million,  requiring  an  average  of  500  million  vaccine  doses  administered  annually.  In  China,
over  30  domestic  and  less  than  10 overseas  vaccine  manufacturers  supply  over  60  licensed  vaccine  prod-
ucts, representing  a  growing  vaccine  market  mainly  due  to recent  additions  to the  national  immunization
schedule,  but  data  on  post-marketing  surveillance  for adverse  events  following  immunization  (AEFI)  are
sparse.
Objectives:  To compare  reporting  rates  for various  categories  of  AEFI  from  China  with  other  routine  post-
marketing  surveillance  programs  internationally.
Methods:  Systematic  review  of  published  studies  reporting  rates  of  AEFI  by vaccine,  category  of  reaction
and  age  from  post-marketing  surveillance  systems  in  English  and  Chinese  languages.
Results:  Overall  AEFI  reporting  rates  (all  vaccines,  all  ages)  in  Chinese  studies  were consistent  with
those  from  similar  international  studies  elsewhere,  but  there  was  substantial  heterogeneity  in  regional
reporting  rates  in  China  (range  2.3–37.8/100,000  doses).  The  highest  AEFI  reporting  rates  were  for
diphtheria–tetanus–pertussis  whole-cell  (DTwP)  and  acellular  (DTaP)  vaccines  (range  3.3–181.1/100,000
doses  for  DTwP;  range  3.5–92.6/100,000  doses  for DTaP),  with  higher  median  rates  for  DTwP  than  DTaP,
and higher  than  expected  rates  for  DTaP  vaccine.  Similar  higher  rates  for  DTwP  and  DTaP  contain-

ing  vaccines,  and  relatively  lower  rates  for vaccines  against  hepatitis  B  virus,  poliovirus,  and  Japanese
encephalitis  virus  were  found  in  China  and  elsewhere  in the  world.
Conclusions:  Overall  AEFI  reporting  rates  in  China  were  consistent  with  similar  post-marketing  surveil-
lance  systems  in  other  countries.  Sources  of regional  heterogeneity  in  AEFI  reporting  rates,  and  their
relationships  to  differing  vaccine  manufacturers  versus  differing  surveillance  practices,  require  further
exploration.
Abbreviations: AEFI, adverse events following immunization; EPI, Expanded Prog
ization; China CDC, Chinese Center of Disease Control and Prevention; NIP, National
HE,  hypotonic–hyporesponsive episodes; FDA, Food Drug Administration of the USA
iphtheria–tetanus–pertussis whole-cell vaccine; DTaP, diphtheria–tetanus–pertussis ace
uerin vaccine; OPV, oral poliovirus vaccine; IPV, inactivated poliovirus vaccine; MV,  mea
nd  rubella virus vaccine; MR,  measles and rubella virus vaccine; HepB, hepatitis B virus
irus  containing vaccine; Hib, haemophilic influenza type b vaccine; JEV, Japanese enceph
al  serogroup A vaccine; MenBC, Meningococcal serogroup B and C vaccine; AU, Australi
etherland; OM,  Oman; SK, Slovakia; SZ, Switzerland; US, USA; NSW, New South Wales; 
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. Introduction

Vaccination programs in China started in the 1950s, initially
elivered through rolling mass campaigns. From 1978, the National
xpanded Program on Immunization (EPI) was initiated in China.
niversal childhood immunization coverage goals of 85% were
chieved at province level in 1988, county level in 1990 and town-
hip level in 1995 [1].  High vaccine coverage in China has led to
triking reductions in vaccine preventable diseases, most notably
oliomyelitis, measles and hepatitis B [1–5]. China has maintained
he status of no indigenous wild virus poliomyelitis epidemics
ince September 1994 [6],  reported measles incidence decreased to
.9/100,000 population by 2010 following the nationwide supple-
entary immunization activities in September 2010 [2]. National

erosurveys have documented that the prevalence of hepatitis B
urface antigen in children aged under five years decreased by 90%
n 2006 compared to 1992 [3].  By the end of 2007, the National
mmunization Program was  expanded to include vaccines targeting
epatitis A, Rubella, Mumps, Japanese encephalitis and Meningo-
occal meningitis [7].

China is the most populous country in the world, with an
nnual birth cohort of approximately 16 million, requiring an aver-
ge of 500 million vaccine doses annually [8].  This necessitates
oth a fully functioning immunization service delivery system at
illage and township level, and an independent local vaccine indus-
ry to achieve and maintain continuous growth and expansion of
he immunization program. There are over 60 vaccine products
icensed in Chinese market, and over 80% of these vaccines cur-
ently administered in the National Immunization Program are
ade domestically. There are 16,100 vaccination sites in urban

reas, and in rural areas there are 41,800 township vaccination sites
nd 186,400 village vaccination sites [8]. With the large number
f locally made vaccines administered each year, and increasing
ttention on vaccine safety from the public and the media, China
equires credible routine monitoring of adverse reactions and the
apacity to rapidly respond to any newly emerging vaccine safety
oncerns.

A consistent adverse events following immunization (AEFI)
urveillance system is needed for stable documentation of AEFI over
ime, and to provide a baseline for assessment of vaccine safety
ssues at the country and international level. Such systems have
een long established in a number of countries including UK, USA,
ustralia and Brazil [9].  In China, although formal guidelines for

he monitoring of vaccine safety issues from the China Ministry
f Health have been in place since 1980 [10], moves to develop a
ational AEFI passive surveillance system did not occur until 2005,

elsewhere. Reviews of the safety profile of specific vaccines [12–17]
are frequently seen in the literature, but reviews of passive post-
marketing surveillance systems are less common. We could identify
only one review [18] comparing post-marketing surveillance pro-
grams among various countries, which focused on description of
the characteristics and limitations of AEFI post-marketing surveil-
lance systems in Australia, Brazil, Canada, European countries and
USA. In this review, we identified all published reports of pas-
sive AEFI surveillance systems at the national and regional level
in English and Chinese language, with a special focus on informing
strategies to improve monitoring and reporting of AEFI in China.

2. Methods

A  systematic review of population-based post-marketing
surveillance studies was  conducted following PRISMA guidelines
[19] to identify all published reports on post-marketing surveil-
lance of adverse events internationally with the aim of comparing
their major characteristics and reporting rates with those from
China.

2.1. Literature search

Medline, Embase and CINAHL were searched using the
keyword terms “adverse event*” or “adverse effect*”, com-
bined with “vaccine*” or “immune*”, and with “surveillance or
post marketing stud*” or “population stud*”. Keyword searches
were also conducted for specific vaccine categories including
diphtheria–tetanus–pertussis (DTP), BCG (Bacillus Calmette-
Guerin), Oral Poliomyelitis Vaccine (OPV), measles-containing
vaccines (measles mumps, measles rubella, measles mumps rubella
or MM,  MR,  MMR), hepatitis B vaccines (HepB) and Meningococ-
cal vaccines. We  then combined with the terms “adverse event*”
or “adverse effect*”, and with “surveillance or post marketing
stud*” or “population stud*”. Chinese studies were also identi-
fied from the Chinese Academic Journal (CAJ) database of Chinese
National Knowledge Infrastructure (CNKI) from 2005 onwards
(the period after which national AEFI surveillance systems were
established) using the same search terms and strategy. CAJ is
the most comprehensive, full-text database of Chinese journals in
the world, which contains more than 7200 journals starting from
1915.

Diphtheria–tetanus–pertussis whole cell (DTwP) and acellu-
lar (DTaP) vaccines, Bacillus Calmette-Guerin (BCG), hepatitis B
virus vaccine (Hepb), oral poliovirus vaccine (OPV), inactivated
poliovirus vaccine (IPV), Measles virus containing vaccines (MCV),
hen a pilot system was implemented in 10 provinces; expanded in
009 to the whole country [11]. However, no studies have reviewed
egional and national average reporting rates of AEFI in China to
nable comparison with those of passive AEFI surveillance systems
Japanese encephalitis virus vaccine (JEV) and Meningococcal vac-
cines (Men) were included in the comparative analyses. These
vaccines were selected because they are already incorporated into
the national immunization schedule in China; or are vaccines



ine 31

r
t
D
p

2

w
d
i
n
i
o

s
t
i
p
o
r
o
C
c
e

r
b
t
d
o
s
e
v
d
n
a
p

2

e
p
t
e
c
d
e
n
a
i
d

2

e
i
l
s
s
9
a

B. Guo et al. / Vacc

ecently introduced or being considered for introduction to replace
raditional vaccines against the same diseases. Examples include
TaP replacing DTwP in the current National schedule and IPV
ossibly replacing OPV in the future.

.2. Inclusion and exclusion criteria

The definition of Adverse Events Following Immunization (AEFI)
as based on the 1999 WHO  definition, defined as “a medical inci-
ent that takes place after an immunization, causes concern, and

s believed to be caused by immunization” [20]. AEFI may  or may
ot have been caused by the vaccine. Other incidents relate to the

mmunization process, coincidental events or anxiety due to fear,
r pain associated with injection [20].

English language studies published from 1960 and Chinese
tudies published from 2005 (coinciding with the period when
he post-marketing surveillance system was established) were
ncluded. Studies were included if they were population-based
ost-marketing surveillance studies, and provided a reporting rate
r an incidence rate for total or serious adverse events following
eceipt of any of the included vaccines. Chinese language studies
n AEFI reporting rates in regions of China were identified from the
hinese Resource Knowledge Integrated Database (www.cnki.net),
overing most academic journals, dissertations, theses and confer-
nce papers in Chinese.

Studies were excluded if they did not contain an incidence or
eporting rate for adverse events following immunization able to
e compared across other studies; post-marketing surveillance sys-
ems which did not focus on vaccines, such as those for adverse
rug reactions or acute flaccid paralysis surveillance; studies based
n other data sources, such as clinical trials and hospital admis-
ion datasets or studies lacking records of vaccine registration. Also
xcluded were studies of program errors, where information about
accine reactions was not included; studies of vaccine preventable
iseases; letters to the editor; commentary or opinion pieces; and
on-population-based studies conducted in specific settings, such
s schools, hospitals and contexts other than general population
rograms.

.3. Data extraction

Dose-based reporting rates for AEFI for eligible vaccines were
xtracted. Other characteristics extracted from each study included
ublication year, country, region, settings, study design, popula-
ion size, surveillance type (passive/active), definition of adverse
vents (and serious adverse events) following immunization, vac-
ine type, number of events, number of administered or distributed
oses, age, gender and study period. Vaccine type was  classified as
ither single component (such as DTwP, DTaP) or multiple compo-
ent/combined (such as DTaP-IPV or DTaP-Hib). Number of events
nd number of doses were as reported by each study. Some stud-
es used administered doses and others distributed doses as the
enominator for calculating rates.

.4. Analysis

Dose-based reporting rates of total and/or serious adverse
vents were compared by vaccine type and age group across the

ncluded studies. Among studies in the same country with over-
apping study periods, the study covering the longest period was
elected for comparative analysis. This was the case for Australian
tudies, where bi-annual and annual rates were available [21–33].
5% confidence limits based on the Poisson distribution [34] were
lso calculated for each reported rate.
 (2013) 603– 617 605

3.  Results

The search identified 927 potentially relevant references after
removal of duplicates, of which 80 were selected from the titles
and abstracts. Secondary searching of reference lists yielded an
additional 94 references. The full texts of these 174 references
were assessed, of which 10 studies from China (published from
January 2005 to January 2012), and 23 studies from Europe and
seven other countries (published from January 2003 to January
2012) met  the inclusion criteria for the review (Fig. 1). The main
reasons for exclusion of studies are provided in Fig. 1. The defi-
nitions and interpretation of an AEFI varied across countries and
studies (Table 1). The major characteristics of the included studies
are shown in Table 2.

3.1. Vaccines administered in China

Vaccines administered for children in previous and current
National Immunization Schedule in China are shown in Table 3.
The previous schedule was  used during 1998–2007 and the cur-
rent schedule from December 2007 [7,35].  Over this period, the
childhood vaccines in the national schedule of China increased to
12 from the previous six, and for the first time were fully funded
by the central government and administered to all children free of
charge.

Most scheduled childhood vaccines are made domestically in
China by multiple manufacturers; however some of the sched-
uled vaccines such as HepA, DTaP, and MMR  licensed in Chinese
market include overseas made products, increasingly used since
2008. For example in 2009, the imported HepA and MMR  vaccine
doses purchased by Shanghai CDC accounted for approximately a
quarter of total HepA and MMR  doses. According to the included
Chinese studies, DTwP/DTaP vaccines during 2005–2006 in reports
from 10 provinces were derived from five manufacturers [36]
and HepB vaccine during 2005–2009 in 27 provinces from five
manufacturers [37]. Even in one province, the same category of
vaccine was  sourced from more than one manufacturer [38]. For
example, it was  reported in Shanghai in 2006 [38], that recom-
binant HepB (Recombinant Yeast, Hansen Yeast or CHO cell)
vaccines were derived from five manufacturers, DTaP vaccines
from three manufacturers, MV  from four manufacturers and MMR
from three manufacturers. Heterogeneous reporting rates of AEFI
for the same type of vaccine made by various manufacturers
licensed in China were seen in both national [36,37] and provin-
cial studies [38,39]. These were attributed by these studies to
differing manufacturing processes and technology used by differ-
ent manufacturers [36–39].  According to a recent study of Zhu
[40], there were two DTaP formulations made by five local com-
panies currently licensed in China which both contained pertussis
toxoid (PT) and filamentous hemagglutinin (FHA) only, differing
from the three-component formulation also containing pertactin
(PRN) made by the international manufacturer GlaxoSmithKline.
JEV vaccines licensed in the Chinese market include live (SA14-
14-2 or other strains approved) and inactivated vaccines (vero
cell, P3 or vero cell strains approved) [41], both manufactured
domestically.

The previous Chinese immunization schedule was similar to
that in Cuba and Oman. All three countries included BCG, HepB,
MMR/MV, DTwP or DTwP-containing vaccines in the schedule for
children aged under six or seven years. Another common vaccine
in China and Cuba was  DT. The differences between China and
these two other countries arise because Hib and pneumococcal vac-

cines have not been introduced in the national schedule in China
(although there is substantial coverage in private market in some
economically developed provinces) [41], and because of greater use
of single antigen live attenuated viral vaccines.

http://www.cnki.net/
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Records identified through database 
searching (n=1566)

Records screened after duplicates removed
(n=1021)

Records excluded (n=847):
Non human studies: n=6;
Non vaccine studies: n=360;
Clinical studies: n=49;
Studies on immunization policies and practices: n=41;
Studies on methods and guidelines: n=49;
Review, Viewpoints, Letters/ Commentaries: n=239;
Studies on other vaccine safety: n=103.

Full-text articles assessed for eligibility

(n=174)

Full-text articles excluded, with reasons (n=141): 
Studies not presenting reporting rates or incidences;
Studies presenting incomparable estimates;
Studies not focusing on post-marketing surveillance 
systems;
Studies for vaccines not required for the review; 
Studies not focusing on general population but on 
special settings (eg. School, hospital, etc);
Chinese studies not from national or province level.

Studies included for analysis (n=33 )

Additional records identified through other 
sources (n=94)
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Fig. 1. Flow chart of 

.2. Overall reporting rates

Overall reporting rates were calculated using the doses of all
dministered or distributed vaccines as the denominator. Such
ates were reported by studies from Australia [21,24,26,28–30,42],
hina [38,39,43–45], Cuba [46], Oman [47], Italy [48], Switzerland
49] and the USA [50]. Reporting rates for all vaccines among those
ged below seven years were reported by studies from Australia,
uba and Oman, and all age rates by studies from China and other
ountries (Fig. 2). Different rates for children aged less than one
ear, children aged less than seven years, children aged less than
7 years and all/unknown age group were reported by the included
tudies. Wider variations among studies from different countries
ere found for all/unknown age group, ranging from 2.75 to 23.00
er 100,000 doses reported by studies from other countries except
or China. Variations for Chinese studies were found between
ational and provincial studies, and among studies from various
rovinces (Fig. 2). In China, the differences in all age reporting rates
or any vaccine between a national study (1.5/100,000 doses) and
hree provincial studies (10.6–37.8/100,000 doses) were notably
arger than those between successive Australian national annual
eports (14.6–19.8/100,000 doses). When reporting rates between
rovinces were compared, the highest reported rate (37.8/100,000
oses) [38] was over 30 times greater than the lowest reported
ate (2.3/100,000 doses) [45]. Chinese studies did not provide age-
pecific reporting rates, although most studies did report the age
istribution of total AEFI, with 80–93% being among those aged less
han 7 years [38,51–53].
Studies that reported the overall rates for serious adverse events
SAE) (Fig. 3) were available from Australia [21,24,26,28–30,42],
hina [37,38,43,44],  Italy [48], Switzerland [49], Finland [54],

celand [54], Netherland [54] and Slovakia [54]. As expected, these
ed/excluded studies.

were much lower than the reporting rates for total adverse events
in the respective studies (Fig. 2). For serious adverse events, there
was also substantial variability in overall rates of all vaccines across
years, both internationally (<7 years: ranging from 0.9/100,000
doses [42] to 2.3/100,000 doses [21], all ages: 0–4.8/100,000 doses
[54]) and in the same study site in China (4.7–13.7/100,000 doses)
[38].

3.3. Vaccine specific reporting rates

The reporting rates for total and only serious adverse events of
vaccines containing BCG, HepB, DTwP/DTaP, Measles, Polio, HepA,
JEV and Men  are presented in Figs. 4 and 5, respectively. Stud-
ies from China, Cuba, Oman, Switzerland, Italy and Brazil reported
rates of BCG (Fig. 4A), and studies from Australia, Brazil, China, Cuba,
USA, Italy, Oman and Switzerland reported the rates of DTwP/DTaP
(Fig. 4B), and or HepB (Fig. 4C), Polio (Fig. 4D), Measles (Fig. 4E), JEV
and Men  (Fig. 4F) containing vaccines.

For BCG vaccine, all reported rates of AEFI from Chinese stud-
ies (0.34–38.3/100,000 doses) were lower than those reported by
one study in Italy (86/100,000 doses, 95% CI: 50.85–121.2/100,000
doses) [48] and another study in Brazil (83.3/100,000 doses,
95% CI: 55.30–111.30/100,000 doses) [55]. Most Chinese rates
(except for one province level study (38.3/100,000 doses, 95% CI:
28.1–48.4/100,000 doses) [43]) were similar to, or lower than, the
rates of AEFI of BCG for the studies of other countries (Fig. 4A).

DTwP vaccine (3.3–181.1/100,000 doses) had the highest
reporting rate for all/unknown ages in Chinese studies, followed

by DTaP vaccine (3.5–92.6/100,000 doses). The reporting rates of
AEFI of DTwP (273.1/100,000 doses) and DTwP containing vaccines
(185.6–398.6/100,000 doses) reported from Cuba were also higher
than those for other vaccines [46]. HepB and OPV  had the lowest
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Table 1
Definition of adverse events following immunization of the included studies.

AEFI definition SAE name SAE definition Case definitions applied

Australia
A medical event that is temporally associated

with immunization but not necessarily
causally associated with immunization. It may
be  related to the vaccine itself or to its
handling or administration. An AEFI can be
coincidentally associated with the timing of
immunization without necessarily being
caused by the vaccine or the immunization
process

Serious adverse
event

If there is a code of life-threatening severity
or  an outcome code indicating recovery
with sequelae, admission to hospital,
prolongation of hospitalisation or death

1. Medical Dictionary for Regulatory
Activities (MedDRA), which is an
international medical terminology
developed under the auspices of the
International Conference on
Harmonization of Technical Requirements
for Registration of Pharmaceuticals for
Human Use. Changed from World Health
Organization Adverse Reaction
Terminology, WHO-ART coding system.
2. Brighton Collaboration case definitions
were reported by used to classify
suspected anaphylaxis and
hypotonic–hyporesponsive episodes the
national annual study in 2005 [24] and
NSW study [42].
3. According to two national annual studies
[27,30],  the information recorded in
ADRAC database and criteria similar to
those used by WHO  and VAERS (USA).

Brazil
AEFIs  associated with DTwP-Hib were defined as

follows: HHEs; convulsions; encephalopathy;
purpura; hypersensitivity reaction within the
first 2 h after vaccination

Severe cases Any post-vaccination event resulting in
hospitalization or medical observation in a
primary health care clinic for more than 12
h; or vaccine-associated death

A confirmed case of AEFI associated with
DTwP-Hib was defined as that occurring in
any infant less than one year of age who,
within the first 72 h after having received
the DTwP-Hib (at any dose and at any
locale within Brazil), experienced one or
more adverse events (defined as systemic
manifestations or severe local
manifestations). Cases of encephalopathy
were classified as AEFIs if occurring within
7 days after vaccination

China
WHO  definition: a medical incident that takes

place after an immunization, which causes
concern and is believed to be caused by
immunization

Rare adverse
reaction

Adverse reactions occurring during the
process of or after a standard vaccination
with a qualified vaccine, which cause
damage on the tissues, organs and functions
of the vaccinated person when no parties
concerned have made any mistake.

Modified according to WHO  definitions

Cuba
PAHO  definition: clinical symptoms following

the administration of a vaccine that might be
related to it and that arouse concern in the
population

Severe adverse
event

Any event severe enough to cause death or
residual disability

WHO  case definitions
Brighton Collaboration definitions were
used for investigation and analysis of
anaphylaxis

Italy
WHO  definition Serious AEFI Defined by the onset of life-threatening

reactions, residual disability, neurological
symptoms, hospitalization or death

Coded using WHO  Adverse Reaction
Terminology

Oman
Any  adverse event that occurred after a

vaccination, which might be related to the
vaccine itself or to its handling or
administration

Serious adverse
event

When a patient died, experienced a
life-threatening illness or required
hospitalization or when the condition
resulted in permanent disability

WHO standard case definitions, 1997

Switzerland
Notified between 1988 and 2001 if: (a) it

occurred in reasonable temporal association,
(b) no other plausible cause explained the
events, and (c) it fulfilled one or more of the
following criteria: serious, previously
unknown to occur after immunization, or is
the  main cause for a physician visit

Serious adverse
event

Applied that proposed by WHO:  Any
untoward medical occurrence that results
in death, hospitalization or prolongation of
hospitalization, persistent or significant
disability/incapacity, or is life threatening

USA
All  spontaneous reports of adverse experiences

occurring within the United States, whether
serious, no serious, expected or unexpected,
and all serious and unexpected adverse
experiences occurring outside of the United
States or reported in scientific and medical
journals as case reports or as the result of
formal clinical trials

Serious adverse
event

Defined by the federal regulatory as those
involving death, life-threatening illness,
hospitalization or prolongation of
hospitalization, or permanent disability

Coded using FDA’s Coding Symbols for
Thesaurus of Adverse Reaction Terms
(COSTART)
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Table 2
Characteristics of the included studiesa on post marketing surveillance systems with reporting rates or incidence.

Author/year of publication/country Study period Region Selected vaccines for analysisb Total dosesc Age

BCG MCV  DTwP/DTaP
containing

HepB
Containing

OPV/IPV

Studies from China
Wu  et al., 2011, China [52] 2009 All country BCG MMR  DTaP

DTwP
HepB OPV Not reported All ages

Xu  et al., 2011, China [37] 2005–2009 27 provinces HepB Not reported All ages
Zhang  et al., 2010, China [39] 2008 Jiangsu

province
BCG MV DTwP

DTaP
HepB OPV 19,828,908 All ages

Zeng  et al., 2010, China [43] 2008 Hainan
province

BCG MV
MR

DTwP HepB OPV 2,951,790 All ages

Wu  et al., 2009, China [51] 2007–2008 29 provinces BCG MV  DTwP HepB OPV Not reported All ages
Zhang  et al., 2008, China [44] 2005–2007 Hebei province BCG MV DTaP

DTwP
HepB OPV 55,621,178 All ages

Tao  et al., 2008, China [38] 2006 Shanghai city BCG MMR
MV

DTwP
DTaP

HepB OPV 6,530,000 All ages

Liu  et al., 2008, China [36] 2005–2006 10 provinces DTwP
DTaP

Not reported All ages

Liu  et al., 2007, China [53] 2005–2006 16 provinces BCG MV  DTwP HepB OPV Not reported All ages
Guo  et al., 2007, China [45] 2005 10 provinces BCG MV DTwP

DTaP
HepB OPV Not reported All ages

Studies  from other countries
Galindo et al., 2012, Cuba [46] 1999–2008 14 provinces &

1  municipality
BCG MMR  DTwP

DTwP-Hib
DTwP-Hib-HepB

HepB OPV 45,237,532 <=16 years

Micheletti et al., 2011, Italy [48] 1993–2008 Vento BCG MMRV DTaP-HepB
Hexavalent

DTaP-HepB >20 millions All ages

Mahajan  et al., 2010, Australia [42] 2009, 2008 NSW MMR  DTaP-IPV
Hexavalent

Not reported All ages,
<7 years

Menzies  et al., 2009, Australia [21] 2008 All country Hexavalent
DTaP-IPV

3,846,187 (<7
years)

All ages,
<7 years

Lawrence  et al., 2008, Australia [28] 2007 All country MMR  DTaP-containing
DTaP-IPV
Hexavalent
Pentavalent

HepB-Hib 3,702,124
(<7 years)

All ages,
<7 years

Lawrence  et al., 2007, Australia [26] 2006 All country MMR  DTaP-containing
DTaP-IPV
Hexavalent
Pentavalent

HepB-Hib 3,523,914 (<7
years)

All ages,
<7 years

Lawrence  et al., 2006, Australia [29] 2006 All country MMR DTaP
DTaP-HepB

HepB-Hib Polio Not reported All ages,
<7 years

Lawrence  et al., 2005, Australia [24] 2004 All country MMR  DTaP
DTaP-HepB

HepB-Hib Polio 4,374,768 All ages,
<7 years

Lawrence  et al., 2004, Australia [30] 2002–2003 All country MMR  DTaP
DTaP-HepB

HepB-Hib Polio 4,842,917 All ages,
<7 years

Lawrence  et al., 2003, Australia [27] 2000–2002 All country MMR  DTaP
DTaP-HepB

HepB-Hib Polio Not reported All ages,
<7 years

Gold  et al., 2003, Australia [79] 1997–2000 South Australia DTwP
DTaP

166,380 18 months, 4–5
years

Awaidy  et al., 2010, Oman [47] 1996–2005 All country BCG MMR
MV

DTwP
Pentavalent

HepB 7,292,640 <6 years
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AEFI reporting rates (Fig. 4B) in both China and other countries.
There were more variations in AEFI reporting rates for DTwP (with
the highest rate 54.9 times higher than the lowest rate) and DTaP
(with the highest rate 26.5 times higher than the lowest rate), com-
pared to other vaccines in Chinese studies (Table 4).

The highest reporting rate for serious adverse events was for
BCG (61.0/100,000 doses) [48], followed by MMRV  (45.6/100,000
doses) [48], and DTwP-Hib (28.1/100,000 doses) [56]. Both Chi-
nese and other studies had higher SAE reporting rates for DTwP
containing vaccines than DTaP vaccines for the same surveillance
site (Fig. 5). Compared to other international studies, there was
more variation for the rates of serious adverse events following
BCG, DTwP and MenA vaccines than other vaccines in Chinese stud-
ies, although the variations reporting rates for DTwP vaccines were
greatest.

Table 4 shows a summary of Chinese studies with reported rates
of AEFI for DTwP, DTaP, MV,  BCG, HepB and OPV vaccine. Gener-
ally, the studies with higher reporting rates for DTwP and DTaP,
also reported higher rates for other vaccines such as MV  and HepB
vaccine. Compared to HepB and OPV vaccine, there was more vari-
ation in reported rates for DTwP and DTaP vaccines among Chinese
regional studies.

4. Discussion

This study is the first to systematically compare post-marketing
AEFI surveillance studies in China to those published internation-
ally from other population-based AEFI surveillance programs, AEFI
reporting rates from the Chinese studies were generally similar to
those from post-marketing surveillance systems in other countries,
with respect to patterns of both overall adverse events and serious
adverse events by vaccine type, but there was greater variation in
rates among Chinese regional studies, especially for DTwP and DTaP
vaccines. It is unclear from the available data to what extent vaccine
factors such as manufacturer and vaccine formulation contribute
versus surveillance system factors such as vaccines included in the
immunization program at different study sites, and definitions of
AEFI applied. Further study of these factors, which are not provided
in sufficient detail in identified studies, is needed to inform further
development of AEFI surveillance in China.

Compared to other international studies, the major characteris-
tics of Chinese studies included more single antigen vaccines and a
larger number of local manufacturers for each type of vaccine. Simi-
lar variations for the reported rates among multiple manufacturers
for H1N1 vaccine were attributed to the different manufacturing
techniques in a recent study on post-marketing surveillance in
China [11]. Other features of note were higher rates reported in
later years than earlier years after establishing the national AEFI
surveillance system; higher rates reported by province level stud-
ies than in national level studies; and higher rates of AEFI reported
by more economically developed than less developed provinces.

The variation between national and provincial studies and
among various provinces in China is likely to be predominantly
due to differing sensitivities for AEFI surveillance. National report-
ing rates are reduced by under-reporting from provinces, which
had recently joined the national surveillance system and had
relatively lower awareness. AEFI surveillance systems in some
provinces such as Beijing, Jiangsu, Shanghai and Guangdong
were established during the earlier period of 1985–2002 [53]
whereas national AEFI surveillance was  established in 2005 in 10
provinces and not expanded to all provinces until 2009. Although

the national surveillance system uses standardized definitions and
reporting criteria, reporting sensitivity of surveillance at province
level is likely to have remained variable [36,51,52].  The surveil-
lance system receives AEFI report for all vaccines, including both
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Table 3
National immunization schedule in China.a

Vaccineb 1998–2007 2008–current

Administered at Dosesc Administered at Doses Dose

BCG Birth 1 Birth 1 0.1 ml
HepB  Birth, 1 month, 6 months 3 Birth, 1 month, 6 months 3 Yeast: 5 �g/0.5 ml

CHO: 10 �g/1 ml,
20  �g/1 ml

OPV  2 months, 3 months, 4 months, 4 years 4 2 months, 3 months, 4 months, 4 years 4 1 pill
DTaP/DTwP 3 months, 4 months, 5 months 3 3 months, 4 months, 5 months, 18–24 months 4 0.5 ml
MV/MR  8 months, 7 years 8 months 1 0.5 ml
DT  7 years 1 6 years 1 0.5 ml
MMR/MM/MV – – 18–23 months 1 0.5 ml
Men-Ad – – 6–18 months 2 30 �g/0.5 ml
Men-A+C – – 3 years, 6 years 2 100 �g/0.5 ml
HepA-a – – 18 months 1 1 ml
JEV-ae – – 8 months, 2 years 2 0.5 ml
HepA-af – – 18 months 1 0.5 ml

a This table shows the previous national immunization schedule in China used during 1998–2007, and the current national immunization schedule beginning from
December 2007, with contents translated from documents of national immunization schedule issued by China Ministry of Health.

b Abbreviation for vaccines in this table: BCG = Bacillus Calmette-Guerin vaccine, DTaP = diphtheria–tetanus–pertussis (acellular) vaccine,
DTwP  = diphtheria–tetanus–pertussis (whole-cell) vaccine, HepA = hepatitis A virus vaccine, HepB = hepatitis B virus vaccine, MV = measles virus vaccine, MR = measles and
rubella  virus vaccine, MM = measles and mumps  virus vaccine, MMR  = measles, mumps  and rubella virus vaccine, OPV = oral poliovirus vaccine, JEV-a = attenuated Japanese
encephalitis virus live vaccine, JEV-i = inactivated Japanese encephalitis virus vaccine, Men-A = Meningococcal serogroup A vaccine, Men-A+C = Meningococcal serogroup A
and  C vaccine, DT = diphtheria–tetanus vaccine used for children, HepA-a = attenuated hepatitis A virus live vaccine, HepA-i = inactivated hepatitis A virus vaccine.

c Dose refers to the total dose number required to be administered for each vaccine.
d Two doses are administered during 6–18 months, with 3 months apart.
e Alternatively, if using JEV-i, the first 2 doses are administered at 8 months with 7–10 days apart, third dose at 2 years and forth dose at 6 years.
f Alternatively, if using HepA-i, the first dose is administered at 18 months and second dose at 24–29 months.
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Fig. 2. Studies with overall reporting rates of AEFI of all vaccines. The number of vaccines included in each study is different. The rates refer to the reporting rates of adverse
events  following immunization of all vaccines included in each study, with the total number of adverse events following immunization as the numerator and the total number of
doses  administered or distributed for the same age group as the denominator. * Stands for the studies from China. Country abbreviations: AU = Australia, CN = China, CU = Cuba,
IT  = Italy, OM = Oman, SZ = Switzerland, US = USA. State/province abbreviations: NSW = New South Wales, SH = Shanghai, V = Veneto, HB = Hebei, JS = Jiangsu, HN = Hainan.
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Fig. 3. Studies with overall reporting rates of serious adverse events of all vaccines. The definition of serious adverse events (SAE) varied by countries. SAE in Australia is
defined  as if there is a code of lifethreatening severity or an outcome code indicating recovery with sequelae, admission to hospital, prolongation of hospitalisation or death.
In  China it refers to adverse reactions occurring during the process of or after a standard vaccination with a qualified vaccine, which cause damage on the tissues, organs
and  functions of the vaccinated person when no parties concerned have made any mistake. In Italy it is defined as the onset of life-threatening reactions, residual disability,
neurological symptoms, hospitalization or death. No definition was  provided in the included Swiss study. The number of vaccines included in each study is different. The
rates  refer to the reporting rates of serious adverse events following immunization of all vaccines included in each study, with the total number of serious adverse events
following immunization as the numerator and the total number of doses administered or distributed for the same age group as the denominator. The study by Zanoni et al.
was  a survey for vaccine adverse event monitoring systems in 26 Europeans countries; the reported SAE rates presented here from four countries were the only rates that
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ategory A vaccines (recommended by national immunization
chedule) and category B vaccines (in use only in the private
arket, such as influenza, varicella and rabies vaccines). However,
EFI rates of category B vaccines were not included in this review

or comparative analyses, as the number of doses was  not available
or rate calculations in most studies. According to one province
evel study, AEFI reporting rates for category A and category B
accines in 2006 were 35.0/100,000 doses (1552/4,430,000) and
1.5/100,000 doses (1002/3,260,000), respectively [38]. The rate
f serious reactions associated with varicella vaccine, influenza
accine, and rabies vaccine were 2.9/100,000 doses, 0.6/100,000
oses, and 2.6/100,000 doses [38].

There are a number of methodological considerations in inter-
reting findings from this study. Firstly, comparisons of AEFI rates
re based on different definitions of AEFI in different contexts.

hina, Australia, Cuba, Italy, Oman and USA all use a broader
efinition of AEFI, which is similar to the WHO  definition, while

apan and Switzerland use a more narrow definition. Variations in
he definition of AEFI and SAE limited the ability to make direct
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comparisons between studies, in particular those definitions that
exclude events which are neither serious nor previously known.
The effect of broader definitions increased the reporting rates
compared to more narrow definitions, evidenced by common reac-
tions contributing to a much higher reporting rate of total AEFI in
Shanghai than other provinces in China. The broader definition of
AEFI has been in place in Shanghai since its independent devel-
opment of AEFI surveillance, several years prior to the national
system. A further comparison for AEFI reporting trends, apart from
the direct comparison for reporting rates, would probably add
more value for comparing the AEFI surveillance between different
studies.

Differences in the definition of serious adverse events (SAE)
were also evident as shown in Table 1, although as expected
there was  more consistency across countries than for AEFI. Most

countries defined events associated with “life-threatening” illness,
“hospitalization”, “death”, “sequelae” or “permanent disability” as
SAE, allowing more reliable comparisons. However, some events
classified as serious by Chinese studies such as allergic rash and
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Fig. 4. (A) Studies with reporting rates of AEFI associated with BCG. This figure shows the reporting rates of AEFI associated with BCG (Bacillus Calmette-Guerin) vaccine. The
rates  were calculated with the total number of adverse events following immunization of BCG as the numerator and the total number of doses administered or distributed
for  the same vaccine and age group as the denominator. Country abbreviations: BR = Brazil, CN = China, CU = Cuba, OM = Oman, IT = Italy, SZ = Switzerland. State/province
abbreviations: JS = Jiangsu, HN = Hainan, V = Veneto, J = Juiz de Fora. (B) Studies with reporting rates of AEFI associated with DTwP/DTaP containing vaccines. Abbreviation
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terile abscess were so classified by most other international stud-
es.

Additionally, variations in surveillance methods of differ-
nt post-marketing surveillance programs also limited direct
omparison across studies. Different strategies such as inter-
et based self-reporting methods, active surveillance methods to
omplement passive surveillance methods, linkage with hospital
atabases and vaccine registry databases and other new technolo-
ies can improve the accuracy of AEFI surveillance [18].

A higher reporting rate is not necessarily indicative of a more
ensitive AEFI surveillance system, and may  depend on a series of
actors, such as the scope of surveillance, the target population
o be immunized and the coverage achieved by the immuniza-
ion program. These factors affect the accuracy of the reporting
ates, both in terms of the numerator for events, and doses in
he denominator. AEFI estimates based on distributed doses are
ikely to underestimate AEFI rates, because doses administered are
ikely to be less than those distributed. Differential reporting of age-
pecific or sex-specific rates is also likely and our review grouped
emographic strata into similar broad age-groups. However, most
hinese studies did not provide information on specific age groups.
ata enabling subgroup analyses stratified by vaccine type, manu-

acturer, specific categories of serious reaction, locality, age group
nd dose number are a needed enhancement for post-marketing
urveillance in China.

A further consideration is that vaccines used by different
ountries are produced by different manufacturers using dif-
erent technologies, which may  influence the rates of adverse
vents associated with those vaccines. For example IPV is thought
o be safer than OPV if being used after elimination of the
ild poliovirus [57], as is its ability to prevent poliovirus out-

reaks and maintain herd protection while avoiding the risks
f vaccine associated paralytic poliomyelitis and vaccine-derived
olioviruses because of continuous use of OPV [58,59].  DTaP
as been demonstrated to be safer than DTwP, as it contains
he purified or recombinant B. pertussis antigens which help

o reduce the adverse reactions caused by DTwP [60,61]. Com-
ined and polyvalent vaccines are regarded safer as they help
o reduce the number of required injections, and increase accep-
ance of vaccination [62]. However, compared to other countries

or vaccines: DTaP = diphtheria–tetanus–pertussis (acellular) vaccine, DTwP = diphtheria–
accine, pentavalent = DTaP-IPV-HepB combined vaccine. The rates refer to the reporti
ncluded in each study, with the total number of adverse events following immunization
istributed for the same vaccines of all ages as the denominator. Studies without mark for
bbreviations: AU = Australia, BR = Brazil, CN = China, CU = Cuba, IT = Italy, OM = Oman, S

 = Veneto, J = Juiz de For a, NSW = New South Wales, SH = Shanghai. (C) Studies with re
accines: HepA = hepatitis A virus vaccine, HepB = hepatitis B virus vaccine. The rates r
elected vaccines included in each study, with the total number of adverse events follo
oses  administered or distributed for the same vaccine of all ages as the denominator. S
tudy  from China. Country abbreviations: AU = Australia, BR = Brazil, CN = China, CU = Cuba
N  = Hainan, V = Veneto, J = Juiz de Fora. (D) Studies with reporting rates of AEFI associat
accine, IPV = inactivated poliovirus vaccine. The rates refer to the reporting rates of adv
tudy,  with the total number of adverse events following immunization for each vaccine a
ame  vaccine of all ages as the denominator. Studies without mark for ages are either fo
U  = Australia, BR = Brazil, CN = China, CU = Cuba, US = USA. State/province abbreviations: J
f  AEFI associated with Measles containing vaccines. Abbreviation for vaccines: MV = mea
ubella virus vaccine, MMRV = measles mumps  rubella varicella virus vaccine. The rates
elected vaccines included in each study, with the total number of adverse events followi
dministered or distributed for the same vaccine of all ages as the denominator. Studies w
hina.  Country abbreviations: AU = Australia, BR = Brazil, CN = China, CU = Cuba, IT = Italy,
N  = Hainan, V = Veneto, J = Juiz de For a, NSW = New South Wales. (F) Studies with rep
bbreviation for vaccines: JEV = Japanese encephalitis virus vaccine, Men  = Meningococ
erogroup B and C vaccine, MenC = Meningococcal serogroup C vaccine. JEV reported by C
y  the US study was  inactivated vaccine. Men  containing vaccine reported by Chinese st
y  the US study was polysaccharide vaccine. The rates refer to the reporting rates of adv
tudy,  with the total number of adverse events following immunization for each vaccine a
ame  vaccine of all ages as the denominator. Studies without mark for ages are either fo
U  = Australia, CN = China, CU = Cuba, US = USA. State/province abbreviations: JS = Jiangsu,
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in  our study, China still uses OPV instead of IPV, only recently
replaced DTwP with DTaP in 2008, and extensively uses single
component instead of multiple component vaccines (Table 3). Only
one of the included Chinese studies [38] reported AEFI rates of
vaccines stratified by manufacturer. The rates of vaccine reac-
tions for DTaP from three manufacturers were 48.4/100,000 doses,
82.0/100,000 doses, and 119.9/100,000 doses, respectively. The
same study also found differences in the rates of reactions for JEV
vaccines. For example inactivated JEV vaccine (43.3/100,000 doses)
had 1.3 times higher rates of all vaccine reactions than live JEV vac-
cine (18.7/100,000 doses) and this also related to serious reactions,
which were twice as high for inactivated than live JEV vaccine [38].
A final methodological consideration relates to publication bias.
Publication bias is a form of selection bias and where studies with
null or negative findings are less likely to be published than studies
that report positive findings that are more consistent with previ-
ously published literature. A particular strength of the inclusion
criteria for this study, however, relates to the fact that all Chinese
language databases and NIP reports were considered or reviewed.
Some studies published in English that did not report compara-
ble reporting rates were not included, and may  have included a
range of detailed information other than the reporting rates for
post-marketing studies. For example, a range of comprehensive
AEFI post-marketing reports from the Netherlands used the num-
ber of infants vaccinated, instead of the number of doses given to
infants as the denominator for estimating reporting rates, but were
not directly comparable with studies included [63–77].

This study has shown that a key performance indicator of immu-
nization programs, namely AEFI reporting rate, is similar in China
to other countries, but with substantial regional variation within
China and higher AEFI rates for DTaP and DTwP. Further studies of
the safety of key vaccines (such as DTaP and DTwP) with higher
reporting rates, stratified by product in different manufacturers,
specific age groups and major specific serious clinical reactions are
needed to better compare the national surveillance systems in dif-
ferent countries, detect the risk factors of higher rates, and to inform

immunization policy. These improvements could include devising
more consistent definitions, improving monitoring mechanisms,
improving data collection, and developing program capacity to
interpret surveillance metrics and post-marketing studies of safety.

tetanus–pertussis (whole cell) vaccine, hexavalent = DTaP-IPV-HepB-Hib combined
ng rates of adverse events following immunization of each of selected vaccines

 for each vaccine as the numerator and the total number of doses administered or
 ages are either for all ages or unknown ages. * Stands for study from China. Country
Z = Switzerland, US = USA. State/province abbreviations: HN = Hainan, JS = Jiangsu,
porting rates of AEFI associated with HepB containing vaccines. Abbreviation for
efer to the reporting rates of adverse events following immunization of each of
wing immunization for each vaccine as the numerator and the total number of

tudies without mark for ages are either for all ages or unknown ages. * Stands for
, OM = Oman, SZ = Switzerland, US = USA. State/province abbreviations: JS = Jiangsu,
ed with Polio containing vaccines. Abbreviation for vaccines: OPV = oral poliovirus
erse events following immunization of each of selected vaccines included in each
s the numerator and the total number of doses administered or distributed for the
r all ages or unknown ages. * Stands for study from China. Country abbreviations:
S = Jiangsu, HN = Hainan, V = Veneto, J = Juiz de Fora. (E) Studies with reporting rates
sles virus vaccine, MR = measles and rubella virus vaccine, MMR  = measles mumps

 refer to the reporting rates of adverse events following immunization of each of
ng immunization for each vaccine as the numerator and the total number of doses
ithout mark for ages are either for all ages or unknown ages. * Stands for study from

 OM = Oman, SZ = Switzerland, US = USA. State/province abbreviations: JS = Jiangsu,
orting rates of AEFI associated with JEV and Meningococcal containing vaccines.
cal vaccine, MenA = Meningococcal serogroup A vaccine, MenBC = Meningococcal
hinese studies included both attenuated live and inactivated vaccine. JEV reported
udies included both polysaccharide and conjugate vaccine. Men  vaccine reported
erse events following immunization of each of selected vaccines included in each
s the numerator and the total number of doses administered or distributed for the
r all ages or unknown ages. * Stands for study from China. Country abbreviations:

 HN = Hainan, V = Veneto, J = Juiz de Fora.
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Fig. 5. Studies with reporting rates of serious adverse events by vaccines. This figure shows the reporting rates of serious adverse events for BCG = Bacillus Calmette-Guerin
vaccine, DTaP = diphtheria–tetanus–pertussis (acellular) vaccine, DTwP = diphtheria–tetanus–pertussis (whole-cell) vaccine, HepA = hepatitis A virus vaccine, HepB = hepatitis
B  virus vaccine, MV  = measles virus vaccine, MR = measles and rubella virus vaccine, MMR  = measles, mumps  and rubella virus vaccine, MMRV  = measles mumps, rubella and
varicella virus vaccine, OPV = oral poliovirus vaccine, IPV = inactivated poliovirus vaccine, hexavalent = DTaP-IPV-HepB-Hib combined vaccine, JEV = Japanese encephalitis virus
vaccine, Men-A = Meningococcal serogroup A vaccine, Men-A+C = Meningococcal serogroup A and C vaccine. JEV reported by Chinese studies included both attenuated live and
inactivated vaccine. JEV reported by the US study was inactivated vaccine. Men  containing vaccine reported by Chinese studies included both polysaccharide and conjugate
vaccine. Men  vaccine reported by the US study was  polysaccharide vaccine. The rates refer to the reporting rates, calculated with the total number of serious adverse events
following immunization for each vaccine as the numerator and the total number of doses administered or distributed for the same vaccine and age group as the denominator.
Studies  without mark for ages are either for all ages or unknown ages. * Stands for study from China. Country abbreviations: AU = Australia, BR = Brazil, CN = China, CU = Cuba,
IT  = Italy, SZ = Switzerland, US = USA. State/province abbreviations: HB = Hebei, SH = Shanghai, JS = Jiangsu, HN = Hainan, NSW = New South Wales, V = Veneto.
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Table 4
A  summary table of reported rates of AEFI for selected vaccinesa in China.

Author Study period Region AEFI rateb (95%CIc) (per 100,000 doses) Ratiod

DTwP
Liu et al. [53] 2005–2006 16 provinces 3.3 (3.1, 3.6) 1.0
Guo  et al. [45] 2005 10 provinces 3.7 (3.3, 4.0) 1.1
Zeng  et al. [43] 2008 Hainan province 27.0 (22.6, 31.4) 8.2
Wu  et al. [51] 2007–2008 29 provinces 32.3 (31.8, 32.8) 9.8
Zhang et al. [39] 2008 Jiangsu province 126.1 (118.2, 134.0) 38.2
Tao  et al. [38] 2006 Shanghai city 181.1 (171.8, 190.7) 54.9
Mediane 29.7 (27.2, 32.1)

DTaP
Liu  et al. [53] 2005–2006 16 provinces 3.5 (3.2, 3.8) 1.0
Guo  et al. [45] 2005 10 provinces 3.5 (2.9, 4.1) 1.0
Zhang et al. [39] 2008 Jiangsu province 82.0 (78.6, 85.4) 23.4
Tao  et al. [38] 2006 Shanghai city 92.6 (83.9, 101.9) 26.5
Median 42.8 (40.9, 44.8)

MV
Liu et al. [53] 2005–2006 16 provinces 1.6 (1.4, 1.8) 1.0
Guo  et al. [45] 2005 10 provinces 0.8 (0.6, 1.0) 0.5
Zeng  et al. [43] 2008 Hainan province 5.5 (2.6, 8.3) 3.4
Wu  et al. [51] 2007–2008 29 provinces 6.5 (6.2, 6.8) 4.1
Zhang et al. [39] 2008 Jiangsu province 25.8(22.4, 29.3) 16.1
Median 5.5 (2.6, 6.8)

BCG
Guo  et al. [45] 2005 10 provinces 1.9 (1.5, 2.3) 1.0
Liu  et al. [53] 2005–2006 16 provinces 3.3 (3.0, 3.7) 1.8
Wu  et al. [51] 2007–2008 29 provinces 5.7 (5.3, 6.1) 3.0
Zhang et al. [39] 2008 Jiangsu province 7.2 (5.4, 9.0) 3.9
Zeng  et al. [43] 2008 Hainan province 38.3 (28.1, 48.4) 20.5
Median 5.7 (5.3, 6.1)

HepB
Liu  et al. [53] 2005–2006 16 provinces 0.8 (0.7, 0.9) 1.0
Guo  et al. [45] 2005 10 provinces 0.7 (0.5, 0.8) 0.9
Xu  et al. 2005–2009 27 provinces 1.6 (1.5, 1.7) 2.0
Zeng  et al. [43] 2008 Hainan province 3.3 (1.6, 5.0) 3.0
Wu  et al. [51] 2007–2008 29 provinces 2.4 (2.2, 2.6) 4.1
Zhang et al. [39] 2008 Jiangsu province 6.0 (5.1, 7.0) 7.5
Median 2.0 (1.6, 2.1)

OPV
Guo  et al. [45] 2005 10 provinces 0.2 (0.1, 0.2) 1.0
Zeng  et al. [43] 2008 Hainan province 0.3 (0.1, 0.8) 1.8
Liu  et al. [53] 2005–2006 16 provinces 0.4 (0.3, 0.5) 2.5
Wu  et al. [51] 2007–2008 29 provinces 0.8 (0.7, 0.9) 5.0
Zhang et al. [39] 2008 Jiangsu province 2.3 (1.8, 2.9) 14.6
Median 0.4  (0.3, 0.8)

a This table presented Chinese studies with reporting rates of AEFI for DTwP, DTaP, MV,  BCG, HepB, and OPV vaccines where available, sorted by the rates from the
lowest  to the highest, with the study reporting the lowest rate as the baseline rate for comparison with the higher rates of other studies. Vaccine abbreviations: BCG = Bacillus
Calmette-Guerin vaccine, DTaP = diphtheria–tetanus–pertussis (acellular) vaccine, DTwP = diphtheria–tetanus–pertussis (whole-cell) vaccine, HepB = hepatitis B virus vaccine,
MV  = measles virus vaccine, OPV = oral poliovirus vaccine.

b AEFI rate was  calculated using the total number of AEFI as the numerator and the total number of administered doses as the denominator.
c 95% CI refers to 95% confidence interval calculated for each reporting rate based on the Poisson distribution.
d A ratio of each reporting rate for each vaccine against the baseline rate was calculated to show the difference among the Chinese studies.
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e Median was calculated for all studies that reported reporting rates of AEFI for e

iven current disparities between provinces in terms of economic
nd health system capacities, established sentinel provinces with
etter sensitivity and less under-reporting are likely to provide
ore plausible assessments of AEFI rates and vaccine safety in

hina. Improvements in capacity and definitions will ensure greater
omparability of AEFI rates within China, and with other interna-
ional studies, and better linking of AEFI reports with the WHO
nternational database. China has recently joined the WHO-led
lobal network for AEFI surveillance, with a recent aim as stim-
lating the AEFI reporting to a central database located at the
HO Collaborating Centre for international drug monitoring in
weden [78]. This review and further studies with detailed analyses
f stratified AEFI reports are helpful for detecting the disparity of
EFI reporting in China and other countries, and provides potential
eans to reduce the disparity between these countries.
ccine.
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bstract

We compared the results of two national serosurveys in Australia to evaluate the impact of universal infant vaccination and school-based
rograms for adolescents. Immunity improved significantly overall, especially in 1-year-olds (40.0% versus 86%; p < 0.0001); in adolescents
t was significantly higher in regions with established school-based programs (56.6% versus 38.8%; p = 0.0008). 6.1% of 1–59-year-olds were

ositive for HBcAb and 0.7% for HBsAg. We have demonstrated successful implementation of universal infant hepatitis B vaccination in
ustralia and that school-based programs for adolescents are effective. This experience should be applicable to low prevalence countries in
orthern Europe which have not implemented universal hepatitis B immunisation.

2007 Published by Elsevier Ltd.

eywords: Hepatitis B; Seroepidemiologic studies; Australia
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. Introduction

Vaccines against the hepatitis B virus (HBV) are safe,
ffective, long acting and cost-effective, even in countries
ith low endemicity such as Australia [1]. The optimal vacci-
ation strategy is a universal infant program because children
re most at risk of developing chronic infection (about 90%
f infected neonates become carriers) [2], and programs tar-
eting only neonates born to carrier mothers are known to
e difficult to implement, with low completion rates [3–5].
here are two reasons why targeted programs fail. First,
ot all carrier mothers are identified because screening is

ncomplete. For example, even a well implemented universal
creening program to detect carrier mothers in the Nether-
ands could only achieve 84% completeness [5], and a survey

∗ Corresponding author. Tel.: +61 2 9385 0900; fax: +61 2 9385 0920.
E-mail address: hgidding@nchecr.unsw.edu.au (H.F. Gidding).

b
f
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264-410X/$ – see front matter © 2007 Published by Elsevier Ltd.
oi:10.1016/j.vaccine.2007.07.046
n the United Kingdom in 1997 found that only 24% of births
ccurred in units where there was universal screening [4].
econd, not all babies born to mothers identified as carriers
eceive vaccination. In the Netherlands study, only 85% of the
ligible babies identified were provided with prophylaxis [5],
hile in one Australian study only 57% of infants born to car-

ier mothers were documented as being fully vaccinated [3].
ence, universal infant vaccination is the only effective way

o prevent HBV infection in all ages and eventually eliminate
he disease, in line with World Health Organization (WHO)
ecommendations since 1992 [6].

In Australia, HBV vaccine was first approved for use in
abies born to HBsAg positive mothers in 1985. A nationally
unded universal infant vaccination program (a birth dose plus

hree additional doses at 2, 4 and 6 months or at 2, 4 and 12

onths (depending on the state of residence) was introduced
n 2000, with continued maternal screening so that infants
orn to mothers with chronic HBV can be given hepatitis B

mailto:hgidding@nchecr.unsw.edu.au
dx.doi.org/10.1016/j.vaccine.2007.07.046
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mmunoglobulin as well as the vaccine [7]. Prior to 2000, only
ne jurisdiction, the Northern Territory, had adopted univer-
al infant vaccination in 1990. Other jurisdictions employed
elective vaccination programs for at-risk infants (from 1988)
ith limited evidence of impact [3]. Adolescent vaccina-

ion was recommended in Australia in 1996 [7] and over
he following 3 years school-based programs were estab-
ished in some jurisdictions while the Northern Territory
mplemented a catch-up program for all school students in
998.

To provide current estimates of the burden of hepatitis B
nfection in Australia and measure the impact of the univer-
al infant and school-based adolescent hepatitis B vaccination
rograms, we conducted a second national serological survey
or hepatitis B in 2002, and compared the results with the first,
onducted in 1996–1999 [8]. To our knowledge, this is the
rst study to compare population-based estimates of immu-
ity to hepatitis B before and shortly after the implementation
f a universal infant vaccination program.

. Methods

.1. Population and study design

Methods of collection and testing for the 2002 serosurvey
ere comparable to those used in 1996–1999, except sera

ubmitted for the diagnosis of measles were not excluded
8]. In brief, the sera were remnants from samples that had
een submitted for diagnostic testing and would otherwise
ave been discarded. Sera from subjects who were immuno-
uppressed, had received multiple or recent (within 3 months)
lood transfusions, or were known to be infected with HIV
ere excluded. Sera were identified by a hospital-specific
edical Record Number (MRN), sex, age, state/territory of

rigin and a unique identifier, to ensure that only one sam-
le from any subject was tested. The sera were tested and
tored at the Centre for Infectious Diseases and Microbi-
logy (CIDM), Institute of Clinical Pathology and Medical
esearch (ICPMR), Westmead, Australia. Ethical approval

or the study was obtained from the Human Research
thics Committee of the Western Sydney Area Health
ervice.

For the analysis of hepatitis B surface antibody (HBsAb),
erum samples were stratified into the following age groups:
–2, 3–5, 6–11, 12–17, 18–24, 25–29, 30–39, 40–49, and
0–59 years. In all age groups except 1–2 and 12–17 years,
he sample size was calculated to achieve a point estimate
f seroprevalence with 95% confidence intervals of approxi-
ately ±5%, based on the expected level of seroprevalence.
or 1–2-year-olds, the sample size was calculated to detect
20% difference in seroprevalence between the first and
econd serosurveys with 80% power and 95% confidence.
or 12–17-year-olds, the age group was further divided into
state groups’ depending on whether the region had started
school-based immunisation program for 12–13-year-olds

p
v
T
v
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efore 1998 (Australian Capital Territory, South Australia,
asmania and Victoria) or only after 2002 (Queensland, New
outh Wales and Western Australia). The Northern Terri-

ory was excluded from this analysis as their history of HBV
mmunisation programs is unique and the sample size for the
orthern Territory did not permit individual analysis. The

ample size for each state group was calculated to detect a
0% difference in seroprevalence between groups with 80%
ower and 95% confidence.

For the analysis of hepatitis B core antibody (HBcAb)
nd hepatitis B surface antigen (HBsAg), the following age
roups were used: 1–9, 10–19, 20–29, 30–39, 40–49, and
0–59 years. Sample sizes for HBcAb were calculated to
chieve a point estimate of seroprevalence with 95% confi-
ence intervals of approximately ±3% for age groups under
0 years or ±5% for age groups over 30 years, based on the
xpected level of seroprevalence.

For both HBsAb and HBcAb, regions were sampled to be
epresentative of the 2002 Australian population within each
ge group and equal numbers of males and females were
ested. Sera testing positive for HBcAb were then tested for
BsAg. Prevalence of HBsAg (predominantly representing

ases of chronic hepatitis B) was calculated as the number of
era positive for HBsAg divided by the number of sera tested
or HBcAb.

.2. Assays

All three HBV markers were tested using enzyme-linked
mmunosorbent assays (ELISAs), which were performed and
nterpreted according to the manufacturer’s instructions. A
wo-stage sandwich ELISA, MONOLISA® ANTI-HBS 3.0
BIO-RAD. Marnes la Coquette, France) was used to mea-
ure HBsAb and an indirect ELISA, MONOLISA® anti-HBc
LUS (BIO-RAD) was used to measure HBcAb. Samples
ositive for HBcAb were tested for HBsAg, if sufficient sera
llowed, using the HBsAg ELISA, MONOLISA® Ag HBs
eme generation (BIO-RAD) which employs a sandwich tech-
ique.

.3. Statistical analysis

The percentage of sera with positive results and 95% con-
dence intervals were calculated for each marker by sex
nd age group. Seroprevalence for 1–59-year-olds combined
as calculated by weighting the results for each age group

ccording to the distribution of 1–59-year-olds in the 2002
ustralian Bureau of Statistics (ABS) population estimate.
he chi-square test was used to compare unweighted propor-

ions seropositive by age group, and the z approximation to
he binomial distribution was used to compare weighted pro-

ortions seropositive by sex, state group, and serosurvey. P
alues less than 0.05 were considered statistically significant.
he analysis was performed using Microsoft Excel and SPSS
ersion 14.0.
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Table 1
Percent of sera positive for hepatitis B surface antibody, by age group and serosurvey

1996–1999 2002

Age group (years) N tested % pos (95% CIa) N tested % pos (95% CIa)

1–2 194 40.2 (33.2–47.5) 100 67.0 (56.9–76.1)b

3–5 269 35.3 (26.6–41.4) 351 29.1 (24.4–34.1)
6–11 590 22.5 (19.2–26.1) 280 21.8 (17.1–34.1)
12–17 582 28.5 (24.9–32.4) 380 45.5 (40.4–50.7)b

18–24 333 29.7 (24.9–35) 330 32.1 (27.1–37.5)
25–29 326 29.4 (24.6–34.7) 330 38.2 (32.9–43.7)b

30–39 330 29.1 (24.2–34.3) 330 33.3 (28.3–38.7)
40–49 330 27.9 (23.1–33.1) 330 30.3 (25.4–35.6)
50–59 331 25.7 (21.1–30.7) 331 22.1 (17.7–26.2)
Total 1–59c 3285 28.5 (27.0–30.1) 2762 32.3 (30.5–34.1)b
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a CI = confidence interval.
b Significant increase between the 1996–1999 and 2002 serosurveys. See
c Age adjusted to the 1998 (1996–1999 serosurvey) or 2002 (2002 serosu

. Results

.1. Surface antibody

In the 2002 serosurvey, HBsAb seroprevalence was high-
st in the age groups targeted by vaccination programs
1–2 and 12–17-year-olds; Table 1). Within the 1–2-year
ge group, 1-year-olds had a significantly higher seropreva-
ence than 2-year-olds (86.0% versus 48.0%, p < 0.0001).
eroprevalence was lowest in 6–11-year-olds and also
ecreased progressively with age from ages 25 to 29
ears.

Seroprevalence in adolescents (12–17 years) was signifi-
antly higher in jurisdictions with established school-based
rograms (combined) compared with those without such pro-
rams (56.6% versus 38.8%, p = 0.0008). For comparison,
here was no difference between these jurisdictions in other
ge groups (data not shown).

There was a small but statistically significant increase
n HBsAb seroprevalence for 1–59-year-olds between the

996–1999 and 2002 serosurveys (3.8%, p = 0.003; Table 1).
y age group, significant increases were demonstrated in
–2-year-olds (p < 0.0001), especially in 1-year-olds (40.0%
ersus 86%, p < 0.0001), 12–17-year-olds (p < 0.0001), and

H

p
4

able 2
ercent of sera positive for hepatitis B core antibody and surface antigen, by age gr

ge group (years) N tested % HBc

–9 249 2.4 (0.
0–19 100 0 (0–3.
0–29 209 8.1 (4.
0–39 150 7.3 (3.
0–49 151 9.9 (5.
0–59 150 8.0 (4.
otal 1–59e 1009 6.1 (4.
a CI = confidence interval.
b Testing for HBsAg was restricted to sera positive for HBcAb. However, two ser

Percentage of sera positive for HBsAg = (number of sera positive for HBsAg/n
c Best estimate of prevalence—assumes insufficient specimens were negative.
d Maximum estimate of prevalence—assumes insufficient specimens were positiv
e Age adjusted to 2002 population distribution.
details.
pulation distribution.

5–29-year-olds (p = 0.018). Other age groups showed no
ignificant changes.

.2. Core antibody

In the 2002 serosurvey, HBcAb seroprevalence was sig-
ificantly lower in younger ages (<20 years) than in subjects
0 years and over (Table 2). There was no significant differ-
nce in HBcAb seroprevalence for 1–59-year-olds combined
etween the 1996–1999 (7.2% [95% CI: 5.6%, 8.8%]) and
002 serosurveys (6.1% [95%CI: 4.6%, 7.6%]; p = 0.3).

.3. Surface antigen

Sufficient volume remained in 59 of the 61 HBcAb posi-
ive sera for HBsAg testing, and seven were positive (Table 2).
iven the low proportion of HBsAg positive results, we clas-

ified the two missing HBsAg results (both males, aged 7 and
1 years) as negative (best estimate), but also include a max-
mum estimate of chronic HBV by assuming both missing

BsAg results were positive.
There was no statistically significant difference in HBsAg

revalence by age group (Table 2). However, subjects aged
0–49 and 50–59 years had higher point estimates than

oup, 2002

Ab pos (95% CI)a % HBsAg pos (95% CI)a,b

9–5.2) 0.4 (0–2.2)c; 0.8 (0.1–2.9)d

6) 0 (0–3.6)
8–12.7) 0.5 (0–2.6)
7–12.7) 0 (0–2.4)
7–15.9) 1.3 (0.2–4.7)c; 2.0 (0.4–5.7)d

2–13.6) 2.0 (0.4–5.7)
6–7.6) 0.7 (0.6–0.7)c; 0.8 (0.8–0.9)d

a positive for HBcAb had insufficient volume remaining to test for HBsAg.
umber of sera tested for HBcAb) × 100.

e.
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ounger age groups. Women of child bearing age (15–44
ears, n = 244) had a prevalence of 0.90% (95% CI: 0.78%,
.03%), although the only two positive sera were from sub-
ects aged 40–44 years.

For 1–59-year-olds combined, the estimates for
996–1999 (0.46%; minimum and 0.86%; adjusted)
ere not significantly different from the minimum estimate

or 2002 (0.68%; p values for comparison 0.7 and 0.5,
espectively) or the maximum estimate for 2002 (0.85%; p
alues for comparison 0.06 and 0.98, respectively; Table 2).

. Discussion

Comparison of population-based hepatitis B seropreva-
ence before and after the introduction of universal infant
epatitis B vaccination in 2000 provides evidence of the
apid and successful implementation of the program. Sero-
revalence in the targeted cohorts (1–2-year-olds in 2002)
mproved significantly, more than doubling to 86% in 1-year-
lds. However, the increase in 2-year-olds was less dramatic,
robably due to a delay in implementation of the program.
ased on the known difficulties with implementation of tar-
eted screening of high-risk mothers and babies, universal
accination provides the best opportunity for control of hep-
titis B. With time, universal infant vaccination programs in
ther countries have been shown to reduce HBsAg carriage
9] and hepatocellular carcinoma [10] and Australia is now
n track to achieve similar results.

Adolescents are a difficult group to target for health
nterventions. Our study highlights the effectiveness of
chool-based adolescent vaccination programs compared
ith general practitioner based programs. Jurisdictions with

stablished school-based programs for 12–17-year-olds had
ignificantly (1.5 times) higher levels of seroprevalence than
hose without such programs even though they had only
ecently implemented the programs. School-based programs
ave been shown to be acceptable to parents [11] while an
pportunistic vaccination program that relied on young adults
isiting their health care providers resulted in poor vaccine
ptake [12]. School-based programs will be implemented in
ll regions of Australia by 2007, and should continue until
ll birth cohorts born before the introduction of universal
nfant vaccination, and children aged 2 years in 2002, are
overed.

Our study highlights significant improvements in immu-
ity in the age groups targeted by universal infant and
chool-based adolescent vaccination programs. There was
lso an improvement in 25–29-year-olds, for which the reason
s unclear. However, it was much less than in the targeted age
roups, in whom improvements can be, most likely, explained
y the specific impact of the vaccination programs.
The best estimate of the burden of chronic HBV in the
ustralian population aged 1–59 years (0.73%) is consis-

ent with the adjusted estimate from the 1996 to 1999 study
0.86%) [8]. However, it is higher than a risk group-based

a
a
a
D

5 (2007) 8637–8641

stimate (0.47%) [8] and than estimates from serological sur-
eys conducted in England and Wales (0.37%) [13], and the
nited States (0.42%) [14]. Comparisons between countries

re difficult to make, however, because of differences in the
omposition of populations. For instance, there is consid-
rable variation in estimates of chronic hepatitis B across
urope, from 0.05% to 0.9% [15]. In Australia, 24% of the
opulation in 2000 were born overseas and proportionally,
ustralia has one of the world’s largest Asian-born immi-
rant populations (comprising 6% of the total Australian
opulation in 2000) [16]. Half of the Asian-born immigrants
ere from Southeast Asia which includes many countries
ith high-level HBV endemicity [8,17]. Thus, chronic HBV
revalence in Australia could be expected to be higher than
n otherwise similar countries.

Our study used an opportunistic collection method, rather
han a random sample, therefore, information about country
f birth, vaccination status and whether the vaccination was
rovided as part of a school-based program or not are unavail-
ble. Our method may also have introduced a bias. We tried to
inimise any biases by obtaining sera that were submitted for
range of diagnostic tests (excluding HIV) to major labora-

ories throughout Australia that serviced mainly ambulatory
opulations. However, we cannot exclude the possibility of
election bias towards people with chronic medical condi-
ions, including chronic HBV infection, or exclude sera that
ere submitted for the diagnosis of hepatitis. Despite this
otential for bias, comparisons of the HBsAb results from the
rst serosurvey with those from a random sample of school
hildren by age group [18], and with antenatal screening data
8] showed consistent results. In addition, immunity in 1-
ear-olds (86%) is consistent with vaccine uptake data (94%)
19], assuming 90–95% vaccine effectiveness [20].

In conclusion, our study illustrates that in the setting of a
ow prevalence country with good health services, the impact
f universal versus selective infant vaccination becomes
vident soon after its implementation. Such programs are rec-
mmended by the World Health Organization, even for low
revalence countries, because there is often poor compliance
ith targeted programs and only universal infant vaccina-

ion can effectively prevent HBV infection in all ages and
hus eliminate the disease. Catch-up hepatitis B vaccination
rograms for adolescents can accelerate the establishment of
opulation immunity and our data suggest that in countries
ith adequate infrastructure to deliver them, school-based
rograms are a more effective mode of delivery to adolescents
han primary care-based programs.
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glands, most commonly the parotid glands.1

Orchitis is a common complication in adult
males, occurring in about 20% of cases.
Before the introduction of vaccination,
mumps was a common cause of viral menin-
gitis and an important cause of hearing loss
in children and sterility in some men.1,2
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concentrated among the birth cohort of 1978 to 1982, who had higher rates of 
notifications and hospitalisations for mumps and a lower seropositivity rate (92% [95% 
CI, 89%–94%]) than other birth cohorts.
Conclusions:  The birth cohort of 1978 to 1982 was too old to reliably receive a second 
dose of measles–mumps–rubella (MMR) vaccine in the 1998 Australian Measles Control 
Campaign and too young to have had mumps infection. Renewed efforts to maximise two-
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dose MMR coverage are important for prevention of mumps and measles in young adults.
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 ps is an acute disease caused by

ection with an RNA virus
longing to the family Paramyxo-

viridae and characterised by fever, swelling
and tenderness of one or more salivary

Death from mumps is rare: in Australia, 10
deaths were reported between 1978 and
1997 and two between 1998 and 2005.3,4

The disease is highly infectious, being
transmitted rapidly through droplet spread
in susceptible people living in close proxim-
ity. For mumps, the basic reproduction
number, R0 (ie, the number of secondary
cases expected to result from an index case
in a fully susceptible population) is esti-
mated to be 10–12. This is only slightly less
than the R0 for measles (15–17), another
disease recognised to be highly infectious.
Before the introduction of vaccination,
mumps epidemics occurred every 2–5
years.5

Mumps vaccine was first available in Aus-
tralia from 1981, and in combination as
measles–mumps vaccine from 1983, for
children at 12 months of age. From 1989,
measles–mumps–rubella (MMR) vaccine
was used in the national childhood immuni-
sation schedule. A second dose of MMR
vaccine was introduced for children aged
10–16 years in 1994, replacing the rubella
vaccine previously given only to girls in this
age group. Then, as part of the Australian
Measles Control Campaign (MCC) in 1998,
the second dose of MMR was moved from
10–16 years to 4 years of age, with catch-up
vaccination offered to those aged between 4
and 16 years. However, school-based deliv-
ery was limited to primary schools.6 Thus,
people born from 1981 onwards were eli-
gible to receive two doses of mumps vac-
cine, either in high school, from 1994, or in
the MCC.

After the introduction of mumps vaccina-
tion, annual reported cases of mumps

declined in Australia from an estimated
59 000 in 19697 to 60 in 2002,4 but
increased again recently.4,8 The aim of our
study was to examine patterns of mumps
epidemiology in Australia over the past dec-
ade, in the context of 1997 serosurveillance
data as a proxy for vaccine coverage and the
recent experience of mumps outbreaks in
other developed countries.5,9-12

METHODS

Seroprevalence survey
The seroprevalence survey was based on
sera collected in 1997. The methodology of
population-based serosurveillance in Aus-
tralia has been previously described.13 All
52 major public and private diagnostic
laboratories in Australia were invited to
contribute sera, and 45 agreed to participate
in 1997. The samples used for our survey
had been submitted for various diagnostic
tests and would otherwise have been dis-
carded. Sera from people who were immu-

nosuppressed, had received multiple or
recent blood transfusions (within 3 months
prior to our survey), or were known to be
infected with HIV were excluded. Informa-
tion available for each sample included a
unique code number, the patient’s age and
sex, and the state or territory of collection.

The antibody assay was performed using
the Microimmune Mumps IgG Screen ELISA
(enzyme-linked immunosorbent assay)
(Microimmune Ltd, Brentford, United King-
dom) according to the manufacturer’s guide-
lines, as described previously.14 For analysis
of antibody test results, serum samples were
stratified into the age groups 2–6, 7–14,
15–19, 20–29, 30–39 and � 40 years. The
basis for this stratification was to understand
the immunity profile of the population in
relation to vaccination against mumps. In
each age group, the sample size was calcu-
lated to achieve a point estimate of seroprev-
alence with 95% confidence intervals of
about ± 5% based on the expected level of
seroprevalence. The sample size was calcu-
JA • Volume 189 Number 8 • 20 October 2008
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lated to be representative by age, sex and
jurisdiction. Data were analysed using SAS
software, version 9.1 (SAS Institute, Cary,
NC, USA). The χ2 test was used to compare
proportions and for trend analysis.

Notification data
In assessing disease notification rates we
included all cases with onset between 1
January 1994 and 31 December 2007. Data
were obtained from the National Notifiable
Diseases Surveillance System. All rates were

calculated using Australian Bureau of Statis-
tics mid-year estimated resident popula-
tions, and are presented as annual rates per
100 000 population, or population in age or
geographical subgroups, as appropriate.

Hospitalisation data
Hospitalisation rates for mumps were
assessed for the period 1 January 1994 to 31
December 2005. Data were obtained from
the Australian Institute of Health and Wel-
fare’s National Hospital Morbidity Database,
which contains data on patients admitted to
all public and private hospitals in Australia
since 1993. Cases included in our analysis
were those with separation dates between 1
January 1994 and 30 June 1998 having the
ICD-9 (International classification of dis-
eases, ninth revision) code 072 and those
with separation dates between 1 July 1998
and 31 December 2005 having the ICD-10
(10th revision) code B26.

Ethics approval
Our study was approved by the State-wide
Health Confidentiality and Ethics Commit-
tee of NSW Health and the Human Research
Ethics Committee of the Sydney West Area
Health Service.

RESULTS

Seroprevalence survey
We analysed 2787 sera. The age distribution
in the sample corresponded to the age distri-
bution in the general population. The pro-

portion of mumps-positive sera in all states
and territories was high, ranging from
87.1% to 94.3%. The overall proportion of
the population estimated to be seropositive
for mumps was 92.1% (95% CI, 91.1%–
93.1%) (Box 1).

Further analysis by geographical region
showed that, among people born between
1978 and 1995 (who were aged 2–19 years
in 1997), mumps seropositivity in Victoria
(94.2% [308/327]) was significantly higher
than for the rest of Australia (88.2% [902/
1023]) (P = 0.001).

The seropositivity rate among people
born before 1978 (95.9% [1549/1615]) was
significantly higher than the rate in those
born in 1978 or later (86.8% [1017/1172])
(P < 0.001). Children aged 2–6 years in
1997 had the lowest proportion of sero-
positive results (82.9% [515/621]) (Box 2).

Younger age groups had more negative or
equivocal test results than older age groups,
leading to a skewed distribution. The
median age of those with negative results
was 8 years, which did not differ signifi-
cantly from the median age of 7 years for
equivocal results. The median age of people
with positive results (17 years) was signifi-
cantly higher (P = 0.001). Overall, there was
no significant difference in seropositivity
rates between males (92.3%) and females
(91.9%) (P = 0.816), and seropositivity did
not differ significantly between males and
females by age group.

Notifications
Mumps cases were reported in all states and
territories during the study period, but noti-
fication requirements varied between juris-
dictions and over time, making comparisons
difficult until 2004, when criteria for notifi-
cations became uniform. Between 2005 and
2007, New South Wales, Queensland, South
Australia, Western Australia and the North-
ern Territory all had notification rates above
the average for those years, while Victoria
had a significantly lower notification rate
than other jurisdictions (P = 0.041).

Notified mumps cases increased from 60
in 2002 to 231 in 2005 and 512 in 2007.
Analysis of the age distribution of notified
cases for the period 1994–2007 showed
that the predominant age group affected
shifted to adults over time, while notifica-
tion rates declined significantly for chil-
dren aged 2–14 years. In the age group 20–
29 years, notification rates increased signif-
icantly from 2004, with 41% of cases
occurring in this age group between 2005
and 2007.

1 Mumps IgG ELISA results, by state 
and territory, 1997

Jurisdiction

Number 
positive/ 

total tested

Proportion 
positive 

(% [95% CI])

Tas 61/70 87.1 (79.3–95.0)

ACT 43/49 87.8 (78.6–96.9)

NT 29/33 87.9 (76.8–99.0)

NSW 866/958 90.4 (88.5–92.3)

SA 197/214 92.1 (88.4–95.7)

Qld 465/500 93.0 (90.8–95.2)

WA 258/277 93.1 (90.2–96.1)

Vic 647/686 94.3 (92.6–96.0)

Total 2566/2787 92.1 (91.1–93.1)*

ACT = Australian Capital Territory. ELISA = 
enzyme-linked immunosorbent assay. NSW = New 
South Wales. NT = Northern Territory. Qld = 
Queensland. SA = South Australia. Tas = Tasmania. 
Vic = Victoria. WA = Western Australia. 
* Weighted according to the 1997 population. ◆

2 Proportion of an Australia-wide population sample (n =2787) seropositive for 
mumps in 1997, by birth cohort, age group and immunisation program history*†

MMR = measles–mumps–rubella vaccine. * The mumps vaccine was introduced in 1981 for children aged over 
1 year, then replaced by a measles–mumps vaccine in 1983 and an MMR vaccine in 1989. A second dose of 
MMR vaccine was introduced for 10–16-year-olds in 1994. In 1998, the age group for the second dose was 
moved to 4 years. † 2566/2787 sera (92.1%) were positive for mumps. ◆
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When notified cases were analysed by
year of birth using broad groups corres-
ponding to different pre-vaccination and
post-vaccination eras (Box 3), the cohort
born before 1978 was found to have very
low and steady infection rates over the study
period. In contrast, people born between
1978 and 1982 had increased notification
rates, in 2000 and after 2004, while there
was a progressive decline in notification
rates among younger birth cohorts, particu-
larly those born after 1987. During the
period 1999–2007, the mean notification
rate for the 1978–1982 birth cohort was
more than threefold higher than for other
birth cohorts (P < 0.001), with a significant
upward trend compared with the other birth
cohorts (P = 0.001).

Overall, there was no significant differ-
ence between males (50.5%) and females
(49.5%) in the notified cases during the
study period, while there was a slight male
preponderance (53.5% males v 46.5%
females) in the age group 20–29 years. The
reported vaccination status overall was

17% vaccinated, 29% not vaccinated, and
54% unknown. In the age groups 0–9
years, 10–19 years and over 19 years, the
proportions reported as vaccinated were
36%, 28% and 9%, respectively. About
53% of people in these age groups had
unknown vaccination status.

Hospitalisations
Between 1994 and 2005, 605 recorded
hospitalisations were coded for mumps,
including 464 (77%) with mumps as the
principal diagnosis. Hospital admissions
occurred in all age groups and in both
sexes, with a male : female ratio of 1.2 : 1
(P = 0.03). The age distribution of hospital-
ised cases, using the same birth cohorts as
for notifications, is shown in Box 4. Not-
ably, for the period 1994–2005, the birth
cohort of 1978–1982 had a significantly
higher mean annual hospitalisation rate
than pre-1978 and post-1982 birth cohorts
(P = 0.04). Hospitalisation rates for cohorts
born both before 1978 and after 1982 were
low, and declined over time.

DISCUSSION

Our analysis shows patterns of age-specific
disease notification and hospitalisation rates
consistent with the prevalence of mumps
immunity in the relevant age cohorts in
Australia in 1997.

The cohort born before the 1970s repre-
sent the pre-vaccination era, when mumps
virus transmission was widespread and
seropositivity was highest (96%–98%). This
is consistent with investigations of recent
mumps outbreaks in other Western coun-
tries, in which age cohorts born before the
vaccination era were not affected.9-12

Among those born in the 1980s, coverage
with a single dose of mumps vaccine was
increasing, but estimated to be only 68%
among children under 5 years of age, so
continuing exposure to wild virus was
likely.15,16 The 1998 MCC did not target
this age group as effectively as those attend-
ing primary school, and their immune pro-
file is consistent with partial vaccination
during a period of reduced exposure to wild
virus transmission. It is this age cohort that
has had the most noticeable recent increase
in notifications, as well as hospital admis-
sions in 2000.

Among those born after 1990, estimated
coverage for at least one dose of mumps
vaccine increased from 80% in 1990 to 90%
in 1995,17,18 reflected by a sharp reduction
in notified and hospitalised cases. Children
born in the early 1990s (aged 2–6 years at
the time of sampling) had the highest pro-
portion susceptible in 1997 (17%), but
would, at most, have received one dose of
MMR vaccine at that time. Although sero-
conversion rates after a first dose of mumps
vaccine under clinical trial conditions are as
high as 97%,15 under field conditions vac-
cine effectiveness after one dose is about
88% and approaches 95% after two doses.10

In Europe, serological surveys have
shown that high mumps incidence is related
to low levels of population immunity in
affected countries.9 However, even in coun-
tries with relatively high vaccine coverage,
such as the United States11 and the United
Kingdom,12  recent outbreaks have
occurred, predominantly affecting young
adults who have had less exposure to nat-
ural infection, as described here for Aus-
tralia. Cases have also occurred among
vaccinated children who had received only a
single dose of MMR vaccine.10

Higher seropositivity rates in younger age
groups (eligible for two doses of MMR) in
Victoria compared with the rest of Australia
probably reflect past high rates of MMR

3 Distribution of notified cases of mumps in Australia, by selected birth cohorts, 
1994–2007
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vaccination coverage3,18 in this state. This is
consistent with higher levels of protective
immunity against measles found in
Victoria,19,20 which, together with lower
notification rates for mumps than in the rest
of Australia, suggests that higher historical
MMR vaccination coverage reduced the
number of cases in that state.

Our study had some limitations. First, the
case definition for mumps notifications and
the number of jurisdictions in which
mumps was notifiable varied until 1996,
when it became notifiable in all states and
territories. It was recognised that a more
specific case definition was needed in the
context of low disease incidence,7 so the
surveillance case definition for mumps was
modified in 2004 to include only those with
laboratory evidence of mumps or epidemio-
logical linkage to a confirmed case.3 While
changes in case definition may have affected
the rates presented, notifications from 2005
to 2007 should be relatively specific,
although false-positive serological results
cannot be ruled out. Second, opportunistic
collection of sera has the potential for bias.
However, the same sample has been used to
assess immunity to measles and rubella,21

and comparison between the opportunistic
collection method and randomised cluster
sampling found comparable estimates for
measles immunity.13

Transmission of mumps virus has been
considerably reduced since the introduction
of vaccination. Both the waning of vaccine-
acquired immunity and the accumulation of
unvaccinated cohorts over time appear to
have contributed to an increased suscepti-
bility among young adults. The increased
two-dose MMR coverage achieved since the
1998 MCC will reduce the risk of outbreaks
among those born since 1982, although
recent outbreaks have been described
among two-dose recipients in the US,22 and
this may have implications for Australia in
later years. For now, the priority should be
to target young adults, particularly those
born during the late 1970s and early 1980s
and now aged 25–30 years, for a second
dose of MMR. In this well travelled age
group, an important opportunity for giving
a second dose of MMR is at the time before
overseas travel. MMR vaccine is provided
free of charge for all age groups in many
Australian jurisdictions.
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rates for Q fever pre- and post-program implementation. Program uptake ranged from close to 100%
amongst abattoir workers to 43% in farmers. The most commonly reported adverse event was injection
site reaction. Q fever notification rates declined by over 50% between 2002 and 2006, particularly in young
adult males, consistent with the profile of the abattoir workforce. Hospitalisation data showed similar
trends. Available evidence suggests a significant impact of Australia’s Q fever vaccination program; such
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a program merits conside

. Introduction

Q fever is a zoonotic disease caused by Coxiella burnetii with
world-wide distribution. It is highly infectious, with human

nfection occurring most commonly through inhalation of infected
erosols or dust [1]. The clinical manifestations are protean. There-
ore, Q fever is considerably under diagnosed and reported. The
llness can be acute or chronic, and may be complicated by
ncephalitis, pneumonitis, hepatitis, endocarditis, myocarditis and
ericarditis [2,3]. However, almost 60% of infections are asymp-
omatic [3]. Australia has one of the highest reported rates of Q
ever in the world, with rates 2, 3 and 6 times higher than in France,
he European Union and the United Kingdom (UK) respectively [4].

Despite a substantial disease burden, only one vaccine is licensed
nywhere in the world; a whole cell preparation derived from the
ormalin-inactivated phase 1 Henzerling strain, manufactured by
SL Limited in Australia [2]. Following licensure in Australia in 1989,
any large Australian abattoirs paid for their staff to be vaccinated.
owever, over the next decade uptake was sub-optimal and the

eported incidence did not decline.

In 2000, the Australian Government announced funding for a

ational Q Fever Management Program (NQFMP). The program
as implemented in Queensland, South Australia, Victoria, and
estern Australia in 2001, and in 2002 in the Australian Capital

∗ Corresponding author. Tel.: +61 2 9385 0900; fax: +61 2 9385 0920.
E-mail address: hgidding@nchecr.unsw.edu.au (H.F. Gidding).

264-410X/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.vaccine.2009.02.007
n in other countries with a comparable Q fever disease burden.
© 2009 Elsevier Ltd. All rights reserved.

Territory (ACT), New South Wales (NSW) and Tasmania. The pro-
gram included the costs of screening and vaccination. Screening was
required to exclude people with pre-existing immunity in order to
minimise the risk of developing systemic and severe local reactions
(especially immune abscesses) following vaccination [5]. Screening
involved taking a history of past infection or vaccination, testing
for antibodies to Q fever, and an intradermal skin test using diluted
vaccine. The first phase of the NQFMP targeted abattoir workers,
other contractors working in abattoirs and sheep shearers. The sec-
ond phase expanded the target population to sheep, dairy and beef
cattle farmers, their employees and family members working on
farms. To expand the program to phase 2, over 1000 immunisation
providers were trained in screening and vaccination procedures
and mass community-based clinics were conducted in many areas.
Tasmania, the ACT and NSW completed the program in June 2004,
Western Australia in June 2005, Victoria and South Australia in June
2006, and Queensland in December 2006.

In this report, we use available data on vaccine uptake, adverse
reactions, and Q fever incidence and morbidity to evaluate the
impact of Australia’s nationally funded Q fever vaccination pro-
gram. We also highlight the implications for other countries with a
high Q fever disease burden.

2. Methods
2.1. Program and vaccine uptake

A variety of means were used to estimate program uptake and
vaccination coverage by occupational group and state. The num-

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:hgidding@nchecr.unsw.edu.au
dx.doi.org/10.1016/j.vaccine.2009.02.007
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the lowest levels on record in 2005 and 2006. Hospitalisation rates
in 1993/4–2004/5 showed the same trend as notifications, peaking
in 1993/4 and 2002/3 and declining to record low levels in 2004/5
(Fig. 1). As found previously [10], there did not appear to be any
seasonal pattern associated with notifications or hospitalisations.
038 H.F. Gidding et al. / Va

er of vaccine doses distributed (vaccine coverage) and people
creened for vaccination (program uptake) were used to estimate
he numerators. The outcome of screening (vaccinated or pre-
xisting immunity, not vaccinated) was used to estimate levels of
re-existing immunity. These data came from each state and from
he Australian Q Fever Register, a voluntary web-based screening
nd vaccination register funded by the Meat and Livestock Corpora-
ion [6]. To estimate the target population, we obtained estimates of
he population employed in selected animal/animal product related
ccupations by industry of employment according to the Australian
ureau of Statistics (ABS) census for 2001.

.2. Adverse events

We conducted a descriptive analysis of data collected by the
ational passive surveillance system for adverse events following

mmunisation (AEFI), for the 4-year period 2001–2004, to match
ith the period pre-vaccination screening data were available. AEFI

re routinely reported to the Therapeutic Goods Administration
TGA) by state and territory health departments, immunisation
roviders, vaccine manufacturers and members of the public [7,8].
EFI reports are reviewed by TGA staff plus members of an expert
dvisory committee [8]. Reported symptoms, signs and diagnoses
re coded into standardised terms contained in the MedDRA dictio-
ary [9], then collated into broader terms consistent with national
EFI surveillance case definitions [7]. For this analysis, serious AEFI
ere those with a code for death, life-threatening event, hospital

dmission or recovery with sequelae.

.3. Disease burden

Q fever became a disease notifiable under public health legis-
ation in Australia in 1977 [10]. The national case definition for
otification includes seroconversion or a significant rise in antibody
o phase II antigens, or since 2004, detection of the organism by cul-
ure or nucleic acid testing [11]. Detection of IgM in the absence of
ecent vaccination was accepted until 2004 but since then docu-
entation of a clinically compatible illness is also required. Data

bout notified Q fever cases by age, sex, and geographic location
ith onset dates in 1991–2006 were extracted from the National
otifiable Diseases Surveillance System (NNDSS) in March 2007.

National hospitalisation data for all public and private hospi-
als in Australia were obtained from the Australian Institute of
ealth and Welfare National Hospital Morbidity Database. Eligi-
le discharge diagnoses (ICD-9 code 083.0 in 1993/4 to 1997/8 or

CD-10-AM code A78 from 1998/9) could be listed in any of the 31
iagnostic fields in the database. The variables used for analysis
ere date of admission, age at admission, geographic location, and

ex. Data were available for the years 1993/4 to 2004/5. Notifica-
ion and hospitalisation rates were calculated using the relevant

id-year population estimates from the ABS.

. Results

.1. Program and vaccine uptake

There were 55,482 people recorded as having been screened
or vaccination of whom 88% were vaccinated (n = 48,986). Screen-
ng for phase 1 occurred predominantly in 2002 and phase 2 in
003. There were difficulties in estimating both the numerator
opulations from the screening data and the denominator. For

enominator populations for phase 1, this was due to the transient
ature of employment in abattoirs and for numerator data due to

ncomplete recording in some states, which included only those
laiming a subsidy payment. Approximate estimates of program
ptake for phase 1 ranged from almost 100% in the states of South
7 (2009) 2037–2041

Australia and Victoria to 75% in Queensland and 50–60% in NSW
and Western Australia respectively. Estimates of program uptake for
phase 2 were available for three states—NSW (18%), South Australia
(31%) and Victoria (43%). Using the number of doses distributed,
national vaccination coverage for both phases of the program was
estimated to be between 50 and 54%.

Among abattoir workers, one of the highest risk groups, there
was evidence of a progressive decrease in the proportion with
immunity when screened for vaccination during 2001–2004, com-
pared with the average level prior to the NQFMP (Table 1). The
average proportion with prior immunity pre-NQFMP varied from
a low of 11% in the state of Victoria, where vaccination in abattoirs
had been most widely practiced, to more than 25% in Queensland
and New South Wales. Among other workers, such as shearers (in
states other than Victoria) and some farming communities (notice-
ably those in Queensland) the percentage of screened individuals
who had pre-existing immunity was similar to, or higher than, that
seen in abattoir workers (≥21%).

3.2. Adverse events

A total of 86 people were notified to the TGA with an adverse
event following Q fever vaccination during 2001–2004. The highest
number of notifications occurred in 2002 (56%) and the median age
was 34 years (range 15–63 years). The male to female ratio overall
was 1–2.1, but males accounted for more of the serious reactions
(6/8).

Of the 86 reports, eight (9.3%) were defined as serious, all of
whom were admitted to hospital with one case reported as experi-
encing dyspnoea, pruritus and generalised rash coded as potentially
life-threatening. There were no deaths. Most reports (69/86; 80%)
were for injection site reaction (ISR), including five of sterile injec-
tion site abscess. Reported systemic reactions included fever (14),
headache (8), arthralgia/myalgia (9) and allergic reaction (7).

3.3. Impact on disease burden

Between 1991 and 2006, annual Q fever notification rates for
Australia ranged from 1.7 to 4.9 per 100,000 (Fig. 1). Rates peaked
in 1993 (4.9 per 100,000), the year prior to the vaccine first being
promoted. Notifications increased again in 2001 and 2002, during
the initial stages of the NQFMP, but declined by more than 50% to
Fig. 1. Q fever notification and hospitalisation rates, 1991–2006, by month of diagno-
sis or admission. (Notifications where the month of diagnosis was between January
1991 and December 2006; hospitalisations where the month of admission was
between July 1, 1993 and June 30, 2005.)
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Table 1
Number of abattoir workers screened and percent screened with pre-existing immunity by year and state.

New South Wales Queensland Victoria Western Australia

N % N % N % N %

Average 1995–2000 485a 29 1751a 34 6594 18 – –
2001 226 28 714 14 2032 11 457 24
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002 3365 14 4115
003 2104 11 3600
004 136 7 618

a Calculations were based on Australian Q Fever Register data.

In all years reviewed, adult males aged 15–64 years contributed
he most notifications (≥60% each year) and had the highest noti-
cation rates of Q fever (Fig. 2). Rates in both males and females
ged 0–14 years and 65 years and older were low. Despite this
onsistency, there have been significant changes over time in the
istribution of notifications by age and sex, which are likely to rep-
esent proxy measures for the impact of the program in targeted risk
roups. First, the proportion of male cases generally decreased from
6% in 1992 to 76% in 2001–2003, increasing slightly in 2003–2006
o 79%. Second, the national notification rate in the primary target
roup (males 15–39 years) declined from 15 per 100,000 in 1993
o 4 per 100,000 in 2006 (Fig. 2), with a corresponding increase
n the median age of notified male cases from 30 to 43 years over
he same period. Finally, all age/sex groups have shown a decline
n notification rates since 2002. Hospitalisations followed the same
rend.

The eastern states of Queensland and NSW accounted for at least
2% of all notified cases each year. South and central west regions
f Queensland and the geographically adjacent central and eastern
egions of northern NSW reported the highest notification rates
Fig. 3). Notification rates in Queensland declined from a peak in
001 (11.9 per 100,000) to the lowest rates on record in 2004–2006
4.1 per 100,000). Rates in NSW did not start to fall until 2003, but
y 2005 and 2006 had declined to levels similar to the lowest on
ecord (from 4.6 per 100,000 to 2.1 per 100,000). Rates in other
tates were much lower at baseline and remained low, with occa-
ional fluctuations related to regional outbreaks. Hospitalisations
ollowed a similar pattern.

. Discussion

The available evidence suggests that Australia’s nationally
unded program had a significant impact on the incidence of Q

ever through improving vaccination coverage in at-risk popula-
ions. Although notification data are not complete, the magnitude of
he decline was substantial (more than 50%), and was in synchrony
ith the introduction of the program across states. At the national

Fig. 2. Q fever notification rates, 1993–2006, by age group and sex.
13 2991 12 947 15
10 1865 12 677 15
9 155 6 16 0

level, Q fever notification rates fell to a record low in 2005–2006.
The greatest decline was observed in young adult males, consis-
tent with the profile of the abattoir workforce, the main target of
phase 1 of the program. This targeted impact is also reflected in
the increased median age and proportion of notifications among
women over time. The reversal of these trends since 2003 probably
indicates the impact of phase 2, which targeted a broader age range
and both males and females. Improved access to vaccination pro-
grams in abattoirs during the funded program is also evidenced by
the significant decline over time in the proportion of abattoir work-
ers with pre-existing immunity when screened for vaccination.

Our findings need to be considered in light of several limita-
tions of the data. First, estimates of program uptake are imprecise
as some data on the number of people screened for vaccination
were unavailable or incomplete and the target population was hard
to estimate accurately. In addition, cross-sectional population esti-
mates do not account for staff turnover, which is reportedly high in
the meat industry [12]. Second, there are non-program factors that
may have affected the notification rates including changes in the
case definition and drought conditions. The case definition changes
in 2004 are unlikely to have had a major impact on reporting rates
with declines seen both before and after the change. Drought con-
ditions, known to favour transmission of Coxiella burnettii via dust
and increased stock movements, were probably the main reason
for the increase in Q fever notifications in 2002, the fourth driest
year on record for Australia since 1900 [13]. As hospitalisations also
increased during 2002, the increase in notifications is unlikely to be
attributable solely to increased awareness of the disease by those
infected or their doctors. Drought conditions improved in 2003 and
2004 [13] and this may have contributed to the decline in Q fever
cases. However, conditions worsened again in 2005 and 2006 [13].
While this could explain the slight increase in Q fever notifications
between 2005 and 2006, rates did not increase appreciably con-
sidering Victoria had the third driest and southern NSW had the
second driest year on record in 2006 [13].

Despite the potential confounding factors identified, we believe
the evidence from multiple data sources is consistent and suffi-
ciently robust to indicate that this targeted national vaccination
program substantially reduced the burden of Q fever. The pro-
gram’s success is due to the effectiveness of the vaccine (at least
80%) [14], increased awareness of the disease and vaccine, and
improved access to screening and vaccination. Improved access,
through the availability of free vaccine and training of additional
vaccine service providers, was the main reason for increased uptake
in the abattoir industry, according to our survey of industry repre-
sentatives and vaccine service providers. Survey participants also
indicated that mass vaccination clinics during phase 2 dramatically
improved access to vaccination. These clinics were reported to work
best when there was a collaborative approach between the vaccine
manufacturer, health department, local doctors, and industry. As

the pre-vaccination screening requirements are resource intensive,
many local vaccine service providers indicated they were unable to
offer a service without this support.

Q fever is likely to cause a significantly higher burden of dis-
ease in many comparable countries than is recognised by current
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Fig. 3. Q fever notification rates (per 100,000) by ABS S

eporting. In the UK and US, only around 100 or fewer cases are
eported annually [15,16], but under-reporting has been estimated
t approximately 75% in the US [17] and outbreaks of considerable
ize have frequently been reported in the UK and elsewhere [18–22].
erosurveillance studies of selected at-risk populations in several
ountries also suggest high levels of Q fever exposure [23–25]. If
accination programs were implemented in other countries, along
egional and/or occupational lines, similar reductions in the burden
f Q fever should be achievable.

The primary barrier to vaccination programs with the current
hole cell Q fever vaccine include the complex, two-step screen-

ng and vaccination process necessary to minimise the risk of
dverse reactions in previously exposed individuals. This process
s time-consuming and requires training for vaccination providers.
owever, interest in C. burnetii has increased in recent years due to

ts potential as a category B bioterrorism agent and several vac-
ine candidates are being investigated [26]. A safe and effective
accine that does not require screening and is suitable for vacci-
ating children would make vaccination programs more feasible
oth in Australia and in other countries.

Although safer vaccines are required, pre-vaccination screening
eems to have prevented a high rate of adverse reactions. There
ere only 86 AEFI reported to the passive surveillance system in
001–2004 despite a minimum estimate of 49,000 vaccinations
elivered over the same period. The pattern of reported AEFI

s consistent with that seen in clinical trials of Q fever vaccine,
ainly ISR with serious and generalised systemic AEFI reported

nfrequently [5].
In conclusion, there is a range of evidence consistent with a

ignificant reduction in the burden of Q fever in Australia follow-
ng the nationally funded program which was not evident during
he previous decade of vaccine availability. Vaccine manufacture,
hich was threatened by the high cost of maintaining an appro-

riate production facility for a vaccine used only in Australia, has
ow been secured by special allocation of government funds, with a
ew facility completed in 2008 and vaccine manufacture expected
o commence in 2009 (personal communication, Dr. Jane Leong,
SL Biotherapies). Given the burden of Q fever world-wide and the
cal Subdivision (2006) (Australian Bureau of Statistics).

demonstrated effectiveness of the current vaccine, we believe our
experiences are applicable to countries with a comparable disease
burden and the capacity to deliver a relatively complex vaccination
program. Development of less reactogenic vaccines would make
widespread vaccination against Q fever more feasible.
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Vaccine RepoRts

Background:  Varicella in children, although usually mild, can cause hos-
pitalization and rarely death. This study examined patterns of hospitalized 
children with varicella, and associated varicella genotypes, in 4 tertiary 
children’s hospitals throughout Australia before and after varicella vaccine 
was introduced.
Methods:  We obtained coded data on discharge diagnoses from each 
hospital before (1999 to 2001) and after (2007 to 2010) varicella vaccine 
introduction in 2005, adding active surveillance to capture clinical features, 
complications and immunization history in the latter period. Varicella vesi-
cles were swabbed, and genotyping of varicella strains was performed by 
real-time polymerase chain reaction amplification.
Results:  Overall, a 68% reduction in coded hospitalizations (varicella, 
73.2% [P < 0.001]; zoster, 40% [P = 0.002]) occurred post-vaccine intro-
duction. Of children with detailed clinical data (97 varicella and 18 zoster 
cases), 46 (40%) were immunocompromised. Only 6 of 32 (19%) age-
eligible immunocompetent children were immunized. Complications, most 
commonly secondary skin infections (n = 25) and neurologic conditions (n 
= 14), occurred in 44% of children. There were no deaths; but 3 immuno-
competent unimmunized children had severe multiple complications requir-
ing intensive care. All strains genotyped were “wild-type” varicella, with 
Clade 1 (European origin) predominating.
Conclusions:  After the introduction of varicella vaccine, coverage of 
greater than 80% at 2 years of age was achieved, with varicella hospitali-
zations reduced by almost 70%. Of hospitalized children age-eligible for 
varicella vaccine, 80% were unimmunized, including all cases requiring 
intensive care.

Key Words: varicella, immunization, immunocompromised, hospitaliza-
tion, pediatric

(Pediatr Infect Dis J 2013;32: 530–537)

Varicella is a highly contagious infection spread by air-borne 
transmission or contact with vesicle fluid from skin lesions.1 

Varicella is often more severe in immunocompromised children who 
are at risk of complications due to increasing use of immunosup-
pressive therapies.2,3 In the prevaccine era, more than 5% of children 
hospitalized with complicated varicella developed long-term seque-
lae.4 Congenital and neonatal varicella are uncommon, but may have 
severe consequences.5 Before the availability of varicella vaccine 
in Australia from 2001, an estimated 240,000 varicella cases, 1500 
hospitalizations and 1–16 deaths from varicella occurred annu-
ally.6–8 Decline in varicella hospitalizations9 and deaths10 has been 
observed in the United States, as have reductions in community and 
hospitalized cases in Australia,11 since introduction of the vaccine.

Two varicella vaccines, Varilrix (GlaxoSmithKline Biologi-
cals, London, UK) and VARIVAX (Merck & Co., Inc., Whitehouse 
Station, NJ), have been licensed in Australia since 2001. Both con-
tain preparations of the live attenuated Oka strain, first isolated in 
Japan.7 Although varicella vaccine was recommended for universal 
use in children from 2003,7 it was not made available free of charge 
on Australia’s National Immunisation Program until November 
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2005. Under the National Immunisation Program, varicella vaccine 
is available as a single dose for children at 18 months of age or 
10–13 years of age, the latter as a school-based program for chil-
dren who have not previously been infected or immunized.7

Accurate surveillance of varicella postvaccine is challeng-
ing as disease is common and usually diagnosed clinically rather 
than by laboratory tests such as viral isolation or nucleic acid test-
ing. Hospitalization data based on discharge diagnoses coded as 
varicella are available retrospectively,8,12 but have limitations and 
do not include data on immunization status.

In 2007, the Paediatric Active Enhanced Disease Surveil-
lance project was established to conduct active surveillance of 
children hospitalized with conditions of public health importance, 
including varicella. The design of the Paediatric Active Enhanced 
Disease Surveillance project was modeled on the Canadian CPS 
Immunization Monitoring Program, Active system, but additionally 
includes capacity to obtain diagnostic specimens after consent.13,14

The occurrence of “vaccine escape” genotypes of varicella 
is a key question in immunized breakthrough cases,15,16 with little 
information available on the distribution of varicella genotypes and 
their relationship to virulence in Australia or elsewhere.17

The aim of this study was to obtain detailed clinical data on 
varicella cases after introduction of a funded program with high 
coverage in Australia, for comparison with historical data, with a 
special focus on immunization status and genotypes of varicella.

MATERIALS AND METHODS

Case Definition and Ascertainment
Active surveillance for varicella was established in major 

tertiary pediatric hospitals in 4 Australian states (Royal Children’s 
Hospital, Victoria; The Children’s Hospital at Westmead, New South 
Wales; Women’s and Children’s Hospital South Australia; and Prin-
cess Margaret Hospital for Children, Western Australia, Australia). 
A research nurse at each hospital prospectively monitored varicella 
admissions and laboratory requests for inpatient varicella testing for 
a 3-year period from August 1, 2007, by reviewing admission records 
and from contact with clinical staff, as described elsewhere.14

The case definition was hospitalization related to varicella 
or zoster and age from 1 month to 15 years. Cases were enrolled 
after parental consent was obtained. Only cases deemed to have 
in-hospital complications were enrolled in the first year of the 
study; thereafter ascertainment was expanded to include all hospi-
talizations. Demographic and clinical data, including medical and 
immunization history, were verified using the Australian Childhood 
Immunisation Register (ACIR)18 and complications identified in 
hospital were obtained using a standardized questionnaire.

In addition, data on discharge diagnoses with International 
Classification of Diseases, 10th revision codes (B01, B02 and 
subcategories) at the 4 hospitals during the study period and for 
a 3-year comparison period (1999 to 2001) before the availability 
of varicella vaccine in Australia were obtained. The period 1999 to 
2001 coincided with a previous study of clinical features of vari-
cella hospitalizations at one of the participating hospitals.12

Clinical Specimens
Vesicular fluid was obtained by swabbing the base of a 

deroofed vesicle. Samples were analyzed at the Center for Infec-
tious Disease and Microbiology Laboratory Services, a State-
based reference virology laboratory at Westmead Hospital, Sydney, 
New South Wales, Australia. Genotyping of varicella strains was 
conducted by real-time polymerase chain reaction amplification 
using Evagreen (Biotium, Hayward, CA) on the Corbett Rotor-
Gene 6000 (Qiagen, Victoria, Australia). The wild-type strains and 

vaccine strain (vOka) were differentiated by single-nucleotide pol-
ymorphism detection using high resolution melt analysis of 5 gene 
targets (Orf1, 21, 37, 60 and 62) and DNA sequence analysis of 
ORF22, using a method previously described.17,19 Varicella-zoster 
genotypes were classified according to the new universal nomen-
clature proposed for varicella-zoster virus clades and compared 
with previously reported circulating varicella genotypes.19,20

Statistical Analysis
Data were analyzed and presented as summary descriptive 

statistics using Stata (version 10.1; StataCorp, College Station, 
TX). Comparison of proportions between groups was made using 
the χ2 test and Kruskal–Wallis test. Statistical tests were two-tailed 
with a significance level of 5%.

RESULTS

Hospitalizations Coded as Varicella or Zoster  
Pre- and Post-vaccine Introduction

In Australia, all children have equal access to the public hos-
pital system through a government-supported fund, Medicare. The 
number of hospitalizations was stable over the study time period at 
the 4 participating centers.

In the 4 hospitals, 710 hospital episodes had a discharge 
diagnosis of varicella (598) or zoster (112) in the 3-year period 
1999 to 2001. In the 3 years of active surveillance, 2007 to 2010, 
after introduction of funded varicella immunization at 18 months 
of age at the end of 2005, 227 hospital episodes (varicella, 160 
and zoster, 67) were identified from International Classification of 
Diseases discharge codes at the same hospitals (Fig. 1). This was 
a reduction of 73.2% for varicella (P < 0.001) and 40% for zos-
ter (P = 0.002) hospitalizations. Post-vaccine introduction, 70.5% 
of total varicella-related hospitalizations were coded as varicella, 
compared with 84.2% in the prevaccine era (P < 0.001).

Characteristics of Study Patients
Of 880 children screened prospectively for varicella or zos-

ter, 137 met the case definition and 115 (varicella, 97 and zoster, 
18) were enrolled, which was 60.6% and 26.9% of the number of 
International Classification of Diseases-coded varicella and zoster 
cases, respectively. The median age of hospitalized children was 6 
years and 6 months with a range of 33 days to 15 years and 7 months 
(interquartile range [IQR]: 2.1–9.0 years; Fig. 2). The median age 
at diagnosis for varicella was 6 years and 1 month with an age range 
of 1 month to 15 years and for zoster was 10 years and 9 months 
with an age range of 4–14 years. There was an equal distribution of 
males (51%, n = 59) and females (49%, n = 56).

Children Less Than 18 Months of Age
Twenty-four children (24.7%) too young to be eligible for the 

funded immunization program were identified—8 were aged 1–6 
months, 10 were aged 7–12 months and 6 were aged 13–17 months. 
The length of stay ranged from 1 to 10 days, and none required 
admission to an intensive care unit. However, most (79%, n = 19) 
had complications during their hospitalization. These included a 
5-month-old infant diagnosed with encephalopathy by the treating 
physician, and hospitalized for 8 days, and an 8-month-old child 
who required debridement of infected skin lesions. Two children 
were immunocompromised, one with neutropenia of unknown 
cause and the other was postchemotherapy for a neuroblastoma.

Immune Status
Immunodeficiency or immunosuppression after therapy 

was identified in 46 children (40%) including children with 
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a malignancy (acute lymphoblastic leukemia, Ewing tumor), 
receiving chemotherapy, post-bone marrow transplantation or long-
term steroid use. These children had a median age of 8.1 years (IQR: 
5.4–10.9) and were significantly older than immunocompetent 
children who had a median age of 5.1 years (IQR: 1.3–7.7; 
Kruskal–Wallis P < 0.001). A higher proportion of children with a 
diagnosis of zoster (77.8%) were immunodeficient compared with 
those with varicella (33%).

Varicella Immunization
Confirmed varicella vaccines included Varilrix vaccine (n = 

11) and VARIVAX vaccine (n = 1) in 12 (10.4%) of the 115 hospi-
talized children (Fig. 3). No child had received 2 doses of vaccine.

Of the immunocompetent children, 32 were eligible by 
age for the funded varicella vaccine, but only 6 (18.8%) were 
immunized, including a child who received varicella vaccine aged 
16 months rather than at the scheduled 18-month immunization 
time point. The 6 vaccinated children were aged 16 months to 

7 years and 4 months. None of the 6 immunized children required 
intensive care management, but 3 developed cellulitis. All were 
discharged between 2 and 6 days (median = 2 days) postadmis-
sion compared with 1–58 days (median = 2 days) for unimmunized 
children. No child more than 9 years of age was immunized against 
varicella.

Of the 46 immunocompromised children, 6 (13%) had 
previously received a varicella vaccine. In previously immunized 
children, the median interval between varicella immunization and 
hospitalization was 2.2 years with an age range of 42 days to 7 years; 
longer intervals were observed for immunocompromised children 
(Fig. 4). The mean duration of hospitalization for all children was 
5.6 days (6.5 days for previously immunized children and 5.6 days 
for children not immunized against varicella). The median duration 
of hospitalization was 3.0 days irrespective of immunization status, 
but the range was wider for children who were not immunized 
(1–58 days) compared with those who were immunized (2–34 
days). The median length of stay for immunocompromised children 

FIGURE 1. (A) Varicella and (B) zoster hospitalizations in the pre- and post-varicella vaccine era as recorded by International 
Classification of Diseases, 10th revision (ICD 10) codes. WCH indicates Women’s and Children’s Hospital, South Australia; PMH, 
Princess Margaret Hospital for Children, Western Australia; CHW, The Children’s Hospital at Westmead, New South Wales; RCH, 
Royal Children’s Hospital, Victoria.
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was 5 days compared with 2 days in immunocompetent children 
(Kruskal–Wallis test P < 0.001).

Varicella Contacts
A history of contact with other infected children was 

obtained for 67 children (58.3%). Where documented (n = 46), the 
majority of contacts (n = 25) were at school or preschool, or family 
members (n = 21).

Antiviral Therapy
A total of 65 children (56.5%) received antiviral therapy, 

including aciclovir (n = 60), valaciclovir (n = 3) and famciclovir 

(n = 2); 93% of immunocompromised children (43/46) versus 32% 
(22/69) of immunocompetent children (χ2 test; P < 0.001). Nine 
immunocompromised children received zoster immunoglobulin. 
The median duration of hospitalization for immunocompetent chil-
dren who received antiviral therapy was not significantly higher 
(3 days; IQR: 2–6 days) than for those who did not receive antivirals 
(median = 2 days; IQR: 2–3 days; Kruskal–Wallis test P = 0.276).

Varicella Complications
Complications were identified more commonly in varicella 

(44%, n = 43/97) than zoster (27.8%, n = 5/18) hospitalizations, 
with a total of 73 complications recorded by treating physician 

FIGURE 2. Total number of varicella/zoster hospitalizations by age and immunization status.

*received varicella vaccine outside of NIP (at 12 months of age)
# One patient received varicella vaccine at 10 months of age and ^one at 16 months of age 
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FIGURE 3. Previous varicella immunization by diagnosis and immune status. Eligible children included those eligible by age to 
have received varicella vaccine at 18 months of age according to the Australian National Immunisation Schedule. NIP indicates 
National Immunisation Program.
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(Table 1). The most common varicella complications were second-
ary skin infection (25, 25.8 %) and neurological problems (14, 
14.4%), including 8 children with seizures. All 3 children admitted 
to intensive care were immunocompetent and had severe multiple 
complications and ongoing problems at discharge (Table, Supple-
mental Digital Content 1, http://links.lww.com/INF/B427); 2 were 
infected by siblings, all survived.

Recurrent Varicella
Of children hospitalized with varicella, 15 (15.5%) were 

reported by parents as having had varicella at an earlier age of 
whom 11 of 15 (73%) had an underlying immunodeficiency condi-
tion, significantly more than for immunocompetent children (Fisher 
exact P = 0.027).

Varicella Genotyping
Vesicular fluid collected for varicella virus isolation in 58% 

(n = 66) of cases was used for genotyping to identify circulating 
varicella virus genotypes and any mutations of the vaccine strain. 
In some cases, no vesicle fluid could be obtained because the vesi-
cles had healed by the time the child was hospitalized. Varicella 
genotyping showed all viruses isolated were “wild-type” strains. 
Clade 1 was the most prevalent genotype, occurring in all 4 states, 
followed in frequency by Clades 5 and 3. A single recombinant 
genotype was identified in Western Australia (Fig. 5).

DISCUSSION
In all participating hospitals, a reduction of more than 70% 

in hospital admissions coded at discharge as related to varicella was 
found. The accuracy of coded data for varicella and zoster has pre-
viously been demonstrated in a study at one of the hospitals,12 and 
this reduction is in keeping with the vaccine coverage of 81.8% 
among children eligible for the funded dose of varicella vaccine 

at 18 months of age in 2009.21 However, it is in stark contrast to 
the 18% of children hospitalized with varicella in the eligible age 
group who had received varicella vaccine, which suggests a high 
effectiveness of the vaccine in preventing hospitalization as docu-
mented in the United States.9,10 The reduction in cases coded as 
zoster at discharge was less at 40% but many of these were either 
immunocompromised (78%) or too old to be eligible for the funded 
vaccine program.

Complicated varicella in hospitalized cases occurred less 
frequently (43%) than the only detailed clinical report from the 
prevaccine era in Australia (57%)12 and a similar report from the 
Netherlands (76%).22 A larger proportion of children hospitalized 
for varicella had underlying immunodeficiency (40%) compared 
with the 16% reported from the pre-varicella vaccine era in this 
previously reported study from one of the participating hospitals, 
but the proportion of zoster cases who were immunocompromised 
did not change (78% versus 74%).12

Compared with this same report, the average age of children 
on admission in our study increased to 5 years 6 months from 4 
years 2 months for varicella and for zoster to 10 years 9 months 
compared with 9 years 9 months.12 We also identified recurrent var-
icella, based on parental report, in 15 children, most of whom were 
immunocompromised, compared with no reported recurrent vari-
cella cases in the prevaccine era study. Contributing factors to the 
high proportion of immunocompromised children admitted with 
varicella include increased susceptibility to severe disease, coupled 
with a lower threshold for admission23 and in some cases varicella 
vaccine being contraindicated. Enhancing protection for this vul-
nerable group will require both increased immunization coverage 
and herd immunity to varicella, in addition to encouraging house-
hold contacts to be immunized.

No varicella deaths were reported during the study period at 
any of the 4 hospitals compared with 2 deaths from the one hospital 
in the 1999 to 2001 prevaccine period, but the proportion of 
previously healthy children admitted to intensive care (3/69, 4.6% 
versus 5/123, 4.1%) was similar.12 It is known that exposure to 
varicella in a sibling may lead to more severe disease, and 2 of the 
3 cases requiring intensive care acquired varicella from household 
contacts.24

Varicella genotype diversity remains unchanged since 
the introduction of varicella vaccine. Several studies have dem-
onstrated a regional dominance of specific varicella genotypes, 
most likely influenced by environmental factors, travel and migra-
tion.25 We found much greater strain diversity than that reported 
from Europe, Africa and North America. In previous Australian 
studies, Clade 1 (European) predominated (46–53%) followed by 
Clade 3 (21–24%), Clade 5 (8–12%), Clade 2 (6–12%), Clade 4 
(3–10%) and Clade VI (5%).17,26 Although these previous stud-
ies were not as nationally representative as our study, our results 
are consistent with these findings and show no evidence of “vac-
cine pressure.” A higher diversity of genotypes was evident in 
New South Wales and Western Australia compared with Victoria 
and South Australia, although the number of samples collected 
in these latter states was low. There is a potential for recombi-
nation events between wild-type and vaccine viruses17 and the 
possibility of circulating “vaccine escape” genotypes, emphasiz-
ing the importance of continuing surveillance and monitoring of 
varicella genotypes in the postvaccine era. A newly recognized 
single-nucleotide polymorphism in ORF0 of varicella vaccine 
strains (including VARIVAX and Varilrix), that is not present in 
wild-type strains has recently been identified.27 ORF0 is a likely 
determinant of attenuation and should be incorporated into clas-
sification schemes identifying putative clades. Continued sur-
veillance with varicella genotyping to identify new mutations is 

FIGURE 4. Length  of  time  from  varicella  immunization  to 
hospitalization in previously immunized children.

http://links.lww.com/INF/B427);
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of importance in informing immunization strategies. Continued 
molecular surveillance provides an opportunity to identify geno-
types associated with more severe disease or affecting immuno-
compromised children. Importantly, there were no hospitalized 
cases due to vaccine-related genotypes, suggesting that any vac-
cine-associated disease is subclinical or mild.

Less than 20% of immunocompetent children hospital-
ized with varicella had previously received a varicella vaccine. 
Although one dose of varicella vaccine provides good protection 
against severe disease,28 our study found that cases that were severe 
enough to require hospitalization can occur despite immunization, 
as described by others.29,30

Giving varicella vaccine at 12 months instead of 18 months 
of age could have potentially prevented an additional 5% of cases 
in our series. There was a history of contact with other infected 
children for more than half of the children hospitalized, and there 
is unrealized potential for prevention of these cases if they had 
been offered varicella vaccine postexposure,31 or if there had been a 
catch-up immunization for children aged more than 18 months and 
less than 10 years in Australia. Encouraging varicella immunization 

for all immunocompetent children with an emphasis on timeliness 
should reduce the number of hospitalized cases in Australia and 
better protect those who are vulnerable to the infection but unable 
to be immunized. From 2013, a combination measles-mumps-
rubella-varicella vaccine will be given at 18 months of age in the 
Australian National Immunisation Program, linked to receipt of 
family tax benefits and this could improve coverage of one dose of 
varicella vaccine.

Not all breakthrough varicella cases are mild, as demon-
strated in our data with 6 hospitalized cases among 68 hospitalized 
immunocompetent children and 4 cases in immunocompromised 
children. Breakthrough disease is considered to be the result of 
waning immunity after single-dose immunization. A second dose 
of vaccine is likely to provide a robust immune memory response 
in immunized children whose initial response was inadequate and 
provide additional protection to primary nonresponders.32,33 As 
most breakthrough disease occurred within 3 years of immuni-
zation, our data suggest the timing of the second dose should be 
soon after the first dose (1–2 months). Although recommended in 
Australia, a two-dose schedule for children is not currently funded, 

TABLE 1. Complications Associated With Hospitalized Cases of Varicella and Zoster by Immune 
Status With At Least One Complication per Hospitalized Case

Complication Immunocompromised (n = 32) Immunocompetent (n = 65) Total (n = 97)

Varicella
 Skin/cutaneous/soft tissue
  Secondary skin infection 2 23 25
  Orbital cellulitis 1 1
 Total 2 24 26
 Systemic
  Bacteremic varicella* 2 1 3
  Toxic shock syndrome 0 1 1
  Reye syndrome 1 0 1
  Lymphadenitis 0 1 1
  Dehydration 0 7 7
 Total 3 10 13
 Neurologic
  Seizures 1 7† 8
  Cerebellitis/cerebritis 0 2 2
  Meningitis 0 1 1
  Transverse myelitis 0 1 1
  Guillaine-Barre syndrome 0 1 1
  Diplopia 1 1
 Total 2 12 14
 Bone/joint
  Septic arthritis/arthritis 2 2 4
  Osteomyelitis 0 2 2
 Total 2 4 6
 ENT/Respiratory
  Otitis media 0 1 1
  Respiratory infection 1 2 3
  Pneumonia (radiograph confirmed) 0 1 1
 Total 1 4 5
 Other
  Pancreatitis/hepatitis 0 1 1
  Pericardial effusion 0 1 1
  Pyelonephritis 0 1 1
  Gastroenteritis 0 1 1
 Total 0 4 4
Zoster
 N 14 4 18
 Dehydration 1 0 1
 Pneumonia 1 0 1
 Secondary skin infection 2 1 3
 Total 4 1 5

*Bacteremic varicella denotes varicella infection with associated bacteremia, for example, Staphylococcus aureus.
†Six were febrile convulsions



Marshall et al The Pediatric Infectious Disease Journal • Volume 32, Number 5, May 2013

536 | www.pidj.com © 2013 Lippincott Williams & Wilkins

and our data suggest that the most important objective should be to 
improve 1-dose coverage.

The results of our study support the need for increased 
awareness about severe varicella in the community and vaccination 
providers. Previous studies have shown a lack of parental knowl-
edge about varicella vaccination, but considerable concern about 
children acquiring the infection.34 Immunization of children who 
were ineligible by age or missed out on the funded program should 
be encouraged.35

Surveillance of varicella after introduction of the vaccine is 
important for investigating changes in epidemiology, viral evolu-
tion, host–virus interactions and the role of travel in importation of 
new viral strains, as well as for identifying possible vaccine escape 
genotypes.26,36 This information can inform changes to immuni-
zation policy, practice and immunization schedules to benefit the 
health of children and particularly those most vulnerable to severe 
disease.
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implementation of one-dose varicella vaccination in Australia:  
an ecological study
Anita E Heywood,a Han Wang,b Kristine K Macartneyb & Peter McIntyreb

Introduction
Prior to the introduction of varicella vaccination in Australia, 
primary infection with the varicella-zoster virus (VZV) was 
a common childhood disease, with the majority (88%) of the 
population experiencing infection by adolescence.1 Although 
the varicella vaccine has been available since 1995, few coun-
tries have recommended universal childhood vaccination, 
and even fewer have implemented publicly funded national 
varicella vaccination programmes.2 Most of the data on the 
impact of varicella vaccination come from studies conducted 
in the United States of America (USA), where, since 1996, 
vaccination has been recommended for children older than 
12 months. However, vaccine uptake was slow, with one-dose 
coverage at 19–35 months of age not reaching more than 80% 
until 2002.3 During the USA one-dose era, significant declines 
in varicella ambulatory visits, hospitalizations and deaths were 
documented, including non-targeted age groups, consistent 
with a herd immunity effect.4,5 Nonetheless, continued disease 
transmission and outbreaks in highly vaccinated populations 
prompted the move from a one-dose to a two-dose schedule 
in both Germany6 and the USA.3

The World Health Organization has requested evidence 
for the impact of varicella and herpes zoster (HZ, a reactivation 
of latent VZV) vaccination programmes from countries with 
robust data to use for developing evidence-based recommen-
dations.7 To date, evidence of programme impact on varicella 
zoster disease outside the USA is predominantly regional or 
limited to small population samples; no data are available for 

subpopulations with higher incidences. Additionally, increases 
in HZ are hypothesized to occur from a reduction in natural 
immunological boosting in previously infected individuals. 
However, data are limited and inconclusive.

Vaccines listed on Australia’s National Immunization 
Programme schedule are fully funded at a national level 
for eligible age groups, with programme delivery managed 
by each state and territory.8,9 The experience that followed 
the availability of varicella vaccines in Australia (Table 1) is 
unique in several aspects. Both licensed vaccines, Varivax® 
and Varilrix®, have been available since 2000, with Varilrix® 
used almost exclusively in the National Immunization Pro-
gramme since November 2005. Furthermore the programme 
includes one-dose routine vaccination at 18 months of age and 
a single catch-up dose delivered via Australia’s school-based 
immunization programme at 12–13 years. Data on childhood 
vaccination coverage are available from the Australian Child-
hood Immunization Register and complete national hospi-
talization data are available by age for Aboriginal and Torres 
Strait Islanders and non-indigenous people. It is known that 
indigenous Australians have higher varicella hospitalization 
rates compared to non-indigenous Australians. These higher 
rates are possibly related to poorer access to primary care, par-
ticularly in remote areas, and/or higher rates of skin/soft tissue 
complications related to environmental living conditions.11

Using national data records on varicella immunization 
and hospitalization, we evaluated age-related trends in both 
varicella and HZ hospitalizations during periods of differing 
varicella vaccine coverage. We also aimed to assess the out-

Objective To examine trends in varicella and herpes zoster (HZ) hospitalization following the availability and subsequent National 
Immunization Programme funding of one-dose varicella vaccination in Australia.
Methods Varicella vaccination coverage for children born between 2001 and 2009 was obtained from the Australian Childhood Immunization 
Register. Principal or any coded varicella or HZ hospitalizations were retrieved from the national hospital morbidity database from 1998 to 
2010. Trends in hospitalization rates in different age groups and indigenous status were assessed. Incidence rate ratios (IRR) were calculated 
between periods before and after implementation of immunization programme funding.
Findings In the first year of the funded immunization programme, varicella vaccine coverage reached 75% in children aged 24 months 
and more than 80% in children aged 60 months. Compared with the pre-vaccine period, varicella hospitalization rates during the funded 
programme were significantly lower for age groups younger than 40 years; with the greatest reduction in children aged 18–59 months (IRR: 
0.25; 95% confidence interval, CI: 0.22–0.29). Indigenous children had a higher varicella hospitalization rate compared with non-indigenous 
children before vaccine implementation (IRR: 1.9; 95% CI: 1.4–2.7), but afterwards reached equivalence (IRR: 1.1; 95% CI: 0.7–1.6). The age-
standardized HZ hospitalization rate declined between the periods (IRR: 0.95; 95% CI: 0.92–0.97).
Conclusion Rapid attainment of high coverage reduced varicella hospitalizations in the targeted age group, particularly for indigenous 
children, but also in non-targeted age groups, with no increase in HZ hospitalizations. This suggests high one-dose varicella vaccine coverage 
can have a substantial impact on severe disease.

a School of Public Health and Community Medicine, University of New South Wales, Level 3, Samuels Building, Botany Road, Kensington, NSW 2052, Australia.
b National Centre for Immunisation Research and Surveillance, The Children’s Hospital at Westmead, Sydney, Australia.
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come of the immunization programme 
on varicella hospitalizations in Austra-
lia’s indigenous population.

Methods
Data sources

The Australian Childhood Immuniza-
tion Register records vaccines given to 
all Medicare-enrolled children younger 
than seven years of age,12 which includes 
99% of Australia’s annual births of ap-
proximately 300 000 children.13 Data on 
the proportion of eligible children who 
received the varicella vaccine were ob-
tained quarterly, including indigenous 
status. Coverage data at 24 months of age 
were available for children born between 
October 2001 and September 2009. To 
determine timeliness of vaccination, we 
also assessed coverage at 60 months of 
age for children born between January 
2003 and June 2008. State and territory 
summary data on the proportion of 
school enrolments vaccinated in the 
adolescent school-based catch-up pro-
gramme in 2009 were provided by juris-
diction health departments. The school-
based catch-up was conducted at 12 to 
13 years of age. For these adolescents, 
parental reports of previous natural 
infection or vaccination are accepted as 
valid reasons for non-vaccination in the 
school-based vaccination programme. 
However, parental report data were not 
available for analysis.14

National, de-identified demo-
graphic and diagnostic data for individ-
ual hospitalizations (private and public 
hospitals) for varicella and HZ were 
obtained from the National Hospital 
Morbidity database for the period from 
July 1998 to June 2010.15 All episodes 

coded as varicella or its complications 
(codes B01-B01.9 in the International 
Statistical Classification of Diseases, 
10th Revision, Australian Modification, 
ICD-10-AM) and HZ or its complica-
tions (codes B02-B02.9) in the principal 
or any diagnostic fields were obtained. 
Dual hospitalization coding for varicella 
and HZ were excluded (0.6% of all VZV-
coded hospitalizations). Mid-year popu-
lation estimates by age and indigenous 
status were obtained from the Australian 
Bureau of Statistics.13

We conducted a search in the 
Medline database for studies assessing 
the impact of National Immunization 
Programmes using the search terms 
“varicella” or “zoster” and “hospitaliza-
tions” and “vaccination” or “immuniza-
tion”. The search was limited to English 
language articles published or available 
online from 1 January 1996 to 1 March 
2013. The initial search identified 101 
potential studies on varicella hospi-
talizations and 53 potential studies on 
HZ hospitalizations. After excluding 
studies that did not report average an-
nual hospitalization rates for pre- and 
post-programme periods, eight varicella 
and three HZ studies were included in 
the review.

Data analysis

Annual crude and age-specific hospi-
talization rates for varicella and HZ 
in the population were calculated by 
Australian financial year of hospital 
discharge (1 July to 30 June). Average 
hospitalization rates for the periods 
of vaccine availability (Table 1) were 
calculated by date of hospital admission 
to reflect changes in vaccine availability. 
Reported rates refer to principal hos-

pitalizations, unless otherwise stated. 
To account for temporal changes in 
population age structure, age-adjusted 
hospitalization rates were calculated, us-
ing direct standardization to the popu-
lation of the publicly funded period 
when comparing vaccine availability 
periods and 2009/2010 financial year 
population when comparing annual 
changes.13 Analysis of hospitalization 
rates for Aboriginal and Torres Strait 
Islander peoples was restricted to four 
jurisdictions (Western Australia, South 
Australia, Queensland and the Northern 
Territory) due to known incomplete 
hospital records of indigenous status 
in other jurisdictions in earlier years.11 
Indigenous Australians represent 2.4% 
of the total Australian population, with 
60.1% residing in these four states and 
territories.13,16 Poisson regression was 
used to analyse yearly trends in crude, 
age-standardized and age-specific 
hospitalizations and to calculate aver-
age annual percentage change and ac-
companying P-values. Hospitalizations 
averted were calculated by applying 
pre-vaccination hospitalization rates to 
the funded immunization programme 
population. Ninety-five per cent con-
fidence intervals (CIs) were calculated 
using the Poisson distribution for hos-
pitalization counts and the log trans-
formation method was used to obtain 
incidence rate ratios (IRR). Analysis was 
undertaken using SAS version 9.2 (SAS 
Institute, Cary, USA).

Results
Vaccination coverage

Before the immunization programme 
funding was introduced, the varicella 
vaccination coverage increased slowly 
(Fig. 1). According to the Australian 
Childhood Immunization Register, 9.7% 
of children aged 24 months had been 
vaccinated before the unfunded recom-
mendations in late 2003. By the end of 
2005, the second year of the unfunded 
recommendations, 20.9% vaccination 
coverage was achieved. After immuniza-
tion programme funding, coverage at 24 
months of age increased to 74.8% within 
the first year and exceeded 80% 2.5 years 
into the programme in 2008 (Fig. 1).

Vaccine coverage at 60 months of 
age was consistently higher, reaching 
90.0% by the end of 2012. Among the 
indigenous population, coverage was 
1.2% and 5.4% lower at the age of 24 

Table 1. Periods of varicella vaccine availability and varicella hospitalization data, 
Australia 1998 to 2010

Period Varicella vaccine availability Included hospitalization dataa

Pre-vaccine (before 
2000)

No licensed vaccine July 1998–December 1999 
(1.5 years)

Licensed (2000–2003) Vaccine licenced but no 
formal recommendations

January 2000–December 2003 
(4 years)

Recommended 
(2004–2005)

Vaccine recommendedb but 
not funded through NIP

January 2004–December 2005 
(2 years)

Funded (2006–current) Single dose vaccine public 
funded through NIPc

January 2006–June 2010 
(4.5 years)

NIP: national immunization programme.
a  Includes hospitalizations by date of hospital admission.
b  Recommended as a single dose at 18 months of age. Vaccine recommendations.10

c  One-dose vaccination was funded from November 2005 for children of 18 months of age and from 
February 2006 for the school-based catch-up programme.
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months in 2003 and 2005, respectively, 
compared with the non-indigenous 
population before the immunization 
programme funding. However, after the 
funding, vaccination increased rapidly 
to an estimated 81.9% of indigenous 
children aged 24 months by the end of 
2010 and 91.6% of indigenous children 
aged 60 months by the end of 2011. 
School-based vaccination programmes 
had variable one-dose coverage across 
jurisdictions, ranging from 19% to 42% 
of enrolled students in 2009, which was 
similar to previous years.14

Varicella hospitalizations

Between 1 July 1998 and 30 June 2010, 
16 261 varicella hospitalizations were 
recorded for all ages, including 10 632 
(65.4%) principally coded as varicella. 
The annual crude principal hospital-
ization rates declined by an average 
of 21.4% (95% CI: 17.8–25.0) per year 
following the immunization programme 
funding. During the funded period, the 
age-standardized varicella hospitaliza-
tion rate was 49.6% (95% CI: 47.3–51.9) 
lower than the pre-vaccine period and 
40.3% (95% CI: 37.4–43.1) lower than 
in the recommended, unfunded period 
(Table 2). Significant average annual 
declines in hospitalization rates were 
observed for all age groups under 40 
years (P < 0.001). The greatest reduc-

tion in rates was detected in children 
from 1 to 4 years old, with 72.5% (95% 
CI: 68.8–75.7) lower rates during the 
funded immunization programme 
period, compared with the pre-vaccine 
period and 58.6% (95% CI: 52.9–63.6) 
lower compared with the recommended, 
unfunded period. Notably, the age group 
of 1 to 4 years was the only one to show 
a statistically significant decline during 
the recommended, unfunded period 
(Table 2).

For the age group specifically tar-
geted under the funded immunization 
programme, i.e. children aged 18–59 
months (Fig. 1), the average hospital-
ization rate during the programme was 
a quarter of the average pre-vaccine 
rate (IRR 0.25, 95% CI: 0.22–0.29). 
For infants (under one year), not eli-
gible for vaccination, hospitalization 
rates during the funded immunization 
programme were significantly lower 
than during the pre-vaccine and rec-
ommended, unfunded periods, 62.1% 
(95% CI: 54.7–68.3) and 53.3% (95% CI: 
44.5–60.7), respectively. When applying 
pre-vaccine hospitalization rates to the 
funded period population, an estimated 
686 varicella hospitalizations, including 
369 in children younger than five years, 
were annually averted in Australia fol-
lowing the immunization programme 
funding.

Over the study period, there were 
560 varicella hospitalizations, 333 
(59.5%) of which were with a principal 
diagnosis, and where the patient was 
recorded as being Aboriginal and/or 
Torres Strait Islander. Prior to vaccine 
availability, indigenous Australians 
were hospitalized at a minimum of 
twice the rate of the non-indigenous 
population (IRR 2.6, 95% CI: 2.0–3.2). 
Following the funded immunization 
programme, overall hospitalization rates 
remained higher for the indigenous 
people (Fig. 2).

For indigenous children aged 
0–4 years, the hospitalization rates 
were also higher during the pre-vaccine 
period compared with non-indigenous 
children (IRR: 1.9; 95% CI: 1.4–2.7). 
However, the rate declined from 71.8 
(95% CI: 51.1–98.2) per 100 000 popu-
lation in the pre-vaccine period to 16.6 
(95% CI: 11.1–24.1) per 100 000 popu-
lation in the immunization programme 
period (IRR: 0.23; 95% CI: 0.14–0.38), 
reaching similar rates for both groups 
of children (IRR: 1.1; 95% CI: 0.7–1.6) 
(Fig. 2).

Herpes zoster hospitalizations

Between 1 July 1998 and 30 June 2010, 
59 660 hospital episodes were coded as 
HZ, and 25 198 (42.2%) as the principal 
diagnosis. Crude principal HZ hospi-
talization rates increased by an average 
of 0.53% (95% CI: 0.18–0.89) per year. 
However, when rates were age-standard-
ized, HZ hospitalization declined at an 
average of 0.57% (95% CI: 0.24–0.91%) 
per year (Fig. 3). Temporal changes 
for all HZ-coded hospitalizations were 
similar to principal HZ hospitalizations 
(Fig. 3). Compared with earlier time 
periods, age-standardized HZ rates were 
significantly lower during immunization 
programme funding and age-specific 
principal HZ hospitalization rates re-
mained stable or lower (Table 3).

Discussion
Australia is one of the few countries 
that has included varicella vaccina-
tion under its national immunization 
programme, distinctively funding one-
dose routine childhood vaccination and 
an adolescent catch-up programme. 
Many European countries – despite a 
European consensus recommendation – 
have not introduced universal varicella 
vaccination.17 For example, the United 
Kingdom of Great Britain and North-

Fig. 1. Annual varicella hospitalization rates (principal diagnosis) for children aged 
18–59 months and varicella vaccination coverage in children aged 24 and 60 
months, Australia, July 1998 to June 2010

Vaccine licensed in 
Australia

Vaccine
recommended

Vaccine publicly 
funded

Year of hospitalizationa

Hospitalizations per 100 000 population and 95% confidence interval
Vaccine coverage at 60 months of age Vaccine coverage at 24 months of age
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a  Australian financial year from 1 July to 30 June.
Note: Coverage for 24 and 60 months are assessed for the same cohort of children, e.g. for the cohort 
born January–June 2002, 24-month coverage was assessed at January–June 2004 (12.1%) and 60-month 
coverage at January–June 2007 (21.0%).
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ern Ireland recently decided to fund 
an HZ immunization programme, but 
rejected a population-based varicella 
vaccination based on concerns about 
breakthrough varicella, a potential shift 
in varicella to older age groups and po-
tential increases in HZ.18 However, we 
found no evidence for a shift in varicella 
hospitalization to older age groups in 
Australia after the implementation of 
universal varicella vaccination. Instead, 
we observed significant reductions in 
varicella hospitalizations for persons 
younger than 40 years. In line with our 
results, studies from other countries 
with universal varicella vaccination have 

shown marked declines in varicella hos-
pitalizations in both targeted age groups 
and indirect effects to non-targeted age 
groups (Table 4). We also observed that 
the pre-existing twofold disparity in 
varicella hospitalization between indig-
enous and non-indigenous children was 
eliminated under the funded immuniza-
tion programme. Demonstration of this 
broad beneficial outcome across popu-
lation groups in Australia suggests that 
our experience is likely to be applicable 
to other countries with disparities in 
varicella disease.

Our data show evidence of herd 
immunity during the funded immu-

nization programme. In Australia, 
similar to other countries, data on adult 
varicella vaccination coverage is not 
available. However, it is presumed to 
be low and would not account for the 
decline in hospitalizations observed in 
adults younger than 40 years of age. Our 
results show more than a 60% decline 
in hospitalizations for infants – not 
eligible for vaccination – which can 
only be attributed to herd immunity 
effects. This finding is consistent with 
declines in neonatal (68%) and con-
genital (79%) varicella from enhanced 
surveillance both in Australia26 and 
in the USA.22 Furthermore, concerns 
regarding increased risk of infection 
during pregnancy18 are not supported 
by our results, which show a decline in 
varicella hospitalizations in the 20–39 
year age group which include women 
of child-bearing age. Furthermore, data 
from the USA one-dose programme 
show declines in hospitalisations across 
all age groups and no upward age shift 
in varicella hospitalizations.4,21,27,28 
Overall, available data provide evidence 
that pregnant women and their infants 
benefitted from a universal childhood 
varicella vaccination programme due 
to herd immunity effects.

It was estimated that an Australian 
varicella immunization programme 
would directly avert 450 hospitaliza-
tions annually, saving up to 21 532 
Australian dollars per hospitalization 
averted.29 Our results exceeded that 
prediction, with an average of 686 
hospitalizations prevented annually 
in the first four and a half years of the 

Fig. 2. Varicella hospitalization ratesa (principal diagnosis) and incidence rate ratios for indigenous and non-indigenous population by 
varicella vaccine availability and age group in four Australian jurisdictions,b July 1998 to June 2010
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Indigenous population Indigenous population
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funded programme. A re-evaluation of 
programme cost-effectiveness, includ-
ing herd immunity effects, is therefore 
warranted. Funded catch-up vaccina-
tion is likely to be central to reducing 
the pool of susceptible adolescents 
and adults for whom varicella disease 
outcomes are more severe.30 However, 

few countries that have implemented 
a universal varicella vaccination pro-
gramme have also implemented formal 
catch-up programmes. In our adoles-
cent programme, the uptake matched 
our expectations, based on varicella 
seroprevalence data indicating more 
than 80% seropositivity in individuals 

aged 10–14 years before the vaccine was 
available.1,14 We also show incremental 
increases in coverage between 24 and 
60 months of age, which indicate lack 
of timeliness and suggest uptake may be 
prompted by vaccination requirements 
at the time of school or childcare entry. 
The importance of vaccine availability 

Table 4. Published studiesa on varicella hospitalizations before and after funded one-dose varicella immunization programmes

Site Data source and data type 
(pre-vaccine versus funded 

period)

One-dose vaccine 
coverage funded 

period (%)b

Age 
group 
(years)

Pre-vaccine 
hospitalization rate 

(95% CI)c,d

Funded 
programme 

hospitalization 
rate (95% CI)c,d

Per cent reduction 
in hospitalization % 

(95% CI)d

Australia (this 
study)

National hospital database, 
principal diagnosis 
population rates (1998–1999 
versus 2006–2010)

74.8–83.2 All 6.1 (5.8–6.4) 2.9 (2.8–3.0) 52.7 (49.8–55.5)
1–4 34.0 (31.1–37.0) 9.4 (8.5–10.3) 72.5 (68.8–75.7)

Victoria, Australia19 State-wide hospital 
database, principal diagnosis 
population rates (1995–1999 
versus 2006–2007)

~70 000e All 4.0 (3.8–4.2) 3.1 (2.6–3.7) 22.5
0–4 21.0 (18.9–23.2) 12.9 (11.4–14.2) 38.6

New South 
Wales, South 
Australia, Victoria, 
Western Australia, 
Australia20

Active surveillance at 
four paediatric hospitals, 
all-varicella diagnoses 
hospitalization count (1999–
2001 versus 2007–2010)

ND 0–15 598f 160f 73.2

USA4 NHDS, estimated principal 
diagnosis population 
rates (1993–1995 versus 
1996–2004)

ND All 15.9 (11.3–20.5) 7.0 (5.4–8.5) 56g

0–4 42.9 (19.6–66.3) 15.3 (8.0–22.6) 64.3g

USA21 NHDS, estimated all-varicella 
diagnoses population 
rates (1988–1995 versus 
2000–2006)

> 65 All 4.2 (3.3–5.0) 1.2 (0.8–1.6) 71g

0–4 25 7 72

USA22 MarketScan database, all-
varicella diagnoses. Rate per 
enrolee (1994–1995 versus 
2001–2002)

81 0–49 2.3 0.3 88
< 10 9.9 0·9 91

Ontario, Canada23 State-wide hospital 
database, all-varicella 
diagnoses, population 
rates (1992–1998 versus 
2004–2007)

> 200 000h All 4.0 (3.9–4.2) 1.7 (1.6–1.9) 57 (53–62)
< 1 39.4 (35.7–43.5) 18.6 (13.7–24.5) 53 (39–67)

1–4 6.7 (25.2–28.3) 10.2 (8.4–12.3) 62 (54–69)

Canada24 National paediatric active 
hospital surveillance, 
all-varicella diagnoses 
hospitalization count

          5 provinces (2000–2001 versus 2008) ND 0–16 59i 7i 88
          8 provinces (2004–2007 versus 2008) ND 0–16 263i 51i 81
Veneto, Italy25 Regional hospital database, 

all-varicella diagnoses, 
population rates (2000 
versus 2008)

78.6 0–14 18.7 8.4 55.1

CI: confidence interval; ND: not determined; NHDS: National Hospital Discharge Survey.
a  Studies of national population-based hospitalizations or multi-site sentinel hospital-based surveillance in countries with universal funded varicella vaccination 

programmes and reporting pre-vaccine and post-funding rates or counts.
b  Reported coverage by 12–35 months of age (reported age range differs by country). Vaccine sales data presented where coverage not reported.
c  Rate per 100 000 population for principal hospitalizations unless otherwise stated.
d  Not all studies reported a confidence interval.
e  Represents 2008 sales, which were greater than the birth cohort that year.
f  Values represent total patients during the period.
g  No confidence intervals were reported for the reduction in hospitalization.
h  Represents the annual sales between 2004–2007, which were greater than the annual birth cohorts.
i  Values represent patients/year.
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for older children has been emphasized 
in progressively expansive catch-up 
recommendations in the USA.3 Similar 
to data from Ontario, Canada,23 we ob-
served that a low universal vaccination 
coverage during the recommended but 
unfunded period had a minimal effect 
on the reported disease burden which 
was limited to the target age group. Ac-
complishing a rapid, high vaccination 
coverage and mechanisms for catch-up 
appear to be important components of 
a successful one-dose funded universal 
immunization programme.

Modelling studies have predicted 
higher HZ incidence among unvac-
cinated previously infected individuals 
(based on absence of immune boosting 
from exposure to circulating varicella 
zoster virus).30 Instead, we show that 
age-adjusted and age-specific HZ hos-
pitalization rates did not increase over 
time, despite a high varicella vaccina-
tion coverage in Australia for almost 
five years. Our coverage approached the 
90% coverage included in studies model-
ling the impact of varicella vaccination 
on the epidemiology of varicella and HZ. 
This is the scenario that is included in 
studies modelling the impact of varicella 
vaccination on the epidemiology of vari-
cella and HZ.30–32 Some epidemiological 
studies have reported temporal increases 
in the crude HZ hospitalization rates.19,33 
However, only two other studies have 
assessed trends in age-standardized HZ 
rates before and after vaccine introduc-
tion, including hospitalizations and 

health care utilization, and showed no 
temporal increase in HZ (Table 5).35,36

Increasing age is the greatest risk 
factor for VZV reactivation, due to age-
related decline in cellular immunity, high 
prevalence of chronic disease and use of 
immune-compromising medication.37 
HZ hospitalization rates in persons older 
than 80 years are more than twice that of 
persons aged 70–79 years. Over the study 
period, the percentage of the Australian 
population over 80 years of age increased 
from 2.8% to 3.7%.13 Statistical adjust-
ments for ageing populations are required 
in epidemiological studies to adequately 
determine temporal changes in HZ. A 
combined childhood varicella and older 
adult HZ vaccination programme is a 
potential comprehensive strategy for the 
prevention of VZV disease in the entire 
population, and vaccination against HZ 
has been recommended for Australians 
aged over 60 years.8 However, due to 
manufacturer supply issues, virtually no 
HZ vaccine has been available and there 
is currently no funding from the national 
immunization programme.

The strengths of our study include 
the use of comprehensive national 
population-based databases: 12 years 
of hospital admissions data, not limited 
by under-reporting, sampling or re-
gional differences; and national vaccine 
coverage data where under-reporting 
for immunization programme-funded 
vaccines is minimal.12 Although several 
studies4,19–21,23–25,27,28 have demonstrated 
the early effect of a universal varicella 

immunization programme (Table 4), 
we included national data assessing 
both population-adjusted varicella and 
HZ over the pre- and post-programme 
periods. We used principal-coded 
hospitalizations, which potentially 
underestimates the total hospitalized 
disease burden, but reduces reporting of 
incidental hospitalizations and miscod-
ing and is therefore likely to be a more 
accurate method than the use of all 
HZ-related hospitalizations. Although 
this is an ecological study, there is no 
evidence that other factors that could 
affect hospitalization rates have changed 
over time, such as better access to health 
care or changes in hospital admissions or 
coding practices. The high positive pre-
dictive value (95.7%) for varicella coding 
demonstrated in a hospitalized Austra-
lian paediatric population38 supports 
the robustness of using varicella-coded 
data. However, varicella hospitalization 
data in older adults may be limited by 
miscoding of HZ.35 The majority of 
HZ-related hospitalizations are likely 
to have been complicated by complex 
co-morbidities, particularly in the frail 
elderly and/or immunocompromised 
populations and may not reflect the 
principal cause for admission.39

Our study is limited to the inclu-
sion of VZV infection requiring hos-
pitalization. Varicella results in severe 
morbidity in only a minority of cases, 
for which hospitalization is a proxy 
measure. While the risk of complications 
is greater in adults and children with 

Table 5. Published studiesa on all ages herpes zoster hospitalization rates before and after funded one-dose varicella immunization 
programmes

Site Data source and data type (pre-
vaccine versus funded period)

Pre-vaccine hospitaliza-
tion rate (95% CI)b,c

Funded programme hospitalization 
rate (95% CI)b,c

Per cent change in 
hospitalizations (95% 

CI)c

Australia 
(this study)

National hospital database, age-
standardized population rates 
(1998–1999 versus 2006–2010)

11.0 (10.8–11.2) 10.4 (10.2–10.6) −5.3 (2.6–7.8)

Victoria, 
Australia19

State-wide hospital database, 
population rates (1995–1999 versus 
2006–2007)

13.4 (12.6–14.1) 20.5 (20.0–21.0) +34.6 (P < 0.05)

USA34 Nationwide inpatient sample, 
estimated population rates (1993–
1995 versus 2004)

ND 25 (23.8–26.2) P < 0.05 increase

Ontario, 
Canada23

State-wide hospital database, age-
standardized population rates (1992 
versus 2009)

8.7 4.1 −53

CI: confidence interval; ND: not determined.
a  Studies of national population-based hospitalizations in countries with universal funded varicella vaccination programmes and reporting pre-vaccine and post-

funding rates.
b  Rate per 100 000 population for all zoster-related hospitalizations.
c  Not all studies reported confidence intervals, some reported P-values.



Bull World Health Organ 2014;92:593–604| doi: http://dx.doi.org/10.2471/BLT.13.132142 601

Research
Varicella vaccination and admissions to hospitals in AustraliaAnita E Heywood et al.

ملخص
حالات الإدخال إلى المستشفى جراء الإصابة بالحماق والهربس النطاقي قبل تنفيذ تطعيم الحماق أحادي الجرعة في أستراليا 

وبعده: دراسة بيئية
الغرض دراسة الاتجاهات في الإدخال إلى المستشفى جراء الإصابة 
بالحماق والهربس النطاقي بعد إتاحة تطعيم الحماق أحادي الجرعة 
في  التطعيم  لهذا  الوطني  التمنيع  برنامج  من  التمويل  طريق  عن 

أستراليا وبعده.
مواليد  للأطفال  الحماق  بتطعيم  التغطية  على  الحصول  تم  الطريقة 
الأسترالي.  الطفولة  تمنيع  سجل  من   2009 إلى   2001 من  الفترة 
وتم استرجاع حالات الإدخال إلى المستشفى جراء الإصابة بالحماق 
المراضة  بيانات  قاعدة  من  المرمزة  أو  الرئيسية  النطاقي  الهربس  أو 
 .2010 عام  إلى   1998 عام  من  الفترة  في  الوطنية  بالمستشفيات 
وتم تقييم الاتجاهات في معدلات الإدخال إلى المستشفى في مختلف 
الفئات العمرية وحالة الأطفال من السكان الأصليين. وتم حساب 
نسب معدل الإصابة بين الفترات قبل تنفيذ تمويل برنامج التمنيع 

وبعده.
برنامج  من  الأول  العام  في  الحماق  بلقاح  التغطية  وصلت  النتائج 
التمنيع الممول إلى 75 % في الأطفال الذين يبلغ عمرهم 24 شهراً 
شهراً.   60 عمرهم  يبلغ  الذين  الأطفال  في   % 80 عن  يزيد  وما 
إلى  الإدخال  معدلات  انخفضت  التطعيم،  قبل  ما  بفترة  ومقارنة 
بدرجة  الممول  البرنامج  خلال  بالحماق  الإصابة  جراء  المستشفى 
كبيرة في الفئات العمرية الأصغر من 40 عاماً؛ وكان أكبر انخفاض 

)نسبة  شهراً   59 إلى   18 من  عمرهم  تراوح  الذين  الأطفال  في 
 0.22 الثقة:  فاصل   ،% 95 الثقة  فاصل  0.25؛  الإصابة:  معدل 
الإصابة  جراء  المستشفى  إلى  الإدخال  معدل  وازداد   .)0.29  -
بالحماق لدى الأطفال من السكان الأصليين مقارنة بالأطفال من 
الإصابة:  معدل  )نسبة  التطعيم  تنفيذ  قبل  الأصليين  غير  السكان 
1.9؛ فاصل الثقة 95 %، فاصل الثقة: 1.4 - 2.7( غير أنه وصل 
بعدها إلى التكافؤ )نسبة معدل الإصابة: 1.1؛ فاصل الثقة 95 %، 
فاصل الثقة: 0.7 - 1.6(. وانخفض معدل الإدخال إلى المستشفى 
الفترات  النطاقي الموحد حسب السن بين  جراء الإصابة بالهربس 
الثقة:  فاصل   ،% 95 الثقة  فاصل  0.95؛  الإصابة:  معدل  )نسبة 

.)0.97 - 0.92
الاستنتاج أدى الوصول السريع للتغطية المرتفعة إلى تقليل حالات 
العمرية  الفئة  في  بالحماق  الإصابة  جراء  المستشفى  إلى  الإدخال 
المستهدفة، لا سيما لدى الأطفال من السكان الأصليين، وكذلك في 
الفئات العمرية غير المستهدفة، مع عدم زيادة في حالات الإدخال 
إلى المستشفى جراء الإصابة بالهربس النطاقي. ويشير هذا إلى وجود 
أثر كبير للتغطية المرتفعة بلقاح الحماق أحادي الجرعة على حالات 

المرض الحادة.

immunocompromising conditions, the 
highest absolute numbers of varicella 
hospitalizations are in otherwise healthy 
children.38 Approximately 2% of cases 
in children younger than two years re-
quire hospitalization.40 Hospitalization 
rates for HZ are two to four times the 
rate for varicella.41 VZV-related disease 
also significantly impacts health care 
utilization at the primary care level, but 
this was not assessed in our study. As-
sessing trends in non-hospitalized VZV 
disease will become more important as 
Australia’s varicella immunization pro-
gramme matures, including monitoring 
outbreaks and breakthrough varicella.

Although one-dose programmes 
have been effective in preventing severe 
varicella disease, as further confirmed by 
our study, evidence suggests that a two-
dose schedule is required to interrupt 
virus transmission. Ongoing school out-
breaks and high rates of breakthrough 
varicella, although usually mild, have 
prompted some countries to implement 
a two-dose schedule.3,6 A submission 
to fund two-dose varicella vaccination 
under the Australian National Immu-
nization Programme was rejected in 

2008 due to uncertainty regarding the 
incremental cost-effectiveness of the 
second dose.42 However, emerging data 
on further declines during the two-dose 
programme in the USA43,44 and recent 
evidence indicating that breakthrough 
varicella was almost seven times less 
likely to occur in two- compared with 
one-dose vaccine recipients45 provide 
empirical evidence of the potential 
benefits of a two-dose schedule.

This study is a comprehensive anal-
ysis of national Australian population-
based data comparing both varicella and 
HZ hospitalizations during periods of 
varicella vaccine availability, using ro-
bust national vaccine coverage data and 
the largest study reporting experience 
with Varilrix®. There are several differ-
ences in the approach to implement-
ing varicella vaccination programmes 
internationally, including the age at 
vaccination, one or two-dose schedules, 
and inclusion of catch-up vaccination.

Australia’s experience with a one-
dose funded varicella vaccination 
programme with rapidly attained high 
coverage is relevant to countries con-
sidering a universal programme. The 

beneficial outcome of the vaccination 
programme is expected to increase 
as the programme matures and re-
examination of the cost-effectiveness 
of incorporating a second dose may be 
warranted over time. ■
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摘要
澳大利亚实施一剂水痘疫苗接种之前和之后水痘和带状疱疹的住院情况 : 生态研究
目的 研究澳大利亚在提供一剂水痘疫苗接种和获得后
续国家免疫规划资助之后水痘和带状疱疹 (HZ) 住院
治疗趋势。
方法 从澳大利亚儿童免疫登记处获取 2001 年至 2009
年间出生的儿童水痘疫苗接种覆盖率。从国立医院发
病率数据库检索 1998 年到 2010 年主要或任何编码水
痘或 HZ 住院情况。对不同年龄组和原住状态的住院
率趋势进行了评估。计算实施免疫规划资助之前和之
后的发病率比率 (IRR)。
结果 在得到资助的免疫规划的第一年中 , 在 24 月龄儿
童中水痘疫苗覆盖率达到 75%, 年龄个 60 个月的儿童

则达到 80% 以上。较之接种之前 , 在资助规划期间 ,40
岁以下人群中的水痘住院率大大降低 , 在 18-59 个月的
儿童中降低最大 (IRR:0.25;95% 置信区间 ,CI:0.22–0.29)。
较之非原住儿童 , 在实施疫苗之前 , 原住儿童水痘住
院率较高 (IRR:1.9;95% CI:1.4–2.7), 但之后则趋于相等
(IRR:1.1;95% CI:0.7–1.6)。两个期间之间年龄标准化
HZ 住院率降低 (IRR:0.95;95% CI:0.92–0.97)。
结论 快速实现高覆盖率可减少目标年龄群的水痘住院
率 , 原住民儿童尤其如此 , 在非目标年龄群中也是如此 ,
同时 HZ 住院率没有增加。这表明高的一剂水痘疫苗
覆盖率可以对严重疾病产生重大影响。

Résumé

Hospitalisations dues à la varicelle et l’herpès zoster avant et après la mise en œuvre de la vaccination monodose contre la 
varicelle en Australie: une étude écologique
Objectif Examiner les tendances dans les hospitalisations dues à la 
varicelle et l’herpès zoster (HZ) après la disponibilité et le financement 
du programme de vaccination national qui a suivi, pour la vaccination 
monodose contre la varicelle en Australie.
Méthodes La couverture vaccinale contre la varicelle pour les enfants 
nés entre 2001 et 2009 a été obtenue à partir du registre australien de 
vaccination des enfants. Toutes les hospitalisations dues principalement 
à ou codifiées comme étant dues à la varicelle ou au HZ ont été extraites 
de la base de données nationale de morbidité hospitalière pour la 
période 1998–2010. Les tendances dans les taux d’hospitalisation des 
différents groupes d’âge et le statut d’autochtone ont été évaluées. Les 
rapports de taux d’incidence (RTI) ont été calculés entre les périodes 
avant et après la mise en œuvre du financement du programme de 
vaccination.
Résultats Pendant la première année du programme financé de 
vaccination, la couverture vaccinale contre la varicelle a atteint 75% 
chez les enfants âgés de 24 mois et plus de 80% chez les enfants 
âgés de 60 mois. Par rapport à la période prévaccinale, les taux 

d’hospitalisation due à la varicelle pendant le programme financé 
étaient significativement plus faibles dans les groupes d’âges de moins 
de 40 ans; avec la plus grande réduction chez les enfants âgés de 18-
59 mois (RTI: 0,25; intervalle de confiance de 95%, IC 95%: 0,22–0,29). Les 
enfants autochtones avaient un taux d’hospitalisation due à la varicelle 
plus élevé que les enfants non autochtones avant la mise en œuvre du 
vaccin (RTI: 1,9; IC 95%: 1,4–2,7), mais ce taux est devenu équivalent 
par la suite (RTI: 1,1; IC 95%: 0,7–1,6). Le taux d’hospitalisation due au 
HZ normalisé selon l’âge a baissé entre les deux périodes (RTI: 0,95; IC 
95%: 0,92–0,97).
Conclusion La réalisation rapide de la couverture élevée a réduit le 
nombre d’hospitalisations dues à la varicelle dans le groupe d’âge 
ciblé, en particulier pour les enfants autochtones, mais également 
dans les groupes d’âge non ciblés, sans augmentation du nombre 
d’hospitalisations dues au HZ. Cela suggère que la couverture vaccinale 
monodose contre la varicelle peut avoir un impact important sur cette 
maladie grave.

Резюме

Госпитализации из-за ветряной оспы и опоясывающего герпеса до и после однодозной схемы 
вакцинации против ветряной оспы в Австралии: экологическое исследование
Цель Изучить тенденции в госпитализации из-за ветряной оспы 
и опоясывающего герпеса (ОГ) после выделения текущего 
и последующего финансирования в рамках Национальной 
программы иммунизации для однодозовой схемы вакцинации 
против ветряной оспы в Австралии.
Методы Данные об охвате вакцинацией против ветряной оспы 
детей, родившихся в период с 2001 по 2009 гг, были получены 
из Австралийского реестра иммунизации детей. Основные 
или иные кодированные сведения о госпитализации из-за 
ветряной оспы и ОГ были взяты из национальной базы данных 
о заболеваемости в больницах в период с 1998 по 2010 гг. 
Была проведена оценка тенденций в сфере госпитализации 
представителей разных возрастных групп и лиц с разным 
статусом принадлежности к коренному населению. Сотношения 
коэффициентов заболеваемости (СКЗ) были рассчитаны за 
периоды до и после выделения финансирования в рамках 
программы иммунизации.
Результаты В первый год реализации финансируемой программы 

иммунизации охват вакцинацией против ветряной оспы достиг 
75% детей в возрасте 24 месяцев и более 80% детей в возрасте 
60 месяцев. По сравнению с периодом до вакцинации показатели 
госпитализации из-за ветряной оспы в период реализации 
финансируемой программы были значительно ниже для 
возрастных групп в возрасте до 40 лет; при этом наибольшее 
снижение показателя выявлено у детей в возрасте 18-59 месяцев 
(СКЗ: 0,25; 95%-й доверительный интервал (ДИ): 0,22-0,29). 
У детей коренных народов отмечался более высокий уровень 
госпитализации из-за ветряной оспы по сравнению с детьми 
некоренного населения до проведения вакцинации (СКЗ: 1,9; 
95% ДИ: 1,4-2,7), но впоследствии был достигнут паритет (СКЗ: 1,1; 
95% ДИ: 0,7-1,6). Нормализованный с учетом возраста показатель 
госпитализации из-за ОГ снизился между указанными периодами 
(СКЗ: 0,95; 95% ДИ: 0,92-0,97).
Вывод Быстрое достижение высокого уровня охвата привело к 
снижению показателя госпитализаций из-за ветряной оспы не 
только в целевой возрастной группе, особенно в группе детей 
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коренных народов, но и в нецелевых возрастных группах, без 
увлечения числа госпитализаций из-за ОГ. Это указывает на то, 
что высокий охват однодозовой вакциной против ветряной 

оспы может оказывать существенное положительное влияние 
на противодействие этому тяжелому заболеванию.

Resumen

Hospitalizaciones por varicela y herpes zóster antes y después de la implementación de la vacunación monodosis de la varicela 
en Australia: un estudio ecológico
Objetivo Examinar las tendencias de la hospitalización por varicela 
y herpes zóster (HZ) siguiendo la disponibilidad y la subsecuente 
financiación del Programa Nacional de Vacunación de la vacuna 
monodosis de la varicela en Australia.
Métodos La cobertura de la vacunación contra la varicela para los 
niños nacidos entre 2001 y 2009 se obtuvo del Registro Australiano 
de Vacunación Infantil (Australian Childhood Immunization Register). 
Las hospitalizaciones por varicela o HZ principales o codificadas fueron 
sacadas de la base de datos del hospital nacional sobre morbilidad en 
el periodo comprendido entre 1998 y 2010. Se evaluarion las tendencias 
de las tasas de hospitalización en diferentes grupos de edad y estados 
indígenas. Las tasas de incidencia (TI) se calcularon entre los periodos 
previos y posteriores a la implementación de la financiación del 
programa de vacunación.
Resultados En el primer año del programa de vacunación financiado, 
la cobertura de la vacuna de la varicela llegó al 75% en los niños de 
24 meses y a más del 80% en los niños de 60 meses. En comparación 

con el periodo previo a las vacunas, las tasas de hospitalización por 
varicela durante el programa financiado fueron significativamente 
menores en grupos de edad menores de 40 años, con la reducción más 
importante en los niños de entre 18–59 meses (TI: 0,25; 95% intervalo 
de confianza, IC: 0,22–0,29). Los niños indígenas tenían una tasa de 
hospitalización por varicela más alta que los no indígenas antes de la 
implementación de la vacuna (TI: 1,9; 95% IC: 1,4–2,7), pero tras esta se 
alcanzó una igualdad (TI: 1,1; 95% IC: 0,7–1,6). La tasa de hospitalización 
por herpes zóster estandarizada por edad disminuyó entre los periodos 
(TI: 0,95; 95% IC: 0,92–0,97).
Conclusión La rápida consecución de la cobertura alta redujo las 
hospitalizaciones por varicela en el grupo de edad al que se dirigía, 
especialmente en niños indígenas aunque también en grupos de 
edad a los que no iba dirigido, sin incrementar las hospitalizaciones por 
herpes zóster. Esto sugiere que la cobertura de la vacuna monodosis de 
la varicela puede tener un impacto importante en la grave enfermedad.
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SUMMARY

Australia implemented conjugate meningococcal C immunization in 2003 with a single scheduled
dose at age 12 months and catch-up for individuals aged 2–19 years. Several countries have
recently added one or more booster doses to their programmes to maintain disease control.
Australian disease surveillance and vaccine coverage data were used to assess longer term vaccine
coverage and impact on invasive serogroup C disease incidence and mortality, and review vaccine
failures. Coverage was 93% in 1-year-olds and 70% for catch-up cohorts. In 10 years, after
adjusting for changes in diagnostic practices, population invasive serogroup C incidence declined
96% (95% confidence interval 94–98) to 0·4 and 0·6 cases/million in vaccinated and unvaccinated
cohorts, respectively. Only three serogroup C deaths occurred in 2010–2012 vs. 68 in 2000–2002.
Four (<1/million doses) confirmed vaccine failures were identified in 10 years with no increasing
trend. Despite published evidence of waning antibody over time, an ongoing single dose of
meningococcal C conjugate vaccine in the second year of life following widespread catch-up has
resulted in near elimination of serogroup C disease in all age groups without evidence of vaccine
failures in the first decade since introduction. Concurrently, serogroup B incidence declined
independently by 55%.

Key words: Immunization policy, immunization programme evaluation, meningococcal disease,
vaccine failure.

INTRODUCTION

The global epidemiology of invasive meningococcal
disease (IMD) varies considerably, both geographically

and temporally [1, 2]. In recent history, serogroup B
disease has predominated in Australia comprising
∼65% of laboratory-confirmed cases of IMD [3, 4].
However, like many other developed countries,
Australia saw a rapid increase in the incidence of inva-
sive serogroup C meningococcal disease around the
turn of this century, although the incidence and contri-
bution of serogroup C disease varied geographically,
ranging from ∼0·3 cases/100 000 population (10% of
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national IMD) in Western Australia to 3·6 cases/
100 000 (65%) in the southeastern state of Tasmania
in 2002 [3, 4].

The development of safe and effective conjugate
serogroup C vaccines in the late 1990s led to the im-
plementation of national immunization programmes
in European countries, North America and Australia
using three broad strategies based on local disease epi-
demiology [5]. These were to (i) immunize with mul-
tiple doses in the first year of life [e.g. UK (the first
country to implement a national programme), Spain,
and the Canadian province of Quebec] [6–8]; (ii)
give a single dose in the second year of life (e.g.
Australia, The Netherlands, Canadian province of
Ontario) [9–11] or (iii) immunize in adolescence (the
USA, using the ACWY multivalent conjugate vac-
cine) [12]. Most countries that elected to routinely im-
munize in the first or second year of life also
conducted mass catch-up immunization programmes
for children aged up to 19 years to accelerate popula-
tion coverage and reduce the incidence of disease in
the late adolescent high-risk age group [5–11].

The Australian national meningoccocal C conju-
gate vaccine (MenCCV) immunization programme
commenced in January 2003 [9] and included all
three vaccines licensed at that time (i.e. NeisVacC,
Meningitec, Menjugate). A single dose was introduced
into the national immunization schedule at age 12
months, due to the low and stable incidence of
serogroup C disease in infants (only 4–6 cases/year)
and the need for multiple doses in infants aged <12
months to achieve direct protection [13, 14]. A staged
catch-up programme was conducted for the 1–19
years age group (born 1984–2001) with priority
given to the 1–4 and 15–19 years age groups as they
had the highest disease incidence [9]. The catch-up
programme was completed for most age groups by
late 2004 and extended to June 2007 to increase cover-
age in those aged 15–19 years who were not attending
school during 2003–2004.

An important consideration for MenCCV immun-
ization programmes in Australia and elsewhere is the
long-term impact on the population incidence of inva-
sive meningococcal C disease, which is related to dir-
ect and indirect protective effects dictated by the age
at immunization, the likelihood of waning immunity
and the extent of the initial catch-up immunization
programme in terms of age groups and coverage
[5, 14]. A key consideration for all countries is whether
additional booster doses are required to sustain pro-
tection and, if so, the optimal age(s) at which booster

dose(s) should be given. Serological studies have
found that the age at vaccination is associated with
both the level and longevity of immune responses
with vaccination in adolescence achieving higher titres
and smaller reductions in antibody levels over time
compared to younger age groups [15–18]. Countries
that vaccinate in the first year of life have added a boost-
er dose at age 12 months to the national immunization
schedule due to rapidly waning immunity and a relative-
ly high vaccine failure rate [6, 7, 19–21].Canada, theUK
and several other European countries have also now
added an adolescent booster dose to their national
schedules to maintain the low carriage rates achieved
in catch-up campaigns in this high-risk age group
[8, 21, 22]. A further consideration is the vaccine formu-
lation to include in a booster programme, including
the multivalent conjugate ACWY vaccine and recently
available conjugate meningococcal B vaccine [23].

In this paper, we summarize and review the avail-
able data for Australian MenCCV programme evalu-
ation indicators to 31 December 2012 and discuss the
implications of these data in relation to future menin-
gococcal immunization policy in Australia.

METHODS

Vaccine coverage

Coverage was estimated for the 1984–2011 birth
cohorts for doses delivered through the funded pro-
gramme. The Australian Childhood Immunisation
Register (ACIR), a population-based register of
>98% of Australian children aged <7 years at the
time of vaccination, was used to assess coverage of
children born during 2002–2011, i.e. those who
received the vaccine as part of the routine immuniza-
tion schedule due at age 12 months [24]. Coverage in
children born during 1998–2001 (aged 2–5 years in
2003) was estimated from ACIR data adjusted for
underreporting using additional information obtained
from a national telephone survey of parents of a ran-
dom sample of 420 children born in 1999 who had no
ACIR record of having received MenCCV but were
recorded as up-to-date for the vaccines routinely
scheduled at age 4 years. Parents were asked to read
from provider-completed parent-held written records
that included the date of vaccination. The detailed
methods used are reported elsewhere [25].

State and territory health departments provided
aggregated coverage and enrolment data for cohorts
in primary school (born 1991–1997, aged 6–12 years
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in 2003) and secondary school (born 1984–1990, aged
13–19 years in 2003). Due to low secondary-school
attendance, coverage for the 1984–1985 birth cohort
(aged 18–19 years in 2003) was estimated separately
using data provided by the Queensland, South
Australia and Western Australia health departments
and population denominator data estimated by the
Australian Bureau of Statistics [26].

Impact of the programme

Data sources

IMD has been nationally notifiable in Australia since
1993. The National Notifiable Diseases Surveillance
System (NNDSS) includes both laboratory-confirmed
and clinical cases and is collated from data provided by
all state and territory health departments [4, 27]. The
Australian Meningococcal Surveillance Programme
(AMSP) database contains data provided by the nine
meningococcal reference laboratories in Australia [3].
Case definitions used by both the NNDSS and AMSP
surveillance systems have changed over time. Before
1999, the AMSP contained data on culture-positive iso-
lates only [3]. Since 2004, the NNDSS definition of a
confirmed case of IMD is either isolation of Neisseria
meningitidis from a normally sterile site or a clinically
compatible disease plus a positive laboratory test [27].
Clinical cases are also notifiable to the NNDSS and
are defined as a clinically compatible illness without
laboratory evidence but with evidence of either haemor-
rhagic petechiae or close contact with a laboratory-
confirmed case within 30 days. Serogroup information
was not available for clinical cases and for some
laboratory-confirmed cases, particularly during the late
1990s and early in 2000s when non-serogroup-specific
serological and nucleic acid diagnostic tests were used
where culture was not possible. The proportion of cases
with missing serogroup information (including clinical
cases), has declined over time from 32% of cases in
2001 (6·6% were clinical cases) to 16% in 2006 and
11% in 2012 (1·9% and 0·9% were clinical cases,
respectively).

Disease incidence

The impact of the MenCCV programme on the
serogroup-, age- and region-specific incidence of IMD
in Australia was assessed by comparing aggregated
NNDSS (notification) data for the 3-year pre-programme
period (2000–2002, representing the peak in notifications)
and four time periods following the implementation of

the programme (2003–2004, 2005–2006, 2007–2009,
2010–2012). Average annual incidence rates for the
pre- and post-programme periods were used rather
than single years to reduce the impact of year-to-year
variation in each age group, particularly where a small
number of cases was reported. Age-specific rates were
estimated for the following age groups: <1, 1–4, 5–14,
15–24, 25–39 and 540 years. The 2–19 years age
group included in the mass catch-up campaign in 2003
were aged 11–28 years in 2012. Region-specific rates
were estimated for the southeastern states (Victoria,
Tasmania – region 1), northeastern states (New South
Wales, Australian Capital Territory, Queensland – re-
gion 2) and western states (South Australia, Northern
Territory, Western Australia – region 3). States and ter-
ritories were grouped into regions based on both geo-
graphical proximity and serogroup-specific incidence in
the pre-programme period.

To account for changes in diagnostic practices over
time, we assumed that cases of meningococcal disease
that were missing serogroup information would have
the same serogroup distribution by age group, geo-
graphical region and year of diagnosis as cases where
the serogroup was recorded in the NNDSS database.
Using the method described by Miller et al. [28], we
adjusted the raw number of serogroup C and non-
serogroup C cases accordingly and calculated the aver-
age annualized age-specific and region-specific incidence
adjusted for missing serogroup information for the
2000–2002 pre-programme period and the 2010–2012
post-programme period. Incidence rate ratios (IRRs)
and 95% confidence intervals (CIs) for both serogroup
C and non-serogroup C meningococcal disease for the
pre- and post-programme periods were calculated.

Deaths

The annual number of deaths attributed to invasive sero-
group C meningococcal disease was estimated for
1999–2012. NNDSS and AMSP database records
where death was recorded as the outcome and the sero-
group was meningococcal C, untyped or not recorded
were linked on the variables of age, gender, state, post-
code and year of diagnosis. Linked and unlinked records
indicating serogroup C disease in one or both databases
were analysed by year of death and age group. The raw
(unadjusted) number of deaths is reported.

Vaccine failure

Vaccine failure was defined as the onset of laboratory-
confirmed invasive meningococcal serogroup C disease
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>14 days after the date of vaccination. State and terri-
tory health departments were contacted to provide in-
formation about all suspected and confirmed vaccine
failures recorded in the NNDSS dataset.

RESULTS

Vaccine coverage

Approximately 8·07 million people born during 1984–
2011 were eligible to be immunized through the
funded national MenCCV catch-up and routine im-
munization programmes by the end of 2012. An esti-
mated 6·13 million (76%) received the vaccine
between 2003 and 2012, including 4·82 million eligible
for the catch-up dose during 2003–2007. Coverage
varied by age group and was progressively lower in
older age groups (Table 1). It remained high at 93%
for the routine programme delivered at age 1 year.
Across all age groups included in the catch-up

programme, overall coverage was estimated to be
70% with the highest (81%) in the pre-school age
group and the lowest (22%) in the 1984–1985 birth
cohort.

Epidemiology of IMD

Annual notifications of IMD rose steeply from 1999
to peak at 687 cases (3·5/100 000 population) in
2002 (Fig. 1). The major contributors to this peak
were serogroup C disease (225 cases, 1·15/100 000)
and notifications where serogroup information was
not available (139 cases, 0·71/100 000). Large reduc-
tions in total meningococcal disease, serogroup C
disease and untyped notifications were evident by the
end of 2004. In 2012, there were only 11 notified sero-
group C cases (0·05/100 000 population).

Independently, the incidence of serogroup B disease
also peaked in 2002 (297 cases, 1·5/100 000 population),

Table 1. Estimated coverage of the national MenCCV programme, Australia, January 2003 to December 2012

Programme Birth cohort Age in 2003 (years) Age in 2012 (years) Coverage (%) No. of doses

Routine (at age 12 months) 2002–2011 1* 1–10 93 2 753 600
Preschool age catch-up 1998–2001 2–5 11–14 81 865 600
Primary school catch-up 1991–1997 6–12 15–21 75 1 431 950
Secondary school catch-up 1986–1990 13–17 22–26 70 956 400
School leaver 1984–1985 18–19 27–28 22 121 150
Overall 1984–2011 1–19 1–28 76 6 128 700

* Children born in 2002 were aged 1 year in 2003.

Fig. 1. Meningococcal disease notifications, by serogroup, Australia, 1994–2012. Note that ‘serogroup not recorded’
includes untyped isolates, serological and nucleic acid laboratory confirmatory tests as well as clinical cases.
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(d )

Fig. 2. Average annualized incidence of meningococcal disease/100 000 population by serogroup, time period and age group.
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then declined, less sharply than serogroup C disease, to
166 cases (0·73/100 000 population) in 2012. Other sero-
groups, predominantly W-135 and Y, remained stable
during 2000–2007 at 0·11 cases/100 000, declined to
0·06/100 000 in 2009 and then rose to 0·11 in 2012.

Age distribution

The incidence of IMD declined in all age groups after
2002 (Fig. 2). The largest reduction was in serogroup
C incidence in all age groups included in the MenCCV
programme, with smaller reductions in other age
groups. Concurrent independent reductions in sero-
group B disease also occurred in all age groups since
2002 (Fig. 2). The highest incidence of IMD across
all time periods was in infants and is predominantly
due to serogroup B (average annualized incidence of
9·7 cases/100 000 infants in 2010–2012).

Adjusted age-specific incidence

After adjusting for missing serogroup information
(Table 2), the average annualized incidence of meningo-
coccal serogroup C declined by 96% (95% CI 94–97)

from 1·30/100 000 population in the pre-programme
period (2000–2002) to 0·06/100 000 in 2010–2012
(IRR 0·04, 95% CI 0·03–0·06). During the same time-
frame, non-serogroup C incidence declined by 55%
(95% CI 50–59) from 2·16 to 0·97/100 000 population
(IRR 0·45, 95% CI 0·41–0·50).

The decrease in adjusted serogroup C disease inci-
dence was significant across all age groups (Table 2)
particularly in the 1–4 and 15–24 years age groups.
The smallest percentage reduction was in the <1
year age group which was not included in the immun-
ization programme. Comparing all age groups
included in the immunization programme (i.e. 1–24
years vs. <1 year and 525 years) indicates that the re-
duction in incidence was significantly larger in the vac-
cinated age groups based on non-overlapping 95% CIs
(Table 2).

Geographical distribution

The distribution of serogroup B and serogroup C
IMD has differed markedly across Australia and
over time [2–4, 27]. Between 1994 and 1999, the ma-
jority of isolates for all states and territories was

Table 2. Meningoccocal disease in Australia by age group, serogroup and year, adjusted for untyped cases

Age group
(years) Serogroup

Adjusted* total cases and average annual incidence
rate/100 000 population IRR

2010–2012 vs.
2000–20022000–2002 2010–2012

Cases (raw) Rate Cases (raw) Rate IRR 95% CI

<1 C 22 (17) 2·93 3 (3) 0·34 0·11 0·034–0·38
Non-C 204 (161) 27·15 97 (89) 10·96 0·40 0·31–0·51

1–4 C 95 (70) 3·10 0 (0) 0 0·0 —

Non-C 278 (204) 9·07 126 (107) 3·59 0·40 0·32–0·49
5–14 C 120 (79) 1·49 3 (2) 0·04 0·02 0·01–0·08

Non-C 180 (118) 2·24 68 (53) 0·82 0·37 0·28–0·48
15–24 C 282 (225) 3·57 6 (6) 0·07 0·02 0·01–0·04

Non-C 309 (247) 3·91 171 (162) 1·86 0·47 0·39–0·57
25–39 C 116 (79) 0·89 5 (5) 0·03 0·04 0·02–0·10

Non-C 106 (72) 0·81 48 (44) 0·33 0·41 0·29–0·58
540 C 114 (86) 0·46 21 (19) 0·07 0·15 0·09–0·24

Non-C 172 (130) 0·69 144 (135) 0·47 0·68 0·54–0·85

1–24 C 497 (374) 2·61 9 (8) 0·04 0·02 0·01–0·032
Non-C 767 (569) 4·03 365 (322) 1·73 0·43 0·38–0·49

525 C 230 (165) 0·60 26 (24) 0·06 0·10 0·06–0·14
Non-C 278 (202) 0·73 192 (179) 0·43 0·58 0·48–0·70

All ages C 749 (556) 1·30 38 (35) 0·06 0·04 0·02–0·06
Non-C 1249 (932) 2·16 654 (590) 0·97 0·45 0·41–0·50

IRR, Incidence rate ratio; CI, confidence interval.
* Adjusted for untyped meningococcal disease cases.
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serogroup B, accounting for 60–70% of the total.
This changed between 2000 and 2002 when the inci-
dence of serogroup C disease increased in the eastern
regions of the country and particularly in region 1
(Table 3) where it became substantially higher than
serogroup B incidence. In contrast, serogroup C inci-
dence remained low and stable in the western juris-
dictions (region 3) where serogroup B continued to
dominate.

The adjusted incidence of both serogroup C and
non-serogroup C disease declined in all geographical

regions between the 2000–2002 and 2010–2012 peri-
ods, most notably in region 1 (Table 3).

Serogroup C mortality

For the period 1999–2012, 126 deaths attributed tomen-
ingococcal serogroup C were recorded in one or both of
the NNDSS and AMSP databases with 61 (48%) deaths
recorded in both databases. Annual serogroup C deaths
declined from a peak of 29 deaths in 2002 to an average
of one death annually in 2008–2012 (Fig. 3). Deaths

Table 3. Meningococcal disease in Australia by geographical region, serogroup and year adjusted for untyped cases

Geographical region Serogroup

Adjusted* total cases and average annual incidence
rate/100 000 population IRR

2010–2012 vs.
2000–20022000–2002 2010–2012

IRR 95% CICases (raw) Rate Cases (raw) Rate

Region 1 C 337 (253) 2·15 5 (5) 0·03 0·01 0·005–0·03
(Vic, Tas) Non-C 265 (199) 1·69 146 (140) 0·80 0·48 0·39–0·58
Region 2 C 347 (250) 1·11 24 (21) 0·07 0·06 0·04–0·09
(ACT, NSW, Qld) Non-C 689 (495) 2·20 370 (315) 1·02 0·46 0·41–0·53
Region 3 C 65 (53) 0·60 9 (9) 0·07 0·12 0·06–0·24
(NT, SA, WA) Non-C 295 (238) 2·72 138 (135) 1·09 0·40 0·33–0·49
Australia C 749 (556) 1·30 38 (35) 0·06 0·04 0·02–0·06

Non-C 1249 (932) 2·16 654 (590) 0·97 0·45 0·41–0·50

Vic, Victoria; Tas, Tasmania; ACT, Australian Capital Territory; NSW, New South Wales; Qld, Queensland; NT, Northern
Territory; SA, South Australia; WA, Western Australia.
* Adjusted for untyped meningococcal disease cases.

Fig. 3. Estimated number of deaths due to invasive serogroup C meningococcal disease by age group and year of death,
Australia, 1999–2012.

2388 G. L. Lawrence and others

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0950268816000704
Downloaded from https://www.cambridge.org/core. University of Otago Library, on 19 Jan 2021 at 10:49:48, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0950268816000704
https://www.cambridge.org/core


declined in all age groups. For the <1 year age group,
not included in the programme, six deaths attributed
to serogroup C occurred during the 4 years 1999–
2002 compared to four deaths in the 10-year period
2003–2012.

Vaccine failures

Between 2003 and 2012, a total of 145 serogroup C
cases of IMD were reported for the birth cohorts
included in the MenCCV programme. Four confirmed
cases of vaccine failure were identified in immunocom-
petent people which amounted to <1 vaccine failure/
million vaccine doses administered. Of these four
confirmed cases, two were vaccinated in the routine
programme at ages 12 and 13 months and had disease
onset 2 years and 4 years after vaccination, respective-
ly. Two cases were vaccinated at ages 11 and 13 years
in 2003; both had disease onset in 2007, 4 years after
vaccination. A fifth case occurred in a child subse-
quently diagnosed with an immunological deficiency
who was vaccinated at age 3 years and diagnosed 8
months later as part of a family disease cluster [29].
All identified cases of vaccine failure survived.

DISCUSSION

The Australian MenCCV programme achieved high
(93%) coverage for the routine childhood component
at age 12 months and moderate (70%) coverage for
the catch-up programme. As seen in other countries
where national MenCCV programmes have been
implemented [5–8, 10, 11, 21], the impact of the pro-
gramme on the incidence of invasive serogroup C
meningococcal disease in Australia was substantial
across all age groups and geographical regions. This
must be interpreted in the context of changing diag-
nostic practices (e.g. less frequent lumbar puncture, in-
creasing use of PCR) and a concurrent 55% reduction
in the incidence of non-serogroup C disease between
the pre- and post-programme periods, which may
reflect known periodic fluctuations in the incidence of
meningococcal disease in Australia and globally, and
perhaps also behaviour change in smoking [1, 2, 30].
As reported from other countries [6–8, 31], there is no
evidence of serogroup replacement as a result of a
mass programme targeting serogroup C disease. Like
The Netherlands, which also vaccinates after the first
year of life, vaccine failures are rare compared to the
rates seen in countries that have vaccinated in the
first year of life [19–21, 32].

The study reported here has strengths and limitations.
Limitations of the study are those inherent in the use of
data collected through passive surveillance systems,
particularly under-reporting of cases of invasive menin-
gococcal disease and changes in data completeness over
time (e.g. increased completeness of reporting of cases
and serogroup information following implementation
of the meningococcal C immunization programme).
The latter would cause underestimation of changes in
morbidity and mortality associated with serogroup C
disease following the implementation of the programme
as well that associated with non-serogroup C invasive
meningococcal disease over the same time period.

Immunization coverage among cohorts born 1984–
1998 can be considered to be minimum estimates as
vaccines delivered by general practitioners outside of
the main programme to those aged >7 years were not
routinely recorded and collected by most Australian
jurisdictions. Further, doses administered to all age
groups prior to the nationally funded programme, par-
ticularly in geographical region 1 where pre-programme
incidence was highest, could not be estimated. The lack
of vaccination status being recorded for notified cases of
serogroup C prevented estimation of vaccine effective-
ness. Our assumption that the distribution of cases
where serogroup information was not available was
the same as for cases where it was recorded is untested
but we suggest reasonable as there is no evidence that
particular serogroups are more or less likely to be
diagnosed.

A major strength of the study is that we were able
use two data sources to estimate the number of deaths
directly attributed to serogroup C disease. Moreover,
adjustment for cases where serogroup information
was missing allowed us to account for changes in diag-
nostic practices over time to minimize confounding. It
also allowed us to compare the reduction in meningo-
coccal serogroup C incidence between the pre- and
post-programme periods relative to the concurrent
independent secular reduction in non-serogroup C
incidence that occurred in Australia during the post-
programme period. Prior to the implementation of
the immunization programme in 2003, the incidence of
serogroup C disease in New South Wales (region 2)
had started to decline [33] suggesting that some of
the reduction in serogroup C incidence between the
pre- and post programme periods may be related to the
natural variation in serogroup incidence and/or to pre-
programme vaccine uptake, i.e. that impact of the
immunization programme on the reduction in serogroup
C incidence may be overestimated to some extent.
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It should be noted that widespread herd effects are
apparent in age groups not targeted by the pro-
gramme. This is likely to be due to lower throat car-
riage rates of serogroup C N. meningitidis at the
population level [34]. The UK, Dutch and Canadian
data have shown that mass immunization of the ado-
lescent population, where carriage rates are highest,
led to rapid and significant herd immunity in all un-
vaccinated age groups [6, 8, 10, 11], and it would be
reasonable to assume that this has also occurred in
Australia, i.e. a substantial vaccine effect in addition
to a possible natural reduction in incidence nationally.

In terms of ongoing control of meningococcal dis-
ease, the key areas to consider are population vaccin-
ation coverage, herd immunity and throat carriage of
N. meningitidis as well as waning immunity in those
who have been vaccinated, and whether a booster
dose will need to be added to the immunization pro-
gramme in the future.

The available data reported here support continued
use of the current schedule in Australia with a single
dose at age 12 months as there is good control of
MenCCV in infants aged <1 year. A booster dose
has not been implemented at this stage, although the
need for this must be monitored. A booster dose
may be required prior to [16] or in early adolescence
[20, 21] in the future before the cohorts immunized
in early childhood reach late adolescence when risk
of IMD rises rapidly due to increased risk behaviours
[35] and higher rates of carriage of N. meningitidis.
Preliminary analysis of Australian serosurvey data
collected during 2007–2008 support previously pub-
lished studies [15, 17, 18] finding that higher antibody
titres occurred in those immunized in adolescence
compared to younger age groups. Mathematical mod-
elling, using national serosurvey data, ongoing labora-
tory surveillance of invasive isolates, surveillance of
vaccine failures and serum antibody protection will
help inform decisions regarding addition of a booster
dose of meningococcal C vaccine to the Australian na-
tional immunization schedule.

CONCLUSION

In the 10 years following the implementation of the
national MenCCV immunization programme in
Australia, the incidence of meningococcal C disease
has declined substantially, by 96%, alongside a natural
independent reduction in meningococcal B disease of
55% during the same period. The largest reductions
in serogroup C incidence are seen in the age groups

targeted by the programme and in the geographical
regions that had the highest pre-programme incidence.
Like The Netherlands, which also vaccinates early in
the second year of life, Australia has seen very few
vaccine failures in immunocompetent children. A
booster dose of MenCCV-containing vaccine has not
yet been added to the immunization schedule.
Surveillance continues.
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Epidemiology of invasive meningococcal B
disease in Australia, 1999e2015: priority
populations for vaccination
Brett N Archer1, Clayton K Chiu1,2, Sanjay H Jayasinghe1,2, Peter C Richmond3,4,5, Jodie McVernon6,7,8, Monica M Lahra9,10,11,
Ross M Andrews12, Peter B McIntyre1,2, on behalf of the Australian Technical Advisory Group on Immunisation (ATAGI)
Meningococcal Working Party
Abstract

Objectives: To describe trends in the age-specific incidence
of serogroup B invasive meningococcal disease (IMD) in
The known A polyvalent serogroup B meningococcus (MenB)
vaccine was licensed in Australia in 2014, but data on the
Australia, 1999e2015.

Design, setting, participants: Analysis in February 2017 of
de-identified notification data from the Australian National
Notifiable Diseases Surveillance System of all notifications of
IMD in Australia with a recorded diagnosis date during
1999e2015.

Major outcomes: IMD notification rates in Australia, 1999e2015,
by age, serogroup, Indigenous status, and region.

Results: The incidence of meningococcal serogroup B (MenB)
disease declined progressively from 1.52 cases per 100 000
population in 2001 to 0.47 per 100 000 in 2015. During
2006e2015, MenB accounted for 81% of IMD cases with a
known serogroup; its highest incidence was among infants under
12 months of age (11.1 [95% CI, 9.81e12.2] per 100 000), children
aged 1e4 years (2.82 [95% CI, 2.52e3.15] per 100 000), and
adolescents aged 15e19 years (2.40 [95% CI, 2.16e2.67] per
100 000). Among the 473 infants under 2 years of age with
age-specific incidence of MenB disease that could guide
individual riskebenefit assessments are limited.

The new During 2006e2015, the incidence of MenB disease
decreased markedly, but constituted about 81% of all invasive
meningococcal disease cases with known serogroup. Its
incidence was highest in children under 12 months of age (11.1
cases per 100 000); it was almost four times as high among
Indigenous as among non-Indigenous Australians, and was
particularly high among Indigenous children.

The implications Priority at risk age/population groups for
MenB vaccination include all children between 2 months and 5
years of age, Indigenous children under 10 years of age, and all
adolescents aged 15e19 years.

eisseria meningitidis is a leading cause of life-threatening
septicaemia and meningitis in children worldwide. The
MenB, 43% were under 7 months and 69% under 12 months of
age. The incidence of meningococcal serogroup C (MenC)
disease prior to the introduction of the MenC vaccine in 2003
was much lower in infants than for MenB (2.60 cases per
100 000), the rate peaking in people aged 15e19 years (3.32 per
100 000); the overall case fatality rate was also higher (MenC,
8%; MenB, 4%). The incidence of MenB disease was
significantly higher among Indigenous than non-Indigenous
Australians during 2006e2015 (incidence rate ratio [IRR], 3.8;
95% CI, 3.3e4.5).

Conclusions: Based on disease incidence at its current low
endemic levels, priority at risk age/population groups for MenB
vaccination include all children between 2 months and 5 years of
age, Indigenous children under 10 years of age, and all
adolescents aged 15e19 years. Given marked variation in
meningococcal disease trends over time, close scrutiny of
current epidemiologic data is essential.
N varying prevalence of serogroups A, B, C, W and Y by
region that cause acute, sporadic cases or epidemic events con-
tributes to its highly diverse global epidemiology.1,2 The inci-
dence of invasive meningococcal disease (IMD) infections is
typically low in high income countries such as Australia, where
sporadic group B infections predominate.2,3

Even with good access to medical care, IMD can rapidly pro-
gress to death.4 About one in ten survivors of meningococcal B
(MenB) disease develop major disabling sequelae, and more
than one-third may have one or more physical, cognitive, psy-
chological, memory, or executive function deficits,5 incurring
both personal and societal costs.6 The likelihood of severe out-
comes and the challenges of early diagnosis and treatment,
combined with public fears about the disease, make prevention
of IMD highly desirable.

Since the meningococcal C conjugate vaccines (MenCCV) were
added to the National Immunisation Program in 2003, the inci-
dence of groupCmeningococcal disease inAustralia has remained
very low among both vaccinated and unvaccinated people. This
finding of indirect protection (herd immunity) is consistent with
observations of reduced carriage prevalence among vaccinated
adolescents in the United Kingdom.7,8 The recent development of
two MenB vaccines that afford protection against multiple strains
provides new opportunities for preventing group B disease. In
August 2013, a multicomponent recombinant vaccine designed to
afford protection against a broad spectrum of MenB strains
1 National Centre for Immunisation Research and Surveillance (NCIRS), Sydney, NSW. 2
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August 2014, this vaccine has been available inAustralia by private
prescription; the Australian Technical Advisory Group on Immu-
nisation (ATAGI) has subsequently recommended its targeted use
in age groups and other populations at increased risk of invasive
disease.9 The Pharmaceutical Benefits Advisory Committee rejec-
ted successive applications by industry to have the vaccine
included in the National Immunisation Program.10,11
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A recent Australian study reported that recommendations by
the family doctor had the strongest influence on parents’ willing-
ness to have their child receive a MenB vaccine.12 There is, how-
ever, limited published information on trends in the age-specific
risk of invasive group B disease in Australia, especially among
those under 2 years of age.We therefore examined the age-specific
incidence of invasiveMenBdisease inAustralia during 1999e2015,
with the aim of identifying age and population groups at risk of
invasiveMenB disease, to inform national policy deliberations and
individual riskebenefit assessments of MenB vaccination in the
absence of a national program.
Methods

In our observational study, we analysed de-identified notification
data from theAustralianNational NotifiableDiseases Surveillance
System (NNDSS) in February 2017. Our study included notifica-
tions of IMD from all Australian states and territories with a
recorded diagnosis date during 1999e2015.
Case definition
Since late 2004, a set of national case definitions for notification to
the NNDSS of both probable and confirmed cases of IMD has been
adopted by all Australian jurisdictions.13 We included both prob-
able and confirmed cases in our overall analysis; analyses by
serogroup were limited to confirmed cases only. We detected in-
ternal inconsistencies of confirmation status in the dataset, neces-
sitating reclassification of some cases according to laboratory
confirmation or typing data, applying a set of rules and assump-
tions approved by ATAGI (online Appendix, table 1).

Statistical analysis
Infants under 2 years of age with recorded dates of birth and dates
of onset of IMD (or, when not available, specimen collection date)
were categorised into one of five age groups (0e2, 3e6, 7e8, 9e11,
12e23 months). The recommended schedule for infants of the
licensedMenB vaccine includes doses at ages 2, 4, 6 and 12months.

Given the high ascertainment rate of IMD cases by the
NNDSS14, we assumed that notifications accurately reflected
the incidence of disease. Denominators for calculating incidence
rates were based on published Australian 1999e2015 mid-year
1 Secular trends in the incidence of notifications of invasive
meningococcal disease, Australia, 1999e2015, by serogroup*

* Data for serogroups A (five cases) and X (two) are not shown. The complete data table for all
serogroups is included in the online Appendix as table 2. u
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resident population projections, including estimates
of total population by age in single years and state or
territory15 and of the Aboriginal and Torres Strait
Islander (Indigenous) population.16 We imputed the
non-Indigenous population as the difference between
total and Indigenous population estimates. To
explore any difference in distribution of age at dis-
ease onset by serogroup, while also allowing for
adequate case counts, average annual incidence rates
per 100 000 person-years were calculated for MenB
notifications during the most recent 10-year period
(2006e2015). These rates were compared with MenC
notifications during 1999e2002, the period when the
proportion of confirmed cases with unknown or
undetermined serogroup declined to under 30%, but
before the introduction of the MenCCV.

Statistical analyses were performed in SAS Enterprise
Guide 6.1 (SAS Institute). A Poisson distribution was
assumed for estimating 95% confidence intervals (CIs)
for incidence rates. Case fatality rates by serogroupwere
compared in Fisher exact tests. Incidence rate ratios
(with 95% CIs) were calculated for assessing the significance of
differences between age-specific rates by Indigenous status.
P < 0.05 (two-sided) was deemed statistically significant.
Ethics approval
Access to the de-identified NNDSS data extract for this epidemi-
ological analysis was approved by the Communicable Diseases
Network Australia (http://www.health.gov.au/cdna). It was
deemed that specific ethics approval for the study was not
required.
Results

During 1999e2015, 6306 notifications of IMDwere recorded by the
NNDSS, of which 5968 (95%) met the case definition of confirmed
cases, including 94 re-classified as described above.
Longitudinal trends
Following a peak in 2001 (3.54 per 100 000 population), the overall
incidence of IMD progressively declined to 0.64 cases per 100 000
in 2013, then increased to 0.77 per 100 000 in 2015 (Box 1). The
proportion of confirmed IMD cases for which the causative
serogroup was determined increased from 77% in 1999 to 96% in
2015. SerogroupBwas themost common serogroupoverall and in
each individual year during the 17-year period, including
1999e2002 (ie, prior to implementation of the national MenCCV
program). After untyped cases were excluded, MenB constituted
83% (range, 76e88%) of IMD cases during 2006e2014, but this
declined to 65% in 2015 as a result of increases in contributions by
serogroupsWandY, resulting in an overall contribution of 81%of
IMD cases during 2006e2015. While the effect of the MenCCV
program on the incidence of group C disease was apparent
(99% decline in case incidence since 2002), the incidence of MenB
disease also declined, from 1.52 cases per 100 000 in 2001 to 0.47
per 100 000 population in 2015 (69% decrease). Very low rates for
other serogroups were observed during 1999e2014, before the
clear emergence of MenW in Australia in 2015 (when the rate
increased to 0.14 per 100 000), with an average of ten cases each
(0.05 per 100 000) for serogroups W and Y each year. Few cases
were caused by other serogroups during the study period (A, five
cases; X, two cases).

https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01340_Appendix.pdf
http://www.health.gov.au/cdna
http://www.health.gov.au/cdna
https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01340_Appendix.pdf


2 Age distribution of confirmed cases of invasive meningococcal serogroups B (2006e2015) and C disease
(1999e2002), Australia*

* Error bars show 95% confidence interval for incidence rate estimates. The complete data table is included in the online Appendix as table 3. u
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Age distribution of the two predominant serogroups
(B and C)
MenB and MenC disease each had asymmetric bimodal age inci-
dence distributions (Box 2), but with different peak ages. During
2006e2015, a mean of 174 confirmed cases of MenB disease were
reported annually, including a mean 32 cases in infants under
12 months of age, 32 in children aged 2e4 years, and 35 in patients
aged 15e19 years (Box 3). The peak incidence was in infants under
12months of age (11.1 cases per 100 000), particularly among those
aged 3e6months (15.1 per 100 000). Smaller peak rateswere noted
for children aged 1e4 years (2.82 per 100 000) and adolescents aged
15e19 years (2.40 per 100 000). Of the 473 infants under 2 years
with MenB disease during 2006e2015, 43% were under 7 months
old and 69% under 12 months old (data not shown).
3 Age distribution of confirmed cases of invasive meningococca

Age group
Person-years,
2006e2015

Number of cases
(proportion)

< 12 months 2 952 909 324 (19%)

0e2 months 738 227 56 [17%*]

3e6 months 984 303 149 [46%*]

7e8 months 492 152 59 [18%*]

9e11 months 738 227 60 [19%*]

1e4 years 11 483 418 324 (19%)

5e14 years 27 883 626 164 (9%)

15e19 years 14 515 186 349 (20%)

20e24 years 15 831 572 175 (10%)

� 25 years 149 020 142 405 (23%)

All ages 221 686 853 1741 (100%)

* Proportion of cases in infants under 12 months of age. u
In contrast, the peak incidence ofMenCdisease during 1999e2002,
prior to the MenCCV program, was at 18 years (Box 2). In infants
under 12 months of age, the incidence (2.60 per 100 000) was
one-quarter that of MenB, but was slightly higher among young
people aged 15e19 years (3.32 per 100 000).

The observed bimodal age distribution for MenB also applied to
each calendar year included in the study. The age distribution of
MenC disease, however, was less uniform from 2006 onwards,
with sporadic cases across the age spectrum (data not shown).
Deaths (case fatality rates)
The completeness of reporting of case outcomes for all IMD noti-
fications improved from26% in 1999 to 79% in 2015.Assuming that
l serogroup B disease, Australia, 2006e2015

Annual number
of cases (mean)

Incidence: cases per 100 000
person-years (95% CI)

32 11.1 (9.81e12.2)

6 7.59 (5.73e9.85)

15 15.1 (12.8e17.8)

6 12.0 (9.13e15.5)

6 8.13 (6.20e10.5)

32 2.82 (2.52e3.15)

16 0.59 (0.50e0.69)

35 2.40 (2.16e2.67)

18 1.11 (0.95e1.28)

41 0.27 (0.25e0.30)

174 0.79 (0.75e0.82)

https://www.mja.com.au/sites/default/files/issues/207_09/10.5694mja16.01340_Appendix.pdf


4 Case fatality rates (CFRs) for meningococcal serogroups B
and C disease, Australia, 1999e2015, by age group

Age group

Serogroup B Serogroup C

Cases Deaths CFR Cases Deaths CFR

< 5 years 1450 72 5% 164 9 5%

5e9 years 237 4 2% 73 6 8%

10e14 years 183 1 1% 65 1 2%

15e24 years 1013 25 2% 416 27 6%

� 25 years 792 51 6% 381 44 12%

All ages 3675 153 4% 1099 87 8%

Research
all patients with unknown outcomes survived, the estimated
all-age case fatality rate for MenB infections was 4%, and 8% for
MenC infections (P < 0.01).

Serogroup-specific death rates by age differed markedly (Box 4).
Although most IMD deaths in children under 5 (83%) were linked
to serogroup B infections (data not shown), the case fatality rates
for MenB and MenC were similar in this age group (5%). In
contrast, the case fatality rates were significantly higher for MenC
than for MenB disease among adolescents aged 15e24 years
(P < 0.01) and adults over 25 (P < 0.01).
Indigenous Australians
Indigenous status of the patient was recorded for 97% of MenB
notifications during 2006e2015. The all-age incidence of MenB
disease was significantly higher among Indigenous than among
non-Indigenous Australians (incidence rate ratio, 3.8; 95% CI,
3.3e4.5). This difference was evident across most groups under
25 years of age, and was most pronounced in children under 10
(Box 5). Overall MenB case fatality rates were similar for Indige-
nous (3%) and non-Indigenous Australians (4%). In contrast to the
progressive decline in MenB incidence in non-Indigenous pop-
ulations, the all-age incidence of MenB in Indigenous Australians
has beenmore variable,fluctuating between 1.65 and 4.51 cases per
100 000 during 2006e2015 (data not shown).
Geographic distribution
Most MenB notifications during 1999e2015 were fromNew South
Wales (1089 cases, 30%), Queensland (809 cases, 22%) and Victoria
(752 cases, 20%). Historically, the incidence of MenB disease has
5 Meningococcal serogroup B disease notifications, Australia, 20

Age group

Indigenous Non

Person-years,
2006e2015 Number of cases (IR)

Person
2006e

< 12 months 169 378 55 (32.5) 2 783

1e4 years 658 142 61 (9.27) 10 82

5e9 years 799 097 24 (3.00) 13 158

10e14 years 771 071 10 (1.30) 13 155

15e24 years 1 313 584 18 (1.37) 29 03

� 25 years 2 929 550 16 (0.55) 146 09

All ages 6 640 822 184 (2.77) 215 04

IR ¼mean incidence rate: cases per 100 000 person-years. u
been greatest in the Northern Territory, but it has also declined
here, from a peak of 4.6 cases per 100 000 in 2003 to 0.4 per 100 000
in 2015 (onlineAppendix, table 4). The incidence in SouthAustralia
remained high throughout the studyperiod,with the highest value
in 2015 (1.65 cases per 100 000).

Discussion

IMD has been increasingly uncommon in Australia since 2003, the
year the national MenC vaccination campaign commenced. Since
2006, serogroup B disease has accounted for most confirmed IMD
cases (83%). The highest incidence of MenB disease was for infants
under 12 months of age (43% before the earliest receipt of the third
MenB vaccine dose at 6 months), followed by young children (1e4
years) and older adolescents (15e19 years). The incidence ofMenB
disease was significantly higher among Indigenous than other
Australians, particularly among children under 10 years of age.

Context for the current epidemiology of MenB disease is provided
by comparing it with that of MenC before the MenCCV was
available. First, the peak incidence of MenC disease was in late
adolescence, rather than in infancy and early childhood; second,
case fatality rates for adolescent patients were higher for MenC
disease; third, there was no disparity between Indigenous
Australians and others in the incidence of MenC.17 This epidemi-
ological profile led to selecting the schedule of a single dose of
MenCCV at age 12 months or later (initial or catch-up doses);
together with an extensive catch-up campaign for children and
adolescents, this markedly reduced MenC incidence to its current
low levels through a combination of direct and indirect (herd
immunity) effects.7,8,18

In contrast, our epidemiological data indicate that the morbidity
and mortality of MenB disease are greatest during infancy,
particularly the first 8 months of life. As the impact of the multi-
component MenB vaccine on carriage and, consequently, the
potential indirect protective effects achievable by vaccinating older
people remain speculative,19 increasing direct protection by
vaccinating younger infants is the strategy most likely to yield the
greatest benefit, despite the scheduling challenges and concerns
about vaccine reactions, especially fever.20

Since 1999, the overall incidence of MenB disease in Australia has
declined, to a historic low of fewer than 0.5 cases per 100 000
population in 2015. Similar declines without a specific MenB
vaccination program have been reported in other industrialised
countries. However, the incidence in Australia remains notably
higher than the sustained low rates in Canada (0.3 per 100 000
06e2015, by Indigenous status and age group

-Indigenous, or status unknown

Incidence rate ratio (95% CI)
-years,
2015 Number of cases (IR)

531 269 (9.66) 3.4 (2.5e4.5)

5 276 263 (2.43) 3.8 (2.9e5.0)

233 63 (0.48) 6.3 (3.9e10)

225 67 (0.51) 2.5 (1.3e4.9)

3 174 506 (1.74) 0.8 (0.5e1.3)

0 592 389 (0.27) 2.1 (1.2e3.4)

6 031 1557 (0.72) 3.8 (3.3e4.5)
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during 2006e2011)6 and theUnited States (fewer than 0.1 cases per
100 000 during 2002e2011),21 including among infants.22 Some-
what higher (but gradually declining) rates of MenB disease have
been reported in England among infants under 12 months of age
(12e19 per 100 000),23 which contributed to the decision to include
the MenB vaccine in the UK immunisation program, with cost-
effectiveness improved by a reduced dose schedule (two doses
during infancy, one booster at 12months).24 Thefirst assessment of
the impact on this schedule found that the number of cases among
vaccine-eligible infants had declined by 50% during the first
10 months of the program;25 if sustained, this would have impli-
cations for cost-effectiveness as well as for disease trends.

The epidemiology of MenB disease is changing in Australia; its
overall incidence has remained stable, but increased numbers of
infections by serogroups W and Y since 20133,26 means that it
accounted for 65% of IMD cases with a known serogroup during
2015, down from 83% during 2006e2014. There is also some
regional variation; while incidence has declined in the three most
populous states, the rate in the Northern Territory has been more
variable, and has increased in South Australia, where it prompted
the initiation of a large comparative study of MenB vaccination of
adolescents in 2017.27

Our study has several limitations. Routine notification data have
been influenced by changes in case definition, regional data man-
agement practices, and data completeness. The strength of labora-
tory evidence has also varied. Australian public health authorities
regard notification data for the most recent years assessed, and
following wide availability of nucleic acid detection assays from
2002, as robust— recent studies linking notification datawith birth,
hospital and death records14 have found only a low level of missed
cases— allowing an accurate estimate of disease incidence.

As a MenB vaccine is available in Australia, our epidemiological
findings will assist identify key target groups for vaccination,
and will be critical when evaluating the limitations, cost-
effectiveness, and potential configuration of a national MenB
vaccination program. Our findings should nevertheless be
considered together with information on the vaccine-preventable
fraction (ie, the proportion of incidence averted by vaccination),
schedule requirements, and vaccine efficacy. Indeed, the decision
of the Pharmaceutical Benefits Advisory Committee to not include
MenB vaccine in the National Immunisation Program highlights
the uncertainty about the protection afforded at the time of its
review, the extent and duration of effect, variability inMenB strain
coverage, and the potential for herd immunity.11

Prior to the first large scale application of the multicomponent
MenB vaccine in the UK,25 proprietary laboratory assays predicted
protection against 76% of MenB strains that cause disease in
Australia.28 Uncertainty remains as towhether thiswill prove to be
optimistic, given marked changes in serogroup and subtype
prevalence,3,29,30 or whether the vaccine will provide protection
beyond the B serotype, potentially including MenW, which could
mean that its overall protective effect has been underestimated.
Vaccine safety considerations are also paramount in individual
riskebenefit assessments. The high probability of systemic re-
actions, such as high fever in children under 2 years of age,
prompted ATAGI to recommend prophylactic use of paracetamol
when administering the vaccine in this age group.9

In the absence of funding by the National Immunisation Program,
Australia is at risk of falling victim to the inverse care law,31 in that
access to and availability of the MenB vaccine may be lowest
among the highest risk population groups we identified in this
study.However, clinical advice onMenB vaccination at the level of
the person is still needed, and our data will assist doctors, families
and individuals balance the expected benefit afforded by vacci-
nation against the likelihood of disease, the risks of potential re-
actions, and the costs of vaccination.

Furtherdetails onATAGIareavailable from:http://www.immunise.
health.gov.au/internet/immunise/publishing.nsf/Content/atagi.
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Compared with nonindigenous people, indigenous people in first-world countries have experienced much
higher rates of many vaccine preventable diseases. This systematic review of published scientific literature,
government reports, and immunization guidelines from Australia, Canada, New Zealand, and the United States
compares pre- and postvaccination disease rates and vaccination policy for indigenous people in these four
countries. Nationally funded universal vaccination programs are clearly the most effective way of reducing disease
in indigenous populations. Most successful have been programs for viral diseases in which strain variations are not
important and herd immunity is high, such as measles and hepatitis B. For bacterial infections, strain variations
(pneumococcal disease), heavy nasopharyngeal colonization of young infants (pneumococcal and Haemophilus
influenzae type b disease), low vaccine effectiveness in adults with a high prevalence of risk factors (polysac-
charide pneumococcal vaccine), and waning immunity (pertussis) have been associated with continuing or widen-
ing disparities between indigenous and nonindigenous populations. However, universal vaccination programs are
not always possible. Geographic targeting of all persons in certain regions with high disease rates has been
successful, as has targeting of indigenous populations in regions where they constitute larger proportions of the
population. In national programs targeting only indigenous people, it has been difficult to achieve high coverage,
particularly in urban areas. Innovative program approaches are particularly needed in these situations.

American Native continental ancestry group; communicable diseases; Haemophilus influenzae; hepatitis;
immunization; influenza, human; Oceanic ancestry group; Streptococcus pneumoniae

Abbreviations: Hib, Haemophilus influenzae type b; IPD, invasive pneumococcal disease; PRP-OMP, polyribosylribitol
phosphate Neisseria meningitidis outer membrane protein.

INTRODUCTION

There are many similarities regarding the historical ex-
periences, current social situations, and health status of
indigenous people in the four English-speaking developed
countries of North America and the Pacific, where they
are all now minority populations. In the United States,
American Indians and Alaskan Natives make up 1.5 percent
of the population (1); in Canada, the First Nations and Inuit
people constitute 3.2 percent of the population (2); in
Australia, Aboriginal and Torres Strait Islander people are
2.4 percent of the population (3); and, in New Zealand,

Maori make up 14 percent of the population (4). This
situation is reflected in the fact that ethnic-specific health
services are well established in the United States (Indian
Health Service), Canada (First Nations and Inuit Health
Branch services), and Australia (Aboriginal Community
Controlled Health Services) but are a more recent de-
velopment in New Zealand (Maori Health Providers). All of
these indigenous populations have been devastated by
introduced infections in the past (5, 6), and they continue
to experience higher morbidity and mortality from many
infectious diseases compared with the general populations
in their countries (7–10).
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This review summarizes the available data on the epi-
demiology of vaccine preventable diseases in indigenous
populations in these four countries in the context of the
vaccination strategies used and their impact. The aim is to
identify successful strategies with the potential for wider
implementation.

METHODS

Information for this review was collected systematically
by using electronic databases and government websites.
Published literature was accessed through Medline (Na-
tional Library of Medicine, Bethesda, Maryland) using the
MeSH headings ‘‘Oceanic Ancestry Group’’ or ‘‘American
Native Continental Ancestry Group’’ and ‘‘Immunization’’
or ‘‘Vaccines,’’ or any of the disease names included in this
review. Internet searches were conducted for relevant pub-
lications on websites for the Australian Government De-
partment of Health and Ageing, Health Canada, the Centers
for Disease Control and Prevention (Atlanta, Georgia), and
the New Zealand Ministry of Health. Specific reports used
were The Health and Welfare of Australia’s Aboriginal and
Torres Strait Islander Peoples (7), A Statistical Profile on the
Health of First Nations in Canada (8), and Trends in Indian
Health (10), as well as immunization handbooks from New
Zealand, Canada, and Australia (11–13) and notifiable
disease annual reports.

A major focus of this review is nationally recommended
and funded vaccination schedules. Nationally recommended
vaccines are funded in New Zealand (11); in the United
States, childhood vaccines are funded for all indigenous
children through the Vaccines for Children Program (14).

In Australia, most nationally recommended childhood vac-
cines have been funded (13); in Canada, recommendations
are made at a national level, but funding and delivery of
vaccines are the responsibility of the provinces (12). The
term ‘‘indigenous’’ in this review refers to the range of
peoples who inhabited these countries prior to European
colonization, that is, Native Americans, Alaskan Natives,
First Nations people of Canada, Canadian Inuit, Australian
Aboriginal people, Torres Trait Islanders, and New Zealand
Maori.

HAEMOPHILUS INFLUENZAE TYPE B DISEASE
(INVASIVE)

Epidemiology

The highest rates of invasive Haemophilus influenzae
type b (Hib) disease reported in the prevaccine era were in
indigenous populations (table 1), characterized by a younger
age at onset (15, 16) and rarity of epiglottitis (15).

Vaccination schedules

The available Hib vaccines have differences relevant to
the specific epidemiology in indigenous populations. The
polyribosylribitol phosphate Neisseria meningitidis outer
membrane protein (PRP-OMP) vaccine provides significant
immune response following the first dose at 2 months of age,
whereas the other conjugated vaccines (Hib oligosaccharide
CRM197 and PRP tetanus toxoid) require at least two doses
to reach similar levels of response (17, 18). PRP-OMP is
therefore frequently recommended for indigenous popula-
tions because of their earlier average age at which Hib

TABLE 1. Current Haemophilus influenzae type b vaccines used for indigenous infants, and disease

incidence in indigenous children <5 years of age, before and after widespread infant vaccination

Country
Hib* vaccine
(reference no.)

No. of cases per 100,000 per year
(reference no.)

Prevaccine Postvaccine

Australia PRP-OMP*/othery 278–529,z 6 times higher than for
nonindigenous children (22)

9.2§

Canada PRP-T* (31) N/A* 4.6{
New Zealand PRP-OMP (71) 28# (38 for all children <5 years of age) 1.5**

United States PRP-OMPyy 250–500 (76–78) 0.8zz

* Hib, Haemophilus influenzae type b; PRP-OMP, polyribosylribitol phosphate Neisseria meningitidis outer mem-

brane protein; PRP-T, polyribosylribitol phosphate tetanus toxoid; N/A, not available.

yPRP-OMP vaccination was funded for all indigenous infants from 1993 to 2005 (13); beginning in November

2005, it is funded for indigenous infants in Queensland, the Northern Territory, South Australia, and Western

Australia only; non-OMP vaccines are used in other jurisdictions (79).

zNorthern Territory, 1985–1988 (80) and 1989–1993 (81).

§ 2002–2003 (30, 82).

{ 2000–2001, cases classified as occurring in ‘‘children’’; some may be �5 years of age, and hence the rate may

be too high (8).

# Based on hospitalizations for H. influenzae meningitis and epiglottitis; notification data not available (23).

** 2003–2004 (28, 29).

yyNational universal recommendations are for either PRP-OMP or other vaccines (70); in practice, PRP-OMP

vaccine is used at least for the first dose for populations of American Indians and Alaskan Natives (17, 21).

zz 2002–2003 (26, 27).
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disease occurs. However, PRP-OMP vaccination does not
achieve as high a peak antibody concentration after a full
course (19), suggesting that, compared with other vaccines,
it may have less impact on nasopharyngeal carriage of Hib.
Although high carriage rates have been shown in highly
vaccinated populations in Alaska (20), they have not been
found in comparable White Mountain Apache or Navajo
populations (21).

The vaccination schedules used in the four countries are
shown in table 1. All countries except Canada have had
a specific role for PRP-OMP vaccine.

Disease impact

Universal conjugate Hib vaccine programs for infants
have resulted in spectacular decreases in the reported
incidence of invasive Hib disease in children less than age
5 years in all four countries: by 98 percent by 1995 in the
United States (21), more than 99 percent by 2000 in Canada
(12), 95 percent by 2000 in Australia (22), and 92 percent by
1995–2000 in New Zealand (23). While the declines in
indigenous populations were also considerable, they were
less marked than in the general populations, so the relative
burden in indigenous children was several orders of mag-
nitude higher than in the general population in the United
States (21), Australia (24), and New Zealand (23). Possible
explanations for the continuing higher rates include earlier
and heavy nasopharyngeal colonization, poorer immuno-
logic responses due to environmental factors (25), persistent
nasopharyngeal carriage (17), and delayed vaccination (20).

The reemergence of Hib disease in Alaska in 1996–1997,
following replacement of PRP-OMP by a diphtheria-tetanus-
whole cell pertussis–Hib oligosaccharide vaccine, was par-
ticularly notable (17). In both Alaska (17) and New Zealand
(23), diphtheria-tetanus-whole cell pertussis–Hib oligosac-

charide vaccine was replaced by a schedule including
PRP-OMP vaccine for the first one or two doses. Recent
data suggest that in the United States (26, 27) and New Zea-
land (28, 29), indigenous Hib disease incidence is approach-
ing that in comparative populations, while in Australia (30)
and Canada (8, 31) the situation is less clear (table 1). This
finding provides suggestive evidence that a vaccine schedule
combining initial doses of PRP-OMP vaccine to achieve
early immunogenicity with booster doses of other Hib vac-
cines associated with higher antibody levels may be optimal
for high-incidence indigenous populations.

HEPATITIS A

Epidemiology

In the absence of funded vaccination programs, indige-
nous populations experienced higher rates of hepatitis A in
all four countries (32–34), with the possible exception of
New Zealand (table 2). The epidemic-related patterns
ranged from hyperendemicity in young children (35) to
regular community-wide epidemics in older children, in-
cluding deaths (34, 36, 37).

Vaccination schedules

Nationally funded vaccination programs are in place in
only the United States (universal childhood, since 2006)
(38) and Australia (indigenous children in high-prevalence
areas, since 2005) (39) (table 2). Local or regional programs
targeting children in regions with large indigenous popula-
tions have previously been implemented in Canada (8) and,
for indigenous children only, in the United States (36) and
Australia (37).

TABLE 2. Funded hepatitis A vaccination for indigenous children and disease incidence in indigenous

populations before and after widespread infant vaccination

Country
Hepatitis A

vaccination program
(reference no.)

Yearly all-age incidence
(reference no.)

Prevaccine Postvaccine

Australia High-prevalence
areas*

110/100,000, 4 times higher than
the nonindigenous ratey

4/100,000z

Canada None (72) 12 times higher than the
nonindigenous rate (8)

N/A§

New Zealand None (71) 0.5/100,000 (1.6 for all ethnicities
combined) (28, 29)

N/A

United States Universal, 1 year
of age{

3–10 times higher than for
non-American Indians
and Alaskan Natives (36)

Declined 20-fold in American
Indians and Alaskan Natives,
threefold in non–American Indians
and Alaskan Natives (36)

* 1999–2005, indigenous children in north Queensland only (37); beginning in November 2005, indigenous

children 1–5 years of age in Queensland, the Northern Territory, South Australia, and Western Australia (39).

yNorth Queensland, 1996–1999 (37).

zNorth Queensland, 2000–2003 (37).

§ N/A, not available.

{ Beginning in 2006 (38); previously, all children in states, counties, or areas with notification rates of �20/100,000

population, begun in 1999 (83).
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Disease impact

Nationally and regionally funded vaccination programs,
whether or not they are targeted solely at indigenous pop-
ulations, have proved very effective in reducing hepatitis A
in indigenous populations in the United States (36), Canada
(8), and Australia (37) (table 2). Reductions in disease in-
cidence in nontarget populations have also been seen fol-
lowing implementation of targeted programs (37).

HEPATITIS B

Epidemiology

Hepatitis B transmission in nonindigenous populations
occurred predominantly in adulthood via sexual or paren-
teral means; in indigenous populations, infection usually
occurred in early childhood, was largely asymptomatic, but
led to high rates of chronic carriage and hepatic cancer (40).
High rates of infection, chronic carriage, and hepatocellular
carcinoma were reported in indigenous populations in all
four countries before routine vaccination programs began
(table 3). There appear to be some exceptions in Canada,
where rates in First Nations populations were similar to
those for nonindigenous populations, and a less virulent
hepatitis B strain among Inuit was postulated (41).

Vaccination schedules

Vaccination strategies initially targeted infants of carrier
mothers or those from ethnic or risk groups in all four
countries (11, 42–44). Following the limited success of
these approaches, universal infant and/or adolescent vacci-
nation has been adopted, first in New Zealand (11) and the
United States (45) (table 3).

Disease impact

The targeted programs had limited impact (46, 47).
However, universal infant and/or adolescent vaccination
programs have been very successful in preventing disease in
vaccinated indigenous age groups, while higher incidence
continues in young adults (24). A significant decline in na-
tional indigenous notification rates has been reported in the
United States and one Canadian province, and low post-
vaccination rates have been reported in Australia and New
Zealand (table 3).

INFLUENZA

Epidemiology

Little information specific to influenza in indigenous pop-
ulations has been published. However, the role of influenza
as a major cause of morbidity in children and morbidity
and death in the elderly (48), the high frequency of second-
ary pneumonia (48), and high rates of morbidity and mor-
tality due to pneumonia in indigenous populations are well
documented (7, 10).

Vaccination schedules

All four countries have nationally funded vaccination
programs for the elderly, but the eligible age ranges vary.
Some countries include younger people with medical risk
factors, and, in the United States and Canada, infants 6–23
months of age were recently included (table 4). Australia is
the only country with a nationally funded program targeting
indigenous adults; in Canada, younger adults are included
in some provinces or territories with predominantly Inuit
populations (49).

TABLE 3. Funded hepatitis B vaccination, disease incidence, and disease prevalence in indigenous

populations before and after widespread infant vaccination

Country
Hepatitis B

vaccination program
(reference no.)

Indigenous incidence/prevalence
(reference no.)

Prevaccine Postvaccine

Australia Universal infant and
adolescent catch-up
(13)

5–40% carriage rate (84), rates
of hepatocellular carcinoma
10 times higher than the
nonindigenous rate*

Indigenous children <15 years
of age, 0.9/100,000;
nonindigenous, 0.2/100,000y

Canada Universal preadolescent
and infantz

Inuit, 5% carriage rate (20 times
higher than for nonindigenous);
First Nations, 0.3–3% (same
as for nonindigenous) (12, 85)

0 cases§

New Zealand Universal infant and
catch-up for children
<16 years of age (71)

7% carriage rate, rates of
hepatocellular carcinoma
10 times higher than the
nonindigenous rate (86)

Maori all age, 2.7/100,000;
onindigenous, 1.1/100,000{

United States Universal infant and
catch-up for children
�18 years of age (45)

5–15% carriage rate (40, 45) 84% decline, 0–18 years
of age (45)

* Northern Territory Aboriginals (87).

y 2000–2002 (24).

zPreadolescent programs in all provinces, infant programs in 6 of 13 provinces (12).

§ British Columbia, 2001 (88).

{ 2003–2004 (28, 29).
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Disease impact

Data are generally not available comparing influenza and
pneumonia rates in indigenous populations before and after
immunization programs are implemented. However, where
data are available, results show that influenza and pneumo-
nia remain significant causes of morbidity and mortality,
particularly in indigenous adults (table 4).

PNEUMOCOCCAL DISEASE (INVASIVE)

Epidemiology

Invasive pneumococcal disease (IPD) rates are highest in
young children and the elderly. The rates in indigenous pop-
ulations in central Australia and Alaska, White Mountain
Apache, and Navajo were among the highest ever reported,
for both adults and children (tables 5 and 6, respectively),
but case-fatality rates were about the same as those in the
nonindigenous population (50). High rates in younger indig-
enous adults in Australia compared with nonindigenous
adults were attributed to a higher prevalence of risk factors,
particularly high-risk alcohol consumption and chronic dis-
ease, and low vaccination coverage (51).

Vaccination schedules

The 23-valent polysaccharide pneumococcal vaccine in-
cludes the serotypes of an estimated 90 percent of IPD cases
internationally (52), although the percentage is lower in
some indigenous populations (53, 54). As with other poly-
saccharide vaccines, this one is poorly immunogenic in chil-
dren less than 2 years of age and has no impact on mucosal
carriage (52). The effectiveness of the vaccine against
pneumococcal pneumonia or death from pneumococcal

disease has not been established, but it has been found to
be 53 percent effective in preventing IPD in immunocom-
petent adults (55, 56). Vaccine effectiveness against IPD in
a Navajo population with high rates of alcoholism and
diabetes was found to be only 38 percent in adults for vac-
cine serotypes, with 95 percent confidence intervals over-
lapping zero (53).

The currently licensed 7-valent pneumococcal conjugate
vaccine is highly efficacious against IPD in infants and also
has some effectiveness against pneumonia and acute otitis
media (57, 58). However, the proportion of IPD that is
caused by vaccine serotypes, and is therefore vaccine pre-
ventable, is lower than for 23-valent polysaccharide pneu-
mococcal vaccine. For the 7-valent pneumococcal conjugate
vaccine, the proportion is lower in indigenous (67–77 per-
cent) compared with nonindigenous (84–86 percent) chil-
dren (59–62).

Funded vaccination programs for the four countries are
presented for adults in table 5 and for children in table 6.
Funded polysaccharide vaccination programs for the elderly
are in place in the United States, Canada, and Australia.
Australia is the only country with a national program spe-
cifically for indigenous adults. Revaccination after 5 years
is generally recommended only in Australia (12, 13, 63).
Universal infant conjugate vaccination programs are in place
in the United States and Canada; in Australia, a targeted
program for indigenous infants was replaced by a universal
program in January 2005 (table 6).

Disease impact

Results of polysaccharide vaccination programs for in-
digenous adults are mixed, consistent with low vaccine
effectiveness in populations with high rates of chronic

TABLE 4. Currently funded influenza vaccination programs, and hospitalization or death rates due to

influenza or pneumonia in indigenous people, before and after widespread vaccination

Country
Eligible groups
(reference no.)

Hospitalization or death rates due to
influenza and/or pneumonia

Prevaccine Postvaccine

Australia Indigenous people �50 and those
15–49 years of age with risk
factors; all �65 years of age (13)

N/A* Hospitalizations: 19/100,000
(3.1 times higher than the
nonindigenous rate)y

Canada All �65 years of age, <65 years
of age with risk factorsz (49);
all 6–23 months of age (89)

N/A Cause of 6% of deaths in
those �65 years of age§

New Zealand All �65 years of age, <65 years
of age with risk factors (11)

Hospitalizations:
Maori, 9.5/100,000;
nonindigenous,
7.3/100,000{

N/A

United States All �50 years of age; all
6–23 months of age (48)

Deaths: 22/100,000
(1.5 times US
all-races rate)#

N/A

* N/A, not available.

y 2000–2002 (24).

zEligibility expanded to �55 years of age in Nunavut province.

§ 1999 (8).

{ 1990–1999, influenza only, pneumonia not included (11).

# 1987–1996 (10).
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disease and other risk factors (table 5). Decreases in IPD
rates in indigenous adults following vaccination programs
have been reported from north Queensland (64) and the
Kimberley (65) regions of Australia, but, in Navajo Indian
adults, IPD rates were 3–5 times higher than those in the
respective age groups for US Whites, notwithstanding more
than 60 percent vaccination coverage (53, 66).

The impact of infant conjugate vaccination programs
on IPD in indigenous children has been more impressive.
The disparity between rates in Black, White, Hispanic, and
other racial groups of children less than 5 years of age in
the United States began to decrease before universal pneu-
mococcal conjugate vaccination was introduced and had
completely disappeared by 2002 (67). In 2003, only seven

TABLE 6. Currently funded pneumococcal vaccination programs for indigenous children, and disease

incidence before and after widespread vaccination

Country
Funded vaccination
program in place?
(reference no.)

No. of cases per 100,000 per year

Prevaccine Postvaccine

Australia Yes* 180–2,053 (up to 15 times
higher than for nonindigenous
children)y

60–67z

Canada Yes§ 225 (0 nonindigenous cases){ N/A#

New Zealand No (71) 127 (107 for children of all
ethnicities <2 years of age)**

N/A

United States Yesyy 300–1,820, (18–52 times
higher than for US
nonnatives)zz

6§§

* Indigenous infants beginning in 2001 (13), all infants beginning in 2005 (94).

y Indigenous children <2 years of age in central Australia, 1985–1990 (60); Northern Territory, 1994–1998 (54);

Western Australia, 1993 (95); and Kimberley, 1995–1997 (65).

z Australian indigenous children <5 years of age, 2003 (68).

§ Recommended beginning in 2002 (12), funded in all provinces by 2005 (96).

{ 2001 (92).

# N/A, not available.

** 1984–1992 (97).

yyBeginning in 2000, with catch-up for American Indians and Alaskan Natives and other high-risk children

<5 years of age (90).

zz<2 years of age; White Mountain Apache, 1983–1990 (50); Alaskan natives, 1980–1986 (93); and Navajo, 1996

(98).

§§ American Indians and Alaskan Native children <5 years of age, 2003 (27).

TABLE 5. Currently funded pneumococcal vaccination programs for indigenous adults, and disease

incidence before and after widespread vaccination

Country
Eligible groups
(reference no.)

No. of cases per 100,000 per year

Prevaccine Postvaccine

Australia Indigenous people �50 years
of age, indigenous people
15–49 years of age with risk
factors; all �65 years of age*

100–180y (up to 20 times
higher than for
nonindigenous adults)

20z

Canada All �65 years of age, <65 years
of age with risk factors (49)

N/A§ 133{

New Zealand None (71) N/A N/A

United States All �65 years of age (63),
>2 years of age with risk
factors (90)

70–190 (approximately
10 times higher than for
nonindigenous adults)#

56 and 190**

* Indigenous adults beginning in 1999, funding for all adults �65 years of age beginning in 2005 (13).

y Indigenous adults �15 years of age in Far North Queensland, 1993–2004 (91) and in Kimberley, 1997 (65);

indigenous adults 20–59 years of age in central Australia, 1985–1990 (60).

zFar North Queensland, 1997–2004 (91); Kimberley, 2001 (65).

§ N/A, not available.

{ Arctic Canada, 2001, indigenous adults �65 years of age (92).

# �40 years of age; White Mountain Apache adults, 1983–1990 (50); Alaskan adults, 1986–1990 (93).

** Numbers of cases among those 18–64 and �65 years of age, respectively; Navajo, 1997–1998 (66).
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cases of IPD were notified in American Indian and Alaskan
Native children less than 5 years of age, a rate slightly lower
than that for Whites (27). In Australia, with only 2 years of
data available on the impact of the targeted program, a slight
decline in the notification rate was evident in indigenous
children less than 5 years of age (68). No published data are
available on the impact on otitis media, but it is likely to be
less because of greater serotype diversity, greater potential
for serotype switching, and early colonization (69).

OTHER VACCINE PREVENTABLE DISEASES

For measles, pertussis, and meningococcal disease,
vaccination strategies have not been specifically targeted
to indigenous populations. Universal two-dose childhood
vaccination for measles has been implemented in all four
countries (13, 70–72), and incidence has been reduced to
local outbreaks related to imported cases of disease (12, 27,
30). For pertussis, universal childhood, and in some cases
adolescent, programs are in place (13, 70–72). Pertussis
epidemics continue to occur because of waning vaccine-
induced immunity, and there have been reports of higher
hospitalization (24) and notification (8) rates for indigenous
infants, possibly related to delayed vaccination (24). Uni-
versal childhood vaccination for meningococcal disease was
recently introduced in Canada (72) and Australia (13) and,
for adolescents, in the United States (73). In New Zealand,
a national 15-year epidemic of a serotype B clone has been
particularly focused in Maori and Pacific Island children and
has led to the development of a clone-specific vaccine and
national vaccination program for all children less than 20
years of age (74), resulting in a substantial decline in re-
ported cases (75).

CONCLUSIONS

Important lessons and points of continuity relevant to
immunization programs for indigenous people in developed
countries emerge from this review. First, the higher in-
cidence and earlier age at onset of almost all diseases in all
countries is consistent with adverse environmental factors,
especially household crowding. Immunization programs
have contributed to correcting this aspect of health inequity
for indigenous people, but more needs to be done.

Nationally funded universal vaccination programs are
clearly the most effective way of reducing disease in indig-
enous populations, as well as reducing racial disparities.
The most successful have been for viral diseases in which
strain variations are not important and herd immunity is
high, such as measles and hepatitis B. For bacterial infec-
tions, significant reductions in disease burden have also
occurred. However, strain variations (pneumococcal dis-
ease), heavy nasopharyngeal colonization of young infants
(pneumococcal and Hib disease), low vaccine effectiveness
in adults with a high prevalence of risk factors (poly-
saccharide pneumococcal vaccine), and waning immunity
(pertussis) have been associated with continuing or widen-
ing of disparities between indigenous and nonindigenous
populations. When conditions are not ideal, environmental

factors as well as lower coverage or delayed vaccination re-
sult in limited program effectiveness. Innovative solutions,
such as for Hib disease—using schedules of Hib vaccines
of different antigenic composition sequentially—appear to
have had a favorable impact, but, in the case of pertussis
and pneumococcal disease in adults, new, more effective
vaccines will likely be needed to achieve further progress.

Universal vaccination programs are not always possible.
The cost-effectiveness of such programs can be limited by
low disease rates in nonindigenous populations, especially
for expensive vaccines. On the other hand, the high disease
burden has sometimes led to vaccine trials and/or programs
being implemented in indigenous populations first. How-
ever, successful wider implementation has not been limited
to fully national, universal programs. Geographic targeting,
in which all persons within certain regions with high disease
rates are targeted, has reduced the incidence and disparities
between high- and low-incidence populations for hepatitis A
in the United States (36) and also for influenza in some
North American regions (49). Targeting of indigenous per-
sons in regions where they constitute larger proportions
of the population has also been pursued successfully (64).
Evidence from this review suggests that national programs
targeting only indigenous people are the least effective ap-
proach, particularly in urban areas, where identifying in-
digenous people to achieve high vaccine coverage is more
difficult (24). Innovative program approaches are particu-
larly needed in these situations.
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Eff ect of vaccines on bacterial meningitis worldwide
Peter B McIntyre, Katherine L O’Brien, Brian Greenwood, Diederik van de Beek

Three bacteria—Haemophilus infl uenzae, Streptococcus pneumoniae, and Neisseria meningitidis—account for most 
acute bacterial meningitis. Measurement of the eff ect of protein-polysaccharide conjugate vaccines is most reliable 
for H infl uenzae meningitis because one serotype and one age group account for more than 90% of cases and the 
incidence has been best measured in high-income countries where these vaccines have been used longest. 
Pneumococcal and meningococcal meningitis are caused by diverse serotypes and have a wide age distribution; 
measurement of their incidence is complicated by epidemics and scarcity of surveillance, especially in low-income 
countries. Near elimination of H infl uenzae meningitis has been documented after vaccine introduction. Despite 
greater than 90% reductions in disease attributable to vaccine serotypes, all-age pneumococcal meningitis has 
decreased by around 25%, with little data from low-income settings. Near elimination of serogroup C meningococcal 
meningitis has been documented in several high-income countries, boding well for the eff ect of a new serogroup A 
meningococcal conjugate vaccine in the African meningitis belt.

Introduction
Primary prevention of meningitis is paramount, since 
death and long-term disabling sequelae are substantial in 
all settings, especially those with least access to health 
care.1 Low-income and middle-income countries account 
for 98% of the estimated 5·6 million disability-adjusted 
life years attributed to meningitis globally and bacterial 
meningitis ranks among the top ten causes of death in 
children younger than 14 years in high-income coun-
tries.2 Several vaccines are relevant to prevention of 
bacterial meningitis worldwide, such as BCG vaccine for 
the prevention of tuberculous meningitis, but in this 
review, we focus on the three most common causes 
of acute bacterial meningitis: Haemophilus infl uenzae, 
Streptococcus pneumoniae, and Neisseria meningitidis. We 
compare patterns of meningitis attributable to these 
three pathogens, key issues for measurement of disease 
burden and vaccine eff ect, and the future role of vaccines 
in prevention of acute bacterial meningitis.

Causative bacteria before vaccine availability
H infl uenzae, S pneumoniae, and N meningitidis are the 
predominant causes of bacterial meningitis, but their 
relative contribution diff ers over time, by location, and by 
age group. Before vaccines became available, H infl uenzae 
was the most common cause of bacterial meningitis in 
the USA, followed by S pneumoniae,3 whereas in Europe 
N meningitidis was most common in the UK,4 and 
H infl uenzae in Scandinavia.5 In high-income countries, 
Streptococcus agalactiae and Listeria monocytogenes were 
other substantial causes.4,6 In Africa, epidemics of 
meningo coccal disease occur in a well defi ned region—
the meningitis belt.7 In this region, even in interepidemic 
periods, incidence of all-cause bacterial meningitis was 
15 times greater than that in the USA in 1986.3,8 Both 
within8 and outside9 meningitis-belt countries, infants 
had the highest incidence of bacterial meningitis, pre-
dominantly caused by H infl uenzae.9 Other important 

causes of meningitis in low-income countries are 
Enterobacteriaceae (especially non-typhoidal salmonella 
species) in children in sub-Saharan Africa,8,10 and 
Streptococcus suis in adults in southeast Asia.11

H infl uenzae, S pneumoniae, and N meningitidis have 
several similarities and diff erences (table 1). Similarities 
with important implications for vaccine development 
include being largely or entirely human pathogens, 
possession of a polysaccharide capsule that is the main 
determinant of virulence, and that capsular types asso-
ciated with meningitis are only a small subset of those 
that colonise the nasopharynx. Important diff erences 
include the proportion of disease accounted for by one 
serotype and propensity to cause outbreaks.

In the case of H infl uenzae, before immunisation one 
capsular serotype (H infl uenzae type b—Hib) caused 
almost all cases and the age-range of cases was largely 
limited to children younger than 5 years.3,4,8 Outbreak 
potential is greatest for N meningitidis, which has 
caused regular epidemics in sub-Saharan Africa.7 These 
epidemics are attributable mainly to serogroup A menin-
gococci, but outbreaks attributable to serogroup C and, in 
the past 10 years, serogroups W135 and X have been 

Search strategy and selection criteria

We searched the Cochrane Library (The Cochrane Library 2011, issue 1), Medline (1966 to 
March, 2012), and Embase (1974 to March, 2012). We used the search terms “bacterial 
meningitis” or “meningitis” or “meningococcal disease” or “Neisseria meningitidis” or 
“pneumococcal disease” or “Streptococcus pneumoniae” or “Haemophilus infl uenzae” or 
“Haemophilus infections” in combination with the terms “vaccination” or “vaccines” or 
“prevention” or “epidemiology” or “surveillance”. We largely selected publications from 
the past 5 years, but did not exclude commonly referenced and highly regarded older 
publications. We also searched the reference lists of articles identifi ed by this search 
strategy and selected those we judged relevant. Review articles and book chapters are 
cited to provide readers with more details and more references than can be included in 
this review. We modifi ed our reference list on the basis of comments from peer reviewers.
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documented.12 In high-income countries, population-level 
long-lasting outbreaks of serogroup A meningococcal 
disease are largely historical, but in the past 30 years 
serogroup B outbreaks have occurred in Norway and New 
Zealand.12,13 Hib can spread within households and day-
care centres, but has not been associated with epidemics.14 
Outbreaks of pneumococcal infection are described in 
closed settings usually caused by epidemic serotypes 1, 5, 
and 12F.15 Community-level epidemics due to S pneumoniae 
also occur, especially in the meningitis belt, where sero-
type 1 meningitis can be as prevalent as N meningitidis in 
interepidemic periods.16 In addition to high amplitude and 
short-lived (weeks to months) outbreaks, more undulating 
variability in frequency of meningococcal and pneumo-
coccal sero types occurs over longer periods.13,17

Measurement of disease burden before and after 
vaccination programmes
Disease burden from bacterial meningitis includes the 
sum of cases, deaths, and disability in survivors and is a 
function of age-specifi c incidence, access to eff ective 
treatment, pathogen virulence, and host immune 
responses. Such responses are related both to age and 
immune status, which can be compromised by disorders 
such as HIV infection,18 and, for pneumococcal menin-
gitis, by sickle-cell disease.19 Optimum measurement of 
disease burden requires identifi cation of all cases in a 
defi ned population. Identifi cation entails access of cases 

to hospital care, well defi ned criteria for doing lumbar 
puncture, appropriate handling of specimens, and access 
to appropriate laboratory techniques, all of which are 
scarce in low-income and middle-income settings.20 
Measures of meningitis burden in all but the most highly 
resourced settings should therefore be deemed minimal 
estimates. For low-income and middle-income countries, 
minimum estimates of incidence have been summarised 
by the global burden of disease study,2 and by specifi c 
studies of pneumococcal and Hib disease,21,22 which 
included meningitis as a separate category. Global 
patterns of meningococcal disease are more diverse than 
for H infl uenzae and S pneumoniae, because of its greater 
epidemic potential.12,13,23 Addition ally, measurement of 
the disease burden specifi c to meningococcal meningitis 
is problematic because dis tinctions between meningitis 
and bacteraemia might be blurred. In all settings, menin-
gococcal sepsis has a higher case fatality than does 
meningitis.13 Among survivors, meningococcal menin-
gitis has lower risk of sequelae than H infl uenzae 
meningitis, which is in turn lower than S pneumoniae 
meningitis.1 For meningitis as a syn dromic diagnosis, 
164 000 deaths in children aged 1–59 months were 
estimated to have occurred worldwide in 2008.24

Table 2 shows key summary disease-burden measure-
ments for acute bacterial meningitis (cases, deaths, and 
prevalence of sequelae among survivors) in children 
younger than 5 years by organism in high-income and 

Haemophilus infl uenzae Streptococcus pneumoniae Neisseria meningitidis

Cell wall Gram negative Gram positive Gram negative

Capsular types 6 capsular types (a–f)
Capsular type b in >90%
Other capsular types can cause meningitis, 
especially type a; unencapsulated rarely

>90 capsular types
Prominent serotype variation; by region, time period, 
and invasive potential
Wide distribution of serotypes with high incidence

12 serogroups
Most disease due to 6 serogroups 
(A, B, C, W135, X, Y)
Unencapsulated meningococci 
predominate in carriage

Laboratory 
detection

Fastidious, requires specifi c culture media
Specialised laboratory facilities required for 
capsular typing

Fastidious, requires specifi c culture media
Specialised laboratory facilities required for serotyping

Fastidious, requires specifi c media 
and very rapid processing
Molecular methods have greatly 
enhanced detection

Colonisation vs 
disease

Carriage 3–5% in high-income countries, 
2 to 3 times higher in settings with high 
incidence of invasive disease

Carriage increases steeply in early infancy in 
low-income settings, later increase elsewhere
Up to 90% of infants <2 years are carriers; serotypes 
diff er from those causing disease

Carriage varies from 8% to 25%
Short carriage duration before 
invasive disease well documented

Case severity Meningitis more severe than other focal 
infections; in low-income countries 
pneumonia accounts for more severe 
infections than meningitis

Meningitis more severe than other focal infections Sepsis and hypotension more severe 
than meningitis

Meningitis as a 
proportion of 
invasive disease

50%; higher where blood cultures not 
taken or unavailable

10%; higher where blood cultures not taken or 
unavailable and lower in adults

Higher in epidemic settings and 
with serogroup A

Age distribution 90% <5 years
Age distribution shifted towards infants in 
high-incidence settings

Highest incidence <2 years and >75 years
Age distribution shifted towards infants in 
high-incidence settings

Peaks in infants and adolescents
Age distribution varies by serogroup 
and in epidemics

Epidemic 
potential

Intrahousehold transmission, no 
community epidemics

Epidemics in closed settings (high-income countries); 
community outbreaks in Africa—predominantly type 1

Epidemics documented with all 
serogroups, especially serogroup A, 
also W135 and B

Table 1: Microbiological and epidemiological characteristics of Haemophilus infl uenzae, Streptococcus pneumoniae, and Neisseria meningitidis as causes of 
acute bacterial meningitis
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low-income countries.1,12,21–23 For Hib, ascertainment is 
fairly uniform for all invasive disease including menin-
gitis in high-income countries, although less so for other 
H infl uenzae serotypes because appropriate laboratory 
methods are sometimes lacking. For S pneumoniae, 
even in high-income countries, ascertainment of non-
meningitic invasive disease varies substantially,15,25 but 
ascertainment of meningitis has been more consis tent.17,25 
Molecular methods for diagnosis have increased case 
ascertainment and might also help to establish serotype 
distribution.26 During epidemics, the burden of meningo-
coccal disease in the African meningitis belt greatly 
exceeds that for H infl uenzae or pneumococcal meningitis 
in other low-income coun tries. Outside epidemic situ-
ations, the incidence of cases attributable to Hib or 
pneumococcal meningitis in low-income countries 
exceeds that in high-income settings by a factor of three, 
with six times more deaths. The increased probability of 
severe sequelae in survivors of pneumococcal men ingitis 
adds to its overall disease burden.

In the setting of a vaccine trial, disease estimates can be 
enhanced by the so-called vaccine probe design. This 
technique measures the vaccine-preventable frac tion of 
meningitis defi ned by syndromic surveillance, whereby 
cases identifi ed in individuals randomised to receive 
vaccine are subtracted from those randomised to receive 
placebo. In a hamlet-randomised study of Hib vaccine on 
the island of Lombok, Indonesia,27 because of increased 
sensitivity of the vaccine probe approach, the estimated 
incidence of Hib meningitis was revised from 16 per 
100 000 (95% CI 1–31) on the basis of microbiologically 
confi rmed cases alone to 158 per 100 000 (42–273). The 
Lombok trial estimates are consistent with those from 
populations in Africa with high quality surveillance and 
laboratory methods and low use of antibiotics before 
specimen collection,28 and with data from indigenous 
populations that share many epidemiological charac-
teristics and risk factors with low-income countries.29,30 
Researchers have attempted to quantify pathogen-specifi c 
meningitis burden at the country level on the basis of a 
systematic review of incidence and case-fatality rate, with 
data assessed according to quality metrics and, when ad-
equate, included in a model that adjusted for access to 
care, HIV prevalence, and Hib vaccine use.21,22,24 Figure 1 
shows the estimated number of Hib and pneumococcal 
meningitis deaths in the ten countries with the greatest 
absolute number of such deaths in 2000, on the basis of 
global burden of disease studies.21,22

Mechanisms of protective immunity
The absence of type-specifi c opsonising antibody is the 
most important determinant of susceptibility to blood-
stream invasion and meningitis;31–33 non-capsular factors 
are also important determinants of virulence, although 
their role in pathogenesis is less clearly understood.31–33 
Genetic factors are likewise important determinants of 
susceptibility to pneumococcal and meningococcal 

infection.34 The fi rst vaccines used the polysaccharide 
capsule alone as an immunising agent. This approach 
was enhanced by conjugation of polysaccharide antigens 
to various protein carriers.35

Polysaccharide vaccines
Polysaccharides are T-cell-independent antigens that 
cannot be presented to T cells in conjunction with MHC 
class II molecules, preventing development of memory 

Haemophilus 
infl uenzae type b22

Streptococcus 
pneumoniae21

Neisseria 
meningitidis12,23

Cases

Highest incidence region (Africa) 46 (31–52) 38 (11–48) >100 (endemic)*
>1000 (epidemic)*

Lowest incidence region (Europe) 16 (12–22) 6 (5–9) 1–2 (endemic)†
2–10 (epidemic)†

Deaths

Highest mortality region (Africa)* 31 (20–35) 28 (7–36) ··

Lowest mortality region (Europe)† 4 (3–6) 3 (1–7) ··

Morbidity

Proportion of survivors with 
major long-term sequelae1

9·5% (7·1–15·3) 24·7% (16·2–35·3) 7·2% (4·3–11·2)

Data are n per 100 000 population per year (95% CI) unless otherwise specifi ed. Mean proportion of survivors with 
major long-term sequelae for all organisms combined in the highest incidence regions is 25% (95% CI 19–32), and in the 
lowest incidence regions is 9% (7–12).1 *African meningitis belt. †Low incidence regions for invasive meningococcal 
disease—Europe, USA, and Australia. 

Table 2: Estimates of global disease burden for meningitis attributable to Haemophilus infl uenzae type b, 
Streptococcus pneumoniae (children younger than 5 years), and Neisseria meningitidis (all ages), by 
organism and region
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in 200021,22
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B cells.31,35 Consequently, after vaccination antibody con-
cen trations wane rapidly in young children, there is no 
anamnestic response to later doses of the poly saccharide, 
and little or no eff ect on nasopharyngeal or oropharyngeal 
carriage.35 Eff ectiveness of polysaccharide vaccines against 
meningitis has been shown most convincingly for sero-
group A meningococcal disease, but protection waned 
after 3 years, and was poor among children younger than 
2 years.13,36 Similarly, antibody responses to most serotypes 
after pneumococcal poly saccharide vaccines are poor in 
children younger than 2 years. In adults, these vaccines 
are effi  cacious against invasive pneumococcal disease 
attributable to vaccine serotypes, and by implication also 
meningitis, but no specifi c data are available.37 Little eff ect 
of Hib polysaccharide vaccine on disease, especially 
meningitis, was recorded during routine use of this 
vaccine in US children older than 24 months despite 
documented effi  cacy,38 probably because of the small 
proportion of Hib meningitis cases in this age group.

Conjugate vaccines
Conjugate vaccines are T-cell-dependent, allowing devel-
opment of memory B cells, and consequent anamnestic 
responses and, importantly, they aff ect carriage.31,35 
The fi rst commercially viable conjugate vaccine was 
produced against Hib.14 Manufacturers used diff erent 
proteins (diphtheria toxoid [D], the outer membrane 
protein of N meningitidis serogroup B [OMP], tetanus 
toxoid [TT], or mutant diphtheria toxin [CRM] conjugated 
to Hib polysaccharide [PRP]).14,31 One vaccine, PRP-OMP, 
was associated with antibody response after one dose, an 
important advantage for settings where Hib disease 
occurred very early in life. Other Hib conjugates (PRP-T, 
PRP-CRM, and PRP-D) required two or three doses to 
achieve such antibody response.14,39 The fi rst pneumo-
coccal conjugate vaccine (PCV), which used CRM as the 
protein carrier, was fi rst licensed and recommended for 
routine use in the USA in 2000. It included seven of the 
most common serotypes causing invasive disease (4, 6B, 
9V, 14, 18C, 19F, 23F). Other vaccines with nine, ten, 11, 
or 13 conjugates (including serotypes 1, 3, 5, 6A, 7F, 19A) 
have been studied, with the ten-valent and 13-valent 
products reaching licensure. For these products, 
immuno genicity varies by serotype, number of doses, 
concomitant vaccine administration, and population 
studied.40 Trials with both immuno genicity and clinical 
outcome measures have allowed development of anti-
body correlates of protection deemed suffi  cient for 
licensure without effi  cacy trials.41

The fi rst meningococcal conjugate vaccine to become 
available used the serogroup C polysaccharide con jugated 
to CRM; subsequently TT conjugates and sero group A, 
W135, and Y conjugates have been developed.42 Epidemio-
logical studies have shown a well defi ned threshold for 
serogroup C serum bactericidal activity, which correlates 
with protection against serogroup C invasive disease; all 
meningococcal C conjugates met this threshold.42 A 

monovalent serogroup A meningo coccal conjugate 
vaccine has been developed specifi cally for use in the 
meningitis belt, with immunogenicity studies showing 
that it is signifi cantly better than polysaccharide A vaccine 
after one or two doses in children and young adults.43

Effi  cacy trials
The interplay between vaccine immunogenicity and 
disease epidemiology was underlined by the fi rst two 
Hib conjugate vaccine clinical trials, which used PRP-D 
in very diff erent settings. In Finland, PRP-D had an 
effi  cacy of 94% (lower 95% CI 83%),44 whereas in Alaska, 
USA, where Hib incidence was much higher and peaked 
in the fi rst 6 months rather than the second year of life, 
vaccine effi  cacy was 35% (–233%).45 By contrast, when 
researchers assessed PRP-OMP in Navajo infants, 
among whom Hib disease occurred predominantly in 
the fi rst few months of life,29 as in Alaska Native and 
Australian Aboriginal infants, effi  cacy was 95% (72%) 
after two doses and protective after one dose (lower 
95% CI for one dose 45%).46

Trials of a seven-valent PCV with a four-dose schedule 
were done in California, USA,47 and also in Navajo infants48 
who have higher incidence and greater serotype diversity 
of invasive pneumococcal disease than do infants in the 
general US population. These trials showed high effi  cacy 
against vaccine serotype invasive pneumo coccal disease of 
94%47 and 83%,48 respectively. Trials of a nine-valent vaccine 
given in a three-dose primary schedule at 6, 10, and 
14 weeks of age according to Expanded Programme on 
Immunization recommendations in South Africa and The 
Gambia showed similar effi  cacy against vaccine serotypes, 
except in HIV-infected children.49,50 The effi  cacy against all 
serotype meningitis or sepsis in these trials was less than 
recorded in US studies, because of higher baseline 
incidence of non-vaccine serotype disease.49,50 Despite this 
fi nding, in the high mortality setting of The Gambia, 
vaccination resulted in a 16% (95% CI 3–28) reduction in 
all-cause mortality.50

None of the meningococcal conjugate vaccines have 
been tested in randomised controlled trials with disease 
endpoints, because these were not thought justifi ed in 
the context of immunological correlates of protection 
that reliably predict vaccine eff ectiveness.42 Effi  cacy 
against meningococcal meningitis is, therefore, inferred 
from post-licensure studies of eff ectiveness.

Post-licensure studies
More data are available for the eff ect of Hib vaccines when 
delivered through routine immunisation pro grammes 
than for either pneumococcal or meningococcal vaccines. 
First, in high-income countries, routine use of Hib vaccine 
preceded that of pneumococcal or meningococcal vaccines 
and the background rate of Hib meningitis was high.4,5 
Second, the proportion of invasive H infl uenzae disease 
caused by the vaccine serotype (ie, serotype b) was 90–95% 
and concentrated in one age group.
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High-income countries
Conjugate Hib vaccines were introduced into routine use 
fi rst in the USA, from 1987 at 18 months of age and from 
1991 at 2 months of age, with most high-income countries 
following during the 1990s; these vaccines have proved 
highly eff ective in all settings.51 The fi rst conjugate 
pneumococcal vaccine, containing conjugates of the 
seven most common serotypes in the USA, was 
introduced into routine practice in 2000. Figure 2 shows 
changes in incidence estimates for bacterial meningitis 
from surveillance of more than 10 million people in the 
USA after the introduction of conjugate vaccines against 
invasive Hib disease (after 1986) and invasive pneumo-
coccal disease due to seven serotypes (after 1998).3,6,52

The reduction in all-age incidence of H infl uenzae 
meningitis shown in fi gure 2—more than 97% in the 
20 years from 1986 to 2007—shows the profound 
population-wide eff ect of Hib vaccines in the USA.3,6,52 
Furthermore, the proportion of H infl uenzae meningitis 
cases due to serotype b decreased sequentially from 
95%, to 33%, to 9%.3,6,52 Among high-income countries, 
two exceptions to the near elimination of H infl uenzae 
meningitis arose. In the UK, a rebound in Hib disease 
occurred in the 1990s. This recurrence was attributed to 
waning of herd eff ects generated by an initial catch-up 
campaign among children younger than 5 years, low 
PRP antibody concentrations after use of a Hib-acellular-
pertussis combined vaccine, and an accelerated primary 
dose schedule with no booster dose.53 This rebound of 
Hib disease resolved with the introduction of a booster 
dose in the second year of life and a temporary catch-up 
campaign in children aged 2–4 years.54 In Alaska, USA,55 
with a historically high incidence of Hib disease, an 
increase in H infl uenzae meningitis occurred after 
replacement of PRP-OMP with PRP-CRM vaccine.55 
This occurrence was presumed to result from an 
insuffi  cient antibody response after the fi rst or second 
dose of PRP-CRM, combined with persistent circulation 
of Hib within the community despite a routine Hib 
vaccine programme.14,55

Defi nitive data for the eff ect of a seven-valent 
pneumococcal conjugate vaccine on meningitis have 
emerged from large populations in the USA52 and 
England and Wales.56 All-age incidence of pneumococcal 
meningitis of any serotype in the USA remained 
stable before introduction of pneumococcal conjugate 
vaccines from 1998, but by 2006–07 a 26% (95% CI 
23–29) reduction had occurred (fi gure 2).52 The decrease 
in pneumococcal meningitis is closer to that recorded 
for Hib meningitis when only vaccine serotypes or the 
age group with the highest incidence of pneumococcal 
meningitis is considered. Specifi cally, all-age incidence 
of vaccine-serotype meningitis decreased by 92% 
(91–93) and incidence of pneumococcal meningitis in 
children younger than 2 years attributable to any sero-
type by 62% (58–66), despite an increase in the all-age 
incidence of meningitis due to non-vaccine serotypes of 

61% (54–69) and in children younger than 5 years of 
92% (68–119).52 Similarly, in England and Wales, an 
overall reduction of 44% (11–54) in pneumococcal 
meningitis was recorded in children younger than 
5 years after introduction of a seven-valent pneumo-
coccal conjugate vaccine, despite an increase in non-
vaccine serotypes of 77% (27–247).55 In the USA and 
England and Wales, these reductions occurred in the 
context of the seven serotypes in the vaccine, accounting 
for almost 80% of pneumococcal meningitis before 
vaccine introduction.52,56

Variability in the incidence of meningococcal disease 
in the absence of vaccination, both overall and by 
serogroup, complicates assessment of vaccine eff ect. For 
example, in the USA, meningococcal meningitis steadily 
decreased in the absence of specifi c inter ventions 
including immunisation (fi gure 2).3,6,52 How ever, several 
countries with recent increases in the incidence of 
serogroup C meningococcal disease have shown sub-
stantial reductions in serogroup C disease after large-
scale vaccination campaigns with meningo coccal C 
conjugate vaccines.23,57,58 Figure 3 shows the near dis-
appearance of N meningitidis serogroup C disease in 
England and Wales and the Netherlands after such 
campaigns, with reductions of more than 98% in targeted 
age groups and of more than 90% in age groups not 
included.56,58 In New Zealand, a strain-specifi c group B 
vaccine, based on the outer membrane vesicle protein, 
was given in a broad population campaign, with special 
focus on Maori Pacifi c Island populations with the 
greatest disease burden.59 Results of observational studies 
showed a signifi cant vaccine eff ect that persisted after 
adjustment for precampaign downward trends.60
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Low-income countries
Data from several high-incidence settings in Africa show 
rapid, pronounced decreases in both culture-proven Hib 
meningitis and all presumptive bacterial meningitis in 
the short term.61 However, in South Africa, 10 years after 
routine vaccination, an increasing trend in Hib menin-
gitis has been reported, mainly in children with HIV 
infection.62 In The Gambia, after near elimination of 
invasive Hib disease in 2002,63 an increase in the 

incidence of Hib meningitis occurred in 2005–06, 5 years 
after vaccine introduction.64 However, this increase was 
not sustained (Howie S, Medical Research Council unit, 
The Gambia, personal communication), even though a 
booster dose is not given routinely, as in South Africa. 
Although such reports need a long time series to 
document changes in incidence, in view of much reduced 
case numbers, monitoring of longer-term trends is 
important in settings without a scheduled booster, 
because of the UK experience.53

As yet, little information exists about the longer term 
eff ect of routine immunisation with pneumococcal 
conjugate vaccines in low-income settings, but detailed 
community-based surveillance is underway in Kenya, 
South Africa, and The Gambia.65 Figure 4 shows the 
countries with routine H infl uenzae type b and pneumo-
coccal conjugate vaccine programmes at the end of 2012, 
which viewed with fi gure 1 shows the great future 
potential for reduction in meningitis attributable to these 
organ isms. At the end of 2010, the whole population of 
Burkina Faso aged 1–29 years was im munised with a 
serogroup A meningococcal conjugate vaccine, with a 
very low inci dence of serogroup A meningococcal disease 
during the next meningitis season.66 However, a longer 
period of surveillance will be needed to determine the 
eff ect of this vaccine at the community level as it is rolled 
out progressively across the African meningitis belt.66

Herd protection and serotype replacement
For Hib, in low-incidence populations, a small but appre-
ciable proportion of cases has occurred in indi viduals older 
than 5 years; indirect protection in this population has 

Nationally or subnationally
introduced Hib vaccine only
Nationally or subnationally
introduced both Hib vaccine 
and PCV
Nationally or subnationally
introduced PCV only (Singapore)

Figure 4: Countries with routine Haemophilus infl uenzae type b (Hib) and pneumococcal conjugate vaccine  (PCV) programmes by October, 2012
Reproduced from IVAC, Johns Hopkins Bloomberg School of Public Health. Vaccine Information Management System (VIMS), October, 2012. 
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been documented in both the UK and Alaska, USA.53,67 
Although increases in non-b serotypes causing invasive 
disease have been documented (usually non-encapsulated 
strains and type f) after Hib immunisation in low-
incidence populations,68 the pro nounced decrease in type b 
and its predominance as a cause of H infl uenzae meningitis 
mean that total H infl uenzae invasive disease and menin-
gitis remain much lower than before vaccin ation. No 
increase in the incidence of non-serotype-b H infl uenzae 
disease was recorded in a multicountry European study.69 
Increases in serotype a have been recorded in some 
regions of the USA,70 but are often short-lived, as in Brazil.71 
H infl uenzae type a is an important pathogen in some 
Native American popu lations.72 However, occurrence of 
non-serotype-b H infl uenzae disease as short, highly 
localised clusters can result in spurious conclusions when 
only short periods of observation are reported.

In the case of pneumococcus, indirect protection against 
vaccine serotype strains has been identifi ed in almost all 
study settings after introduction of seven-valent PCV. 
Serotype replacement, in vaccinated and unvaccinated age 
groups, might off set some of these indirect eff ects but 
caution is needed in drawing conclusions from individual 
study site reports because of the inherent challenges in 
disentangling the eff ect of study design from biological 
eff ects.73 More data from sites that vary in characteristics 
such as epidemiological setting, time since vaccine 
introduction, and intro duction with or without a catch-up 
schedule are needed to understand more clearly the drivers 
of herd and replacement eff ects.73 Non-vaccine serotypes 
vary in invasiveness and geographical diff erences in their 
prevalence will also be an important determinant of the 
eff ect of PCVs on overall pneumococcal disease burden.74 
A systematic review of serotype replacement for WHO 
reported preliminary fi ndings in 2011.75

When population-wide campaigns have been done with 
serogroup C meningococcal conjugate vaccines, herd 
eff ects have been identifi ed in older children and adults,23 
adding substantially to the population health eff ect of 
such campaigns. However, meningococci are equipped to 
avoid the host immune response by interchange of 
genetic material,32 and so there is concern that meningo-
cocci, and pneumococci, might show serotype replace-
ment in response to conjugate vaccination, especially in 
high-incidence, high-transmission settings.

Best use of existing vaccines
In high-incidence settings, commencing conjugate 
pneumococcal vaccination at birth has been considered 
in view of the very early onset of pneumococcal disease, 
and shown to be immunogenic and not associated with 
later immune tolerance.76 The issue of how to best use 
three doses of PCV has been the subject of review.77 Both 
three-dose primary schedules and two-dose primary 
schedules with a booster  were acceptable, with decisions 
depending on the programmatic and epidemiological 
characteristics of the setting where the vaccine was used.

A crucial issue is the duration of protection provided by 
vaccination and whether this depends on induction of 
immunological memory or the antibody concentration at 
the time of exposure. Major controversy about the need 
for additional booster doses has arisen in the context of 
conjugate meningococcal vaccines, for which a clear 
correlate of protection is available, the serum bactericidal 
titre.32,42 Evidence suggests that serogroup C antibody 
concentrations decline rapidly in children given their 
fi rst dose at 12 months.78 Up to now, very few vaccine 
failures have been identifi ed among children who have 
received their fi rst dose after 12 months, although this 
might be attributable to persisting herd protection. In the 
rare instances of conjugate vaccine failure, functional 
T-cell immune defi cits and immuno globulin defi ciency 
have been identifi ed.79–81

In developing countries, the Expanded Programme 
on Immunization schedule is accelerated but, in 
practice, second and third doses are often delayed,63 
which could result in greater persistence of immunity. 
Schedules with a booster dose late in the fi rst year or 
early in the second year of life need to be assessed for 
cost-eff ectiveness and feasibility of delivery in low-
income countries, but are now regarded as routine in 
high-income countries.

Future challenges
In view of the challenges of several changing serotypes, 
intense interest surrounds development of protein 
vaccines with broad and ideally universal coverage for 
both meningococcal and pneumococcal disease. For 
menin gococcal B disease, broad coverage is essential,32 
and a multicomponent meningococcal B protein vaccine 
candi date is immunogenic in infants82 and adolescents,83 
as assessed by a novel proxy measure of bactericidal 
activity. Pneumococcal protein vaccines have long been 
of interest for their potential to obtain equivalent effi  cacy 
to poly saccharide conjugates without serotype replace-
ment,84 but no candidates have so far reached phase 3 
clinical trials.

Widespread introduction of conjugate vaccines, espe-
cially where disease burden is greatest, will have 
incremental eff ects on the global burden of acute bacterial 
meningitis, but important challenges remain. These 
include delivery of potent vaccines to diffi  cult-to-access 
populations at risk; appropriately designed and done 
studies of eff ect, which require adequate surveillance to 
be in place many years before vaccine introduction; and 
development and testing of improved vaccines.
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a  b  s  t  r  a  c  t

Background:  The  relative  contribution  of different  categories  of  contact  in transmitting  pertussis  to very
young  infants,  who  experience  the  most  severe  morbidity,  is  the  most  important  single  factor  determining
the  likely  benefit  of  pertussis  vaccination  of their  close  contacts  (the  “cocooning”  strategy).
Objective:  To identify,  evaluate  the  quality  of  and  summarise  existing  data  on  potential  sources  of infant
pertussis  infection  in  high  income  countries,  focussing  on  infants  under  6 months  old.

Data  sources:  Online  databases  MEDLINE  and  EMBASE.  Additional  studies  were  identified  from  the
reference  lists  of  relevant  articles.

Study selection  and  analysis:  Study  quality  was  evaluated  by standardised  criteria,  based  on the
Strengthening  the  Reporting  of Observational  Studies  in  Epidemiology  (STROBE)  statement.  Pooled  esti-
mates of the  proportion  of  pertussis  cases  attributable  to various  contact  sources  were  calculated  using
data from  the  highest  quality  studies.
Results:  Nine  studies  met  the  inclusion  criteria;  seven  included  data  on  contacts  of  hospitalised  infants  less
than  6  months  old.  Case  definitions  and  methods  of contact  ascertainment  were  variable.  Most  identified
sources  were  from  the household,  of  which  39%  (95%CI  33–45%)  were  mothers,  16%  (95%CI  12–21%)
fathers,  and  5%  (95%CI  2–10%)  grandparents.  Estimates  for siblings  (16–43%)  and  non-household  contacts
(4–22%)  were  more  heterogeneous.  For  32–52%  of  infant  cases,  no  source  was  identified.  Asymptomatic

pertussis  infection  was  found  in 8–13%  of  contacts  evaluated.
Conclusions:  These  data  suggest  that  the greatest  potential  impact  of pertussis  vaccination  of  adults  to
prevent  severe  disease  in young  infants  comes  from  vaccinating  mothers,  followed  by  fathers,  with  grand-
parents having  a minor  role.  Siblings  varied  in  importance  and,  given  recent  data  regarding  waning
immunity  in  vaccinated  children,  need  further  study.  Non-household  sources  are  also  well documented,
highlighting  the  potential  limitations  of  the  cocoon  strategy  to prevent  severe  infant  disease.
© 2012 Elsevier Ltd. All rights reserved.
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. Introduction

The introduction of extensive childhood vaccination pro-
rammes during the 1940s and 1950s led to a significant reduction
n the incidence of pertussis disease in infants in many countries.
espite this reduction, pertussis remains endemic in populations
ith high vaccine coverage, and continues to affect young infants,
articularly those too young to have completed the primary vac-
ination course [1,2]. Waning immunity in adolescents and adults
as identified as a significant factor in transmission to young

nfants over 30 years ago [3,4]. It is, however, often difficult to
dentify a source of infection for infants with pertussis, and studies
ddressing this vary in setting and in the comprehensiveness of
valuation.

The cocooning strategy was identified by the Global Pertus-
is Initiative (GPI) in 2005, and implementation recommended
or countries where it is economically feasible [5,6]. The aim of
cocooning” – the immunisation of close contacts of young infants

 is to protect infants under six months of age who are too young to
e fully vaccinated against pertussis and most vulnerable to severe
ertussis disease if infected. Various versions of the cocooning
trategy have been recommended in Australia, France and Germany
7,8]. In the United States, cocooning was initially recommended
y the Advisory Committee on Immunisation Practices (ACIP) as
referred to maternal immunisation [9] but recently the order of
reference was  reversed, largely related to the logistic challenges
f delivering cocoon programmes [10,11].  However, immunisation
f adult contacts continues to be recommended in the US and else-
here [8,11],  despite existing challenges in implementation and

he lack of strong empirical evidence regarding effectiveness. It is
herefore crucial to have high-quality estimates of the proportion of
nfant infections acquired from various contacts who are the target
f a cocooning strategy, in order to inform vaccination policy.

The aim of this literature review was to (1) critically evaluate
nd summarise the strengths and weaknesses of evidence on the
mportance of potential household sources (contacts) of pertus-
is infection, and (2) calculate the relative proportions of infants
nfected by various household contact categories using estimates
rom high quality studies conducted in developed countries.

. Methods

.1. Search strategy

The online databases MEDLINE and EMBASE were searched

or all studies published between January 1999 and October
010 of contacts of infants with pertussis, either clinically diag-
osed or laboratory–confirmed. Additional studies were also

dentified from the reference lists of relevant articles. Search
 . . . .  .  .  .  .  .  . . . .  .  .  .  .  .  . . .  . .  .  .  .  . . . . . .  .  .  .  . . . . . . .  .  .  . . . . . .  .  . .  . .  .  .  . .  .  .  . .  . . . .  . .  .  .  . . 625

terms to identify studies that included information on infant
contacts as sources of disease transmission were included.
The search terms were “Diphtheria-Tetanus-acellular-Pertussis
Vaccines”, “Diphtheria-Tetanus-Pertussis Vaccine”, “boostrix or
adacel”, “Bordetella Pertussis”, “Whooping Cough”, “Infant, New-
born”, “Postpartum period”, “Parents”, “parents or mothers or
fathers or grandparents or grandmothers or grandfathers”, “sib-
lings or brothers or sisters”, “cocoon” and “Disease Transmission,
Infectious”. The addition of the search term “contact” to the above
terms was  also explored, but did not yield additional studies.

2.2. Study selection

We  included original studies that identified the possible source
of pertussis infection for infants under 12 months of age, and for
the sub-category of hospitalised infants under six months of age.
All study designs were eligible for inclusion; however only studies
undertaken in Europe, North America or Australia were included,
in order to compare data from countries with long-standing high
coverage childhood pertussis immunisation programmes and rea-
sonably similar pertussis surveillance capacity.

2.3. Quality assessment

The studies were assessed using a standardised 22-item check-
list, developed from the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement [12]. The
STROBE statement provides guidance to authors on good reporting
practice and assistance in critical appraisal of observational stud-
ies. We  used the statement in the latter capacity, using the STROBE
checklist [12] to assess how well a standard set of key aspects of
each study, such as sample size, setting, duration, bias and outcome
measures were executed and reported. This allowed a standard-
ised comparison of the studies. All 22 items on the checklist were
included. We  assigned scores to each of the 22 items, with one point
awarded for a given item if it was executed and reported well, a half
point awarded if an item was addressed, but in a manner which was
unclear, and no point awarded if the item was  not addressed ade-
quately. The 22 items fall into six categories: Title and Abstract (1
item), Introduction (2 items), Methods (9 items), Results (5 items),
Discussion (4 items), and Other Information (1 item). As most items
come under the Methods, Results and Discussion sections, the scor-
ing system keeps consistent with the weightings inherent in the
checklist. A score of ≥17/22 was  considered to be high, and data
from studies assigned such scores were included in a sub-analysis.
2.4. Data analysis

Data on the relative proportions of identified sources of per-
tussis (mothers, fathers, any parent, grandparents, siblings and
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Table 1
Studies reporting source of pertussis infection in infants ≤12 months of age.

Infant cases Study & duration Study
designa

Setting All infant cases,
n  <6 month/n <
12 month

Diagnosis of pertussis in
contacts

Assessment
score

∑
/22

Hospitalised infants
diagnosed with
pertussis

Bonmarin et al. (1996–2005) R France (National) 1688/nab Clinical 17
Chuk  et al. (1997–2006) R Australia (Single centre) 48/55 Clinical or laboratory 14
Crowcroft et al. (1998–2000) P United Kingdom (Two

centres)
31/na Laboratory with or without

symptoms, or clinical with
epi link to lab confirmed
case

15

De  Greeff et al. (2006–2008) P Netherlands (National) 164/na Laboratory with or without
symptoms

19

Elliott et al. (2001) R Australia (National) 129/140 Clinical 17
Vitek  et al.c. (1990–1999) R United States (National) 89/93 Clinical 16
Wendelboe et al. (2003–2004) P France, Germany, United

States, Canada (Multi
centre, multinational)

91/na Laboratory with or without
symptoms

19

Hospitalised and
non-hospitalised
infants diagnosed with
pertussis

Bisgard et al. (1999–2002) R United States (Georgia,
Illinois, Massachusetts, and
Minnesota)

212d/616 Clinical 15

Jardine et al. (2009) P Australia (Four
metropolitan health
jurisdictions)

63/95 Clinical or laboratory 17

a R = retrospective study design; P = prospective study design.
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b na = not applicable.
c This study reported on pertussis deaths in infants <12 months old, with the ma
d Number of infant pertussis cases 0–3 months of age. The number of case infant

thers) from the high quality studies of hospitalised infants under
ix months of age were pooled and analysed using Meta Analyst
eta 3·13 [13]. Point estimates and 95% confidence intervals were
alculated.

. Results

.1. Study identification and quality

Appendix 1 details the results of the literature search. Of the 15
apers assessed for inclusion, six were excluded due to location,
r not providing specific sources of infection for infants less than
ix or 12 months old. Of the nine included studies listed in Table 1,
even presented data on hospitalised infants less than 6 months of
ge. The doctoral thesis underpinning one of these studies was also
eviewed for additional data [14]. Four of the seven studies were
ssigned a quality score of ≥17/22 and thus were included in the
ub-analysis.

The quality scores for all included studies ranged from 14 to
9 (Table 1). Factors leading to higher scores were prospective
esign, broader setting (for example, national rather than single
entre), large sample size, longer study duration and completeness
f reporting.

.2. Studies of hospitalised infants less than six months old

Table 1 lists the seven studies included in this group. Three
ere prospective and conducted in hospital settings [15–17],

he remaining studies were retrospective, and based on hospi-
al records or surveillance data [18–21].  One study included only
nfants who died of pertussis [21]. The studies were conducted in
he United Kingdom [15], Australia [19,20], The Netherlands [16],
he United States [21] and France [18], with the multicentre study
onducted in Canada, France, Germany and the United States [17].
tudy size and duration varied considerably.

.3. Ascertainment and case definition of pertussis
.3.1. Infant cases
In four of the seven studies which focussed only on hospi-

alised infants, all cases had laboratory-confirmation, either for
(95%) being hospitalised and <6 months old.
months old was  not reported.

the infant [16,17] or were clinically diagnosed with an epidemi-
ologically linked laboratory-confirmed case [15,18]. The remaining
three studies included both laboratory or clinically diagnosed cases
based on either retrospective review of medical records[19,21]or a
questionnaire completed by the case infant’s treating paediatrician
[20].

3.3.2. Contacts
All contacts of case infants, including those who  were recorded

as having pertussis, were identified through a variety of means
across the seven studies of hospitalised infants, shown in Table 1.
The majority of contacts were identified through follow-up inter-
views with case infants’ parents or guardians [15–18].  Three studies
used questionnaires sent to the physician treating the hospitalised
infant [20], or contact tracing reported in medical records [19,21].

Contact case definitions varied considerably. Key points of
difference were the proportion of coughing contacts who  had lab-
oratory testing, and whether laboratory testing was  conducted
only on symptomatic contacts. Three studies had laboratory testing
for pertussis on all or most identified contacts of infant pertussis
cases, whether contacts were symptomatic or not [14–17].  One of
these studies tested all 560 identified contacts of 164 index infants
using both Polymerase Chain Reaction (PCR) and serology, allowing
potential identification of both recent and less recent infection in
contacts [16].

The remaining four studies relied on reported clinical symp-
toms in identified contacts [18–21],  with two having laboratory
confirmation for a small number of cases [19,20].

3.4. Source of pertussis infection in hospitalised infants less than
six months old

The proportion of infant cases less than six months old where
any potential source of infection was  identified varied. For 32–52%
of these cases, a source of infection could not be identified (Table 2).

The great majority of identified sources were from the house-

hold. For any parent, the estimates among studies were similar,
and ranged from 39 to 57% (Table 2). In those studies which dif-
ferentiated between mothers and fathers, mothers were around
twice as likely to have pertussis (28–42%) as fathers (12–28%).
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There was much greater variation in the estimated proportion of
transmissions attributed to siblings, which ranged from 16% to
43% (Table 2). Overall, two  studies reported the mother as the sin-
gle most commonly identified source of infection [17,20] and two
studies reported parents combined as a group to be the most com-
mon  source of infection[18,21]. The remaining three studies (one
from the Netherlands, one from the United Kingdom, and one from
Australia) found siblings to be the most common source [14–16,19].

3.5. Sub-analysis of high quality studies of infants less than six
months old

To gain an overall estimate of the source of infection in hospi-
talised infants less than six months old, only studies with a quality
score of greater than 17 were included in a sub analysis (Table 3).
Relatively precise estimates were determined for “mother” and
“father”, with the estimate for any “parent” accounting for more
than half of identified infant pertussis sources.

In the two studies which reported grandparents, they accounted
for an estimated 5% (95%CI 2–10%) of identified sources. A pooled
estimate was not calculated for the proportion of infections
attributed to siblings because of the heterogeneity in estimates
(range 16–41%).

There was also variability in estimates of non–household
sources of infection (reported as an “other” group in four studies
[16–18,20]),  ranging from 4% to 22% of identified sources of infec-
tion. Specific examples of these “other” categories of source were
given in two  studies[17,20],  and included friends, non-household
family members, a health care worker, a part time carer, and a
mother in an adjacent bed in the maternity ward.

4. Other relevant factors

4.1. Infant age

Two of the nine studies examined patterns of presumptive con-
tact by age strata among infants less than 6 months of age. In
Australia, 0–7 week, 8–15 week and 16–23 week old infants were
progressively less likely to have been infected by a parent (�2 trend,
P= 0·07)[20]. In the United States, mothers were 2·0 (95% CI 1·1–3·8)
times more likely to have been identified as the source of infection
for infants aged 0–3 months than for infants aged 4–11 months
(P = 0·01)[1]. In the only study of presumptive sources of pertussis
for infants who  died (95% of whom were under 6 months of age),
of a total of 46 case infants for whom a possible source could be
identified, a parent was identified as the source in 39%, and a par-
ent and another household member identified as co-sources for a
further 33% (Table 2)[21].

4.2. Household size

A Dutch study reported that having siblings was  a risk factor.
The mean number of children in case households in this study
was  above the national average for the region (2·6  children per
household, 95%confidence interval, 2·3–2·8 versus 1·8 children
per household)[16]. An Australian study reported similar findings;
infants in that study who had siblings were more likely to have
been infected by their siblings than by other sources, compared
with infants who  did not have siblings[22].

4.3. Vaccination status of contacts
None of the studies specifically reported the vaccination sta-
tus of adult contacts. Two studies included data on self-reported
vaccination among adult contacts [15,20] however, neither study
specified the time period between vaccination and infection.
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Table 3
Estimated percentage of pertussis source contacts by category, of infants <6 months of age who had pertussis, calculated from studies with a high assigned quality score.

Study Contacts of infant pertussis cases who had pertussis% (95% confidence interval)a

Mother Father Any parent Grandparent

De Greeff et al. 38 (30–46) 17 (11–24) 55 (46–63) NR
Wendelboe et al. 37 (24–51) 18 (10–32) 55 (41–68) 6 (2–17)
Elliott  et al. 42 (31–54) 12 (6–21) 54 (42–65) 3 (0–11)
Bonmarin et al. NR NR 55 (52–58) NR

Pooled Estimate 39 (33–45) 16 (12–21) 55 (52–58) 5 (2–10)

NR = not reported.
a Pooled estimates calculated from studies with assigned quality score of >17/22
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Four studies reported to some extent, on the vaccination sta-
us of siblings/child contacts who were an identified source of
nfection[15–17,20].  In the Netherlands study, it was found that
or sibling contacts who had received a primary vaccination series
ithin the prior three years, 29% of those who had received acellular

accine had typical pertussis, compared with 46% of those who  had
eceived the locally made whole cell vaccine[16]. In the study con-
ucted in the United Kingdom, all siblings of case infants who  were
ound to be a possible source of pertussis infection were fully vac-
inated with whole cell vaccine[15]. In the Australian study, 58% of
he children less than ten years of age who were identified as cough-
ng contacts of an infected infant were reported as vaccinated[20].
inally, a multinational study reported that four of the eight sib-
ings identified as primary cases in the index infant’s household
ad documented evidence of age appropriate vaccination [17].

.4. Asymptomatic Carriage

Three studies reported identification of laboratory-confirmed
ertussis infection in asymptomatic contacts (Table 4). Across these
tudies, between 8% to 13% of contacts who remained asymp-
omatic had laboratory evidence of recent pertussis infection
14–17].

. Discussion

The majority of identified sources of infant pertussis infec-
ion were from the household. All of the studies reported either
arents or siblings as the most commonly identified source of infec-
ion for infant pertussis cases. When taken together, 55% (95% CI
2%–58%) of identified sources of infant pertussis infection was a
arent, with mothers approximately twice as likely as fathers to
e source. Importantly, this review has allowed for pooled esti-
ates from high quality studies to be calculated, to provide better

haracterisation of the relative contribution of various contact cat-
gories to infant pertussis infection in developed country settings.
his information is essential to inform pertussis vaccination pol-
cy, particularly with regard to the potential impact of a cocooning
accination strategy.

There were a number of limitations of the studies included in
his review. Firstly, the source of infection for a significant propor-
ion of infant pertussis cases was not identified in most studies. It
as been estimated that one in three infants with pertussis acquire

t through casual contact in the community[23]. This may  explain
hy between 32% and 52% of infants did not have a source identi-
ed. Identifying and testing all casual contacts of even very young

nfants remains a challenge which has been noted by study inves-

igators. Another possible explanation is asymptomatic infection
mong parents and/or other newborn contacts. Only three stud-
es were designed to detect asymptomatic pertussis infection in
he household contacts. In the studies where only contacts with a
cough history were investigated, or where laboratory testing was
not conducted on all household contacts irrespective of symptoms,
under-identification of sources, particularly those who  had no or
minimal symptoms likely occurred. Secondly, some studies were
small and the case definitions used were inconsistent across the
studies. When we  included only high quality studies, we  found con-
sistent and narrow estimates for parents (high) and grandparents
(low), but the range of estimates for siblings and persons outside
the household remained relatively wide. Factors which might influ-
ence this variability include household size and mixing patterns,
the local epidemiology of pertussis, and the local childhood vac-
cination schedule. We  also found that many of the studies did not
provide detail about number or proximity of vaccine doses received
in any or all household members, including siblings.

Given the much closer and more exclusive contact of parents
(particularly mothers) with younger infants (those under three
months of age), it would be expected that for these babies, parents
would account for a larger proportion of pertussis transmissions.
An Australian study of hospitalised cases[20] and a US study in
both hospitalised and non-hospitalised infants less than twelve
months of age[1] found data to support this. However, this is heavily
dependent on local social and cultural norms, and may  vary in
settings where extended families are included among close and
frequent contacts of young infants. For example, this infant contact
pattern was  shown in a recent US study suggesting a limited impact
of a post-partum cocooning strategy in a population which included
a high proportion of Hispanic families [10]. Similarly, a Brazilian
study[24],  not included in this review because of location, identified
high numbers of infected siblings and extended family members,
such as uncles, aunts and cousins as contacts of infants with pertus-
sis. Many of these infected relatives resided in the same house as the
infected infant, or in a residence in the same neighbourhood, fur-
ther implicating household size and contact patterns as important
for disease transmission and thus cocooning strategies.

Based on the evidence presented here from a number of high
income countries, a cocooning strategy targeting both parents of
infants would likely prevent a substantial proportion of cases. How-
ever, successful implementation of such a strategy in the United
States has been shown to be resource-intensive, with a number of
financial and logistical barriers needing to be overcome[25].  Fur-
thermore, the number of parents needed to vaccinate to prevent
infant deaths is very high in settings with a low incidence of per-
tussis in young infants, resulting in a potentially high cost per death
prevented from a societal perspective[26]. This review adds to sup-
porting the presumption that the youngest infants, who are at the
highest risk of severe infection and death, are most likely to be
infected by their mothers. As such, a programme which targets

only mothers is both simpler and more likely to be cost effective.
If given only to mothers, only one vaccine dose per infant family
is required, and delivery, via post-partum programmes in mater-
nity hospitals is more straightforward. However, even with vaccine
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Table 4
Asymptomatic pertussis infection in contacts of infant cases with pertussis.

Number of contacts of
infant pertussis cases
laboratory tested for
pertussis n

Infant pertussis cases with
a  contact pertussis source
case identified n/(N total
infant cases)

Total contacts who were
test positive for pertussisa

n (% of total tested
contacts)

Asymptomatic contacts
who were test positive for
pertussisn (% of total tested
contacts)

de Greeff et al., (2010) 560 96/(164) 299 (53) 42 (8)
Wendelboe et al. (2007) 347 44/(91) 222 (64) 44 (13)
Crowcroft (2005) 83 21/(31) 28 (34) 8 (10)

a All identified contacts of infants with pertussis, including identified source contacts, and those who were found to be positive for pertussis but were not identified as the
primary  source of an infant’s infection.
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elivery immediately post-partum, significant maternal immunity
ill not be attained for 7–14 days[27]. This post-partum window

f vulnerability could be eliminated by delivering pertussis vaccine
uring pregnancy; with direct protection of the newborn through
aternal antibody transfer[28–30].  These considerations led to the
nited States Advisory Committee on Immunisation Practice to
refer maternal immunisation during the third trimester of preg-
ancy over post-partum immunisation [11].

Cocooning recommendations in some countries include other
dult family contacts of newborns, in particular grandparents, in
ddition to parents[5,6]. The evidence we have identified suggests
hat grandparents represent only a small number of identified
nfant pertussis infections. Data on the number of “other” adult
ontacts as infection sources we identified was more heteroge-
eous, accounting for between 4% and 22% of identified sources.
he available evidence therefore does not suggest that extending
he “cocoon” beyond parents would add greatly to its effectiveness
n preventing severe morbidity in young infants. Modelling stud-
es have suggested that parental cocooning plus a routine booster
t 40 years of age would be the most cost-effective approach in
aintaining a low incidence of pertussis,[31] but are sensitive

o assumptions about the level of adult vaccine coverage at 40
ears and the magnitude of its impact on overall pertussis infec-
ion in adults. In addition, immunisation of all adults at 40 years
ould require considerably more resources and be challenging to

mplement compared to strategies linked to the birth of an infant.
nother uncertainty in appropriately targeting a cocooning pro-
ramme  relates to the role of asymptomatic infection in disease
ransmission. Although studies have demonstrated serologic evi-
ence of asymptomatic pertussis infection in adults and immunised
hildren,[32,33] data to confirm such infections as a source of infant
nfection are limited. The studies we identified gave consistent esti-

ates of asymptomatic infection in adult contacts of infant cases
f around 10% [15–17] (Table 4). As a source of infection could
ot be identified in up to 53% of infant cases in this review, it

s plausible that a proportion of these unidentified sources were
symptomatic. This highlights the importance of understanding
ransmission dynamics for this disease, and how in turn they are
mpacted by immunisation.

Whether targeted at only parents, expanded to include other
dult contacts of infants or combined with general adult immun-
sation, vaccination of adults will not impact on transmission from
iblings, who accounted for 16% to 41% of identified sources in
oung infants in this review. The Dutch study which found sib-
ings were the most common source of infection was  conducted
n a setting where a less effective whole cell vaccine had been in
se [16], but other studies, where an acellular vaccine was  used in
he childhood immunisation schedule have also reported siblings as

he most commonly identified source [19,22].  This apparent promi-
ence of siblings as a source of pertussis infection is important, as
urrent cocooning strategies also rely on any siblings in the house-
old being vaccinated and thus not sources of infection. However,
possible reasons as to why siblings are a key source of infant per-
tussis infection include faster than anticipated waning of immunity
afforded by childhood vaccinations [34], lower than anticipated
vaccine coverage among siblings, possible vaccine failure, or the
possibility that vaccinated individuals carry and can thus trans-
mit  B. pertussis asymptomatically. Further studies which closely
examine the role of vaccinated siblings in transmission of pertus-
sis to infants are warranted. Such studies should include careful
examination of vaccination records, conclusively investigate levels
of immunity through serology, and ascertain laboratory-confirmed
evidence of infection in sibling contacts regardless of whether the
child is symptomatic.

This review identifies some of the limitations in the current
evidence on the relative importance of house hold contacts in
the transmission of pertussis to young infants. Particularly, that
there was a substantial proportion of infants, up to half, across
the studies for whom a source of infection could not be iden-
tified, and there was  variability in case and contact definitions.
Based on the available evidence, it can be estimated that par-
ents are responsible for around half of the identified sources of
infection in infants under six months of age, with siblings also
being identified as a prominent but less studied source of infec-
tion.

Overall, the impact of cocooning strategies is limited by the role
of those outside the “cocoon” (non-house hold contacts), those
with breakthrough disease due to reduced vaccine effectiveness
(such as siblings), the high costs per infant case prevented, and
increasing barriers to implementation as household contacts other
than the mother are included. Studies examining whether immun-
isation of mothers, delivered during pregnancy or post-partum,
and “cocoon” vaccination involving additional family members to
examine population level impact on disease are now being con-
ducted and will be critical to determining the safety, effectiveness,
and cost-effectiveness of implementing vaccination programmes
to prevent morbidity and mortality in young infants.
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Review
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Impact of pertussis vaccines onmortality is a keyWorldHealth Organization indicator, and trends in mortality rates and age distribution
can inform maternal immunization strategies. We systematically reviewed studies reporting pertussis mortality rates (PMRs) per million
population, identifying 19 eligible studies. During a prevaccine observation period of ≥50 years in high-income countries (HICs), PMRs
reduced in both infants and 1- to 4-year-olds by >80%, along with improvements in living conditions. In studies in low- and middle-
income countries (LMICs), PMRs resembled highest prevaccine HIC rates. Postvaccine in HICs, significant further reduction in deaths
(>98%) occurred, but with a large left shift in age of onset among residual deaths. Postvaccine in LMICs, limited data also show large and
rapid decreases in PMRs, first in older infants and children, but long-term data fully enumerating residual deaths are lacking. In Sweden,
large increases in the prevalence of undetectable pertussis antibodies were found at 10 years after high childhood coverage of acellular
pertussis vaccines. Such data are not available from LMICs using whole-cell vaccines in a primary schedule without boosters. Data on
residual infant deaths and maternal seroprevalence would be valuable inputs into consideration of pertussis vaccination in pregnancy in
LMIC settings, especially if more precise immune correlates of infant protection against death from pertussis were known.

Keywords. pertussis; childhood deaths; review.

The clinical syndrome of whooping cough has been recognized
for at least 500 years, although the causative organism, Bordetel-
la pertussis, was not identified until 1906 [1]. As physician diag-
nosis of the clinical syndrome of whooping cough, in its typical
form in unimmunized children, is highly specific when judged
against culture as gold standard [2] and an episode of whooping
cough is reliably recalled by mothers, even in resource-poor set-
tings [3], historical data on trends in whooping cough incidence
should have acceptable validity, if reporting and recording have
remained consistent over time.

Similarly, interpretation of historical data on deaths due to
pertussis assumes that recognition of the preceding clinical syn-
drome and recording of deaths has been consistent over time. In
countries with good infrastructure, these data come from statis-
tical reports derived from statutory death certificates. More re-
cently, measurement of pertussis-related deaths has been
supplemented by data on mortality from routine public health
surveillance, often including laboratory confirmation, and cap-
ture-recapture methodology has suggested significant underas-
certainment in both the United States [4] and the United

Kingdom [5]. In resource-poor settings, attribution of deaths
following clinically diagnosed pertussis may be problematic, es-
pecially when death occurs some time later, as other factors
such as concomitant infection (eg, malaria, measles), and
comorbidities (eg, malnutrition) are often present [3, 6, 7].
Attribution is much clearer when it is in the context of well-
established surveillance with clear diagnostic criteria, supple-
mented by laboratory diagnostic tests, as occurred in study
sites in Senegal [8] and Kenya [3, 9] before and after vaccine in-
troduction. However, population-based studies of severe mor-
bidity from pertussis in resource-poor settings are sparse,
especially several years after achievement of acceptable vaccine
coverage through the Expanded Programme on Immunization
(EPI). Recognizing the limitations of the available data sources,
deaths due to pertussis have been estimated by modeling, using
age-specific estimates of cases, case fatality rate, vaccine cover-
age, and vaccine effectiveness as the main parameters. In 1999,
these methods estimated 295 000 deaths worldwide (52% in
Africa and South Asia), but with substantial uncertainty in sen-
sitivity analyses [10]. In 2013, the Global Burden of Disease
Study estimated mortality due to pertussis in the first year of
life to be approximately 400 per million live births, or approx-
imately 56 000 deaths [11], whereas average annual pertussis
mortality rates per 1 million births supplied by 15 (mainly
high-income) countries to the World Health Organization
(WHO) for the decade 2003–2012 ranged from 0.1 to 38.6,
with most between 3.0 and 10.0 [12].

In this review, we aimed to inform considerations for mater-
nal pertussis immunization strategies, and provide historical
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context, by collating estimates of pertussis mortality rates from
population-level studies reporting pertussis deaths in the pre-
and postvaccine eras.

METHODS

Search Strategy
We searched OVID Medline, OVID Embase, Web of Science,
and the Cochrane Library. To maximize retrieval, a combina-
tion of database-specific controlled vocabulary terms (where
available) and text-word terms were used including the below
examples from OVID Medline: Bordetella pertussis, whooping
cough, pertussis, epidemiology, incidence, prevalence, disease no-
tification, hospitalization, death, mortality, immunization, per-
tussis vaccine. To minimize the introduction of bias, no
language or date limits were applied. Because no date limits
were applied, pertussis case definitions of included studies
were either clinically or laboratory confirmed according to the
WHO definition.

The search results were exported to an EndNote reference da-
tabase for screening by one researcher (M. Y. K. C.). Article ab-
stracts or the titles (if abstract was unavailable) were screened,
and those deemed likely to provide useful information identi-
fied. Full text of articles were retrieved, reviewed, and selected,
according to the following criteria:

Inclusion criteria

• Any published journal articles that report pertussis deaths
or mortality rate, in any language and any time in both pre- and
postvaccine era.

Exclusion criteria

• Articles that are commentaries, pertussis vaccine recom-
mendations, or case studies;

• Articles that report outcomes only on immune response or
reactions after vaccination, or microbiology (eg, strains of
bacteria);

• Animal studies;

• Articles that report only on vaccination program delivery
and implementation issues and outcomes;

• Articles that report only on pertussis vaccination coverage;

• Articles that report only pertussis vaccination acceptance
or attitudes;

• Articles that report only on results of mathematical model-
ing of pertussis epidemiology;

• Articles that report only on pertussis or vaccine economic
evaluation, or cost-effectiveness studies;

• Studies that only or primarily report on estimates of vac-
cine effectiveness;

• Clinical trials reporting on the efficacy, safety, tolerability,
and immunogenicity of pertussis vaccines; and

• Articles that report only on detection of pertussis or sur-
veillance strategies.

References of identified reviews relevant to the topic were
screened to identify potentially relevant studies. Articles consid-
ered equivocal for inclusion were rescreened by other authors.

Data Extraction and Outcomes
We extracted data using a standardized data extraction sheet,
which included information about the study setting, time and
duration of the study, vaccine type, schedule and coverage,
year when vaccination program was introduced, ascertainment
and definition of deaths, age at death, and denominator popu-
lation or age-specific incidence.

RESULTS

We identified 9747 potentially relevant records from the data-
bases used, reduced to 5367 after excluding duplicates, and to
248 after screening titles and abstracts. We further excluded
236 records, which did not provide or allow calculation of pop-
ulation-based mortality rates, leaving 12 studies. Reference
search (snowballing) identified 7 additional studies that fulfilled
our inclusion criteria. Supplementary Figure 1 shows the pro-
cess of screening for relevant studies.

Characteristics of Eligible Studies
The included studies were published between 1945 and 2014,
and provided mortality data from 1860 to 2012. For high-
income countries (HICs), studies were from Argentina [13],
Australia [14], Denmark [15, 16], Germany [17], Ireland [18],
Italy [19], New Zealand [20], Switzerland [21], the United
Kingdom [22–23], and the United States [24–26]. For low-
and middle-income countries (LMICs), studies were from
Kenya [3, 9], Senegal [8], South Africa [27], and Turkey [28].
From HICs, all studies were summary descriptive accounts of
administrative data, in most exclusively from statutory death
certificates. One study from Denmark used death records
from a single hospital [15] and 1 study from the United King-
dom employed capture-recapture methods from 3 data sources
[22]. Among the 5 eligible studies from 4 LMICs [3, 8, 9, 27, 28],
2 were community-based prospective cohorts in Senegal [8] and
Kenya [3, 9].

Pertussis Mortality Rates Prior to Vaccine Introduction
Table 1 shows studies that provided data on pertussis mortality
rates before vaccine introduction, either for all ages or for spe-
cific age groups, expressed as a rate per million of the relevant
population denominator.

Mortality Rates—All Ages

All-age pertussis mortality rates (per million population) in in-
dustrialized countries declined from the 19th to the early 20th
century (1500 in Demark in 1860 [16]; 425 in Italy in 1890 [19],
400 in Denmark in 1930 [16], 235 in Australia in 1936–1945
[14]), at which time they were comparable to mortality rates re-
ported from Kenya in the 1970s [3, 9]. These trends over time
are displayed graphically in Figure 1, which demonstrates
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substantial divergence in reported rates across industrialized
countries from the 1930s.

Mortality Rates—Infants and Children

Similar to current reports, historical mortality rates from per-
tussis in infancy were higher than at any other age, but declined
progressively over time during the prevaccine era. In the United
States, the mortality rate per million births in the first year of life
declined by about 70% over the first half of the 20th century
(3530 in 1900–1919 vs 1040 in 1934–1949) [25], with Sako
et al reporting a similar mortality rate in this age group between
1938 and 1940 [24]. These trends are displayed graphically in
Figure 2, which demonstrates an apparent linear decline in

infant mortality in HICs during the prevaccine period. In con-
trast, the reported infant mortality rate from pertussis in the
1970s and 1980s from Kenya (5110) [3, 9] and Senegal (approx-
imately 6200) [8]was about 2-fold higher than the United States
before 1920, prior to any declines in mortality rates in that
country [25].

The mortality rate among children aged 1–4 years in the
United States declined more steeply (84%) than in infants
(797 in 1900–1919 vs 128 in 1934–1939) [25], remaining around
one-tenth of that in infants. In the United Kingdom, the
mortality rate among 1- to 4-year-olds declined by 80%, from
108 per million in 1944–1949 to 22 per million in the period
immediately before vaccine was widely used (1950–1957) [23].

Table 1. Pertussis Mortality Rates in the Prevaccine Era

Country Data Sources
Vaccine Schedule

Introduced Study Period
Age
Group

Mortality per Million
Population

Low- and middle-income countries

Kenya [3, 9] Prospective cohort
Household survey

1980s 1974–1976 and
1974–1977

All ages
<1 y

1 to <4 y
≥5 y

480 (95% CI, 410–570)
5110 (95% CI, 4090–7160)

∼1800
20

Senegal [8] Prospective cohort
Verbal autopsy

1986–1987 1986 0–5 mo
6–23 mo
2–4 y
5–14 y
<15 y

6900
6200
4000
200
2200

South Africa [27] Statutory death certification
(national)

1974 1939–1947 All ages European: 30
Native: 120

High-income countries

Australia [14] Statutory death certification
(national)

Introduced: 1940s
Widely used: 1950s

1936–1945 All ages 235

Denmark [15] Death records (single fever hospital
∼40% of identified discharges)

1960s 1919–1935 All ages
<1 y

51
1712

Denmarka [16] Statutory death certification
(national)

1960s 1856–1930 All ages 1860: 1500
1930: 400

Germany [17] Statutory death certification
(national)

1962 1959 <1 y 343

Ireland [18] Statutory death certification
(national)

Mid 1950s 1940–1949; 1950–1954 All ages 67; 23.9

Italy [19] Statutory death certification
(national)

1961 1890 and 1960 All ages 1890: 425
1960: 2

New Zealand [20] Statutory death certification
(national)

1960 1950–1959 All ages 7.6

Switzerland [21] Unspecified 1950 1931–1950 All ages 20.7

UK [23] Statutory death certification
(national)

1950s 1944–1949; 1950–1957 <1 y
1–4 y
5–9 y

709b; 207c

108b; 22c

6.6b; 1.3c

US [25] Statutory death certification
(national)

Introduced: 1940s
Widely used: 1950s

1900–1919; 1920–1934;
1934–1949

<1 y
1–4 y

3530d; 2743e; 1040f

653d; 797e; 128f

USg [24] Statutory death certification
(national)

Introduced: 1940s
Widely used: 1950s

1938–1940 All ages
<1 y

27
1176

Abbreviations: CI, confidence interval; UK, United Kingdom; US, United States.
a Reported by Wright [16]; derived from: Madsen T. Lectures on the epidemiology and control of syphilis, tuberculosis, whooping cough, and other aspects of infectious disease. Baltimore:
Williams & Wilkins, 1937.
b Average of figures for 1944–1945 and 1946–1949.
c Average of figures for 1950–1953 and 1954–1957.
d Average of figures for 1900–1919.
e Average of figures for 1920–1934.
f Average of figures for 1934–1939.
g Only number of deaths was given; we calculated the incidence according to population data.
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In Kenya and Senegal in the 1970s, mortality rates in children
aged 1 to <5 years were between 3- and 6-fold higher than in
the United States prior to 1920 (Table 1).

Reported Pertussis Mortality Rates Following Vaccine Introduction
Table 2 shows studies with data following vaccine introduction
in LMICs and HICs, with study periods from the 1950s onward.
All-age mortality rates in HICs ranged from 3.4 to 5.3 per mil-
lion in the early postvaccine period (Australia [14], Ireland [18],
and Italy [19]), decreasing by approximately 90% in later peri-
ods [14, 18], while Argentina reported a rate of 1.9 for 1980–
2000 [13]. Infant mortality per million births also decreased
from the early postvaccine period (12.3 in the United States
in 1964–1974 [25] and 16.5 in the United Kingdom in 1966–
1973 [23]) to later (2.4 in the United States in 1990–1999 [26]
and 7.2 in the United Kingdom in 2001–2011 [22]). The only
low-income country reporting mortality after vaccine introduc-
tion was Senegal, which had a profound decrease in identified
pertussis deaths in children aged >2 years to zero within 3 years
of vaccine introduction, but no substantive decrease in this time
frame among those aged <2 years (6200 per million [8]). How-
ever, at 6 years after introduction, identified pertussis mortality

among infants 0–5 months of age had decreased from 6900 to
1300 per million [8].

Age Distribution of Pertussis Deaths
Prevaccine Period—United States Versus Nigeria and Senegal

Detailed data on the age distribution of pertussis deaths in the
prevaccine era are available from only 1 US study reporting
10 730 cases in 1938–1940 [24]. Data from 2 much smaller pre-
vaccine studies in Africa (Nigeria [6] and Senegal [8]) are con-
trasted with the United States in Figure 3. The distribution of
cases <5 years of age appears to be similar in the US and Nige-
rian studies (both of which can be assumed to be hospital-
based), but a smaller proportion of cases in the first 6 months
of life was identified in the study from Senegal, which was com-
munity-based.

Prevaccine Period Versus Postvaccine Period—United States

A recent US study provides detailed age distribution by week of
age for 258 deaths identified through national case surveillance
data rather than death certificates between 1991 and 2008 [29].
In the prevaccine period, 67% of deaths occurred by 12 months
of age, but <5% were identified in the first month of life and
around 15% by 2 months [24], in contrast to the US experience

Figure 1. All-age pertussis mortality in the prevaccination era. Voorhoeve et al [3]: 1974–1977 (N = 12), mortality rate = 470 per million. Brotherton et al [14]: 1936–1945
(N = 1693), mortality rate = 235 per million. Nielsen et al [15]: 1919–1935 (N = 482), mortality rate = 51 per million. Wright [16]: 1860 (N = unknown), mortality rate = 1500 per
million; 1930 (N = unknown), mortality rate = 400 per million. Howell and Jennings [18]: 1940–1944 (N = 58), mortality rate = 73.8 per million; 1950–1954 (N = 66), mortality
rate = 23.9 per million. Gonfiantini et al [19]: 1890 and 1960 (N = unknown), mortality rate = 425 and 2 per million; Somerville et al [20] 1950–1954 (N = 119), mortality
rate = 11.9 per million; 1955–1959 (N = 37), mortality rate = 3.3 per million. Wymann et al [21]: 1931–1950 (N = 91) (annual average), mortality rate = 20.7 per million. Sako
et al [24]: 1938–1940 (N = 10 730), mortality rate = 27 per million. Ordman [27]: 1939–1947 (native N = 80), mortality rate = 120 per million; (European N = 278), mortality
rate = 30 per million. Abbreviation: NZ, New Zealand.

Historical Review of Pertussis • CID 2016:63 (Suppl 4) • S137

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/article/63/suppl_4/S134/2526410 by U

niversity of O
tago user on 19 January 2021



in 1991–2008, where almost 50% of deaths had occurred by age
1 month and 85% by 2 months [29].

DISCUSSION

There are significant limitations in the nature and quality of the
data available on pertussis mortality derived from statutory
death certificates and presented in secondary reports of the pri-
mary data over an extended period, as is the case in studies from
the United States [16, 25], the United Kingdom [23], and Aus-
tralia [14]. Overall, it is reasonable to assume that the pertussis
mortality rates derived from these studies represent minimum
estimates; their approximate concordance by setting and histor-
ical period is reassuring and allows some broad conclusions.

First, the data presented here serve to remind us that child-
hood mortality from pertussis in the prevaccine era was sub-
stantial, in both HICs and LMICs. A report from the United
States noted that between 1940 and 1944, whooping cough ac-
counted for more than twice as many childhood deaths as the
combined total for measles, scarlet fever, diphtheria, polio, and
meningococcal infections [30]. In the Netherlands, a more so-
phisticated statistical analysis has estimated that pertussis ac-
counted for 3.7% of deaths before the age of 20 years between
1903 and 1946, decreasing to 0.024% after vaccine introduction
in 1954 [31]. In Kenya, pertussis was estimated to have contrib-
uted to 4% of all deaths in children aged <15 years [3] and in
Senegal to 9% of deaths in children aged <5 years [8].

Second, childhood deaths extended well beyond infancy. A
detailed estimate from a vaccine trial in a small rural settlement
in Kenya found that the total number of deaths (7) identified in
children between the ages of 1 and 5 years was higher than that
identified in children <1 year of age (5) and that this represented
approximately 5% of all deaths in children <2 years of age but
>10% of deaths in children between 2 and 5 years of age [9].

Third, in HICs, deaths from pertussis decreased substantially
over the 100 years prior to vaccine availability, which at earliest
was from the 1940s, presumably due to improvements in both
living conditions and medical care. Morley quoted a thesis un-
dertaken in Aberdeen, Scotland, on pertussis deaths in the late
19th century, which identified that pertussis deaths were signif-
icantly associated with both the total number of children and
the number of rooms in households [6]. The data available
from high-mortality countries in Africa (Kenya and Senegal)
show that pertussis mortality burden in the 1970s and 1980s
in these countries was of a similar order to that identified in
the late 19th and early 20th centuries in Denmark and the Unit-
ed States [16]. In settings where infant mortality is high, pertus-
sis vaccine coverage very low, and access to health services
limited, pertussis mortality in intense epidemics can be very
high even in contemporary times [32].

Fourth, vaccine introduction led to further large and rapid re-
ductions in pertussis deaths. In the Netherlands, pertussis mor-
tality and population data from the 1920s were used to
demonstrate that, after accounting for reductions in mortality

Figure 2. Pertussis mortality in infants <1 year of age in the prevaccination era. Mahieu et al [9] and Voorhoeve et al [3]: 1974–1976 (N = 5), mortality rate = 5110 per million.
Preziozi et al [8]: 1986 (N = 13), mortality rate = 6200 per million (ages 0–23 months). Nielsen et al [15]: 1919–1935 (N = 291), mortality rate = 1712 per million. Mebel and
Dittmann [17]: 1959 (N = unknown), mortality rate = 343 per million. Amirthalingam et al [23]: 1944–1945, mortality rate = 796.3 per million; 1946–1949, mortality rate = 620.6
per million; 1950–1953, mortality rate = 307.7 (all N unknown). Sako et al [24]: 1938–1940 (N = 7123), mortality rate = 1176 per million. Mortimer and Jones [25]: 1900–1904,
mortality rate = 4340 per million; 1905–1909, 3650 per million; 1910–1914, 2960 per million; 1915–1919, 2600 per million; 1920–1924, 2310 per million; 1925–1929, 2050 per
million; 1930–1934, 1660 per million; 1935–1939, 1300 per million (all N unknown).
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rates occurring prior to vaccine introduction, reductions ob-
served after vaccine introduction remained highly statistically
significant [31]. The early impact of introduction of pertussis
vaccines documented in Kenya and Senegal was rapid and sub-
stantial, even prior to reaching high coverage in relevant birth
cohorts, and was associated with herd effects [8, 9].With respect
to deaths, it is notable that the first and most dramatic reduction
was for deaths in older children, who would have had the most
robust immune responses to pertussis vaccine, rather than in-
fants [8]. In The Gambia, pertussis epidemics were described
as affecting more than two-thirds of children <5 years of age
in a detailed study at the village level in 1962 [7]; by the
1990s, when high pertussis vaccine coverage had been in

place for >10 years, severe pertussis was reported as being “al-
most unknown” [33].

Shortly after the introduction of pertussis vaccines into infant
and later childhood programs, concern was raised that reduc-
tion in the intensity of pertussis transmission in children
could lead over time to loss of maternal immunity [25, 33]. Al-
though the occurrence of early infant cases of pertussis in the
prevaccine era indicated that transfer of maternal immunity
was less reliable and/or complete than for measles, where
early infant cases are rare unless the mother herself develops
measles in late pregnancy, the shifting to the left of the age
distribution of deaths from pertussis in countries with
long-standing high pertussis vaccine coverage, as strikingly

Table 2 Pertussis Mortality Rates in the Postvaccine Era

Country Type of Study and Data Source
Vaccine Schedule

Introduced Study Period
Age
Group

Mortality per Million
Population

Low- and middle-income countries

Senegal [8] Prospective cohort
Household interview and

diagnosis by
experienced clinicians

1986–1987 1990; 1993 0–5 mo
6–23 mo
2–14 y
<15 y

6900; 1300
6200
0.0
600

Turkey [28] Statutory death certification
(national)

1985 1986–2005 All ages 0

High-income countries

Argentina [13] Statutory death certification
(national)

1970s 1980–2000 All ages
<1 y

1.9
65.6

Australia [14] Statutory death certification
(national)

Introduced: 1940s
Widely used: 1950s

1956–1965; 1966–1995;
1996–2005

All ages 5.3a; 1.1b; 0.36c

Germany [17] Statutory death certification
(national)

1962 1965–1970 All ages 0.2

Ireland [18] Statutory death certification
(national)

Mid 1950s 1955–1969a; 1970–1984b All ages 4.2d; 0.3e

Italy [19] Statutory death certification
(national)

1961 1961–1994 All ages 1961: 3.4
1994: <10

New Zealand [20] Statutory death certification
(national)

1960 1960–2004 All ages 0.4

Switzerland [21] National surveillance + case
definition

1950 1971–1990 All ages 0.92

UK [23] Statutory death certification
(national)

1950s 1958–1965; 1966–1973 <1 y
1–4 y
5–9 y

27.3f; 16.5g

2.5f; 0.35g

0.2f; 0.05g

UK [22] Statutory death certification
(national) and
notification data (capture/
recapture)

1950s 2001–2011 <1 y 7.21 (95% CI, 7.05–7.63)

US [25] Statutory death certification
(national)

Introduced: 1940s
Widely used: 1950s

1950–1959; 1960–1974 <1 y 85h; 12.3i

US [26] Statutory death certification
(national) and
notified cases known to have
died

Introduced: 1940s
Widely used: 1950s

1990–1999 <1 y <1 y: 2.40 (95% CI,
1.95–2.92)

Abbreviations: CI, confidence interval; UK, United Kingdom; US, United States.
a Average of figures for 1956–1965.
b Average of figures for 1966–1975, 1976–1985, and 1986–1995.
c Average of figures for 1996–2005.
d Average of figures for 1955–1959, 1960–1964, and 1965–1969.
e Average of figures for 1970–1974, 1975–1979, and 1980–1984.
f Average of figures for 1958–1961 and 1962–1965.
g Average of figures for 1966–1969 and 1970–1973.
h Average of figures for 1950–1954 and 1955–1959.
i Average of figures for 1960–1964, 1965–1969, and 1970–1974.
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demonstrated for the United States in Figure 4, is suggestive of
lesser degrees of infection-acquired maternal immunity over
time. The potential contribution of waning maternal immunity
after vaccine introduction has been well demonstrated in
Sweden, where the proportion of mothers with undetectable an-
tibody to pertussis toxin increased dramatically by 10 years after
high coverage with acellular pertussis vaccines in childhood
programs with steadily increasing booster doses [34]. However,
no such data are available from countries after introduction of
whole-cell vaccines, especially when used only for 3 doses in the
primary EPI course at 6, 10, and 14 weeks. It is plausible in
such settings that continuing high circulation of pertussis in
children and adults could boost antibody levels in those primed
by whole-cell vaccine or infection, such that relatively high lev-
els of immunity, including maternal immunity, are maintained

in older age groups. It is also plausible that difficulties in detect-
ing deaths due to pertussis in early infancy, noted by Morley in
the 1960s in an intensely studied Nigerian village to occur un-
expectedly in infants with apparently relatively mild symptoms
[6], and limited reporting of early infant deaths in such
settings, could mask increases in neonatal pertussis deaths. In
low-income countries, new studies rigorously assessing the true
burden of severe early infant pertussis in settings with differing
infant vaccine coverage, as well as data on the immune profile of
mothers, would allow more informed assessment of the likely
value of maternal pertussis vaccine strategies, especially if studies
in HICs where maternal immunization is being practiced enable
better delineation of the correlation between maternal antibody
at birth and protection against early infant death.
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Summary

From the first vaccine (cowpox, developed by Edward Jenner in 1796), more than 100 
years elapsed before additional vaccines for broad population use (diphtheria toxoid, 
tetanus toxoid, and whole cell pertussis) became available between 1920 and 1940. Then 
followed inactivated polio vaccine in the 1950s, and live attenuated vaccines for measles, 
mumps, rubella, and polio in the 1960s. In 1979, global elimination of smallpox was 
formally certified, with the last human case occurring in Somalia, almost 200 years after 
Jenner administered cowpox vaccine to James Phipps.

In 2019, global elimination is tantalizingly close for maternal and neonatal tetanus and 
polio. Despite recent outbreaks, elimination has also been achieved at country and 
regional levels for measles and rubella and, if achieved globally, will offer, as it has for 
smallpox, large reductions in child mortality and morbidity and in health system costs. 
Short of elimination, it is important to define the public health impact of vaccines broadly 
and at the population level. These broader impacts include benefits to families flowing 
from prevention of long-term sequelae of infection in children, and to populations and 
health systems from reduced transmission of infection. Importantly, well-delivered 
vaccination programs will have a substantial impact by improving equality in health 
outcomes across populations. Broader impacts include reductions in syndromic disease 
beyond laboratory-proven infection (e.g., diarrhea and pneumonia), indirect reductions in 
disease in those not immunized (within and beyond age cohorts targeted by vaccine 
programs), and improvements in other health services driven by the infrastructure for 
vaccine delivery. Measurement of these broader impacts can be challenging and must 
also acknowledge the potential for trade-offs, such as replacement disease due to non- 
vaccine strains, as documented for pneumococcal infection.

The realization of the benefits of vaccines globally for all children began with the 
Expanded Program on Immunization (EPI) initiated by the World Health Organization 
(WHO) in 1974. The EPI focused on improving coverage of six already available but 
grossly underutilized vaccines—diphtheria–tetanus–pertussis (DTP), polio, measles, and 
Bacille Calmette–Guerin (BCG). Through the EPI, estimated global coverage for 3 doses 
of DTP increased from around 20% to over 85%. Subsequent to the EPI, the Global 
Alliance for Vaccines and Immunization (GAVI), the Global Immunization Vision and 
Strategy (GIVS), and, most recently, the Global Vaccine Action Plan (GVAP) have aimed to 
improve access to additional vaccines in the poorest countries. These include 

Haemophilus influenzae type b (Hib), hepatitis B, pneumococcal conjugate, rotavirus, and 
human papillomavirus (HPV) vaccines, all introduced in high-income countries from the 
1990s. In this chapter, the scope and methodological issues in measuring public health 
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impact are reviewed, and estimates of the global public health impact of individual 
vaccines in children summarized, concluding with potential future benefits to global child 
health from expanded maternal vaccination and vaccines under development.

Keywords: vaccine impact, public health, children, expanded program of immunization, global

Measuring the Public Health Impact of Vaccines

Some key concepts need to be considered in defining the scope of the public health or 
population-level impact of vaccines and its measurement, as follows: (a) efficacy versus 
effectiveness (Clemens et al., 1996),(b) direct versus indirect effects (often referred to as 
“herd immunity”) (Fine et al., 2011), (c) vaccine impact on disease syndromes such as 
diarrhea or pneumonia versus laboratory-confirmed infection (used to measure vaccine- 
preventable disease incidence) (Gessner et al., 2017), (d) the importance of disease severity, 
especially preventable long-term morbidity (often requiring periods of follow-up not 
achievable in vaccine trials), and (e) impacts on health systems and potentially the broader 
economy (Bärnighausen et al., 2014). Full assessment of overall public health impact must 
consider unwanted effects, such as local or systemic adverse reactions or offsetting of 
reductions in vaccine-type organisms by strains not included in the vaccine, and at global 
level, variations in impact in different settings.

Vaccine efficacy, as determined in vaccine trials, with randomization of receipt of vaccines and 
blinded outcome assessment, is the most rigorous measure of vaccine effect, typically 
required to achieve approval for human use by regulatory authorities. However, efficacy is 
limited to direct effects on trial participants, whereas when the vaccine is used in a whole 
population, “real-world” effectiveness is measured by overall reductions in disease, both 
directly (among vaccinated children in the eligible age group) and indirectly (including both 
unvaccinated children in the target group and persons of all ages) (Clemens et al., 1996). 
Population-wide use involves much larger numbers of vaccine recipients; thus, effects too rare 
to detect in a vaccine trial may become apparent. These may be both favorable, such as 
reductions in rarer subcategories of the disease [e.g. recurrent respiratory papillomatosis 
among infants born to mothers who have received human papillomavirus (HPV) vaccine; 
Novakovic et al., 2018] or unfavorable, such as intussusception among infants receiving 
rotavirus vaccine (Carlin et al., 2013). Some vaccines, such as measles, mumps, and rubella 
(MMR) vaccine, are effective only against infection with a specific virus, which is reliably 
detected by specific laboratory tests. Some vaccines have effects extending well beyond 
laboratory-confirmed infection, captured by measuring changes in cases presenting with 
clinical syndromes where laboratory tests are either not taken or are not positive (Saadatian- 
Elahi et al., 2016). Examples include all-cause pneumonia and pneumococcal conjugate and 
all-cause gastroenteritis and rotavirus vaccines (Cutts et al., 2005; Madhi et al., 2010).

The term “vaccine-preventable disease incidence” (VPDI) refers to the change in incidence of 
a disease or syndrome either within a clinical trial setting, whether individually randomized or 
more commonly randomized in larger population units, or at the population level post vaccine 

https://oxfordre.com/publichealth/search?btog=chap&f_0=keyword&q_0=vaccine impact
https://oxfordre.com/publichealth/search?btog=chap&f_0=keyword&q_0=public health
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introduction. VPDI, because it necessarily incorporates measurement of disease burden in the 
population, allows comparison of vaccine impact in different epidemiological settings. An 
important example of the interplay between vaccine effectiveness and underlying disease 
burden is rotavirus vaccines, where although vaccine effectiveness is lower in high disease 
burden settings, such as sub-Saharan Africa (for reasons which are not completely 
understood), high baseline incidence and severity results in a greater overall reduction in 
VPDI than in settings with higher vaccine effectiveness but lower baseline disease burden 
(Gessner et al., 2017; Madhi et al., 2010). Similarly, studies of pneumococcal conjugate 
vaccines in the high disease burden setting of The Gambia showed the importance of 
measuring impact on clinically diagnosed pneumonia, in addition to more severe and 
laboratory-proven, but much less common, pneumococcal bloodstream infection and 
meningitis (Cutts et al., 2005). Even in a low disease burden setting like Finland, the overall 
impact of pneumococcal conjugate vaccine (PCV) on clinical syndromes not associated with 
bloodstream infection was much greater, despite lesser reductions in these outcomes, than 
impact on invasive pneumococcal disease detected by blood culture (Palmu et al., 2018).

Long-term morbidity is as important, or in some cases more important, as a measure of 
impact than premature mortality for some vaccine-preventable infections, such as 
poliomyelitis (post-polio residual paralysis), as well as central nervous system infections such 
as encephalitis and subacute sclerosing panencephalitis (measles) and bacterial meningitis 
(Hib, pneumococcal, and meningococcal vaccines). This is not well captured in vaccine trials 
and is difficult to fully capture in post implementation studies, especially in low-resource 
settings, due to a loss of follow-up or a lack of access to specialized assessment of functional 
and educational outcomes (Greenwood, 2014).

Beyond this, Bloom and colleagues have pointed out that there are a range of long-term 
impacts of importance to the broader economy, such as behavior-related productivity gains, 
which are relevant to measurement of the economic benefit of vaccines but are usually not 
considered (Bärnighausen et al., 2014; Bloom et al., 2018). Out-of-pocket health care costs 
associated with hospitalization can be substantial and disproportionately affect the poorest 
population groups; thus vaccines, which reduce or eliminate these costs, can have a role in 
poverty reduction (Riumallo-Herl et al., 2018).

Some long-term impacts are readily understood, such as improved school performance 
resulting from not experiencing cognitive impairment from meningitis. The validity of 
attributing benefits with unclear causal pathways to a vaccine effect may be difficult to 
disentangle from apparent benefits due to confounding variables – that is, a “healthy vaccine 
effect”, whereby more advantaged or proactive members of disadvantaged communities are 
more likely to ensure that their children receive all offered vaccines in a timely fashion [i.e., 
family characteristics are responsible for observed differences with incompletely vaccinated 
children rather than the vaccine(s) per se]. Examples of such reports include the association 
of measles vaccination with higher school enrollment in Bangladesh and receipt of all 
Expanded Program on Immunization (EPI) vaccines in the Philippines being associated with 
higher scores on cognitive testing (Bärnighausen et al., 2014; Bloom et al., 2011). More 
studies are needed to evaluate the contribution of vaccine programs to behavior-related 
productivity gains and macroeconomic effects, particularly in low- and middle-income 
countries, but are seldom considered (Deogaonkar et al., 2012).
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All these considerations relate to the potential to underestimate population-level vaccine 
impact. However, it is also important to be mindful of the potential for vaccine impact to be 
overestimated, especially by time series comparisons of administrative data for relatively 
nonspecific outcomes, such as all cause pneumonia or all cause gastroenteritis before and 
after vaccine introduction, which are most liable to bias and confounding (Bruhn et al., 2017).

Impact of Vaccines in the Expanded Program of Immunization

The Expanded Program of Immunization (EPI) was established in 1974 to provide universal 
access to six life-saving vaccines [polio, measles, diphtheria–tetanus–pertussis (DTP), and 
Bacille Calmette–Guerin (BCG)] and built on the success of the smallpox eradication program 
(Okwo-Bele & Cherian, 2011). The smallpox experience had demonstrated that in many 
countries, significant enhancements in health infrastructure and personnel as well as 
dedicated resources were needed to deliver community-wide immunization programs, 
enhanced by periodic broad campaigns aimed at “hard-to-reach” groups. Smallpox remains 
the only example of an infection eradicated globally, with estimated recurrent annual savings 
since eradication in 1979 of $US300 million (Ehreth, 2003). Two diseases currently being 
targeted for elimination and ultimate eradication by vaccination do not share smallpox’s 
characteristics of low transmissibility (measles) and low asymptomatic infection 
(poliomyelitis) and so are much more challenging, but success would yield even greater 
recurrent dividends to global health, not just for children but across the age spectrum.

Polio

The Global Polio Eradication Initiative began in 1988 when polio paralyzed more than 1,000 
children worldwide every day. Since then, more than 2.5 billion children have been immunized 
against polio. Type 2 poliovirus was eliminated in 1999 and the most recent case of type 3 was 
identified in 2012. In 2018, only three countries (Nigeria, Afghanistan, and Pakistan) have 
never stopped polio transmission, and global incidence of polio cases has decreased by 99%. 
Eliminating the last 1% of polio cases has been made difficult by conflict, hard-to-reach 
populations, and poor infrastructure. The “polio endgame” strategy involves sequential 
introduction of inactivated polio vaccines, with the aim of fully replacing live attenuated oral 
vaccines and eliminating vaccine-derived strains (Parker et al., 2015; Figure 1).
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Figure 1. The dramatic fall in paralytic polio globally with increasing polio vaccine coverage 
from 30% pre-EPI to around 85% in 2017. Adapted from World Health Organization, https:// 
www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/ 
polio_coverage_2018.jpg <https://www.who.int/immunization/monitoring_surveillance/burden/  

vpd/surveillance_type/active/polio_coverage_2018.jpg>

Measles

Since the inclusion of measles vaccine in the EPI in 1974, there have been impressive 
increases in single-dose measles vaccine coverage by 2 years of age from less than 20% to 
around 85% by 2015 (Moss, 2017). However, the milestones set by the World Health Assembly 
in 2010 for global coverage by 2015 (>90% nationally and >80% in every district) and 
reduction in measles cases (to less than five per million population) were not met, except for 
one WHO region (the Americas). Global measles deaths, modeled on reported cases, vaccine 
coverage, and country-specific mortality ratios, are estimated to have decreased by about 
80%, from around 650,000 to 134,000 per year between 2000 and 2015 (Patel et al., 2016). In 

2010, almost two thirds of measles deaths occurred in the African region and one quarter in 
South East Asia, with 53% of the estimated 21 million infants who had not received measles 
vaccine living in six countries (India, Nigeria, Pakistan, Indonesia, Ethiopia, and the 
Democratic Republic of Congo) (Simons et al., 2012). Figure 2 shows estimated reductions in 
measles deaths from increasing vaccine coverage from 2000 to 2017.

https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
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Figure 2. Estimated reductions in measles deaths from increasing vaccine coverage between 
2000 and 2017. Reprinted from Dabbagh et al., 2018.

Maternal and Neonatal Tetanus

Neonatal tetanus (occurring within the first 28 days of life) has long been recognized by 
clinicians as an important cause of neonatal death in resource-poor countries. Cases are often 
clustered in poor remote communities, where unhygienic obstetric and postnatal practices 
prevail and access to immunization is poor. In the late 1980s, WHO estimated that more than 
1 million deaths each year were attributable to tetanus, with an estimated 787,000 deaths due 
to neonatal tetanus alone in 1988 (Roper et al., 2007).

In 1961, a trial in Papua New Guinea first demonstrated that the use of two or more doses of 
tetanus toxoid during pregnancy could prevent neonatal tetanus (Schofield et al., 1961). In the 
mid-1970s, tetanus toxoid vaccination of pregnant women was included in WHO’s EPI. In 

1989, the 42nd World Health Assembly called for the elimination of neonatal tetanus. A 
decade later progress toward elimination was slow and WHO, UNICEF, and UNFPA 
relaunched the program as the Maternal and Neonatal Tetanus Elimination (MNTE) initiative, 
now including elimination of maternal tetanus as a goal.

The WHO estimated that in 2015, there were 34,019 infant deaths due to tetanus, a 96% 
reduction from the late 1980s. As of March 2018, 45 out of 59 countries identified as being at 
risk of MNT in the year 2000 had reached elimination status. Fourteen countries, mostly in 
Africa, had still not reached MNTE status at that time (Burgess et al., 2017; Figure 3).
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Figure 3. Global progress with elimination of maternal and neonatal tetanus since 2000, 
showing countries where elimination has not been achieved as of 2018 (in red). Reprinted 
from World Health Organization, https://www.who.int/immunization/monitoring_surveillance/ 
burden/vpd/surveillance_type/active/polio_coverage_2018.jpg <https://www.who.int/  

immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/ 
polio_coverage_2018.jpg>.

Pertussis

Although cases and deaths from pertussis were declining in high-income countries for many 
decades before vaccines were available, dramatic decreases attributable to vaccines can be 
convincingly demonstrated (van Wijhe et al., 2016). Since 1980, the EPI is estimated to have 
improved uptake of three doses of DTP vaccine from less than 20% in low- and middle-income 
countries to around 80%. In high-income countries, uptake is estimated to have also improved 
from an average of around 60% to more than 90% (Levine et al., 2011). Surveillance of 
pertussis is lacking, especially in low- and middle-income countries, so estimates of pertussis 
deaths rely on modeling using age and country-specific data on vaccine coverage, vaccine 
effectiveness, and case fatality rates. In 1999, there were an estimated 390,000 deaths in 
children under 5 years of age, with 200,000 in Africa (Crowcroft et al., 2003). An updated 
model (taking into account increased DTP coverage, substantial protection against death from 
fewer than three doses of DTP, and country-specific mortality profiles) estimated that in 2014 

around 160,000 deaths occurred in children younger than 5 years globally. Estimated 
reductions in mortality since 1999 were driven by improvements in DTP coverage, with India 
(82% coverage but a large population and high mortality) and Nigeria (smaller population but 
coverage of around 55%) having the highest estimated burden of pertussis deaths, about half 
(53%) occurring before 12 months of age (Yeung et al., 2017).

https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
https://www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/active/polio_coverage_2018.jpg
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Diphtheria

In the 1970s, before DTP vaccines became easily accessible and used worldwide, an estimated 
1 million cases of diphtheria occurred each year in low- and middle-income countries, 
including 50,000–60,000 deaths. After the establishment of the EPI in 1974 and steadily 
increasing DTP coverage, the total number of diphtheria cases reported to WHO reduced by 
>90% during the period 1980–2000 (World Health Organization, 2017b).

Bacille Calmette–Guerin

Bacille Calmette–Guerin (BCG) vaccine has well-documented efficacy against disseminated 
tuberculosis in infants and children, but variable efficacy against adult pulmonary 
tuberculosis and other mycobacterial diseases. A meta-analysis in 2006 estimated that the 
approximately 100 million BCG doses given to infants worldwide in 2002 prevented about 
30,000 cases of tuberculous meningitis and 11,500 cases of miliary tuberculosis, with 
numbers of prevented cases highest in South East Asia (46%), sub-Saharan Africa (27%), and 
the Western Pacific (15%) (Trunz et al., 2006).

Impact of Vaccines in the Global Vaccine Action Plan (2012–2020)

In 2013, an estimated 6.3 million children died before reaching their fifth birthday; almost all 
of these deaths occurred in low-income and middle-income countries. Pneumonia, diarrhea, 
and malaria are the principal causes of child deaths from infectious diseases, with infection 
responsible for about one third of deaths in children under age 5. In May 2012, the World 
Health Assembly endorsed the Decade of Vaccines—Global Vaccine Action Plan (GVAP). The 
GVAP set five targets, including national DTP3 (three doses of diphtheria–tetanus–pertussis 
vaccine) immunization coverage of 90% by 2015, with no district having coverage less than 
80%.

It has been estimated that if the coverage targets for introduction and sustained use of 10 
vaccines in 94 countries during the decade of vaccines (2011–2020) could be met, 
approximately 25 million deaths would be averted compared with a hypothetical scenario of 
zero coverage. The estimated numbers of deaths potentially averted in countries eligible for 
Global Alliance for Vaccines and Immunization (GAVI) support through achieving high vaccine 
coverage in routine programs was greatest for measles vaccine, supplemented by special 
immunization campaigns (about 13 million), followed by hepatitis B vaccine (about 5 million), 
pneumococcal vaccine (1.5 million), Hib vaccine (1.4 million), rotavirus vaccine (800,000), 
human papillomavirus (HPV) vaccine (525,000), rubella vaccine (400,000), and a campaign to 
deliver meningococcal serogroup A vaccine (250,000) (Lee et al., 2013). A summary of the 
global situation prior to commencement of GVAP is shown in Figure 4.
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Figure 4. Global estimates of deaths averted by vaccines (in blue) and potentially 
preventable deaths (in red) in 2005. Pneumonia and meningitis deaths are those preventable 
by Hib and pneumococcal conjugate vaccines. Reprinted from Levine et al., 2011.

Hepatitis B

Disease due to hepatitis B virus (HBV) occurs worldwide, with active infection identified by 
the presence of hepatitis B surface antigen (HBsAg). Acute hepatitis occurs in about 1% of 
HBV infections acquired perinatally and 10% of infections acquired in childhood, whereas 
ultimate progression to chronic infection, liver cirrhosis, and liver failure occurs in 80–90% of 
perinatal and 30–50% of childhood infections. In 2015, it was estimated that almost 890,000 
persons died from complications of chronic hepatitis B infection (90% from hepatocellular 
carcinoma or cirrhosis, typically more than 30 years after acute infection). This is why the 
estimated number of lives saved by routine hepatitis B programs is so high, although there is 
a long lag time for these results to be achieved. Global prevalence estimates of chronic 
hepatitis B infection are based on seroprevalence of HBsAg, which varies from around 6% in 
the highest prevalence areas (African and Western Pacific regions) to less than 1% in the 
lowest endemicity areas in Europe.

Major progress in reducing the global burden of HBV has been achieved through hepatitis B 
vaccines, first available in 1984 (World Health Organization, 2017a). Between the 1980s, when 
hepatitis B birth programs first began, and 2015, estimated global prevalence of HBsAg 
positivity among children less than 5 years of age decreased by 72%, from 4.7% to 1.3% 
(World Health Organization, 2017a). Mathematical models of the impact of hepatitis B vaccine 
programs estimate that around 14 million cases of chronic HBV infection have been prevented 
in children under the age of 5 years worldwide (World Health Organization, 2017a). 
Comparison of country reports of changes in seroprevalence of HBsAg more than 15 years 
after introduction of hepatitis B vaccination programs found that universal immunization of 
infants had greater impact at the population level (reducing prevalence by around 75%) than 
targeted immunization of children of mothers known to have chronic HBV infection (by about 
67%) (Whitford et al., 2018). In 2016, the World Health Assembly set a milestone of less than 
1% global prevalence of HBsAg among children less than 5 years of age by 2020 and less than 
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0.1% by 2030. Achievement of this ambitious goal will require delivery of hepatitis B vaccine 
at the time of birth (estimated to occur in about 30% of births in countries where it is 
recommended), and further increases in coverage in countries where universal hepatitis B 
vaccine is given as combination vaccines, including hepatitis B, estimated at 84% for three 
doses in 2015 (World Health Organization, 2017a).

Hib and Pneumococcal Conjugate Vaccines

GAVI-initiated accelerated introduction plans for pneumococcal conjugate (PCV) and Hib 
conjugate vaccines between 2003 and 2005 aimed to shorten the gap of 20 years between 80% 
coverage in high-income and low-income countries, seen for access to Hib vaccines, to around 
5 years for PCVs (Levine et al., 2011). In 2000, pneumococcus was estimated to be responsible 
for 735,000 deaths (O’Brien et al., 2009) and Hib for 363,000 deaths (Watt et al., 2009) 
worldwide, primarily due to meningitis and pneumonia. In the pre-vaccine era, incidence of 
Hib meningitis was three- to fourfold higher than pneumococcal meningitis in high-income 
countries, but in low-income countries, especially in Africa, incidence of Hib and 
pneumococcal meningitis was similar (McIntyre et al., 2012). In low-income countries, 
meningitis mortality was much higher (over 50%), but in high- and low-income settings, 
severity in survivors of pneumococcal meningitis was greater than Hib (around 25% with 
readily documented long-term sequelae vs. 10% for Hib survivors) (Edmond et al., 2010). For 
pneumonia, estimates are subject to more uncertainty, as diagnostic specimens are typically 
not available or negative, so estimates of the proportion due to Hib or pneumococcus must be 
inferred from clinical trial data. The most recent estimates, from 2015, were derived from 
modeling country- and pathogen-specific cases and deaths and applying vaccine adjustments 
for coverage, efficacy, and serotype distribution in the context of major increases in the 
number of countries adopting these vaccines since 2000 (Wahl et al., 2018).

Hib vaccines were introduced in most high-income countries in the 1990s and resulted in near 
eradication of Hib as a cause of meningitis (McIntyre et al., 2012). Figure 5 shows changes in 
the incidence of meningitis by age in the United States post introduction of Hib and 
pneumococcal vaccine programs (McIntyre et al., 2012)
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Figure 5. Data from the United States showing impact on the number of bacterial meningitis 
cases, and the ages of those diagnosed post Hib (1995) and pneumococcal conjugate (2001) 
vaccines compared with 1986. It is interesting to note the decreases in other pathogens in the 
absence of vaccination. Reprinted from McIntyre et al. 2012

Pneumonia, although an uncommon manifestation of invasive Hib disease in high-income 
countries, was documented with and without Hib bacteremia in a vaccine trial in The Gambia, 
where efficacy of Hib vaccine against all radiologically confirmed pneumonia was around 20% 
(Mulholland et al., 1997). Enhanced surveillance in The Gambia, which achieved high vaccine 
coverage following introduction of Hib vaccine into the EPI schedule in the late 1990s, 
demonstrated eradication of Hib disease, with incidence declining from 200 per 100,000 
children under 1 year of age in the pre-vaccine era to zero (Adegbola et al., 2005).

Estimates of the proportion of pneumonia due to Hib from The Gambia trial have been 
combined with estimates of meningitis and non-meningitis, non-pneumonia cases and 
stratified by country mortality profiles to derive global estimates of total Hib disease and 
vaccine impact (Wahl et al., 2018). It was estimated that deaths due to Hib disease declined by 
90% (95% CI 78–96%) between the year 2000 and 2015. In 2015, there were an estimated 
29,500 deaths, with the number of countries using Hib vaccine increasing from 60 in 2000 to 
192 in 2015. Overall, it was estimated that Hib vaccine, through both direct and indirect 
effects, prevented around 1.2 million deaths between 2000 and 2015. China remained one of 
only three countries worldwide which had not introduced Hib vaccines in 2015, along with 
Thailand and Russia. China alone was estimated to have 1,000 deaths per year due to Hib 
disease (Wahl et al., 2018)
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Pneumococcal conjugate vaccines were introduced in 52 GAVI-eligible countries, many with a 
very high estimated pneumococcal disease burden, between 2010 and 2015. A recent model 
used data from meta-analysis of PCV trials and observational studies to generate estimates of 
pneumococcal meningitis, pneumonia, and non-meningitis–non-pneumonia cases, stratified by 
country mortality profile, which were then used to derive global estimates of pneumococcal 
disease burden and vaccine impact according to PCV coverage (Wahl et al., 2018). The model 
estimated that 250,000 deaths were prevented by PCV use between 2000 and 2015, with more 
than 95% of these after 2010. Pneumococcal deaths in 2015 were estimated to be 294,000 in 

2015 compared with 600,000 in 2000, a reduction of 51% (95% CI 7–74%). Figure 6 shows 
estimated reductions in Hib and pneumococcal disease and vaccine coverage at the global 
level from 2000 to 2015 (Wahl et al., 2018)

Figure 6. Estimated decreases in global deaths due to Hib (90%) and pneumococcal disease 
(51%) between 2000 and 2015, primarily due to pneumonia. Reprinted from Wahl et al., 2018.

Importantly, these estimates of pneumococcal deaths and cases were subject to considerable 
uncertainty (in 2000, 396,000 to 733,000, and in 2015, from 192,000 to 366,000) because 
vaccine-preventable pneumonia incidence was not well-defined. Reassuringly, detailed studies 
in one region of a low-income, high-incidence African country (The Gambia) provide evidence 
of a significant impact post introduction of PCV13 compared with a 2-year baseline period. 
For invasive pneumococcal disease (IPD), a decrease of around 55% (95% CI 30–71%) was 
found in children up to 4 years of age, even after accounting for a non-significant increase of 
47% in pneumococcal serotypes not contained in PCV 13, in the context of case fatality of 
around 10% (Mackenzie et al., 2016). The incidence of chest X-ray proven pneumonia was 
approximately 10-fold higher, and of the most severe clinical category (pneumonia with 
hypoxia) about fivefold higher than total IPD incidence (Mackenzie et al., 2017). Significant 
decreases were found in both these syndromes, greater for hypoxic pneumonia (57% in 
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children 2–11 months of age and 72% in children 21–23 months old) than for chest X-ray 
proven pneumonia (23% and 29% in the same age groups). Overall decreases in all clinically 
diagnosed pneumonia hospitalizations were substantially lower, but statistically significant 
(8%; 95% CI 3–13%). However, because total hospitalizations for pneumonia were much 
greater, the absolute decrease in all hospitalized cases was about twofold greater than for 
radiologically proven cases. The magnitude of these reductions in IPD and pneumonia is 
comparable to that documented in high-income countries and gives confidence in the 
extrapolations made to estimate global reductions - extrapolations driven by high-incidence, 
high-mortality countries such as The Gambia.

Rotavirus

Using data from the Global Burden of Disease study (Khalil, 2017), diarrheal disease was 
estimated to account for 1.3 million deaths annually worldwide and 0.5 million in children 
under 5 years, in 2015. Rotavirus was by far the leading cause of death (29%), followed by 
cryptosporidium (12%) and shigella (11%). Between 2005 and 2015, deaths in children less 
than 5 years of age attributable to gastroenteritis were estimated to have decreased by 34% 
due to improvements in nutrition, sanitation, and access to clean water, whereas deaths 
attributable to rotavirus were estimated to have decreased by 44%, the difference attributed 
to vaccine introduction (Troeger et al., 2017) For acute gastroenteritis hospitalizations, 
rotavirus is estimated to account for a larger proportion of cases among children under 5 
years of age worldwide (40%) (Burnett et al., 2017).

Despite modest efficacy of the two commercially available rotavirus vaccines in clinical trials 
in low- and middle-income countries in Africa and Asia compared with earlier trials in high- 
income countries (Burnett et al., 2017), recognition of potential mortality reductions drove a 
surge of national introductions, with GAVI funding support from 2012, such that by December 
2106, 81 of the 194 WHO member states had introduced rotavirus vaccines into their national 
immunization programs (Nelson & Steele, 2017). A recent meta-analysis incorporated 57 
reports from 27 countries, with 53 reporting hospitalization data (26 from low-mortality 
countries) and 12 reporting on mortality (11 from medium mortality countries and five from 
high-mortality countries). For acute gastroenteritis (AGE) hospitalizations, the median 
reduction was 41% in low-mortality, 30% in medium-mortality, and 46% in high-mortality 
countries. For AGE mortality in infants, the median reduction in medium-mortality countries 
was 45%, and in high-mortality countries 30%, an overall reduction of 31% (Burnett et al., 
2017). These data suggest that continued rotavirus vaccine introduction into large, high- 
mortality countries in Asia (India, Pakistan, and Bangladesh) and Africa (Nigeria, Democratic 
Republic of Congo) will reduce overall AGE mortality even further. Figure 7 shows the impact 
of rotavirus vaccines on hospitalizations and deaths from all-cause gastroenteritis in countries 
with low, medium, and high child mortality from a summary of published estimates (Burnett et 
al., 2017)
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Figure 7. Estimated deaths (a) and hospitalizations (b) in children under 5 years of age in 
countries with low, medium (8–17 per 1,000 live births), and high (18–157 per 1,000 live 
births) levels of child mortality. Note that although reduction in hospitalizations is less in high- 
mortality countries, reduction in deaths is estimated to be far greater. Reprinted from Burnett 
et al., 2017.

Rubella

Rubella is a leading cause of vaccine-preventable birth defects, notwithstanding recent Zika 
virus outbreaks (WHO global measles and rubella strategic plan: 2012–2020). Infection during 
the early part of pregnancy can lead to miscarriage, fetal death, stillbirth, or the development 
of a constellation of congenital malformations, collectively known as congenital rubella 
syndrome (CRS). The elimination of rubella is programmatically linked to that of measles, as 
the two vaccines are usually given in combination, and most cases of rubella are detected 
through measles surveillance. However, surveillance for rubella infection is more difficult, as 
it usually presents with milder symptoms, and a significant proportion of those infected are 
asymptomatic. The GVAP 2011–2020 includes goals to eliminate rubella in at least five of the 
six WHO regions by 2020.1 In 2016, only 22,361 rubella cases were reported to the WHO, a 
97% reduction from the total of 670,894 cases reported in 2000. In the Americas, the last case 
of CRS was reported in 2009 and the region was verified as free of rubella in April 2015. 
However, the 2020 goal still seems far away, as transmission is yet to be interrupted in Europe 
and the Western Pacific, while no elimination targets have yet been set in the other three 
WHO regions. This contrasts with measles, where all WHO regions have set elimination goals. 
Rubella elimination globally will require continued improvements in routine immunization 
services, vaccination campaigns, and rubella and CRS surveillance.

Human Papillomavirus

As one of the few vaccines that prevent cancer, the human papillomavirus (HPV) vaccine has 
great potential to reduce infection-related cancers globally. Oncogenic HPVs cause almost 
100% of cervical cancers, 90% of anal, 70% of vaginal, 40% of vulval, 50% of penile, and from 
13% to 72% of oropharyngeal cancers (Forman et al., 2012). Cervical cancer accounts for the 
highest burden of these cancers and the first two prophylactic vaccines, licensed for clinical 
use in 2006, were developed to target the most common HPV genotypes causing this disease. 
Currently available vaccines now include a bivalent vaccine (2vHPV) targeting HPV16/18, a 
quadrivalent vaccine (4vHPV) targeting HPV 16/18/6/11, and a nonovalent vaccine (9vHPV), 
which also includes the next five most common oncogenic genotypes in cervical cancers 
(31/33/45/52/58). The 4vHPV and 9vHPV vaccines include genotypes (6,11) causing genital 
warts.

All HPV vaccines have been demonstrated to be highly immunogenic and effective in 
preventing infection with vaccine-type HPV. However, measuring vaccine impact requires 
effective surveillance systems for HPV-related disease, such as cervical screening and cancer 
registries, and capacity to genotype HPV-associated cancers (Harper & DeMars, 2017). A 
small number of high-income countries, with high-coverage immunization programs and high- 

1
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quality surveillance, have demonstrated major decreases in vaccine-type HPV infection 
prevalence, but the highest global cervical cancer burden (40%) occurs in lower middle- 
income countries, where HPV vaccine programs are scarce (Harper & DeMars, 2017).

Meningococcal Vaccines

There are 13 serogroups of Neisseria meningitidis, but six (A, B, C, W, X, and Y) are 
responsible for almost all cases of invasive meningococcal disease (IMD). Accurate estimates 
of the global burden of meningococcal disease are lacking due to inadequate surveillance in 
many parts of the world, but it is considered to be endemic globally (Halperin et al., 2012). 
The predominant strains causing disease vary geographically and over time, with reported 
incidence ranging from less than 0.5 cases per 100,000 in North America and just under 1 
case per 100,000 in Europe, to 10–1,000 cases per 100,000 during epidemic years in Africa 
(Halperin et al., 2012). In every region, the incidence is highest in children, with infants <1 
year of age having the highest rates of disease. Younger school-aged children have lower rates 
of disease, and a smaller peak in incidence occurs in adolescence.

Nasopharyngeal carriage is thought to be an essential step in the development of IMD. 
Carriage rates vary by age and setting but are consistently highest in adolescents and young 
adults. Polysaccharide meningococcal vaccines were developed over 40 years ago, but are 
limited by their inability to produce immunological memory, poor immunological responses in 
infants, and lack of impact on nasopharyngeal carriage (Crum-Cianflone & Sullivan, 2016). In 
contrast, post-licensure studies in a number of countries have demonstrated vaccine 
effectiveness and indirect protection from use of conjugate A and C vaccines.

Meningococcal C Conjugate Vaccines

In 1999, the United Kingdom was the first country to introduce Men C vaccine into its national 
immunization schedule, rolled out to all children < 18 years of age. Impact was rapid, with an 
overall reduction of 86.7% observed in target groups in 2001 compared to 1999. By 2007– 

2008, there had been a decrease in the number of IMD cases in each age group under 20 
years of age, and due to reduction of nasopharyngeal carriage, a > 90% decline in disease in 
the non-vaccinated population. (Campbell et al., 2009).

Other countries have demonstrated similar decreases in Men C incidence following broad 
vaccine programs targeting a wide age group. The Netherlands had sharp decreases in Men C 
incidence after introducing a single dose schedule at 14 months alongside a catch-up 
campaign for all children and adolescents (de Greeff et al., 2006). Similar outcomes were seen 
in Australia (Lawrence et al., 2016), and Canada (De Wals et al., 2011).

Meningococcal A Conjugate Vaccine

Serogroup A (Men A) has long caused repeated epidemics of IMD in sub-Saharan Africa 
across multiple countries, from Senegal in the west to Ethiopia in the east, with high endemic 
incidence during the rainy season, alternating with hyperendemicity during the dry season. 
Epidemics occur in cycles every 7 to 10 years, with some of the highest incidence rates of 
disease recorded globally (Halperin et al., 2012).
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The disease burden was extremely high, with death and disabling sequalae occurring in 20– 

35% of cases (Pace & Pollard, 2012). During the 2007 epidemic in Burkino Faso, it is estimated 
that households spent a third of their gross income per meningitis case and the public health 
system spent 2% of the national health budget responding to the epidemic (Colombini et al., 
2011).

In 2000, the WHO launched an initiative leading to the development of a low-cost conjugate 
Men A vaccine MenAfriVac. The vaccination program was rolled out initially in Burkino Faso 
in 2010, vaccinating more than 11 million children and adults in 10 days to achieve >90% 
coverage. This led to a rapid reduction in the incidence of IMD, with no cases due to Men A 
recorded the following year (Novak et al., 2012). The incidence of IMD was 2.5 per 100,000 in 
targeted areas (with no cases of Men A) versus 43.8 per 100,000 in the rest of the country. 
The initiative was subsequently rolled out to over 26 countries in the meningitis belt, with 
similar results. Across nine countries in the meningitis belt, the incidence of confirmed Men A 
disease in vaccinated populations was reduced by more than 99% (Trotter et al., 2017).

Meningococcal B Vaccines

Similarities between the capsular polysaccharide of serogroup B (Men B) strains and human 
polysialic acid on neural cell adhesion molecules, with the potential risk of immunological 
cross-reaction, have meant that alternate approaches targeting surface-exposed proteins were 
needed for vaccine development.

The first such vaccines used the outer membrane vesicles of outbreak strains, initially in Cuba 
and Norway, but most prominently in New Zealand, which experienced a prolonged epidemic 
of Men B caused by one predominant strain in the early 1990s. Rates of disease exceeding 50 
per 100,000 were documented in Pacific Islanders and > 25 per 100,000 in Maori 
communities (Loring et al., 2008). The strain-specific outer membrane vesicle (OMV) vaccine 
developed and implemented to target this epidemic—the MeNZB vaccine (Lennon et al., 2009) 
—was rolled out sequentially by region to all people under 24 years, clearly hastening control 
of the epidemic, although it was by then declining (Galloway et al., 2009). In 2013, a new four- 
component vaccine against Men B (Bexsero) was approved by the European Medicines 
Agency, containing the same OMV protein used in New Zealand, with three additional 
recombinant proteins identified through “reverse vaccinology”: the Neisseria-binding antigen 
(NHBA), the Neisseria adhesin A (Nad A), and the factor H binding protein (fHbp). Bexsero 
was introduced into the United Kingdom immunization schedule in September 2015, and 
within 10 months the vaccine was found to be 83% effective against all Men B cases in 
vaccine-eligible infants (Parikh et al., 2016). In Quebec, Canada the same vaccine was used in 
a one-off campaign in May 2014 to combat an outbreak, targeting a broad age group—the 
campaign led to an estimated 78% reduction in Men B disease incidence (De Wals et al., 
2017).
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Maternal Vaccination

The focus of Millennium Development Goal 4 was a decrease in under 5 years of age mortality 
by two thirds between 1990 and 2015. During that time, the mortality halved, representing an 
annual decline of around 5% per year globally. However, annual neonatal mortality has only 
reduced by around 3% per year, and it is estimated that neonatal mortality in 2015 accounted 
for 44% of under 5 mortality (Sobanjo-ter Meulen et al., 2015).

Maternal immunization has been shown to be a highly effective strategy for reducing early 
infant mortality from tetanus and is recommended for influenza and pertussis. Vaccines under 
development show great promise to protect against severe early infant infection due to group 
B streptococcus and respiratory syncytial virus (RSV) (Sobanjo-ter Meulen et al., 2015).

Influenza

It has been estimated that in 2008, between 28,000 and 110,000 children died from influenza 
infection globally, 99% in low- and middle-income countries. Maternal immunization has been 
demonstrated to be effective in reducing the burden of disease in separate clinical trials in 
Bangladesh (VE 63%) (Zaman et al., 2008) and South Africa (VE 48.8%) (Madhi et al., 2014). 
The cost and logistic requirements for seasonal vaccination mean that implementation of 
maternal influenza immunization programs in high burden settings is out of reach, at least in 
the near term. Such programs are recommended and funded in many higher-income 
countries, but population-level impact data are currently lacking.

Pertussis

In high-income countries with long-standing high infant DTP coverage, such as the United 
Kingdom, the United States, and Australia, absolute numbers of laboratory-proven pertussis 
deaths are very small compared with the pre-vaccine era, and almost all occur before 3 
months of age (Chow et al., 2016). This has led to national recommendations for universal 
maternal immunization with adult-formulated acellular pertussis vaccine (Tdap) in these and 
similar countries (Meulen et al., 2017). The most rigorous data on the impact of Tdap- 
containing vaccine in pregnant women come from the United Kingdom, which rapidly 
achieved coverage among pregnant women of over 70%, with sustained effectiveness in the 3 
years since the introduction, and VE against death was estimated at 95% (95% CI 79–100%) 
(Amirthalingam et al., 2016). The extent to which addition of pertussis vaccine to current 
maternal tetanus programs could also contribute to decreased neonatal mortality in high 
mortality countries is uncertain, but timely high infant coverage for DTP must be a 
precondition for its consideration (Sobanjo-ter Meulen et al., 2016)

Group B Streptococcus

Group B streptococcal (GBS) infection is the single most frequent cause of neonatal sepsis and 
meningitis globally. It is estimated that 90% of cases occur in sub-Saharan Africa where the 
estimated case fatality rates are high, at 22%, with the lowest rates of disease in Asian 
countries (Edmond et al., 2012). Maternal carriage of GBS in the gastrointestinal or genital 
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tract is thought to be a prerequisite for early onset disease, with vertical transmission 
occurring around the time of birth, so screening and antibiotic prophylaxis during labor is a 
widely recommended approach to prevention of early-onset neonatal disease. With respect to 
vaccines, the association between low GBS type-specific anti-capsular polysaccharide 
antibody and invasive GBS disease in newborns has long been known (Baker & Kasper, 1976), 
and around 560 women have received a trivalent CRM197-conjugated GBS vaccine during 
pregnancy in clinical trials, which showed it to be immunogenic. Maternal immunization for 
GBS could prevent early- and late-onset disease, but significant knowledge gaps remain 
around the immunobiology, which need to be addressed before widespread vaccination 
programs can be developed (Heath et al., 2017).

Respiratory Syncytial Virus

RSV causes an estimated 34 million episodes of lower respiratory tract infection in infants and 
children younger than 5 years of age annually and is thought to cause between 3% and 9% of 
all deaths due to lower respiratory tract infections in infants globally (Heath et al., 2017). Of 
all RSV-associated deaths, about 99% are estimated to occur in low- and middle-income 
countries, most in infants less than 6 months of age (Scheltema et al., 2017). There are 
currently no effective treatments for RSV infection and no licensed vaccines, although a 
number of RSV vaccine candidates have reached phase III trials, including one administered 
in the third trimester of pregnancy (Heath et al., 2017; Munoz, 2015). However, maternally 
derived antibody is unlikely to provide substantial protection for infants older than 6 months 
of age, limiting impact on RSV disease overall (Munoz, 2015).

New Vaccines for High Burden Diseases

Tuberculosis

Tuberculosis (TB) remains the leading infectious cause of death worldwide, with estimates 
from 2016 that 10.4 million people developed active TB, approximately 1 million of them 
children (World Health Organization, 2014). The burden of disease in children is likely 
underestimated as most cases are sputum smear negative (Walls & Shingadia, 2003) and the 
highest burden of tuberculosis is in low- and middle-income countries with limited diagnostic 
facilities. Although as noted, Bacille Calmette–Guerin (BCG) vaccine is estimated to prevent 
120,000 childhood deaths each year (Trunz et al., 2006), estimates of vaccine efficacy vary 
widely by geographic area and are substantially higher in disseminated TB (52% to 100% for 
tuberculous meningitis and miliary TB) than pulmonary TB (2% to 80%). The World Health 
Organization has developed an “end TB” strategy, and substantial progress has been made in 
new vaccines for prevention of reactivation disease in adolescents, which is in turn important 
for reducing exposure to vulnerable infants and children (Vekemans et al., 2019).
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Malaria

In the past two decades, since the late 1990s, malaria control programs in sub-Saharan Africa 
have increased substantially, driven by an approximate 20-fold increase in funding through 
the Roll Back Malaria initiative to support insecticide-treated bed nets, indoor residual 
spraying, and more timely diagnosis and treatment of malaria cases. Bhatt et al. estimated 
that between 2000 and 2015 such interventions halved the prevalence of Plasmodium 
falciparum infection, with incidence of clinical disease falling by 40% (Bhatt et al., 2015).

In 2014, the first report of a malaria vaccine candidate to complete a phase III trial—RTS,S/ 
AS01—was published (Penny et al., 2016). It demonstrated moderate efficacy against clinical 
cases over 18 months post third dose of 46% (95% CI 42–50%) in children 5–17 months at first 
vaccination and 27% (95% CI 20–32%) in infants. Since the burden of malaria in many 
countries is very high, even a vaccine with modest efficacy may provide public health benefit, 
and modeling has suggested potential cost-effectiveness at an assumed coverage of 90% for 
the first three doses and 72% for a fourth dose (Penny et al., 2016). The Malaria Vaccine 
Implementation Program (MVIP) has been set up to operationalize the recommendations of 
the WHO for subnational pilots for the implementation of the malaria vaccine in areas of 
moderate to high malaria transmission in Africa. Pilot programs in Ghana, Kenya, and Malawi 
to evaluate the implementation of RTS,S/AS01 in the context of their EPI programs began in 

2019. Evaluation of these pilot studies will be crucial in informing the potential for 
widespread rollout of this vaccine (World Health Organization, 2016).

Improving Immunization Equity

Examples of vaccine programs reducing inequalities in health outcomes can be found in high- 
and low- and middle-income countries. In the United States, within 4 years after introduction 
of pneumococcal conjugate vaccine, incidence among Black children <2 years of age 
decreased from 3.3 times higher than among White children to 1.6 times higher (Flannery et 
al., 2004). Similar reductions in disparities in rates of disease have been seen in high- 
incidence Indigenous communities in high-income countries, such as Aboriginal children in 
Australia (Menzies et al., 2004) and Maori children in New Zealand (Walls et al., 2018).

Some of the greatest impacts of immunization programs in reducing health inequality have 
come about in low- and middle-income countries. In rural Bangladesh, post a measles 
vaccination campaign, the 2.6-fold higher all-cause mortality in unvaccinated children from 
the poorest households was reduced to 1.5 times in vaccinated children. (Koenig et al., 2001). 
In India, consistently lower immunization coverage rates for BCG, DTP, and measles for girls 
between 1992 and 2006, despite overall increasing coverage for both boys and girls (Corsi et 
al., 2009) was largely eliminated during universally targeted campaigns to deliver oral polio 
vaccine (Corsi et al., 2009).

Despite this potential, challenges remain. In a summary of surveys of DTP3 coverage in 1- 
year-olds from 70 countries from 2005 to 2011, the greatest differences in coverage between 
children in wealthiest (Q5) and poorest quintiles (Q1) was 64% in Nigeria (Hinman & 
McKinlay, 2015). If a difference of <5% between Q5 and Q1 is considered to represent equity, 
only one third of the 70 countries had achieved equity. The Global Alliance for Vaccines and 
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Immunization (GAVI) established an equity goal for DTP3 that coverage in Q1 should not be 
>20% lower than Q5. In 2013, it was estimated that 57% of GAVI-supported countries had met 
this goal.

Conclusion

Enormous gains in child health have been made, especially in countries in the world with the 
highest mortality rates, since strengthening of the Expanded Program of Immunization (EPI) 
began in 1974. Measured by reductions in child mortality, these gains have been greatest for 
measles, and as measured by reductions in long-term morbidity, for polio, both diseases 
targeted for elimination. There is similar strong evidence of global public health impact 
through implementation of programs using vaccines against hepatitis B, protein conjugate 
vaccines against Haemophilus influenzae type b, Streptococcus pneumoniae, and in the 
African meningitis belt, group A meningococcal and rotavirus vaccines. Significant challenges 
remain for the endgame for polio, the next stage in elimination of measles and rubella, and 
mechanisms for funding and delivery of more expensive vaccines, especially in countries 
transitioning from eligibility for GAVI support (Cernuschi et al., 2018). Public health impact 
will be maximized by addressing gaps in supply and delivery within and between countries 
hampering achievement of maximum benefit from vaccines targeted by the Global Vaccine 
Action Plan, notwithstanding exciting developments on the horizon for significant diseases 
such as malaria and tuberculosis.
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