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Abstract

Background

Pertusss (whooping cough) remains an important public hedth problem in Audrdia
Although mortdity and morbidity from pertusss dedined dramaicdly following the
introduction of mass vaccnation programs in 1953, the levd of morbidity remains
unacceptably high for a vaccine-preventable disease.

Aims and methods

The primary ams of this thess were (i) to ascertan the epidemiology of pertusss in
Audrdia between 1993 and 2000 by andysing and interpreting sources of routindy
collected data on pertusss, and (ii) to examine the effectiveness of vaccination agangt
pertussis in a number of ways. Data from three primary nationa sources (notifications
of disease, hogpitdistions for pertusss and deeth certificates) were used to examine
the burden from pertusss in Audrdia over these eight years. Andyses included the
age didribution of cases, tempord and geogrephic trends, comparisons of natification
and hospitdisation data, and the impact of differences in the method of diagnogs of
notified cases between years and age groups. In addition to andyses a the naiond
levd usng daa from the nationd databases further detalled andyses were
undertaken a the State level for New South Wdes (NSW), the most populous
Audrdian State.

Pertusss vaccine coverage was estimated using data from the recently established
Audrdian Childhood Immunisation Regiger (ACIR); these data were dso used to

track the trangtion from whole-cell to acdllular pertussis vaccines.

The different types of sudies used to evauate vaccine effectiveness were reviewed,
and a method suitable for ongoing edimation of vaccine effectiveness in Audrdia
was developed. This was then gpplied to the NSW data, to determine the effectiveness

of pertusss vaccination in this State,



Main findings

The annud notification rate for pertussis in Audrdia ranged from 23-59 per 100 000
population over the eight years Infants had the highest natification and hogpitalisation
rates in Audrdia — they accounted for 5% of notifications, 61% of hospitdisations
and 100% of deaths Age-goecific notification and hospitdisation rates in children
aged less than two years drongly suggested a protective effect of vaccination, with the
grestest reduction in rae coincding with digibility to receve a second dose of
pertusss vaccine a four months of age. Notification rates among 5-9 year olds
progressively decreased in successve age cohorts, consgtent with an effect of the
introduction in 1994 of a perusss vaccine booster for preschoolaged children.
Although adults (persons aged 15 years or more) accounted for haf the notifications,
they had the lowest notification rate.

The highet numbers of pertusds notifications were in 1997, when mog jurisdictions
experienced an epidemic. Noatification and hospitdisaion rates varied across the
States and Territories and dso across smaller geographic regions in NSW. Aress and
years with high notification rates tended to adso have high hospitdistion rates
suggesting that trends in natifications reflected trends in incidence. The number of
infant hospitdisaions in NSW  between July 1993 and June 1999 exceeded the
number of natifications by 32%, highlighting the extent of under-notification.

Oveadl, and paticulaly amongst those aged more than 12 months, the mgority of
cases notified in NSW were based on the results of serologica tests. The proportion
diagnosed by culture of the organism was greatest in infants the proportion diagnosed
by serologicd tests increased with age. There was no evidence that the use of
serology had increased snce 1994 in NSW, hence changes in notification rates after
thistime are unlikely to be atributable to increased use of serologica diagnosis.

ACIR records indicated that in December 2000, 92% of one-year-od children hed
recaeived three doses of diphtheria-tetanus-pertussis (DTP) vaccine and 90% of two-
year-olds had receved four doses. Vaccine coverage varied by jurisdiction. Since
1997, there was an increased use of DTP vaccines contaning acdlular pertusss
components with a corresponding decrease in the use of vaccines containing whole-



cdl components. In 2000, dmogt dl DTP vaccines administered contained acdlular
pertuss's components.

The results of the vaccine effectiveness study showed that pertusss vaccination was
highly effective a preventing pertusss in NSW children, as measured by notified
cases. Vaccine effectiveness was highest (91%) in the youngest age group (8-23
months) and lowest (78%) in the oldest age group (9-13 years). The screening method
has not previoudy been used to estimate pertussis vaccine effectivenessin Audrdia

Conclusions

This thess demondrates the vdue of integrating varied data sources in esimating the
dissese burden from pertussis. The data presented here show that the diseese burden is
subgtantial in dl age groups, despite high levels of vaccine coverage in infants and
children. This problem of disease control does not gppear to be due to lack of vaccine
effectiveness, but there is evidence of waning immunity over time.

The andyses presented here form a bads for the ongoing monitoring of trends in
pertusss epidemiology following the replacement of whole-cdl by acdlular pertussis
vaccines, and will asist condderation of the need for additiond booster doses in
adolescents and adults.
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Chapter 1. Introduction

The disease

Pertussis (whooping cough) is a bacterid illness involving the respiratory tract. It is
usudly caused by the bacterium Bordetella pertussis but is occasondly caused by
Bordetella parapertussis’® The illness generdly begins with an irritating cough thet
gradudly becomes paroxysmd and lasts for 1-2 months or longer. Paroxysms ae
characterised by repested violent coughs which may be followed by a characteridtic
crowing or high-pitched inspiratory whoop and vomiting. Infants aged less than 6
months, adolescents and adults often do not have the paroxysms or whoop.® Pertussis
is highly infectious, sporeading via respiratory droplets to about 80% of unvaccinaied
household contacts’ With current standards of medical care in developed countries,
mortdity from pertusss is edimated to be 0.3% overdl, but it is higher (0.5%) in
infants aged less than six months® Complications indude hypoxic encephaopathy,
which may result in bran damage and death.” Although antibiotic thergoy given
during the incubation or early catarhd stage may prevent or modify dinica diseese,
treatment initisted after the onsat of the paroxysmd cough does not affect the duration
or seveity of the dinicd illness’ Complete vaccination of &l children is the most
important preventive measure for the control of pertussis.’

Vaccines
In Audrdia, the Commonwedth Serum Laboratories (CSL) began manufacturing

whole-cdl pertusss vaccine in 1920.° However, mass vaccination programs did not
commence until 1942° A more potent veccine was licensed in 1953 which
incorporated pertusss into the ‘triple antigen’ vaccine, together with tetanus and
diphtheria toxoids*® This diphtheria-tetanus-pertussis vaccine is dso known as DTP.
At the same time as this vaccine was licensed, the three-dose schedule of DTP for
infants commenced, dthough the timing of doses vaied by StaeTeritory.® A
ndiond veccindion <thedule was introduced in 1975, which recommended
vaccination with DTP for infants a 3, 4, and 5 months of age, plus a booster dose a
15-18 months® The booster dose was subsequently removed from the schedule in
1978, fdllowing a caseseries in the United Kingdom which suggested a tempord
association between the vaccine and brain damage in infants® In 1982, the nationd
schedule was changed to recommend vaccination with DTP for infants a two, four
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and sx months of age and veccination with combined diphtheria-tetanus (CDT) for
children a 18 months and prior to school entry.®

In the early 1980s there was a marked increase in the number of laboratory confirmed
caxes of petusss and dso an increese in the proportion of natifications involving
preschool age groups, compared with the 1970s when the highest proportion was in
younger children® A working party, appointed by the Nationd Hedth and Medicd
Research Council (NHMRC) to invedigate this trend, concluded that the dteration in
vaccingion schedule from four to three doses of pertusss veccine in 1978 had been
patly responsble’ As a result of this finding, in 1985 a fourth dose a 18 months of
age was re-introduced.’ The working paty aso found that batches of the vaccine
produced from 1978 to early 1980 were of low potency; this problem was rectified in
1984 by the addition of an duminium adjuvant.’ In the fifth edition of The Australian
Immunisation Procedures Handbook, firg published in October 1994, a fifth dose of
DTP for children 4-5 years of age was added to the schedule to replace CDT.” In the
sventh edition of the Handbook, firg published in March 2000, the recommended
age for the fifth dose of DTP was changed from 4-5 years to four years®

Esimaies of the efficacy of whole-cdl pertusss vaccine vary considerably.™"
Efficacy estimates of whole-cdll vaccines following three doses range from as low as
36% for the Connaught vaccine tested in Ity to between 86% and 98% for
Behring, Aventis Pasteur and Wyeth-Lederle vaccines tested in Gemany and
Senegd.”™ The effectiveness of the whole-cdl pertusss vaccine used in Audrdia
has not been tested.” Studies indicate that, athough vaccination does not aways
provide absolute protection agangt pertusss, when vaccinaied children have become
infected with pertusss the ensuing disease has generdly been milder and associated
with fewer complications than in unvaccinated children.®® Unfortunately, vaccination
does not confer longterm immunity.”” So even in wel vaccinated communities there
may be pools of individuds with waning immunity, such as parents or hedth care
workers, who may devedop milder or aypica episodes of pertussis and pass the
infection on to infants.
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In the padt, non-compliance with pertusss vaccingtion was often thought to be due to
concerns about the sde effects of whole-cdl vaccines. As a result, acdlular vaccines
have been developed. These new acdlular vaccines have fewer side effects® and
aopear to be efficacious dthough they ae more codly than the whole-cdl
vaccines™  GlaxoSmithKlings  InfarixO  a  three.component  acdllular  pertussis
vaccine combined with diphtheria and tetanus toxoids (DTPa), was licensed for use in
Audgrdia in 1997. The Commonwedth Government initidly funded acdlular
vacanes in the nationd immunisation program for the fourth (18 month) and fifth
(prechool) boogters, but snce 1999 has dso funded acdlular vaccines to replace
whole-cdl vaccines in the primary vaccinaion course. Exceptions to this were South
Audrdia and the Northern Teritory, where the State and Territory governments
funded DTPa for al doses in 1997. The efficacy of this vaccine was cdculated to be
84% in a randomised controlled trid conducted in Itdy in 1993" and 8% in a
household-contact study underteken in Germany in 1994.* InfarixQ is dso avalddle
combined with the hepditis B vaccine as Infarix-hepB.O The only other DTPa
vacaine licensed for use in Augrdia is Tripacd,O manufactured by Aventis Pasteur
Connawght and digtributed by CSL.

Burden of disease

Pertusss is a mgor cause of morbidity and mortdity in infants throughout the world.
The true incidence of pertusss cannot be directly messured and edimaes ae
generdly based on data sources such as deaths hospitdisgtions, natifications or
dudies designed for this purpose. The World Hedth Organization (WHO) edtimates
that there are 200000-300000 desths and 20-40 million infections from pertusss

each year.”

In Audrdia, after a prolonged period of gpparent low pertusss activity following the
introduction of mass vaccingion programs, there gppears to have been a resurgence of
disease since 1993, For the years in which data are available (nationd compilation of
pertussis natifications cessed in 1949 and did not recommence until 1979%), the low
notification rate in the pod-vaccination years is evident (Figure 1.1). Smilaly, the
number of deaths Audrdia-wide each year due to pertusss decressed dramaticaly
after the introduction of vaccination programs (Figure 1.2). However, from late 1996
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to 1997 pertusss was responsble for ten infant desths. One State, South Audrdia, did
not discontinue pertusss survelllance and is the only source of continuous notification
data dnce 19172 The dramatic reduction in South Ausrdian mortdity and
notification rates following the introduction of a mass vaccination program in 1953 is

griking (Figure 1.3).” However, since 1993 natification rates have risen again®

Figure 1.1. Annual adjusted pertussis notification rate, Australia, 1917-2000
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was natifiable. The origina graph has been updated with natification data from 1992—2000.
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Figure 1.2. Deaths due to pertussis, Australia, 1907-1997
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In both the mortdity and notification graphs, pesks can be seen every three to five
years prior to the introduction of mass vaccingion programs (Figures 1-3). This
cyclic pattern has been documented elsewhere and reflects the time needed for the
number of susceptible people in a populdion to increese sufficiently to overcome the
threshold for herd immunity.” This time period may vary and is dependent upon such
factors as the birth rate, the population and vaccination. Even with high vaccine
upteke rates, epidemics may ill occur every three to four years, but these outbresks
are much smaler and have grestly reduced associated morbidity and mortality. **

Smilar patens in diseese have been noted oversses with the introduction of
vacanation programs. In the United Kingdom, an inverse corrdation between
pertusss incidence ad pertusss vaccine uptake rates in different parts of the country
were obsavable once pertussis vaccine was widdy avalable in 19407 However,
pertusss vaccine uptake in the United Kingdom decreased in the mid 1970s from over
80% to less than 40% of dl children, folowing adverse publicity about possble sde
effects of the vaccine.’ Following this dedline in vaccine uptake there was a dramétic
increase in the number of notifications® By 1993 public confidence in the vacdine
had been restored and the vaccine upteke was estimated to be 93%.”° As vaccine
coverage incressed, pertusss notifications fdl dramaticdly, from 65810 during the
gpidemic year of 1982 to 3963 cases during the epidemic year of 1994." Smilaly in
Sweden, pertussis incidence in infants rose to prevaccingion levels within four years
of the withdrawal of locally produced pertussis vaccinesin 1979.%

Pertusss veccine coverage in Audrdia did not decline as it did in the United
Kingdom and Sweden, and it was not until 1993 thet notifications began to rise In
1997, the Audrdian crude notification rates were reported as being ten times higher
than those of the United States of America and three times those of England and
Waes, in spite of smilar levels of vaccine coverage” In addition, there were
differences in the age didribution of notified cases compared with the United States
and ltay.” It was not cdear whether these differences reflected variations in case
definitionsascertainment or  true differences which could in turn be atributable to

differences in vaccine coverage or the effectiveness of the vaccinaion program.
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What this thesis contributes
While morbidity and mortdity from pertusss have dramaticaly declined snce the

pre-vaccine era, the levd of morbidity and mortdity from pertusss reman
unacceptably  high for a vaccine-preventable diseese. In order to reduce morbidity
from petusss we need to improve our knowledge and undersanding of its
epidemiology. In the guiddines for the control of pertusss in Audrdia, the Pertusss
Working Party identified severd areas in which ressarch was needed.” This thesis
addresses some of these issues as wdl as others which will improve understanding of
the current epidemiology and control of pertusssin Audrdia

Although routindy collected data have limitations, they are grosdy under-utilised and
can provide vauable ingghts into the epidemiology of pertusss especidly when two
or more data sources are examined concurrently. In Chapter 2, Pertussis in Australia:
notifications, hospitalisations and deaths | bring together the most recent routingly
collected nationd daa avalable on the morbidity and mortdity of pertusss —
natifications to public hedth authorities hospitd discharge diagnoss data and desth
catificte daa Andyses incdude examingion of the age didribution of pertusss
cases, paticulaly among five to ten year olds to assess the impact of the introduction
of the fifth dose of vaccine and assessment of geogrgphic and tempord trends.
Messuring the condgtency in the magnitude and direction of notification and
hospitdistion trends, paticulaly among infants who have high hospitdisation rates,
can provide indgghts into the rdiability of the data An earlier draft of this chapter was
induded in Vaccine preventable diseases and vaccination coverage in Australia,
1993-1998* which was published as an 84-page supplement to Communicable

Diseases Intelligence

Data collected a the State level in New South Waes (the most populous Audrdian
Sate, accounting for 34% of the Audrdian population) are more comprehensve than
the nationd data presented in Chapter 2. In Chapter 3, Pertussis notifications and
hospitalisations in New South Wales, | provide more dealed andyses and
interpretation of the New South Wdes data than was possible usng those reported to
the nationd databese Additiond daa fields in the New South Waes Natifisble
Diseases Daabase indude exact age, method of diagnoss, the number of doses of
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pertussis-containing vaccine received, whether the case was hospitdised and hedth
aea of resdence. The New South Waes hospitdisation data include age in months
and hedth area of reddence, neither of which was avalable from the nationd
hospitdisation data

Information on the method by which notified pertusss cases are diagnosed is essentid
for the interpretation of trends in notifications over time and dso for making
international  comparisons. It has been suggested that the increase in natifications
could represent increesed use of serologica testing rether than an increase in pertusss
incidence®™ In Chapter 3, my andyses of the method of diagnosis of pertussis and
differences over time and between age groups are presented.

Infants suffer the grestest morbidity from pertusss. Therefore it is important to
examine the exact age a which infants ae most a risk of disease onst and/or
hospitdisation with pertusss These andyses have not been previoudy undertaken
and the results provide useful informetion about the impact of infant vaccination. A
compaison of pertusss infat notifications and hospitdisations  highlights the  extent
of under-reporting and how this varies by geographic region.

The vaccination daus of cases is necessyy to cdculate vaccine effectiveness, a
concept further developed in later chapters. The demonstrated utility of the additiond
information collected & a State leve in New South Wades should encourage the
collation of thisinformation a anationd leve.

The examination of trends in upteke of pertusss vaccine (coverage) a a population
levd is esstid for the interpretation of pertusss notification and  hospitdisation
data, and dso for the edtimation of vaccine effectiveness usng the method described
in Chapter 6. The Audrdian Childhood Immunisation Regiser (ACIR) is a naiond
population-based register which commenced operation in 1996. In Chepter 4, The
Australian Childhood Immunisation Register and pertussis vaccination, the
background to the devedopment of the ACIR is provided, followed by a presentaion
of pertussis vaccine coverage data from the ACIR, a both a nationa level and a State
level for New South Waes. The New South Waes vaccine coverage data are
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examined by month of age and hedth aea of resdence to determine the most
appropriate coverage figures to be used later in the vaccine effectiveness estimations
(Chapter 6). Data from the ACIR are aso examined to track the uptake of the new
acdlular pertusss vaccines. From these anadlyses we can conclude that very few, if
ay, acdlula vaccines were adminidered to cases incdluded in the vaccine
effectiveness sudy.

Chapter 5, Observational methods in epidemiologic assessment of vaccine
effectiveness, provides a comprehensive review of the different studies which can be
used to evduae vaccine effectiveness. Obsarvationd methods are important in the
messurement of vaccine effectiveness as experimental designs cannot be used for
vaccines dready on the vaccination schedule. Furthermore, efficacy measured in
cinicd trids under ided conditions may differ from effectiveness in the fidd under
non-ided conditions and in different populaions. Of the five observationd <udy
types reviewed (cohort dudies, household contact Sudies, casecontrol studies, the
screening method and casecohort dudies), the screening method is the chegpest and
most rgpid method.

The only other comprehendve reviews on this topic were published over 12 years
ago. Many changes to the vaccination schedule have been mace snce then, induding
the introduction of new vaccines. This has increased the need for repeatable methods
to monitor vaccine effectiveness in a timely fashion. This review includes references
to practicd examples and atempts to identify dl obsarvationd <sudies of vaccine
effectiveness in Audrdia and New Zedand snce 1987. A shorter verson of this
chapter has been submitted to European Journal of Epidemiology.

Edimates of the effectiveness of pertussis vaccinaion in Audrdia was one of the key
deficits identified by the Pertusss Working Paty in 1997.7 In Chapter 6, Effectiveness
of pertussis vaccination in New South Wales children, | develop a method suitable for
ongoing edimation of vaccine effectiveness | then apply this method using data from
New South Wades, collected during a period when the Audrdian whole-cel pertussis
vaccine was in routine use, to edimate the effectiveness of pertusss vaccination in
children aged less than 14 years Vaccine dfectiveness is cdculated usng the
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screening method in a logidic regresson moded which includes age group, year of

disease onset and area of residence as potentia confounding variables.

This chapter has two pats Pat A uses notification data from 1993-1998. Due to
limitations in the accuracy of vaccine coverage data from 1993-1995, more redricted
andyses (usng data from the years 1996-1998) were subsequently underteken and
ae presented in Pat B. A paper using the 1996-1998 data has been submitted to
International Journal of Epidemiology and isincluded as Appendix 2.

Although the screening method has many potential sources of bias, trends in vaccine
effectiveness may ill be monitored over time, assuming these biases reman
condant. Such ongoing monitoring will be important to evauate vaccine effectiveness
folowing Audrdias change to an acdlular vaccine The method developed in this
chepter for the vaccine effectiveness estimations could be incorporated into routine
aurveillance to monitor changes in vaccine effectiveness over time, and could dso be
goplied to other vaccine-preventable diseases. This is the fird Audrdian sudy of its
kind and few internationd dudies have used multivariale methods. Even where
multivariate methods have been used, regiond vaccine coverage data have not been
avalable. The avallability of regiond coverage data, the accurecy of which has
improved since 1996, means that this method is particularly useful in the Audrdian
SHiting.

A summay of the man findings of the thess and recommencitions for further
research are included in Chapter 7.

In an atempt to esimate the extent of under-natification of pertusss cases and to
obtain an dternate incidence estimate for pertusss, | designed a cough survey in 514
year od children living in western Sydney. The dudy proposa for this survey is
induded as Appendix 1, Study proposal for a survey of cough and pertussis
immunisation status in children. As data andyss is not complete and some of the
results are included in another dudent’s thess, the results of this sudy ae not
presented here.
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Chapter 2. Pertussis in Australia

Background

In this chapter | bring together the most recent routindy collected deta on pertusss
available nationdly from three sources (notifications, hospitdisations and deaths), for
dl age groups in Audrdia An ealier draft of this chapter was incuded in the
Communicable Diseases Intelligence supplement Vaccine preventable diseases and

vaccination coverage in Australia, 1993-1998.

Methods

Notification deta were obtained from the Nationa Notifidble Diseases Survelllance
Sysem (NNDSS), hospitdisation data from the Audrdian Irditute of Hedth and
Wefare (AIHW) Nationd Hospitd Morbidity Database, and mortdity data from the
Augtrdian Bureau of Statistics (ABS) Causes of Death Collection. SAS for Windows’
and Excef were used for the analyses.

Notifications
The NNDSS is coordinged by the Nationd Centre for Disease Contral,
Commonwedth Department of Heath and Aged Care. The NNDSS database was
edablished in its current form in 1991, and indudes cases of pertusss reported to
SateTerritory authorities under their current public hedth legidation. This legidation
requires medicd prectitioners to notify cases of pertusss to the agppropricte hedth
authority. Laboratories in dl StatedTerritories except Western Audrdia are dso
required by legidation to notify cases of pertusss. State/Teritory natification criteria
ae based on the Nationad Hedth and Medicd Research Council (NHMRC)
surveillance case definitions;’ which for pertussisis:

Isolaion of Bordetella pertussis from adinica specimen; or

Elevated Bordetella pertussis specific IgA in serum or Bordetella pertussis

antigen in a nasopharynged specimen using immunofluorescence with a history of

dinicdly compatibleillness, or

Anillnesslaging 2 weeks or more with one of the following:

P Paroxysms of coughing,

P Inspiratory ‘whoop’ without other apparent causes,

P Post-tussve vomiting; or
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An illness characterised by a cough illness lagting at leest 2 weeks in a patient who
is epidemiologicdly relaed to alaboratory confirmed case.

Some States/Territories use variations of this case definition and the extent to which
States and Territories verify that notified cases meet case definitions is unknown. This
means there is no way of confirming that NNDSS notified cases uniformly meet the
case definition criteria

Unit record notification data for pertussis were extracted from NNDSS for cases with
an onset between 1 January 1993 and 31 December 2000 (8 years). Data were updated
in February 2001. Data for the year 2000 are preliminary and may therefore be subject
to revison. The variables andysed were date of disease onset, age a onset, sex and
SateTaritory of resdence. The fidds for laboratory confirmation, date of birth,

vaccination status and Aborigindity were too incomplete to warrant andyss.

Hospitalisations

Snce July 1993, the AIHW Natond Hospitd Morbidity Daabase has recorded
adminidrative, demogrgphic and dinicd information on dl patients admitted to
public and private hospitas in Audrdia® Cases discharged between 1 July 1993 and
30 Jure 1998 (5 years) were andysed. Cases admitted before 1 July 1993 were
excduded, as were cases admitted in 1997/1998 but discharged after 30 June 1998. The
vaiables extracted for andyss were date of admisson (reported by financid year of
admisson, whch in Audrdia dats a the beginning of July and ends a the end of
June), age a admisson (five year age group), seX, StaeTeritory of resdence,
SaeTeritory of hospitdisation, length of say (LOS) and diagnoss (principd and
other diagnoses — up to 26 diagnoses were recorded for each admission). Age in
years was avalable for dl States and Teritories except South Audrdia and
Queendand. As data on hospitdisations are collated by financid year of discharge
from hospita, discharges for aparticular year may include episodes of care for which
the admisson was in a previous year” Stae/Territory of residence was not available
for dl records and so State/Territory of hospitalisation was used.

Data were extracted on the bass of International Classficaion of Disease, gn
Revison, Clinicd Modification (ICD-9-CM). The firs Audrdian verson of the ICD-
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9-CM was used for the 1995/1996 data and the second verson for 1996/1997 and
1997/1998 data The ICD-9/ICD-9CM code 033 (whooping cough) was used to
identify pertussis hospitdisations. This code incdudes codes for Bordetella pertussis
(0330), Bordetella parapertussis (033.1) and whooping cough with no organism
mentioned (033.9).

Deaths

Summary death data were obtained from the ABS Causes of Death Collection for
those desths coded with the ICD-9 code 033. The Causes of Desth Collection
classfies death records based on the reported underlying cause of deeth. Daa were
available for deaths regigered from 1993 to the end of 1997 (5 years). The variables
extracted for each desth were age a death, year desth was reported, sex and
State/Territory in which death was recorded.

Calculations

Rates were cdculated usng ABS mid-year estimaied resdent populations. Rates are
presented as anud raes or average annud rates per 100 000 totd population or
population in age, sex or geographic subgroups, as gopropriate. Average annud rates
were caculated by dividing the totd number of cases for the period of invedtigation
by the sum of each year's populaion for the same period. For hospitdisaion deta, the
mid year population estimate for the firsg haf of the financid year was used as the
denominator. Averages were cdculated for rates of notifications and hospitdisations,
and for bed days per year. Medians and ranges, rather than averages, were used to
describe the digribution of notifications and hospitdisations per month, and length of
day per admisson, as these data were not normaly distributed.

Results

Secular trends

There were 45455 natifications of pertusss receved by the NNDSS with dates of
onset between 1 January 1993 and 31 December 2000. Pertusss notifications pesked
in 1997 (Figure 2.1) when 10907 cases were notified, gpproximaey double the
number in previous and following years. The median number of natifications was 416
cases per month, with a range from 115 to 1606. The average annud natification rate
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for the eight year period was 30.9 per 100000 populeion. The lowest raie was 23.2 in
1999 and the highest was 58.9 in 1997.

A seasond pattern was gpparent with the highest number of notifications occurring in
the soring and summer months between August and February esch year.
Hospitdisations followed a smilar patern to notifications for the years in which
hospitdisation data were avalable but there was less vaiation in the numbers of
hogpitdisations. Although a seasond patern was clearly apparent in  schoolaged
children and in adults (5-14 & 15+ years), it was less obvious in preschool aged
children (04 years), paticularly in the non-epidemic years (Figure 2.2).

Figure2.1. Pertussis notifications, 1993—-2000, and hospitalisations, July 1993—June
1998, by month of onset or admission, Australia
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Note varying scales between notifications and hospitaisations.

36



Chapter 2. Pertussis in Australia

Figure 2.2. Pertussis notifications by month of onset and age group, Australia, 1993—
2000
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Severe morbidity and mortality

From July 1993 to June 1998, 4804 persons were hospitdised with pertusss (ICD-
9/1CD-9-CM code 033, Table 2.1), compared with 31 709 pertusss natifications in
the same peiod. Of the hospitdisations, 4014 (84%) hed a principd diagnoss of
pertusss (average annud rate 4.4 per 100000 population). Bordetella pertussis (ICD-
91CD-9-CM code 033.0) was recorded for 1429 (30%) hospitdisations and was the
principd diagnods for 1210 (25%). Bordetella parapertussis (033.1) was recorded for
55 (1%) hogspitdisdions and was the principd diagnods in 25 (0.5%) cases. The
remaining cases were coded as whooping cough (033.9). A totd of 19582 bed days

(average 5263 days per year) were recorded for patients with pertusss. The median
length of stay per admission was 3 days.
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Table 2.1. Pertussis hospitalisations July 1993-June 1998 and deaths 1993-1997, by

age group, Australia

Age Hospitalisations LOS per Desths
group admisson
(years) July 1993-June 1998 (days) 1993-1997
Tota (PD")  Rate’ (PDY) Median No. Rate’
0-4 327 (3009 529 (464) 3 9 01
5-14 741 (608) 57 (47) 2 0 -
15-24 108 (68 08 (05 3 0 -
%5-59 5 (200 08 (05 4 0 -
60+ 183 (109) 13 (08 7 0 -
All ages 4804 (4014) 53 (44) 3 9 0.0

*LOS = length of stay in hospital.
"PD = principal diagnosis.
* Average annua age-specific rate per 100 000 population.

Between 1993 and 1997 there were nine desths recorded as due to pertusss — one in
1995, two in 1996 and the remaining Sx in 1997. Fve of the desths were in New
South Wales, two in Queendand and one each in Victoria and Western Austraia.

Age and sex distribution

The highest notification rate for the period 1993-2000, was the 10-14 year old age
group Figure 2.3). However, infants aged less than one year had congderably higher
notification rates than 1-4 year olds and combining these two groups masks this
important difference. When infants aged less than one yer and 1-4 year olds ae
separated it is dear that the highest notification rate, both overdl and for dl years
prior to 1999, was in infants aged less than one year (Table 2.2 & Figure 2.4). Infants
aged less than one year accounted for 5% of dl notifications and children aged less
than five yearsfor 12% (Table 2.2).
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Figure2.3. Pertussisnotification rates by fiveyear age group, Australia, 1993-2000
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Table 2.2. Pertussis notifications and average annual notificationrates, byagegroup,
Australia, 1993-2000

Age group Notifications Average annual rate per
n % 100 000 popultion
<1year 2212 5 109
1-4 years 3404 7 41
59 years 8211 18 3
10-14 years 8831 20 &b
15+ years 22747 50 o)
Totd 45455 100 0
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Figure2.4. Pertussis age-specific notification rates by year of onset, Australia, 1993—
2000
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In contrast with natifications, a much greater proportion of hospitdisaions were in
young children, with children aged less than five years accounting for 71% of
hospitaisations. Where year of age was avalable (Al States and Territories except
South Audrdia and Queendand), 61% of hospitdisations were in children aged less
than one year (Table 2.3). The average annud hospitdisation rae for infants aged less
than one year was 207 per 100000 [Table 2.4). The number of infants aged less than
one year hospitdised from July 1993 to June 1998 was 45% gregter than the number
notified in the same period (1965 hospitdisations compared with 1356 natifications).
In infants aged less than one year hospitdisation rates were greater than notification
rates for all years Figure 2.5). All fata cases of pertusss were in children aged less
then 12 months.
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Table 2.3. Pertussis hospitalisationsby State/Territory of residence and financial year
of admission, Australia, July 1993—June 1998

Y ear ACT NSW NT Qd A Tas Vic WA Total
QA 6 480 5 274 145 13 140 a0 1123
94/9%5 12 238 45 253 52 21 157 107 88
%% 5 199 11 171 & 15 164 57 708
9%6/97 7 261 3 88 157 8 275 124 23
97/98 9 439 8 213 123 1 125 237 1165
Totd 39 1617 72 999 563 68 861 535 4804
<Syr 28 1215 61 652 316 48 642 465 3A27
<lyr 24 %63 50 N/A N/A 41 525 62 1965
N/A=not available.

Table2.4. Pertussishospitalisationrates per 100 000 population by State/Territory of
residence and financial year of admission, Australia, July 1993—June 1998

Y ear ACT NSW NT Qd A Tas Vic WA Tota
9R¥A 20 8.0 29 8.8 99 2.8 31 36 6.4
AB 40 39 26.0 7.9 35 44 35 6.3 5.0
9%5/% 16 32 6.2 5.2 59 32 36 33 3.9
%97 23 4.2 16 2.6 106 17 6.0 70 5.0
97/98 29 7.0 4.3 6.3 8.3 2.3 27 132 6.3
Totd* 26 53 8.1 6.1 1.7 29 38 6.7 53
<5yr* 25 55 69 55 A 28 0 73 53
<1lyr* 108 220 279 N/A N/A 123 167 21 207

* Average annud rate.
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Figure 2.5. Pertussis hospitalisation rates by age group (all ages) and notification
ratesin infants aged lessthan 1 year by financial year of admission/onset, Australia,
July 1993—June 1998
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School-aged  children (5-9 and 10-14 years) accaunted for 38% of dl natificaions
(compared with 15% of dl hospitd admissons, Tables 2.1 & 2.2) and had higher
notification rates than any of the other five-year age groups fFigure 2.3). From 1996
to 1998, there was little difference between the natification rates among 5-9 year olds
and 10-14 year olds Figure 2.4). This contrasted with 1994 and 1995, when the rates
for 59 year olds were gpproximately 40% higher than the rates for 10-14 year olds.
However, in 1999 and 2000, the rate for 10-14 year olds was more than three times
higher than for 5-9 year olds In fact, in 1999 and 2000, 10-14 year olds had the
highest notification rates of any age group, even exceeding those in infants aged less
than 12 months Within the 10-14 year age group, 11 year olds have had the highest
notification rate Snce 1998.

Snce the introduction of the fifth dose of pertusss vaccine for preschoolers in 1994,
the digribution of notifications by year of age within the 5-9 year age group has
shifted upwards. In 1993 and 1994, 5-6 year olds had higher natification rates than 7
9 and 10-14 year olds Figure 2.6). In 1995, 5-6 and 79 year olds had equd rates
which were higher than those for 10-14 year olds However, since 1996 the rates
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among 7-9 year olds have been higher than for 5-6 year olds. This difference was
gregtest in the years 1996 to 1998. Since 1999, the raes for 5-6 ad 7-9 year olds
have both been lower then for 10-14 year olds This change in age didtribution over
time can be seen in more detall by examining notification rates by year of age in 5-11
year olds (Figure 2.7). In 2000, notification rates in this group increased with each
increasng year of age. However, there was no meaningful difference in rates between
5-8 year dds 9 year olds had only a dightly higher rate, but the 10 and 11 year olds
had much higher rates.

Figure 2.6. Pertussis notification rates in 5-14 year olds by age group and year of
onset, Australia, 1993-2000
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Figure 2.7. Pertussis notification rates in 5-11 year olds, by year ofage and year of
onset, Australia, 1993—-2000
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Adults (persons aged 15 years or more), like al age groups, experienced an incresse
in notification rates during the epidemic year of 1997. Although adults accounted for
50% of natifications, they had the lowest average annud notification rate (19.6 per
100000, Figure 2.4). The adult nctification rate was not conssent among al age
groups (Figure 2.3). The 15-19 year olds had the highest adult natification rae (33
per 100 000), fdling to 15 per 100000 in 20-24 year olds Raes then gradudly
incressed, pesking a 26 per 100000 in the 3544 year old age group and then
decreased down to 12 per 100 000 in persons aged 65 years and over.

Male to female ratio

The ovedl mde to femde raio wes 1:12 for notificaions ard 1:1.1 for
hogpitdisations. The number of femde natifications exceeded the number of made
notifications in al age groups but the difference was grestest in the 25-45 year age
groups, in which femdes accounted for over 60% of dl notifications. However, of the
nine deaths, al of which occurred in infants, seven were in maes compared with only
twoinfemales.
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Geographic variation

There was subgantid variation in notification numbers and rates between regions and
years (Figures 2.8a & 2.8b, Tables 2.5 & 2.6). South Audrdia hed the highest overdl
notification rate. However the Northern Territory and Western Audrdia had the
highest notification rates in children aged less than five years (Table 2.6).

Hospitdisation rates aso varied condderably between jurisdictions (Table 2.4). As
mogst pertusss hospitdisions were in children aged less then five years the
geographic  didribution of hospitdisations and natifications for this age group was
compared. Naiondly, in children aged less than five years the notification rate (58
per 100 000, Table 2.6) and hospitdisaion rate (53 per 100 000, Table 2.4) were
gmilar. However, hospitaisation rates exceeded notification rates in Queendand and
Victoriaa Western Audrdia had the highet average annud natification and
hospitdisation rates, while Tasmania, the Audrdian Capitd Teritory and Victoria
had the lowest rates (Tables 2.4 & 2.6). In infants aged less than one year, the number
of hogpitdisations were gregter than the number of notifications for dl jurisdictions

where these datawere available.

In New South Wales, South Audrdia, Victoria and Western Audrdia, the year with
the highest number and rate of notifications was 1997 (Tables 2.3 & 2.4, Figure 2.8).
In South Audrdia, Victoria and Western Audrdia, the financid years 1996/97 and
1997/98 dso had the highet hospitdistion rates (Table 2.4). In the Northern
Territory and Queendand, 1994 had the highest noatification rates (Table 2.6 & Figure
2.8), with corregonding high hogpitdisttion rates (Table 2.4). The highest annud
notification rate was 130 per 100000, recorded in Tasmania in 1999 (Table 2.6 —
note that hospitdistion data for 1999 were not available for comparison). This was
folowed by 113 per 100 000 in South Audrdia in 1997 and 109 per 100000 in the
Northern Territory in 1994 (Table 2.6). The highest annua hospitdisation rate was 26
per 100 000, recorded in the Northern Teritory in 1994/95 (Table 2.4). This was
followed by 132 per 100000 in Wesern Audrdia in 1997/98 and 10.6 per 100 000
in South Audrdiain 1996/97 (Table 2.4).
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Figure2.8a. Notification ratesby Sate/Territory and year of onset, Australia, 1993
2000, Australian Capital Territory, New South Wales, Northern Territory and
Western Australia
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Figure 2.8b. Notification ratesby Sate/Territory and year of onset, Australia, 1993
2000, Queensland, South Australia, Tasmania and Victoria
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Table 2.5. Pertussis notifications by Sate/Territory and year of onset, Australia,

1993-2000
Yer ACT NSW NT Qd SA Tas Vic WA | Totd

1993 48 1548 7 687 1351 5% 4%  261| 4454
1994 19 1427 182 193 748 U M8 662| 543
1995 3 138 12 134 454 110 438 339| 4247
199 40 1146 14 T4 T4 31 1358 27| 434
1997 105 4328 24 1902 167 10 1584 1204| 10942
1998 100 2313 24 136  5M % 1078  284| 572
1999 83 142 2 93 217 610 98 %| 4398
2000 205 3616 9 5% 58 143 710 75| 588
Total 635 17192 394 9441  63% 1150 7130 3148 454%
<5yr 52 1678 86 6% 440 378 79| 44
<lyr 25 8l 6 28 200 ¥ 56  310| 2212
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Table 2.6. Pertussis notification rates per 100 000 population by State/Territory and
year of onset, Australia, 1993—2000

Year ACT  NSW NT Qd A Tas Vic WA Total
1993 160 258 41 221 925 119 111 156 25.2
194 6.3 235 105.0 60.3 510 7.2 100 389 30.5
1995 115 226 74.3 415 309 232 9.7 196 235
199% 130 185 1.7 232 525 6.5 302 129 23.9
1997 339 690 12.8 559 1132 253 A4 670 59.1
1998 324 365 12.6 37.8 389 117 231 155 0.6
1999 268 223 10 274 145 1297 21.2 52 23.2
2000 66.1 564 4.7 151 374 304 151 4.0 30.8
Total* 259 345 26.9 35.2 538 30.7 194 221 30.9
<Gyr* 391 637 813 484 751 35.7 382 959 57.7
<lyr* 709 1276 160.5 553 1324 679 1029 1556 109.2

* Average annud rate.

Discussion

The gresiest burden of pertusss is borne by infants aged less than one year, amongst
whom the average annud noatification rate was 109 per 100 000, with rates remaining
high throughout the Study period. This group had an even higher hospitdisation rate
(207 per 100 000) and accounted for the mgority of hospitdisations (61%) and dl the
degths. This is clealy the group requiring the greates protection from pertusss
infection.

Notification rates are known to underestimate incidence. This is illusrated by the
finding that the number of hospitdisations in infants aged less than one year exceeded
the number of notifications. In spite of this age group having the grestes need of
protection from pertusss and therefore requiring careful monitoring, these data clearly
show subgtantid under-natification. Hospitdistion data may be more usgful than
notification data as an indicator of pertusss incidence in this age group. The
notification and hospitdisation patterns in young children were smilar to those during
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an epidemic in New Zedand where, from June 1995 to May 1997, children aged less
than 15 months accounted for 82% of hospitaisations but only 21% of notifications®

Temporal and geographic distribution

The highest numbers of pertusss natifications were seen in 1997, with most
juridictions experiencing an epidemic in that year. This epidemic affected dl age
groups with more deaths recorded than in any other year since 1960." The State and
Teritory which did not experience an epidemic in 1997 were the Northern Territory,
where 1994 was an epidemic year, and Tasmania, where an epidemic occurred in
1999, Tasmania and the Northen Territory both have smdl populations and low
population dendties and are rddivey isolated, 0 it is not surprisng tha these aress
experienced outbresks in different years to other States and Territories. Jurisdictions
with these characteristics may aso experience outbresks less often. Even within a
SateTerritory, isolated communities may exis which may not follow the pettern of
the State/Territory. Such was the case in a community in the northhwest of Western
Augrdia, which experienced a pertusss outbresk in late 1999.° Prior to this outbresk,
there had been no natified cases of pertusss in this community since 1988, despite an

epidemic in the res of the State in 1997.°

Where the data were available, areas and years with high natification rates dso tended
to have high hogpitdisaion rates, esgpecidly among infants, suggesing that
notifications reflect incidence. As pertusss epidemics tend to occur in three to four
year cydes some variaion by geogrephic area is to be expected depending upon the
timing of the las epidemic and aso on geogragphic differences in past or present

pertuss's vaccination coverage.

Some of the obsarved differences in natification rates between jurisdictions may adso
reflect differences in survellance methodologies. Some jurisdictions may be more
active than others in casefinding, paticulaly during an outbresk. The use of
serologica tests for diagnoss may vary between jurisdictions. This would have the
grestest impact on adolescent and adult notification rates and the leest impact on
infants aged less than 12 months (see Chapter 3 for a discusson of diagnodtic tedts).
Information on method of diagnoss is ussfful when meking compaisons and
interpreting trends over time. Unfortunatdy, information on the method of diagnoss
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is not currently collected a a nationd leve. However, the NNDSS is being upgraded
50 that thisinformation can be collected nationdly in the future.

Adult pertussis

Adults (315 years of age) accounted for hdf the notifications and 13% of the
hospitdisations. Pertussis in adolescents and adults has been documented for many
years in many countries, so is not a new phenomenon.® The proportion of adolescent
and adult pertusss cases in Audrdia during this review period was far grester than
that in the United States™® This is probably due to older persons in te United States
being less likdy to be notified than in Audrdia, as the United States does not include
srologica diagnods in its case ddfinition. The proportion of adolescent and adult
cases in Audrdia is dso greaster than in the Netherlands™ In the Netherlands,
serologicd diagnoss is incduded, but the serologica case definition is much dricter
than in Audrdia and requires a dgnificant increese (&t leest fourfold) in antibody

levels®

Snce the early 1990s, a commercidly avalable enzyme-linked immunosorbent assay
(ELISA) for IgA againg whole-cdl B. pertussis has been widdy used in diagnogtic
laboratories throughout Audrdia Audrdia is unique in having serologicd tests for
pertusss widey available through public and private sedor laboratories Although the
vaidity of these tedts is difficult to evduate without a diagnogtic reference sandard, a
sudy undertaken in western Sydney found that cases natified on the beds of pogtive
whole-cdl serology  reported  dinicdlly  consistent  pertussis dmost  uniformly. ™ The
resllts of the western Sydney dudy suggest that notifications based on pogtive
serology underestimate, rather than overestimate, the true incidence of pertussis.® Up
until 1997, no ELISA technique for the routine diagnods of pertussis was goproved in
the United States™

No sgnificant rise in adult notifications was seen in the review period. However,
adult notifications increased in South Audrdia just prior to 1993, corresponding with
an increased use of serologica tests™ Surveillance data from various other countries
indicate that an increesng proportion of reported cases are occurring in adolescents
and adults® In the United States, the incidence of notified adolescent and adult
pertussis cases has recently increased, with the incidence among persons aged ten
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years and older doubling during 1994-1996 compared with 1990-1993* The contrast
in the proportion of adolescent and adult cases between Massachusetts and the rest of
the United States was driking, with Massachusetts accounting for 23% of cases in
persons aged 10 yeas and older from 1989 to 1998, in spite of Massachuseits
condtituting only 2% of the nationd population”? The incidence of notified cases in
Massachusdtts in 1998 was 70.9 per 100000 in adolescents (10-19 years of age) and
50 in adults (® 20 years), much greater than nationd rates of 5.0 for adolescents (11—
19 years of age) and 0.82 in adults ¢ 20 years).” Interestingly, and in contrast with the
ret of the United States, since late 1997 the Massachusetts State Laboratory Inditute
of the Massachusetts Depatment of Public Hedth has peformed a sngle-serum
ELISA for 1gG to pertusss toxin in person 11 years of age and over™® These
differences highlight the importance of diagnastic criteria when making comparisons.
The adolescent rates in Massachusetts in 1998 were higher than Audrdia's rates from
1993-2000 (59.0 per 100000 in 10-19 year olds) but the adult rates in Massachusetts
were lower than those in Audtrdia (18.3 per 100 000).

Although the morbidity of pertusss is wel known in children, far less is known about
the morbidity in adolescents and adults®® A Canadian study of 664 adolescents and
adults notified as having pertusss found that the mean duraion of cough was 10
weeks in adolescents and 12 weeks in adults, 97% of cases coughed for three weeks
or longer and 52% coughed for nine wesks or longer® Other symptoms included
posttussive gpnoea (87%), inspiratory whoop (69%), pos-tussve vomiting (65%),
rhinorrhoea (49%), pharyngitis (46%), swedting atack (32%), fever (31%) and fatigue
(21%)>* Complications from this group of adolescents and adults induded sinusitis
(13%), otitis media (4%), urinary incontinence (4%), pneumonia (4%), weight loss
(3%), rib fracture (2%) and fainting (2%).* Authors of a study of notified cases in
western Sydney described similar findings®

In addition to the unpleasant symptoms and complications of pertussis in adults, there
may be condderable work and socid disruption. In the western Sydney study, 71%
(34/48) of employed adults los work days because of the illness, with a mean of ten
work days lost for each employed adult” Notified cases generaly represent the more
svere end of the dinicd spectrum, even more so in adolescents and adults then in
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younger children as many of the classcd symptoms may not be present. In the
Canadian dudy, a surprisngly high proportion (30%) of the passvey reported
adolescent and adult cases were culture-positive® Because adults may not suffer from
the dassc pertusss symptoms and there may be a perception that pertusss is a
childhood disease, a diagnosis of pertusss is frequently not considered.™ In a study
undertaken amongst university students in the United States, 26% of students with a
cough lagsting one week or longer had serologica evidence of pertusss infection.’
Smilaly, in a dudy underteken in New South Wdes in 19851986, 26% of adults
with a cough lasting one month or longer, who had been refered to a consultant
physician, had serologica evidence of pertussis infection.”® Another study undertaken
in the United Saes this time of pdients presenting to a hospitd emergency
depatment with a cough lasting two weeks or longer, found that 21% (16 of 75
paients) met the srologic criteria for pertusss infection, reinforcing the notion that
pertussis is a common cause of persgent cough in adults and should be congdered in
the differential diagnosis™

One of the man concerns of such high leves of adult pertusss is tha adults may
serve as a resarvoir for pertusss in susceptible children. The overdl secondary attack
rate in household contects in the Canadian sudy was 15% but was higher in children
(29% in 04 year ods and 25% in 5-11 year olds) and particdaly high in infants
aged less than 12 months (43%).* The secondary attack rate in adult household
contects in a German sudy, which was based around a vaccine trid raher than
passvely notified cases, was 26.7%.° Therefore reducing adult pertusss wald
prevent morbidity not only among adults, but dso among children, paticulaly infants
who are at most risk of serious disease.

Impact of the fifth dose

Prior to the introduction of the fifth dose of diphtheria-tetanus-pertussis (DTP)
vaccine in late 1994 (this is a preschool dose so few children would have received it
before the beginning of 1995), the 1-4 year age group was the most completely
vaccinated group and, amongst persons aged less than 15 years, had the lowest
notifiction rates This is evidence of an effect of vaccinaion. After the introduction
of the fifth dose, as more of the 5-9 year age group became immune, the gep between
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the 4 and 5-9 year age groups narowed, and by 1999 the natification rates of the

two age groups were smilar.

The notification rate for 5-6 year olds was higher than for 7-9 year olds before the
introduction of the fifth dose. By 1996, when mogt of the 5-6 year olds would have
been digible for a fifth dose, the rates were equd. Then, as reatively more of the 5-6
year olds would have received a fifth dose compared with 79 year olds, the rates for
5-6 year olds dropped condderably lower than 79 year olds. As more of the 79 year
olds became digible to have received the fifth dose, the gap narrowed such that by
1999 the 7-9 year olds had only a dightly higher rate than 5-6 year olds. In the year
2000, by which time dl the 5-9 year olds would have been digible to have receved
the fifth dose, the notification rates in this group increased with each increasing year
of age This increese in naotifications with time snce digibility for vaccination could
be suggedtive of waning immunity, improved coverage with the fifth dose each year
falowing its introduction or a combinaion of the two. The trend suggesting animpact
of the fifth dose was firgt reported in 1997.% The rdative rates within the 5-9 year
olds, together with the overdl reduction in notification rates for 5-9 year old, rdaive
to raes in 10-14 year olds provides further evidence of an impact from the
introduction of the fifth dose of pertussis vaccine for pre-schoolers.

It will be important to monitor natification rates in the 10-14 year age group carefully
as the cohort of children digible for the fifth dose enter this age group. Children who
were five years of age in 1995, and hence would have been digible for the fifth dose,
would have been ten years of age in the year 2000. In spite of this rates among ten
year olds increesed rather than decreased in 2000, dthough they ill remained less
than rates among deven year olds. Also, uptake of the fifth dose was low when this
cohort (children aged ten years in 2000) was aged five years (see Chapter 4).
Information on the veccination daus of these cases would dealy ad the
interpretation of these trends. If the vaccine provides only short-term immunity (say 5
years) then a decrease in the 10-14 year old notification rates may not be observed. If
there is no change in these rates, an additiona pertusss booder in adolescence, as has
been implemented in France” may need to be considered.
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Adult and adolescent booster

A combined diphtheria-tetanus-acdlular pertussis vaccine (dTpa — the lower case
letters indicating a reduced dose compared with child formulaions), Boodrixa
manufactured by GlaxoSmithKling, was recently licensed (March 2001) for use for
boogter vaccination of persons aged ten years and over in Audtraia. At present there
are no nationd recommendations for the use of this vaccine. Currently, a booster dose
of diphtheria and tetanus is recommended for 15-19 year olds® Immunity from the
diphtheria-tetanus  booster is long lagting, provided dl previous doses have been
given, and another booster is not recuired until 50 years of age” Now that Boostrixa
is avalable, congderdion is beng given to replacing this diphtheria-tetanus booster
with Boodrix.a

In contrest to the diphtheria and tetanus components of the vaccing, immunity from
pertusss is not long lagting. The rdatively short period of immunity to pertusss poses
problems for maintaining adequate protection from pertussis in adults If the pertusss
vaccine provides shorter term immunity then infection with the disease, then routine
boogsing of adolescents with Boodrixda may merdy <hift the age didribution of
pertusss. This would mean that ingead of 10-14 year olds having the highest
notification rate for pertusss it could be persons in ther twenties. This older age
group ae more likdy than 10-14 year olds to become parents, hence infants, who
require the grestest protection from pertusss exposure, could in fact have grester
exposure to the disease. However, there may be a role for a pertussis booster for
prospective or new paents and sdect occupationd groups such as hedthcare
workers, school teachers and childcare workers.

Male to female ratio

The reason for femde natifications exceeding mae natifications in dl age groups is
not clear. Where this difference was the most noticegble, in the 25-45 year age group,
it may be & leest patly explaned by more femdes in this age group having closer
contact with children than mdes, as femdes are more commonly the primary care
giver. In addition, professons with subgtantia contact with children, such as teachers
or childcare workers, generdly have a grester proportion of femdes than mades.
Hence femaes may be more exposed to pertussis.
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Limitations of the data

Comparisons between the natification, hospitdisation and death data should be made
with caution as these databases differ in ther purpose, repating mechanisms and
accurecy. To provide the mogt recent information avalable and to account for the
varied reporting formats, different time periods have been reviewed for each data .
As there were no unique identifying codes to link records for the same individud
across data bases and because of differences in the accuracy of each data base, it was
not possible to andyse deaths and hospitdisations as a subset of natifications.

The rates presented here are crude rates and may be confounded by jurisdictiond
differences in the populaion dructure, such as age, ethnicity and population dengty.
It is dso0 important to note that jurisdictions with smdl populations may have high
rates even with low absolute numbers of cases, 0 that a smdl change in numbers
results in a large change in rates. As the data presented here are not random samples
that are subject to sampling variability, confidence intervals were not caculated.

A mgor limitation of the notification daa is that they represent only a proportion of
the totd cases occurring in the community. Data accuracy may dso vary between
SatesTerritories due to the use of different survellance methods. In addition, data
accuracy may change over time as new diagnogtic tests are introduced or surveillance
practices change. Information on the method of diagnoss is not collected. This
information would ad the interpretation of the data In interpreting the geographic
digribution of notification deta, it is important to note that Wesern Audrdia, while
receiving some laboratory natifications, is the only State/Territory thet does not have
legidation for mandatory |aboratory notification.

Comparisons over time and between jurisdictions should be more vdid for
hospitdisation data then for notification data, because methods of collecting
hospitdisation data are more uniform. However, some varidion in hospita access
admisson practices and record coding may occur between regions and over time
There are dso limitations associated with the use of ICD-9 codes to identify cases
Hospitd coding errors have been reported to occur a a frequency of a least 40%, and
to be more common for diseases with which the coder is less familiar (eg, rare
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diseases) and for admissions with multiple diagnoses® Assignaion of codes is based
on information in medicad records, as recorded by dinicians, and there are no drict
case definitions. This is in contrast to the more dringent case definitions used for
notification data, dthough it is not possble to deermine whether these case
definitions have been gpplied. It must dso be noted thet the hospitdisation deta base
contains a record for each admisson, which means that there are separate records for
each re-admisson or inte-hospitd trandfer. Unique identifiers were not avalable and
O some readmissons may have been induded. This is unlikdy to have a mgor
impact on case numbers for pertusss as it is an acute illness For hospitaisations
where the pertusss code was not the principd diagnosis, the pertusss code will have
been recorded as a co-morbidity (additiond or secondary diagnoss), the rddive
importance of which cannot be gauged.

Age in months was not avalable for either the hospitdisation or notification deta
From the New South Waes hospitdisation data collected a a State level (see Chapter
3) it can be sen tha hospitdisations in 0-5 month olds were nearly sx times higher
thean in 6-11 month olds. Since 1996, atempts have been made to collect date of hirth
in NNDSS. At present these data are too incomplete to warrant anadlyss but as data
collection improves these andyses will be possble Vaccinaion daus is clealy
esntid  information and atempts to collect this in a uniform manner are currently
under way.

The problems associated with using ICD-9 codes to sdect hospitdisations may dso
goply to the causes of death data held by the Austraian Bureau of Statistics. However,
unlike hospitdisations, only a sngle undelying cause of desth was recorded until
1997. Hence some desths for which an 1CD-9 code for pertussis was recorded may be
missed if this code was not recorded as the underlying cause of deeth.

Conclusions

Routindy collected data, dthough they have limitations provide comprehensve
information about pertusss. Although pertusss natifications underestimate incidence
consderably, the smilarities in geographic and tempord trends in natifications and
hospitdisations, especidly amongs infants aged less than one year, suggest that these
trends are red. The adoption of uniform cese definiions and methods of
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acartainment  throughout Audrdia, or a least the provison of informaion on the
method of diagnods would improve our &dility to accurady interpret nationd
notificetion data In the future, when dae of birth and vaccination gatus of notified
cases are adequately recorded, more in-depth analyses will be possble.

Pertusss remains a cause of condderable morbidity, especidly in infants aged less
than one year. Over the time period studied there have been some changes in the age-
specific  natificetion rates The reduction in natifications among 5-9 year olds
suggests an effect of the introduction of the fifth dose for preschoolers in 1994. Retes
in adolescents are now the highest of any age group and need to be monitored closdly.
Although adult pertusss raes are rdatively low, they account for hdf the number of
notifications. As adults with pertusss may serve as reservoirs of infection, continuing
the drculation of the organism in the community, reducing the incidence in this age
group may be an important god of future vaccination srategies.

References

1 Mclntyre P, Amin J, Gidding H, Hull B, Torvaldsen S, Tucker A, Turnbull F,
Burgess M. Vaccine preventable diseases and vaccination coverage in Audtrdia,
1993-1998. Commun Dis Intell 2000; 24 Suppl:S1-S83.

2. SAS Ingtitute Inc. The SAS System for Windows Version 6.12. Cary, NC, USA, 1996.
3. Microsoft Corporation. Microsoft® Excel 97 : INSO Corporation, 1993.

4, Nationd Hedth and Medicd Research Council. Surveillance case definitions.
Canberra: Australian Government Publishing Service, 1994.

5. Moon L, Rahman N, Bhatia K. Audtralia's Children: Their Health and Wellbeing
1998. Canberra : Audrdian Ingtitute of Hedlth and Welfare, 1998.

6. Blakely T, Mansoor O, Baker M. The 1996 pertussis epidemic in New Zedand:
descriptive epidemiology. N Z Med J 1999; 112:30-33.

7. Australian Bureau of Statistics. Australian Bureau of Satistics, Causes of Death
Collection. 1998.

8. Cordova SP, Gillies MT, Beers MY . The outbreak that had to happen: Bordetella
pertussis in North-West Western Audtralia. Commun Dis Intell 2000; 24:375-379.

57



Chapter 2. Pertussis in Australia

10.

14.

16.

17.

Mink CM, Cherry JD, Christenson p, Lewis K, Pineda E, Shilian D, Dawson JA,
Blumberg DA. A search for Bordetdlla pertussisinfection in university students. Clin
Infect Dis1992; 14:464-471.

Robertson PW, Goldberg H, Jarvie BH, Smith DD, Whybin LR. Bordetella pertussis
infection: a cause of perdstent cough in adults. Med J Aust 1987; 146:522-525.

Guris D, Strebd PM, Bardenheier B, Brennan M, Tachdjian R, Finch E, Wharton M,
Livengood JR. Changing epidemiology of pertussisin the United States: increased
reported incidence among adolescents and adults, 1990-1996. Clin Infect Dis1999;
28:1230-1237.

Wirsig von Konig CH, Postels-Multani S, Bock HL, Schmitt HJ. Pertussisin adults:
frequency of transmission after household exposure. Lancet 1995; 346:1326-1329.

Wright S, Edwards KM, Decker MD, Zeldin MH. Pertussis infection in adults with
persistent cough. JAMA 1995; 273:1044-1046.

Nennig ME, Shinefield HR, Edwards KM, Black SB, Fireman BH. Prevalence and
incidence of adult pertussisin an urban population. JAMA 1996; 275:1672-1674.

Cherry JD. Epidemiologicd, clinical, and laboratory aspects of pertussis in adults.
Clin Infect Dis1999; 28 Suppl 2:S112-117.

Atkinson W, Humiston S, Wolfe C, Nelson R, (eds). Epidemiology and prevention of
vaccine preventable diseases (5th ed.). Atlantac Centers for Disease Control, 1999:
68-83.

de Melker HE, Conyn-van Spaendonck MAE, Rimke HC, van Winjngaarden JK,
Mooi FR, Schellekens JFP. Pertussisin the Netherlands: an outbreak despite high
levels of immunization with whole-cell vaccine. Emerg Infect Dis1997; 3:1-6.

de Medker HE, Versteegh F, Conyrvan Spaendonck MAE, Elvers LH, Berbers G,
van der Zee A, Schelekens JFP. Specificity and sengitivity of high levels of
immunoglobulin G antibodies againgt pertussis toxin in a single serum sample for
diagnosis of infection with Bordetella pertussis J Clin Microbiol 2000; 38:800-806.

Poynten M, Irwig L, Hanlon M, Gilbert GL. Serological diagnosis of pertussis:
evauation of IgA againgt whole cell and specific Bordetella pertussis antigens as

markers of recent infection. Epidemiol Infect 2001; In press.

58



Chapter 2. Pertussis in Australia

20.

24,

Onorato IM, Wassilak S. Laboratory diagnosis of pertussis. the state of the art.
Pediatr Infect Dis J 1987; 6:145-151.

Schell W, Cameron S, Roberts C, Hall R. Pertussisin South Australia 1893 to 1996.
Commun Dis Intell 1998; 22:76-80.

Orenstein WA.. Pertussisin adults. epidemiology, signs, symptoms, and implications
for vaccination. Clin Infect Dis 1999; 28 Suppl:S147-150.

Yih WK, Lett SM, des Vignes FN, Garrison KM, Sipe PL, Marchant CD. The
increasing incidence of pertussis in Massachusetts adolescents. J Infect Dis 2000;
182:1409-1416.

De Serres G, Shadmani R, Duval B, Boullianne N, Déry P, Fradet MD, Rochette L,
Halperin SA. Morbidity of pertussis in adolescents and adults. J Infect Dis2000;
182:174-179.

Thomeas PF, Mclntyre PB, Jaldudin BB. Survey of pertussis morbidity in adultsin
Western Sydney. Med J Aust 2000; 173:74-76.

Andrews R, Herceg A, Roberts C. Pertussis naotificationsin Australia. Commun Dis
Intell 1997; 21:145-148.

Therre H, Baron S. Pertussisimmunisation in Europe - the Stuation in late 1999.
Eurosurveillance 2000; 5:6-10.

National Hedlth and Medical Research Council. The Australian |mmunisation
Handbook (7th ed.). Canberra: Australian Government Publishing Service, 2000.

Maclntyre CR, Ackland MJ, Chandrarg EJ, Pilla JE. Accuracy of ICD-9-CM codes
in hospital morbidity data, Victoria: implications for public hedlth research. Aust N Z
J Public Health 1997; 21:477-482.

5¢



Chapter 3

Pertussis notifications and hospitalisations

in New South Wales

6C



Chapter 3. Pertussis notifications and hospitalisations in NSW

Background

In this chapter | present the andyses of pertusss natification and hospitdisation data
from New South Waes (NSW) between 1993 and 1999. Although NSW natifications
and hogpitdisations were included as pat of the nationd data (Chepter 2), they
waranted additiond andyses, as more information about cases was recorded & a
State level compared with the nationd data Additiond fidds induded in the NSW
Notifiable Diseeses Database (NDD) included age in months, method of diagnoss,
the number of doses of pertusss-containing vaccine received, whether the case was
hospitdised and hedth area of resdence. The NSW hospitdisation database included
age in months and hedth area of resdence, neither of which was avalable from the
naiond hospitdisation data This additiond information dlowed andyses to be
undertaken a the State level which were not possible at the nationd level.

NSW is divided into 17 hedth aress, eight of which are dassfied as rurd (Figure
6.1). Each hedth area has apublic hedth unit whose responghilities indude pertusss
notifications for ther area. Each public hedth unit enters information onto the NDD.
Public hedth units may vary in dze and function, depending upon the hedth needs
and priorities of the area

Infants generdly suffer the grestest morbidity from pertussis, so it is hepful to know
the age in months of infant cases. Also, because the primary vaccingion schedule is
given during the fird Sx months of life, the pettern of dissase among infants can give
an indication of the effectiveness of vaccindion programs. In order to determine
whether cases are due to vaccine failure or failure to vaccinate, it is important to know
whether childhood cases of pertusss are vaccinated and, if o, how many doses of the
vaccine they have received. Use of the vaccination dtatus data is further developed in
the vaccine effectiveness chapter.

In order to interpret trends in petusss notifications over time and to make
compaisons with other countries, it is helpful to know the method of diagnogs of
notified cases. A paper describing South Audrdian natification, hospitalisation and
mortdity data concduded that the increese in notifications from 1993-1996
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represented  increesed  serological  tedting  rather than an increese in pertussis

incidence!

This chapter uses the additiond data fields to provide a more in-depth andyds of
NSW natification data than was possble with the nationd notification data It dso
ams to examine age-gpedific notification and hospitdisation rates paticularly in
cases aged 0 to 23 months, to look for variation in rates between hedth areas and,
usng notification data, to examine differences in methods of diagnoss over time and
between age groups.

Methods

Notifications

All notified cases of pertusss with diseese onset dates between 1 January 1993 and 31
December 1999 were sdlected from the NDD in the Hedth Outcomes and Information
Statigticd  Toolkit (HOIST), NSW Depatment of Hedth. These data were
downloaded from HOIST in March 2000. SAS for Windows and Excel® were used

for the andyses.

There ae two fidds pertaining to method of diagnosis in NDD. The firg fied,
‘LABCONF, relates to whether a case is laboratory confirmed (yes/no category)
whils a second fidd, ‘IDENMTHD’, contains informaion on the method of
identification. The method of identification fild has nine categories, only one of
which may be sdected. These categories are serology, antigen detected, dlinicd,
culture, higiopathology, microscopy, radiologcdly active, unknown and, snce 1999,
polymerase chain reection (PCR). For most andyses, the categories radiologicaly
active, higopathology, antigen detected and microscopy were recategorised  as
‘other’. Cases whose method of diagnoss was ‘unknown’ or missng and were
recorded as not laboratory confirmed were assumed to have been identified on dlinica
grounds and re-categorised as such.

Month of age was cdculated by multiplying the NDD varigble ‘AGE’, which gives

year of age to 10 decimd places, by 12 and then specifying that the month of age
vaiadbleisan integer to prevent rounding.

62



Chapter 3. Pertussis notifications and hospitalisations in NSW

Hospitalisations

Data on pertusss cases discharged from hospitd from between July 1993 and June
2000 were obtaned from the NSW Depatment of Hedth Inpatient Statistics
Collection Online Sysem (1ISCOS) by financid year of discharge and age in months
on admission. For infants aged less than 12 months, data were dso obtained by hedth
aea of reddences From 1993 to June 1998, the ICD-9/ICD-9-CM code 033
(whooping cough) was used to identify hospitdisations and deeths (the same as for
the nationd data). From July 1998 to June 2000 the ICD-10-AM code A37 was used.
This code includes codes for Bordetella pertussis (A37.0), Bordetella parapertussis
(A37.1) and whooping cough with no organism mentioned (A37.9).

Calculations

Rates were cdculated using Audtrdian Bureau of Statigics (ABS) mid-year etimated
resdent populatiions for NSW, downloaded from HOIST, for the years 1993-1999 by
five-year age group and hedth area Where population data were required in smdler
age groups than those provided by the ABS, the broader age group was divided
proportiondly to the required age group. For example to cdculate the populaion by
month of age, the population figure for the 0-4 year age group (G-59 months) was
divided by 60. Rates are presented as annud rates or average annud rates per 100 000
totd population or population in age or geogrgphic subgroups, a  gopropricte.
Average annud rates were cdculated by dividing the totd number of cases for the
period of invedtigation by the sum of each year’s populaion for the same period. For
hospitdisation data, the mid year population estimate for the firg hdf of the financia
year was used as the denominator.

Results

Notifications

Between January 1993 and December 1999, 13 456 cases of pertusss were notified to
the NSW Hedth Depatment. Natifications pesked in the spring and summer months
of 1993/19%4 and again, with an even grester number of natifications, in 1997/1998
(Figure 3.1). The average annud rae for the entire period was 31 notifications per
100000 population. Of the 13 456 cases, 563 (4%) were recorded as being admitted
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to a hospitd and 320 of the hospitdised cases (57%) were infants aged less than one
year. Only one case was recorded as having died as a result of pertusssinfection.

Figure 3.1. Pertussis notifications by month of onset, NSW, 1993-1999
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Age distribution

Infants aged less than one year had the highest natification rate, followed by school
aged children (Table 3.1). All age groups experienced an increase in natificetion rates
during the epidemic year of 1997 Figure 3.2). The adult (aged 2 15 years) notification
rale was higher in 1997-1999 then in 1993-1996. Following the introduction of the
fifth dose of DTP for 45 year olds in 1995, the natification rate in 5 and 6 year olds
fdl beow that for the 7-9 year olds, fdling to the same rae as the 10-14 year ddsin
1996. Since 1996, the natification rate in 4-5 year olds has remained beow that for 7
14 year olds Figure 3.3). In 1999, the natification rate in 79 year olds fdl below the

rates for 10-14 year olds who, in 1999, had a natification rate only just below that for
infants aged less than 12 months.
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Table 3.1. Pertussis notifications and average annual notification rates,
by age group, NSW, 1993-1999

Age group Natifications Average annud rate
n % per 100 000
<1year 773 6 126
1-4 years 1105 8 45
59 years 2718 20 89
10-14 years 2225 17 74
15+ years 6632 49 19
Total 13453 100 31

Figure 3.2. Pertussis notification rates by age group and year of onset, NSW, 1993-
1999
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Figure 3.3. Pertussis notification rates for 5-14 year olds by age group and year of
onset, NSW, 1993-1999
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Children aged under 2 years

During the period 1993-1999, in children aged less than two years, there was an
overdl downward trend in average annud natification raies by month of age athough
the rates did not always decrease with increasing age (Figure 3.4). When the average
annud natification rate in five age groups corresponding with digibility to receive O,
1, 2, 3 and 4 doses of the vaccine was examined the downward trend was clear, with
infants aged less than 2 months having the highest rates and those aged 18-23 nonths
having the lowest (Figure 3.5). There was a clear reduction in notification rae
corresponding with digibility to recelve esch dose of the vaccing with the grestest
incremental  decrease corresponding with digibility to receive the second dose of the

vaccine (Figure 3.5).
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Figure 3.4. Pertussis notification rates in children aged under 2 years, by month of
age, NSW, 1993-1999
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Figure 3.5. Pertussis notification ratesin children aged under 2 years, by age group,
NSW, 1993-1999
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Children aged four months and over had a sSgnificantly lower risk of being notified

with pertusss compared with infants aged less than two months Risk decreased with
increasing age (Table 3.2).

Table 3.2. Relativerisk of pertussis notification by age group in children aged under
2 years, NSW, 1993—-1999

Age goup Doses  Natificaions  Estimated RdativeRisk 95% Cl

(months) digble population
01 0 243 101 866 1.0 (referent) -
23 1 24 101 866 033 0.73t0 1.06
45 2 107 101 866 044 035t0055
617 3 b1 611196 024 020t00.28
1823 4 D 305598 014 011t00.17

The mgority of cases aged less than two years, for whom information on the number
of doses of a pertusss-containing vaccine was avalable, had not received any doses
of apertusss vaccine (Figure 3.6).

Figure 3.6. Pertussis notification ratesin children aged under 2 years, by age group
and number of doses of pertussis vaccine received, NSW, 1993-1999
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Method of diagnosis

Of the 13456 notifications, 78% were coded as laboratory confirmed, 15% were
coded as not laboratory confirmed and 7% had mising data (the NDD fidd was
cdled ‘LABCONF and was a yes/no category). The method of diagnosis (the other
NDD field relating to method of diagnoss which was cdled ‘IDENMTHD’) was
dther missng or coded as unknown in 3764 (28%) of cases When daa pertaining to
laboratory confirmation were compared with data about the method of diagnoss
(Table 3.3), a few anomalies became gpparent. Of the 550 cases who were coded as
diagnosed by culture, 50 (9%) were coded as not being laboratory confirmed (Table
3.3). Likewise, of the 7868 cases who were coded as diagnosed by serology, 330 (4%)
were coded as not being laboratory confirmed.

Table 3.3. The NDD pertussis identification fields, NSW, 1993-1999

Method of Laboratory confirmed (‘LABCONF')
| dentification mising (%) no (%)  vyes (%)  Tota
(IDENMTHD’)
21 ()
66l ()
dinica 124 (17) 572 (79) 2% (36) 72
Totd W (74 193 (15 10512 (78) 1346

Note: The colours indicate the categories which were recoded and correspond with the
coloursused in Table 3.4 and Figures 3.7, 3.11 & 3.12

After re-categoriang the fidds for method of diagioss, 2782 (21%) of the cases had a
missng or unknown method of diagnoss Of the 10 674 cases for whom a method of
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diagnosis was recorded, the mgority (74%) were based on serology (Table 3.4). A
further 16% of cases were diagnosed clinicaly, 5% based on culture results and the
remaining 5% on ‘other’ methods.

Table 3.4. Method of pertussis diagnosis, after re-categorising, NSW,
1993-1999

Method of identification n (%) % (of known)
clinicd 1704 13 16
Sub-total 10674 79 100

Tota 13456 100

The categories radiologically active, histopathology, antigen detected and microscopy were
recategorised as ‘other’, and cases whose method of diagnosis was ‘unknown’ or missing
and were recorded as not laboratory confirmed were re categorised as ‘clinica’.

During pesk periods of pertusss natifications there was a rise in cases diagnosed by
dl methods, dthough the rise in notifications based on postive serology is the mogt
obvious (Figure 3.7). The proportion of cases where the method was unknown or
missng was highest in 1993 (44%) but has remained farly congant from 1994—1999,
averaging 19%. The proportion based on a podtive serology hes not  Sgnificantly
increased Snce 1994 (Table 3.5 & Figure 3.8).
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Figure 3.7. Pertussis notifications by method of diagnosis, for all ages, by month of
onset, NSW, 1993-1999

450 A
400 A
—4 clinical
350 A
culture
(2]
J other
_5 300
31
_g serology
h— . .
F 2501 unknown/missing
<
ks
— 200 1
(]
Q
E
= 150 A
100 A /\f
®
50 «“\ [\Nf‘ \\
A\_r“_/.”zv‘/ rwv-*,\,,”«‘wf\:mw_ﬁ;h:r%Jw- g o \”"WM\A
0- r=—T1 1T _ T T " 1 I I I ) i I | I I R D e S |
™ ™ [82] < < < o [Te) wn © [(e] (] N~ N~ ~ © [ee] o] (2] (2] ()]
P2 QP Q2 Q2 Q2 @ @ Q2 @ @ Q2 @ 2 Q2 P P
§ 8 & 8 3 8 3 & 83 8 % 8 3 & 8 8 & &8 8 %
D=z n 2 =Z un "2 = un "2 =2 O "D Z o "2 = o0 "D = 0
Month of onset

Table 3.5. Number and proportion of pertussis notifications based on positive
serology, by year of onset, NSW, 1993-1999

Y ear Number diagnosed Totd (methodof % serology  95% Cl

by serology diagnogsknown)
1933 o215 952 A 51to 5/
19A 850 1128 6 73t0 78
19% 869 1030 A 810 87
1996 6% 847 & 791085
1997 2004 3436 76 74t0 77
1998 1380 2043 66to 70
1999 %5 1238 77 75t0 79
Total 7868 10674 A 73t0 75
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Figure 3.8. Proportion of pertussis notifications based on positive serology, by month
of onset, NSW, 1993-1999
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Serology hed a much smdler impact on natifications in children aged under 5 years
(Figure 3.9) than on natifications in persons aged 5 years and over (Figure 3.10).
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Figure 3.9. Method of pertussis diagnosis by month of onset, 0—4 year olds, NSW,

1993-1999
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Figure 3.10. Method of pertussis diagnosis by month of onset, 5+ year olds, NSW,

1993-1999
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The proportion of noatifications based on a pogtive culture result was greatest in
infants aged less than one year, accounting for 25% of totd notifications in this age
group (induding those whose method o diagnosis was unknown). This proportion
decreased with increasing age, accounting for only 1% of cases aged 15 years or over.
The proportion of notified cases aged less than one year who were hospitdised and
diagnosed by culture was higher (34%) than al notified cases in this age group.
Conversdy, the proportion who were diagnosed by serology increased with age,
ranging from 20% of cases aged less than one year to 66% of cases aged 15 and over
(Figure 3.11). The proportion of notified hospitalised cases aged less than one year
diagnosad by serology was dightly less than natifications overdl (16%).

Figure 3.11. Method of pertussis diagnosis by age group, NSW, 1993-1999
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In children aged less than 24 months, the proportion diagnosed by culture was grestest
among infants aged less than four months, with a trend for a decressng proportion to
be diagnosed by culture with incressing age (cZ=40, p<0.00l). The proportion
diagnosed by serology was gregtest in those aged 18 months and over. The proportion
of children aged under two years diagnosed dinicaly was smilar in each age group
(Figure 3.12).
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Figure 3.12. Method of pertussisdiagnosisby agegroupin children aged lessthan 2
years, NSW, 1993-1999
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Geographic distribution

There was condderable variation in notification retes between the hedth areas, with
Northern Rivers having the highest average annud notification rate and the Centra
Coagt having the lowest (Table 3.6). In 12 of the 17 hedth aess, the highest
notification rate was in 1997. Northern Rivers hedth area had a natification rate far
exceeding that for other areas in 1994 and 1995, yet 4ill had a high natification rate in
1997. In spite of being geographicaly adjecent to the Centrd Coast (Figure 6.1),
gnce 1996 the Hunter region has had a much higher notification rate than this area In
1997 the natification rate in the Hunter was over four times grester than that in the
Central Coast.
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Table 3.6. Pertussisnotification rate per 100 000 population by health area and year
of onset, NSW, 1993-1999

Area 1993 194 1995 1996 1997 1998 199 Average

Metropolitan

Centra Sydney 176 79 6.6 8.6 636 202 174 203
Northern Sydney 236 98 150 194 600 165 213 237
Western Sydney 201 208 199 233 819 245 143 293
Wentworth 267 226 407 25 990 617 179 419
S WesernSydney 315 156 129 101 717 262 177 266

Central Coast 103 117 110 122 299 171 150 155
Hunter 116 138 155 274 1272 484 523 427
[llawarra 171 245 299 102 563 651 168 316

S.EasternSydney 434 207 140 156 701 310 208 308

Totd metropolitan 245 161 169 169 745 314 218 290

Rural
Northern Rivers 494 1906 1228 250 701 231 58 68.2
Mid North Coast 243 268 234 217 469 432 182 293

New England 192 105 28 30 558 347 103 237
Maocquarie 768 177 108 165 368 224 339 306
Mid Western 360 164 151 90 504 403 414 299
Far West 175 295 20 440 625 1635 103 466

Greater Murray 2.0 98 489 304 264 901 HO AT

Southern 4.1 172 255 145 528 410 269 262
Totd rurd 262 464 401 2833 494 490 226 367
NSW total 255 232 223 185 692 354 220 310

Noatifications in infants aged less than 12 months were examined by hedth area and
financial year of onset to dlow comparison with hospitdisation data (Table 3.7).

76



Chapter 3. Pertussis notifications and hospitalisations in NSW

Table 3.7. Number of notificationsand average annual rates per 100 000 population
for infantsaged lessthan 12 months by health area and financial year of onset, NSW,
July 1993—June 1999

93U HAB KB 9%B97 9798 9R\P Tota Average

annud
rae

Metropolitan
Centrd Sydney 4 3 4 8 18 8 45 131
Northern Sydney 10 4 2 9 15 1 i 79
Western Sydney 15 10 13 14 27 7 & 144
Wentworth 3 3 2 n 14 5 3 124
S Western Sydney 30 1 6 12 28 8 &6 117
Central Coast 1 1 0 3 2 2 19 78
Hunter 15 6 16 n 26 7 8l 181
[llawarra 5 4 2 3 12 2 28 97
S. Eastern Sydney 14 5 6 n 27 4 67 133
Totd metropolitan 107 37 51 & 169 44 490 123
Rural
Northern Rivers 28 20 1n 0 13 2 4 364
Mid North Coast 12 3 7 4 11 10 47 233
New England 4 1 0 3 1 3 » 74
Maoquarie 12 0 1 3 1 2 19 179
Mid Western 1 4 3 2 5 1 2 172
Far West 2 0 1 4 0 6 13 270
Greater Murray 0 5 5 4 2 4 0] 82
Southern 2 3 3 2 4 2 16 102
Totd rurd 71 36 3l 2 37 30 27 178
NSW total 178 73 & 04 26 74 717 137
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The proportion of natifications which were laboratory confirmed was dightly greater
in rurd aress (87%) than in metropolitan areas (83%) (Table 3.8).

Table 3.8. Method of pertussis diagnosis by place of residence (rural versus
metropolitan) and age group, NSW, 1993-1999

Age Pace Culture Seology Other  laboratory*  Clinicd  Unknown

group % % % % % %
(vears)

04 Metro 22.8 38 29 &4 36 2

Rurd 13.0 48 1.1 (5¢] 37 27

5+ Metro 6.5 48 155 70 30 22

Rura 95 51 2.6 3 37 16

Tota Metro 56 71 6.8 13¢] 17 22

Rurd 3.9 82 0.7 87 13 18

* culture + serology + other

Hospitalisations

From July 1993 to June 2000, there were 1619 persons hospitdised with pertusss
giving an average annud hospitdisation rae of 3.7 per 100000. Hospitdlisation rates
declined deeply with increesing age (Table 3.9). Children aged less than one year
accounted for 61% of the hospitdisations and persons aged 15 years and over
comprised only 9%. From July 1993 to June 1999 there were 955 hogpitdisations in

infants aged less than one year. In the same time period there were only 718
natificationsin this age group, 291 of whom were recorded as being hospitalised.

Table 3.9. Pertussis hospitalisations by age group, NSW, July 1993—June 2000

Age group Hogpitalisations Average annud

n % rate per 100 000
<lyex 990 61 162.0
1-4 years 250 15 10.2
59 years 156 10 51
10-14 years 72 24
15+ years 151 04
Totd 1619 100 3.7
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Hospitalisation rates pesked in 1993/94 and again in 1997/98 (Figure 3.13).

Figure 3.13. Pertussis hospitalisation rates by age group and financial year of
discharge, NSW, July 1993—-June 2000
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Children aged under 2 years

In children aged less than two years, hospitdisation rates were greatest in infants aged
two months (Figure 3.14). In infants aged 3-7 months, there was a seep decline in
hospitaisation rates with each month of increasng age. The grestest decrease was
between infants aged two months and three months, followed closdy by the decrease
between infants aged three months and four months. From 7-23 months of age
hogpitdisation rates remaned a about the same leve, decreesng dightly after 12
months of age. When the average annud hospitdisation rate in five age groups
(corresponding with digibility to receive O, 1, 2, 3 & 4 doses of the vaccing) was
examined in the same way as the natification data, infants aged two and three months
had the highest rates and those aged 18-23 months had the lowest (Figure 3.15). The
greatest incremental decrease in hospitdisation raes corresponded with digibility to
receive the second dose of the vaccine,
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Figure 3.14. Average annual hospitalisation rates for pertussisin children aged
under 2 years, by month of age, NSW, July 1993—June 2000
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Figure 3.15. Average annual hospitalisation rates for pertussisin children aged
under 2 years, NSW, by age group, July 1993—June 2000
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Children aged four months and over had a dggnificantly lower risk of being
hospitdised with pertusss compared with infants aged less than two months, and this
risk decreased with increasing age (Table 3.10).

Table 3.10. Relative risk of pertussis hospitalisation by age group in children aged
under 2 years, NSW, July 1993-June 2000

Agegroup Doses  Hospitdisstion  Estimated  Reative Risk 95% Cl

(months)  dighle population
0-1 0 276 101 866 10 (referent) -
2-3 1 413 101 866 150 129t0 1.74
4-5 2 153 101 866 0.55 0.46 to 0.68
6-17 3 219 611 196 0.13 011t0 0.16
18-23 4 45 305598 0.05 0.04 to 0.07

Geographic distribution

Hospitdisation rates in infants aged less than 12 months varied between hedth aress
(Table 3.11). Overdl there were 949 hospitdisations between July 1993 and June
1999. This campares with only 717 nctifications in the same time period (Table 3.7).
The overdl natification to hospitdisation raio for the sSx-year period was 1:1.3, but
varied by hedth area from 1:0.9 in the Hunter, Northern Rivers, Mid North Coast and
Mid Westem aress to 1:22 in South Western Sydney. For each of the metropolitan
aess, except the Hunter, the totd number of hospitaisations in this age group was
gregter than the number of notifications. This was dso the case in hdf the rurd aress.
Unlike notfication rates, the Hunter and Centrd Coast aeas had sSmilar
hospitdisation rates.
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Table 3.11. Pertussis hospitalisations and average annual rates per 100 000
population in infants aged less than 12 months by health area and financial year of
separation, NSW, July 1993 — June 1999

Area 9394 HAB 9HB 9697 97/98 9P Tota Average N:H*
anud o
rae

Metropolitan

Centra Sydney 15 5 7 9 14 6 5% 163 12
Northern Sydney 12 5 5 9 17 6 54 104 13
Western Sydney 31 15 9 2% 39 15 1B 227 16
Wentworth 6 2 4 13 12 6 43 140 11
S. Western Sydney 52 17 19 A 51 14 187 258 22
Central Coast 16 9 0 2 5 3 K3 144 18
Hunter 19 6 17 6 12 9 6 14 0.9
[llawarra 8 14 6 7 15 2 2 179 19
S. Eastern Sydney 13 9 5 10 24 6 67 133 10
Totd metropdlitan 172 82 72 116 18 67 698 176 14
Rural

Northern Rivers 30 13 1n 0 9 7 70 344 09
Mid North Coast 10 1 10 5 13 5 4 218 09
New England 3 0 0 4 7 2 16 98 13
Macguarie 17 4 1 6 1 2 al 292 16
Mid Western 8 8 3 1 3 1 24 159 09
Far West 15 2 1 0 1 1 2 416 15
Greater Murray 6 9 5 2 2 6 D 124 15
Southern 2 1 4 1 7 1 16 102 10
Totd rurd 91 38 K3 19 43 25 251 197 11
NSW total 263 120 107 13 2R 2 9 181 13

*Ratio of the total number of notifications to the total number of hospitaisations.
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Discussion

Hospitalisations represent those pertusss cases with severe disease. However, it is
difficult to know wha type of cases those natified represent. The extent of under-
natification is highlighted in the comparison of notificdion versus hospitdisation data
in infants aged less than one year. The number of hospitdisations exceeded the
number of notifications in this age group by 32%. This is the age group in which
pertusss infection is the most severe and it is therefore targeted by pertussis control
programs. In order to better control pertussis in this age group it would be useful to
have a measure of incidence. Given that in this group the natification rate is even less
thean hogpitdisation rate, it dealy underestimaes incidence condderably.
Hogpitdistion data ae less subject to variations in reporting practices than
natification data (see Limitations of the data, Chapter 2) and may be more useful for
monitoring trends in incidence in this age group then natification data.

Although pertussis is natifiable by law, a study undertaken in New South Waes in
1991 and 1992 (before and after the new Public Health Act 1991) found very little
improvement  in  sdf-reported  notification among generd  pradtitioners® A study
underteken in the Northern Rivers Hedth Area in 1996 found that only 18% of
notified pertusss cases had been notified by generd practitioners® A further study
underteken two years laer, in 1998, in the South Eastern Sydney hedth area found
tha 40% of notified pertusss cases had been notified by generd practitioners®
Although this is an improvement, it is ill a low proportion. Reasons given by doctors
for not notifying indude the bdief that the laboratory will natify, the extra time it
takes to notify a case and poor knowledge of which diseases should be natified, of the
notification process and of the role of the public hedth unit once the natification is

recaived.>®

Only one of the five desths recorded in the Audtraian Bureau of Statidtics Causes of
Death Collection (see Chapter 2) was recorded in the NDD. This may be because the
notification was received prior to the death of the infant and the information was not
updated. Alterndively, the cases who died are likdy to have been hospitalised cases,
who may belesslikely to be natified.
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Age distribution

The age-gpecific notification rates for NSW follow a dmilar patern to the nationd
data (see Chapter 2). As NSW data are a large subset of the nationd data and there is
anationd vaccination schedule, thisis to be expected.

The prime advantage of examining NSW data over nationd data is that age in months
was avalable. The reduction in notification rae by age group, corresponding with
digbility to receve each dose of the vacdne is suggestive of an impact of
vaccaination. Although other factors may play a role in this gened dedine in
natification rate with age, it is unlikely that other factors could account for the pattern
of the decrease. Younger infants may suffer from a more svere form of the disease,
which could increase ther chances of natification. Also, one may argue that older age
groups ae more likdy to have suffered previous pertussis infections and so will be
immune. However, based on ndtification and hospitdisation data, the number of
infants infected with pertusss is smdl reaive to the populaion, even dlowing for
under-reporting.  Also, within each age group there was not dways a dedine in
notifications by month of age. Insead there was a decrease in a tepwise fashion
corresponding with digibility to receive another dose of the vaccine. The paitern of
the decrease is strongly suggedtive of an effect of vaccination, with the second dose of
the vaccine at four months of age having the greatest impact.

The percentage reduction in natification rates shown in Table 3.1 could be regarded as
a crude estimate of the effectiveness of the vaccinaion program at preventing notified
cases of pertusss. The number of doses of vaccine received by cases in this age grap
uggest that only a minority had been age-gppropriately veccinated. Even without
forma vaccine effectiveness edimations, the data suggest that most of the
notifications in children aged less than two years are a result of failure to vaccinate or
of being too young to be vaccinated, rather than veccine falure Likewise, the
percentage reduction in hospitdisation rates shown in Table 3.10 could be regarded as
a crude edimate of the effectiveness of the vaccination program a preventing
hospitdlised cases of pertusss. Vaccine effectiveness is measured as one minus the
relative rik, 0 the effectiveness of digibility for the firg two doses is 45% and for
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three doses is 87%. Unfortunady the vaccindion datus of hospitdisations is not
collected at the State leve.

A gmilar patern was obsarved in both hospitdisations and noatifications by month of
age for children aged less than two years, dthough some differences were gpparent.
The hospitdisation rate pesked in twomonth-olds not onemonth-dds as was the
cae with notifications. However, in both natification and hospitdisation rates, one
and two month olds had rates which were not sgnificantly different from one other.
The difference may be due to the date of admisson occurring later than the date of
onsgt, as the child may be less likdy to require hospitdistion in the early caarhd
phase of the disease. It generdly takes seven to ten days for the illness to enter the
paroxysma stage’ where hospitdisation becomes more likdy. There was a reduction
in hospitdisation rate with each month of increesing age from two to seven months of
age. Younger infants with pertusss are more likey to have severe disease which
requires hospitdisation than are those who ae older. However, the pattem of
hospitdisations is gill suggestive of an effect of vaccination, with the greatest impact
coming from the second dose and a further ggnificant reduction resulting from the
third dose. Authors of a paper describing New Zedand survelllance data during an
epidemic detected a smilar paten with the pesk age-specific natification and
hospitalisation rates in the sSix-week to two-month age group.®

Infants aged less than one month of age had dgnificantly lower natification and
hospitaisation rates than infants aged one month. This may be due to newborn infants
having less exposure, having some protection from maernd antibodies or a
combination of the two. Tranglacentd pertusss IgG antibody concentrations in
newborns have been found to be comparable to maernd concentrations and to decline
with a haf-life of about Sx weeks® However, the absolute quantities of antibodies
were much lower than the concentraions seen after primary or booger pertusss
vaccination.’ The reason for a rise in notification rate in 11-month-olds is not dear.
No smilar rise was gpparent in the hospitdisation rates, suggesting the result may be
spurious or artefactud.
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Method of diagnosis

Information on method of diagnoss was poorly collected over this time period. The
reason that some of the natifications which were clearly based on a postive laboratory
result were coded as ‘not laboratory confirmed’ is not clear. It may be that Iaboratory
confirmation became avalable dafter the case had been notified, and the laboratay
confirmation field was not updated. As laboraiory confirmation can be derived from
the method of identification fidd (assuming ‘dlinicd’ means dinicd only), the other
fidd seems to be redundent. The vdidity of the method of diagnods data is not
known. The caegory ‘radiologicdly activeé is presumably a data entry eror and
accounted for only one case. The assumption that cases whose method of diagnosis
was ‘unknown’ or missng and were recorded as not laboratory confirmed were
identified on dinical grounds may have resulted in some misclassification.

Culture was of most importance in infants aged less than one year and of least
importance in adults. Culture of the organism from a nasopharynged swab or aspirate
is the ‘gold dandard’ for the diagnoss of pertusss. One sudy found thet cultures
gave postive results for the presence of B. pertussis in 75% of cases during the early
coryzal stage of the disease® However, during this early phase pertusss is less likdy
to be sugpected and as the disease progresses it becomes increasingly difficult to
culture the bacteria and by the whooping cough stage it is often not possble™ In most
dinicd dtuations the isolation rates are much lower.® A sudy in the Netherlands
which used serology as the reference standard found the overal sengtivity of culture
to be 7%, but that it varied condderably with the duration of dissese a the time of
diagnosis and with vaccindion status™ The same study estimated the sengtivity of
PCR as 21% but found that it dedlined with increesng age and increesing duration of
dissase™ Although only four notified cases were based on a postive PCR result,
these were dl in 1999 and the proportion may well increase in future years.

Ovedl, and paticulaly amongst persons aged more than 12 months the mgority of
natifications were based on a podtive serologica result. This must be kept in mind
when making international comparisons with countries such as the United States,
whose cae ddfinitions do not indude diagnoss by serology. As mentioned in the
previous chapter, a sudy undertaken in western Sydney found that cases notified on
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the bass of a widdy used commercidly avalable ELISA for IgA againgt whole-cdl
B. pertussis reported dinicadly consgent pertusss dmogt uniformly, suggeding thet
notifications based on postive srology underetimae, rather than overetimate, the
true incidence of pertussis™ Authors of one review commented that, in symptomatic
adolescents and adults, serology may be the most important diagnogtic tool, snce
pertusss in thexe individuds is usudly diagnosed lae in the course of their diseese
and they are thus frequently culture negaive There is no evidence from the
notification data thet the proportion of noatifications based on serologicd tedts has
increesed snce 1994. However, it did increese from 1993 to 1994 and in South
Audrdia the proportion of cases based on serology rose from 15% in 1985 to 90% in
19%."

The proportion of natifications based on serology increased with age and the impact
of serology on notifications was far grester in persons aged five years and over than it
was in children aged less than five This finding is not surprisng, as infants aged less
than one year have a less rdisble IgA antibody response to B. pertussis and the
organism is more likely to be isolated from younger children.

The proportion of cases diagnosed dinicaly decreased with age. The case definition
includes the presence of a leest one typica pertusss symptom (paroxysms of
coughing, inspiratory ‘whoop’ without other apparent causes or pod-tussve
vomiting) or is epidemiologicdly linked to a laboratory confirmed cese. The decrease
in dinicaly diagnosed cases with age is mogt likdy due to the dedine in typicd
pertusss symptoms with age and the increesng use of serology in older age groups.
One dudy edimated that a clinical case definition of an acute cough laging for 14 or
more days had a sengtivity of between 84% and 92% and a pecificity between 63%
and 90% when used in an outbresk setting.” However, this case definition is of
limited vdue in non-outhbresk settings or when a case is not linked to a laboratory
confirmed case. Some doctors ae rductant to notify a pertusss case without

laboratory confirmation®

When children aged less than two years were grouped according to digibility to
receive ancther dose of the vaccine, there was very little change in the proportions
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notified with different diagnodic tests between age groups This suggests that the
decrease in natification rates with increasing age in children aged less than two years
is unrdated to diagnodtic testing.

Geographic distribution

The extent to which the differences in notification rates between areas reflect
differences in incidence versus differences in diagnogic and notification practices is
difficult to determine usng notification data done. However, the comparison of
notifications and hospitdisations in the under-12-month age group in each area over
the same time period provides some ingghts. The hedth area with the highest average
annud natification rate, for dl ages and for infants aged less than 12 months, was
Northern Rivers. Northern Rivers dso had the second highest hospitdisation rate (the
highest was the Far West but his was cdculated on very few cases) suggesting that
pertusss incidence in this area is higher than in other areas. This is likdy to be reaed
to vaccination coverage. Northen Rivers has the lowest pertusss vaccination
coverage of any NSW hedth area, with only 81% of children aged 12 months being
recorded on the Audrdian Childhood Immunisation Register as having received three
doses of a pertusss-containing vaccine in 1999 (see Chapter 4).

The Hunter had a much higher notification rate than the geogrephicaly adjacent
Centrd Coadt, with the average annud natification rate in infants aged less then 12
months in the Hunter being 230% higher than that in the Centrd Coad. In contred,
the average annud hogpitdisation rate in this age group was only 7% higher in the
Hunter. The mogt likdy explanation for this is that the degree of under-reporting is
greater in the Centrd Coast than in the Hunter. The raios of notifications to
hogpitdisations for the hedth aress give an indication of the reative extent of under-
reporting in each hedth area Some hedth aress may more actively seek cases
paticularly if they are experiencing an outbresk. Some of the differences in raios
may be due to doctors and/or laboratories in the area being more or less willing to
notify. This may have more of an influence on noatification rates in less densdy
popul ated areas where there are fewer doctors or laboratories.

Alterndtivey, it is possble that some aress with reatively low notification rates could
have hed rdaively high hospitdistion rates if a greater proportion of disadvantaged
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persons resided in that area. Perhgps infants who are manourished or disadvantaged
in some other way may be at greater risk of experiencing more severe disease than a
wdl rnourished, wdl cared for infant who is dso infected with pertusss. This is
gpeculation only and further studies would be required to determine whether this
could be a plausble explanation.

The 1997/1998 pertusss epidemic affected most hedth areas and only two of the
aeas (Northern Rivers and Macquarie) had higher notification rates in years other
than 1997 or 1998. Four of the five desths recorded in the sudy period in NSW were
in 1997, suggesting that this increase in natification rate represents a true increase in
pertussis incidence.

Conclusion

Even dlowing for the limitations of data collected from a passive surveillance system,
notification and hospitdistion daa can provide much vauable information about the
epidemiology of pertusss and the impact of vaccinaion programs. The hospitaisation
data provide particularly useful information about pertusss in infants aged less than
12 months but less usgful information about pertussis in older persons, amongst
whom hospitdisation with pertusds is rare. Comparison of arearpecific natification
and hogpitdisation data from the same time period can provide ingghts into the extent

to which differences in notification data may reflect differencesin pertusssincidence.

Pertussis remains an important public hedth problem in NSW with infants too young
to be vaccinaed having the grestest risk of desth, hospitdisation and notification due
to petusss The andyss of notification and hospitdisation rates by month of age
shows a clear effect of vaccination, with infants digible for two or more doses of
pertussis-containing vaccne having a ggnificantly reduced risk of being natified
andlor hospitdised with pertusss. This risk is further reduced dSgnificantly with
dighility to recave the third and fourth dose of pertusss-containing vaccine. The
reduction in notification rates over the time period amongst 59 year olds together
with the pattern of reduction within this age group, is strongly suggestive of an impeact
from the introduction of the fifth dose of DTP vaccine in late 1994. Ovedl, the
results suggest that the vaccindion program is effective for children aged less than 10
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years. The effectiveness of the vaccination program is more formaly assessed in
Chapter 6.
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Background

A decription of the epidemiology of any diseese for which a vaccindion program is
in place requires a discussion of vaccingion coverage. The Audrdian Childhood
Immunisation Regiger (ACIR) is unique and its introduction in Audrdia in 1996 was
the subject of much discusson, as wdl as criticism. This chapter provides a
background to the development of the ACIR and then uses data from the ACIR to
examine petusss veccine coverage and the number and type of vaccines
adminigered, a both a nationd levd and a State level for NSW. Some of the NSW
vaccine coverage data presented in this chapter are used in the vaccine effectiveness
esimations (Chapter 6).

The ACIR data were kindly provided by Brynley Hull. The DTP coverage figures for
Audrdia and NSW a 12 and 24 months of ages (Figures 4.2, 4.3, 4.12 & 4.13) are
those published quarterly in Communicable Diseases Intelligence.

Immunisation registers and development of the Australian
Childhood Immunisation Register (ACIR)

Public health registers

Last' defines a register as afile of data concerning al cases of a paticular disease or
other hedth-rdated condition in a defined populaion such that the cases can be
relaed to a population base. The regigter is the actud document, and the regidry is the
sysem of ongoing regdraion. For epidemiologic purposes  population-based
registers are generaly conddered to be the most useful.™” For example, in cases where
the register records disease, incidence rates may be cdculated. Smilaly, where the
register records immunisdions, coverage rates may be cdculated. Public hedth
registers are populaion based rather than hospita or dinic based.

Public hedlth registers may be based on the collection of cases of disease or events, or
on persons’ Registers which are based on cases or events require population census
data in order to cdculate rates whereas those which are person based hold their own
denominator data® Person-based regidtries are less common than disease regigtries®
Reasons for this indude concerns about privecy and confidentidity, the difficulty of
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handling such large data sets and the compardively recent recognition of the need for
such registers®

The most successful regidries are those in which purposes are explicit and redidtic,
the data collected are accurate and ae limited to essentid information, and the
registry meets needs that cannot be accommodated usng smpler, less expensve
methods. The complexity of the data-collection process limits the extent to which data
can be made rapidly available.

Immunisation registers

Gengrd characteridics of an ided immunistion regiser incdude being population
based; the incuson of all children regardless of nationdity and resdency daus, or
any other characteridic; the ability to produce aggregete ddisics and individua
information in a timey manner; a high level of accuracy and completeness, a core
daa st incduding a unique persond identifier; the cgpacity to ddiver both aggregate
daa on immunistion coverage and individud immunission daus information,
incuding a recdl/reminder service a parentd and hedth service levels the capacity
to ddiver profiles of immunistion providers dasses of providers, and vaccine
consumption by region and trends over time and financid and organistiond
effidency.®® Spedific characteristics of an ided regiger indude the provison of:
regular and accurate immunisation coverage daa for particular ages by vaccine type
and area of resdence; timely recdl/reminder notices to parents, accurate information
for paents on the immunisation datus of ther child, induding officd cetification;
accurate information to providers on the immunisation Satus of particular children
who atend for immunisation, incduding opportunisic immunisation; accurate
infformation on  unimmunised or incompletdy immunised children to  hedth
depatments and providers, profiles of immunisation providers by region, and trends
over time; vaccine consumption by type for different regions and trends over time.® In
aodition, an ided regiger might be adle to be linked with infectious disease
notifications or adverse events for the purpose of edimatiing vaccine efficacy and
increasing information on vaccine Sde effects® The recording of a batch number may
dlow the edimation of vaccine efficacy and the collection of sde effect information

by vaccine batch.® If demographic information such as ethnic group is collected then

94



Chapter 4. The ACIR and pertussis vaccination

this dlows the reporting of immunisation coverage by group.®* Otherwise demographic
categories must be inferred from area of resdence by proxy varidbles.

Prior to the advent of the Audrdian Childhood Immunisation Regiser (ACIR) there
were two types of populaionbased immunisaion regisgers in Audrdia those
operated by municipd councils, espeddly in Victoria and the reminder system
operated in the Augtrdian Capitd Territory (ACT).* The Support and Evauation
Resource Unit® describes the operation of such population based registries as patchy
and as vaying across States and Territories. Problems with locd registers are mainly

relaed to incomplete information on dl children, asfamiliesmove in and out of arees.

In addition, there ae provide-based reminder sysems operaied by many generd
practitioners throughout Augtrdia® The man limitations of these are that they ae
generdly not population based and as such cannot provide coverage data Few generd

practitioners have forma reminder systems.®

Queendand has continued to operate a separate regidter, the Vaccine Information and
Vaccine Adminigration Service (VIVAS), which commenced before the ACIR.
VIVAS, a centrdised system of vaccine supply which includes delivery coupled with
reporting® hes the potentid to link communiceble disease notifications and  adverse
events reports to the immunisation record of individud children and particular vaccine
batches. This would be ided for estimation of vaccine effectiveness® The system in
the ACT is dso one whereby generd practitioners are given free vaccines in exchange

for provison of vaccinaion datato ACT Hedth. °

The ACIR

Oveseas experience has shown tha registers hep to improve immunisation rates by
reminding parents and provides and by providing informaion on immunisation
coverage to hep public hedth managers target progams’ As a result of the
inadequecies with exiding regidries, difficulty in coordination across juridictiond
boundaries and the success of populaionbased immunisaion regigers in
immunisation programs in other developed countries® the ACIR was deve oped.
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The ACIR is one dement of a naiond draegy to improve and mantan high
immunisation coverage in Austrdian children under the age of seven years® The
broad objectives of the ACIR were:
to form the bads for a recdl/reminder scheme which will inform parents when
their child's next vaccination is due;
to enadble parents and immunisation providers to check on the immunisation Satus
of anindividua child regardless of where the child was immunised; and
to provide a messure of immunisdtion coverage data a naiond, StateTerritory
andlocd levels’

The ACIR is adminisered by the Hedth Insurance Commission (HIC) as part of the
Nationd Childhood Immunisation Program.* The ACIR commenced on January 1,
1996. On this day, dl children of digible age for the register (ie, less than seven years
of age) had their detalls copied from Medicare (Audrdids universd hedth insurance
scheme) to the ACIR. The Medicare database conditutes an dmost complete
population denominator, as goproximatey 98% of children are edimated to be
registered with Medicare by 12 months of age® All children on the ACIR have an end
date which coincides with their saventh birthday. All children born snce 1 January
1996, who ae enrolled with Medicare, are recorded on the ACIR by way of daily
transfers from Medicare files® In addition, if a child is not enrolled in Medicare, he or
she can be added to the ACIR when details of an immunisation are supplied by a
provider. Children who have died, moved aoroad or been removed from Medicare are
dlocated an end date which coincides with ther death or depature. Only
immunisations given since 1 January 1996 have been entered onto the ACIR. As a
result, ACIR data are less complete for children with birth dates prior to 1 January
1996. Monday incentives for notification of immunisstion encounters to the register
are used to encourage provider participation.”

Information
Immunisations are natified to the HIC by ether dectronic means or by paper ACIR
notification forms, which ae scanned dectronicdly and checked in Peth before

transmisson to the HIC centrd office in Canberra® Notifications which are not in
accordance with the Nationd Hedth and Medicd Research Council (NHMRC)
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guiddines, or are duplicates, are queried with the provider and if their vdidity cannot
be established they are rgjected.®

Thefallowing information is collected by the ACIR.

Child

Child informaion may incdude paent/guardian name child surname, given name,
address, date of hirth, gender, aborigindity, Medicare number, vaccines administered
by type and dose, date of service and service provider details’

Provider

Savice provider informaion may indude surname given name, initid, address
phone number, provider/regigration number, date of birth, bank account detals,
payment details and immunisation services provided.®

Vaccines
The vaccines recorded on the ACIR are those on the NHMRC's schedule for children
from birth to sx years of age.®

Theflow of information to and from the ACIR issummarisedin Figure 4.1.

Figure 4.1. Flow of information to and from the ACIR
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Calculating population vaccination coverage data

Population coverage figures are cdculaied from the ACIR daa usng the cohort
method. A three month cohort of children is defined by date of birth, the firs cohort
being born between 1 January 1996 and 31 March 1996° At the 12-month assessment
date of 31 Mach 1997, this cohort was aged 12 months to less than 15 months,
dthough only veccndions given on or before the childs firg birthday were
considered. If a record indicates that a child has received the third dose of a vaccine,
then they are assumed to have received the two earlier doses, even if records of the
previous doses are missing.™ The immunisation status of members of each cohort at
12 and 24 months of age is published quately in Communicable Diseases
Intelligence Reports include the percentage of dl children registered on the ACIR
who ae immunised according to the schedule for eech dissese a the time of
assessment. The cohort method is aso used to assess immunisation coverage in the
United Kingdom and by countries reporting to the World Hedth Organizaion
(WHO), thus alowing for international comparisons.®

Data quality

The data qudity of any large datidbase hes three main components — currency,
accuracy and comprehensiveness® The data currency of the ACIR has improved
progressvely since its commencement’ and it is expected tha dl aspects of data
qudity will improve with time. Maor factors leading to poor data qudity are rdaed
to vaccine providers ether not reporting to the ACIR or reporting encounters in a non-
timey fashion. A re-evduation of the ACIR coverage estimates for three of the early
birth cohorts usng 1999 daa found that the ealier coverage esimates hed
underestimated ‘true’ coverage by at least 2-4%.”

In July 1998, severd schemes were introduced to improve the completeness and
timeiness of reporting immunisation encounters to the register. These included the
Gengrd Practice Immunisation Incentives (GPIl) Scheme, whereby generd
practitioners received a service incentive payment of $1850 for each encounter form
received by the HIC, plus an outcome bonus payment if they reached target levels of
immunisstion coverage™ This was in addition to the standard $6 recdved by dl
immunistion providers for recaipt of an immunisation encounter form. Parentd

incentives were dso introduced and were linked with maternity alowance, childcare
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assigance and childcare rebate™ Full payment of these alowances to parents was
dependent upon ther child being recorded as fully immunised on the ACIR or ther
having sgned a form to date that they were conscientious objectors to immunisation.
A second evdudion of the ACIR, undertaken in late 1999, concluded that the ACIR
data qudity had improved condderably since the fird evduaion of the Regiger in
1997, and tha the immunisation incentives offered to generd practitioners under the
GPIl Scheme had had a postive influence on reporting behaviour and subsequent data
qudity. However, it is bdieved tha immunisation coverage edimaes from the
ACIR dill under-estimate the ‘true’ level of coverage. A study aming to messure the
difference in immunisation rates remrted by parents compared with that documented
in the ACIR and to assess the level of under-reporting to the ACIR by providers, will
be undertaken by daff a the Nationd Centre for Immunisation Research in the second
half of 2001.

The remainder of this chapter uses data from the ACIR to describe pertussis vaccine
coverage and trends in the types of vaccine used.

Using data from the ACIR: Pertussis vaccination in Australia

Coverage

Changes in pertusss vaccine coverage can have a dramatic effect on pertusss
notifications (see Chapter 1). It is important to be able to measure coverage as part of
a dissese control drategy. Prior to the implementation of the ACIR, vaccination
coverage edimaes were derived from a vaiety of sources™ The only naiond
arveys that can be generdised to the whole population are the Audrdian Bureau of
Setigics (ABS) household surveys, the most recent of which was conducted in
19%5."° The ABS survey results are derived from a cross-sectiond sample of children
aged 12-23 months, hence these rates are not directly comparable with those from the
ACIR"

The proportion of children aged 12 months recorded on the ACIR as having received
3 doses of DTP ranged from 77% in March 1997 (the firgt birth cohort) to 92% by
December 2000 (Figure 4.2). From December 1999 to December 2000, coverage
remaned a aound 90%. This increase is probably due more to increased natification
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to the ACIR than to any increase in vaccination coverage over this period.”” The ABS
1995 survey estimated coverage at 86%."°

The proportion of children aged 24 months recorded on the ACIR as having received
4 doses of a diphtheria-tetanus-pertusss vaccine (DTP) was only margindly lower
and ranged from 76% in March 1998 (the firgt birth cohort) to 90% by December

2000 (Figure 4.3). This suggests that most children who receive the firg three doses
will aso receive the fourth dose.

Figure 4.2. DTP coverage (dose 3) at 12 months of age, by birth cohort, Australia,
March 1997—December 2000
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Figure 4.3. DTP coverage (dose 4) at 24 months of age, by birth cohort, Australia,
March 1998-December 2000
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Trends in pertussis vaccine use

Where more than one type of vaccine is licensed, the ACIR records the vaccine type.
Such is the case with pertusss vaccines since an acdlular pertussis vaccine (DTPQ)
was licensed for use in Audrdia in 1997. In this section, data from the ACIR were
used to track changes in pertussis vaccine use a a nationd leve. This is the firg time
that data from the ACIR have been used for this purpose.

Since ealy 1997 the use of the acdlular pertusss vaccine (DTPa) increased, with a
corresponding decrease in the use of whole-cell vaccine (DTPw) EFigures 4.4—4.6).
There was a steep increase in the use of DTPa in the primary course during 1999, and
by April 1999 the number of DTPa vaccines given in the firg three doses exceeded
the number of DTPw vaccines Figure 4.4). Prior to 1999, DTPa was available free of
charge for the first three doses only in South Audrdia and the Northern Territory. In
1999, DTPa became availdble free of charge in dl States and Territories. By August

2000, only 3% of DTP vaccines given as pat of the primary course were recorded as
whole-cdll vaccines.
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Figure 4.4. Number of doses of DTPw and DTPa (doses 1-3) administered each
month, Australia, January 1996—August 2000
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The number of acdlular vaccines given as a fourth or fifth dose exceeded the number
of whole-cell vaccines given for these doses since March 1998 (Figure 4.5). DTPa has
been funded & the naiond levd for the fourth (18 month) and fifth (preschool)
boosters since 1997. The number of DTP vaccines given as a fourth or fifth dose
pesked in January eech year, coinciding with the timing of the preschool fifth dose
By August 2000, only 3% of DTP vaccines given as booster doses were whole-cdl
vaccines.
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Figure 4.5. Number of doses of DTPw and DTPa (doses 4-5) administered each
month, Australia, January 1996—August 2000
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Combined diphtheria-tetanus vaccine (CDT) has not been a pat of the routine
immunisation schedule snce 1994, when it was replaced by the preschool boogter
dose of DTP. It is only recommended where DTP is contraindicated. The number of
doses of CDT vaccines administered is negligible compared with the number of DTP
vaccines Figure 4.6). Since acdlular vaccines became available, the number of CDT
vaccines used was greatly reduced (Figure 4.7). Of dl the CDT vaccines administered
in the time period examined, 30% were given as a preschool booser dose. The
reduction in the number of CDT vaccines given eech year in January, paticularly
CDT5, suggest that, dthough CDT use as the preschool booser continued well
beyond 1994, its use decreased each year. By January 2000, only 173 doses of CDT5
were recorded. The decrease in CDT use ould be & leest patly due to parents and
providers who were concerned about vaccine Sde effects being more willing to have
their child veccinated with an acdlular vaccine. Since March 2000, fewer then 100
CDT vaccines per month were recorded on the ACIR a having been given,
uggesting thet this vaccine is not being ingppropriatdy used.
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Figure 4.6. Number of doses of DTPw, DTPa and CDT (doses 1-5) administered by
month, Australia, January 1996—August 2000
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Figure 4.7. Number of doses of CDT (doses 1-5) administered by month, Australia,
January 1996-August 2000
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Using data from the ACIR:

pertussis vaccination in New South Wales

Trends in pertussis vaccine use

In this section, trends in vaccine use are examined in the same way as the nationd
data in order to asss with interpretation of NSW notification data Petterns of use of
whole-cdl and acdlular vaccines for the firg three doses were very dmilar to the
nationd trends, with the number of acdlular vaccines administered exceeding the
number of whole-cdl vaccines snce May 1999 (Figure 4.8). Widespread use of
acdlular veccines for the fourth and fifth doses occurred dightly later in NSW

compared with the ndiond patern, with the number of acdlular vaccines not
exceeding the number of whde-cell vaccines until September 1998 (Figure 4.9).

Figure 4.8. Number of doses of DTPw and DTPa (doses 1-3) administered by month,

NSW, January 1996—August 2000

25000 7

20000 A

Number of doses

5000 1

15000 1

10000 1

DTPw1-3

—=—DTPal-3

Jan-96 ;
Mar-96 P
May-96 |
Jul-96

Sep-96 ':
Nov-96
Jan-97 _:
Mar-97 ¢

May-97 ]
Jul-97 7
Sep-97 |
Nov-97 ]
Jan-98 |
Mar-98
May-98 |
Jul-98

105

Sep-98 |
Nov-98 |
Jan-99 |
Mar-99 |
May-99 |
Jul-99
Sep-99 |
Nov-99 ]
Jan-00 |
Mar-00 |
May-00 |
Jul-00




Chapter 4. The ACIR and pertussis vaccination

Figure4.9. Number of doses of DTPw and DTPa (doses 4—5) administered by month,
NSW, January 1996—August 2000
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Of dl the CDT vaccines administered in the time period examined, 46% were given
as a preschool booster dose, agrester proportion than at the nationd levdl.

Figure 4.10. Number of doses of DTPw, DTPa and CDT (doses 1-5) adminigtered by
month, NSW, January 1996-August 2000
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Figure 4.11. Number of doses of CDT (doses 1-5) administered by month, NSW,

January 1996-August 2000
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Pertussis vaccine coverage

The proportion of NSW children aged 12 months recorded on the ACIR as having
received 3 doses of DTP ranged from 75% in March 1997 (the first birth cohort) to
91% by December 2000 (Figure 4.12). From December 1999 to September 2000,
coverage remained & around 88% and then rose to 91% in December 2000. Although
the earlier figures were lower than the nationd figures, by December 2000, NSW
coverage was dmilar to the nationd coverage A 1997 dudy involving a random
sample of 850 NSW children identified by the ACIR as 90 days overdue for a least
one scheduled immunisstion found thet 85% of these children were in fact fully

immunised.”® Hence the increase in coverage was probably due more to increased
natification to the ACIR than to any increase in vaccination coverage over this period.
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Figure4.12. DTP coverage (doses 1-3) at 12 months of age, by birth cohort, NSW,
March 1997-December 2000
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The proportion of children aged 24 months recorded on the ACIR as having received
4 doses of a diphtheia-tetanus-pertussis vaccine (DTP) was only margindly lower
and ranged from 76% in March 1998 (the first birth cohort) to 88% by December
2000 (Figure 4.13). These figures are Smilar to the nationa ones and suggest that
most NSW children who receive the first three doses will adso receive the fourth dose.
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Figure 4.13. DTP coverage (dose 4) at 24 months of age, by birth cohort, NSW,
March 1998-December 2000
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The remainder of this section examines differences in pertusss vaccine coverage in
NSW by hedth aea and age, in order to determine the most gopropriate coverage
figures to be used in the vaccine effectiveness esimations (Chapter 6). The proportion
of the population vaccinated (PPV) is required for these cdculations and is included
here in the tables PPV is cdculated by dividing the proportion of fully vaccinated
children by the proportion of fully veccinated plus unvaccinated children. Partidly
vaccinated children are excluded from PPV cdculations.

Coverage by month of age for children aged less than 2 years

A cohort of 135825 children born between 1 March 1997 and 30 August 1998 was

sdected from the ACIR. Age was cdculated as of 31 March 1999. The date of
assessment was 30 June 1999, thus alowing a three-month grace period.

The proportion of unveccinated children aged 6-24 months remaned congant
between 5-8% (Table 4.1). The proportion fully vaccinated increased from sSx to ten
months of age and then remained congtant between 84-87%. The proportion partidly
vaccinated correspondingly decreased. This most likdy reflects DTP3 being given
later than Sx months of age in some children. From 7-18 months of age the PPV
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vaues remaned quite congant. This has important implications for VE edimations.
Of the infants who have received three doses of the vaccine by 12 months, 60% have
received the third dose by sx months 86% by seven months and 93% by eght
months. The PPV vaues vary even less as infants in receipt of one or two doses are
excluded. The mean PPV for #18 month olds is 0.936 compared with 0.933 for 6-18
month olds. Taking the vaue a 12 months of age should be representetive for infants
older than seven months.

Table 4.1. Immunisation coverage by month of age for children aged 6—-24 months,
NSW, 1999

Month of age % fully % partidly % PPV
vaccinated vaccinated  unvaccinated  (full/full+none)

6 51 43 6 0898

7 74 21 5 0936

8 80 15 5 0940

9 82 13 5 0939
10 84 n 5 0940
n 85 10 5 0942
12 86 9 5 092
13 85 9 6 0931
14 85 9 6 0935
15 85 9 6 0935
16 85 9 6 0932
17 85 9 6 0930
18 85 9 6 0934
19 85 8 6 0932
2 86 8 6 0930
2l 87 7 7 0928
2 85 7 7 0920
23 85 7 8 0918
24 85 8 7 0.926

"3 doses.
" or 2 doses.
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Coverage with the fourth dose increased from 32% at 18 months of age to 80% by 22
months of age (Table 4.2).

Table 4.2. Immunisation coverage (4 doses) by month of age for children aged
15-24 months of age, NSW, 1999

Month of age % fully Y% patidly % unvaccinated PPV
vaccinated’ vaccinated (fullffull+none)

15 1 A 5 0.083
16 1 %] 6 0.087
17 2 @ 6 0271
18 32 63 5 0.863
19 62 4 5 0.931
20 74 2 4 0.944
21 78 17 4 0.947
22 80 15 5 0.941
23 80 15 5 0.942
24 82 13 4 0.949

"4 doses.

-3 doses.

Coverage by health area
Hedth area was determined by postcode of residence. Postcodes may belong to more
than one hedth area. This is the case with some postcodes in the Centrd Sydney and

South Eastern Sydney hedth areas. As these areas had similar coverage rates and are
geographicaly adjacent (for map seeFigure 6.1) the two areas were combined.

12 months of age

A oneyear cohort of 87564 children born between 1 April 1997 and 31 March 1993
was sHected from the ACIR and vaccindion satus at 12 months of age assessed as of
31 March 1999. The proportion of children recorded on the ACIR as having received
al three doses of DTP ranged from 81% in the Northern Rivers hedth aeato 90% in
the New England hedlth area (Table 4.3).
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Table 4.3. Immunisation coverage (3 doses) by health area for children aged 12
months, NSW, 1999

Heelth aren % fully % partialy % PPV
vaccinated  vaccinated”  unvaccinated  (full/full+none)

Metropolitan
Centrd & SE Sydney & 8 10 0.893
Northern Sydney A 8 9 0.907
Western Sydney 83 9 7 0.920
Wentworth 87 7 6 0.939
South Western Sydney &b 9 6 0.930
Central Coast & 8 3 0.966
Hunter R2 5 3 0.967
[llawarra 88 8 4 0.94
Totad metrgpolitan &b 8 7 0.926
Rural
Northern Rivers 81 10 10 0.893
Mid North Coast A 10 6 0.936
New England 0 6 3 0.965
Macquarie 8 9 3 0.965
Mid Western & 8 4 0.962
Far West &6 10 4 0.955
Grester Murray 89 8 4 0.959
Southern &6 9 4 0.953
Tota rurd &6 9 5 0.946
Totd &b 8 6 0.930
'3 dosss
-2 doses
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At 2 years of age

A oneyear cohort of 88206 children born between 1 April 1996 and 31 March 1997
was selected from the ACIR and vaccination status at 2 years of age assessed as d 31
March 1999. The proportion of children recorded on the ACIR as having received dl
four doses of DTP ranged from 77% in the Northern Rivers hedth area to 89% in the
Hunter hedlth area (Table 4.4).

At six years of age

Children aged sx years were born before the ACIR commenced so most would not
have had DTP}-4 recorded as given. An esimaion of coverage a Sx years of age
was made by assuming that children recorded as having received DTPS were fully
immunised. As the proportion completely unvaccinaied is not likdy to be different
from the cohort aged 24 months this figure was used and the percentage partidly
vaccinaed was cdculaed by subtracting the sum of fully vaccinaed and
unvaccinated from 100. Usng this method, the proportion of children aged six years
who had received al five doses of DTP was estimated to range from 61% in Centra
and South Eagtern Sydney to 79% in the Hunter hedth area (Table 4.5).
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Table 4.4. Immunisation coverage by health area for children aged 24 months, NSW,

1999
Heglth aren 4dosss  3dosss lor2 Nodoses PPV PPV
(%) (%)  doses(%) (%) (33+0) (4/4+0)
Metropolitan
Centrd & SE Sydney 78 7 8 6 0912 0.904
Northern Sydney &0 7 8 5 0918 0912
Western Sydney 0] 8 7 6 0930 0.924
Wentworth ¢ 8 5 5 0952 0.948
South Western Sydney 8L 8 6 5 0941 0.935
Centra Coast &b 8 3 4 0972 0.969
Hunter &0 6 2 3 0979 0978
[llawarra A 8 3 5 0971 0.968
Tota metropolitan al 8 5 6 0939 0.933
Rural
Northern Rivers 77 9 8 6 0919 0910
Mid North Coast 8l 9 5 6 0951 0.946
New England &8 6 3 3 0.966 0.964
Macquarie & 8 4 6 0958 0954
MidWestern & 9 3 6 0.965 0.962
Far West al 10 4 6 0958 0.953
Greater Murray A 8 3 5 0.968 0.966
Southern ¢ 8 4 5 0962 0.959
Totd rurd & 8 5 4 0955 0.951
Totd 8l 8 6 5 0942 0.937
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Table 4.5. Estimated immunisation coverage (5 doses) by health area
for children aged 6 years, NSW, 1999

% full 9% ial 9%
Hedth Area 0_ Y ’ pan Y O
vaccinaed  vaccinated’  unvaccinated

Metropolitan

Centrd & SE Sydney 61 31 9
Northern Sydney 64 28 8
Western Sydney 66 27 7
Wentworth 70 25 5
South Western Sydney &b 29 6
Central Coast 6! 22 3
Hunter I 18 2
[llawarra 70 26 3
Tota metropolitan 73 21 6
Rural

Northern Rivers 67 25 8
Mid North Coast [5) 20 5
New England 2 24 4
Macguarie 1) 20 4
Mid Western 74 23 3
Far West [S) 21 5
Grester Murray 7 20 3
Southern 73 22 4
Totd rurd 74 22 4
Totd 71 24 5
'5 doses

-4 doses
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Conclusion

Coverage with DTP vaccines among young children in Audrdia is currently quite
high (approximatdy 90% for both three doses a 12 months of age and four doses a
24 months of age). As ACIR data are believed to underestimate true coverage,
coverage with DTP may be even higher. Most children are veccinated in a timey
fashion, with 93% of fully vaccinaed children aged 12 months receiving their third
dose by eight months of age The introduction of DTPa in Audrdia may have heped
to improve coverage, dthough severd other immunisation initiatives were introduced
aound the same time meking the evduation of any one initigive difficult. Within
New South Wdes there was condderable varidion in vaccine coverage between
aeas. This variation dso exiged in other StatesTeritories, where there were low
reported coverage edimates redive to the State/Territory average in vaious rurd

areas as well asinner urban areas of most capitd cities™

Audrdia is unique in having a naiond immunistion regiger. Although the data have
limitations, especidly with respect to completeness, they have improved considerably
sgnce the ACIR commenced operation in 1996. The ACIR is a vauable epidemiologic
tool in the dudy of vaccine preventable diseases — the vaccine effectiveness study
presented in Chapter 6 would not have been possible without the ACIR data.
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Introduction

Vaccine efficacy is the percentage reduction of diseese incidence in a vaccinaed
group compared with an unvaccinated group, under ided conditions. Vaccine efficacy
dudies ae typicdly undertaken before licensure usng double-blind  randomised
controlled trids, with al participants initidly susceptible to the dissase® Once a
vaccine has been shown to be efficacious and is licensed, the use of a placebo is
unethicd. Therefore an experimenta desgn cannot be used for vaccines on the
vaccination schedule, so observaiond mehods must be employed. Furthermore,
efficacy measured in dinicd trids under ided conditions may differ from
effectiveness in the field under nonrided conditions and in different populations

Vaccine effectiveness depends upon veccine efficacy but is dso affected by other
factors such as transportation and dorage a gppropriate temperatures (‘cold chain’)
and proper adminidration and timing of doses. The terms ‘vaccine effectiveness and
‘vaccine efficacy’ are often used interchangesbly and the abbreviation VE is used for
both vaccine efficacy and effectiveness.® In this review, VE is used as an abbreviation
for vaccine effectiveness.

The Audrdian vaccingtion schedule is condantly changing as new vaccines ae
introduced, booster doses are added and the timing of doses is changed.* To maintain
public and provider confidence in vaccindgion programs, it is essentid that the
effectiveness of new vaccines and changes to the schedule of existing vaccines be
evauaed. The evduation of current vaccinedschedules should aso be monitored to
enable detection of vaidions in effectiveness over time which may result from
changes in the target populaion or in the epidemiology of the diseese In the case of
new vaccines these effectiveness dudies may be a component of podt-licensure
arvellance. In  addition to pod-icensure survelllance, observationd  vaccine
effectiveness dudies are paticulaly important when disease incidence does not
predictably decrease with increased vaccine coverage, when high proportions of
vaccine falure among reported cases suggest a problem with the vaccine or when

issues arise that were not predicted in pre-licensure evaluations”
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A number of observationd methodologies can be used to assess vaccine effectiveness,
some of which may be incorporated into routine survelllance of vaccine preventable
diseases. This paper discusses the potentid biases and limitations of observationd VE
dudies, outlines 9x commonly used dudy types and provides examples from the
literature.

Calculating VE

All VE dudies involve comparison of the rdative risks of disease in the vaccinated
group(s) with the unvaccinated group(s), hence any dudy type from which reaive
risk can be estimated can be used to cdculae VE? The sandard equation for
caculating VE as a percentage is?

VE (%) = SHA—RU - ARVO. 19
e ARU g

where ARU is the attack rate in the unvaccinated group and ARV is the attack rate in
the vaccinated group. Rearranging the formula gives the following?

VE (%) = &- RVAL 100
& &ARUgj

where A

R\Lj is equivalent to the rative risk. In case-control studies the rdlative risk

is goproximeted by the oddsratio where the disease israre.

Protection against what? Defining the study question

Immunisation may produce more than one effect, both a the individud and the
population levd.® Individud effects indude the production of an immunologic
response, protection agang infection or in some cases only againg disease or severe
dissase, a reduction in the degree or duration of infectivity, or even behaviourd
effects such as changes in the rate of contact with potentialy infectious sources®
Population effects incdlude a reduction in transmisson of disease and/or infection.
Haloran e & didinguish between indirect (the population-level effects of
vacaination in unvaccinated persons), tota (the populaion-levd effects of vaccination
in both vaccinated and unveccinated persons) and the overdl public hedth effects of
the vaccination program (the weighted average of the indirect effect on unvaccinated
persons and the totd effect on individuds recaving the vaccination). When designing
a dudy to etimate VE, it is important to cearly define the question of interes, in
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paticular whether individud and/or population effects ae of interest, as this
determines the agppropriate choice of unit of obsarvaion, compaison group,
parameter of effect, and level of information required.®

The quedtion of interest is dependent upon the objective of the control program. If the
objective of a control program is to reduce morbidity then high coverage with a
vaccine protecting only againgt disease, or even severe disease, may be satisfactory.®
In contragt, if herd immunity or eradication is the god, the vaccne must dealy
protect againsgt infection.®

Potential biases in all study types

Any factor which differentidly raises or lowers the apparent atack rate in e@ther the
vaccinated or unveccinged group will biss the VE edimate In obsarvationd VE
dudies there are many potentid biases that need to be minimised in ether the design
or andyss phase of a dudy. In addition, the results should be presented in a way that
endbles the reeder to judge the extent to which potentid biases have operated and to
estimate their impact on the estimation of VE.?

Case definition

Idedly, cese definitions should be sendtive and specific. Whils a high senstivity
gves a more precise edimae of VE, the point esimate is not unduly affected by a
low sendtivity as long as the case definition has equd senstivity in the vaccinated
and unveccinated groups’ This is a problem with pertusss, as vaccinated persons
often experience a milder form of the disease which is less likely to fit a dinica case
definition. In these gtuations, it is the effectiveness of the vaccine agangt more
serious disease, rather than againgt dl disease or infection, thet is being estimated.

For VE edimation the specificity of a case definition is generdly more crucid than its
sengtivity, as the misclassfication of other illness as cases would equdise the atack

rates in the two groups resulting in a fasdy low VE edimae’ The rarer the disease,
and the grester the incidence of misclassfied illness, the greeter the bias toward low

V E 2 Thishiasis even greater when the case definition has low senditivity.?
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Point estimates of pertussis VE increase with increesng specificity of clinical case
definiions or when based on dinicdly severe or bacteriologicaly postive cases®
The same phenomenon has been observed in pertussis vaccine trids, where the greater
the dlinical severity of cases acoepted as pertussis, the higher the VE estimates®
However, dthough laboratory confirmation incresses specificity, it may lead to other

biases as aresult of problems with case ascertainment.?

Case ascertainment

In a predicensure trid, bias in case ascertanment is minimised by randomisation and
by Hinding the obsarver to vaccination daus, nether of which is generdly possble
in an obsarvdiond dSudy. In obsarvaiond dudies, veccinated and unvaccinaed
persons ae sdf-sdected groups who may not have equa access to hedth care

sarvices, henceequal case detection cannot be assured.?

Sudies usng passvdy notified cases ae paticulaly prone to bias in case
ascartanment, as individuds with dissese may not dl have an equa probability of
being natified. If notifications corrdlate with good public hedth practice and essy
access to medica sarvices, and hence are associaed with high vaccine upteke, then
vaccinaed individuds may be preferentidly notified, resulting in an underesimate of
VE? Or if, as is the case with pertussis® the vaccine gives grester protection againgt
more severe dissese and there is a corrdation between dinica severity and the
probability of a phydcian recognisng and then notifying a case VE will be
overesimated.” A more serious problem occurs if, independently of disease severity,
unveccingted cases ae more (or less) likdy to be recognised and/or notified then
vaccinaed cases. For example, a physcian's knowledge that a child is fully
vaccinated againg pertussis could reduce the index of suspicion tha an illness is in
fact pertussis, resulting in an overestimate of VE? The extent of this bias is difficult to
estimate.

A pertusss outbresk invedtigation in the United Kingdom in 1987 found that only 31
of 90 children with bouts of coughing laging for two or more weeks followed by
whooping, vomiting or choking/turning blue (probeble casss) were notified.® Using
notified cases only the VE estimate was 88%. This fel to 75% when probable cases
were included and 68% when the case definition included dl children with bouts of
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coughing lagting a least two weeks® The author found that notified children were
younger and less likdy to be vaccinated, suggesting that children were less likdy to
be diagnosed and notified as pertussisif they were known to have been vaccinated.

Ascertainment of vaccination status

Classfication errors in vaccingtion satus reduce VE edimates unless there is a bias
towards misrepresenting vaeccinated cases as  unvaccinated” Sudies rdying on
paentd recdl of a childs vaccndion daus tend to overesimate vaccingion
coverage, whereas dudies which require verification with written records may

underestimate vaccination coverage.’

VE edimation for diseases agangt which more than one dose of vaccine is necessary
for ful protection require informeation on the number of doses of veccine given. If
patid vaccination affords some protection againg dissese, then the way patidly
vaccinated cases are handled in the andyss can dffect the VE edimate. If partidly
vaccinaied cases are cdlassfied as unvaccinated but ill receive some protection, the
atack rate in the unvaccinated is lowered, wheress classfying partialy vaccinated
caes as fully vaccinated will rase the atack rate in the veccinated. If the
effectiveness of the full course of vaccination is being meesured, then cases who are
partialy vaccinated should be exduded from the analysis wherever possible.”

Comparability of vaccinated and unvaccinated groups — potential
confounding

In randomised controlled trials potentidly confounding vaiables ae randomly
digributed among the experimenta and control groups In obsarvaiond dudies the
groups may differ in many ways only some of which may be recognised by the
investigator? Unrecognised or unmessurable  differences between the experimenta
and control groups, such as increesed  susoeptibility due to poor nutrition in
unvaccinated margindised groups, may pose sious thregts to vdidity. However, the
mos important potentid confounder in VE dudies is exposure to disease. VE
cdculations gengdly assume egua exposure to infection in  vaccinaed and
unveccinated individuds or groups. Exposure to infection may in turn be associaed
with variables such as age and place of resdence.
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For a vaiadle to be conddered as a confounder it must be independently related to
both the risk of dissese and veccination status Not dl variables which differ in
frequency between vaccinaed and unvaccinated groups fulfil  this  requirement.
Orengein et a® give the example of a case-control study whereby cases, by definition,
will have been more exposed to dissase than controls but this difference in exposure
does not bias the VE esimate unless the probability of exposure is dso rdaed to the
probability of being vaccinated. If groups who have a greater risk of exposure (eg,
children who atend day care) are more likdy to be veccinaed, then VE will be
underestimated.

The indirect effects of vaccination can dfect the probability of exposure in both
vaccinged and unvaccinated groups, but not necessarily to an equd extent. If VE is
edimated & a populdion levd, where the study group comprises exposed and
unexposed individuds, then whether or not the vaccine has been adminisered
randomly will have a sgnificant effect on the estimate™ If groups with high vaccine
coverage ae a low risk of exposure to infection, for example because of herd
immunity, and VE is viewed as the degree of protection afforded to an individud who
has been exposed to the diseese, then dudering of vaccine daus in the populaion
may produce fadsdy high VE edimaes™ Smilaly, groups with low vaccine
coverage may have grester exposure to infection resulting in fasdy low VE
estimates” However, if the overal effectiveness of the vacdnation program is being
dudied, then it is gppropriate to include the indirect protection of vaccination in the
caculation.

Age

Age may be associaed with both the probebility of vaccingion and the probability of
having had prior exposure to the dissasse Where immunity from disease and/or
vaccindion is acquired a a young age and diminishes with time, age may be a proxy
measure for time since vaccination. Data should be andysed separately for narrow age
groups or otherwise standardised for age.”

Prior disease
If prior disease is not associated with vaccingtion datus then VE edtimates will be

unbiased.” However, vaccinated and unvaccinated groups may differ with respect to
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prior dissase, in which case ignoring previous hisories may biss the VE edimate.
However, the effect of this bias must be weighed againg the problem of obtaining
vaid higtories, which for some diseases may hot be feasble.

Observational study types

A vaiety of obsarvationd methods may be used to estimae VE including the wel
edablished cohort and case-control design. In addition, household contact dudies, the
screening method, case cohort studies and coverage surveys are commonly used. Each
methodology has its advantages and disadvantages and methodological problems have
been identified for dl study types. In order to identify observetiond dudies evauating
VE in Augrdia and New Zedand, the Medline database from May 1987 to May 2000
was searched for the textwords ‘vaccine efficacy’ or ‘vaccine effectiveness and
‘Audtrdia or ‘New Zedand' . Only ten studieswere identified (Table 5.1).
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Table 5.1. Observational studies evaluating VE in Australia and New Zealand

Authors Sudy type Disease Setting
Herceg A.* Cohort Pertussis ACT school
- . Rurd
Gidding HF, Hills S, Sdlvey L,
Roberts LA, Johnston S, 2 Conort Measles Queendiand
own
Jeremijenko AM, Kdly H, Col Western
Patel M. Measles Audraiantown
14 Centrd

Patel MS, Lush D. Cohort Meades Ausraia
Cheah D, Lane M,

e Cohort Meades Canberra
Passaris, |

‘McDomndl LF, JomL,  wmached . .
Peted MS.® caecontrol | Meesles Western Sydney
‘Bower C, CondonR, PayneJ,  Case Haemophilus ~ Westem
Burton P, Watson C, Wild B.Y”  control influenzaetypeb  Audrdia
18 Haemophilus ,
Herceg A. Screening influenzaetypeb Australia
Blakdy T, Mansoor O, ,
" Screening Pertussis New Zealand

Baker M
Harrison GP, Durham, GA. ” Screening® Meades New Zedand

*Described by the authors as ‘outbresk investigation using attack rates but the methodology
most closely resembles the screening method.

Cohort studies

A oohort design is most agppropriste when a discrete population a risk can be
defined.* Mogt cohort studies of VE have been retrospective and have generdly been
underteken as pat of an outbresk invedtigation. The cohort, often basad in a schodl,
childcare centre or geographicdly defined areq, is defined and the vaccindion datus
of dl membes of the cohort is ascertaned. The rdative risk of disease in the
vaccinated compared with the unvaccinated group is then caculaed thus engbling the
caculation of VE. Examples of dissase outbresks in Audrdia where VE has been
measured usng a cohort sudy desgn indude a pertusss outbresk in an Audrdian
Capitd Territory school™ and mesdes outbresks in Bunbury, Western Austrdia®
Canberra®® Centrd Audtrdia™ and rurd Queendand.”?
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Orengein et d' lig five criteria which minimise bias in cohort studies which are part
of an outbresk invegtigation:

1) absence of subgtantia prior disease activity in the Sudied age graup

2 both vaccnated and unvaccinated individuds ae induded in the sudy
population
adequate numbersin the population in the age group to be studied
high overd| atack rate and
5 good vaccination records available.

> W

Retrogpective cohort studies have aso been used to edimate pertusss VE in non-
outbresk gtuations An example is in child-care centres and schools in Quebec,
Canada.”

The classficaion of study types is not dways as smple as it may fird gopear. One
dudy in the literature identified vaccinated and unvaccinated cases by an enhanced
notification sysem and used the results of a previous coverage survey to condruct a
theoretical cohort of vaccinated and unvaccinated children of a specific age group.”
Although the authors caled this a retrospective cohort study, the design did not fulfil
the criteria for a cohort study, in that subjects were not sdected on the bads of
exposure (vaccination) but on the outcome of interes (being notified as having
pertusss). Cases were then compared with population controls. The theoretica cohort
of unveccinaed children was not followed up to ascertan whether the children
devdoped petusss More gppropricte study designs would have been dther the
screening method or the casecohort method. However, the cohort and screening
methodologies yield very smilar VE esimates 76% using the cohort method® and
74% using the screening method. This is not surprising, as the screening method VE
eqution is derived from the cohort method. A New Zedand study of meedes
natifications used dmilar methodology, referring to the dudy desgn as ‘outbresk
investigations using atack rates.”

Household contact studies
Household contact studies are used to measure the secondary attack rate of disease in

household contacts of index cases. VE is cdculated by combining the total population
of the households under dudy, exduding the primary and co-primary cases, to form
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vaccinated and unvaccinated oohorts® The methodology corrects for  potentia
differences in exposure between vaccinees and non-vaccinees, thus reducing the bias
that may result from differentid exposure’ Orenstein et a' comment that next to
outbresk investigations, this technique has been evduaied most and is an acceptable
dternative to outbresk investigations. However, Fine and Clarksor? point out thet the
rdaive smplicity of the household secondary atack method should not be teken as
license for its uncriticad application and interpretation. No Audrdian or New Zedand
household contact gudieswereidentified in the literature.

Pertusss VE edimates derived from household secondary atteck rates are generaly
lower than those obtained by other methods, regardiess of diagnodtic criteria used for
case ascertainment? One possble bias in these study types, which relates to pertussis
vaccines and level of exposure, is the assumption that these vaccines are less effective
under conditions of heavy exposure such as those within households® The study of
family contacts of ascertaned cases, which ae highly sdected populaions, may
introduce bias. If vaccine upteke is nonrandom, then most or dl of the vaccinaed
individuds in the sudy will be induded because of a prior vacdne falure in the
household (ie, the index case). Possble risk fctors for vaccine failure are likely to be
shared by members of the household, thus introducing a bias againg the vaccine.

Agan assuming nonrandom vaccine upteke and the likdihood that household
contects share the same vaccinaion dtatus of the primary case, dudies of Stuations in
which pertusss is introduced to a household by a vaccinated case may be biased in
favour of the vaccine® This arises from the reduced severity of disease in vaccinated
persons which may result in cdose contacts being exposed to fewer bacilli than the
contects of unvaccinated individuds, thus reducing the risk of infection preferentialy
among vaccinated contacts and raising VE estimates.

Households with larger rather than smdler numbers of cases are more likey to be
identified and induded in a study’ This ascertainment bias is likdy to lower vaccine
effectiveness as households in which the vaccine is working best would be sdectively
exduded from the study.®
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Secondary attack rates in clusters

This is a modified fam of household contact sudies that has been used in urban and
semi-urban settings’ This method is less rigorous then household contact studies due
to the more questionable comparability of exposure of vaccinees and non-vacciness,
but is logisicaly esser to cary out than a housshold contact sudy." Orenstein et af'
suggest that further evauation of this method is needed.

Case-control studies

In a case-control sudy, cases are sdected on the bads of having the diseese of
interest, and controls on the bads of being comparable to cases but without having the
dissese, 0 that the odds ratio of vaccingtion can be cdculated. The traditiond VE
equation cannot be used in case-control dudies' as cases represant one sampling
fraction of dl cases and the controls represent a different sampling fraction of the
populaion thet is nat ill.* As the sampling fraction is unknown, the tota populations
of vaccinated and unveccinated people cannot be cdculated and therefore neither can
attack rates.” However, for rare diseases, the odds ratio gpproximates reative risk and
0 can be used to edimate VE. Although the VE edimate will be erroneoudy high
when the attack rate in vaccinated persons is greater than 10%; this is usudly not the
case and therefore the error will not be of an important magnitude.* In Austraia case-
control studies have been used to esimate VE for mesdes in Western Sydney® and
for Haemophilus influenzae type b infection in Aborigind children in Weden
Augrdia’

Screening method

Usng the screening method, VE is edimated by comparing the proportion of cases
who ae vaccinaed (PCV) with the proportion of a compardble group in the
population who are vaccinated (PPV). The screening method equation is

. & PCV sa@- PPV
VE=1- & 08 %
&1- PCV g & PPV g

Figure 5.1 shows the curves generated from this equetion. As can be seen from
Figure 5.1, an overestimate in PPV will result in an overestimate of VE. The error is

particularly marked when vaccine coverage is greater than 80%."
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Figure 5.1. Relationship between the proportion of cases vaccinated (PCV) and the
proportion of population vaccinated (PPV) for eight values of vaccine effectiveness
(VE)

1.00

PPV - (PPV * VE)
1- (PPV * VE)

0.90 T PCV =

PCV

0.00 0.10 0.20 030 0.40 0.50 0.60 0.70 080 0.90 1.00
PPV

Source: Orengtein et d.*

The screening method is a reaively rapid way of esimating VE which has been used
to estimate pertusss VE in the Netherlands?” the United States” Nova Scotia® the
United Kingdom® and New Zedand.® In Augrdia it has been used to etimae the
VE of Haemophilus influenzae type b® but hes not previoudy been used to estimate
the VE of pertusss. The screening method is paticulaly useful for routine
monitoring of VE or in circumdances where data on the vaccination datus of cases
only are avalable. Provided that any biases reman reasonably condant, the screening
method may be used for monitoring changes in VE over time. It should not be reied
upon for precise VE estimates." An overestimate in PPV will result in an overestimate
of VE and this eror is paticulaly noticesble when vaccine coverage is greater than
80%."

Care must be taken to dratify the data by possble confounding variables such as age

and location. If different population groups have different coverage figures then the
groups should be andysed individudly. Faringtor?® illustrates the effect of pooling
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population coverage figures in an example of two cohorts, A and B, of equd sze In
cohort A there are 100 cases, 50 of whom are vaccinated and the PPV is 0.9. In cohort
B there are 10 cases, one of whom is vaccinated and PPV is 0.5. The screening
method VE edimate is 8%% in each cohort. However, if the cohorts are combined,
then there are 110 cases, 51 of whom ae vaccinated, while the combined vdue of
PPV is 0.7 which produces a VE estimate of only 63%.%°

Case-cohort
This dudy type is dso known as case-base and is Smilar to the screening method
exocept that vaccination datus is sampled in population controls rather than usng an

assumed true value of PPV %

Coverage surveys

Where dissese is common, a cross-sectiond survey may be undertaken in a
geographically defined area’ This approach is conceptudly sSmilar to an outbresk
investigation in which sudy subjects are categorised retrospectively according to ther
vaccindgtion datus. The rddive risk of disease in the unveccinated group compared
with the risk in the vaccinated group can be caculated (except that the risk period in a
coverage survey is generdly longer than in an outbresk investigation)” Study
paticipants must be old enough to have lived through a sufficient period of risk of
dissase and those who receive vacdndion dfter the period of observetion begins
should be excluded from the andyss leaving a cohort of vaccinated and unvaccinated
members’ Persons whose vaccination status or disease history is uncertain must aso
be exduded from the andysis* There has been only limited use of this approach and
modifications may be required as experience with the technique accumul ates”

Conclusion

There are a vaiety of observationd methods which can be used to estimate VE, none
of which is pefect. The screening method is the chegpest and most rapid means of
determining whether there is a mgor problem with the vaccine, as dl tha is required
is a reliable estimate of the proportion of cases who are vaccinated and an etimate of
the vaccine coverage in the population at risk.” The grest advantage of this method is
that it dlows for ongoing monitoring of VE where these daia are avalable If the

screening method results suggest that VE is lower than expected, this should be
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confirmed by more rigorous methods Of the more accurate observationd methods
avalable, oohort dudies undertaken during an  outbresk  invedtigation offer  the
smplex means of VE edimaion and ae the preferred study design where the
Stuation permits’ The most appropriacte study design will degend upon the specifics
of the paticular Stuation such as avalability of resources, access to records, the
number and digtribution of cases and the avallability of population coverage data

Whilgt results obtained usng observationd methods may be digorted due to
unavoidable bias it may dill be possble to cdculae a sufficently good edimete of
VE for operationd purposes® Potentid biases should be consdered in the design
phase of a VE study and steps taken to minimise them if possble. All reports of VE
dudies should include a discusson of the biases which may have been operating and
their possble effects on VE edimates Provided that these Seps ae taken,
obsarvationd methods provide vduable tools for the evduation of vaccinaion
progams. To date, few obsarvationd VE sudies have been undertaken in Audrdia

and New Zedand, suggesting the under-utilisation of these methods.
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Part A: Effectiveness of pertussis vaccination in NSW children,
1993 to 1998

Introduction

As demondraied in Chapters 2 and 3, notification data can provide much useful
information about the epidemiology of petusss. In addition to the andyss and
interpretaion of dissase survelllance and vaccingtion coverage daa, there is a need for a
sysem capable of detecting mgor shifts in the effectiveness of the pertusss vaccination
program. Further indications for monitoring pertusss vaccine effectiveness (VE) in
Augtrdia include evidence of a mgor change in VE dsawhere! a lack of effectiveness data
on the whole-cdl vaccine used in Audrdia and the recent introduction of acdlular
vaccines.

This chapter combines New South Waes (NSW) natification data (Chapter 3) with vaccine
coverage data from the ACIR (Chepter 4). It ams to esimate the effectiveness of the
primary course (doses 1-3 due a 2, 4 & 6 months of age) of the pertusss vaccindion
program in NSW children using the screening method. The screening method compares the
proportion of cases who are vaccinated (PCV) with the proportion of a comparable group
in the population who are veccinated (PPV). It is a rdativey inexpensve and rapid method
which has been used to estimate pertusss VE in Nova Scdia® the United Kingdom,? the
United States! New Zedand® and the Netherlands! In Audrdia it has been used to
estimate the VE of Haemophilus influenzae type b® but not pertussis vaccines. This study
dso ams to evduate the usefulness of applying the screening method to surveillance data,
usng coverage data from the Audrdian Childhood Immunisaion Regiger (ACIR), and to
condder the gpplication of this method for future VE estimations.

Methods

Study Subjects

All notified cases of pertusss aged eght months to 14 years with disease onset dates
between January 1993 and December 1998 were sdected from the Notifiable Diseases
Database (NDD) using the Hedth Outcomes and Information Statistica Toolkit (HOIST),
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NSW Department of Hedth. Cases aged less than eight months were excluded, to dlow
time for infants to complete the primary vaccination schedule for pertussis.

The NDD includes information on whether a case was vaccinaed
(yes/no/lunknowrn/missing) and how many doses of vaccine the case had received.
Vaccination status was caculated based on the number of doses of pertusss vaccine
recorded and the child's age. The NDD does not contain information on date of vaccinaion
nor on the type of vaccine adminigered (whole-cell or acdlular). Except where dated
otherwise, fully vaccinated means having recelved a least 3 doses of a pertusss-containing
vaccine. Incompletely vaccinated children were excluded from VE andyses, which were
comparisons of fully vaccinated with unvaccinated groups, the gpproach recommended by
Orengtein.’

NSW is divided into 17 area hedth services, eight of which are rurd Figure 6.1). Hedth
aress in which vaccination gtatus was unknown for more than 25% of cases were excluded.
Residents of New England Area Hedth Service were excluded due to smdl numbers. As
Southern Area Hedth Sarvice had very smdl numbers of cases and is geogrephicaly
adjacent to Greater Murray Area Hedth Service, these two areas were combined, as were
Centrd Sydney and South Eastern Sydney. The aress sudied include four metropolitan
aess (Central Sydney, South Eagtern Sydney, Western Sydney and Wentworth) and three
rurd areas (Southern, Grester Murray and Northern Rivers). These areas comprise 46% of
the NSW population.
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Figure 6.1. Health Areas of NSW
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Population estimates

Population coverage esimates were taken from the Audrdian Childhood Immunisation
Register (ACIR). The ACIR contains information on the vaccinaion satus of children born
snce 1 January 1996, who are ether regisered with Medicare or have had a vaccination
encounter reported to the ACIR. A 12-month oohort of 87564 children born between
01/04/97 and 31/03/98 was sdected from the ACIR. Vaccination satus a 12 months of
age, udng the thirddose assumption, was assessed as of 31/03/99. The third-dose
assumption cdlassfies a child as fully vaccinated as long as the third dose is recorded,
irrespective of recording of the previous two doses® Hedth area was determined by
posticode of resdence. Incompletely veccinated children were excluded and the proportion
of the population vaccinated (PPV) for each area was cdculaed by dividing the number of
children fully veccinaed by the sum of the number of children fully vaccinaed and
unvaccinated. It was assumed that PPV did not change over the study time period. The
effect of udng a pooled PPV vaue (ie, not dratified by hedth ared) was examined. In
addition, a sendtivity andyss was underteken where it was assumed that two thirds of
children recorded on the ACIR as having received one or two doses of vaccine had in fact
received three, and onethird of the children recorded as having received no doses of

vaccine had in fact received dl three doses.

VE estimation
VE was edimated by fitting a logigic regresson modd usng the method described by
Farington, whereby the number of vaccinated cases is regarded as from a binomid
digribution with PCV as the parameter and number of cases (N) as the index.” Proc
Genmod in the software package SAS® was used for modeling. Logit PPV was specified
as an offsat in the modd, and the variables age group, hedth area of resdence and year of
disease onsat were included as potentid confounders, giving the equation:

logit (PCV) = logit (PPV)+ at+ bix;+ byXo+ bsxs
where PCV = the proportion of cases vaccinated, X3 ae the potentidly confounding
variables and by.; are the parameter estimates of those variables.

The base modd containing the three potentidly confounding variables was fitted and the
ggnificance of each one was tested (usng the type3 option in SAS). The effects of dl 2-
way interactions were tested for datisticd dgnificance (p<0.05) by adding them in turn to
the base modd. VE was caculated for each combinaion of age group, area and year by
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subtracting the exponentiation of the estimated linear predictor (XBETA in SAS) from one.
Confidence intervas were cdculated in a Ssmilar way using the standard error of the linear
predictor (STD in SAS).

The effect of incuding year of age as an explanatory variable was examined and the
decison to indude four age groups (8-23 months 2-4 years, 5-8 years and 9-13 years) was
based on these results The fird three age groups correspond with digibility to receive
three, four and five doses of a pertussis-containing vaccine respectively.

In order to obtain overdl edimates by area and age group, the average of the rdevant
parameter estimates for year, including the interaction terms, was caculated. To obtain
ovedl edimaes by year and age group, the parameter estimates for ares, including the
interaction terms, were weighted by population. The adjusted esimaies of year and area
were used to cdculate VE for each age group, adjusted for year and area. The variances of
these adjusted parameter edtimates were caculated from the covariance matrix using

Excedl." Confidence intervals were calculated using these estimates.

Variations on the model
The effects of the following were examined:
Grouping years with a high number of notifications (the ‘epidemic years 1993 and
1997) and years with alower number of natifications (* non-epidemic years)
Grouping metropolitan health areas together and rural hedlth areas together
Using only one vaue for PPV (ie, not one for each hedth ares)

Increasing PPV — assuming that twothirds of children recorded as having received
one or two doses of vaccine had in fact received three, and one-third of the children
recorded as having received no doses had received dl three doses

Requiring cases aged over 18 months to have recelved four doses of a pertusss
containing vaccine in order to be dassfied as fully vaccinated (ie, dassfying cases
aged over 18 months who had only recelved three doses as partidly vaccinated and
excluding them from analyses)

Classfying partidly vaccinated children as unvaccinated

Including only cases who were laboratory confirmed (by culture or serology).
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Results

Pertussis cases

In NSW from 1993 to 1998, 5447 cases of pertusss in children aged 8 months to 13 years
from a known hedth area were notified. Of these, 2795 cases (51%) were resdent in areas
digible for incduson in VE andyses. There was condderable variaion among hedth aress,
in both notification rate and the vaccination satus of cases (Table 6.1). After excluding the
348 cases whose veccindion datus was unknown and the 121 cases who had received only

one or two doses of the vaccine, there were 2326 cases digible for the VE anadyses.

Vaccination status of notified cases

Of the 2326 cases digible for incluson in the study, 1227 (53%) had received a least three
doses of a pertussis-containing vaccine. Most (90%) of the vaccinated cases aged two years
or older had received a fourth dose, while 29% of vaccinaed 5-8 year dlds and 15% of
vaccinated 9-13 year olds had d 0 received afifth dose of vaccine.

Table 6.1. Number of notifications and average annual notification rates by health area

and vaccination statusin children aged 8 monthsto 13 years, NSW, 1993-1998

Area ful % patid % noe % uk* % Totad Rae'
Centrd Sydney 63 28 5 2 109 49 45 20 2 !
Western Sydney 7 4 2 4 18 % A 16 571 4
Wentworth 2 64 19 4 106 B 3B 8 454 11
Sth Eastern Sydney 244 47 23 4 158 31 93 18 518 &0
Northern Rivers 124 19 24 4 407 47 7 645 218
Greater Murray 166 60 22 8 70 26 16 6 273 A
Southern B 6 5 58 R 15 13 112 52
Totd 1227 4 121 4 109 9 38 12 2715 a

*unk=unknown
TAverage annua notification rate per 100 000 population aged 8 months to 13 years.

Vaccination status variations

The oldest age group had the highest proportion of both vaccinated cases and cases whose

vaccination status was unknown (Table 6.2).
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Table6.2. Vaccination status of notified casesand average annual notificationratesby age
group, NSW, 1993-1998

Age Fully Patidly Un Unknown Tota PCV Rate'
group  veccinated®  vaccinated  vaccinated  p (9%) n (%)
n (%) n (%) n (%)

823mth 62 (31) 16(8) 108 (51) 20 (100 201 376 64
2-4yrs 191 (45) 16 (4) 179 (4 B9 024 516 60
5-8yrs 408 (41) 51(5) 441 (44 105 (10 1005 481 109
913yrs 566 (49) 38(3) 376 () 185(16 1165 601 102
Total 1207 (44) 121 (4) 109(39) 348(12) 27% 528 91
"3 dosss
"-2 doses

*Average annuad noatification rate per 100 000 population.

The vaccination status of children in areas where a least 75% of natifications had a known
vaccination status was compared with that in the other areas. In hedlth areas where a least
75% of natifications had a known vaccination satus, PCV was 0.583 campared with only
0.280 in aeas where less than 75% of natifications had a known vaccination datus. This
difference was datidticaly sgnificant (c Z =152, p<0.001).

Population estimates

Northern Rivers had the lowest proportion of fully vaccinated children and
Southern/Grester Murray hed the highest (Table 6.3). The populaion vaues used in the

sengtivity andyssareshownin Table 6.4.
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Table 6.3. Vaccination coverage by health area for children aged 12 months,
NSW, 1993-1998

Heclth area. % fully % patidly % PPV
vaccinated®  vaccinated” unvaccinated  (full/full+none)

Centrad & 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
Southern & Greater Murray 83 8 4 0.957
Totd 85 8 6 0.930

"3 doses, "1-2 doses, "0 doses.

Table 6.4. Increased vaccination coverage used in sensitivity analysis by health area for
children aged 12 months, NSW, 1993-1998

Heelth area. % fully % partidly % PPV
vaccinated  vaccinated  unvaccinated  (full/full+none)
Central & SE Sydney o1 3 7 0.933
Western Sydney 92 3 5 0.950
Wentworth A 2 4 0.961
Northern Rivers 0 3 6 0.933
Southern & Greater Murray 95 3 3 0.973
Totd 92 3 5 0.950

*3 doses, "1-2 doses, *0 doses.

Year of age

In order to determine the effect of age on VE, a modd was fitted using year of age as the
only explanatory variable. This modd had a poor fit (deviance = 814 with 372 degrees of
freedom). The parameter edtimates for 24 and 6-12 year old children were not
sonificantly different from 13 year olds (the reference group). VE was highest in infants
aged less than 12 months and lowest in 9 year olds (Figure 6.2). The decrease in VE with
increesing age was not linear, hence incuding age as a continuous vaiadle in the modd
would have been inappropriate, and in further analyses four age groups were used.
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Figure6.2. Estimated VE for each year of age, with age as the only explanatory variable,

1993-1998
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Fitting the model

The modd with no explanaiory variables was a poor fit (deviance=538 with 119 df). VE,
caculated from this base modd, was 90.1% (95% Cl 88.2 to 91.7%). The addition of each
explanatory vaidble by itsdf dgnificantly improved the fit of the modd (Table 6.5).
Hedth aea was the mogt dgnificant explanatory variable. All vaiadles remaned
sgnificant in the modd in which dl three were induded (p<0.0001). Exduding cases
which were not laboratory confirmed improved the fit of the mode even further.
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Table 6.5. Summary of models, 1993-1998

Explanatory variable(s) Dev*/dff 2 p-vdue
None 452
Age 4.30 20 <0.0001
Year 3.88 % <0.0001
Area 267 232 <0.0001
Age+ year + area 198
Age+ year + area+ year*area 132
Age+ year + area+ year*area 119

(for Iab confirmed cases only)

*Dev=deviance
"df=degrees of freedom.

The find modd incduded age group, year of onset and area (the base modd), plus the
interaction between area and year. This modd had a deviance of 114 on 87 degrees of
freedom, suggedting that the modd was dightly over-dispersed (p=0.03). When the modd
was rescded by dividing the deviance by the degrees of freedom to incorporate the extra
variability, as recommended by Farington” the width of the 95% confidence intervals of
the VE estimatesincreased. In the find modd al varigbles were significant (p<0.001).

VE Estimates

VE edimates from the find modd for each of the four age groups, dratified by hedth area

and year, were calculated (Tables 6.6 t0 6.9).
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Table 6.6. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates for children aged 8-23 months by NSW health area, 1993-1998

Hedtharea year CV n VE(%) 95%Cl (%)
Centrd & SE Sydney 1993 1 3 83.6 79410 93.7
19 6 6 85.8 71210930
1995 2 3 89.9 73010962
1996 1 4 938 86410972
1997 4 13 A9 91.7 t0 9%6.8
1998 0 3 933 839t097.2
e . e Lo T
19 3 16 985 97410992
1995 1 10 98.2 96.7 10 99.0
199% 1 2 97.7 930t099.3
1997 3 11 98.3 9%6.8t0 9.1
1998 2 2 922 70910979
Western Sydney 1993 2 3 A9 89210 97.6
194 4 8 %04 80.7t0 952
1995 1 2 83.0 60.8 t0 92.6
1996 1 6 929 85510965
1997 8 12 89.6 82310938
1998 4 6 834 58310934
e o A R VT
19 0 1 9.9 92910986
1995 1 4 9.9 80610957
199 2 4 84.8 50610953
1997 7 10 87.0 76410928
1998 0 1 76.1 41410903
Southern&GreaerMurray ......... e T e Vi e
194 1 2 9.2 975t099.7
1995 0 6 974 951t0987
199 0 3 0.1 97.7 10 99.6
1997 4 8 9.8 93810984
1998 2 3 80.1 55910910
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Table 6.7. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates for children aged 2—4 years by NSW health area, 1993-1998

Hedth area year CV N VE (%) 9% Cl (%)

Centrd & SE Sydney 1993 10 19 778 63.610 864
194 9 14 724 47310855
1956 4 5 803 49410924
1996 1 2 879 74610 HA.3
1997 21 47 900 85610930

198 2 4 870 70110943

o e
99 12 3 971 95410982
19 7 26 964 9110978
19 3 9 956 87110985
197 5 19 968 94310982
198 2 847 45110958

Westen Sydney 196 3 9 901 80410950
194 5 813 64210902
9% 8 668 27910847
196 8 14 861 73410928

197 20 32 796  6871086.7
1998 5 6 677 207t0868
Wentworth .......................................................... 1993 ............. 4 .................. 8942 ............. 879t0972 ........
194 5 11 939 871t0971
195 11 15 822 64810910

199%6 1 2 702 501t090.7

1997 10 15 745 570t0849
198 12 13 534 -73t0798
Southern & Greater Murray 1993 0O 988 85410999
99 1 984  953t0995
19%5 4 95.0 910to97.2
9% 1 982 9H7t0992
1997 7 11 938 8351097
198 8 9 612 189t0814
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Table 6.8. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates for children aged 5-8 years by NSW health area, 1993-1998

Hedtharea yer CV n VE (%) 95%Cl (%)
Centrd & SE Sydney 193 # 47 814  708t0831
1999 20 31 768 572t0875
19%5 4 5 835 581t09.5
19% 8 18 899  796t0950
1997 37 86 916 835t0938
198 6 10 891 7561091
e e o
1999 15 0 976 963t0B4
1996 11 67 970 953t09WB1
199% 2 10 963 892t0987
1997 7 56 973 9%4t0984
1998 1 3 872 210964
Western Sydney 193 11 21 917 840t09%5.7
199 22 32 843 71210915
19%5 20 24 722 41510868
199% 11 19 884 78210938
197 45 63 829 749t0834
12 729 349t0837
T TR R R rre
1999 5 17 949 894t0975
1995 16 22 851 71110923
19% 6 7 751 220t0920
1997 37 47 787 65510868
198 8 14 609 115t0828
Southern&GreaerMurray ............. T
1 10 987 96210996
14 29 958 928t0975
9% 3 16 985 965t099.3
9
A

19 948 90710971
41 675 3451t0838
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Table 6.9. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates for children aged 913 years by NSW health area, 1993-1998

Hedtharea year CV n VE (%) 95% Cl (%)
Centrad & SE Sydney 1993 34 53 733 58210829
194 8 13 66.8 37810823
1995 6 13 764 40510 90.6
1996 11 19 855 70.7t092.8
1997 69 140 879 83910910
1998 9 16 843 65210929
e o TRy VYT
1994 10 69 965 NU.7t097.7
1995 16 54 957 93210973
1996 0 3 947 84.410 98.2
1997 9 #A 9%1 9341t097.7
1998 2 4 81.7 34510949
Western Sydney 1993 10 17 881 77010938
19949 10 14 776 58110880
1995 15 22 602 15.7t0 81.2
1996 14 18 833 68.7t091.1
1997 59 83 755 64.2t0 83.2
1998 12 15 612 6.8t0 838
e o P Ry p— T
19 9 11 927 84.71096.5
1995 16 20 786 58410890
19% 12 13 64.3 -114t0 885
1997 65 78 694 51.0t0 809
1998 49 50 440 -250t0 74.9
Southern&GreaerMurray ......... T P T T T T
19 3 9 981 U510 994
1995 22 38 940 89.810 96.5
1996 7 15 978 95.0t0 9.0
1997 16 26 926 86.71095.9
198 60 63 534 6.41t0 76.8
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Age group
Age group was highly significant in the base modd (c3=12.7, p=0.005). The 823 month
age group had the lowest parameter estimate (corresponding to the highest VE edimate).

The VE edimate, after adjustment for area and year, was highest in the 8-23 month age
group and lowest in the 9-13 year group (Table 6.10).

Table 6.10. VE estimates by age group, adjusted for year and NSW health area,
1993-1998

Age group Vaccinated cases Totd cases  VE (%) 95% CI (%)
n (PCV %) 0
8-23 months 191 (34) 370 96.3 94.2t097.5
24 years 408 (32) 849 92.7 90.3t094.5
5-8years 62 (27) 165 939 925t095.1
9-13 years 566 (38) M2 913 89.2t092.9

Health area and year of onset

Hedth area was the most significant term in the base nodel € 2 =101, p<0.0001), followed
by year of onset (c 2=32, p<0.0001). The interaction between year and area was aso highly

sgnificant (c 5,=74, p<0.0001). In the base mode, the parameter esimates for dl the

metropolitan areas (Centrd & South Eastern Sydney, Western Sydney and Wentworth)
were not dgnificantly different from one another. Similarly, the edimates for the rurd
hedth aeas (Northen Rivers, Greater Murray and Southern) were not sgnificantly
different from one another but the rura estimates were sgnificantly lower (ie, higher VE)
than the metropalitan areas (p<0.0001). The VE edimates, adjusted for year, were higher in

rural areas and lower in metropolitan aress (Table 6.11).
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Table 6.11. Number of vaccinated cases (CV), total number of cases (n) and
VE estimates by age and NSW health area, adjusted for year, 1993-1998

Age group and area cv n VE (%) 95% Cl (%)
8-23 months

Centrd & SE Sydney 14 K2 91.6 86.6 10 94.8
Western Sydney 10 47 90.0 84110937
Wentworth 20 37 914 8.91094.8
Northern Rivers 10 24 97.6 95.5t098.7
Southern & Greater Murray 8 o) 97.9 96.7 10 98.7
B —

Centra & SE Sydney 47 a 83.7 76510 886
Western Sydney 31 14 80.4 72010 86.3
Wentworth 49 78 83.2 75210 88.7
Northern Rivers 43 64 95.4 91910973
Southern & Greater Murray 21 3 96.0 930t097.7
5-8 years

Centrd & SE Sydney 109 197 86.3 81510899
Western Sydney 41 241 83.6 77910878
Wentworth 118 171 85.9 80.1t0 90.0
Northern Rivers 79 124 9.1 93.3t097.7
Southern & Greater Murray 61 116 96.6 94310980
B —

Centra & SE Sydney 137 A 80.4 73610854
Western Sydney 42 12 76.5 68.1t0 827
Wentworth 120 169 79.9 71710857
Northern Rivers 159 185 94.4 90410 96.7
Southern & Greater Murray 108 152 95.2 919t097.1

In the base modd, the parameter edimates for the years 1993-1997 were not Sgnificantly
different from one another but were sgnificantly lower (ie, higher VE) than the 1998
edimate (p<0.0001). Within each age group, the differences in VE edimates between
hedth areas were greater in 1998 than in any other year Tables 6.5—6.8). The 1998 VE
estimates were consderably lower than the 1996 and 1997 edtimates [Table 6.4). However,



Chapter 6. Pertussis VE in NSW children using the screening method. Part A: 1993-1998

the 95% confidence intervas of the unadusted VE edimates for the years 1997 and 1998
overlgpped in dl aress except Southern/Greater Murray, for dl age groups (Tables 6.6—
6.9). The VE edimates in 1998 in the Greater Murray/Southern area were sgnificantly
lower than the 1997 estimates, for dl age groups. VE edimates by year, adjusted for areq,
were aso caculated (Table 6.12).
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Table 6.12. Number of vaccinated cases (CV), total number of cases (n) and
VE estimates by age and year, adjusted for NSW health area, 1993-1998

Age group and year cVv n VE (%) 95% ClI (%)
8-23 months

1993 4 19 99.1 98.7t0 994
194 14 33 98.9 98410993
1995 5 25 97.0 95.6t098.0
1996 5 19 98.8 97.81t099.3
1997 26 A 96.7 94710979
1998 8 15 824 69510899
T
1993 19 44 98.3 9781098.7
194 R 76 97.8 97.2t098.3
1995 K7 58 94.2 92410955
1996 14 32 97.6 96.1t0 985
1997 63 124 935 90.7t0 954
1998 29 3 65.7 45210786
By
1993 57 101 98.6 98.3t0 988
194 63 180 98.2 97.8t0985
1995 65 147 95.1 A.1t0959
1996 0 70 98.0 96.8t0 98.7
1997 135 271 94.5 92610959
1998 58 80 713 55.7t0 814
o
1993 57 102 97.9 97.5t098.3

194 40 116 974 9691097.8
1995 7 147 93.0 91.7t094.1
1996 44 68 97.1 9550981
1997 218 361 921 895t094.1
1998 132 148 58.8 372t0730
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Alternative models

Epidemic versus non-epidemic years

The model where the varigble year was subgtituted with the variable period, which grouped
1993 and 1997 together (the ‘epidemic years) and 1994, 1995, 1996 and 1998 together
(the non-epidemic years'), was a poorer fit. Period was not significant (¢ 7 =1.89, p=0.17).

Metropolitan versus rural areas

In view of the finding thet both the rurd aess and the metropolitan aress had smilar
parameter estimates which were different from each other, a smplified modd was run in
which area had only two categories — metropolitan or rurd. This modd, which included
the four age groups, year of disease onst, the two areas and the interaction between area
and year, had a deviance of 191 with 105 df (deviance/df = 1.82). It was re-scded in the
same way as the earlier modd and dl the terms had p-vaues <0.01. In al age groups for
the years 1993 to 1997, VE edimates were higher in the rurd area than in the metropalitan
area but in 1998 the Stuation was reversed, with the rurd area having lower VE estimates
than the metropolitan areas (Tables 6.13 to 6.16). After adjusting for year, the rurd area
had higher VE egtimates than the metropolitan area (Table 6.17).
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Table 6.13. Number of vaccinated cases (CV), total number of cases (n) and VE estimates

for children aged 8—23 monthsin NSW metropolitan and rural areasby year, 1993-1998

Area year Ccv n VE (%) 95% CI (%)

Metropolitan 1993 17 36 92.6 86.81095.9
194 19 A 913 84110953
19%5 23 28 88.0 76.7t0 939
1996 10 18 92.2 85210959
1997 51 A 92.2 87210953
1998 19 23 85.4 71210926

B g e S
194 13 42 98.6 97410 99.3
19%5 n 30 97.9 96.21098.8
1996 4 14 98.7 96.91t0 995
1997 12 30 97.8 95910988
1998 10 13 833 62310926

Table 6.14. Number of vaccinated cases (CV), total number of cases (n) and VE estimates

for children aged 2—4 years in NSW metropolitan and rural areas by year, 1993—-1998

Area year CcVv n VE (%) 95% ClI (%)

Metropolitan 1993 2 85 86.3 78310914
194 47 80 839 73410903
19%5 40 51 7.7 60.8t0 874
1996 5 44 85.5 74610918
1997 119 196 85.5 79.41089.9
1998 23 36 72.8 50910 85.0

T T S eRE
194 16 100 974 95.7t0 985
19% 5 9% 96.0 93610975
1996 5 26 97.7 9A.710 9.0
1997 16 75 95.9 93110975
1998 K3 44 68.9 34910852
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Table 6.15. Number of vaccinated cases (CV), total number of cases (n) and VE estimates

for children aged 5—8 years in NSW metropolitan and rural areas by year, 1993—-1998

Area year Ccv n VE (%) 95% CI (%)

Metropolitan 1993 3 10 88.1 82.310920
1994 10 15 86.0 78210911
1995 4 9 80.7 67.3t0 83.6
1996 4 14 874 79.0t0 925
1997 19 K3 874 83410905
1998 4 10 76.4 59.0to0 86.4

B {66 T T T B A R
1994 4 18 97.8 96.4 t0 98.6
1995 1 16 96.6 HA.8t097.7
1996 1 5 98.0 95510 9.1
1997 7 19 96.4 9M.3t097.7
1998 4 5 730 45.7 t0 86.6

Table 6.16. Number of vaccinated cases (CV), total number of cases (n) and VE estimates

for children aged 9-13 yearsin NSW metropolitan and rural areas by year, 1993-1998

Area year Ccv n VE (%) 95% CI (%)

Metropolitan 1993 2 tS¢] 83.0 74510 88.6
194 27 3 80.0 67910875
19%5 37 % 723 53110836
1996 37 50 82.0 69.9t0 89.2
1997 193 301 820 76.7 10 86.1
1998 70 8L 66.1 42010 80.2

B R T B e S
194 13 78 9.8 A.9t098.0
19% 3 R 95.1 92.61t096.7
199%6 7 18 97.1 93610 98.7
1997 5 60 9.8 91.81096.7
1998 62 67 61.3 22410 80.7
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Table 6.17. Number of vaccinated cases (CV), total number of cases (n) and VE estimates

by age group in NSW metropolitan and rural areas, adjusted for year, 1993-1998

Age group Area cv n VE (%) 95% CI (%)
8-23 months Metropolitan va\ 93 90.6 8501t094.2
Rural 18 72 974 95510985
A Visiromin g5 e T S
Rural 2 137 95.3 93.1t096.7
e Vicioiian g R s
Rural 102 357 959 9410 96.9
ST NidrnaEn R T S
Rural 150 34 9.1 92.0t0 95.6

Pooled regional population estimates

The find modd using the pooled PPV edimate had the same deviance as the modd in
which PPV for each area was used, but hedth area accounted for more of the variability (in
the base model, ¢ 2 was 271 compared with 232, p<0.0001 in both cases). Areas with lower

PPV than the pooled estimate of 0.93 generdly had higher VE estimates and vice versa.

Changes in population coverage
The modd which used the higher PPV vdues (Table 6.4) had the same fit as the origind

model. The VE etimates for al ages, areas and years were higher with the greatest
increase seen in the 1998 estimates (Appendix 6.1).

Changes in case definition

4 doses

Requiring cases aged over 18 months to have receved 4 doses of the vaccine to be
congdered fully vaccinated and excluding cases in this age group who had received only 3
doses resulted in 2207 cases, 1108 (50%) of whom were vaccinated. The model was Smilar
to the origind modd dthough it was a dightly poorer fit (deviance=122 on 87 df). VE
esimates were dightly higher than the origina estimates (Appendix 6.2).
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Including partially vaccinated in the unvaccinated group

Classfying partidly vaccinaed (1 or 2 doses) as unvaccinated resulted in 2447 cases, 1108
(45%) of whom were veccinated. The mode was a margindly better fit than the origind
modd (deviance=108 on 87 df) and the same explanaory vaidbles were dill highly
sonificant (p<0.01). VE edimates from this modd, adjused for year and hedth aea
(Table 6.18) and the individud estimates (Appendix 6.3) were consderably lower.

Table 6.18. VE estimates by age group, adjusted for year and NSW health area (partially
vaccinated classified as unvaccinated), 1993-1998

Vaccinated

Age group cases (PCV %) Totd cases  VE (%) 95% Cl (%)
8-23 months 60 181 914 87.3t1094.2
2-4years 165 386 86.4 8221089.7
5-8years 376 900 86.8 83910892
9-13years 07 980 82.6 80.6t0845

Laboratory confirmed cases

After excduding patialy vaccinated cases and those of unknown veccination datus, there
were 1713 laboratory confirmed cases, 903 of whom were vaccinated. The find modd with
dl the explanatory variables was a better fit than the base modd which did not require
laboratory confirmation (deviance 988 with 83 df). Ovedl, VE edimates based on
laboratory confirmed cases were higher than when dl notified cases were included,
dthough there was some individud variation (Appendix 6.4). Some combinations of age
groups, arees and years did not have any notified cases and so VE for these combinations
could not be cdculated. As in the other modds, the rurd areas had higher VE edimates
than the metropolitan areas (Table 6.19) and 1998 had the lowest VE edimates (Table
6.20). After adjuding for area and year, VE in dl age groups was 99% (Table 6.21).
However, the parameter estimate for 1993 was a least 10 times lower than for the other
years, so averaging the parameter estimates for year masks the differences between years.
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Table 6.19. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates by age and NSW health area, adjusted for year, 1993—-1998

Age group and area cv n VE (%) 95% Cl (%)
8-23 months

Centrd & SE Sydney 3 12 94.7 90.1t097.1
Western Sydney 12 24 93.1 87.61096.1
Wentworth 8 18 9.0 89.710 96.5
Northern Rivers 4 2 98.5 97.1t099.2
Southern & Greater Murray 3 16 99.9 99910 100
B —

Centra & SE Sydney 15 37 87.8 80.6t0 924
Western Sydney 31 49 84.1 75910 89.6
Wentworth 28 46 86.3 80.81090.2
Northern Rivers 15 67 96.5 410979
Southern & Greater Murray 17 2% 99.9 99.81099.9
5-8 years

Centrd & SE Sydney 56 116 87.8 82310916
Wegern Sydney 83 126 84.1 78010885
Wentworth 67 101 86.3 8261089.2
Northern Rivers 28 181 96.5 A7t097.7
Southern & Greater Murray 51 & 99.9 99.81099.9
B —

Centra & SE Sydney 101 182 80.5 7211086.3
Western Sydney 102 143 74.5 64510817
Wentworth 141 167 78.0 68.7 to 84.5
Northern Rivers 36 163 944 9151t096.3
Southern & Greater Murray 97 128 990.8 99.71099.9
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Table 6.20. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates by age and year, adjusted for NSW health area, 1993-1998

Age group and year cVv n VE (%) 95% ClI (%)
8-23 months

1993 1 7 100 99.9t0 100

194 4 18 96.5 92.81098.3

1995 3 15 95.1 90910974

1996 3 13 95.9 92.0t097.9

1997 14 30 9.1 89.1t098.6
1998 5 9 88.1 76.81093.9
T
1993 9 27 99.9 99.8t099.9

194 17 49 91.9 85.6t095.5
1995 16 36 88.8 81.9t093.0

1996 9 19 90.7 84.1t094.6

1997 35 68 91.0 77.1t096.5
1998 20 26 72.8 53.6t084.0
By
1993 33 59 99.9 99.81099.9

194 41 1R 91.9 86.4t095.2

1995 50 105 88.7 83.3t0924

1996 21 51 90.7 85.0t0%A.2

1997 94 1% 91.0 77.91096.3

1998 51 70 2.7 56.2t083.0
o
1993 38 70 99.8 99.7t099.9

194 35 103 87.0 78.2t092.3

1995 62 12 819 73.6t087.6

1996 40 58 85.0 76.1t090.7

1997 183 298 85.6 80.1t089.5

1998 119 132 56.3 30.7to 724
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Table 6.21. Age group: test statistics, number of vaccinated cases (CV), total number of
cases (n) and VE for laboratory confirmed cases, 1993-1998

Age group cv n c* P-vdue VE (%) 95% Cl (%)
8-23 months 30 92 203 <00001 999  99.8t09:M.9
2-4years 106 25 61 0.01 99.7  99.6t099.8
5-8years 20 613 116 00007 997  99.7t099.8
9-13years 477 783 referent 99.6 99.5t099.6
Discussion

This sudy shows that pertusss vaccindion is highly effective a preventing pertusss in
NSW children, as measured by notified cases. The VE edimates presented here are redly
edimates of the effectiveness of pertusss veccination at preventing pertusss notification,
rather than diseese per se As we have no data on nonnotified cases we are unable to
determine the extent to which the VE edimaes reflect the effectiveness of preventing
pertusss infection or disease of differing severity due to pertusss infection. The edtimates
in this dudy are not vaccine-specific but largey represent whole-cdl vaccines, as acdlular
pertusss vaccines have only been avalable free of charge for use in the primary course
dnce Februay 1999.% Although acdllular vaccines were available in NSW prior to 1999,
the proportion used was smdl (see Chapter 4) and infants who received dl three doses of
an acdlular vaccine in 1998 would not be of an digible age for this Sudy until 1999.

Although this study amed to measure the effectiveness of three doses of a pertusss-
containing vaccing, most cases who had received three doses and were digible for a fourth
dose had received it. Assuming that four doses of the vaccine are more effective than three
doses, the effectiveness of three doses may have been over-esimated. Not surprisngly,
excluding cases aged over 18 months who had not receved four or more doses of the
vaccine increased the VE etimate. This increase was quite smal, which is to be expected,
as only 119 of the 2326 (5%) cases were excuded on the bads of this definition change.
Half the 58 year old age group had received a fifth dose. In the future we would expect
this proportion to rise with a corresponding increese in the VE edimae, both overdl and
relative to the 9-13 year olds.
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Classfying partidly vaccinated cases as unvaccinated hed the effect of lowering the VE
edimates. This is expected as patid veccination agang pertusss gives some protection
agang diseese, thus reducing the risk of diseese in the unvaccinaed group. These
edimaes, which compare the risk of dissase in the fully vaccinated with those partidly
vaccinated or unvaccinated, demondrate the effectiveness of completing the primary
vacanation schedule for pertusss versus not completing the schedule. In some countries
and aress information on partid vaccingion is not avalable and this is the only method of
classfication. Such is the case in New Zedand, 0 classfying cases this way dlows
comparison with the New Zedand VE estimates® The 1996 and 1997 VE edimates are
amilar to those reported in a New Zedand study which gpplied the screening method to
notification data from the 1996 pertusss epidemic, dthough our estimates are higher in the
youngest age group and lower in the2-4 year olds®

Including only cases in whom pertusss is laboratory confirmed increases the specificity of
the case definition. Previous dudies have found that increesng the specificity by including
only dinicaly severe or culture podtive cases has increased the VE estimates™” In this
sudy, including only laboratory confirmed cases did not have a big effect. This may be
because 73% of the cases in the study were laboratory confirmed, a finding not surprisng
as laboratory confirmed cases are more likedy to be notified. In addition, many of the
notifications which are recorded as being notified on dinicd grounds ae likdy to be
severe cases.

Possible sources of bias
Possble sources of bias and the likdy effect on VE edimates are summarised in Table
6.22.

Cases

Cases with unknown veccingion daius give rise to a potentid sdection bias. It is possble
that cases who were not as readily followed-up to check their vaccination status were less
likdy to be fully vaeccinated than cases who were able to be followedup. However,
excuding hedth areas where the vaccination datus of a large proportion of cases was
unknown minimises this bias. In hedth areas where vaccination status was known for a
leest 75% of natifications, the PCV was higher, resulting in lower VE estimates. If PCV in

excduded aess was redly lower (ie if the didribution of vaccination daus was smilar
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amongs those in whom it was unknown to what it was for those in whom it was known)
and these areas were included, then the VE estimates would have been higher.

It was not feasble for this sdudy to vaidate vaccindgion Saus. As parentd recdl generdly
overesimates vaccingtion coverage, vaccinaion daus of cases is more likdy to be
misclassfied as vaccinated.™ This would lead to an underestimate of VE. There could be
vaidion in the way information on vaccingion datus is collected between hedth aress
and/or over time. For the laier natifications, and in the future, it is possble for public hedth
units to check the vaccination status of a notified case on the ACIR.

Information on the date of vaccination was not avalable. Some cases, paticulaly among
eght and nine month olds, may have been vaccinaed just prior to diseese onst and hence
theee may have been inaufficient time between vaccination and dissese onset for
devdopment of an immunologic response. This might have been a grester problem if gx
and seven month old cases had been induded. Although idedly these cases should be
excluded, the effect (if any) is likdy to be smdl. Firdly, mos infants have completed the
primary schedule by seven and a haf months (see Chepter 4) and secondly, eight and nine

month old infants comprise |less than two percent of cases.

Petusss tends to be much milder in vaccinated then nonveccinated cases, and milder
caes ae less likdy to be diagnosed and notified. This has the effect of increesng VE
esimates and what is being measured is the effectiveness of vaccination at preventing more
serious illness. Ramsay et d,®> who used the screening method to estimae pertussis VE in
the UK, found that edtimates were genegrdly lower in the epidemic period than in non-
epidemic periods The authors offered two possble explanations for this The firg
explanation is related to the increased reporting in epidemics of milder cases, who are more
likdy to be vaccinaed, leading to an increesed proportion of vaccinated cases. The
dternate explandion is that protection by veccnation is less during periods of heavy
exposure. Guris e a,' who used the screening method to determine the effectiveness of the
pertusss vaeccination program in the United States from 1992 to 1994, reported the highest
VE edimate in 1992. In 1993 and 1994 large outbresks of pertusss were reported and the
authors suggested the same explanaions. The VE estimates in our study were not lower in
epidemic years. However, it is possble that locd outbresks with subsequent increassed
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awareness of pertusss were responsble for some of the regiond differences in VE
estimates.

Where VE edimates are derived from notifications, detection bias (ie, the tendency to
uspect pertusss less in persons known to be fully veccinated) is an important potentia
problem leading to fasdy high VE estimates® Although it was not possible to determine
the importance of this bias in NSW natifications, with the exception of possble incressed
reporting during epidemics, one would expect its effect to be congant over time.

Coverage estimates

The ACIR did not commence operation until January 1996, so coverage data were not
avalable for dl years in the sudy period. The cohort used for estimation of PPV was
chosen in preference to earlier cohorts to dlow time for improvement in reporting of
vaccinations to the ACIR. There are no other sources of vaccination gatus of children by
hedth area. The only comprehensve study to estimate the percentage of NSW children in
receipt of three doses of a pertusss-containing vaccine, with which the ACIR data can be
compared, is the 1995 Audrdian Bueau of Staigics (ABS) survey.® The ABS 1995
survey estimated that 87% of NSW children aged 12 months had received 3 doses of DTP
vaccine™ A sudy conducted in northern Sydney in 1992 found that 86% of respondents
(response rate 58%) dtated that their child was fully vaccinated.” In Northern Sydney, 84%
of the cohort sdlected from the ACIR for this study had received 3 doses of DTP. These
findings are condgent with the PPV vdues we used in the modd. However, a NSW
vacanation coverage survey conducted in 1992 found that, of 264 children aged 6-24
months, only 62% could provide evidence of 3 doses of a pertussis-containing vaccine
from a parent-hed child hedth record® It is likely that PPV was over-edimated for the
ealy pat of the sudy period, hence VE for the earlier years and for the older age groups
was over- esimated. In view of this, reandyses of the data for the years 1996-1998 (i
excduding 1993-1995) were undertaken and the results are presented in Pat B of this
chapter. It should be noted that the PPV vaues were incorporated into the modd as fixed
vaues, therefore the confidence intervas only relate to the error of the linear predictor and

do not incorporate any error around the PPV vaues.

Underestimation of vaccination coverage will reduce VE estimates. The ACIR data most
likdy underestimate true current coverage due to incomplete reporting of vaccingion
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datus. In 1998 it was estimated that 50% or more children who were recorded on the ACIR
as incompletdy vaccinated were in fact fully vaccnated.™ The effect of increasing the
population edimates was seen to rase the VE edimates. However, if coverage has
improved over the study period, then the ACIR estimates used may have overestimated
coverage in the earlier pat of the sudy period and in the older age groups True coverage
may have increesed as a number of incentive schemes have been introduced by the
Commonwedth Government since 1997.° This may be a least patly responsible for the
goparently lower VE in 1998. Reporting to the ACIR may vary between hedth aress and
could account for some of the regiond differences in VE esimates. Coverage may have
improved over the dudy period differentidly between aess which could explan the
sgnificance of theinteraction between hedth area and year.

Table 6.22. Potential sources of bias and the likely effect on VE estimates

) ) Effect on VE

Potential source of bias ]
estimate*

Cases with unknown vaccination status more likely to be unvaccinated -

Non-differentid misclassification of cases -

Unvaccinated cases more likely to be misclassfied as vaccinated __

PPV underestimated (mot likely in the latter years and younger age groups) -

Inclusion of cases who were vaccinated in the 2 weeks prior to disease onset ~ (gmdl)

Vaccinated cases more likely to be notified due to better accessto hedth

care

Severe or typica cases who are more likely to be unvaccinated are more -
likely to be natified

Unvaccinated cases more likely to be notified --

PPV overestimated (most likely for earlier years and in older age groups) --

*7 indicates the bias would reduce the VE estimate and if it occurred the caculated VE estimations
under-estimate true VE.

Age

VE edimates were consgtently highest in the youngest age group and lowest in the oldest

age group. If, as we suspect, PPV vaues were lower than those used in these analyses in
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the oldest age groups then the true VE estimates would be even lower in these groups. Age
is a proxy meesure for time since vaccination and if vaccine-acquired immunity wanes with
time then we would expect VE to be lowest in the older children. Although older children
have a gregier probability of having been exposad to the disease and therefore of having
hed the dissese, the proportion of the populaion who have hed the diseese is rdatively
andl and s0 the effect, if any, would be smdl. These results together with the increasing
rates of notified 10-14 year old cases in Audrdia (Chapters 2 & 3), suggest that childhood
vaccindion agang pertussis is less effective againgt disease in adolescence.

Area

Much of the variation in VE between areas could be due to inaccuracies in PPV estimates
for some or dl of the study period. The use of pooled PPV figures in the modd ingtead of
individual figures fa each hedth area increased the variation in VE between aress even
further. However, differences in notification practices, handling and Storage of vaccines
and levels of exposure to pertusss may dso account for some of the differences in VE. In
addition, awareness of pertusss activity, for example locd outbresks, may affect the
likelihood of suspicion, diagnosis and natification of pertussis

The reeson VE edimates are condgtently higher in rurd than metropolitan areas is not
clear. It may be that population coverage has increased more in rurd aess than in
metropolitan arees snce the dat of the dudy period. The finding that the difference
between rurd and metropolitan aress is less in 1998 than in previous years supports this
suggetion. Alterndivey, there may be less exposure in less densdy populated rurd aress
and the vaccine may be less effective under conditions of heavy exposure, which may be

more likely to be found in metropolitan aress.

Year

The VE edtimates for cases with disease onsat in 1998 were generdly lower than for other
years, paticulaly in the Southen/Grester Murray area. The population coverage figures
used in the modd may be a more accurate reflection of true PPV in 1998 than in previous
years. If this is the case, then the 1998 VE edimates are more redigtic than those for 1996
and 1997. A dudy using smilar methodology in the United States estimated pertussis VE
between 1994 and 1996 in 7-18 month old children to be 82% the same as our 1998
edimate in the youngest age group. Alterndively, coverage may have improved over the
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threeyear period with coverage being underestimated for 1998, thus resulting in an
underestimate of VE in 1998. The most likely scenario lies somewhere in between these
two dternative expanations — that is, coverage has improved and was over-etimated for
the years 1996 and 1997 and under-estimated for 1998.

The posshility that VE did actudly decreese in 1998 should not be completdy dismissed.
A recent paper from The Netherlands reported a downward trend in VE and in 1997, the
fina year in which VE was analysed, the PCV exceeded the PPV.' The authors suggested
two possible explanations for this. The firgt is that there may be a mismatch of the vaccine
dran and the drculding Bordeella pertussis drains the second is tha the lower
immunogenicity profile of the Dutch vaccine may have resulted in grester vulnerability to
antigenic changes in Bordetella pertussis.' Although there is no evidence to suggest that
this is the case in Audrdia the ongoing survellance of pertusss induding VE is of
paramount importance.

It is ds0 possble tha differences in VE over the time period were due to differences in
notification practices, dthough we have no evidence of changes to the notification system.
A UK dudy found that pertusss VE was dgnificantly lower during epidemic than non-
epidemic periods® However, ‘epidemic period was not sgnificant in our modd and the
VE estimates were lower in 1998, which was a ‘ non-epidemic’ period.

Other potentially confounding variables

Other varidbles may be independently related to both the risk of being notified with
pertussis and to veccination satus and thus confound the VE edimate. Unlike randomised
controlled trids, where potentid confoundng variables both known and unknown, ae
randomly distributed among the experimentad and control groups, we can only control for
other potentia confounders if we have information on them, which in this sudy we do not.
Other potentid confounding varidbles may incdlude socioeconomic daus, levd  of
education, ethnicity and attendance at inditutions such as childcare.

Conclusion

Although the extent to which notified childhood cases of pertusss represent dl childhood
caxes of petusss is not known, the results of this study suggests that the pertussis
vaccindion program is highly effective, epecidly in younger children. Whilgt the potentiad

169



Chapter 6. Pertussis VE in NSW children using the screening method. Part A: 1993-1998

for bias in this sudy would be unaccepteble in many dudies, trends in VE may 4ill be
monitored provided any bias remains congant over time. The drength of this methodology
lies in its ee= of gpplicaion and the fact that it could be incorporated into routine
surveillance of vaccine preventable diseases.

As the ACIR matures, checking the immunisation status of cases will be easer and the
population estimates more accurate. In addition, it will be posshle to use the population
coverage data of the cohort of children from which the cases arose, which will improve the
precison of the VE edtimates. In contrast to the previous sudies which have used the
screening method to estimate pertussis VE,® we have been able to use regiond coverage
data The United Kingdom sudy is the only previous study which has used a logidtic
regresson modd and, whilgt it dratified by year and age it did not draify by area® The
authors comment thet the use of nationd coverage data may produce atificialy high VE
estimates’ and Farington illudrates the confounding effect of pooling population coverage
data’ In Audtrdia, regiond coverage data are avalable from the ACIR and should be used
in dl future pertussis VE studies which use the screening method.

A review of veccine preventable diseeses in Audrdia from 1993 to 1998 found thet
pertusss was responsible for more morbidity than any other vaccine preventable disease
and tha the nine deaths recorded in the years from 1993 to 1997 equdled the number in the
previous decade.” Reducing the morbidity associated with pertusss requires  an
undersanding of the disease epidemiology in the populaion. Much of this undersanding
comes from notification data The documentation of vaccingion dtatus of notified cases
who would have been digible for vaccination & the time of disease onset is essentid for
program evauation and planning. The impact of the change to acdlular pertusss vaccine
and changes to the schedule must be monitored — such monitoring will assgt future
vaccine policy decisons.
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Part B: Effectiveness of pertussis vaccination in NSW children,
1996 to 1998

Background

The results of the previous study (Part A) suggest that PPV had been overestimated for the
ealier years of the study period. As there are no data which measure populaion coverage
by hedth aea for the years 1993 to 1995, in this pat of the study these years were
excluded.

Methods

The methods are identica to the previous study except that dates of onset prior to 1 January
1996, were excluded from andyses The effect of excluding Southern/Gregter Murray
Hedlth areas was examined, as was the effect of excluding the 9-13 year age group.

Results

Fitting the model

The modd with no explanatory variables remained a poor fit (deviance=240 with 59 df) but
was dill a better fit than the equivdent modd in the previous sudy. The addition of each
explanatory variable by itsdf ggnificantly improved the fit of the modd (Table 6.23).
Hedth aea was the mogst dggnificat explanaory vaiadle. All  vaiadiles remaned
significant in the modd in which al three were indluded (p<0.0001).
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Table 6.23. Summary of models

Explanatory varigble(s) Dev*/ df ' c? o pvdue
None 4.06

Age 370 32 3 <0.0001
Year 338 47 2 <0.0001
Area 254 100 4 <0.0001
Age + year + area 149

Age + year + area+ year*area 11

Age+ year + area+ yeararea
(excluding 913 year olds)

0.95

*Dev=deviance
"df=degrees of freedom.

The find modd incduded age group, year of onst and aea (base modd) plus the
interaction between area and year. This mode had a deviance of 46 with 42 degrees of

freedom suggesting that the modd fitted the data (p=0.3), therefore there was no need to re-
scde the modd. In the find modd dl vaiables were ggnificant (p<0.001). Although dill
dgnificant, hedth area, year and the interaction between area and year explained less of the
variability than when al years were included.

VE Estimates

VE edimates from the find modd for each of the four age groups, dratified by hedth area
and year, can beseenin Tables 6.24 to 6.27.
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Table 6.24. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates for children aged 8-23 months by health area, 1996-1998

Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1996 1 4 93.7 86.71097.0
1997 4 13 M8 91210969
1998 O 3 932 84610970
R g 66 — e R
1997 3 11 983 96.7t099.1
1998 2 2 918 73410975
T I ra— T e SR
1997 8 12 892 81410937
1998 4 6 829 602t0927
g T R R SR
1997 7 10 86.7 75910927
1998 O 1 759 43910896
T TN AV I viTe e — O EET
1997 4 8 9.8 93810983
1998 2 3 79.7 56610905
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Table 6.25. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates for children aged 2—4 yearsby health area, 1996—1998
Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1996 1 2 89.2 7851094.6
1997 21 47 910 86910938
1998 2 4 883 75210HA5

3 9 95.8 89.2t0 984
1997 5 19 970 94910983
2

4 8.0 56610955
T e T P G55 T
197 20 32 815 71.8t087.9

1998 5 6 70.7 34.21086.9

Wentworth 1996 1 2 735 25210906
1997 10 15 7.2 62.2t0 86.2
1998 12 13 58.6 12110805

Southern & Greater Murray 1996

1
1997 7 11 U4 90.1t0 96.9
8 9 65.1 31210823
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Table 6.26. Number of vaccinated cases (CV), total number of cases (n) and VE
estimates for children aged 5-8 years by health area, 1996—1998
Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1996 8 18 90.6 82410950
1997 37 86 922 894t094.2
1998 6 10 89.8 79.31t095.0

Northern Rivers 19% 2 10 9%.4 90.6t0 98.6
1997 7 56 974 95910984

1998 1 3 87.8 62410 96.0
T T g 855 ILITIE A—
197 45 63 839 77.0t0 88.7

1998 9 12 745 44.6 10 88.2

Wentworth 1996 6 7 76.9 37010916
197 37 a7 80.1 69.3t087.1
1998 8 14 63.9 25410826

Southern & Greater Murray 1996 16 98.6 97010993

3
9 19 95.2 91.7t097.2
1998 A4 41 69.6 43610836
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Table 6.27. Number of vaccinated cases (CV), total number of cases (n) and VE estimates
for children aged 9—-13 years by health area, 1996—1998
Area year CV n VE (%) 95% Cl (%)
Centrd & SE Sydney 1996 1 19 844 70910916
1997 69 140 870 830t09%00
1998 9 16 831 65910916

Northern Rivers 19% 0 3 A0 84.3t097.7
1997 9 A 95.7 93110974

1998 2 4 79.7 37810934
T AT P e AT —
1997 59 83 732 620t0 811

1998 12 15 57.6 8010805

Wentworth 199% 12 13 61.7 -4.1t0 859
197 65 78 67.0 49510 784
1998 49 50 401 -215t0704

Southern & Greater Murray 1996 7 15 97.6 95110988

1997 16 26 91.9 86410952
1998 60 63 495 6410728

Age group
Age group was highly significant in the base modd € § =20, p<0.0001). The 8-23 month

age group had the lowest parameter estimate (corresponding to the highest VE ediimate).
The VE edimate, after adjustment for area and year, remained highest in the 8 to 23 month
age group and lowest in the 9-13 year group (Table 6.28). The reative magnitude of the
parameter estimates was unchanged when the 9-13 year group was excluded from

andyses, but the base modd was a better fit (Table 6.23) and age group was no longer
significant (c 5=3.4, p=0.18).
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Table 6.28. Age group: test statistics, number of vaccinated cases (CV), total number of
cases (n) and VE estimates

CVv n c P-vdue VE (%)* 95% CI (%)
8to 23 month olds 39 80 124 00004 910 855t09%44
2to4 year olds 106 192 378 0052 845 78310889
5to8year olds 23 421 118 00006 865 82710895
9to0 13 year olds 3M 577 referent 776 71710823
*Adjusted for year and hedlth area

Health area and year of onset

As in Pat A, hedth area was the mogt sgnificant term in the base modd (c 2 =91,
p<0.0001) followed by year of onset (c =41, p<0.0001). The interaction between year and
aea dso remained highly sgnificant (c 2=28, p=0.0004). However, the test datistics for
these three terms were lower, with corresponding higher p-vaues. There was not a clear
metropolitan/rural divide as in Pat A of the sudy. In the base modd, the parameter

edimates for Western Sydney and Wentworth were not sgnificantly different from one
another whilst the estimates for Northern Rivers, Greater Murray, Southern and Centra and
South Eagtern Sydney were not dgnificantly different from one another, but the latter
edimates were dgnificantly lower (ie, higher VE — Table 6.29) than the former areas
(p<0.0001).

Asin Part A, the 1998 VE edtimates, adjusted for hedth area, were consderably lower than
the 1996 and 1997 egtimates (Table 6.30). However, the 95% confidence intervas of the
unadjusted VE edimates (Tables 6.24—-6.27) for the years 1996 to 1998 overlgpped in dl
areas except Southern/Grester Murray, in al age groups. When the modd was run with the
Gregter Murray/Southern area excluded, the interaction term was no longer sgnificant
(p=0.6). Following remova of the interaction term, year accounted for less of the
vaiability then the find modd but was dill sgnificant (c=6.3, p=0.04), with 1998 VE

estimates lower than the previous years.
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Table 6.29. Number of vaccinated cases, total number of cases and VE estimates
by health area and age, adjusted for year, 1996-1998

Age group and area Vacoinated Total cases VE (%) 95% CI (%)
cases

8-23 months
Central & SE Sydney 5 20 93.9 89510 96.5
Northern Rivers 6 15 96.8 93710983
Western Sydney 13 16 88.9 81110935
Wentworth 9 15 83.0 6881090.7
Southern & Greater Murray 6 14 96.0 A5t097.1
2—4 years
Centrd & SE Sydney 24 53 89.6 83810933
Northern Rivers 10 32 94.4 90.2t0 96.8
Western Sydney 33 52 80.9 70.710 87.6
Wentworth 23 30 70.7 50.7 to 82.6
Southern & Greater Murray 16 25 B.1 89.11t095.7
5-8 years
Central & SE Sydney 51 114 90.9 87010 93.7
Northern Rivers 10 69 95.1 91.7t097.2
Western Sydney 65 A 834 76.0t0 885
Wentworth 51 68 74.5 59510840
Southern & Greater Murray 46 76 4.0 91.2t0 959
9-13 years
Centrd & SE Sydney 89 175 84.9 78.7t089.3
Northern Rivers 11 41 91.9 86.21095.3
Western Sydney 85 116 724 60.1t0 80.9
Wentworth 126 141 57.7 33910729
Southern & Greater Murray 83 14 90.1 85510932
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Table 6.30. Number of vaccinated cases, total number of cases and VE estimates by year
and age, adjusted for health area, 1996-1998

Age group and area Vacainated Total cases VE (%) 95% CI (%)
cases

8-23 months
199% 5 19 94.2 89910 9%6.6
1997 26 4 93.0 88.7t095.7
1998 8 15 &0 68.51t0 89.7
2-4 years
199% 14 32 90.0 84.3t0 936
1997 63 124 88.0 83110914
1998 29 36 69.2 51410804
5-8 years
199% 30 70 91.3 8721040
1997 135 271 89.5 86.6t0 91.8
1998 58 80 732 60.0t0 820
9-13 years
199% 14 68 855 78.7t090.1
1997 218 361 82.6 78110 86.2
1998 132 148 554 34.6 to 69.6
Discussion

The better fit of the modd after redriction of year of onset suggests that the population
edimates are a more accurate reflection of the latter years than the earlier years of the study
period. This would aso affect the older age groups and hence the edtimates for the older
age groups ae likdy to be lower than the caculated values. This is supported by the better
fit of the modd in which the 9-13 year dld age group was excluded. However, even in this
part of the study where the years are redtricted, the VE estimates for cases with disease
onset in 1998 were Hill lower than for other years. The PPV figures used in the modd may
be a more accurate reflection of true PPV in 1998 than in previous years. If this is the case,
then the 1998 VE edimates are more redigtic than those for 1996 and 1997. Alternatively,
coverage may have improved over the three-year period with coverage being
underestimated for 1998, thus resulting in an underestimate of VE in 1998.
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The dgnificantly lower VE edimae in the Southern/Greater Murray aea in 1998
compared with 1996 and 1997, together with the dimination of dgnificant interaction upon
remova of this area from the mode, suggests that PPV increased more in this area than in
the other aress. This, together with the finding that area and interaction between year and
area is less ggnificant in this modd than in Pat A, provides further evidence that some or

mos of the variaion in VE between areas is due to inaccuracies in PPV estimates.
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Appendix 6.1

Results of sensitivity analysis: VE estimates using higher values of PPV,
1993-1998 notification data
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Table A6.1.1. VE estimates for children aged 8—23 months by health area,
1993-1998

Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1993 1 3 93.2 87.7t1096.2
194 6 6 915 87t0%.8
1995 2 3 MU0  838t097.7
1996 1 4 963 918t0983
1997 4 13 %9 95.0t0981
1998 0 3 %0 90410983
Rt B ™" f665 G _— RIS
194 3 16 091 98410995
1995 1 10 989 980t0994
1996 1 2 987  95.8t0996
1997 3 11 P00 9B1toN5
1998 2 2 953 82610987
Western Sydney 1993 2 3 9.9 93510986
19 4 8 U2 883t097.1
1995 1 2 897  763t0955
1996 1 6 957 912t0979
1997 8 12 937 8931093
1998 4 6 900  747t096.0
s f6a G R RS 6
194 0 1 980 955t0991
1995 1 4 943 87910973
199% 2 4 905 691t097.1
1997 7 10 919 85210955
1998 0 1 8.1 63410939
ST g G i I o 5 S EASIE
19 1 2 P5 9B5t0998
1995 0 6 984  970t0992
1996 0 3 ¥4  9B6t0998
1997 4 8 981 9%62t0990
1998 2 3 877 728t0H5
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Table A6.1.2. VE estimates for children aged 2—4 years by health area,

1993-1998

Area year CV n VE(%) 95% Cl (%)

Centrd & SE Sydney 1993 10 19 86.7 78210919
194 9 14 834 684 1091.3
1995 4 5 88.2 69.710954
1996 1 2 928 84.8t0 96.6
1997 21 47 940 91410958

1998 2 4 922 81t0%6
Rt B ™" f665 e 3 ST EE
199 12 39 983 97.3t0989
1995 7 26 979 96510987
1996 3 9 974  923t0991
1997 5 19 981 9%6.6t0989
1998 2 4 908 671t0975
Western Sydney 1993 3 A.0 83110970
194 5 887  783t0%1
1995 8 8 799 56410908
1996 8 14 916 839t0956

197 20 32 87.7 81010920
1998 5 6 804 52010920
T g e s T  — — Y YT e
1994 5 1 9.2 91910982
1995 11 15 88.9 78010 %44
19% 1 2 814 40.710 94.2
1997 10 15 84.1 73.1t090.6
1998 12 13 70.9 330to 874
ot g Grestar Miurray 1668 R——— 55 T
1 3 9.0 97.1t099.7
1995 4 4 9.9 94510983
1 5 98.9 97410995
7 11 9.2 92910 98.0
8

9 916 79410 96.3

1997
1998
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Table A6.1.3. VE estimates for children aged 5-8 years by health area,
1993-1998
Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1993 A 47 8838 82510929
194 20 31 86.1 74410925
1995 4 5 90.1 74910 96.1
1996 8 18 939 87.8t097.0
1997 37 86 95.0 93.1t096.3
1998 6 10 934 853t0971
Rt Bivars ™" f665 o e R
194 15 0 985 97.81t099.0
1995 11 67 982 97210989
1996 2 10 978 935t0992
1997 7 56 984 97210990
1998 1 3 923 72510979
Western Sydney 1993 11 21 9.0 90310974
199 22 2 N5 8260%48
1995 20 24 832 64.610920
1996 11 19 930 86.8 10 96.3
1997 45 63 89.7 84.8t093.0
1998 9 12 836 606t0932
s f665 e T BE SEE
194 5 17 96.8 93410985
1995 16 22 90.7 81910 95.2
1996 6 7 844 51310950
1997 37 47 86.7 785t091.7
1998 8 14 756 44.710 89.2
ST g G i I T L T
194 1 10 99.2 97.6t099.7
1995 14 29 974 95610985
1996 3 16 99.0 97.810 99.6
1997 9 19 96.8 94.2t098.2
1998 A 41 799 59.51t0 90.0
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Table A6.1.4. VE estimates for children aged 9-13 years by health area,
1993-1998
Area year CV n VE (%) 95% Cl (%)
Centrd & SE Sydney 1993 34 53 840  750t089.8
194 8 13 80.1 62.7 10 894
1995 6 13 85.8 64.410A4
1996 11 19 91.3 510957
1997 69 140 92.8 90.3t094.6
1998 9 16 906 791t09%8
Rt B ™" f665 EE TR BT G
194 10 69 97.9 96.8 t0 98.6
1995 16 974 95910984
1996 0 3 968 907t09%9
1997 9 # 97.7 96.0 to 98.6
1998 2 4 89.0 60.7 t0 96.9
Western Sydney 1993 10 17 928 8611096.3
194 10 14 86.4 74610 92.7
1995 15 22 75.9 49010 886
1996 14 18 89.9 81.0t0 94.6
1997 5 83 85.2 78.31t089.9
1998 12 15 765 43610902
s f668 T TR I
1994 9 11 954 0410978
1995 16 20 86.6 74010931
1996 12 13 7.7 30410928
197 65 78 809 694t0831
1998 49 50 65.0 219t084.3
ST g G i I 5 T B G
194 3 9 988 9%66t0996
1995 22 38 963 9WB7t0978
1996 7 15 98.6 96.9t0 994
1997 16 26 954 91.8t097.5
1998 60 63 712 42210857
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Appendix 6.2
Results of sensitivity analysis: VE estimates where 4 doses required in

children aged over 18 months to be considered fully vaccinated, 1993-1998
notification data
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Table A6.2.1. VE estimates for children aged 8—23 months by health area,
1993-1998

Area year CV n VE (%) 95% CI (%)
Centrd & SE Sydney 1993 1 3 878 77310934
194 6 6 851 68710929
1995 2 3 837 688t0959
1996 1 4 947 87410978
1997 4 13 947 911t09%6.8
1998 0 3 930 82410972
Rt B ™" f665 G R TP
194 3 16 988 97.8t0P4
1995 1 10 986 97310993
199% 1 2 975 918t09%2
1997 3 11 987 973t0994
1998 2 2 925 697t0981
Western Sydney 1993 2 3 948 83510976
194 4 8 905 803t09%4
1995 0 1 822 573t0926
1996 1 6 928 84610966
1997 8 12 893 8L3t0938
1998 4 6 818 527t0930
s f668 G T PR RE
194 0 1 98 92410987
1995 1 4 900 782t09%4
199% 1 3 851 49210956
1997 7 10 860 740t0925
1998 0 1 741 343t0898
ST g G i I o I
19 1 2 94 97.7t0998
1995 0 6 983 96410992
1996 0 3 92 979t0997
1997 4 8 968 934t0984
1998 2 3 795 530t0910
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Table A6.2.2. VE estimates for children aged 2—4 years by health area,
1993-1998

Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1993 9 18 799 66310880
194 8 13 756 521t0875
1995 4 5 815 511t0930
1996 1 2 913 802t09%6.2
1997 18 44 913 872t0%4.1
1998 2 4 885 72510952
Rt B ™" f665 e T T
194 9 36 980 966t0988
1995 5 24 978 960t098.8
1996 3 9 958 87410986
1997 3 17 979 958t0989
1998 1 3 877 517t0969
Western Sydney 1993 2 8 915 82410958
194 5 845 692t0921
1995 7 7 708 345t087
1996 7 13 831 765t0%4
1997 19 31 84 723t0838
1998 5 6 702 24810882
s f668 R & eE A e

1994 4 10 948 88510977
1995 10 14 837 66910920
19% 1 2 756 18610927
1997 9 14 770 603t086.7
1998 11 12 576 -07t0822

Southern & Greater Murray 1993 0 1 989 857t09%99
194 1 3 90 96410997
1995 3 3 972 94510986
1996 0 4 988 96.7t0995
1997 5 9 947 89810973
1998 7 8 663 275t0844
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Table A6.2.3. VE estimates for children aged 5-8 years by health area,
1993-1998

Area year CV n VE (%) 95% Cl (%)

Centrd & SE Sydney 1993 33 46 815 70510884
194 19 30 774 57310881
1995 5 830 555t0935

4
1996 8 18 919 825t09%.3
1997 33 82 919 838t09%4.2
6 10 893 753t09%4
Rt B ™" f665 o GRS oA
199 11 86 982 97.0t0989
1995 8 64 980 965t0988
199% 2 10 962 83410987
1997 6 55 980 96310989
1998 1 3 8387 55810971
Western Sydney 1993 10 20 921 84310960
1994 19 29 857 728t0924
1995 20 24 731 418t0875
1996 10 18 891 788t0H3
1997 43 61 837 757t0891
1998 9 12 725 322t0838
s f665 e S MR E
194 5 17 952 89610978
1995 16 2 849 702to9R4
6 7 775 26610931
1997 36 46 788 652t087.1
8 14 609 8810832
ST g G NI e 5 66
9 991 96.7t0998
2 974 951t0986
97.0t0 9.6
19 951 909t0974

40 689 35810849

1997
1998
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Table A6.2.4. VE estimates for children aged 9-13 years by health area,
1993-1998

Area year CV n VE (%) 95% CI (%)
Centrd & SE Sydney 1993 33 52 747  598t084.1
194 8 13 692 409t0840
1995 6 13 768 400t0910
1996 6 14 890 760t0950
1997 66 137 890 851t0919
1998 8 15 855 666t0937
Rt B ™" f665 R S 6
194 6 65 975 960t0985
1995 9 47 972 952t0984
1996 0 3 948 84110983
1997 5 30 973 94910986
1998 2 4 845 309t0%
Western Sydney 1993 10 17 892 786t094.6

194 9 13 804 62310898
195 15 22 633 202t0831
19% 13 17 851 71.0t0923
1997 51 7S 778 670t0851
1998 12 15 625 7610848
T g e s T T RS RE
1994 8 10 935 85810970
1995 16 20 795 5921089.7
19% 11 12 693 0.3t090.6
1997 63 76 711 530t0823
1998 47 48 467 22410768
o g Gredtar vy 1668 T T
194 2 8 988 95510907
1995 14 30 965 93410981
19%6 6 14 984  960t0994
197 15 25 934 87.7t09%4

1998 ©4 57 576 128to 794
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Results of sensitivity analysis: VE estimates where partially vaccinated

classified as unvaccinated, 1993-1998 notification data
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Table A6.3.1. VE estimates for children aged 8—23 months by health area,
1993-1998

Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1993 1 4 812 67410891
19 6 7 773 56410882
1995 2 3 806  508t0924
1996 1 4 24 8341095
1997 4 16 913 862t0HU5
1998 0 3 8.0 74610952
RorramBivgs ™" f665 T R TIT
194 3 16 978 9%6.1t0988
1995 1 10 97.7 95.7t0 98.8
199% 1 4 958  87.7t0986
1997 3 11 976  952t0988
1998 2 2 871 540t09%4
Western Sydney 1993 2 4 89.5 78510948
19 4 9 821 656t090.7
1995 0 2 687  338t0852
1996 1 6 883  7741t0939
1997 8 12 818 703t0888
1998 4 6 576 -37t0827
s f668 R SE BT RE
194 0 1 935 856t097.1
1995 1 5 833 67510915
1996 1 4 804 49410924
1997 7 12 75.6 58310857
1998 0 1 609  168t0816
ST g G i I g 55 RIS HE
194 1 2 984  HA5t0995
1995 0 6 %5 932t0982
1996 0 5 982 955t0993
1997 4 8 29 866t09%2
1998 2 4 756 55.81086.5
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Table A6.3.2. VE estimates for children aged 2—4 years by health area,
1993-1998

Area year CV n VE(%) 95% Cl (%)
Centrd & SE Sydney 1993 9 20 703 532t0812
194 8 15 643 35510802
1995 4 5 694 256t0875
1996 1 2 880 749t0H3
1997 18 47 8.3 805t090.3
1998 2 4 826 618t0921
Rt B ™" f665 e & e T BRE S §
194 9 P 9%B5  H3t0979
1995 5 29 9%4 93810979
1996 3 9 934 815t0976
1997 3 20 92 930t0o980
1998 1 4 797 298toAl
Western Sydney 1993 2 9 834 68110913
194 5 9 717 48210846
1995 7 9 50.6 21t0 751
1996 7 15 815 668t0898
1997 19 32 713 57510 80.6

1998 5 6 332 -592t0720
T g e s T  — T T R SEETAE
1994 4 1 89.8 78910 95.0
1995 10 17 73.7 52310855
19% 1 4 69.2 25t087.7
1997 9 15 61.5 38610759

1998 11 13 384 -223t0689
o g Gredtar vy 1668 R——— Y R AT
1 97.5 91610993
1995 3 4 U5 90.0t097.0
0 6 97.2 93.1t098.8
5 11 88.8 80.2t093.7
7

9 61.5 3H2t077.1

1997
1998
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Table A6.3.3. VE estimates for children aged 5-8 years by health area,

1993-1998

Area yer CV n VE (%) 95% CI (%)

Centrd & SE Sydney 1993 33 52 71.2 56.6 t0 80.9
1994 19 32 654 39210803
1995 4 6 704 2881t087.7
199% 8 19 884 76.6t094.2

1997 33 0 86.7 82110901

6 11 831 63910921

Rt B ™" fe6a BT TR S5 E
19949 11 93 96.6 94.7t097.9
1995 8 70 96.5 94.2t097.9
199% 2 10 93.6 822t097.7
1997 6 56 96.3 9341098
1998 1 3 80.3 322109543

Western Sydney 1993 10 22 839 700t0914
1994 19 3R 72.6 51.7t0 845
1995 20 24 52.1 78t075.1

19% 10 24 82.1 68.510 89.8
1997 43 68 72.2 60.7 to 80.3
1998 9 12 35.2 -5141t072.3
T g e s T TR T TR A T
1994 5 18 90.1 79910951
1995 16 24 74.5 54.7t085.7
6 7 70.1 26.2t087.9
1997 36 51 62.7 43210755
8 14 40.2 -16510 69.3
ot g Gredtar My 16680 T Y T TTIE
10 97.6 92010993
30 94.6 90.7 10 96.9
93.5t098.8
25 89.1 81410936

45 62.6 40.1to 76.7

1997
1998
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Table A6.3.4. VE estimates for children aged 9-13 years by health area,
1993-1998

Area year CV n VE(®) 95%Cl (%)
Centrd & SE Sydney 1993 33 53 62.1 42710749
194 8 13 543 18810 74.3
1995 6 13 60.9 6910836
1996 6 19 84.7 69.2t0 924
1997 66 147 824 76.8t0 86.7
1998 8 17 7.7 52.7t0 895
Rt B ™" f6a T 5 51 TR
194 6 70 95.5 930t097.2
1995 9 57 95.4 9231t097.2
1996 O 5 915 7651097.0
1997 5 A 952 91310973
1998 2 4 74.0 108t0 924
Western Sydney 1993 10 17 78.8 60.3t0 886

1994 9 14 63.9 35410798
195 15 23 36.8 -219t067.3
199% 13 19 76.4 58.3t0 86.6
197 51 88 63.3 48510739
1998 12 15 14.6 -993t0 634
T g e s TS E ST AT
1994 8 11 86.9 73410936
1995 16 21 66.4 40.1t0 812
1996 11 13 60.6 3210840
1997 63 79 50.8 25810674
1998 47 52 21.2 -5091t058.8
ot g Gredtar My 16680 T Y R AR
1994 2 9 96.8 89.41099.0
1995 14 39 92.9 87.810959
19% 6 18 9%.4 91410985
197 15 28 85.7 75510916

1998 54 69 50.8 216t069.1
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Table A6.3.5. VE estimates by age and year, adjusted for health area,
1993-1998

Age group and year cv n VE (%) 95% CI (%)
8-23 months

1993 4 2 934 83810973
194 14 35 937 88710965
1995 4 26 90.2 84310939
1996 4 23 932 8841096.0
1997 26 59 906 807t0%4
1998 8 16 771 61.710 86.3
D
1993 17 47 895 75110 95.6
194 27 78 900 836t0%H0
1995 29 o4 84.6 77610894
1996 12 36 89.3 83110932
1997 %! 125 852 71310924
1998 26 36 639 443t0766
T
1993 55 110 866 76.310 95.6
194 %! 18 873 84610939
1995 5 14 803  793t0892
1996 28 76 863 841t0932
1997 2r 220 811 72910924
1998 57 85 538 47910 764

T
1993 5 1083 8660 688t0%M.3
194 33 117 8727 79610921
1995 60 153 8031 729t085.7
1996 36 74 8633 79210910
1997 20 316 8L10 754t0855
1998 123 157 5382 32210686
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Table A6.3.6. VE estimates by age and health area, adjusted for year,

1993-1998

Age group and year CcVv n VE (%) 95% CI (%)
8-23 months

Centrd & SE Sydney 14 37 865 78910913
Western Sydney 19 39 843 700t0874
Wentworth 9 27 806 699t0918
Northern Rivers 10 50 963 9A40to97.7
Southern & Greater Murray 8 28 961 92910979
D
Centra & SE Sydney 42 93 787 700t0849
Western Sydney 45 80 753 572t0781
Wentworth 9 69 694 560t086.1
Northern Rivers 23 109 942 914109.1
Southern & Greater Murray 16 35 938 89.3t0964
5-8 years

Centrd & SE Sydney 103 210 794  725t0845
Western Sydney 11 182 760 608to77.5
Wentworth 78 131 703 58410862
Northern Rivers 33 250 943 91910960
Southern & Greater Murray 51 127 940 90.0to9%4
T ——
Centra & SE Sydney 127 262 728 640t0794
Western Sydney 110 176 609  481to705
Wentworth 153 189 925 574t0765
Northern Rivers 26 189 728 894t0%48
Southern & Greater Murray 91 164 684 86.9t0 95.3
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1998 notification data
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Table A6.4.1. VE estimatesfor children aged 8—23 months by health area, 1993-1998

Area yeawa CV n VE (%) 95% CI (%)
Centrd & SE Sydney 1993 0 0 - -

194 0 0 - -

1995 1 2 95.1 83310986

19% 1 4 96.0 90.0t0 984

1997 1 5 96.9 94210983

1998 0 1 954 85810985
NorthemRivers 1993 0 1 983 BIltoW4

199 1 10 990.2 98.31t099.6

1995 0 4 98.7 97.3t0 994

1996 1 1 98.5 94.2t0 99.6

1997 0o 4 9.5 98.6t0 9.8

1998 2 2 91.8 64.1t1098.1
W &gy 1665 T e AR

194 3 6 94.3 86.7t0 975

1995 1 2 89.7 74310958

19% 0 3 92.7 82310970

1997 5 8 921 84910958

1998 2 4 90.5 75010964
Wentworth 1993 0 3 980 BotoW2

199 0 1 97.3 93510989

1995 1 3 93.0 83410971

1996 1 3 91.6 721t0975

1997 6 8 89.8 795t0 %4.9

1998 0 0 - -
e S i i G T T R

194 0 1 98.8 95210 99.7

1995 0o 4 98.2 96.0t0 9.2

1996 0 2 99.1 97.7t099.7

1997 2 5 98.0 95.7t099.1

1998 1 2 86.8 69.21t094.3
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Table A6.4.2. VE estimates for children aged 2—4 yearsby health area, 1993-1998

Area year cv n VE (%) 95% CI (%)
Centrd & SE Sydney 1993 4 8 815 64.0t0 905
194 2 3 76.8 41810908
1995 0 0 - -
19% 0 1 90.9 78.71096.1
1997 9 24 92.9 89.0t0 955
1998 0 1 89.5 69.81096.3
NorthernRivers 1993 175 .1 0010985
199 7 29 98.1 96.81t0989
1995 4 20 97.0 94.8t098.3
1996 1 5 96.5 87810990
1997 1 5 98.8 97.0t0 P¥5
1998 1 3 81.3 21310956
W ey f668 e T SECEL
194 2 5 86.9 71.7t0939
1995 6 6 76.4 47010895
19% 6 7 83.3 63510924
1997 13 21 81.9 70.3t089.0
1998 3 4 78.3 46210913
Wentworth 1993 37 o4 80910979
199 5 11 93.9 87110971
1995 4 8 84.0 65910925
1996 1 2 80.9 38510940
1997 7 9 76.7 580t087.1
1998 8 9 67.1 219t086.1
S e i e G R e
194 1 1 97.2 89.7t099.3
1995 2 2 95.9 91.7t0 980
1996 1 4 98.0 952t099.2
1997 5 9 95.5 91.2t097.7
1998 8 9 69.8 372t0854
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Table A6.4.3. VE estimates for children aged 5-8 yearsby health area, 1993-1998

Area year CV n VE (%) 95% CI (%)
Centrd & SE Sydney 1993 16 2 815 65.8t089.9
194 12 17 76.8 44.7t090.3
1995 2 3 88.9 64.81096.5
19% 4 n 90.9 79.81095.9
1997 18 8 92.9 89.8t1095.1
1998 4 6 894 71.0t096.2
NorthernRivers 1993 4779 %6l 90.3t0985
199 11 78 98.1 97.0t098.8
1995 9 48 97.0 95.1t098.2
1996 2 8 96.5 8791t099.0
1997 1 b 98.8 97.2t09.5
1998 1 2 81.3 21.7t0955
W &gy 1665 5 & 51 T
194 12 18 86.9 73010936
1995 15 19 764 49.4t089.0
19% 9 14 83.3 64.8t1092.1
1997 36 49 81.9 72310881
1998 8 n 78.3 48.2t090.9
Wentworth 1993 5713 B4 90.2t1097.8
199 5 14 93.9 874t097.1
1995 15 18 84.0 67.21092.2
1996 4 5 80.8 40.1t0939
1997 33 40 76.7 60.8t086.1
1998 5 n 67.0 239t085.7
‘Southern & Greater Murray 1993 0o 1 1000 100 to100
194 1 5 97.2 900t099.2
1995 9 17 95.9 92210979
1996 2 13 98.0 95.41099.2
1997 6 13 95.5 91.5t097.6
1998 33 40 69.7 40.6t084.5
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Table A6.4.4. VE estimatesfor children aged 9-13 yearsby health area, 1993-1998

Area year CV n VE (%) 95% CI (%)
Centrd & SE Sydney 1993 19 D 70.3 45410838
194 6 9 62.8 100to 84.6
1995 5 10 82.2 44410 A3
19% 10 16 85.3 67910933
1997 55 106 88.7 84210919
1998 6 n 831 53910938
NorthemRivers 19983 3 13 938 84510975
199 10 67 %.9 95210981
1995 15 49 95.2 92210970
1996 0 3 944 80510984
1997 6 2 98.0 955t0 9.1
1998 2 3 70.0 -2531092.8
W &gy T TR G
194 7 n 79.0 56.3t089.9
1995 12 18 62.1 18410824
19% 13 17 73.2 43610873
1997 51 70 70.9 55910809
1998 11 14 65.2 170to 854
Wentworth 19983 8 13 925  843t109%5
199 n 90.2 79.71095.3
1995 16 2 744 47410875
1996 10 n 69.2 4610901
1997 56 6 62.6 37.7t0775
1998 12 43 471 -1981t0 76.7
S S T T TR T
194 5 95.5 84.0t0 988
1995 14 5 935 87.6 t0 96.6
1996 7 n 96.9 92.7t098.7
1997 15 5 92.7 865t096.1
1998 58 61 514 50t075.2
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Chapter 7. Summary and recommendations

Although mortdity and morbidity from pertusss dedined dramaticdly following the
introduction of mass vaccingtion programs in 1953, this theds demondrates that
pertussis remains an important public hedth problem in Audtrdia The 1997 petusss
epidemic, which affected a large proportion of Audrdia, resulted in Sx infant degths,
over 1000 hospitdisations and dmogt 11000 notifications During the period 1993 to
1998, more children were hospitdised with pertusss than with any other vaccdne
preventable diseese and pertusss had the highest natification rate, both in children
andoverdl.

The daa presented in this theds confirm that, despite the high notification rates for
pertussis in the 1990s in Audrdia natifications consderably underestimate the true
incidence. Edimating the incidence of pertusss in any given geogrgphicd aea and
time period is difficult. Moreover, under-notificstion may not reman condant over
time and between areas. The extent of under-natification among infants is highlighted
in Chapters 2 & 3 in the comparison of natifications and hospitdisations. The extent
of under-natification in adolescents and adults is likdy to be even grester than in
younger age groups The implementaiion of laboraory natification and the
widesoread use of a commercidly avalable serologicd kit by diagnogtic laboratories
in the early 1990s has resulted in natification of a much higher proportion of cases in
older children than in comparable indudridised countries. However, daa presented in
this thess show that notification rates in adolescents have continued to incresse,
despite the proportion of serologicaly diagnosed cases remaining constant Since 1994.

Notification and hospitdistion data are currently unde-utilised in Audrdia This
thess has highlighted their usefulness in monitoring diseese incidence. Despite the
limitations of routine daa collections, these data provide vauable information about
the epidemiology of pertusss and the impact of vaccination programs. In view of the
continued burden of disease from pertussis and the changes in vaccingtion policy in
Audrdia it will be important to continue and improve surveillance and to make better
use of the data collected. Improvements include the incorporation into the nationd
database of data avalable a a State/Teritory level, such as date of birth, method of
diagnosis and veccingtion dsatus. Additiona research projects could be undertaken to
determine the vdidity of various aspects of the natification and hospitdisation deta
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Hospitdisation data in particular are under-utilised. This thess demondraes the vaue
of hogpitdisation data in examining vaidions in reporting prectices, and suggests that
hospitdisation data may be more ussful for monitoring trends and making interdate
and internationa comparisons in infant pertusss than natification data

The case definition for pertussis natification in Audrdia is currently under review, yet
we have no idea to what extent notified cases meet the current case definition or
whether this varies between the States and Territories. Problems with the available
method of diagnoss data in NSW were identified in Chepter 3 — validation of these
data would be ussful and could result in improved recording. Two studies undertaken
in NSW have examined the notifying practices of generad practitioners’® but no
dudies have examined the notifying practices of hospital doctors. Anecdota evidence
suggests that doctors in hospitals are less likely to notify, as it is less clear whose
reponshility it is to notify the locd public hedth unit. Such vdidaion sudies would
assig theinterpretation of routingly collected deta.

Although complete veccinaion of dl children is the mog important preventive
measure in maintaining control of pertussis’ prior to this thesis, no published data on
the effectiveness of pertusss vaccines used in Audrdia were avalable Since 1993
there have been dgnificat changes in the Audrdian dandard vaccination schedule
with respect to pertusss control. In 1994, a fifth dose of DTP for children aged 4-5
years was added to the schedule. The impact of this additiond booster dose on
naotifications in the 5-9year age group is evident from the detaled age-specific data
presented in Chapters 2 & 3. The 59 year age group now has lower natification rates,
compared with higoricd data and rdative to 10-14 year olds, whose natification rates
currently exceed those of any other age group, including infants.

In children aged less than two years there is an associaion between digibility for
vaccination and notification/hospitaisstion  rates (Chapter 3). The decrease in
notification and hospitdisation rates drongly suggests an effect of vaccingion. The
andyses which demondrated this would not have been possble without information
on the date of birth and/or the age in months a dissese onset. In the future, as the
nationd data collection improves, these andyses should be repegtable a a nationd
level and should become part of routine notification reports.
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The other important change in the Audrdian vaccination schedule was the licensing
of acdlular pertussis veccines in 1997. It was hoped that these vaccines, which have
fewer dde effects than whole-cdl veccines, would result in improved upteke of
pertusss vaccine. Coverage a 12 and 24 months of age, as recorded on the ACIR, has
improved snce acdlular vaccines were licensed but the contribution of acdlular
vaccnes to this improved coverage cannot be diginguished from that of other
program initiatives usng the avalable data Since 1999, acdlular vaccines have been
funded netiondly for al doses The ability to track changes in vaccine type over time
a a ndiond leve, as shown in Chapter 4, would not have been possble before the
ACIR was established. In the year 2000, the ACIR recorded use of only a very smal
proportion of whole-cell pertusss vaccines (Chapter 4). It will be important to
monitor trends in pertusss hospitdisation and notification raies among infants, usng
methods smilar to those described in this theds to evduate the combined impact of
pertusss vaccine coverage and acdlular vaccine effectiveness in this target group.

The importance of monitoring the veccine effectiveness of routindy used, publidy
funded vaccines was highlighted by the presentation in Chapter 6 of previoudy
unavalable VE estimates for pertusss in New South Waes VE estimations should be
incorporated into routine andyses of notification data usng coverage data from the
ACIR. The impact of the introduction of the fifth dose on pertusss notification rates
in 10-14 year olds will need to be closdy monitored. Uptake of the new boogter dose
for adolescents and adults aso needs to be monitored to determine its effect. The
ACIR records only vaccines given to children bdow the age of saven years, S0
dternative methods of measuring vaccine uptake will need to be used for adolescents
and adults.

More important than the individua pertusss vaccine effectiveness figures presented
in this theds is the process involved in ther caculation. The methodology developed
in Chapter 6 for the routine monitoring of pertusss vaccine effectiveness, involved
linkege of previoudy isolated data sets (pertusss notification data and ACIR data).
This has the potentid to be incorporated into routine evauation of other diseeses for
which vaccines are avalable. One of the main drawbacks of the VE sudy presented
here was difficulty in determining whether the messured differences in VE (between
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aress and over time) were red or attributable to inaccuracies in vaccine coverage data
In the future, as the ACIR matures, this will be less of a problem, as it will be possble
to use populaion coverage data of the cohort of children from which he cases arose,
thus improving the precison of the VE edimaes In addition, checking the
immunisation datus of cases will be eeser and the population estimates will be more

accurate.

In spite of high levds of vaccination amongg infants, pertusss continues to chalenge
Audrdian public hedth authorities. Factors responsble for difficulties in pertusss
control incdlude the limited duration of protection, problems associated with diagnods
of petusss especdly in older or vaccinated persons and during the early mogt
infectious phase. The data presented in this thess can be used as a basdine for the

asessment of future strategies aimed a pertussis control.
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This agppendix contans an gpplication to the Ethics Committee of the Children's
Hospita at Westmead. | was responsble for writing mogt of this study proposa but
not the parts which address ams 4 & 5 (the utility of clinicd symptoms as a screening
tool for pertusss and validding the test propertties of symptomatology as a screening

tool againg serology). The andyses of some of the data resulting from this study form
the mgor part of another sudent’s masters thesis.

Short Title of Project:

Survey of cough and pertusss immunisation gatus in children

Investigators:

L

Dr Raina Maclntyre MAppEpid, PhD, FRACP, FAFPHM, Senior lecturer. Emall
address: RainaM @chw.edu.au

A/Prof Peter Mcintyre PhD FRACP FAFPHM, Deputy Director. Email address:
Peterm@chw.edu.au

Ms Michdle Cagney BSc — Third year Graduate Medicad Program student of
Univerdty of Sydney, underteking an MPH program in 2000. Email address
Michd C5@chw.edu.au

Ms Sranda Torvadsen GradDipHSCi(Epi&Stats), MAppEpid, Research
Officer/PhD Candidate. Email address. Sirandal @chw.edu.au

Nationd Centre for Immunisation Research and Surveillance of Vaccine Preventable

Diseases

The Children’s Hospitd a Westmead
Telephone: (02) 98450520
Facamile (02) 9845 3082
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SCIENTIFIC PROTOCOL

Aims

1. To edimate the incidence of pertusss in New South Waes children aged 5-14
years.

To determine vaccination coverage in children aged 5-14 years.

To estimate the effectiveness of pertussis vaccination.

To assessthe utility of dinicad symptoms as a screening tool for pertussis.

a WD

To vdidae the test propeties of symptomaiology as a screening tool agangt
sology.

Simple description

Whooping cough (pertusss) is epidemic in Audrdia, with an incressng proportion of

casesin older children and adolescents. The study has two parts:

1. A cross-s=ctiond tdephone survey will be conducted to determine cough
symptomatology, history of respiratory illness, vaccinaion hisory and risk factors
in 2000 children aged 5-14 years in Western Sydney Area Hedth Service
(WSAHS). All children will be invited to participate in the second pat of the
study.

2. A crosssectiond serosurvey will be conducted to determine exposure to pertusss
in 200 consenting subjects from part (1).

Background

Pertussis in NSW

In teems of morbidity and mortdity, pertusss is the most important vaccine
preventable disesse in Austrdia Pertussis has been epidemic in Augrdia snce 1993
and has been respongble for sx infant deeths in New South Waes since late 1996.
Immunisstion has changed the epidemiology of petusss with an  increesng
proportion of cases now seen in older children, adolescents and adults These
populations may then transmit pertusss to neonaes and infants who ae mogt

vulnereble
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Symptoms as a screening tool

Attempts have been made to deveop dinicd definitions of pertusss based on the
asodiated symptoms. An American study by Wright et a® (1995) found that 21% of
people 318 years presenting to the emergency room of an urban university hospitd
had evidence of pertusss infection. Similar results were reported by Schmitt-Gohe et
al (1995) who dso found a wesk association with the presence of a whoop (38% of
subjects, 24/64). A Sydney-based study” examining the spectrum of symptoms in
adults with notified pertusss aged 320 years found that 82% (60/73) experienced
paroxysms, 66% (48/73) an inspiraory whoop and 62% (47/73) reported pod-tussve

vomiting.

Whilg various dinical case definitions exidt, there is no universd consensus as to
which definition should be accepted. It has been well documented that the senstivity
of laboratory-based diagnodic tools decreeses in an individud with a higory of
pertusss immunisation.”> To this end, a more senstive dinicd diagnosis may help to
diagnose and treat adolescent and adult cases of pertussis which, dthough endemic,
are under-diagnosed.

Vaccine effectiveness

Vaccine effectiveness (VE) sudies become paticularly important when disease
incidence does not predictably decrease with increased vaccine coverage, when high
proportions of fully immunised cases are reported or when issues arise that were not
predicted in prelicensure evaluations® At present one of the investigators of this
proposed study is dso undertaking a study which ams to estimate VE in New South
Wades children usng the screening method. The screening method estimates VE by
comparing the proportion of persons with the dissase who are vaccinaied with the
proportion of the population who are vaccinated.” ™

Justification for this study

The sudy will enable us to determine the rate of pertusss diseese and vaccination
coverage in older children and adolescents, and to evaduae the senstivity of various
dinicad dgorithms in the diagnoss of petusss. Symptomaology may be an
important screening tool in the adolescent and adult populations, where pertusss is
poorly diagnosed.
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Using veccine coverage information, VE edtimates could be caculated and compared
with edimates usng notified cases. The study will provide information on the effect
of case ascartainment bias and help predict true VE figures. There was a change to the
sandard immunisstion schedule in 1994 with the introduction of a 5" dose for 45
year olds Some of the dudy subjects will have been digible for this dose, thus
dlowing its effectiveness to be evauated.

Methods

Subjects

Children aged 5-14 years living in the generd community in WSAHS. The firg part
of the dudy will involve a tdephone survey of 2000 such children. In the second part
of the study, 10% of subjects will be tesed for pertusss by serology. This will
comprise of 50 (cough) and 150 controls (no cough).

Recruitment of subjects and controls

Two thousand households with a leest one child aged 5-14 years of age will be
sected from WSAHS. Where a household has more than one child of digible age,
the child with the birth date dosest to the interview date will be sdected. Consenting
parents or guardians will be interviewed usng a structured questionnaire (attached).
Two hundred subjects (50 cases with cough and 150 controls without cough) will be
sected for serologicd teding. If >200 subjects consent, 50 cases and 150 age-
matched controls will be randomly sdected. A nurse experienced in venesection will
do home vidts, will provide a plan language Satement, obtan consent and collect
blood. Written, informed consent will be sought from the parent/guardian. However,
if the child refuses, venesection will not be performed.

Power analysis and sample size
Sample Sze was cdculated to detect a prevdence of cough of 5% with a 95%
confidence interval and 80% power. Allowing for a refusal rate of 20%, 2000

households in WSAHS with a leest one child aged 5-14 years of age will be
randomly sdlected from the White Pages for the telephone survey.
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Measuring instruments:

A. Questionnaire & interview

The tdephone survey will be conducted usng computer assisted teephone interviews
(CATI). These will be undertaken by the NCS Audrdasa Ply Ltd. A pilot survey will
be conducted prior to the commencement of the study.

Outcome variables measurement

The questionnaire will determine risk factors for cough, a higory of ever having had a
cough lagting 2 weeks or longer, and whether the coughing illness was in the previous
12 months and associated with any other symptoms such as a ‘whoop’ or pogt-tussve
vomiting. Respiratory diseese higory and DTP immunisation hisory will adso be
ought.

Validation of symptomatology

The symptoms reported by study subjects will be vdidated usng pertusss serology
from children who reported a cough history suggedtive of pertusss and from those
who did not report cough. Vaious symptom cugers will be andysed agang results
of serology to determine the most sengitive method of diagnosing pertussis dinicaly.

B. Laboratory methods

An ‘in housg? enzyme linked immunosorbent assay (ELISA) will be used to measure
attibodies (IgG) to petusss atigens (petusss  toxin - and  filamentous
haemagglutinin) at the serology |aboratory of the Children’s Hospitdl at Westmeed.

Analysis of data

Rates of cough

Thefallowing rates in children aged 5-14 years will be calculated:
Cough lagting 2 or more weeks

Cough lasting 3 or more weeks

Cough lagting 2 or more weeks with one other symptom
Cough lasting 3 or more weeks with one other symptom
Doctor -diagnosed pertusss

o o b~ W DN PE

Age-specific rates of al the above.
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Immunisation status
The proportion of subjects fully immunised, patidly immunised and unimmunised
will be cdculated. Also, the proportion of children whose parents can venify the

immunisation datus by referring to the dates in a written record will be caculaed.
These proportions will aso be calculated by age group.

Vaccine effectiveness (VE)

VE will be esimaed by age group by the formula VE = 1-[PCV/(1:-PCV) x 1-
PPV/PPV], where PCV is the proportion of the vaccinated population with the disease
and PPV isthe proportion of the population vaccinated.

Validation of symptoms against serology

Symptom clusters will be andysed in cases and controls to determine ther test
characteristics as a screening tool for pertusss usng 2 x 2 tables for diagnodtic tedts,
and by usng saology and dinicd hisory of pertusss, dtendivey, as the gold
Sandard.

The data collected will be andysed by the gdatistica software “Epilnfo verson 6.04
and SAS. Statigtica sgnificance will be defined as ap-vaue of 0.05 or less.

Interpretation and application of results

The effect of gpplying different cae definitions will be examined. The utility of
symptoms as a screening tool for pertusss in older children will be evauated. Some
of the results of this study will be induded in Michdle Cagney’s magters thess. The
study results will dso be submitted for publication in a pea-reviewed journd.
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ETHICAL ANALYSIS

Potential risks

This study poses no risk for paticipants of the tdephone survey. A blood sample will
be taken from those respondents who agree to the serology test. The disadvantage of
paeforming venesection is the posshility of minor pan and possble bruisng a the
needle ste. The rate at which these side effects occur is operator dependent but they
occur & alow frequency. EMLA patches will be provided.

Potential benefits

Successfiul completion of this research topic will provide a number of benefits Frdly,
it would provide an edimae of the prevaence of pertusss and vaccine coverage
among children aged 5-14 years in NSW. Secondly, a sendtive and specific dinicd
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definition of pertusss will dlow the doctor to order the appropriate |aboratory-based
tests earlier in the disease than a present, increasing the chance of obtaining a true-
postive result. It would adso make it possble to etimae the effectiveness of the
current vaccine schedule, with recommendations being made to the appropriate
governing bodies on the introduction of an adolescent boogter dose of the pertusss

vacane
Research plan

Proposed date of commencement

The proposed commencement date for the interviews is a the end of June and
throughout July 2000 (after peak pertussis activity has ceased).

Estimated duration

It is edimaed that the serology samples will be collected by Augud, with andyss and data
cleaning occurring in November. A report is to be prepared by the end of December 2000.

Budget

CATI survey (by NCS, indluding pilot, including GST) $ 74,800
Serology (reagents only, induding GST) $ 8800
Nurses for venesection $ 20,000
Laboratory staff time $ 10000
Teephone, Sationary, miscellaneous $ 2000
TOTAL $155,600

Source of funds

The project is being funded by SmithKline Beecham Biologicds, whom we approached for
funding. It is an invedigaor-driven study and SmithKline Beecham has had no input into the
sudy aims, design or execution, and will not have any such input.

Staffing

Telephone surveys will be conducted by experienced daff a NCS Audrdasa Pty Ltd,
a market ressarch company sdlected by competitive tender. Blood samples will be
obtained by the dinicad nurses working for the NCIRS, whils serology will be
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performed by the microbiology department a the Children's Hospitd a \Westmeed.
Andysiswill be conducted by Michelle Cagney, a student a the NCIRS.

Care of participants

This study will not affect the child's rdationship with this hospitd. Parent information
and consent forms have been drafted and are attached to this gpplication. The serology
peformed on those who agree to the test will be informed of their anti-pertusss
antibody titre and what that means to ther immunity againg pertusss. This would be
of bendfit in terms of preventing soread of pertusss within the family/household by
immunisation.  Non-immune  individuds will be advissd to be immunised.
Additiondly, participants are free to contact Michele Cagney o Dr Raina Maclntyre
if they have any concerns. NCS Audrdasa are experienced in hedth surveys and
may a0 be available to help with distressad parents during the interviews.

Review of progress

Weekly survey updates will be supplied by NCS Audrdasa for prdiminary andyss
and gpproach of parents re the serologic survey. It is not envisoned that there will be
any need to prematurely terminate the study.

Management of adverse events

Concerned parents are encouraged to cal NCIRS if they think that their child hes
been adversdy dffected by paticipation in this sudy. If the child becomes ill or is
injured as a rexult of participaion, then reasonable costs of medicd trestment will be
paid by the Children’s Hospita at Westmead

Winding up procedures

This sudy does not involve any longterm, on-going care of participants. Feedback
from this sudy to paticipaiing families will be in tems of ther childs antibody
levels againgt pertusss. The serology performed on those who agree to the test will be
infformed of ther anti-pertusss antibody titre and what that means to ther immunity
agang pertusss. This would be of benefit in terms of preventing soread of pertusss
within the family/household by immunisation. Non-immure individuds will be
advised to be immunisad.
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Access to data

Data will be kept on password protected computer files for the duration of the
research. Hard copies of the questionnaire will be kept in a locked filing cabinet. Only
the study investigators will have access to the computer and paper files. The computer
files will be kept long term in a password protected database. All identifying deta will
be coded and de-identified for participant’s privacy.

Will data be collected from a government agency?

No datawill be obtained from any government agency for usein this study.

Storage or disposal of data

Daa will be kept on password protected computer files for the duration of the
research. The computer files will be kept long term in a password protected database.
Had copies of the questionnaire will be kept in a locked filing cabinet. The paper
fileswill be retained for five years and will be disposed of usng a document shredder.
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DECLARATION

We undertake to cary out the research project (Survey of cough and pertusss
immunisgtion datus in children) as described in this gpplication and to comply with
the generd and specific conditions laid down by the Ethics Committee.

We do not have acommercid interest in the outcome of this study

We ds0 undertake to notify the Ethics Committee should any changes to the protocol
be necessry, should any unexpected complications or adverse events take place, or
should the study be abandoned for any reason.

The reaults of the study will be reported to the Ethics Committee annudly during the
coure of the sudy and a its concluson. A copy of any abdracts or publications
resulting from the project will be submitted to the Research and Development Office.

Sgnatures:

Dr RainaMaclntyre Date
Dr Peter Mclntyre Date
MsMichelle Cagney Date
Ms Siranda Torvaldsen Date
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NSW Cough Survey Questionnaire

“Hello, my name is . | am caling about an important sudy on chest
problems and immunisation in children aged 5-14 years in Western Sydney, on behdf

of the New Children's Hospitd & Westmead. We would like to interview the person
mogt involved with the children in the household. We don't nead to know any names
or persond details. Could you spare alittle time to answer some quick questions?

01 Agreed ® gotoquestion CINL

O, Refused ® EXIT

03 Business® EXIT

04 Insituion ® EXIT

05 Fax machine® EXIT BUT COME BACK FOR ONE CALL BACK

Os Answeringmachine® EXIT BUT COME BACK FOR ONE CALL BACK
O;Noanswer® EXIT

Os Not aresident of WSAHS ® EXIT

O Hangup — thinkswewant money ® CALL BACK

010 No children aged 5-14 years® EXIT

CIN1 Thank you very much. The sudy will hep us in underganding some common

ches problems in children. Jugt to let you know, your phone number has been
randomly sdlected from the phone numbersin your area.

CIN2 Do you have any children aged 5 to 14 yeas that usudly live in this
household? (“livein this household” means dl 5 days of the school week)

~

Yes O1 ® gotoCIN3
No 0, ® thank you but this study is only about children aged 5-14,
goochye

Refused 03® Encourageto participate
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CIN3 How many children live in the household?

a.  Fixed number
b. Vaiadenumber ® goto CIN4

CIN4 If the number of children living in the household varies, could you tdl me why?

CIN5 We would appreciate your involvement in this study, is now a convenient time?

Yes ® gotoCING
No, now isnot agood time ® make an gppointment
Refusd ® encourage to paticipate

CING

IF ONE ELIGIBLE CHILD: Automatic selection of that child

IF MORE THAN ONE ELIGIBLE CHILD: We are collecting information about one
child from each sdected household and now we would liketo sdlect thet child.

Sdect child whose birthday is next.

We would like to interview the parent/carer of the child X. Could | have that child's

first name? (you can use a pretend name for the interview)
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CIN7 Because this survey is aout child hedth we need to spesk to the parent or carer
who knows most about the child’s hedlth. Isthat you?

(If necessary prompt: “knows mogt” is the one who took to child to get immunised or
to the doctor when the child was sick)

01 Yes | know most abaut the child's hedth
O3 No: I'll get them
04 No: not a home a present® make an appointment

05 Refusal: ENCOURAGE TO PARTICIPATE ® ask for reason
why ® thank you and goodbye® exit

06 Unavailable for duration of survey ® exit
67 Main carer doesn't speek English ® Which language? ® thank you

and goodoye® exit

CIN8 What isyour rdaionship to the child?
Mother
Father
Stepmother
Stepfather
Grandmother
Grandfather
Shling

Legd guardian
Other

Don't knowv
Refused
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Section 1:Questions about cough
COU1 Has your child been diagnosed with having any of the following illnesses by a
doctor or & a hospitd?

a Pneumonia ever

YesO, (gotopnl)
No O, goto COU 1b
UnsureD 5

pn1: how many times has your child been diagnosed with pneumonia?
Once 0.

More than once 0>

Answer the below questions for the most recent episode.
pn2: What year was this (or how old was your child)
pn3: Was your child admitted to hospitad for pneumonia?

YesO1
No 02 go to COU lapn5
UnsureO 3
pn4: Length of stay:
Overnight
More than one night
pn5: Where was pneumonia diagnosed:
Doctor’ ssurgery
Hospitd: ward
Hospita: emergency department
Other (including seif)
pn6: Wasyour child given antibiotics? Yes O, No O, UnsureD 5
pn7: Was achest x-ray done? YesO; No O, UnsureD s
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b. Bronchitisin the last year?

Yes 0

No 0, | gotoCOUIc

UnsureD s
Was hospital admission required Yes 0, No O, UnsureD 3
¢. Whooping cough ever?

Yes 0

No O ] go to COU 1d

UnsureD 3

wcl: How many times was your child diagnosed with whooping cough? Answer the
below questions for dl episodes

wc2: What year was this (or how old was your child)?

wc3: In what month was whooping cough diagnosed?
wc 4: Was hospital admisson required YesO1l No 62 Unsured 3
wcb: What, if any, were done for whooping cough (one or more)?

Blood test

Nose swab

Yes, but unsure of the test

Other

No tests were done

Unsure
wc6: Which, if any, of the tests show whooping cough (one or more)?
Blood test
Nose swab
Yes, but unsure of the test
Other
No tests showed whooping cough

Unsure
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d. Croup in the lagt year?

No 0,| gotoCOU 1le

Unsure O
Was hospital admission required Yes 0, No O, UnsureD 3
e. Ashmaever?
Yes 01
No 02 go to COU 1f
Unsure O3
asl Age a diagnosis years
as2 Wasthisin the last year Yes O, No O, UnsureQ s
as3 Was hospital ever required Yes 0, No O, UnsureD 3

a4 Has your child needed to teke any ashma medication or “puffe” (such as
ventalin, flixatide or arovent ) in the last year?

YesO, No 0, UnsureD 3

asb How many episodes of wheezing has your child had in the last year?
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f. Has your child ever been diagnosed with any other lung problem ?

If yes® Please gpecify: Diagnoss
Cydicfibross
Meurisy
Pneumothorax
Peurd effuson
Bronchiestas's
Tuberculoss
Bronchidlitis
Allergic bronchopulmonary aspergilloss
Lung transplant
Bronhopulmonary dysplasa (Hyaine membrane
disease/chronic lung disease of infancy)
Post-cancer or post-cancer therapy lung disease
Foreign body
Pneumocydtis carinii Pneumonia
Immoatile ciliary syndrome
Other, please specify

No 02 ] go to COU 1g

Unsure 03

0. Does your child have any other longterm hedth problem(s) which he/she has to
vigt adoctor or hospitd regularly for?

Yes 01
No 02® gotoCOU2
Unsure 0s® goto COU2

If yes® Please specify: Diagnosis
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COU2 Has your child had a continuous cough that lasted for 2 weeks or more in the

last year?

Yes (o

No 0,® goto section 2
Unsure 0+® goto section 2

COU3 On how many occasons did your child have a mugh of 2 weeks or more
followed by at least 1 week without coughing?

a Once (OF]
b. More than once 0>
Ccou4

a How many weeks was the longest coughing illness your child had in the last year?
weeks

b. Do you remember what month of the year in which the cough started?

COU5 During this or thee coughing illness(s) in the lagt year, did your child
experience any of the following?

a. Wheeze Yes 01 ® gotoCOUal
No O/ gotoCOU5b

Unsure O3® go to COU5 b
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al: If yes did your child's wheezing frequency change during the coughing illness?

Yes O,

No 62

UnsureD 5
b. A visit to the doctor about the cough YesD,

No 62

UnsureD 5
c. Painsin the muscles and joints Yes O, No O UnsureD 3
d. Bursts of coughing for minutesat atime ~~ Yes 04 No O, UnsureD 5
e. Rash YesO, No 0, UnsureD 5
f. Nasal congestion YesO1 No 0. UnsureD 3

g. Coughing so hard that he/she had to draw breath suddenly (awhoop)

YesO1l No 62 Unsured 3
h. Fever Yes01l No 62 Unsured 3
i. Sorethroat YesO1 No 62 Unsured 3
j- Soreribs/chest/back due to coughing? Yeso1l No 62 Unsured 3
k. Shortness of bregth Yes01l No 62 Unsured 3
|. Coughing fallowed by vomiting Yes01 No 62 Unsured 3
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m. Fever Yesol No 62 Unsured 3
n. Headache YesOl No 62 Unsured 3
0. Sinus Yesol No 62 Unsured 3
p. Night cough Yes01 No 62 Unsured 3
g. Fetigue YesOl No 62 Unsured 3
r. Flushed face Yeso1l No 62 Unsured 3
s. Did the coughing bring anything up? YesO1 No 62 Unsured 3
t. Hoarseness or loss of voice YesO1l No 62 Unsured 3

u. Stopped breathing for a short time following coughing

Yes61l No 62 Unsured 3

v. Going blue about the mouth following coughing
YesOl No 62 Unsureb 3

COU6 This question only for those who answered “yes’ to question COU 5b: What
was the coughing illness diagnosed as?

Asthma (do logic check)

Pneumonia (do logic check)

Vird illness (do logic check)

Bronchitis (do logic check)

Sinustis (do logic check)

Whooping cough (do logic check)

Laryngitis (do logic check)

Upper respiratory tract infection (do logic check)

Other
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COU7 In the month before your child dated coughing, had he/she been around

anyone dse who hed:
a. atroublesome cough Yes61® COU8
No 02 goto COU 7b
UnsureD

b. been recently diagnosed with whooping cough?
Yes®;® COU 9

No 0, go to COU 10

UnsureD s

COUB What is the relaion of that person to your child?
Mother/stepmother

Father/stepfather

Legd guardian

Sibling
Grandparent

School mate

Teacher

Other
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COU9 What isthe rdation of that person to your child?
Mother/stepmother

Father/stepfather

Legd guardian

Sibling
Grandparent

School mate
Teacher

Other

COU10 After your child sarted coughing, did anyone dse

a develop atroublesome cough Yes61® COU13
No O go to COU10b
UnsureQ s

b. have adiagnoss of whooping cough?

Yes0;® COU14
No O, Qo to section 2

UnsureD s

COU13 What isthe rdation of that person to your child?
M other/stepmother

Father/stepfather

Legd guardian

Shling

Grandparent

School mate

Teacher

Other
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COU14 What isthe relation of that person to your child?
Mother/stepmother
Father/stepfather
Legd guardian
Shling
Grandparent
School mete
Teacher
Other

Section 2: Demographic questions: children 5-14 years
DEM1 What isyour child’ sdate of birth? __/_ /19
If respondent does not wish to give DOB, ask:

What was your child’'s age & higher last birthday?  years

DEM2 Isyour child mae or femae?

Femde 01
Mde 62
DEM3 Resdence:

a What isthe postcode of your usua address?
(Normdly meansin the preceding school year)
b. Wheat suburb do you usudly live in?
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DEM4 In which country was your child born?
Audrdia® goto DEM5

New Zedand A
Pecific Idands goto DEM 6
Asa
Europe
Africa

North America
South America
Other

DEMS5 Isyour child of Aborigina or Torres Strait Idander origin?

Yes 01
No 02
Unsure 63

DEM6 Does your child spesk a language other than English? (use full lig of
languages)
Arabic
Chinese
[talian
Greek
Spanish
Flipino
Other

DEM7 What type of educationd inditution (if any) does your child atend?
Preparatory school
Kindergarten
Primary school
Secondary school
None
Refused
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DEM8 How many other people live in your household other than (name of surveyed

child)?
Number of children younger than (name of surveyed child)
Number of children older than (name of surveyed child)

Number of parents

Number of other adults

SECTION 3: Socid context and Smoke exposure

SE1 Does anyone in the household have a Hedth Care Card?
1

(@)

Yes
No

[@))
N

Unsure 63
Refused 064

SE2 Does anyone in the household smoke?
Yes 01
No 02
Unsure 03
Refused 04

Section 4:Quedtions about immunisation
VACL We will ak you to refer to your child's immunisation records (such as the
“blue book™) later in the questionnaire, are you able to get these?
Yes, | cangetitnow ® gotoVAC 2
al
Yes, but it will take sometime® Get atimeto cal them back
az2
No® Let them know that it isnot essentid and encourage to continue
K]
Refused
a4
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The next few quedions are about your child's immunisation. The whooping cough
immunisation is usudly given to babies and preschool children in the same needle as
diphtheria and tetanus and is cdled the “DTP’ or “Triple antigen” vaccine It is
possble some children were not immunised againg whooping cough and were only

given avaccine for diphtheria and tetanus known asthe “CDT” vaccine.

VAC2 Did your child ever receive any vaccinations against whooping cough?

Yes 061® gotoVAC4
No 62® gotoVAC3
Unsure 03® gotoVAC4

VAC3 Wha were your reasons for not vaccinating your child agains whooping
cough?

| don't believe in immunisatiory disagree with immunisation
Medica reasons

Religiousreasons

Out of country

Doctor didn't offer the immunisation

Forgot

Other

Refused

Now go to VACS

VACA4 Do you have your child's immunisation records in front of you?
Yes 01
No 062 ® Encourage them to continue on, trying to recdl the daes of

immunisation

VACS5 Hasyour child recaived:

Thefirg dose due at gpproximately 2 months of age:
Yes 01

Date of first dose and type from record /[ /19 CDT
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DTP

Recdled date and type of vaccine _ /119 _ CDT
Orage DTP

No 02

Unsure 03

Refused 04

The second dose due a gpproximately 4 months of age:

Yes 01

Date and type of second dose from record _/_J/19__CDT
DTP

Recdled date and type of vaccine _ /119 _ CDT
Orage DTP

No 02

Unsure 03

Refused 04

Thethird dose due a gpproximately 6 months of age:

Yes 01

Date and type of third dose from record _/_J/19__CDT
DTP

Recdled date and type of vaccine /19 _CDT
Orage DTP

No 02

Unsure 03

Refused 04

Thefourth dose due at gpproximately 18 months of age:

Yes 01

Date and type of fourth dose from record _ /19 __CDT
DTP

Recdled date and type of vaccine _ /19  CDT
Orage DTP
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No 062
Unsure 03
Refused 04

For children who turned 6 years in 1995 or later:
Did your child receive the fifth dose vaccine due a gpproximady 4 years of age or
just before school entry:

Yes 01

Date of fifth dose from record /19
Recdled date _ 1119 _oeage
No 02

Unsure 03

Refused 04

For children who turned 4 years old in 1997 or later:

The new “acdlula” whooping cough vaccine became avaldble in the middle of 1997.
Until the beginning of 1998 having your child immunised with the acdlular vaccine
would have incurred an extra cost. Do you know the name of the vaccination your
child received as the fifth dose?

(PROMPT: did you pay for the 5th dose?)

What type of vaccination did your child receive as the 5th dose?

Whole cdl DTP/ Triple antigen’ 01
CDT 02
Tripacel (or acdllular DTP) 03
Infanrix (or acellular DTP) 04
Unsure 05
Other 06

The following two questions concern possble sde effects following the whooping

cough vaccine
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VACG6 Did your child experience any sde effects or reections following the whooping
cough vaccinaion, induding redness and sweling about injection dte pan in am
where they had the needle, fever, irritability, inconsolable crying, loss of appetite?

Yes 01® gotoVACY
No 02® gotoVACS8
Unsure 03® gotoVACS
VAC7

Which of these reaction(s) did your child have in the day or two folowing the
whooping cough immunisation? (One or more ansvers):
Redness about injection Site
Swelling about injection Ste
Pain in arm where they had the needle
Fever
[rritability
Inconsolable crying
Loss of appetite
Other, please specify
Did you seek medicd atention for the reaction?

Yes 01
No 62
Unsure 063

With what dose did your child have areaction?

Dose 1 01
Dose 2 02
Dose 3 03
Dose 4 04
Dose5 05
All dosss 06
More than one dose 07
Unsure 08
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ASK ALL:

VAC8 | would like to thank you for your time and cooperation with this survey.
Would you mind to having one of the members from the Children's research team
contact you in the next couple of months? This will be about paticipation in further
research on childhood coughs. They will explain more when they get in touch.

Yes

Name of person to contact

Phone number

Preferred timeto call: Day/Evening
Child’ s name

No 62

END OF QUESTIONNAIRE
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Summary

Background: Noatifications of pertusss have increased recently in Audrdia and other
industridlised countries. This study edtimates the effectiveness of pertussis vaccingion
in New South Wades children aged less than 14 years, during a period when an
Audrdian whole-cdll pertusss vaccinewasin routine use.

Methods: Cases notified with pertusss between 1996 and 1998 and pertussis vaccine
coverage edimates from the Audrdian Childhood Immunisation Register were used.
Vaccine effectiveness (VE) was cdculated usng the screening method in a logidtic
regresson modd which included age group, year of diseese onsst and aea of
residence.

Results: VE was highest (91%) in the youngest age group (823 months) and lowest
(78%) in the oldest age group (913 years). VE edtimates were lower in 1998 than in
the previous two years, particularly in one area

Conclusions: Petusss vaccination, primarily with the Audrdian whole-cdl pertusss
vaccine, is highly effective a preventing pertusss in New South Waes children, as
measured by notified cases. Although the screening method has many potentid biases,
trends in VE may dill be monitored over time assuming these biases remains
condant. Such ongoing monitoring will be important to evduate VE following
Audrdias change to an acdlular vaccine based program. The gpproach described
here endbles this to be incorporated into routine surveillance.

K eywor ds: vaccine effectiveness, pertussis, screening method
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Introduction

Pertusss (whooping cough) is the most important vaccine preventable diseese, in
teems of morbidity and mortdity, in Augrdia’® and meny other indudridised
countries. In addition to the andyss and interpretaion of dissese survellance and
vaccination coverage data, there is a need for a monitoring sysem cgpable of
detecting mgor shifts in the effectiveness of the pertusss vaccination program.
Further indications for monitoring pertusss vaccine effectiveness (VE) include
evidence of a mgor change in VE dsewhere” a lack of effectiveness data for the
whole-cdl veccine previoudy used in Audrdia and the recent introduction of
acdlular vaccines. In Audrdia, pertusss vaccines ae given with diphtheria and
tetanus (DTP) a two, four and sx months of age with a booster a 18 months of age.
In 1994, a fifth dose of DTP was introduced, initidly a 4-5 years and subsequently at
4 years of age. A whole-cdl vaccine, produced in Audrdia, wes used exclusively
until 1997, when acdlular pertusss vaccines became avaldble In 1998, acdlular
vaccines replaced the whole-cdl vaccine for the fourth and fifth dose and in 1999 for
al doses

This study ams to estimate the effectiveness of the primary course (doses 13 due a
2, 4 & 6 months of age) of the pertusss vaccingion program in New South Waes
(NSW) children between 1996 and 1998, using the screening method. During this
time peiod the whole-cdl vaccine accounted for the great mgority of pertusss

vaccines used. The screening method compares the proportion of cases who ae
vaccinated (PCV) with the proportion of a comparable group in the population who
are vaccinated (PPV). It is a smple and rgpid method which has been used to estimate
pertussis VE in Nova Scotia® the United Kingdom;' the United States® New Zedland®
and the Netherlands’ In Audrdia it has been used to edimae the effectiveness of

Haemophilus influenzae type b vaccination’ but not pertussis vaccination.

Methods

Study Subjects

All cases of pertusss notified to NSW Hedth from January 1, 1996 to December 31,
1998 aged less than 14 years a the date of dissese onset were sdected from the
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Notifiable Diseases Database (NDD) of the NSW Department of Health. Cases aged
less than eight months were excduded to dlow time for infants to complete the
primary vaccinaion schedule for pertussis.

The NDD indudes information on the method of pertusss diagnoss and the number
of doses of veccine receved, but not date of vaccingtion or type of vaccine
administered (whole-cdl or acdlular). In this sudy, fully vaccinated cases are defined
as in recapt of a least three doses of a pertusss-contaning vaccine. Incompletely
vaccinated children were excluded from VE andyses which were comparisons of
fully vaccinated with unvaccinated groups, as described by Orengein®

NSW is divided into eght rurd and nine metropolitean hedth aress. Hedth aress in
which vaccingtion status was not recorded for more than 25% of notified cases were
excluded. Some geographicdly adjacent arees were combined. The aress Sudied
include three metropolitan (Centrd & South Eastern Sydney, Western Sydney, and
Wentworth) and two rura areas (Southern & Greater Murray, and Northern Rivers),
which together comprise 46% of the NSW population.

Population estimates

Population coverage edimaies were taken from the Audrdian  Childhood
Immunisation Regiser (ACIR). The ACIR contans information on the vaccination
datus of children born since January 1, 1996 (when the register commenced), who are
ather registered with the universal hedth insurer in Audrdia (Medicare) or have had
a vaccination encounter reported by a vaccine provider to the ACIR® A 12-month
cohort of 87 564 children born between 01/04/97 and 31/03/98 was sdected from the
ACIR and vaccination status a 12 months of age assessed as of 31/03/99. This time
period was chosen to dlow sufficient time since the ACIR commenced for accurate
population edimaes of immunisation coverage. Hedth aea was determined by
postcode of resdence. PPV for each area was cdculated by dividing the number of
children fully veccinated 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.
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VE estimation

VE was edimated by fitting a logistic regresson modd using the method described by
Farrington, whereby the number of vaccinated cases is treated as derived from a
binomid digribution, with PCV as the parameter and number of cases (N) as the
index.” Proc Genmod in the software package SAS™ was used for moddling. Logit
PPV was gecified as an offset in the modd, and the variables age group, hedth area
of resdence and year of dissase onset were included as potentia confounders. The
base modd containing the three potentidly confounding variables was fitted and the
sgnificance of each one tested (using the type3 option in SAS). The effects of dl 2
way interactions were tested for datigica Sgnificance (p<0.05) by adding them in
turn to the base modd. VE was cdculated for each combination of age group, area
and year by subtracting the exponentiation of the estimated linear predictor (XBETA
in SAS) from one. Confidence intervas were cdculated in a smilar way using the
sandard error of the linear predictor (STD in SAS).

In order to obtain overdl estimates by area and aye group, the average of the relevant
paameter estimates for year, including the interaction terms, was cdculated. To
obtain overdl etimates by year and age group, the parameter estimates for ares,
including the interaction terms, were weighted by popuation. The adjusted estimaies
of year and area were used to cdculate VE for each age group, adjusted for year and
aea. The variances of these adjusted parameter estimates were caculated from the
covariance matrix using Excd. Confidence intervals were cdculated using these
variances.

Results

Pertussis notifications

In NSW from 1996 to 1998, 3371 cases of pertusss in children aged 8 months to 13
years from a known hedth area were notified. Of the 3371 cases, 1609 cases (48%)
were resident in areas which were included in VE andyses. There was considerable
varigtion among hedth aress in both natification rate and vaccingion satus of cases
(Figure 1). After excluding the 256 cases whose vaccination satus was unknown and
the 75 cases who had received only one or two doses of the vaccine, there were 1278

notified cases digible for the VE andlyses. 1997 was an epidemic year for pertusss in
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NSW, with most areas experiencing an epidemic that year. Of the 1278 digible cases,
810 (63%) had a date of onset in 1997.

Of the 1278 cases digible for incluson in the sudy, 6% were diagnosed based on a
podtive culture result, 70% on serology, 23% dinicdly and in 1% of cases the
method of diagnoss was unknown. The proportions diagnosed by culture decreased
with increasing age, from 30% in children aged less than two years to 4% in children
aged 913 yeas whilg the proportions diagnosed by serology increesed  with

increasing age.

Vaccination status of notified cases

Of the 1278 cases digible for indusion in the study, 762 (60%) hed received a least
three doses of a pertusss-containing veccine. Most (92%) of the vaccinated cases
aged two 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

Vaccingion coverage varied by area, with Southern and Greater Murray hedlth aress
having the highest coverage and Northern Rivers having the lowest (Table 1).

The model

The find modd induded age group, year of onst and hedth areg, plus the interaction
between hedth area and year. This modd had a deviance of 46 with 42 degrees of
freedom, suggesting thet the mode is an adequate fit of the data (p=0.3). In this modd
al variables were Sgnificant (p<0.001).

Age group
Age group was highly sgnificant in the bese modd (c Z=20, p<0.0001). The VE

edimate, after adjusment for area and year, was highest in the 8 to 23 month age
group and lowest in the 9 to 13 year group (Teble 2).

Health area and year of onset
Hedth area was the most dgnificant term in the base modd (c =91, p<0.0001)

followed by year of onset € 5=41, p<0.0001). The interaction between year and area
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was d highly sgnificant (c 2=28, p=0.0004). Edimates by area, adjusted for year
(Table 3) and by year, adjusted for area (Table 4), were calculated.

The 1998 VE edimates were condderably lower than the 1996 and 1997 edtimates
(Table 4). This effect was most marked in the Greater Murray/Southern area. When
the modd was run with the Greater Murray/Southern area excluded, the interaction
teem was no longer dgnificat (p=0.6). Following remova of the interaction term,
year accounted for less of the variability but was dill dgnificant (c 5=6.3, p=0.04),

and the 1998 VE estimates remained the lowest.

Discussion

This sudy shows that pertusss veccination is highly effective at preventing pertusss
in NSW children as it is messured by notified cases. The esimates in this sudy are
not veccine-specific but largdy represent whole cdl veccines, as acdlular pertussis
vaccines have only been avalable free of charge for use in the primary course snce
February 1999. The 1996 and 1997 VE esimaes caculated in this study are similar
to those reported in a New Zedand study which goplied the screening method to
notification data from the 1996 pertussis epidemic.®

The degree to which notified cases represent dl pertusss cases was not evauated, but
notified cases are dealy not a random sample and are likey to represent the more
savere end of the disease spectrum. Over threequarters of the notifications were
laboratory confirmed, modtly by serology. Although not undertaken on these daa, the
effect of including only laboratory confirmed cases on VE edimaes usng pertusss
natifications from 1993 to 1998 was examined.” Induding only laboratory confirmed
cases dightly increased the VE edtimates. The greatest increase was in the youngest
age group who dso had the greatest proportion of culture confirmed cases. Previous
dudes have found that increedng the specificity by induding only dinicdly severe
or culture positive has increased the VE estimates®*

Snce the early 1990s, a commercidly avalable enzyme-linked immunosorbent assay

(ELISA) for IgA againg whole-cdl B. pertussis has been widdy used in diagnostic
laboratories throughout Audrdia Although the vdidity of these teds are difficult to

249



Appendix 2. Pertussis VE in NSW, 1996-1998 —paper submitted for publication

evduae without a diagnodic reference dandard, a study undertaken in western
Sydney found that cases notified on the bass of podtive whole-cdl serology hed
symptoms  dinicdly condgent with pertusss dmogt  uniformly, suggesting that
notifications based on pogdtive serology under-estimate, rather than over-esimate, the

true incidence of pertussis.®

Although this study aimed to measure the effectiveness of three doses of a pertussis-
containing vaccing, most cases who had recaived three doses and were digible for a
fourth dose had received it. Assuming 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 to 8 year old age group had received fifth dose. In the future we
would expect this proportion to rise with a corresponding increase in the VE edimate,
both overdl and relative to the 9 to 13 year dlds.

Possible sources of bias

Cases

Cases with unknown vaccingion daus give rise to a potentidl sdection bias. It is
possble tha cases who were not as readily followed up to check their vaccinaion
status were less likely to be fully vaccinated than cases who were able to be followed
up. However, excluding hedth aeass where the vaccinaion daus of a large
proportion of cases was unknown minimises this bias As parenta recdl generdly
over-estimates vaccination coverage, vaccindion datus of cases is more likdy to be
misclassified as vaccinated. *° This would lead to an under-estimate of VE.

Where VE edimaes are derived from natifications, detection bias (ie the tendency to
suspect pertusss less in pasons known to be fully vaccinated) is an important
potentiad  problem leading to fasdy high VE esimates’ Although we are undble to
determine the importance of this bias in NSW notifications, with the exception of
possble increesed reporting during epidemics, we would expect its effect to be

reasonably congtant over time.
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Coverage estimates

The ACIR did not commence operation until January 1996 so estimates of coverage
ae not avalable for dl years in the sudy period. The cohort used for esimation of
PPV was chosen in preference to earlier cohorts to alow time for improvement in
reporting of vaccinations to the ACIR. Although estimates from the ACIR show that
overdl coverage with 3 doses of DTP in NSW increased from 75% in March 1997
(the first cohort) to 84% in December 1998, mogt of this increase is believed to be due
to increased reporting. It should be noted that the PPV vaues were incorporated into
the modd as fixed vaues, therefore the confidence intervas only relae to the error of
the linear predictor and do not incorporate any error around the PPV vaues.

Underesimation of vaccination coverage will tend to reduce VE edimaes® The
ACIR data most likely under-estimate current coverage due to incomplete reporting of
vaccinaion status.® However, if coverage has improved over the study period then the
ACIR edimaes used are most likdy to have over-edimated coverage in the earlier
pat of the dudy period and in the older age groups. If coverage hes increased,
possbly due to a number of incentive schemes introduced by the Commonwedth
Govenment since 1997, then this may be a least patly responsible for the
goparently lower VE in 1998. Reporting to the ACIR may vary between hedth aress
and could account for some of the regiond differences in VE estimates. Coverage
may have improved over the study period differentidly between aress, which could
explan the dgnificance of the interaction between hedth area and year. From the
results it seems likely that coverage increesed more in the Greater Murray/Southern
areathan in other aress, if coverage increased at dl in other aress.

Age

VE edimaes were congdently 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 edtimates would be reduced even further in this group. Age is a proxy measure for
time snce vaccination. Vaccine-acquired immunity wanes with time™”® s it is not
aurprising that VE is lowest in the older children. These results, together with the
incressing  median age of notified cases in Audtrdia' suggest that  childnood
vaccination againg pertussisis less effective againg disease in adolescence.
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Area

Much of the variation in VE between areas could be due to inaccuracies in coverage
edimates for some or dl of the sudy period. However, differences in notification
practices, handling and dtorage of vaccines and levels of exposure to pertusss may
adso account for some of the differences in VE. A comparison of NSW infant pertussis
hospitdisation and notification data by hedth aea suggess that some of the
differences in notification raes between aess reflect differences in  notification
practices, as opposed to differencesin pertussisincidence.”

Year

The VE edimates, adjusted for area, in 1998 were generdly lower than in the
previous two years, paticulally in the Grester Murray/Southern area. The population
coverage figures used in the modd may be a more accurae reflection of true coverage
in 1998 than in previous years. If this is the case, then the 1998 VE estimates are more
redigic then those for 1996 and 1997. A dudy usng Smilar methodology in the
United States edtimated pertusss VE between 1994 and 1996 in 7-18 month old
children to be 829%, the same as our 1998 edimate in the youngest age group.
Alternatively, coverage may have improved over the three year period with coverage
being under-esimated for 1998, thus reaulting in an under-esimate of VE in 1998.
The mogt likdy scenario lies somewhere in between these two dterndive
explanations, that is coverage has improved and was over-estimated for the years
1996 and 1997 and under-estimated for 1998. It is ds0 possble that differences in VE
over the time period are due to differences in natification practices, dthough we have
no evidence of changes to the notification system.

The posshility tha VE did actudly decreese in 1998 should not be completey
dismissed. A recent paper from the Netherlands reported a downward trend in VE and
in 1997, the find year in which VE was analysed, the PCV exceeded the PPV’
Although there is no evidence of a mismaich of the vaccine drain and the circulaing
Bordetella pertussis drans in Audrdia, the ongoing survellance of pertusss,
including VE, is of paramount importance.
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Conclusion

Although the extent to which notified childhood cases of pertusss represent dl
childhood cases of pertusss is not known, the results of this sudy suggests that the
pertusss veccindion program is highly effective, especidly in younger children.
Whilg the potentid for biases inherent in the screening method is subgtantid, this
goproach has been used extengvely dsawhere and is paticulaly useful  for
monitoring trends in VE, provided any bias remains consant over time. The drength
of this methodology lies in its ease of gpplication and the fact that it could be

incorporated into routine surveillance of vaccine preventable diseases.

As the ACIR matures, checking the immunisation dtaius of cases in Audrdia will be
easer and the population esimates more accurate. In addition, it will be possble to
use the population coverage data of the cohort of children from which the cases arose,
which will improve the precison of the VE edimates. In contrast to the previous
dudies which have used the screening method to estimate pertussis VE?® we have
been able to use regiond coverage data Although logigtic regresson has been used in
one previous screening method sudy which induded year and age as potentid
confounders, it did not include area or use areaspecific population coverage vaues®
In the United Kingdom it was fdt that the use of nationd coverage data may have
produced atificidly high VE edimates’ and Farington illustrates the confounding
effect of pooling population coverage data® In Austrdia, the regiond coverage data
avalable from the ACIR should be incorporated in dl future pertusss VE sudies
which use the screening method. This will be paticularly important in monitoring the
impact of the change to acdlular pertusss vaccines as wdl as shifts in vaccine
effectiveness possbly atributable to other factors such as population shifts in
prevaent srains of Bordetella pertussis.
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Figure 1. Pertussis notifications by health area and vaccination statusin NSW
children aged 8 monthsto 13 years, 1996-1998

ratex = 75 97 142 98 127 121 72 per 100,000
n = 156 379 289 321 191 195 78
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* Average annud natification rate per 100,000 population aged 8 monthsto 13 years

Table 1. Pertussis vaccination coverage by NSW health area(s) for children aged 12
months of age, 1996-1998

Hedlth area(s) % fully % partidly % PPV

vaccinated®  vaccinated unvacchnated  (full/(full+none))
Centrd & 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 & Southern 88 8 4 0.957
Tota 85 8 6 0.930
*3 doses, "1-2 doses, 0 doses
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Table 2. VE estimates by age group, adjusted for year and NSW health area, 1996-
1998

Vaccinated cases  Totd cases  VE (%) 95% ClI (%)

(PCV %)
8to 23 month olds 39 (49 80 910 855t0 %44
2to4year olds 106 (55) 192 84.5 78310839
5to 8 year dlds 223(53) 421 86.5 82710895
9to0 13 year olds 3% (63) 577 776 71710823
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Table 3. VE estimates by NSW health area(s) and age, adjusted for year, 1996-1998

Vaccinated Totd cases VE (%) 95% CI (%)

cases
8 to 23 month olds

Central & SE Sydney 5 20 93.9 89510965
Northern Rivers 6 15 96.8 93710983
Western Sydney 13 16 88.9 81110935
Wentworth 9 15 83.0 68.8t0 90.7
Southern & Greater Murray 6 14 9.0 A5t097.1
2 to 4 year olds

Centrd & SE Sydney 24 53 89.6 83810933
Northern Rivers 10 32 A4 90.210 96.8
Western Sydney 33 52 80.9 70.7t0 876
Wentworth 23 30 70.7 50.7t0 82.6
Southern & Greater Murray 16 25 931 89.1t0 957
5to 8 year olds

Centrd & SE Sydney 51 114 90.9 87010937
Northern Rivers 10 69 95.1 91.7t097.2
Western Sydney 65 A 834 76.0t0 8385
Wentworth 5l 68 745 59510 84.0
Southern & Greater Murray 46 76 4.0 91.2t0 959
9to 13 year olds

Central & SE Sydney 89 175 84.9 78.710 89.3
Northern Rivers 11 41 91.9 86.210 95.3
Western Sydney 85 116 724 60.1t0 809
Wentworth 126 141 57.7 33910729
Southern & Greater Murray 83 14 90.1 85510932
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Table 4. VE estimates by year and age, adjusted for health area

Vaccinated Totd cases VE (%) 95% CI (%)

cases

8 to 23 month olds

1996 5 19 94.2 89910 96.6
1997 26 54 93.0 88.71t095.7
1998 8 15 820 68510 89.7
2to 4 year olds

1996 14 32 90.0 84310936
1997 63 124 88.0 831t0914
1998 29 36 69.2 514t0804
5to 8 year olds

1996 30 70 913 87210940
1997 135 271 89.5 86.61t091.8
1998 58 80 73.2 60.0 to 82.0
9 to 13 year olds

1996 44 68 85.5 78.7t090.1
1997 218 361 82.6 78110862
1998 132 148 55.4 34.6 t0 69.6
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