
 

 

 University of Groningen

Risk and outcomes of invasive pneumococcal disease in adults with underlying conditions in
the post-PCV7 era, The Netherlands
Wagenvoort, Gertjan H. J.; Knol, Mirjam J.; de Melker, Hester E.; Vlaminckx, Bart J.; van der
Ende, Arie; Rozenbaum, Mark H.; Sanders, Elisabeth A. M.
Published in:
Vaccine

DOI:
10.1016/j.vaccine.2015.11.048

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Wagenvoort, G. H. J., Knol, M. J., de Melker, H. E., Vlaminckx, B. J., van der Ende, A., Rozenbaum, M. H.,
& Sanders, E. A. M. (2016). Risk and outcomes of invasive pneumococcal disease in adults with underlying
conditions in the post-PCV7 era, The Netherlands. Vaccine, 34(3), 334-340.
https://doi.org/10.1016/j.vaccine.2015.11.048

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1016/j.vaccine.2015.11.048
https://research.rug.nl/en/publications/d62b9dec-8abb-4b42-9330-6553175dd879
https://doi.org/10.1016/j.vaccine.2015.11.048


R
u

G
A
a

b

c

N
d

e

f

a

A
R
R
A
A

K
S
P
I
S
C
C
S

1

n
m
d
d
d
F

h
0

Vaccine 34 (2016) 334–340

Contents lists available at ScienceDirect

Vaccine

j o ur na l ho me  page: www.elsev ier .com/ locate /vacc ine

isk  and  outcomes  of  invasive  pneumococcal  disease  in  adults  with
nderlying  conditions  in  the  post-PCV7  era,  The  Netherlands

ertjan  H.J.  Wagenvoorta,∗,  Mirjam  J.  Knolb,  Hester  E.  de  Melkerb, Bart  J. Vlaminckxa,
rie  van  der  Endec,  Mark  H.  Rozenbaumd,e,  Elisabeth  A.M.  Sandersb,f

Department of Medical Microbiology and Immunology, St. Antonius Hospital, Nieuwegein, The Netherlands
Centre for Infectious Disease Control Netherlands (CIb), National Institute for Public Health and the Environment (RIVM), Bilthoven, The Netherlands
Department of Medical Microbiology and The Netherlands Reference Laboratory for Bacterial Meningitis, Academic Medical Center, Amsterdam, The
etherlands
Pfizer bv., RiviumWestlaan 142, 2909 LD Capelle a/d IJssel, The Netherlands
Department of Pharmacy, Unit of PharmacoEpidemiology & PharmacoEconomics (PE2), University of Groningen, Groningen, The Netherlands
Department of Immunology and Infectious Diseases, University Medical Center Utrecht, Wilhelmina Children’s Hospital, Utrecht, The Netherlands

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 20 July 2015
eceived in revised form 9 November 2015
ccepted 18 November 2015
vailable online 29 November 2015

eywords:
treptococcus pneumoniae
neumococcal conjugate vaccine
nvasive pneumococcal disease
urveillance
linical outcome
omorbidity
erotypes

a  b  s  t  r  a  c  t

Background:  Immunocompromising  conditions  and  advanced  age  (≥65  years)  are  associated  with  a  high
risk  for  invasive  pneumococcal  disease  (IPD).  We  investigated  the risk  and  outcomes  of IPD  in adults  with
underlying  conditions  in the post-PCV7  era  in The  Netherlands.
Methods:  IPD  data  from  2008  to  2012  was  obtained  from  the  national  pneumococcal  surveillance  system,
covering  25%  of the  Dutch  population.  Population  estimates  of  underlying  conditions  were  derived  from
the  primary  care  data  (2012).  IPD  incidence  in adults  with  immunocompromising  conditions  (high  risk
group)  and  non-immunocompromising  comorbidities  (medium  risk  group)  were  compared  to  the  “nor-
mal risk  group”  without  diagnosed  comorbidities.  Case-fatality  and  ICU  admission  in  the  different  risk
groups  was analyzed  by logistic  regression.  Serotype  specific  propensities  to affect  high  risk  group  IPD
patients  were  calculated.
Results: Adults  with  a  high  risk  condition  have  a 18-fold  (95%  CI 15.6–21.2)  and  3-fold  (95%  CI  2.6–3.9)
higher  risk  compared  to  the normal  risk  group  for  IPD  at age  18–64  years  and  65 years  and  older,  respec-
tively.  In  case  of  a  medium  risk  condition,  the  risk  is 5-fold  (95%  CI  4.3–5.7)  and 2-fold  (95%  CI  1.9–2.6)
higher  in  age  groups  18–64  and  ≥65  years  old. Likewise,  IPD  patients  with  a high  or medium  risk  condition
have  a higher  case-fatality  (after  adjustment  for age,  odds  ratio:  2-fold  (95%  CI 1.5–3.5)  and  1.4-fold  (95%

CI 1.0–2.1),  respectively).  Several  serotypes  (e.g.  6A,  6B,  23A  and  23B)  are  associated  with  a  significantly
higher  propensity  to cause disease  in  high  risk  patients.
Conclusions:  The  risk  for IPD  and  death  in  the post-PCV7  era  has  remained  considerably  high  in  adults
and  elderly  with  underlying  conditions.  The  identification  of serotypes  with  a high  propensity  to  affect
risk  groups  can  be important  for selecting  (future)  vaccine  serotypes.
. Introduction

Streptococcus pneumoniae in adults is a major cause of pneumo-
ia and may  cause severe and often life threatening invasive pneu-
ococcal infections (IPD). The highest pneumococcal disease inci-

ence occurs at the extremes of life in children under 5 years of age,

ue to immature immunity and in the elderly of 65 years and older,
ue to progressing immunosenescence and comorbidities [1–3].
urthermore, irrespective of age, the presence of certain underlying
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conditions is associated with a substantially increased risk for IPD
and death, in particular in case of severely immunocompromising
conditions such as HIV or haematological malignancies [4].

For children, effective vaccination-based preventive strategies
for pneumococcal disease have become available after 2000, with
the licensure and implementation of the first 7-valent pneumo-
coccal conjugate vaccine (PCV7) with impact against IPD and
pneumonia [5,6]. In adults, prevention through vaccination has
been implemented in many countries since 1983 when a 23-valent

pneumococcal polysaccharide vaccine (PPV23) became available.
In adults, the polysaccharide vaccine is shown to be protective
against IPD. There is however no conclusive evidence that PPV23
protects against non-invasive pneumococcal community-acquired
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http://www.elsevier.com/locate/vaccine
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2015.11.048&domain=pdf
mailto:wagenvoort@gmail.com
dx.doi.org/10.1016/j.vaccine.2015.11.048


 / Vacc

p
b
N
o
c
p

c
b
c
c
a
c
v
a
o

p
y
e
P
I
o
N
t

c
a
T
s
c
s
e
v

2

2

u
n
a
b
m
o
i
p
r
R
T
1
m
[
2
e
(
(
(

2

f
u

G.H.J. Wagenvoort et al.

neumonia and that the vaccine has impact in adults with comor-
idities, in particular in case of immunodeficiency [7]. In The
etherlands, guidelines recommend PPV23 for restricted groups
f high risk persons with functional or anatomical asplenia and
erebrospinal fluid leakage [8]. Consequently, less than 1% of the
opulation has been vaccinated with PPV23 [9,10].

The extended 10- and 13-valent pneumococcal conjugate vac-
ines that have become available since 2009 are shown to be
etter immunogenic in elderly and adults also in case of underlying
omorbidity as compared to PPV23 [11,12]. Recently, a randomized
ontrolled trial (CAPITA) vaccinating healthy immunocompetent
dults aged 65 years and older with the 13-valent pneumococcal
onjugate vaccine (PCV13, [Pfizer]) showed 75% protection against
accine serotype IPD [13]. This renews the interest to extensively
ssess risk groups for IPD and the influence of underlying conditions
n IPD outcomes.

We investigated the incidence and relative risk for IPD in the
resence of defined underlying conditions in adults aged 18–64
ears and in elderly aged 65 years and older in the post-PCV7
ra (from 2008 to 2012, 2–6 year after implementation of routine
CV7 vaccination in infants). Although, population-based risk for
PD in persons with underlying conditions was assessed before in
ther countries, including the UK and US [4,14,15], data from The
etherlands provide the unique opportunity to asses IPD risks in

he post-PCV7 era in a population naïve to PPV23.
In addition, we assessed the association between underlying

onditions and IPD outcome (30-day mortality and ICU admission)
nd the propensity of individual serotypes to affect high risk adults.
hese data are helpful for policy makers deciding about preventive
trategies with the now available 10- or 13-valent pneumococcal
onjugate vaccines in specific age and risk groups. Furthermore,
erotype specific propensities can be used by vaccine manufactur-
rs for selecting serotypes to be included in future pneumococcal
accines for these risk groups.

. Methods

.1. IPD data

The Dutch pneumococcal surveillance system is based on vol-
ntary reporting of all invasive pneumococcal disease cases by
ine geographically distributed sentinel laboratories, which cover
pproximately 25% of the Dutch population (≈4.2 million inha-
itants, including 2.6 million adults aged 18–64 years and 0.65
illion adults ≥65 years). The laboratories were selected based

n their high % of isolates that are sent in (>90%). Pneumococcal
solates obtained from blood or cerebrospinal fluid (CSF) of hos-
italized patients or patients at the emergency department were
eceived for serotyping by Quellung reaction by The Netherlands
eference Laboratory for Bacterial Meningitis (NRLBM, Amsterdam,
he Netherlands). Clinical information of all IPD patients, from June
, 2004–May 31, 2012 was retrospectively extracted from hospital
edical records using a standardized form, as previously reported

1,16,17]. The post-PCV7 period was defined as the period June 1,
008 to May  31, 2012, when PCV7 herd effects were clearly appar-
nt and before PCV10 herd effects in adults had started to be present
PCV7 was implemented in the national immunization programme
NIP) for infants in 2006 and was replaced by the vaccine Synflorix
PCV10, [GSK]) from 2011 onwards) [18].

.2. Population data
Population estimates of underlying conditions were derived
rom the national information network of primary care data (LINH)
sing 2012 as the representative year. These data were based on
ine 34 (2016) 334–340 335

International Classification of Primary Care (ICPC) & Anatomical
Therapeutic Chemical classification system (ATC) codes and orig-
inally collected for monitoring compliance in persons eligible for
yearly influenza vaccination in general practices [19]. ICPC & ATC
codes used to match underlying conditions in the population with
the IPD data are described in the supplementary material (Sup-
plementary Table 1). LINH data form a representative sample of
the Dutch population with regard to age, gender, geographical dis-
tribution and degree of urbanization [20]. Population estimates of
underlying conditions in the pre-PCV7 period were not available
since the coding system had changed.

2.3. Definitions of risk groups

We defined the same groups eligible for influenza vaccination
(in The Netherlands) as risk groups for IPD [19], since the increased
susceptibility is based on the same risk factors. Patients with the fol-
lowing conditions are defined at risk for IPD: immunocompromised
conditions including HIV/AIDS, chronic renal disease (defined
as renal insufficiency/need for dialysis or nephrotic syndrome)
and other immunocompromising conditions (defined as liver dis-
ease, lymphoma, leukaemia, myeloma, asplenia/splenectomy or
primary immunodeficiency), and non-immunocompromised con-
ditions including chronic lung disease, chronic cardiovascular
disease and diabetes.

These underlying conditions are further classified in three
risk groups for IPD: high risk (immunocompromised condi-
tions as defined above), medium risk (non-immunocompromised
conditions as defined above without any of the high risk immuno-
compromised conditions) and normal risk (no presence of any of
the underlying conditions as defined above). The three risk groups
are mutually exclusive. In addition, presence of more than one
underlying condition did not change the risk group classification of
the person as such information was not available for the population
estimates. Furthermore, presence of one or more of the evaluated
conditions was classified as ‘≥1 condition’.

2.4. Data analysis

We used IPD surveillance data of IPD patients aged 18 years
and older from the post-PCV7 era (June 1, 2008 to May  31, 2012)
and assessed the risk and outcomes of disease in those persons
with underlying conditions. Since IPD data coverage was 25% of the
whole population, we also extrapolated primary care (LINH) data of
2012 to 25% of Dutch population (StatLine Statistics, Netherlands)
over the period 2008–2012. We assumed a stable presence of pro-
portions with underlying conditions in the population over time.

The LINH data and IPD surveillance data were combined to cal-
culate incidence of IPD within the risk groups, as number of cases
per 100,000 persons per year, with the population estimates as
denominator and the IPD surveillance data as numerator. We  com-
pared the incidence rate of IPD in a risk group with the incidence
rate in normal risk persons. Differences in incidence rates were
tested with �2, and relative risks (RR) with 95% confidence inter-
vals (CI) were calculated using 2 × 2 tables [21] after stratification
for age group (18–64 and ≥65 years old).

Logistic regression was used to analyze the association between
the specific risk groups (high, medium and normal risk groups),
the individual underlying conditions (chronic lung disease, chronic
cardiovascular disease, diabetes, HIV/AIDS, chronic renal disease
and immunocompromised (other) conditions), the ‘≥1 condition’
group and outcomes of IPD (30-day mortality and ICU admission)

using the IPD data (using SPSS version 22). Multivariable logistic
regression models, including age group (18–64 and ≥65 years old),
were performed to analyze the adjusted association between the
specific risk groups, the ‘≥1 condition’ group and outcomes of IPD.
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Table 1
Number (No.) and percentage (%) of persons with underlying conditions in the national information network general practitioner care (LINH) data 2012.

18–64 years old ≥65 years old

No. % No. %

Total 140,627 100.0 33,647 100.0
Normal risk 118,924 84.6 10,369 30.8

Medium risk 19,456 13.8 20,480 60.9
Chronic lung disease 9762 6.9 6438 19.1
Chronic cardiovascular disease 12,168 8.7 20,113 59.8
Diabetes 5156 3.7 6574 19.5

High  risk 2247 1.6 2798 8.3
HIV/AIDS 104 0.1 10 0.0
Chronic renal disease 419 0.3 1300 3.9
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Immunocompromised (other) 1773 

≥1  condition 21,703 

ikewise, the adjusted associations between individual underlying
onditions and outcomes of IPD were assessed by including age
roup (18–64 and ≥65 years old) and all other individual underlying
onditions in the logistic regression model. These conditions were
elected based on their previous associations with IPD and or case-
atality [4,14,15]. A p-value of <0.05 was considered statistically
ignificant.

The proportion of high risk group patients within a specific
erotype (i.e. serotype specific propensity to affect high risk group
atients) was compared to the overall proportion of high risk group
atients in all other serotypes combined. To assess serotype spe-
ific propensity to cause disease in high risk group IPD patients
e now used all available surveillance data from June 1, 2004 to
ay  31, 2012 in patients ≥18 years old (n = 4535). We  assumed sta-

le propensities of serotypes to affect high risk groups over time.
ikewise, we assessed serotype specific propensity to cause disease
n normal risk group IPD patients. Differences were tested with
isher’s exact test (using SPSS version 22), a p-value of <0.05 was
onsidered statistically significant.

. Results

.1. Prevalence of underlying conditions in general population
The prevalence of underlying conditions was assessed in
74,274 adults of 18 years and older (Table 1) as based on the
rimary care (LINH) data. In the 18–64 years old adults, 85% had

able 2
umber (No.) and percentage (%) of IPD patients with underlying conditions in IPD surve
f  persons at risk in the general population extrapolated from Table 1 stratified for age
ncidences in normal risk groups. RR = relative risk, CI = confidence interval.

18–64 years old 

No. (%) IPD cases/ 100,000
persons

RR 

Total 960 (100) 9.12 

Normal risk 448 (46.7) 5.03 1.0 

Medium risk 363 (37.8) 24.93 5.0 

Chronic lung disease 207 (21.6) 28.34 5.6 

Chronic cardiovascular disease 266 (27.7) 29.21 5.8 

Diabetes 123 (12.8) 31.88 6.3 

High  risk 149 (15.5) 88.61 17.6 

HIV/AIDS 24 (2.5) 308.38 61.3 

Chronic renal disease 13 (1.4) 41.46 8.2 

Immunocompromised (other) 121 (12.6) 91.20 18.1 

≥1  condition 512 (53.3) 31.53 6.3 
1.3 1577 4.7

15.4 23,278 69.2

none of the selected conditions (normal risk group) while 14% were
defined to be at medium risk for IPD and 2% at high risk (Table 1). In
persons 65 years and older, 31% were defined to be normal risk, and
61% and 8% were considered at medium and high risk, respectively.

3.2. Risk of IPD in medium and high risk persons

Of 960 IPD cases in patients aged 18 to 64 years that were
covered by the national pneumococcal surveillance database, 47%
(448/960) were without predisposing underlying conditions (nor-
mal  risk group), while 38% (363/960) was  diagnosed with a medium
risk condition and 16% (149/960) with a high risk condition. In
persons with a high risk condition, the IPD incidence rate was
18-fold higher than in the normal risk group (95% CI 14.6–21.2,
89/100,000 vs 5/100,000 persons per year, Table 2). The highest
risk was  observed for persons with HIV/AIDS, who showed a 61-
fold increased IPD incidence rate (95% CI 40.7–92.3, 308/100,000
persons per year) compared with the normal risk group, though the
number of HIV cases were small (n = 24). For persons in the medium
risk group, the IPD incidence rate was 5-fold higher compared
to normal risk persons (95% CI 4.3–5.7, 25/100,000 vs 5/100,000
persons per year). Overall, adults with one or more underlying
conditions (incidence 32/100,000 persons per year) had a 6-fold

increased IPD incidence rate (95% CI 5.5–7.1).

Of 1264 IPD cases in patients aged 65 years and older (referred
to as elderly), only 16% (201/1264) were without predisposing
underlying conditions (normal risk group), while 70% (888/1264)

illance data from 2008–2012 and incidence calculated with the projected number
 group. Incidences of IPD in patients with underlying conditions are compared to

≥65 years old

95% CI No. (%). IPD cases/ 100,000
persons

RR 95% CI

1264 (100) 48.99
201 (15.9) 25.28 1.0

4.31–5.69 888 (70.3) 56.54 2.2 1.92–2.61
4.77–6.64 413 (32.7) 83.65 3.3 2.8–3.92
4.99–6.75 872 (69.0) 56.53 2.2 1.92–2.61
5.19–7.73 273 (21.6) 54.15 2.1 1.79–2.57

14.63–21.19 175 (13.8) 81.56 3.2 2.63–3.95
40.65–92.31 0 (0) 0.00 0.0 NA

4.75–14.29 36 (2.8) 36.11 1.4 1–2.04
14.82–22.14 141 (11.2) 116.59 4.6 3.72–5.72

5.52–7.11 1063 (84.1) 59.55 2.4 2.03–2.74
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Table  3
Risk factors associated with 30-day mortality in IPD patients ≥18 years old.

30-day mortality (number of
deaths/total number of cases, %)

Unadjusted OR (95% CI)a Adjusted OR (95% CI)b

Normal risk group 47/649 (7) 1.0 1.0c

Medium risk vs normal risk group 174/1251 (14) 2.1 (1.5–2.9) 1.4 (1.0–2.1)c

Chronic lung disease
Yes
No

79/620 (13)
200/1604 (13)

1.0 (0.8–1.4) 0.9 (0.7–1.2)d

Chronic cardiovascular disease
Yes
No

189/1138 (17)
90/1086 (8)

2.2 (1.7–2.9) 1.6 (1.2–2.2)d

Diabetes
Yes
No

51/396 (13)
228/1828 (13)

1.0 (0.7–1.4) 0.8 (0.6–1.1)d

High risk vs normal risk group 58/324 (18) 2.8 (1.9–4.2) 2.3 (1.5–3.5)c

HIV/AIDS
Yes
No

4/24 (17)
275/2200 (13)

1.4 (0.5–4.1) 2.9 (0.9–8.7)d

Chronic renal disease
Yes
No

15/49 (31)
264/2175 (12)

3.2 (1.7–5.9) 2.6 (1.4–4.9)d

Immunocompromised (other)
Yes
No

40/262 (15)
239/1962 (12)

1.3 (0.9–1.9) 1.4 (0.9–2.0)d

≥1 condition vs normal risk group 232/1575 (15) 2.2 (1.6–3.1) 1.6 (1.1–2.3)e

≥65 years old
Yes
No

215/1264 (17)
64/960 (7)

2.9 (2.1–3.8) 2.6 (1.9–3.6)c

OR = odds ratio; CI = confidence interval.
a Odds ratio and 95% confidence interval of association with mortality in univariable logistic regression model.
b Odds ratio and 95% confidence interval of association with mortality in multivariable logistic regression model.
c ORs are adjusted for risk groups and age group (18–64 and ≥65 years old). High, medium and normal risk groups were entered as categorical variables with normal risk

group  as reference.
d tes, HI
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ORs are adjusted for chronic lung disease, chronic cardiovascular disease, diabe
nd  ≥65 years old).

e ORs are adjusted for age group (18–64 and ≥65 years old).

ad a medium risk condition and 14% (175/1264) a high risk con-
ition. In elderly with a high risk condition, the IPD incidence rate
as 3-fold larger than in the normal risk elderly (95% CI 2.6–3.9,

2/100,000 vs 25/100,000 persons per year, Table 2). The highest
isk, with a 5-fold increased IPD incidence rate (95% CI 3.7–5.7),
as observed for elderly with an immunocompromised (other)

ondition, which consisted of lymphoma, leukaemia, myeloma,
splenia/splenectomy, primary immunodeficiency and liver dis-
ase (incidence of 117/100,000 persons per year). The medium risk
roup in elderly had a 2-fold higher IPD incidence rate compared
o normal risk elderly (95% CI 1.9–2.6, 57/100,000 vs 25/100,000
ersons per year). Overall, elderly with one or more underlying con-
itions had a 2-fold increased IPD incidence rate (95% CI 2.0–2.7,
0/100,000 persons per year).

Incidence rate in normal risk group persons was  higher in elderly
ged 65 years and older (25/100,000 persons per year) compared
o adults aged 18 to 64 years (5/100,000 persons per year). Sub-
equently, the magnitude of relative risk in adults with underlying
onditions compared to the normal risk group was  less pronounced
n elderly of 65 years and older because the incidence rate in the
eference group (normal risk age ≥65 years) was already high. Nev-
rtheless, IPD incidence rates in elderly with underlying conditions
ere higher than in adults aged 18 to 64 years, with exception of

hronic renal disease and HIV/AIDS.

.3. Logistic regression of mortality and ICU admission in

edium and high risk IPD patients

Table 3 shows that high risk group IPD patients also had a signif-
cantly higher odds ratio (OR) of mortality compared to normal risk
V/AIDS, chronic renal disease, immunocompromised (other) and age group (18–64

group adults after adjustment for age, with OR 2.3 (95% CI 1.5–3.5).
Also medium risk group patients had a significant higher adjusted
odds ratio of death (OR: 1.4; 95% CI 1.0–2.1). Chronic renal dis-
ease (adjusted OR: 2.6 95% CI 1.4–4.9) and chronic cardiovascular
disease (adjusted OR: 1.6 95% CI 1.2–2.2) were also independently
associated with death. HIV/AIDS and immunocompromised (other)
conditions were not significantly associated with an increased OR
of death. In contrast, chronic lung disease and diabetes were inde-
pendently associated with a non-significant lower OR of death after
adjustment for other underlying conditions and age. No association
was observed between ICU admission and the presence of high and
medium risk conditions (Supplementary Table 2, adjusted OR 1.0;
95% CI 0.8–1.4 and 1.1; 95% CI 0.8–1.4, respectively). Likewise, none
of the separately analyzed underlying conditions were associated
with an increased OR for ICU admission.

3.4. Propensity of serotypes to cause disease in high and normal
risk IPD patients

To assess serotype specific propensity to cause disease in
high and normal risk group IPD patients we used all available
surveillance data from June 1, 2004 to May  31, 2012 in patients ≥18
years old (n = 4535). Fig. 1 shows that serotypes 15B, 10A, 33F and
18C were significantly more common in high risk group patients
(52, 39, 30 and 28%, respectively) than average (16%). Furthermore,
all serotypes within group 6 (6A, 6B and 6C) were more common

in high risk patients and this was  significant for 6A and 6B (29 and
26%, respectively). Also both serotypes from group 23 (23A and
23B) had a significantly higher propensity to cause disease in high
risk patients (38 and 37%, respectively). Fig. 2 shows that serotypes
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Fig. 1. Serotype specific proportion of high risk group IPD patients with 95% CI (Agresti–Coull method) in patients ≥18 years old. All PCV7, PCV10 and PCV13 serotypes are
shown.  From other serotypes (including additional PPV23 serotypes) all serotypes with a total of at least 25 cases including 4 high risk group patients are shown (including
vaccine  types in total 27 serotypes). Proportion of overall IPD patients in a high risk group is plotted as reference line (16%). * Indicates a significant difference between
s  risk g
r
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erotype specific proportion of high risk group IPD patients vs the proportion of high
epresent the total number of cases per serotype.

 and 7F were significantly more common in normal risk group
atients (53 and 39%, respectively) than average (29%).

. Discussion

The risk for IPD in the post-PCV7 era has remained considerably
igher in adults and elderly with underlying conditions compared
o normal risk adults and elderly (without underlying conditions)
n a population naïve for PPV23. The risk is highest for adults

ith an immunocompromising condition (i.e. high risk group). The
ncreased risk is accompanied by a substantially higher case-fatality
ate. Also persons with a medium risk group condition (including
hronic lung disease, chronic cardiovascular disease and diabetes)
ave a considerable higher risk for IPD and death. Furthermore,
everal pneumococcal serotypes are clearly associated with a sig-
ificantly higher propensity to cause disease in high risk group
atients, which could be important for selecting (future) vaccine
erotypes.
Our study is in line with other studies that found that adults
ith immunocompromising conditions (HIV/AIDS, chronic renal
isease, and other immunocompromising conditions) are dispro-
ortionately vulnerable for IPD [4,14,15]. Likewise these studies

ig. 2. Serotype specific proportion of normal risk group IPD patients with 95% CI (Agresti
hown.  From other serotypes (including additional PPV23 serotypes) all serotypes with a t
accine  types in total 27 serotypes). Serotypes are listed in the same order as Fig. 1. Propo

 Indicates a significant difference between serotype specific proportion of normal risk g
erotypes tested with Fisher’s exact test. The numbers represent the total number of case
roup IPD patients in all other serotypes tested with Fisher’s exact test. The numbers

observed a markedly higher risk for IPD in adults with medium
risk conditions (chronic lung disease, chronic cardiovascular dis-
ease and diabetes). Since medium risk conditions are very common
in the population, their net contribution to the disease burden of
IPD is substantial [20]. Besides a marked increased risk for IPD in
persons with underlying conditions, there is also a higher risk of
death, especially in patients with high risk group conditions and
chronic cardiovascular disease [14]. We did not observe a higher
risk for ICU admission in any of the risk groups. This is possibly
explained by the fact that patients with certain underlying condi-
tions, or at advanced age, are more often denied ICU admission due
to an unfavourable prognosis. In our study 12%, 17% and 15% of the
normal, medium and high risk group, respectively, were not admit-
ted to the ICU. Overall, 14% of the 18–64 years old and 16% of the
≥65 years old patients were not admitted to the ICU.

We found a marked increase in IPD incidence rate in normal
risk persons (without underlying conditions) with advancing
age, which encompasses the increased incidence in persons with

underlying conditions. As a result the magnitude of RRs for IPD in
persons with underlying conditions compared to normal risk adults
was more pronounced between 18 and 64 years of age as in elderly
aged 65 years and older. Likewise, after further age stratification of

–Coull method) in patients ≥18 years old. All PCV7, PCV10 and PCV13 serotypes are
otal of at least 25 cases including 4 normal risk group patients are shown (including
rtion of overall IPD patients in a normal risk group is plotted as reference line (29%).
roup IPD patients vs the proportion of normal risk group IPD patients in all other
s per serotype.
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65 years old patients (in 65–74 and ≥75 groups), the risk for IPD
n persons with underlying conditions remained higher compared
o normal risk persons but especially the IPD incidence in normal
isk elderly increased with advanced age (data not shown). A
imilar phenomenon was observed in studies from the UK and US
14,15] and is possibly explained by the decline in reserve capacity
f physiologic systems with age, including declining immune func-
ion, in elderly referred to as immunosenescence [22], irrespective
f comorbidity presence. Immunosenescence is likely to play an
mportant role since older and frail persons have more often atten-
ated immune responses after pneumococcal vaccination [23].

With exception of chronic renal disease and HIV/AIDS, the IPD
ncidence in ≥65 year old adults with underlying conditions was
igher than in 18–64 year old persons. The lower IPD incidence for
hronic renal disease in elderly ≥65 years old is possibly explained
y the fact that chronic renal disease in younger adults reflects a
ifferent (usually more severe) disease entity than in elderly [24].
ikewise, lower incidences of IPD in elderly patients with under-
ying renal conditions were reported by Hoek et al. For HIV/AIDS
umbers were too small to draw conclusions in elderly, as was the
ase in the UK [14].

Our findings show multiple serotypes (15B, 10A, 33F and 18C) to
e significantly associated with IPD in high risk group patients. Also
ntigenically related serotypes from group 6 (6A, 6B) and 23 (23A
nd 23B) had a significantly higher propensity to affect high risk
roup patients. Other serotypes like serotypes 1 and 7F were sig-
ificantly more present in normal risk group or “healthy” patients.
erotype 1 and 7F have previously been associated with IPD in
ealthy patients [25–27] and have a high risk of causing invasive
isease [28]. These serotypes, as suggested by Sjostrom et al., act
s “primary pathogens”. On the other hand other serotypes (e.g.
A, 23F) with a lower invasive disease potential primarily affect
atients with underlying conditions and behave as “opportunis-
ic pathogens” [26,29]. Although other factors such as chance play

 role in developing IPD these findings support the hypothesized
nfluence of underlying conditions on the invasiveness of specific
erotypes [26,29]. Consequently, this information could be consid-
red if a new vaccine is designed to specifically target high risk
roups.

A strength of this study is that we used IPD data from a com-
lete and consistent surveillance system whereas population data
as extracted from a reliable database used to monitor the compli-

nce in risk groups eligible for influenza vaccination. Furthermore,
e focussed on the post-PCV7 period, 2–6 years after imple-
entation of PCV7, whereas some other studies used pre- and

ost-PCV7 data combined to asses risk groups [4,14]. Since major
hifts in circulating serotypes were observed after PCV7 introduc-
ion, and serotype specific propensities differences in targeting
igh risk adults exist, the risk of IPD in persons with underlying
onditions compared to normal risk persons could have changed.
ndeed it has been speculated that patients with certain under-
ying conditions (e.g. patients with AIDS) or elderly may  benefit
ess from herd protection because they may  be more susceptible to
merging serotypes [30–33]. Unfortunately since prevalence data
f underlying conditions in the general population were not avail-
ble for the pre-PCV7 period we could not assess these potential
hanges. Lastly, our study was performed in a population with
egligible PPV23 uptake whereas in other countries, where PPV23
ptake is higher, this could have influenced the observed risks for

PD.
Our study has limitations. Definitions used in the population

CPC and ATC codes did not exactly match the IPD surveillance data.

his resulted in slightly broader population definitions of underly-
ng conditions compared to the IPD surveillance. For instance in the
opulation data chronic lung disease included ICPC codes K93 (pul-
onary embolus) R70 (generalized tuberculosis) R82 (pleurisy)
ine 34 (2016) 334–340 339

and neoplasms of the lung (R84, R85, R86) and for the IPD data
these were not taken into account. Furthermore, we assumed that
the proportion of underlying conditions in the population remain
stable over time and we  extrapolated 2012 data to 2008–2012,
whereas prevalences could have increased over time [20]. Both
could have resulted in a modest underestimation of the observed
risks in patients with underlying conditions. Nevertheless our find-
ings show a substantial higher risk for these patients.

Furthermore, if a patient had 1, 2 or 3 different non-
immunosuppressive conditions it was still classified in the medium
risk group. However, it is expected that the risk for IPD increases
when more risk factors are present [4]. At last, other factors such
as unmeasured underlying conditions (e.g. non-haematological
malignancies or mental illnesses), smoking, alcohol abuse, socio-
economic status and child contact status could influence the risk
for IPD and were not taken into account [4,14,34,35].

5. Conclusions

Quantification of the risk of IPD and outcomes in persons with
underlying conditions and elderly can be useful for policy makers
to decide about preventive strategies. Since the European popu-
lation is ageing [36] the burden of pneumococcal disease is likely
to increase and vaccination of elderly or risk groups with a pneu-
mococcal conjugate vaccine could be an effective strategy [11,13].
However, herd effects after PCV7 introduction in children already
resulted in a substantial decrease in PCV7-type IPD and replace-
ment disease with non-PCV7-type IPD in both elderly ≥65 years
and other non-vaccinated adults (with and without underlying
conditions) [1]. Therefore, the effect of pneumococcal conjugate
vaccines, with same or slightly broader serotype coverage as the
vaccine used in the national immunization programme, could be
limited. Also for all conjugate vaccines concerns remain about fur-
ther replacement disease by serotypes not included in the vaccine.
For instance emerging serotypes 10A and 33F, which have a sig-
nificantly increased propensity for causing disease in high risk
group patients, are not covered by PCV10 and 13. These data,
in addition to serotype specific differences in disease incidence
and severity, could be important for selecting (future) vaccine
serotypes.
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