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Objectives: The efficacy of 13-valent pneumococcal conjugate vaccine (PCV13) in adults to prevent
community-acquired pneumonia (CAP) and lower respiratory tract infections (LRTI) not requiring hos-
pitalization is unknown. We determined the effect of PCV13 on CAP, LRTI and antibiotic use in the pri-
mary care setting.
Methods: Community-dwelling immunocompetent adults over 65 years of age were randomized to
PCV13 or placebo as part of the double-blind Community-Acquired Pneumonia immunization Trial in
Adults (CAPiTA). CAP and LRTI episodes and antibiotic prescription data were extracted from general
practitioner information systems of 40 426 individuals. Vaccine efficacy (VE) of PCV13 was determined
using Poisson regression with robust standard errors, comparing CAP and non-CAP LRTI episodes, LRTI-
specific and total antibiotic prescriptions.
Results: In all, 20 195 participants received PCV13 and 20 231 received placebo. A total of 1564 and 1659
CAP episodes occurred in the PCV13 and placebo group, respectively; VE 5.5% (95% CI e2.6% to 13.0%).
Non-CAP LRTI episodes occurred 7535 and 7817 times in the PCV13 and placebo groups, respectively; VE
3.4% (95% CI e2.0% to 8.5%). A total of 8835 and 9245 LRTI-related antibiotic courses were prescribed in
the PCV13 and placebo arms, respectively; VE 4.2% (95% CI e1.0% to 9.1%). Antibiotic courses for any
indication were prescribed 43 386 and 43 309 times, respectively; VE e0.4% (e4.9% to 3.9%).
Conclusions: PCV13 vaccination in the elderly is unlikely to cause a relevant reduction in the incidence of
CAP, LRTI, LRTI-related antibiotic use or total antibiotic use in primary care. Cornelis H. van Werkhoven,
Clin Microbiol Infect 2021;27:995
© 2020 The Author(s). Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology
and Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Introduction acquired pneumonia (CAP) is particularly associated with
Lower respiratory tract infections (LRTI) occur in 90e200 per
1000 person-years in the elderly, depending on age and gender, and
over 75% of episodes are treated in primary care [1]. Community-
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morbidity and mortality in the elderly, with Streptococcus pneu-
moniae being the most frequent bacterial pathogen [2].

Pneumococcal conjugate vaccines (PCVs) have been available
since 2000 and their introduction in infant immunization pro-
grammes has reduced the incidence of invasive pneumococcal
disease in non-immunized populations by 15%e50%, with pre-
sumably similar relative incidence reductions of non-bacteraemic
pneumococcal pneumonia [3e5]. In the Netherlands, infants
received heptavalent PCV from 2006 to 2011 and 10-valent PCV
from 2011 onwards with PCV uptake of 94%e95% throughout the
study [6]. In the elderly, efficacy of the 13-valent PCV (PCV13) has
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been demonstrated for vaccine-type pneumococcal CAP and inva-
sive pneumococcal disease requiring hospitalization [7]. It has been
postulated that PCV13 also reduces the incidence of these episodes
and associated antibiotic use in primary care.

Vaccination is increasingly mentioned as a possible response to
the global emergence in antibiotic resistance, although studies to
support this are lacking [8]. Lower incidences of infections in pri-
mary care might lead to less antibiotic use in the setting where 90%
of all antibiotics for humans are prescribed [9]. The aim of this
studywas to evaluate the efficacy of PCV13 to prevent CAP and LRTI,
LRTI-related antibiotic use, and total antibiotic use in primary care.

Methods

Study design, population and setting

The Community Acquired Pneumonia immunization Trial in
Adults (CAPiTA, ClinicalTrials.gov number NCT00744263) was a
double-blind randomized controlled trial in which 84 496 commu-
nity dwelling subjects of 65 years and older were enrolled and
randomly allocated to receive either PCV13 or placebo vaccination in
a 1:1 ratio [7]. In short, among immunocompetent community-
dwelling Dutch adults over 65 years of age the efficacy of PCV13 in
preventing first episodes of vaccine-type pneumococcal CAP was
evaluated; these episodeswere captured in58 secondary and tertiary
care centres in the regions in which participants were enrolled and
included episodes diagnosed in the hospital but treated in the
ambulatory setting. Participantswere enrolled and receivedPCV13or
placebo between September 2008 and January 2010, and the follow
up ended on 28 August 2013. The EtioCAP study was performed
parallel to this trial and comprised primary and secondary care data
collection. Secondary care data were published elsewhere [10]. The
primary care data reported herewere collected fromGeneral Practice
databases to evaluate the effectof PCV13on the incidence of CAP, LRTI
and antibiotic prescriptions in primary care. The study was approved
by the Medical Ethics Committee of the University Medical Centre
Utrecht, the Netherlands. The informed consent obtained at the time
of enrolment into the trial included a broad consent for use of clinical
data related to research on pneumococcal infections.

Data collection

In the Netherlands, every patient is registered with a single
general practitioner (GP) or primary health care centre, all of which
have well-established digital medical records systems. Diagnoses
are registered in primary care centres according to the International
Classification of Primary Care (ICPC) [11]. For feasibility reasons we
selected GP practices that used any one of the fourmost used digital
GP Information Systems: Medicom, Promedico, Microhis and Mira.
Data on LRTI episodes and antibiotic prescriptions from study
enrolment up to the end of follow up, and co-morbidities based on
ICPC registration date before enrolment, were retrieved between
October 2013 and June 2014, i.e. after patient follow up ended but
before unblinding.We could not retrieve data if the participant's GP
records were locked, which occurred for example if a subject
changed to a non-participating GP during or shortly after the study.
All data were uploaded into a secured database with the CAPiTA
study number as identifier. Allocation of study vaccination, follow-
up data and deaths were collected as part of the CAPiTA study.

Outcomes

The primary outcome for this analysis was CAP diagnosed and
treated in primary care. Prespecified secondary end points were
non-CAP LRTI treated in primary care, LRTI-related antibiotic use,
and any antibiotic use. At the request of the editor we additionally
analysed clinically suspected CAP and LRTI in primary and sec-
ondary care combined. Definitions are shown in the Supplementary
material (Appendix S1).

Sample size calculation

The following assumptions were made for the sample size
calculation. (a) Annual incidences of CAP (ICPC code R81) in pri-
mary care are 18 and 26 per 1000 among 65e74 and > 74 year olds,
respectively, and annual incidences of LRTI (including CAP) are 60
and 86 per 1000 among 65e74 and > 74 year olds, respectively [12].
(b) Forty per cent of CAP cases are caused by Streptococcus pneu-
moniae [13]. (c) Coverage by PCV13 is 70% of S. pneumoniae sero-
types causing infections [14]. (d) Moderate vaccine efficacy (VE)
against vaccine-type CAP in primary care is 40%. Together this
yields a VE against all-cause CAP of 11%. With 80 000 person-years
of follow up per study arm, using a ¼ 0.05, we had 90% power to
demonstrate a VE against CAP of 11%. For LRTI, this sample size
yielded 90% power for a VE of 6%.

Analyses

We applied Poisson regression to analyse the effect of PCV13 on
CAP, LRTI and antibiotic prescriptions. Total episodes rather than
first episodes were used because we expected that a significant
number of participants would have more than one episode. The
log-transformed individual patient observation timewas used as an
offset in themodel. We applied robust standard errors to correct for
overdispersion. VE and 95% CI were calculated as (1 e relative risk)
* 100%, with relative risks derived from the Poisson models. We
exploratively analysed subgroup effects for age groups (65e74 and
75þ years) and two major co-morbidity groups (chronic obstruc-
tive pulmonary disease (COPD) or asthma, diabetes mellitus).
Presence of effect modification was tested by using an interaction
term of vaccination and the stratifying variable. For the analysis of
clinically suspected CAP and LRTI in primary and secondary care
combined we used bootstrapping (see Supplementary material,
Appendix S1). The data analysis was performed in R version 3.5.1
with the sandwich package version 2.5-1 to derive robust standard
errors [15,16].

Role of the funding source

Pfizer had no role in the study design, data collection, analysis
and interpretation of the data, the writing of the manuscript or the
decision to submit the paper for publication.

Results

Datawere obtained from 40 426 participants in 730 GP practices
across all study regions. Follow-up duration and completeness are
described in Fig. 1. Baseline characteristics were similar to the
whole trial population (Table 1) [7].

A total of 3223 CAP episodes occurred in 2673 individuals and
15 352 non-CAP LRTI episodes occurred in 8299 subjects (Table 2).
The incidences of CAP and non-CAP LRTI episodes were lower in the
PCV13 group compared with the placebo group without reaching
statistical significance (Table 3). There was no evidence of inter-
action by age or co-morbidities (see Supplementary material,
Tables S1, S2). An analysis restricted to first episodes yielded similar
results (data available upon request).

Participants received a total of 86 695 antibiotic prescriptions
during the study period, of which 18 080 (21%) were related to LRTI
episodes. For LRTI, the most prescribed antibiotics were

http://ClinicalTrials.gov


CAPiTA study
84 496 subjects

Non−participating GP's
44 070 subjects

ENROLLED
40 426 subjects

PCV13: 20 195 subjects, 81,848 PY
18 757 (92.9%) had complete follow up

1288 (6.4%) died during follow up
158 (0.8%) had incomplete follow up

(133 at the start, 25 at the end of follow up)

Placebo: 20 231 subjects, 82 032 PY
18 788 (92.9%) had complete follow up

1259 (6.2%) died during follow up
191 (0.9%) had incomplete follow up

(159 at the start, 37 at the end of follow up)

Fig. 1. Study flowchart. In the PCV13 group, eight individuals had incomplete follow up at the start of the study and died at the end of follow up, so they are counted twice in this
figure. In the placebo group, this was the case for seven individuals. Abbreviations: GP, general practitioner; PCV13, 13-valent pneumococcal conjugate vaccine; PY, person-years.

C.H. van Werkhoven et al. / Clinical Microbiology and Infection 27 (2021) 995e999 997
doxycycline antibiotics (49%), followed by penicillins (18%) and b-
lactam/b-lactamase inhibitor combinations (17%; see Supplemen-
tary material, Table S3). There was a trend towards fewer LRTI-
related antibiotic prescriptions in PCV13 recipients, albeit not sta-
tistically significant, and there was no difference in total antibiotic
prescriptions between study groups (Table 3). Both of these effects
were consistent among subgroups (see Supplementary material,
Tables S4, S5).

Discussion

In this randomized controlled trial of PCV13 in Dutch adults
>65 years of age, PCV13 had a non-significant 5.5% and 3.4% VE in
preventing CAP and non-CAP LRTI in primary care, respectively.
Furthermore, PCV13 was associated with a non-significant 4.2%
decline in antibiotic courses prescribed for LRTI. The confidence
intervals of these estimates included the effect sizes of 11% for CAP
and 6% for LRTI on which the sample size was based. Therefore, a
clinically relevant effect seems unlikely but cannot be fully
excluded. For comparison, the VE of PCV13 for all-cause CAP from
the main trial was 5.1% (95% CI e5.1 to 14.2) [7], in line with what
we found in the current study. However, confidence intervals for all
end points crossed zero, so absence of an effect should also be
considered plausible. Hence, our study provides at best weak
supportive evidence of a modest reduction of CAP, LRTI and LRTI-
related antibiotic consumption in primary care. The effect esti-
mates are in line with what can be expected from vaccination
against 13 pneumococcal serotypes given the current knowledge of
vaccine serotype prevalence and vaccine efficacy against episodes
identified in secondary care. In primary care, a recent European
study identified S. pneumoniae in only 9.2% of CAP and 5.4% of LRTI
episodes, which was substantially lower than our assumed preva-
lence [17].

The number of all-cause antibiotic prescriptions in primary care
did not differ between PCV13 and placebo recipients. As LRTI-
related antibiotic prescriptions comprised only 21% of total anti-
biotic prescriptions, any effect, if present, would be largely diluted
for the end point total antibiotic use. The maximum plausible re-
ductions of antibiotic prescriptions, given by the upper limit of the
95% CI, were 9.1% for LRTI-related antibiotics and 3.9% for total
antibiotic prescriptions. Hence, in the Netherlands pneumococcal
vaccination is unlikely to contribute to a relevant reduction in
overall antibiotic use. The most prescribed antibiotics for LRTI were
doxycycline (48%) and penicillins (18%), in line with recommen-
dations from the Dutch General Practice Guideline Acute Cough, in
which doxycyclinewas recommended as first choice until 2011, and
amoxicillin thereafter [18]. The remaining 34% were hence not
guideline-adherent, with amoxicillin/clavulanic acid, fluo-
roquinolones and cephalosporins being most prescribed. This
leaves room for optimization of antibiotic treatment and reduction
in antibiotic selective pressure, whichmaywell be larger thanwhat
can be maximally achieved with pneumococcal vaccination, based
on the current study.

Population benefits from PCV13 through prevention of pneu-
mococcal pneumonia and invasive pneumococcal disease in the
elderly have clearly been demonstrated [19]. Although the re-
ductions of CAP and LRTI, if at all present, are likely to be small, the
high incidence of these infections in primary care results in a much



Table 1
Baseline characteristics

Placebo PCV13

n 20 231 20 195
Age, median (IQR) 71.4 (68.1e76.1) 71.4 (68.1e76.1)
Male gender, n (%) 11399 (56.3) 11256 (55.7)
Asthma, n (%) 1011 (5.0) 934 (4.6)
COPD, n (%) 1465 (7.2) 1530 (7.6)
Diabetes, n (%) 2990 (14.8) 2951 (14.6)
Smoking, n (%) 2596 (12.8) 2457 (12.2)
Follow up in years, median (IQR) 3.9 (3.8e4.7) 3.9 (3.8e4.7)

Abbreviations: COPD, chronic obstructive pulmonary disease; PCV13, 13-valent
pneumococcal conjugate vaccine.
Co-morbidities are derived from the GP records. Smoking status is self-reported at
time of enrolment.

Table 2
Distribution of outcome parameters

Placebo PCV13

Total number of subjects 20231 20195
Number of CAP episodes, n (%)
0 18 854 (93.2) 18 899 (93.6)
1 1187 (5.9) 1096 (5.4)
2 143 (0.7) 152 (0.8)
>2 47 (0.2) 48 (0.2)

Number of non-CAP LRTI episodes, n (%)
0 16 004 (79.1) 16 123 (79.8)
1 2627 (13.0) 2507 (12.4)
2 830 (4.1) 782 (3.9)
>2 770 (3.8) 783 (3.9)

Number of LRTI-related antibiotic prescriptions, n (%)
0 15 548 (76.9) 15 657 (77.5)
1 2752 (13.6) 2640 (13.1)
2 979 (4.8) 967 (4.8)
>2 952 (4.7) 931 (4.6)

Total number of antibiotic prescriptions
0 9728 (48.1) 9818 (48.6)
1 3312 (16.4) 3227 (16.0)
2 2175 (10.8) 2163 (10.7)
>2 5016 (24.8) 4987 (24.7)

Abbreviations: CAP, community-acquired pneumonia; IQR: inter-quartile range;
LRTI, lower respiratory tract infections; PCV13, 13-valent pneumococcal conjugate
vaccine.
Data are provided as n (%) where n represents the number of subjects having had the
number of episodes given in column 1.

Table 3
Vaccine efficacy of PCV13

End point Events placebo Event rate placebo

Primary care
All CAP episodes 1659 20.2
All non-CAP LRTI episodes 7817 95.3
All LRTI episodes 9476 115.5
LRTI-related antibiotic prescriptions 9245 112.7
Total antibiotic prescriptions 43 309 528.0

Primary and secondary care combined
Clinically suspected CAP 1659a þ 756b 33.7c

LRTI including CAP 9476a þ 756b 128.9c

Abbreviations: CAP, community-acquired pneumonia, LRTI, lower respiratory tract infec
Event rate is number of events per 1000 person-years.

a Cases from primary care.
b Cases from secondary care observed in the same population base.
c In the placebo group, total follow up in secondary care was 83 077 person-years an
d In the PCV13 group, total follow up in secondary care was 82 887 person-years and an

taken into account in the event rate calculation (see Supplementary material, Appendix
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larger number of prevented cases compared with the number of
prevented hospitalized CAP cases. However, costs and disease
burden of CAP and LRTI treated in primary care is relatively low, as
demonstrated in a previous cost-effectiveness analysis [19]. In that
study we assumed that PCV13 would reduce the number of CAP
episodes in primary care by 5%. In a sensitivity analysis inwhich we
assumed a VE of 0% for CAP episodes in primary care, the incre-
mental cost-effectiveness ratio changed from V8647 to V8890 per
quality-adjusted life-year. This 3% change of the incremental cost-
effectiveness ratio was due to a 1% loss of quality-adjusted life-
years and a 2% increase in health-care costs. Hence, prevention of
CAP and LRTI episodes in primary care, although much more
frequent than other preventable pneumococcal disease, does not
drive the societal value of pneumococcal vaccination in elderly.

We exploratively tested the heterogeneity of vaccine efficacy
across several subgroups. These data should be interpreted with
caution, as we did not adjust for multiple testing and confidence
intervals of the subgroups were generally wide and overlapping.
The data suggest a higher vaccine efficacy against CAP in adults
65e75 years old and those without COPD or asthma, in line with
previous findings from the same trial related to CAP episodes
requiring hospital admission [20,21]. For these secondary care ep-
isodes we previously found a substantially higher VE of PCV13 in
individuals with diabetes [20]. The opposite was observed in the
current study: patients with diabetes had a negative VE, although
the confidence interval largely overlapped with that of the sub-
group without diabetes and the interaction effect was not statisti-
cally significant. Numbers were too low to be conclusive about the
subgroup effects. It should bementioned that patients of higher age
or with asthma, COPD or diabetes are at increased risk of pneu-
mococcal infections. Hence, even if the VE is indeed lower in these
subgroups, the absolute risk reduction may still be higher.

The study had several limitations. First, the diagnosis of CAP or
other LRTI is made by the GP based on clinical signs and symptoms,
mostly without radiographs or laboratory tests to confirm the
diagnosis, so misclassification of episodes is inevitable. However,
GPs and patients were not aware of the allocation to PCV13 or
placebo and diagnosis and treatment of LRTI in primary care was
not influenced by the CAPiTA study protocol. Misclassifications are
therefore expected to be random, leading to bias towards no effect.
Reporting of LRTI episodes in the GP Information Systems reflects
standard care practice, maximizing generalizability of our findings
for the primary care setting. Another potential limitation is the
accuracy of the medical records and ICPC coding of the episodes
Events PCV13 Event rate PCV13 VE (95% CI) P Value

1564 19.1 5.5% (e2.6% to 13.0%) 0.178
7535 92.1 3.4% (e2.0% to 8.5%) 0.210
9099 111.2 3.8% (e1.1% to 8.4%) 0.124
8835 107.9 4.2% (e1.0% to 9.1%) 0.109
43 386 530.1 e0.4% (e4.9% to 3.9%) 0.859

1564a þ 699b 31.2d 7.4% (e0.0% to 14.4%) 0.051
9099a þ 699b 123.2d 4.4% (e0.3% to 9.0%) 0.067

tion; PCV13, 13-valent pneumococcal conjugate vaccine; VE, vaccine efficacy.

d an estimated 30% of clinically suspected CAP cases was unidentified.
estimated 33% of suspected CAP cases was unidentified. Unidentified episodes were
S1).
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and co-morbidities. In all four GP Information Systems systems,
ICPC coding of an episode is mandatory. In primary care, manage-
ment of COPD, asthma and diabetes mellitus through specialized
care programmes results in fairly accurate ICPC coding of these
conditions [22]. By combining Anatomical Therapeutic Chemical
and ICPC-based digital data extraction and manually reviewing the
source data in the medical record, the possibility of missing or
misclassifying episodes was reduced. However, due to screening
limitations, co-morbidities such as COPD can be underestimated in
frail elderly individuals [23]. A third possible limitation is that the
inclusion and exclusion criteria of the CAPiTA trial selected for
immunocompetent, community-dwelling elderly people. The study
population, therefore, was relatively healthy compared with the
general Dutch population. Although the prevalence of asthma (4.8%
in our cohort and 5.7% in the general Dutch population) and dia-
betes mellitus (14.7% in our cohort and 15%e16% in the general
population) were fairly similar, the prevalence of COPD in our
cohort (7.4%) was lower than the reported 11%e12% prevalence of
COPD in the general population (https://opendata.cbs.nl/statline/).
As the VE of PCV13 in individuals with COPD seems to be lower
compared with those without COPD, the lower prevalence of COPD
in our study may have led to overestimation of the overall VE. A
fourth limitation of our study is that we were only able to include
individuals for whom data were still accessible after the study. The
mortality rate (6.3%) was similar to that of the main study (7.1%) [7]
so not many patient records were locked for that reason. However,
loss to follow up was 5% in the main study and only 0.2% in the
subset with available GP data, so close to 5% of the subjects were
not included in the current analysis due to non-accessibility of the
data. This may have introduced some bias, although loss-to-follow-
up rates were small and very similar between the PCV13 and pla-
cebo groups.

The main strengths of the study are the randomized, placebo-
controlled, double-blind study design and the sample size of over
40 000 individuals followed for 4 years on average with nearly
complete data collection. Baseline characteristics and regional
distribution were similar to those of the CAPiTA trial. To our
knowledge there are no other prospective placebo-controlled trials
evaluating the efficacy of PCV13 in elderly individuals in a primary
care setting.

We conclude that PCV13 vaccination in the elderly is unlikely to
cause a relevant reduction in the incidence of CAP, LRTI, LRTI-
related antibiotic use or total antibiotic use in primary care.
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Supplementary data to this article can be found online at
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