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Preface
This work is a collaboration between colleagues at the Norwegian, Swedish and Danish Public
Health Institutes based on a common need for an updated knowledgebase to inform national
guidelines for pneumococcal vaccination in medical risk groups and adults. We agreed on key
questions for systematic literature searches, which were later divided into three separate review
questions. This report is based on the first review and is related to effectiveness of
pneumococcal vaccines in elderly.

At the outset of the work, we systematically searched for relevant published reviews and metaanalyses in PubMed and COCHRANE, and published protocols in PROSPERO and COCHRANE.
Several reviews and meta-analyses were identified. Two were conducted for the same purpose
as the current report: a Health Technology Assessment from the Belgian Knowledge Centre, and
a German review, which serves as basis for the STIKO (Standing Committee on Vaccination)
recommendations for pneumococcal vaccination in elderly. Both were independent from the
industry, covered the outcomes of interest and were comprehensive and updated up until 2015.
Against this backdrop we decided to update these reviews with publications from 2016 and
onwards, rather than to repeat previous work.
We systematically searched for publications on the efficacy or effectiveness of pneumococcal
conjugate- and polysaccharide vaccines of any valence and schedule against invasive
pneumococcal disease and pneumococcal pneumonia from 01.01.2016 up until August 2018.
The search was later updated until April 2019. The search included RCTs and observational
studies. This systematic review is submitted for publication separately.

Thus, the current report is based on three separate reviews; the Health Technology Assessment
from the Belgian Knowledge Centre, the German background paper serving as base for the
STIKO recommendations for pneumococcal vaccination in elderly, and our own recently updated
review.
The Norwegian, Swedish and Danish Public Health Institutes have funded the work in full.
Oslo December 20th, 2019
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Key messages
•

•
•
•

•

•
•

•
•
•
•
•

S. pneumonia is a major cause of morbidity and mortality, specifically at the extremes of
age and in individuals with immunocompromising medical conditions. Two different
vaccines, a 23-valent polysaccharide vaccine (PPV23) and a 13-valent pneumococcal
conjugate vaccine (PCV13) are available to prevent pneumococcal disease in adults.
No studies compare vaccine effectiveness of PPV23 and PCV13 head-to-head.

Direct comparison between the two vaccines are difficult due to differences in
populations, time since vaccination and study designs.

Whereas the evidence for PCV13 is dominated by one large trial with overall healthy
elderly, the evidence for PPV23 VE is based on several trials of moderate quality and
several observational studies.

Results obtained from RCTs and those obtained from various observational designs are
inconsistent, making it difficult to summarize available evidence into single quantitative
measures.
Higher vaccine effectiveness seen in clinical trials may reflect shorter follow-up time
compared with observational studies, where waning immunity is likely to play a role.

Both PPV23 and PCV13 are comparably effective for the prevention of all-type invasive
pneumococcal disease (IPD) in the broader adult population, across study designs and
settings.
PCV13 seems to provide better protection than PPV23 against vaccine type IPD (for
serotypes common to PCV13 and PPV23).
The overall body of evidence shows PPV23 VE at a level comparable to PCV13.

Both vaccines showed generally lower VE with increasing age, but data are limited for
PCV13.

Both vaccines showed generally lower VE in groups with comorbidities compared with
groups without known risk.

With one exception from a case-control study with overall high VE estimates, both
vaccines failed to show significant VE in immunocompromised groups.

Pneumococcal vaccines in adults • NIPH

6

Summary
Introduction
Young children, elderly and persons with weakened immune systems are at high risk of
acquiring invasive pneumococcal disease and pneumococcal pneumonia. Two different vaccines
are available for the prevention of pneumococcal disease in adults; a 23-valent polysaccharide
vaccine (PPV23), and a 13-valent conjugated vaccine (PCV13). The updated review will serve as
a bases to inform national recommendations for use of pneumococcal vaccines in elderly in
Norway, Sweden and Denmark.

Methods

The report covers publications on PCV13 and PPV23 efficacy and effectiveness from 2000 until
April 2019 from randomized controlled trials and observational studies. Outcomes include
invasive pneumococcal disease and pneumococcal pneumonia.

Results

A total of 27 publications are included; 18 publications on PPV23 effectiveness and nine
publications on PCV13 effectiveness. No study compared the effectiveness of PPV23 and PCV13
directly. One large trial with overall healthy elderly dominates the evidence for PCV13 efficacy and
effectiveness. The evidence for PPV23 vaccine effectiveness, on the other hand, is based on trials of
moderate quality and several observational studies. Differences in populations, study designs and
time since vaccination makes it difficult to summarize available evidence into single quantitative
measures.

The vaccine effectiveness of PPV23 in preventing invasive pneumococcal disease was consistent
with past systematic reviews and similar to the estimates that have been reported for PCV13
efficacy and effectiveness. Consistent effects were reported across observational studies and
ecological studies of surveillance data for the general elderly population. PCV13 seems to
provide better protection than PPV23 against vaccine-type invasive pneumococcal disease (for
serotypes common to PCV13 and PPV23).
We found both PPV23 and PCV13 to be effective in preventing pneumococcal pneumonia in
elderly at comparable levels. The PPV23 vaccine effectiveness was higher in clinical trials than
observational studies, possibly reflecting a shorter follow-up time and a more limited impact of
waning immunity.
Both PPV23 and PCV13 showed generally lower effectiveness with increasing age for all
outcomes and in groups with immunocompromising conditions. Overall, significant VE was not
shown for immunocompromised groups.

Conclusion

This report shows that both PCV13 and PPV23 provide prevention for invasive disease and
pneumococcal pneumonia in the elderly. The overall body of evidence shows PPV23
effectiveness at a level comparable to PCV13. This finding is of paramount importance for public
health due to the high pneumococcal pneumonia disease burden. The serotype distribution in
carriage and disease is important to consider for the impact of vaccination. The currently low
proportion of patients falling ill with serotypes included in PCV13 suggests limited potential for
prevention from adult PCV13 vaccination. Well-designed and serotype specific randomized
controlled trials are important to improve evidence.
Pneumococcal vaccines in adults • NIPH
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Abbreviations
ACIP

The Advisory Committee on Immunization Practices in the United States

CDC

Center for Disease Control and Prevention, USA

CAP

CAPITA
CI

GRADE
HAP
HR
Ig

IPD

mITT
OPA
OR

PCV

PICO
PP

PPV

RCT
RR

STIKO
TND
VE

VT

Community Acquired Pneumonia

Community-Acquired Pneumonia Immunization Trial
Confidence Intervals

Grading of Recommendations, Assessment, Development and Evaluations
Hospital Acquired Pneumonia
Hazard Ratio

Immunoglobulin

Invasive pneumococcal disease

modified Intention-To-Treat analysis
Opsonophagocytic Assay
Odds Ratio

Pneumococcal Conjugate Vaccine

Population, Intervention, Comparator and Outcome
Per-Protocol analysis

Pneumococcal Polysaccharide Vaccine
Randomized Controlled Trial
Relative Risk ratio

Standing Committee on Vaccination, Germany
Test-Negative Design

Vaccine Efficacy or Effectiveness

Vaccine-Type, i.e. refers to serotypes covered by the different vaccines
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Glossary
GRADE

Grading of Recommendations, Assessment, Development and
Evaluations. A methodology to assess the reliability of studies
and to rank them according to level of evidence.

Indirect cohort
Intention-to-treat analysis

Serotype distributions (VT and non-VT serotypes) is
compared in vaccinated and unvaccinated IPD cases. This is
also referred to as Broome method.

Invasive pneumococcal disease
Per-protocol analysis
PICO

Test negative design (TSD)
Vaccine effectiveness
Vaccine efficacy

A comparison of treatment groups that includes all patients as
originally allocated after randomization.
Detection of S. penumoniae (culture, antigen or PCR) from a
normally sterile site.
A comparison of treatment groups that includes only those
who completed the treatment originally allocated.

Framework to define and specify research questions. PICO’s
include a population, an intervention, a control group and
outcome to meet the study question.
All cases are ill (pneumonia); then etiology (S. pneumoniae
and other etiologies) are compared in vaccinated and
unvaccinated pneumonia patients.

Ability of a vaccine to prevent disease in a real world setting,
usually outside of a RCT. The measure commonly used to
evaluate the impact of a vaccination programme at population
level.
Percentage reduction in disease incidence in a vaccinated
group compared to an unvaccinated group under optimal
conditions.
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1 Background
Pneumococcal infection is associated with significant morbidity and mortality in older adults.
Streptococcus pneumoniae (pneumococcus) is a gram positive bacterium with more than 95
different serotypes identified.1 The most severe form of pneumococcal disease is invasive
pneumococcal disease (IPD). Additionally, S. pneumoniae causes non-invasive disease such as
pneumonia, sinusitis and otitis media.2,3 S. pneumoniae is the most common etiology in
community acquired pneumonia (CAP) and is responsible for around 20% of all adult CAP-cases
in Europe.4 Non-invasive pneumonia is three times more frequent than invasive pneumonia in
adults who are hospitalized with pneumonia.5 Elderly and persons with underlying
comorbidities are at higher risk of acquiring severe forms of pneumococcal disease.
Two different pneumococcal vaccines are currently available to prevent pneumococcal disease
in adults; a 23-valent polysaccharide vaccine (PPV23, Pneumovax 23, MSD) and a 13-valent
conjugate vaccine (PCV13, Prevenar13, Pfizer). The two vaccines can be used separately or in
combination and recommendations vary across settings.

The polysaccharide vaccine has been available since the 1970s and has gradually changed from
14-valent until a 23-valent vaccine. The 23-valent polysaccharide vaccine, Pneumovax 23, is
indicated for prevention of pneumococcal infections in individuals from 2 years of age. This
vaccine has been available in the Scandinavian countries since the first half of the 1980’s and has
been recommended for use in elderly and individuals with higher risk of pneumococcal disease
due to medical conditions.

The conjugated pneumococcal vaccine, Prevenar13, is indicated for the prevention of invasive
disease and pneumonia caused by S. pneumoniae in children and adults ≥18 years of age. The
European Commission approved PCV13 for the prevention of IPD in adults in October 2011 and
pneumococcal pneumonia in adults in March 2015.6 The first European authorization was based
on immunological correlates of protection, i.e. immunoglobulin (Ig) and opsonophagocytic assay
(OPA), and no efficacy estimates were available at the time.6
Two pneumococcal conjugate vaccines (PCV15 (Merck) and PCV20 (Pfizer)) are currently in
adult Phase III trials with projected completion by the end of 2020 and 2019 respectively. Both
products are working towards licensure in adults first, table 1.
Table 1, Serotypes included in current and future pneumococcal vaccines for use in adults
Status

Vaccine

Serotypes included

Currently
available
vaccines

PPV23

1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F,
23F, and 33F

PCV13

1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F

PCV15

PCV13 + 22F and 33F

PCV20

PCV13 + 8, 10A, 11A, 12F, 15B, 22F and 33F

Vaccines
Phase III
trials

Serotypes in bold (PCV13, PPV23) are not shared by the other currently available vaccine.

In addition, a 10-valent conjugate vaccine is available for use in children (PCV10, Synflorix, GSK),
but is not licensed for use in adults. This vaccine covers the same serotypes as Prevenar13
except for serotypes 3, 6A and 19A.
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1.1

Pneumococcal vaccination in adults

The optimal recommendation for adult pneumococcal vaccination has been debated in many
countries. The direct effect of vaccination depends on both host-and vaccine related factors.
Individuals at highest risk of severe disease may also be the ones who benefit least from
vaccination, either due to age-related immunosenescence or due to comorbidities.7-10 Further,
the use of pneumococcal conjugate vaccines (PCVs) in childhood vaccination programs have had
major impact on nasopharyngeal carriage of vaccine-type (VT) pneumococci, with a subsequent
reduction in pneumococcal disease in all age-groups. Decision-making on pneumococcal
vaccination in older adults and risk groups must take the indirect effects of childhood PCV
programmes into account.11

Several literature reviews have been published in recent years, and one update is submitted for
publication.12-20 Two earlier reviews, one Cochrane review by Moberley et al.,17 and one WHO
commissioned review by Huss et al.,19 pooled data from studies using pneumococcal vaccines of
lower valences and with different quantities of antigens than more recent vaccines.21 The
relevance of these reviews are therefore less useful today. None of the more recent reviews were
updated after 2015. An overview is provided in table 2. Against this backdrop we decided to
update available evidence with a systematic search for publications from 2016 and onwards.
The review is submitted for publication separately, and the results are included in the report.
We did not search systematically for studies on pneumococcal VE by age, comorbidity-status, or
the duration of effect. However, this information was extracted whenever available in the
included publications.

1.2

Objective

The primary objective of this review was to provide updated knowledge on the efficacy and
effectiveness of pneumococcal vaccination in elderly for the prevention of IPD, VT- IPD,
pneumococcal pneumonia (PnPn) and VT-PnPn. Secondary objectives were to assess the
effectiveness by age-group, by presence or absence of comorbidities and by time since
vaccination.

1.3

Clinical outcomes

We selected IPD and PnPn as clinical outcomes. These were further classified into all serotypes
and VT-pneumococcal disease. Pneumonia was considered as community acquired, unless
otherwise reported.

Pneumococcal vaccines in adults • NIPH
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2 Sources and Methods
2.1

Data sources

This report synthesizes data from the three separate reviews,12-14 in which one was conducted as
part of this report.12 Their characteristics and differences are presented in table 3. The Belgian
evaluation13 limited their literature search to Pubmed and publications from non-US Western
countries, mostly Europe. The German review14 used the 2013 Cochrane review as their starting
point and updated searches from 01.01.2011. The German review was limited to PPV23,
whereas the Belgian and Scandinavian reviews included both PPV23 and PCV13 from 20002016 and 2016-2019 respectively. We hand searched reference-lists of other reviews to ensure
that we captured relevant publications. In addition, we included expert opinions from Norway,
Sweden and Denmark. All three reviews included RCTs and observational studies and the main
outcomes IPD and PnPn.

2.2

Quality assessment

We used the Cochrane Collaboration’s tool for assessing risk of bias in randomized controlled
trials22 and checklists from the Ottawa Non-Randomized Studies Workshop for quality
assessment of observational studies.23 The latter is based on a scoring system for case-control
and cohort studies. Each study can achieve a maximum of nine stars within three separate
domains: (i) the selection of the study groups (4 stars), (ii) comparability of groups (2 stars), and
(iii) ascertainment of exposure in case-control studies and outcome in cohort studies (3 stars).
We applied accepted thresholds for converting the Newcastle-Ottawa scales23 to categorized
standards from Agency for Healthcare Research and Quality.24-26 Good quality studies were
assigned 3-4 stars for selection AND 1-2 stars for comparability AND 2-3 stars for ascertainment
of exposure. Fair quality studies were assigned 2 stars for selection AND 1-2 stars for
comparability AND 2-3 stars for ascertainment of exposure. Poor quality studies were those
assigned 0 or 1 star for selection OR 0 stars for comparability OR 0 -1 stars for ascertainment of
exposure. On comparability, studies earned one star if they adjusted for age and comorbidities,
and two stars if adjustment also included separate adjustments for immunocompetent and
immunosuppressive conditions.
We applied the GRADE criteria (Grading of Recommendations, Assessment, Development and
Evaluations) to rate the quality of evidence on outcome level.27, 28 GRADE has four levels of
quality of evidence: very low, low, moderate and high, box 1.
Box 1, Levels of quality as defined by GRADE
Grade

Definition

High

Confident that the true effect lies close to that of the estimate of the effect

Moderate

The true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different

Low

The true effect may be substantially different from the estimate of the effect

Very Low

The true effect is likely to be substantially different from the estimate of the effect

Evidence from RCTs starts at high quality of evidence, whereas observational studies starts at
low quality of evidence due to the risk of residual confounding. The quality of evidence may then
be upgraded or downgraded based on key indicators.28 Evidence from observational studies may
provide complementary information to evidence from RCTs or may provide a higher evidence
Pneumococcal vaccines in adults • NIPH
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level than RCTs. To support our decision-making on criteria for up- or downgrading of the
evidence, we followed the recommendations in the U.S. Advisory Committee on Immunization
Practices (ACIP) handbook for developing evidence-based guidelines.29

2.3

Effect measures

We present results as odds ratios (OR), where OR < 1 favors vaccination. Vaccine effectiveness
(VE) was calculated as (1-aOR)*100 with 95% CI. Consistent with previous reviews we used 5
years since vaccination as time-period for vaccination. We stratified results by vaccine used
(PPV23 and PCV13), by outcome (all type and VT-IPD and pneumonia) study design (RCTs and
observational designs), and by age and the presence or absence of medical risk factors.

2.4

Statistical analyses

We obtained risk ratios (RR) and odds ratios (OR) with corresponding 95% confidence intervals
(95% CI). Subgroup data were extracted from the original publications. We calculated the log of
each odds ratio and its corresponding standard error if this was not available from the reviews.

We used Review Manager (version 5.3, Cochrane collaboration) for meta-analyses. Inverse
variance-weighted meta-analysis of extracted event count data was performed on the log odds
ratio scale using a random effects model (half-counts were added to zero counts). We explored
reasons for statistical heterogeneity through subgroup analysis. The inverse variance method
enables pooling of adjusted effect estimates (e.g. adjusted ORs for observational studies) and
was used in the German review on PPV23 VE. For this reason, we continued with the use of this
method, despite low case-numbers in some analyses. This decision was based on a sensitivity
analysis in the German review, which found the inverse-variance and the Mantel-Haenzel
methods to produce identical results.14 We restricted meta-analyses to subgroups only, due to
differences in design, settings and year of study.
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3 Results
3.1

Identified publications and amendments from previous reviews

We identified 36 publications from the three previous reviews; 25 publications reported efficacy
or effectiveness of PPV23 and 11 publications reported efficacy or effectiveness of PCV13
(Appendix 1).
We made the following amendments:
•

•

•

•

•

All cause pneumonia was not included as an outcome in the German review and this was
also excluded as outcome from this report. Four studies identified in the most recent
review reported only all-cause pneumonia and were not included.30-33

We excluded one PCV13 conference abstract34 which was included in the Belgian report
as these data were later published in full in a publication captured by the most recent
review.35
We excluded one large Finnish trial on PPV23 effectiveness due to poor randomization
procedure.36 The allocation procedure was based on even or odd year of birth, and
participants were allowed to change groups upon request. The study did not control for
potentially confounding factors and could not be alternatively included as an
observational study. A Cochrane review from 2013 excluded this trial for the same
reason.17

We excluded the data on pneumococcal pneumonia as outcome in the trial by Örtqvist.37
In this trial, the diagnosis of pneumococcal pneumonia was based on detection of
pneumolysin antibodies in serum (Ply-serum) and in circulating immune complexes
(Ply-IC). Pneumolysin is a cholesterol-dependent cytotoxin produced by almost all
strains of S. pneumoniae 38, 39 The authors have later concluded that the assays were not
valid for analytical epidemiological studies or vaccine efficacy studies.40 Low specificity
is a main concern as this may bias the observed effect towards null.40, 41 The German
review excluded the pneumococcal pneumonia data in their review for the same
reason.14

Finally, we identified population overlaps in studies reported from the same research
group in Terragona, Spain. Vila-Corcoles et al., published PPV23 clinical effectiveness
data in 200642, 2009,43 201044 and 2012,45 first as cohort and later as case-control
designs (see details in Appendix 2). The 2006, 2009 and 2010 populations were all
included in the EPIVAC study. Although they differ somehow in age cut-offs, observation
years and outcomes, the populations and outcomes overlap.42-44 The authors have
previously confirmed overlap in the 2006 and 2009 publications,17 and the population in
the 2009 and 2010 publications is similar. We did not include data from the 2010
publication for the overall vaccine-effectiveness, but subgroup data were included for
outcomes by comorbidity. For the overall vaccine effectiveness estimates, we only
selected data from the 2009 publication.

A flow chart of inclusion of publications is presented in Appendix 3. A total of 27 publications
were included; 18 publications on PPV23 effectiveness and nine publications on PCV13
effectiveness. In addition, we included data from Vila-Corcoles et al., 201044 for subgroups. No
studies compared the performance of the vaccines head-to-head, and no new RCTs were
identified in the most recent review.
Pneumococcal vaccines in adults • NIPH
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The 18 PPV23 publications included three RCTs and 15 observational studies. Ten of the PPV23
publications were included in both the German and the Belgian evaluation (Appendix 1). The
three RCTs included 2292 individuals,37, 46, 47 the observational studies included four cohorts
with 549 881 individuals, 48-51 four case-control studies with 3628 individuals,43, 52-54 and seven
studies with an indirect cohort or test negative design (TND) including 14 914 individuals.1, 55-60
These are forms of case-control studies. In TND vaccine status is compared between
pneumococcal test-positive and pneumococcal test-negative ill patients seeking medical care.61,62
A similar approach is used in the ‘indirect cohort’ or ‘Broome’ method in which vaccine status is
compared between cases with VT or nonVT-IPD.63-65
The nine PCV13 publications included one primary publication and five post-hoc analyses
reporting from the Community-Acquired Pneumonia Immunization Trial (CAPITA),66-71 and
three observational studies (Table 5).35, 72, 73 CAPITA was a parallel-group, double blind,
randomized, placebo-controlled trial including 84 496 adults aged 65 years or older. The trial
was conducted in the Netherlands 2008-2013, and the primary outcomes were PCV13 vaccine
efficacy against VT community acquired pneumonia (VT-CAP), non-bacteremic VT-CAP (nb VTCAP) and vaccine–type IPD (VT-IPD) in elderly. We present all CAPITA results, but overall
effectiveness data were obtained only from the primary CAPITA publication from 2015.66 A
complete overview of the CAPITA publications is provided in table 6. This table is amended from
the Belgian report. The observational studies included one cohort study with 2 025730
individuals73 and two TND studies with 2216 individuals35, 72, table 5.

The quality assessment of the individual studies are presented in full in Appendix 4, and the
quality of individual observational studies are presented as good, fair or poor in table 4 (see
Methods section on quality assessment). GRADE evidence profiles by outcomes are presented in
Appendices 5a-c.
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Table 2, Overview of previously completed systematic reviews on the effectiveness of pneumococcal vaccines in prevention of pneumococcal disease
Author, year

Vaccine

Study
designs
included

Age-groups

Studyperiod

IPD

PnCAP

Falkenhorst, 201614

PPV23

RCT+OBS

>60

01.01.201102.07.2016

Yes

yes

Othera

Kraicer-Melamed, 201616

PPV23

RCT+OBS

>60

†

Yes

Yes

Otherb

Schiffner-Rohe, 201618

PPV23

RCT

>60

2012-Oct 2014

Diao, 201620

PPV23

RCT

adults >18

†

Htar, 201715

PPV23+PCV13

OBS

adults >16

01.01.198030.10.2015

Blommaert, 201613*

PPV23+PCV13

RCT+OBS

adults

01.01.2000 –
01.03.2015

Berild, 201912

PPV23+PCV13

RCT+OBS

adults

01.01.201618.04.2019

until Aug 2015

All-cause
CAP

Funding

Yes

Yes

IndustryI

Yes

Yes

Otherc

Yes

Yes

IndustryI

Yes

Yes

Yes

Otherd

Yes

Yes

Yes

Othere

until April 2015

*Health Technology Assessment (HTA) report
† From the incipient date of the included databases.
Sponsor other: aRobert Koch Institute, Germany; bMcGill University, Canada, Quebec Institute of Public Health (3 authors received research funding from GSK and Pfizer for unrelated
projects); cPeking University Third Hospital; dBelgian Health Care Knowledge Center; eNorwegian Institute of Public Health
Sponsor Industry: I Pfizer
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Table 3, Overview of PICO’s and search criteria for included reviews on the efficacy and effectiveness of pneumococcal vaccines in elderly
Criteria

Berild et al. 12

Falkenhorst et al. 14

Blommaert et al. 13

Population

Adults

Adults >60 y

Adults >65 y

Intervention

PPV23/PCV

PPV23

PPV23/PCV

Comparator

No vaccine/placebo

No vaccine/placebo

No vaccines/placebo

Outcome (efficacy/
effectiveness)

IPD (all IPD, VT-IPD) and
Pneumonia (all Pn, PnPn, VT-PnPn)

IPD (all IPD)
PnPn

IPD (all IPD, VT-IPD) and
CAP (PnCAP, VT-PnCAP)

Sources

Pubmed, Embase, Cinahl, Web of Science,
Epistemonikos and Cochrane for publications and
conference abstracts/PROSPERO and Cochrane
for protocols/and reference lists of included
studies

Medline, Embase,
Cochrane/Cochrane for protocols

Pubmed

Publication years

01.01.2016 – 15.04.2019

01.01.2011 - 02.07.2016

01.01.2000 – 01.03.2015

Designs

RCTs/observational studies

RCTs/observational studies
adjusted for at least age and
comorbidities

RCTs/observational studies adjusted for
the main confounding factors and with a
minimum of 100 cases

Setting

All countries

-

Non-US, Western countries (mostly
Europe)

Publication language

Scandinavian, English, French, German, Spanish
or Dutch

All languages

-

Exclusion criteria

Case-studies, case-series, animal studies,
modelling studies, health economic evaluations,
carriage studies

Animal studies

Studies based on ICD codes only without
revision of medical files/studies with all
cause CAP as outcome/studies based on
the screening method/observational
studies in settings where PCV7 has been
widely used (>50% uptake)

Search criteria
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Study characteristics

The characteristics of studies included on the efficacy/effectiveness of PPV23 for prevention of pneumococcal disease is presented in table 4. This
includes an overall score for the quality of the individual studies.
Table 4, Characteristics of studies included on the efficacy/effectiveness of PPV23 on pneumococcal disease by study design
Author, years

Design

Country

Study
period

Study
population

Age (y)

Vaccinated/nonvaccinated subjects
(n)

Observation
time since
vaccination (y)

Outcome

Study
quality&

Sponsor

Örtqvist, 1998 37

RCT

Sweden

19911995

former CAP
patients

50-85

339/352

2.4 y

IPD

Good

Industryi

Alfageme, 2006 46

RCT

Spain

19992004

COPD patients

61-73

298/298

2.7 y

PnCAP

Good

Othera

Maruyama, 2010 47

RCT

Japan

20062009

nursing home
residents

55-105

502/504

2.3 y

IPD
PnPn

Good

Otherb

Jackson, 2003 51

cohort

USA

19982001

residents

>65

84203/42977 (PY)

Variable,
(81%:5 to 8y)

IPD

Good

Otherc

Hechter, 2012 49

cohort

USA

20022009

male residents

>60

7718/9232

6.4 y (mean)

IPD

Good

Industryii

Ochoa-Gondar,
2014 50

cohort

Spain

20082011

Residents

>60

29065/46968(PY)

Up to 5 y

IPD¤
PnCAP

Good

Otherd

Tsai, 2015 48

cohort

Taiwan

20082009

residents

>75

229181/229181

1y

IPD

Fair

Othere

Dominguez, 200554

casecontrol

Spain

20012002

IPD
cases/controls

>65

149/447

2 to 3 y

IPD
VT-IPD

Poor

Otherf

Vila-Corcoles, 2009 43

casecontrol

Spain

20022007

PnPn
cases/controls

>50

304/608

Up to 7.5 y

IPD
VT-IPD
PnPn

Good

Otherd

Leventer-Roberts,
2015 53

casecontrol

Israel

20082010

IPD
cases/controls

>65

212/848

Up to 5 y

IPD

Good

Industryiii

Kim, 2019 52

casecontrol

South
Korea

20132015

IPD & PnPn
cases/controls

>65

148/295

Up to 5 y

IPD
VT-IPD
PnPn
VT-Pn

Good

Otherg

557/557
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Author, years

Design

Country

Study
period

Study
population

Age (y)

Vaccinated/nonvaccinated subjects
(n)

Observation
time since
vaccination (y)

Outcome

Study
quality&

Sponsor

Andrews, 2012 55

Indirect
cohort

England
& Wales

20032010

IPD cases

>65

444/369 §

Up to 5 y

VT-IPD

Good

Otherh

Djennad, 2018 1

Indirect
cohort

England
& Wales

20122016

IPD cases

>65

4423/1822§

PPV given at
any time

VT-IPD

Good

Otherj

Rudnick, 2013 56

Indirect
cohort

Canada

19952011

IPD cases

>65

1138/240 §

Up to 5 y

VT-IPD

Good

Industryiv

Wright, 2013 57

Indirect
cohort

England

20062012

IPD cases

>65

555/106 §

Up to 9 y

VT-IPD

Good

Industryv

Gutierrez, 2014 58

Indirect
cohort

Spain

20082011

IPD cases

>60

588/211 §

Up to 5 y

VT-IPD

Good

No info

Wiemken, 2014 59

TND

Internat

20012012

CAP cases

>65

279/2409 ^

PPV given at
any time

PnCAP

Good

None

Suzuki, 2017 60

TND

Japan

20112014

CAP cases

>65

419/1617 ^

Up to 5 y

PnPn
VT-Pn

Good

Industryvi

RCT: Randomized Controlled Trial, indirect cohort: serotype distributions (VT and non-VT serotypes) is compared in vaccinated and unvaccinated IPD cases; TND: test-negative design: S.
pneumoniae and other etiologies are compared in vaccinated and unvaccinated pneumonia patients; y: years; PY: person years
CAP: Community Acquired Pneumonia, PnCAP: pneumococcal CAP, PnPn: pneumococcal pneumonia, VTPnPn: vaccine-type pneumococcal pneumonia, IPD: invasive pneumococcal disease,
VT-IPD: vaccine-type IPD
& Details

on quality assessment is presented in Appendix 4. This is based on the Cochrane Collaboration’s tool for assessing risk of bias in RCTs and checklists from the Ottawa Non-Randomized
Studies Workshop for quality assessment of observational studies. We applied accepted thresholds for converting the Newcastle-Ottawa scales to categorized (good, fair, poor) standards from
Agency for Healthcare Research and Quality
^ Hospitalized PnCAP/ Hospitalized non-PnCAP
§ Hospitalized

IPD cases caused by vaccine serotypes/ Hospitalized IPD cases caused by non-vaccine serotypes

Sponsor other: aSpanish Pneumology Society, Andalusian Health Service; bJapanese Ministry of Education, Culture, Sports, Science, and Technology; c CDC (USA); d Primary Care Service of
Tarragona-Valls, Spain; eTaiwan CDC; fDirectorate of Public Health, Catalonia, Department of Public Health, University of Barcelona, Spain; gKorea University college of Medicine, Korea
University Anam Hospital; hHealth Protection Agency, UK; jEuropean Union’s Horizon 2020
Sponsor industry: iPasteur-Mérieux MSD, Swedish Heart-Lung Foundation, Karolinska Institutet; iiKaiser Permanente Southern California; iiiCalite Research Institute, Tel Aviv Israel and Pfizer;
ivCanadian Institutes for Health Research, CDC USA, Ontario Thoracic Society, Abbott Laboratories, Bayer Healthcare, GlaxoSmithKline, Pfizer; VHealth Protection Agency, Sanofi Pasteur MSD;
viPfizer and Nagasaki University
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The characteristics of studies included on the efficacy/effectiveness of PCV13 for prevention of pneumococcal disease is presented in table 5 and 6.
Table 5, Characteristics of studies included on the efficacy/effectiveness of PCV13 on pneumococcal disease by study design
Author, years

Country

Study period

Study population

Age (y)

Vaccinated/
non-vaccinated (n)

Obs
time (y)

42,240/42256

m 3.97 y

42,240(167487PY) /
42,256(167748PY)

Variable

-

m 3.97 y

42,240/42,256

m 3.97 y

42,019/42,045

m 3.97 y

42,240/42,256

m 3.97 y

Outcomes

Study
quality&

Sponsor

RCTs
*

Gessner, 2018

*

Huijts, 2017 68

*

Patterson, 2016 69

*

Suaya, 2018

*

Webber, 2017 70

67

71

The Netherlands
(CAPITA)

Bonten, 2015 66
2008 -2013

residents

>65

Good
See table 6

na&

Industry i

Cohorts
Vila-Corcoles, 2018

Spain

2005-2015

residents

>50

6912/1983789 (PY)

1y

PnPn

McLaughlin, 2018

USA

2016-2016

CAP cases

>65

68/1966

Up to 5 y

VT-CAP

Good

Industry i

Prato, 2018 35

Italy

2013-2015

CAP cases

>65

59/123

Unclear

PnCAP
VT-CAP

Poor

Industry i

73

Other a

Test Negative Design
72

RCT: Randomized Controlled Trial; CAP: community acquired pneumonia; PnCAP: pneumococcal CAP; VT-CAP: vaccine-type CAP; Pn: pneumonia; PnPn: pneumococcal pneumonia; Obs:
observation; y: years; Incl: included
*Post-hoc analyses
Details on quality assessment is presented in Appendix 4. This is based on the Cochrane Collaboration’s tool for assessing risk of bias in RCTs and checklists from the Ottawa Non-Randomized
Studies Workshop for quality assessment of observational studies. We applied accepted thresholds for converting the Newcastle-Ottawa scales to categorized (good, fair, poor) standards from
Agency for Healthcare Research and Quality. No separate quality assessment is conducted for the post-hoc-analyses

&

Sponsor other: a Spanish Ministry of Science, Innovation and Universities
Sponsor industry: i Pfizer
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Table 6, Overview of publications in CAPITA (clinical endpoints), amended from KCE report
Study characteristics, CAPITA
Region, country
Design
Study period
Population
Intervention
Comparator
Outcome
Primary and secondary outcomes

Community-Acquired Immunization Trial in Adults
The Netherlands
Parallel-group, double blind, randomized, placebo-controlled trial
2008-2013, enrollment 2008-2010
Adults >65 years with no previous pneumococcal vaccination, no immunosuppression or immunodeficiency, no known
hypersensitivity to vaccination and not living in nursing homes or other long-term care facilities. Included 84 496
participants, mean age 72.8, ± 5.7 years
PCV13
Placebo
Primary and secondary outcomes: First episode of VT-CAP, NI NB VT-CAP and VT-IPD
Post-hoc analyses on pre-specified exploratory outcomes
Per protocol (PP)
modified Intention To Treat (mITT)
Author, year
vacc/non-vacc
VE % (95% CI)
vacc/non-vacc
VE % (95% CI)

Or first episode of disease
Any IPD
27/56
VT-IPD
7/28
I
All cause CAP
PnCAP
100/144
VT-CAP
49/90
NI NB CAP
66/87
NI NB VT-CAP
33/60
For any episode of disease
VT-CAP
53/92
Post-hoc analyses (pre-specified, exploratory outcomes)
Clinical PnCAP (all episodes)II
III
Culture confirmed PnCAP
20/41
Culture confirmed VT-CAPIII
5/20
Culture confirmed nonVT-CAPIII
50/53

52 (22 to 71)
75 (41 to 91)
31 (10 to 47)
46 (22 to 63)
24 (-6 to 46)
45 (14 to 65)

34/66
8/33
747/787I
135/174
66/106
90/109
43/73

49 (21 to 67)
76 (47 to 90)
5 (-5 to 14)
22 (2 to 39)
38 (14 to 55)
17 (-10 to 38)
41 (13 to 61)

Bonten et al., 2015

42 (18 to 60)

70/112

38 (15 to 54)

Bonten et al., 2015

51 (15 to 73)
75 (31 to 93)
6 (-42 to 37)

1375/1495
24/48
5/23
60/67

8 (1 to 15)
50 (17 to 71)
74 (34 to 91)
-3 (-46 to 28)

Gessner et al., 2018
Webber et al., 2017

mITT: modified intention to treat analysis (all confirmed IPD, including subjects who became immunodeficient or immunosuppressed before disease onset); VE: vaccine efficacy; CAP:
community acquired pneumonia: Pn: pneumococcal; VT: vaccine serotypes; nonVT: non-vaccine serotypes; NI: non-invasive; NB: non-bacteremic
I

CAP cases met both clinical and radiological protocol-specified criteria

II

Clinical PnCAP: a subset of suspected CAP for patients with at least two of seven symptoms. The outcome was included as a pre-requisite for adjudicated CAP

III First

episodes of culture confirmed pneumococcal disease
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3.3

Efficacy and effectiveness of 23-valent pneumococcal polysaccharide vaccine in
adults

3.3.1 PPV23 VE for prevention of IPD, all serotypes
Evidence of PPV23 effectiveness for the prevention of IPD of any serotype is based on three
RCTs37, 46, 47 including 2293 individuals (Figure 1).

Figure 1. Forest plot for the comparison of PPV23 vs no vaccine for the prevention of invasive pneumococcal
disease, all serotypes (any IPD) – RCTs

The pooled VE of 76% (-18 to 95), I2=0% was non-significant. The confidence intervals were
wide due to low case numbers. The trial by Alfageme et al.,46 had no IPD cases reported. All cases
in the trial by Örtqvist37 were caused by vaccine serotypes, no serotype information was
provided in the trial by Maruyama.47 The two European trials37, 46 were conducted in the pre-PCV
era.
Observational studies

Pooled VE estimates from cohort and case-control studies with low risk of bias were fairly
similar, and lower than results from RCTs. In four cohort studies,48-51 including 532 708
individuals, the pooled PPV23 VE for the prevention of IPD was 62% (95% CI: 37 to 76), I2=24%
(Figure 2). However, two of the studies had methodological limitations. Hechter et al., included
only men who voluntarily participated in a longitudinal study on mens health (risk of selection
bias). In Tsai et al., there is a risk of healthy vaccinee bias since the vaccinated group was
younger and had lower medical costs than the unvaccinated group, the study had limited followup time after vaccination (which may have overestimated the VE) and the study also reported an
unexpectedly low all-cause mortality rate. The VE decreased to 47% (13 to 67), I2=0%
(n=57 396) with no heterogeneity if the pooled analyses was restricted to cohort studies with
low risk of bias.50, 51

In four case-control studies including 2381 individuals,42, 52-54 the pooled VE was 52% (29 to 67),
I2=65% (Figure 2). There is a risk of selection bias in the study by Dominguez et al.,54 as the
percentage of elderly with comorbidities was very high and the vaccine coverage was lower than
normal in the region. After excluding this study from the pooled analysis (n=1597), the VE
remained significant at 43% (21 to 60). The heterogeneity remained moderately high at
44%.52,53 The study by Vila-Corcoles et al., included adults 50 years and older (26% were aged
50-64 years), which may explain the higher VE in this study. It was not possible to extract IPD
data limited to adults 65 years or older from the publication.
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Figure 2, Forest plot for the comparison of PPV23 vs no vaccine for the prevention of invasive pneumococcal
disease, all serotypes (any IPD) – observational studies 1

Quality of evidence
The quality of evidence from RCTs was downgraded to moderate quality due to imprecision as
there were few IPD cases included with corresponding wide CIs. In two of the trials the study
population was not completely representative of the general elderly population, as participants
were nursing home residents or patients recently hospitalized with pneumonia. The effect of
this potentially more frail population would be to underestimate rather than overestimate VE.
However, the studies reported high VE and for this reason we did not downgrade the evidence
for indirectness, evidence profile in Appendix 5a. Observational studies starts at low quality of
evidence due to the risk of residual confounding. No factors were relevant to upgrade or
downgrade the overall evidence from the observational studies.

3.3.2 PPV23 VE for prevention of vaccine-type IPD (VT-IPD)

VE against VT-IPD was reported in three case-control studies (n=1033)52-54 and in five TND
studies (n=10745)1, 55-58 (Figure 3).

1

In Figure 2, number of cases and controls for Ochoa-Gondar et al and Jackson et al., reflects person-years and not number
of individuals
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Figure 3, Forest plot for the comparison of PPV23 vs no vaccine for the prevention of vaccine-type invasive
pneumocccal disease (VT-IPD) - observational studies

The pooled VE from the case-control studies was 64% (36 to 80), I2=51%. The study by
Dominguez et al., was excluded from the pooled estimate for the same reasons as described
above for IPD. The pooled VE yielded a fairly similar estimate (VE 59% [4-82], I2=56%) after
exclusion of the study. The heterogeneity increased to 56%. The age-group in Vila-Corcoles et al.,
was younger than in the study by Kim et al., (>50 vs >65 years). The study by Kim et al.,52 was
conducted in South Korea in 2013-2015. The study followed optional use of PCV7 in the
childhood vaccination program since 2003, with coverage reaching 75% in 2013, whereas the
study by Vila-Corcoles et al.,43 was conducted in Spain in at a time where PCV7 was
recommended only for at-risk infants. In both studies PPV23 coverage in elderly was high
(>50%).
The five test negative studies yielded a precise VE estimate with pooled VE 31% (24 to 37),
I2=0%. Two of the studies covered data from the pre- and post PCV-period,55 56 whereas three
reported only from the post-PCV period.57, 58 In the publication by Djennad et al., adjusted VE
estimate was not available for vaccines given within the last five years.1 Thus, the adjusted VE in
the forest plot refers to PPV23 given at any time.
Quality of evidence

No RCT data were available for this outcome and no factors were relevant to upgrade or
downgrade the overall evidence for the observational studies, evidence profile in Appendix 5b.
The indirect cohort/Broome method is considered a robust type of observational study for
evaluating VE for respiratory infectious diseases and studies using this design were consistent in
their VE estimates. Strengths include the strong matching of controls and low risk of selection
bias and reporting bias.
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3.3.3 PPV23 VE for prevention of pneumococcal pneumonia, all serotypes
Evidence from RCTs for the prevention of pneumococcal pneumonia includes data from two
trials including 1602 individuals (Figure 4).46, 47
Figure 4, Forest plot for the comparison of PPV23 vs no vaccine for the prevention of pneumococcal
pneumonia (PnPn) – RCTs

The pooled VE was 64% (95% CI: 35 to 80), I2=0% (Figure 4). The pooled estimate is largely
driven by the trial by Maruyama et al.,47 The study was conducted in Japan and included nursinghome residents with low uptake of PPV23 and about 20 times higher incidence of pneumococcal
pneumonia than the elderly community dwelling population (40.7/1000 versus 2/1000 per
year). The smaller trial by Alfageme et al., included only five cases of pneumonia, all in the
unvaccinated group.
One cohort study reported on pneumococcal pneumonia in adults. Ochoa-Gonder et al,50
(n=58 662) found significant VE at 51 % (16 to 71) (Figure 5). The pooled analysis from the two
case-control studies,43, 52 showed high heterogeneity I2=88%. There was considerable variation
in point estimates and minimal overlap of confidence intervals.

Figure 5, Forest plot for the comparison of PPV23 vs no vaccine for the prevention pneumococcal pneumonia
(PnPn) - observational studies

The study by Kim et al.,52 (VE 10% [-15 to 30]) included only non-bacteremic pneumococcal
pneumonia, whereas Vila-Corcoles et al.,43 (VE 53% [33 to 68]) reported all pneumonia in the
age-group >65 years, including bacteremic cases. The proportion bacteremic cases among
pneumonia cases was high (31%) in the overall study population (age >50 years). The
proportion bacteremic cases in elderly >65 years was not available.
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Pooled VE from two TND studies including 4169 individuals,59, 60 was significant at 31% (15 to
45), I2=0%.
Quality of evidence

We downgraded the quality of evidence from RCTs for indirectness, since the population in the
trial by Maruyama et al., included nursing home residents, which may not be completely
representative for the general adult population. The confidence intervals include both
substantially reduced risk and increased risk of pneumonia, and the study by Alfageme et al.,
was small and reported no cases in the vaccinated group. We did not find this sufficient to
downgrade for inconsistency. The quality of evidence from the two case-control studies was
downgraded to very low quality of evidence due to imprecision. Point estimates differed and CIs
did not overlap. No factors were relevant for upgrading or downgrading the overall evidence for
other observational studies and the overall quality remained low, evidence profile in Appendix
5c.

3.3.4 PPV23 VE for prevention of vaccine-type pneumococcal pneumonia
(VT-PnPn)

Two observational studies reported VE for the prevention of VT-PnPn, the case-control study by
Kim et al.,52 (VE -2, [-40 to 26]), and the TND study by Suzuki et al., (VE 33%, [6 to 53])60 (Figure
6).
Figure 6, Forest plot for the comparison of PPV23 vs no vaccine for the prevention vaccine-type
pneumococcal pneumonia (VT-PnPn) - observational studies

Quality of evidence
A complete evidence profile table is not provided for this outcome since only two single studies
are available. The overall quality of the evidence was low for both outcomes due to their
observational design and there were no relevant factors identified to upgrade or downgrade the
overall evidence.

3.4

Efficacy and effectiveness of the 13-valent conjugate pneumococcal vaccine in adults

The CAPITA trial is to date the only trial assessing the VE of PCV13 in adults. The study included
84 496 individuals. VE was 52% (22 to 71) for all type IPD and 75% (41 to 91) for VT-IPD in
per-protocol (PP) analyses of first-episode of disease (excluding individuals who became
immunocompromised during the study period) (Table 6).66 Based on modified intention-to-treat
(mITT) analysis, the VE estimates remained fairly similar to the PP analysis, 49% (21 to 67) and
76 (47 to 90) for all-type first episode IPD and first episode VT-IPD, respectively. For the main
study outcome, first episode VT-CAP, VE was 46% (22 to 63) in PP analyses and 38% (14 to 55)
in mITT analysis. VE for non-invasive VT-CAP was 45 (14 to 65) and 41 (13 to 61) in PP and
mITT analyses respectively. A comprehensive overview of VE, including a range of post-hoc
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analyses reported from the CAPITA trial, is presented in table 6. This table is updated from the
KCE-report.13 No other PCV13 studies have reported VE for the prevention of IPD or VT-IPD.

Several post-hoc publications from the CAPITA trial are available.67-71 Webber et al., reported VE
for 23 exploratory endpoints in CAPITA, confirming the significant VE from the primary analysis
for prevention of all episodes PnCAP and IPD.70 In CAPITA, the presence of underlying risk
conditions at study entry was based on self-report and immunocompromised individuals were
excluded from enrollment. Suaya et al.,71 and Huijts et al.,68 reported on PCV13 VE in the
subgroup of elderly with underlying medical conditions, the first based their analyses on selfreported comorbidity, whereas the latter was based on comorbidities documented in medical
records. Huijts et al., reviewed medical records for the 139 VT-cases in CAPITA and verified this
information through a register-linkage for a larger sample. Diabetes mellitus (DM) was found to
cause significant effect modification yielding higher VE in those with DM (VE 90% [66 to 97])
compared to those without DM (VE 25% [-10 to 50]). Gessner et al., presented a public health
framework for analysis of clinical trial data and reported substantial reduction in the burden of
pneumonia and IPD outcomes following adult PCV13 vaccination in a setting with high coverage
of PCV in children and no use of PPV23.67 Patterson et al., performed a time-to-event analysis for
primary and secondary trial outcomes and found PCV13 to be effective with no waning of
immunity over the 5-year duration of the study.69
Quality of evidence

A complete evidence profile table is not provided for PCV13 PPV VE for IPD and VT-IPD, since
the CAPITA trial is the only study available for these outcomes. The study population in CAPITA
was younger than the target population for vaccination. The majority of study participants (58
%) were healthy (without comorbidities), and the remainder (42 %) had stable comorbidities.66
It has been questioned whether this could lead to overestimation of VE compared to the general
population. We do not judge this sufficient for downgrading for indirectness. The overall quality
of evidence is high for all primary outcomes in CAPITA. We have not assessed the quality of the
post-hoc analyses.

3.4.1 PCV13 VE for prevention of pneumococcal pneumonia, all serotypes

One Spanish cohort study including 2 020 720 individuals reported negative and non-significant
VE -17% (-83 to 25) for pneumococcal pneumonia (Figure 7).73 The study included
administrative and clinical data from electronic records in primary health care centers.
Although the study population is large, less than 1% of the study population were PCV13
vaccinated and the follow-up time was limited to the year 2015.
Figure 7, Forest plot for the comparison of PCV13 vs no vaccine for the prevention of pneumococcal
pneumonia (PnPn) - observational studies
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VE for the prevention of all VT-CAP was assessed in two TND studies.35 72 However, Prato et al.,35
reported only crude VE and the estimate is not included in the forest plots for this reason. The
reported VE was 33% (95%CI -107% to 82%) for the prevention of all type PnCAP and 38% (132 to 89) for VT-CAP. The study by McLaughlin et al., a population-based surveillance study of
adults in the US, reported 71% VE (6-91) for VT-CAP (Figure 8).
Figure 8, Forest plot for the comparison of PCV13 vs no vaccine for the prevention of vaccine-type
community acquired pneumococcal pneumonia (VT-CAP) - observational studies

Quality of evidence
The quality of evidence for CAPITA outcomes are graded as high as previously discussed. A
complete evidence profile table is not provided for additional PCV13 VE studies, since only
single studies are available for the different outcomes. There are limitations in the large study by
Vila-Corcoles et al., as very few participants were vaccinated and outcome was observed over a
limited period. PCV13 vaccination was recommended for high-risk individuals and the authors
suggest that the higher prevalence of underlying conditions in the vaccinated group may have
contributed to the low VE estimates. The study by Prato et al., only presented crude estimates
and were not considered for pooled analyses for this reason. In the TND study by McLaughlin et
al., eight percent of the CAP cases were bacteremic, which may overestimate VE. Cases were less
likely to be immunocompromised and overweight or obese compared to controls. No relevant
factors were identified to upgrade the quality of any of the single studies, which remained low or
very low.

3.5

Effect of age on efficacy and effectiveness of pneumococcal vaccines in adults

Vaccine effectiveness estimates by age are presented in table 7 for PPV23 and in table 8 for
PCV13. Overall, the vaccine effectiveness tended to be lower with higher age irrespective of
vaccine used, study design or outcome. However, the magnitude of the reduction differed and
was highest for the oldest age-group. Confidence intervals were broad for most estimates, due to
low number of cases.

3.5.1 Vaccine effectiveness by age, PPV23

The only studies that provided sufficiently similar data for pooled estimates by age-groups were
four of the indirect cohort studies measuring VE by Broome method (n=9367).1, 55, 57, 58 The
pooled VE for prevention of VT-IPD was significant and fairly similar at 33% (21 to 43), I2=0%,
25% (9 to 38), I2=20% and 28% (15 to 39), I2=0% for the age-groups 65-74 years, 75-84 years
and >85 years respectively. A forest plot for the comparison is included in Appendix 6. It should
be noted that the study by Gutierrez et al.,60 had slightly different age cut-offs; 60-69, 70-79 and
80 years and older respectively. Two case-control studies52, 53 and one cohort study51 reported
PPV23 VE for the prevention of IPD. They found significant VE for individuals younger than 75
years of age, whereas VE was non-significant and low or even negative for the oldest age-groups.
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3.5.2 Vaccine effectiveness by age, PCV13
The original report from the CAPITA trial66 reported a decrease in PCV13 VE by age-group for
the main outcome VT-CAP, ranging from 53% (24 to71) and 46% (-4 to 74) for age-groups 6574 years and 75-84 years respectively, and negative effect for individuals 85 years or older 100% (-1156 to 58), table 8. The confidence intervals for the negative efficacy in the oldest agegroups are broad due to the low number of cases. A later CAPITA post-hoc modeling study74
reported similar observed VE against VT-CAP or IPD based on modified intention-to-treat
analysis: VE 49% (26 to 67), 41% (3 to 66) and -100 % (-1000 to 29) for the age-groups 65-74,
75-84 and 85 years and older respectively. When modeled, the VT-CAP VE showed a significant
decline with increasing age; 65% in 65 years, 40% in 75 years and 0% in 85 years.
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Table 7, PPV23 vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes by age-group
Author, year

Country

Design

Outcome

N

All

65-74 (y)

75-84 (y)

85+ (y)

England

ind cohort

VT-IPD

534

29 (-17 to 57)

44 (-27 to 75)

21 (-75 to 65)

8 (-159 to 67)

Guiterrez, 2014

Spain

ind cohort

VT-IPD

588

45 (19 to 62)

54 (15 to 75)

54 (19 to 74)

26 (-23 to 55)

Andrews, 2012

England &
Wales

ind cohort

VT-IPD

1270

24 (10 to 36)

28 (1 to 47)

25 (3 to 43)

18 (-11 to 39)

Djennad, 2018

England &
Wales

ind cohort

VT-IPD

6245

27 (17 to 35)

31 (16 to 44)

17 (-3 to 32)

34 (17 to 47)

Jackson, 2003

USA

cohort

IPD

61

44 (7 to 67)

54 (13 to 76)

Leventer-Roberts, 2015

Israel

case-control

IPD

1060

42 (19 to 59)

46 (10 to 68)

20 (-22 to 47)

Kim, 2019

South
Korea

case-control

IPD

443

29 (-6 to 52)

57 (19 to 78)

7 (-74 to 50)

1114

10 (-15 to 18)

35 (2 to 57)

-13 (-56 to 18)

Vila-Corcoles, 2009

Spain

case-control

PnPn

304

53 (33 to 68)

48 (19 to 67)

Suzuki, 2017

Japan

TND

PnPn¤

419

27 (3 to 46)

32 (-21 to 62)

24 (-6 to 46)

VT-Pn¤

272

34 (6 to 53)

40 (-16 to 69)

28 (-9 to 53)

Wright, 2013
II

PnPn

§

22 (-87 to 68)

--

56 (16 to 77)

N: number of cases; ind cohort: indirect cohort, i.e. serotype distributions (VT and non-VT serotypes) is compared in vaccinated and unvaccinated IPD cases; TND: test-negative design, i.e.
S.pneumoniae and other etiologies are compared in vaccinated and unvaccinated pneumonia patients; y: years; IPD: invasive pneumococcal disease; VT-IPD: vaccine.type IPD, PnPn:
pneumococcal pneumonia; VT-Pn: vaccine-type pneumococcal pneumonia, CAP: community acquired pneumonia
II It should be noted that the study by Gutierrez et al., had slightly different age cut-offs: 60-69, 70-79 and 80 years and older respectively.
¤Includes CAP and hospital acquired pneumonia § Only non-bacteremic PnCAP

Table 8, PCV13 vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes by age-group
Author, year

Country

Design

Outcome

N

All

65-74 (y)

75-84 (y)

85+ (y)

Bonten, 2015

Netherlands

RCT

VT-CAP#

139

46 (22 to 62)

53 (24 to 71)

46 (-4 to 74)

-100 (-1156 to 58)

Vila-Corcoles, 2018

Spain

cohort

PnPn

1648

-17 (-83 to 25)

-32 (-118 to 19)

N: number of cases; VT: vaccine-type disease; CAP: community acquired pneumonia; Pneu: pneumonia; pnPn: pneumococcal pneumonia; vtPn: vaccine-type pn pneumonia; y: years
# Per protocol analysis, first episode (table S3, Bonten et al.)
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3.6

Effect of comorbidities on efficacy and effectiveness of pneumococcal vaccines in
adults

Vaccine effectiveness estimates by presence or absence of underlying medical conditions or
immunosuppression are presented in tables 9 and table 10 for PPV23 and in table 11 for PCV13.
Most studies categorized medical risk consistent with criteria in the CDC Advisory Committee on
Immunization Practices (ACIP) for PPV23 immunization among adults.75 For both vaccines, the
VE tended to be lower in groups with underlying medical conditions and lowest in groups with
immunocompromising conditions.

3.6.1 Vaccine effectiveness by medical risk factors, PPV23

Five out of six PPV23 VE studies evaluating VE against VT-IPD, yielded non-significantly higher
VE in healthy adults compared with immunocompetent high-risk individuals, with a difference
in point estimates ranging 6-22% (Table 10). In immunocompromised patients, four studies
utilizing the Broome method, measured VE against PPV23 serotypes, which was never
significant and had large CI (Table 10). This applied even to the largest study involving 1164
cases and 534 controls in immunocompromised subjects. The three UK studies1, 55, 57 also
stratified VE by age and risk group (data not shown). The study by Djennad et al.,1, 55 reported a
gradient of effectiveness with VE 48% (2 to 73) in 65-74 years with no risk. However, VE
estimates were inconsistent across strata and with wide 95% CI due to small numbers. This
overview has been updated from the Belgian report.13

Two case-controls studies44 54 found high, and in the study by Vila-Corcoles44 even significant VE
of PPV23 against all type IPD in immunocompromised participants. Both studies included low
numbers of cases with immunosuppression (29 and 39 respectively). In Vila-Corcoles44 VE was
higher in the immunocompetent and immunosuppressed high-risk groups compared with those
without known medical risk, table 10. Only 18 case-control sets contributed to the analysis in
the no-risk group. In the group assigned with a high-risk condition, few patients actually had
severe immunosuppression.44 The same study group reported a similar pattern with highest VE
in the immunosuppressed group, also for PnCAP as outcome.43 These are the only studies
reporting significant VE in the immunocompromised population.

3.6.2 Vaccine effectiveness by medical risk factors, PCV13

In CAPITA, comorbidities were self-reported at baseline and were not verified by medical record
review. Individuals with immunocompromising conditions were excluded from enrollment.
Therefore, the immunocompromised group in CAPITA is small and only includes those who
became immunocompromised after enrollment (n=82), table 11. Participants with recent
immunosuppression may be different from those with known and potentially well-controlled
conditions. For all main outcomes, VE estimates were significant and higher in
immunocompetent than in immunocompromised high risk individuals, table 11. Confidence
intervals for the immunosuppressed group were wide due to low case numbers.
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Table 9, PPV23 vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes in individuals with and without chronic respiratory disease
Author, year

Country

Design

Outcome

N

All

With chronic respiratory
disease

Without chronic respiratory
disease

Suzuki, 2017

Japan

TND

PnPn*

419

27 (3 to 46)

27 (-19 to 55)

26 (-6 to 49)

VT-Pn*

272

34 (6 to 53)

35 (-21 to 65)

32 (-4 to 56)

N: number of cases; TND: test negative design; PnPn: pneumococcal pneumonia; VT-Pn: vaccine-type pneumococcal pneumonia,
*Includes community and hospital acquired pneumonia

Table 10, PPV23 vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes in no risk, high risk immunocompetent and high risk immunosuppressed
individuals
Author, year

Country

Design

Outcome

N

VE all

VE No risk

VE HR
immunocompetent

VE HR
immunosuppressed

Jackson, 2003

USA

cohort

IPD

61

44 (7 to 67)

54 (13 to 76)

Leventer-Roberts, 2015

Israel

case-control

IPD

212

42 (19 to 59)

37 (-33 to 70)

Vila-Corcoles, 2010

Spain

case-control

IPD

88

72 (46 to 85)

60 (-89 to 91)

71 (21 to 89)

88 (47 to 97)

Dominguez, 2005

Spain

case-control

IPD

131

70 (48 to 82)

83 (-62 to 98)

75 (47 to 86)

50 (-44 to 82)

VT-IPD

118

72 (50 to 85)

83 (-62 to 98)

77 (45 to 90)

46 (-54 to 81)

22 (-87 to 68)
30 (1.0-51)

Andrews, 2012

England &
Wales

ind cohort

VT-IPD

1270

24 (10 to 36)

34 (12 to 50)

20 (-9 to 41)

22 (-5 to 42)

Djennad, 2018

England &
Wales

ind cohort

VT-IPD

6245

27 (17 to 35)

45 (27 to 59)

25 (11 to 37)

13 (-9 to 30)

Rudnick, 2013

Canada

ind cohort

VT-IPD

1311

39 (20 to 53)

69 (33 to 85)

47 (23 to 63)

-6.5 (-67 to 32)

Wright, 2013

England

ind cohort

VT-IPD

534

29 (-17 to 57)

-16 (-188 to 53)

32 (-36 to 66)

33 (-65 to 73)

Gutierrez, 2014

Spain

ind cohort

VT-IPD

588

45 (19 to 62)

60 (33 to 76)

Vila-Corcoles, 2009

Spain

case-control

PnCAP

304

53 (33 to 68)

61 (-2 to 85)

41 (10 to 61)

71 (34 to 89)

Alfageme, 2006

Spain

RCT

PnCAP

5

91 (-64 to 99)

-

NA (5 vs 0 cases)

-

32 (-2 to 54)

VE: vaccine effectiveness %; N: number of cases; HR: high-risk; RCT: Randomized Controlled Trial; ind cohort: indirect cohort; IPD: invasive pneumococcal disease; VT-IPD: vaccine-type IPD;
CAP: community acquired pneumonia; PnPn: pneumococcal pneumonia; vtPn: vaccine-type pneumococcal pneumonia; CAP: community acquired pneumonia
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Table 11, PCV13 vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes high risk immunocompetent and high risk immunosuppressed
individuals§
Author, year

Bonten, 2015

Country

Netherlands

Design

RCT (CAPITA)

Outcome

N

HR immunocompetent
participants

HR immunosuppressed
participants

Vacc/
non-vacc

VE %
(95% CI)

Vacc/
non-vacc

VE %
(95% CI)

VT-IPD

39

7/28

75 (41 to 91)

1/3

67 (-315 to 99)

PnCAP

172

51/93

45 (22 to 62)

14/11

-27 (-212 to 47)

NI NB VT-CAP

196

35/63

44 (14 to 65)

7/10

30 (-105.5 to 78)

VE: vaccine effectiveness; N: number of cases; HR: high-risk; RCT: randomized controlled study; PnCAP: community acquired pneumococcal pneumonia; VT-IPD: vaccine-type invasive
pneumococcal disease, NI NB VT-CAP: non-invasive, non-bacteremic vaccine-type CAP
§ For total CAPITA population outcome, see table 6

Table 12, PCV13 vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes in individuals with and without comorbidities§
Author, year

Country

Design

Outcome

N

VE without comorbidity

VE with comorbidity

Hujits, 2017

Netherlands

RCT (CAPITA)

VT-CAP

139

47 (-26 to 77)

45 (20 to 63)

Suaya, 2018

Netherlands

RCT (CAPITA)

VT-CAP

169

64 (15 to 86)

33 (4 to 53)

Gessner, 2018

Netherlands

RCT (CAPITA)

PnCAP

322

31 (-19 to 60)

23 (0.3 to 40)

VT-CAP

179

65 (20 to 87)

32 (4 to 52)

IPD

99

47 (-34 to 80)

51 (19 to 71)

VT-IPD

41

72 (-50 to 97)

77 (43 to 92)

PnCAP

51

Not reported

34 (-105 to 83)

VT-CAP

34

Not reported

40 (-128 to 89)

Prato, 2018

II

Italy

TND

VE: vaccine effectiveness; N: number of cases; RCT: randomized controlled study; TND: Test-negative design; IPD: invasive pneumococcal disease; VT-IPD: vaccine-type IPD, CAP: community
acquired pneumonia, PnCAP pneumococcal CAP; VT-CAP: vaccine-type pneumococcal CAP
§ For total CAPITA population outcome, see table 6, II Prato, total VE PnCAP: 33 (-107-82), VT-CAP: 38 (-132-89)
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In post-hoc analyses, Suaya et al.,71 and Gessner et al.,67 published additional VE in individuals
with and without comorbidities (excluding those with immunosuppression, asplenia or missing
medical information). Suaya et al., reported VE for VT-CAP using the CAPITA self-reported data
with VE 64% versus 33% for the group without- or with comorbidity respectively, table 12.
Gessner et al.,67 complemented previous CAPITA publications, by adding additional outcome
definitions and outcome measures using the same self-report medical data, table 12. VE was
generally higher for specific etiology confirmed outcomes, but the difference in estimated VE for
in participants with and without comorbidities were not as consistent in this report. Hujits et
al,68 retrospectively obtained information on comorbidities from medical records (from GPs,
hospitals) for participants who were identified with VT-CAP (n=139), and from ICPC codes from
general practitioners for 40427 CAPITA participants. The number of individuals with
comorbidities was higher when data were obtained from medical records than from self-report.
Hujits et al., reported VE 45% (20 to 54) in participants with comorbidities versus 47% (-26 to 77) for those without comorbidities.
Prato et al,35 is the only other publication reporting PCV13 VE in individuals with comorbidities.
This test-negative study reported non-significant VE 34% (-105 to 83) and 40% (-128 to 89) for
pneumococcal CAP and VT-CAP respectively.

3.7

Effect of time since vaccination

3.7.1 Vaccine effectiveness by time since vaccination, PPV23
Six studies1, 55-58, 60 reported PPV23 VE against by time since vaccination, table 13. Five were
indirect cohorts reporting on VE for VT-IPD, and one was a TND study reporting on VE for
pneumococcal and VT-pneumococcal pneumonia.
Table 13, Vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes by time since
vaccination for PPV23
Author (y)

Outcome

VE by time since vaccination (y)
<2y

2 to < 5 y

PnPn

32 (2 to 51)

26 (-12 to 51)

0.2 (-77 to 27)

VT-PnPn

38 (5 to 59)

35 (-7 to 60)

26 (-56 to 65)

Andrews, 2012

VT-IPD

48 (32 to 60)

21 (3 to 60)

15 (-3 to 30)

Djennad, 2019

VT-IPD

41 (23 to 54)

34 (16 to 48)

23 (12 to 32)

Gutierrez, 2014*

VT-IPD

45 (19 to 62)

33 (-6 to 57)

Rudnick, 2013

VT-IPD

41 (20 to 57)

34 (6 to 54)

Wright, 2013

VT-IPD

-9 (-119 to 43)

Suzuki, 2017

5 to < 10 y

>= 10 y

38 (-6 to 64)

-21 (-137 to 35)

*included individuals >= 60 years

Point estimates are similar across studies and shows declining VE with time since vaccination.
The inconsistent results in the study by Wright et al., may arise from the low number of nonVT
cases (only 15 patients contributed in the nonVT group for VE <5 years after vaccination). Only
the two largest indirect cohort studies, including 6245 and 1378 participants respectively,
reported significant VE five years after vaccination.1 56 Djennad et al., explored the long-term
decline through a spine model which indicated an initial drop in VE for VT-IPD from about 50%
the first two years to a plateau at 20-25% more than five years after vaccination (figure in the
publication1).
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The cohort study by Ochoa-Gondar et al., conducted a sensitivity analysis to assess the duration
of protection. They classified participants as ever vaccinated, i.e. at any time and as vaccinated
within the last five years, i.e. excluding those with PPV23 vaccination more than 5 years ago. No
significant protection appeared in the analyses including participants ever vaccinated, implying
low or no VE >5 years after vaccination.50
Table 14, Vaccine effectiveness (VE % [95% CI]) against pneumococcal disease outcomes by age and time
since vaccination for PPV23
Time after vaccination

VE by age and time since vaccination
65 to 74 (y)

75 to 84 (y)

85+ (y)

VE < 2 y

58 (32 to 73)

56 (32 to 71)

12 (-51 to 49)

VE 2 to < 5 y

4 (-42 to 35)

30 (2 to 50)

26 (-10 to 50)

VE > 5y

25 (-11 to 49)

8 (-24 to 32)

14 (-20 to 39)

VE < 2 y

43 (17 to 61)

38 (1 to 62)

26 (-36 to 60)

VE 2 to < 5 y

35 (11 to 53)

39 (0-63)

6 (-81 to 52)

VE > 5y

18 (-3 to 36)

15 (-6 to 31)

35 (18 to 49)

Andrews et al., 2012

Djennad et al., 2018

Two of the studies reported VE estimates based on surveillance data from England and Wales
from subsequent time-periods. The studies stratified VE by time since vaccination and agegroup.1 55 In these populations, the majority had their pneumococcal vaccination more than five
years prior to IPD diagnosis. In the study by Djennad et al., 90% of those >= 85 years were
vaccinated more than 5 years prior to IPD diagnosis. VE was non-significant after 5 years in all
other groups, and non-significant in general for the population >= 85 years.

3.7.2 Vaccine effectiveness by time since vaccination, PCV13

In CAPITA post-hoc analyses,69, 71 in which they plotted the cumulative number of disease
episodes against the time from vaccination, the authors concluded that efficacy occurred soon
after vaccination and persisted throughout the duration of the trial (almost 4 years). However,
case-numbers the fourth year was low and potentially insufficient to demonstrate a waning
effect. CAPITA has not reported non-cumulative VE by time since vaccination, i.e. < 2 years, 2 to
< 5 years.
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4 Discussion
No study compares VE of PCV13 and PPV23 head-to-head and no new RCTs were published
since the previous reviews. We found that both PPV23 and PCV13 are effective for the
prevention of all type and VT-IPD in the broader adult population across study designs and
settings. Further, we found PCV13 and PPV23 to be effective in preventing pneumococcal
pneumonia in elderly, supporting the conclusions from Falkenhorst et al. However, results
obtained from RCTs and those obtained from various observational designs are inconsistent,
making it difficult to summarize available evidence into single quantitative measures. It is likely
that the higher VE seen in PPV23 clinical trials may reflect shorter follow-up time compared
with CAPITA and observational studies, where waning immunity is likely to play a role. VE
estimates for PCV13 are almost exclusively based on data from CAPITA, with only a few
additional observational studies. There are more data available for PPV23, although the overall
quality remains more questionable. Both vaccines showed generally lower VE with increasing
age and in medical high-risk groups.

The vaccine effectiveness of PPV23 in preventing IPD was consistent with past systematic
reviews and fairly similar to the estimates that have been reported for PCV13 efficacy and
effectiveness. Consistent benefits were also reported across observational studies and ecological
studies of surveillance data for the general elderly population.

To measure VE for the prevention of pneumococcal pneumonia is difficult, due to lack of
standardized diagnostic tools. Differences in test sensitivity and specificity might influence the
number of pneumonia cases reported. CAPITA used an experimental serotype specific urinary
antigen-detection assay (SSUAD) from Pfizer for diagnosis of non-bacteremic pneumococcal
pneumonia. The assay, which depends on monoclonal antibody against capsule polysaccharides
for the serotypes included in PCV13,76 is currently only available for research purposes. The
SSUAD assay is >95% sensitive and specific for identifying PCV13 serotypes in patients with
bacteremic or non-bacteremic radiographically confirmed CAP, when validated against
bacteremic pneumonia.77-79 Although restricted to the PCV13 serotypes, the SSUAD have
substantially increased the detection of pneumococcal pneumonia.77 The two PCV13 TND
studies reported overlapping confidence intervals with those in CAPITA. Prato et al.,35 reported
non-significant VE for PnCAP and VT-CAP. This study had low inclusion rate, stopped before
planned time, and only presented crude VE. Yet, VE estimates were consistent with other
reports. The US prospective population-based surveillance study by McLaughlin et al.,72 reported
significant and surprisingly high PCV13 VE against VT-CAP. The percentage of cases with
bacteremic disease was 8% and when the authors restricted the analysis to non-bacteremic CAP
(nbCAP) the VE was lower and no longer statistically significant. No VE estimates were provided
for invasive disease, probably due to the low number of cases. Further, the follow-up time was
only 157 days, which may also play a role.72 Except for this US TND study, little evidence other
than CAPITA is available to inform PCV13 VE.

The controversy of test sensitivity and specificity for the diagnosis of non-invasive
pneumococcal pneumonia is more pronounced for PPV23 VE estimates. In addition, there is a
continuing discussion on whether the study populations are sufficiently representative for the
target population for pneumococcal vaccination. For these reasons, review authors have applied
different inclusion and exclusion criteria, and none of the five systematic reviews from 2016 or
2017 included the same PPV23 RCT data and no new RCTs are available. In the trials by
Honkanen36 and Örtqvist37, the diagnosis of pneumococcal pneumonia was based on detection of
antibodies against pneumolysin, a cholesterol dependent cytotoxin produced by many
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pneumococcal strains. Later studies have questioned the validity of this method, as it does not
reliably distinguish between colonization and disease.40 41 The main concern is low specificity,
which may bias the VE towards no effect. Falkenhorst et al.,14 extensively discussed this
weakness in their review, and in a sensitivity analysis they demonstrated a markedly lower
PPV23 VE when data from the two studies using pneumolysin-dependent diagnosis were
included.14 Schiffner-Rohe et al., on the other hand, included the trials by Honkanen and
Örtqvist, arguing that the control groups in the original- and validation studies were not
comparable and that the coating antigen used to capture anti-PLY IgGs in the validation study
was different from the original study. We excluded the two studies in which the diagnosis of
pneumonia was based on pneumolysin antibodies, in line with the German review. The validity
of the diagnosis remain questionable, the assay has never been in clinical use and Örtqvist, the
main author of the trial publication, supported the exclusion of trial data on pneumococcal
pneumonia (personal communication). We excluded the trial by Honkanen et al., from all
outcomes, due to the insufficient randomization procedure. This study was included in the
review by Falkenhorst et al., for all type IPD. Pooled VE for all-type IPD after exclusion of
Honkanen et al., remained fairly similar to the pooled estimate reported by Falkenhorst et al.,
(76% versus 73%). However, lower case-numbers broadened the CIs and the pooled VE
estimate was no longer significant.

The trial by Maruyama et al.,47 included nursing-home residents in Japan with low uptake of
PPV23 and higher incidence of pneumococcal pneumonia than the general elderly population.
The representativeness of the study population has been questioned, and the trial was excluded
from the reviews by Schiffner-Rohe and Kraicer-Melamed for this reason. This is the only trial
showing significant PPV23 VE for the protection of pneumococcal pneumonia. Although the
reported VE is higher than expected in this population, we identified no clear flaws in the trial
conduct. The inclusion of frail and older participants would rather underestimate than
overestimate VE and the reported VE was high. This would also hold for the population in the
trial by Örtqvist as these had recently been hospitalized for pneumonia. Bottom line is that the
evidence for PPV23 VE from RCTs for the prevention of pneumococcal pneumonia includes a
wide range of VE estimates (range no effect to 64% VE).

Although randomized controlled trials are powerful for showing vaccine efficacy, current
knowledge about the PPV23 effectiveness for the prevention of pneumococcal pneumonia in
elderly includes a number of case-control and cohort studies. Observational studies have
reported PPV23 VE (range 10% to 51%) in different populations, although not all yielded
statistically significant results. The 2009 case-control study by Vila-Corcoles et al.,45 consistently
showed high VE with corresponding heterogeneity when study data were included in pooled
analyses. In the 2009 publication, Vila-Corcoles et al., reported outcomes for adults >50 years,
which may overestimate VE. It was not possible to extract data for participants 65 years and
older. For pneumococcal pneumonia outcome, the authors reported VE for the age-group 65
years or older. However, for this outcome they did not differentiate between bacteremic and
non-bacteremic pneumonia. In their total study group, one third of pneumococcal pneumonia
cases were bacteremic. Thus, VE are likely to be overestimated for all outcomes, either due to a
younger population or the inclusion of bacteremic CAP. The hospital-based study by Kim et al.,52
followed implementation of PPV23 in a national Immunization programme in 2013, reaching
almost 60% uptake in 2015 and with high PCV coverage in children. The study showed high VE
(>90%) for PPV23 unique serotypes.52 However, this was based on a very small sample.
Test negative design (TND) and indirect cohorts (Broome method) are forms of case-control
studies that are commonly used in VE studies. A major strength is that controls are drawn from
the same source population as the cases. Thus, bias related to health-care seeking behavior and
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ascertainment of vaccination status is reduced. The validity of using TND has been demonstrated
by re-analyzing data from RCTs as TND in which VE estimates were found to be similar to the
original RCT analysis.61 80 The Broome method has logistical and cost advantages since cases
and controls can be recruited from within a single surveillance system. PPV23 VE for the
prevention of VT-IPD were consistent when measured by the Broome method. Only one TND
study reported serotype-specific PPV23 VE for the protection of VT-CAP in elderly.60 This study
was conducted in Japan in 2011 to 2014 and used sputum PCR to define pneumococcal
pneumonia. Positive samples were examined for 50 serotypes by a nanofluidic real-time PCR
assay.81 There is a chance that sputum positive samples represents carriage rather than disease.
Low test specificity may cause underestimation of VE, and the VE estimates should therefore be
regarded as minimum.60 The study found low to moderate VE against all type pneumococcal
pneumonia and VT-pneumonia in elderly and VE differed by vaccine serotype. Although no
significant differences between subgroups were seen, VE was higher in some subgroups. The
study reported PPV23 VE against PCV13 serotypes at 40% (10-60) which is not substantially
different from that of PCV13 in the CAPITA trial.

No waning of protection was found for PCV13, although data are limited and only obtained from
cumulative plots from CAPITA. PPV23 studies show waning of effect with time since vaccination
and with questionable effect more than 5 years following vaccination, but confidence intervals
are wide. More data are needed to establish the duration of clinical effectiveness for both
vaccines.

All Scandinavian countries have well-established childhood PCV programs with considerable
indirect effects on PCV serotypes in all age-groups. A substantial and increasing proportion of
pneumococcal disease due to the additional PPV23 serotypes suggests that advantage of PPV23
over PCV13 in terms of serotypes covered may increase over time in older adults.11 Although the
exact VE for PPV23 for the prevention of IPD and pneumococcal pneumonia is difficult to
estimate, the overall evidence from this synthesis shows protection. This is an important finding
provided the current epidemiological situation.
Limitations in this report includes that the Belgian report restricted their search to non-US
western countries. Relevant PCV13 publications from the US or other countries may have been
missed for this reason. No studies compared the two vaccines directly and available studies are
not completely comparable. The evidence of PCV13 VE is dominated by the large CAPITA trial
which is a controlled trial under ideal conditions, whereas PPV23 studies were older RCTs or
observational studies with higher risk of bias. Many were underpowered with corresponding
wide confidence intervals. Time since vaccination was reported inconsistently across studies,
which may impact on the comparability of reported VE. We stratified this to within the last five
years whenever the information was available. Further, not all studies distinguished bacteremic
from non-bacteremic pneumococcal pneumonia.
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5 Conclusion
This review shows that both PCV13 and PPV23 provide prevention for IPD and pneumococcal
pneumonia in the elderly. Although evidence from PPV23 RCTs for protection of pneumococcal
pneumonia are inconsistent, the overall body of evidence shows PPV23 VE at a level comparable
to PCV13. Although the exact size of the VE is difficult to estimate, the VE seems to be sufficiently
high to provide both individual protection and public health importance given the disease
burden of pneumococcal pneumonia. This will have to be determined in future studies. Decisionmaking on pneumococcal vaccination in older adults must also take into account the potential
benefit of PCV13 vaccination in older adults. The serotype distribution in carriage and disease is
important to consider for the impact of vaccination. Well-designed and serotype specific RCTs
are important to improve evidence.
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Appendix 1: Overview of studies identified in the three separate reviews
Berild et al. (PPV and PCV)

Falkenhorst et al. (PPV only)

Blommaert et al. (PCV and PPV)

Gessner 2018 (CAPITA)
Hujits 2017 (CAPITA)
Patterson 2016 (CAPITA)

PCV13

Suaya 2018 (CAPITA)
Webber 2017 (CAPITA)
Vila-Corcoles 2018
MchLaughlin 2018
Prato 2018
Bonten 2015 (CAPITA)
*Martinelli 2015
*Kolditz 2018
Kim 2019
Djennad 2018
Suzuki 2017
*Dominguez 2017
*Kondo 2017

PPV23

*Kolditz 2018
Jackson 2003

Jackson 2003

Dominguez 2005

Dominguez 2005

Alfageme 2006

Alfageme 2006

Andrews 2012

Andrews 2012

Wright 2013

Wright 2013

Rudnick 2013

Rudnick 2013

Gutierrez 2014

Gutierrez 2014

Wiemken 2014

Wiemken 2014

Vila-Corcoles 2009

Vila-Corcoles 2009

Ochoa-Gondar 2014

Ochoa-Gondar 2014

Örtqvist 1998
*Honkanen 1999
Maruyama 2010
*Vila-Corcoles 2006
Tsai 2015
Leventer-Roberts 2015
Hechter 2012
Vila Corcoles 2010
*Vila-Corcoles 2012
*Publications in bold are excluded from this report. See rationale in 3.1. Identified publications and
amendments from previous reviews
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Appendix 2: Overview over potential overlap in publications by Vila Corcoles et al.
Publication
year

Vaccine

Study

Age

Design

Outcomes

2006

PPV23

EVAN

>65

cohort

IPD, pneumococcal pneumonia

2009

PPV23

EPIVAC

>50

c/c

invasive pneumonia, vaccine-type invasive pneumonia, noninvasive pneumococcal pneumonia

2010

PPV23

EPIVAC

>60

c/c

IPD, vaccine-type IPD

2012

PPV23

EPIVAC

>50

c/c

invasive pneumonia, vaccine-type invasive pneumonia, noninvasive pneumococcal pneumonia

2018

PCV13

EPIVAC

>50

cohort

pneumococcal pneumonia
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Appendix 3: Flowchart for included studies

Identified publications, n=36
Table 3, PICO - Elderly (publication years 01.01.2016 until current)
Population
Elderly (total, unselected population)
Intervention

Pneumococcal
conjugate
PCV13,
n=11 vaccines (PCV)PPV23, n=25
- of any valency and schedule , and/or
Pneumococcal polysaccharide vaccine(23 valent)
- of any schedule
Excluded PPV23
Excluded PCV13
Comparator
No
vaccine
or
placebo
Overlapping population, n=3,
Overlapping population, n=1,
IPD: Only
Invasive
Pneumococcal
Disease,
CAP: Community Acquired Poor
Pneum
randomization, n=1,
all-cause
pneumonia
as
Only all-cause pneumonia as
outcome, n=3

outcome, n=1

PCV13, n=9
RCTs, n=6 (6 from CAPITA)
Observational studies, n=3

PPV23, n=18
RCTs, n=3
Observational studies, n=15
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Appendix 4: Quality assessment of included studies
4a Randomized Controlled Trials
Author, year

Vaccine

Selection
bias (I)

Selection
bias (II)

Performance
bias

Detection
bias

Attrition
bias

Reporting
bias

Örtqvist, 1998

PPV23

Low risk

Low risk

Low risk

Low risk

Low risk

Unclear
risk

Alfageme, 2006

PPV23

Low risk

Unclear
risk

High risk

Low risk

Low risk

Unclear
risk

Maruyama, 2010

PPV23

Low risk

Low risk

Low risk

Low risk

Low risk

Unclear
risk

Bonten, 2015

PCV13

Low risk

Low risk

Low risk

Low risk

Low risk

Low risk

Selection bias (I): Random sequence generation, Selection bias (II): Allocation concealment, Performance bias:
Blinding of participants and personnel, Detection bias: Blinding of outcome assessment, Attrition bias:
Incomplete outcome data, Reporting bias: Selective reporting

Observational studies
Threshold for classification of quality of observational studies: High: 3 or 4 stars in selection
domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure
domain. Fair: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3
stars in outcome/exposure domain. Poor: 0 or 1 star in selection domain OR 0 stars in
comparability domain OR 0 or 1 stars in outcome/exposure domain.
4b Cohort studies
Author, year

Vaccine

Selection
(/4)

Comparability
(/2)

Outcome
(/3)

Total
(/9)

Quality

Jackson, 2003

PPV23

4

2

3

9

Good

Hechter, 2003

PPV23

3

2

2

7

Good

Ochoa-Gondar, 2014

PPV23

4

2

3

9

Good

Tsai, 2015

PPV23

2

2

2

6

Fair

Vila-Corcoles 2018

PCV13

3

2

2

7

Good

Selection; Representativeness of the exposed cohort, selection of the non-exposed cohort, ascertainment of
exposure, demonstration of outcome not present at enrolment, Comparability; study controls for most
important factors, Outcome; assessment of outcome, was follow-up long enough for outcomes to occur,
adequacy of follow-up of cohorts, ascertainment of comorbidities.
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4c Case-control, test-negative and indirect cohort studies
Author, year

Vaccine

Selection
(/4)

Comparability
(/2)

Exposure
(/3)

Total
(/9)

Quality

Dominguez, 2005

PPV23

3

2

1

6

Poor

Vila-Corcoles, 2009

PPV23

3

2

2

7

Good

Leventer-Roberts, 2015

PPV23

4

2

3

9

Good

Kim, 2019

PPV23

3

2

3

7

Good

Andrews, 2012*

PPV23

3

2

2

7

Good

Djennad, 2018*

PPV23

3

2

2

7

Good

Rudnick, 2013*

PPV23

4

2

3

9

Good

Wright, 2013*

PPV23

4

2

2

8

Good

Gutierrez, 2014*

PPV23

4

2

3

9

Good

Wiemken, 2014**

PPV23

4

2

2

8

Good

Suzuki, 2017**

PPV23

4

2

3

9

Good

McLaughlin, 2018**

PCV13

4

2

3

9

Good

Prato, 2018**

PCV13

2

0

3

5

Poor

Case-control design

Selection; is the case definition adequate, representativeness of the cases, selection of controls, definition of
controls, Comparability; study controls for most important factors, Exposure; ascertainment of exposure, same
method of ascertainment for cases and controls, non-response rate, ascertainment of comorbidities.
*Indirect cohort/Broome method, **Test-negative design
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Appendix 5: Evidence profiles for separate outcomes
5a. Evidence profile, PPV23 VE for prevention of IPD, all serotypes
Bibliography: Alfageme 2006, Maruyama 2010, Örtqvist, 1998, Jackson 2003, Hechter 2012, Ochoa-Gonder 2014, Tsai 2015, Dominguez 2005, Leventer-Roberts 2015, Vila-Corcoles 2009, Kim 2019
Quality assessment

No of
studies

Design

No of patients

Effect

Quality

Importance

Risk of
bias

Inconsistency

Indirectness

Imprecision

Other
considerations

23-valent
pneumococcal
polysaccharide
vaccine

Control

Relative
(95% CI)

Absolute

no
serious
risk of
bias

no serious
inconsistency

no serious
indirectness

serious1

none

1/1139
(0.09%)

8/1154
(0.69%)

OR 0.24
(0.05 to
1.18)

5 fewer per
1000 (from
7 fewer to 1
more)

⊕⊕⊕Ο
MODER
ATE

CRITICAL

no serious
inconsistency

no serious
indirectness

no serious
imprecision

none

36/113268
(0.03%)2

43/8994
5
(0.05%)2

OR 0.53
(0.33 to
0.87)

0 fewer per
1000 (from
0 fewer to 0
fewer)

⊕⊕ΟΟ
LOW

CRITICAL

no serious
inconsistency

no serious
indirectness

no serious
imprecision

none

454 cases 1143 controls

⊕⊕ΟΟ
LOW

CRITICAL

RCT
3

randomised
trials

OBSERVATIONAL cohort studies
2

observational
studies

no
serious
risk of
bias

OBSERVATIONAL case-control studies
3

observational
studies

no
serious
risk of
bias3

4

OR 0.57
(0.40 to
0.79)

-

Confidence intervals indicate both substantially reduced risk and increased risk. The study by Alfageme et al., did not include any IPD cases
Refers to person-years
3 The study by Kim et al., used hospital controls rather than controls from the community. We did not find this sufficient to downgrade the quality of the pooled estimate.
4The effect size is uncertain, although all point estimates favor vaccination. The I2 of 44%, non-significant p-value and Tau value of 0.04 may represent moderate heterogeneity. We did not find
this sufficient to downgrade for inconsistency.
1
2
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5b. Evidence profile, PPV23 VE for prevention of vaccine-type IPD
Bibliography: Dominguez 2005, Kim 2019, Vila-Corcoles 2009, Andrews 2012, Djennad 2019, Gutierrez 2014, Rudnick 2013, Wright 2013
No of patients

Quality assessment

No of
studies

Design

Risk of
bias

23-valent
pneumococcal
polysaccharide
vaccine

Effect

Control

Relative
(95% CI)

Quality

Importance

Absolute

Inconsistency

Indirectness

Imprecision

Other
considerations

no serious
inconsistency1

no serious
indirectness

no serious
imprecision

none

114 cases, 395 controls

OR 0.41
(0.18 to
0.96)

⊕⊕ΟΟ
LOW

CRITICAL

no serious
inconsistency

no serious
indirectness

no serious
imprecision

none

3005 VT-IPD (cases),
1495 nonVT-IPD (controls)

OR 0.69
(0.63 to
0.76)

⊕⊕OO
LOW

CRITICAL

OBSERVATIONAL case-control studies
2

observational
studies

no
serious
risk of
bias

OBSERVATIONAL Broome method
5

1The

observational
studies

no
serious
risk of
bias

pooled estimate includes only two studies. There is possibly high heterogeneity, I2=56%, p=0.13 and Tau= 0.22. We found this insufficient to downgrade for inconsistency.
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5c. Evidence profile, PPV23 VE for prevention of pneumococcal pneumonia
Bibliography: Alfageme 2006, Maruyama 2010, Ochoa-Gondar 2014, Kim 2019, Vila-Corcoles 2009, Suzuki 2018, Wiemken 2014

Quality assessment

No of
studies

No of patients

Effect

Quality

Importance

Design

Risk of
bias

Inconsistency

Indirectness

Imprecision

Other
considerations

23-valent
pneumocccal
polysaccharide
vaccine

Control

Relative
(95% CI)

Absolute

randomised
trials

no
serious
risk of
bias

no serious
inconsistency

serious1

no serious
imprecision

none

14/800
(1.8%)

42/802
(5.2%)

RR 0.36
(0.2 to
0.65)

34 fewer per
1000 (from
18 fewer to
42 fewer)

⊕⊕⊕O
MODERATE

CRITICAL

no serious
inconsistency

no serious
indirectness

no serious
imprecision

none

4/29065
(0.01%)2

12/46968
(0.03%)2

OR 0.49
(0.29 to
0.84)

0 fewer per
1000 (from
0 fewer to
0 fewer)

⊕⊕OO
LOW

CRITICAL

no serious
indirectness

no serious
imprecision

none

659 cases 828 controls

OR 0.66
(0.35 to
1.25)

-

⊕OOO
VERY LOW

CRITICAL

no serious
indirectness

no serious
imprecision

none

1002 with pneumococcal
pneumonia (cases),
3167 with pneumonia of
other etiology (controls)

OR 0.69
(0.55 to
0.86)

-

⊕⊕OO
LOW

CRITICAL

RCT
2

OBSERVATIONAL cohort studies
1

observational
studies

no
serious
risk of
bias

OBSERVATIONAL case control studies
2

observational
studies

no
serious
risk of
bias

serious3

OBSERVATIONAL test negative design
2

observational
studies

no
serious
risk of
bias4

no serious
inconsistency

We downgraded the overall quality for indirectness. The pooled estimate was largely based on the trial by Maruyama et al., in which the study population was immunocompetent nursing
home resident in Japan with low uptake of PPV23 and about 20 times higher incidence of pneumococcal pneumonia than the elderly community dwelling population (40.7/1000 versus 2/1000
per year).
2 Number refers to person-years.
3 We downgraded for inconsistency. Pooled analyses show possibly high heterogeneity (I2=88%, p=0.003 and Tau=0.19) and confidence intervals do not overlap.
4 In the study by Wiemken, the participants were selected from a prospective cohort study. There is no compelling reason to believe that this should introduce substantial bias
1
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Appendix 6: PPV23 VE for the prevention of VT-IPD by age, indirect cohort studies
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