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Abstract

Background

Pneumococcal community-acquired pneumonia (pCAP) is the most frequent form of pneu-

monia. The elderly and adults with underlying diseases are at an increased risk of develop-

ing pCAP. The 23-valent pneumococcal polysaccharide vaccine (PPV23) was licensed

over 30 years ago and is recommended as the standard intervention in many countries

across the globe, although its efficacy continues to be debated. We performed a meta-anal-

ysis of randomized controlled trials (RCTs) to investigate the effect of PPV23 for preventing

pCAP in adults�60 years of age.

Methods

An existing Cochrane Review was updated to Oct 2014 using a systematic literature search

to select appropriate RCTs. DerSimonian and Laird random-effects meta-analyses were

performed and odd ratios (OR) with 95%-confidence intervals (CI) and p-values were calcu-

lated for the descriptive analyses. Reasons for heterogeneity were explored by subgroup

analyses.

Results

Meta-analysis of PPV23 efficacy included four studies. Three of them did not demonstrate

efficacy for PPV23. The body of evidence indicated statistically significant heterogeneity

(I2 = 78%, p = 0.004) that could be explained by subgroup analysis by “study setting”. Fur-

ther effect modifiers for pCAP were “continent of trial” (p<0.01), and “method of pneumococ-

cal diagnostics” (p = 0.001). Subgroup analyses revealed that the only study showing

efficacy for PPV23 was an outlier. Overall, the validity of the meta-analytic PPV23 efficacy

assessment was confirmed by the meta-analysis of all-cause CAP including six studies.
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Discussion

Inconsistencies in PPV23 treatment effects to prevent pCAP could solely be explained by

one outlier study that was performed in nursing homes in Japan. The effect modifier

“method of pneumococcal diagnostics” should be interpreted carefully, since methodologi-

cal weaknesses are not restricted to one special method only, which would justify the exclu-

sion of certain studies. Overall, we conclude from our meta-analysis that to date there is no

proof that PPV23 can prevent pCAP in a general, community-dwelling elderly population.

Introduction
Pneumonia is a respiratory infection of the lungs which is caused mainly by viruses, fungi or
bacteria. A distinction is made between community-acquired pneumonia (CAP), which is
defined as pneumonia acquired outside a hospital, and hospital-acquired pneumonia (HAP).
Pneumococci (Streptococcus pneumoniae, SP) are by far the most frequent pathogens recovered
from patients with CAP (pCAP) and cause 12–85% of all CAP cases according to a recent sys-
tematic review which included 33 studies [1–3]. PCAP affects people of all ages, but children
younger than five years of age, people with certain underlying medical conditions and the
elderly (adults older than 60 years of age) are at higher risk and are more likely to experience a
more severe course of the disease as well as complications, including death [4]. Comorbidities
especially pulmonary disease may affect the risk of developing pneumococcal diseases and the
efficacy of a pneumococcal vaccination [5–7].

Due to the high burden of disease, prevention of pneumococcal pneumonia, especially the
non-bacteremic pCAP as the most frequent form, is one of the most important public health
goals today.

There are two types of vaccines against pneumococci available, i.e. pneumococcal polysac-
charide vaccine (PPV) and pneumococcal conjugate vaccine (PCV), in which the bacterial
polysaccharide is covalently conjugated to an immunogenic carrier protein. PPV23 (Pneumo-
vax1) contains 23 antigens of a total of 93 pneumococcal capsular serotypes, whereas the
conjugate vaccines contain 7 (PCV7, Prevenar1), 10 (PCV10, Synflorix1) or 13 (PCV13, Pre-
venar 131) polysaccharide antigens. Only PPV23 and PCV13 are currently licensed for adults.

PPV23 was licensed over 30 years ago and is recommended as standard intervention for the
elderly (�60 years of age) and for adults with underlying diseases in many countries around
the globe [8] including the Standing Committee on Vaccination (STIKO) at the Robert Koch
Institute (RKI) in Germany [9], although its efficacy continues to be debated [5, 10–12]. The
impact of this vaccine on the epidemiology of pneumococcal infections in general or on nonin-
vasive pCAP in particular has not been definitively ascertained anywhere in the world. This is
particularly noteworthy for the two countries with a long history of PPV23 vaccination, the
United States and United Kingdom (England and Wales) [13–15]. A recent meta-analysis by
Moberley et al. concluded that PPVs are not effective in preventing death in adults [12]. Meta-
analysis by Moberley et al. [12] used a diverse study pool that included different types of PPVs
(PPV6, PPV12, PPV14 and PPV23) and the results indicated a substantial heterogeneity of the
common effect estimates (I2 = 75% and 85%) for pneumonia and pneumococcal pneumonia,
respectively. Furthermore the PPV23 efficacy results were not evaluated by age of participants.
Therefore, uncertainties remain regarding the efficacy of PPV23, especially in elderly people
[5].
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In contrast, PCV13 has been shown to be effective in preventing pCAP in the elderly [16].
To date, no head-to-head studies have been published which compared PCV13 and PPV23
directly. To compare these two vaccines, an indirect comparison is required and therefore a
new meta-analysis of efficacy assessments of the vaccines is needed. In this systematic review
we reselected and updated the existing evidence of the Cochrane Review by Moberley et al.
[12] to perform a meta-analysis of available randomized controlled trials (RCTs) investigating
the efficacy of PPV23 on pCAP in adults at increased risk (elderly or adults with underlying
diseases). In addition, reasons for uncertainties regarding the efficacy of PPV23 in the preven-
tion of pCAP were explored by testing for heterogeneity and conducting subgroup analyses.

Methods

Literature search
We performed a systematic literature search to identify studies that investigated the efficacy of
PPV23-intervention to prevent the outcome of CAP in a population of elderly (aged 60 and
older) and adults with underlying diseases. At the time of the literature search the outcome
pCAP was not specifically considered as a selection criterion.

RCTs that had been identified in the Cochrane Review by Moberley had only addressed the
question of PPV efficacy in adults [12] and were therefore re-selected according to our selec-
tion criteria (Table 1) in order to identify studies that analysed explicitly the PPV23 efficacy to
prevent pCAP. In addition to the existing evidence published by Moberley, the systematic liter-
ature search was updated to identify studies that were published thereafter.

In detail, the literature search by Moberley et al. 2013 was conducted in the databases
CENTRAL 2012, Issue 6, MEDLINE (January 1966 to June Week 2, 2012) and EMBASE (1974
to June 2012). For the literature search update (2012–2014) the databases Cochrane Central
Register of Controlled Trials (August 2014), MEDLINE (1946 to October 2014) and EMBASE
(1947 to October 2014) were used (supporting information (S1–S3 Tables). The search was
restricted to English, French or German as publication language. Because PPV23 vaccination is
recommended for the elderly (�60 years of age) and for adults with underlying diseases by the
German STIKO [9] (and by many other recommending bodies in Europe and worldwide), we
applied selection criteria which were based on the STIKO recommendations to the body of lit-
erature evidence in order to ensure transferability of the results from this meta-analysis to the
context of the German health care system (Table 1).

Study selection
Inclusion and exclusion criteria were applied to the body of evidence. Briefly, two independent
persons (JH, MJ) re-selected full-text articles that were identified by Moberley [12] and selected
studies identified from the literature search update for the years 2012–2014 according to their
titles and abstracts with a subsequent selection of full-text publications from included studies
(Table 1). Inconsistencies, if applicable, were clarified by a third person.

Data extraction
Data sources for our meta-analysis were the selected publications on PPV23 vaccination. Stud-
ies were evaluated for eligibility for inclusion in the meta-analysis and data were extracted by
two independent persons (JSR, AW) using appropriate forms, e.g. the data extraction form by
the Cochrane working group (http://www.cochrane.org/sites/default/files/uploads/forums/
u389/ERC%20data%20collection%20form%20for%20intervention%20reviews%20for%
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20RCTs%20only.doc). Inconsistencies were clarified and documented in clarification minutes,
if applicable.

Definition of endpoints for the review
All-cause community-acquired pneumonia (CAP). For this systematic review, CAP was

defined as pneumonia acquired in the community and diagnosed by the presence of clinical
symptoms (fever, cough, dyspnoea or sputum) as well as a positive result of infiltrates on chest
radiographs regardless of its cause. Cases of pneumonia without differentiation of acquisition
mode were considered as “community-acquired pneumonia”, unless they were explicitly con-
sidered as HAP. Potential effects of nursing home settings (nursing home-acquired pneumo-
nia, NHAP) on this assumption were further assessed in a subgroup analysis.

Table 1. Selection criteria according to the STIKO.

Inclusion criteria Exclusion criteria

Population Subjects �60 years Studies including only HIV-positive
subjects

Subjects �18 and <60 years with high-risk factors:

Congenital or acquired immunodeficiencies or immunosuppression (except HIV-
infection), e.g.:

T-cell deficiency or disordered t-cell function

B-cell- or antibody-deficiency (e.g. hypogammaglobulinaemia)

Deficiency or malfunction of myeloid cells (e.g. neutropenia, chronic granulomatous
disease, leucocyte adhesion deficiencies, signal transduction deficiencies)

Complement or properdin deficiency

functional hyposplenism (e.g. during sickle cell anemia), splenectomy or anatomic
asplenia

Neoplastic diseases

After bone marrow transplantation

Immunosuppressive therapy (e.g. due to organ transplantation or autoimmune disease)

Chronic diseases, e.g.:

Chronic diseases of the heart, the respiratory organs (e.g. asthma, emphysema, COPD),
the liver or the kidney

Metabolic diseases, e.g. diabetes mellitus

Neurological diseases, e.g. cerebral palsy or seizure disorders

Anatomic and foreign body-associated risks for pneumococcal meningitis, e.g.

CSF fistula

Cochlear implant

Intervention Vaccination with PPV23 Vaccination with lower-valent
Pneumococcal Polysaccharide Vaccines

Vaccination with conjugate vaccines

Control group Placebo or no intervention. Other non-pneumococcal vaccines administered as
background vaccine to subjects in all study groups were permitted

Endpoints CAP Studies investigating immunogenicity,
safety etc. only

Study type RCT

Type of
publication

Full publication or report in German, English or French language available, complying
with CONSORT statement and allowing an assessment of the study results

No full publication or report available

Abbreviations: PPV23–23-valent pneumococcal polysaccharide vaccine; CAP—Community-Acquired Pneumonia; RCT–randomized controlled trial

doi:10.1371/journal.pone.0146338.t001
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Pneumococcal community-acquired pneumonia (pCAP). We defined pCAP as CAP
with isolation of SP from sputum, bronchoaspirate, pleural fluid, blood, or cerebrospinal fluid
OR a positive pneumococcal antigen test result in urine OR a positive pneumococcal antibody
test result.

Risk of bias assessment
Risk of bias in the included studies was evaluated for each study by assessing “random sequence
generation” (selection bias), “allocation concealment” (selection bias), and “blinding of partici-
pants and personnel” (performance bias) (Table 2). RCTs were considered to provide the most
valid results. However, in this review, we also allowed for inclusion of “pseudo-RCTs” where
allocation to treatment group was not performed in a computer-generated random sequence,
but still followed the principles of randomization. Further, we also allowed for open study
designs where participants and personnel were aware of the treatment arm. We considered the
risk of detection bias as low, because the diagnosis of pCAP is based on a concert of objective
parameters such as clinical symptoms (fever, cough, dyspnea or sputum), a positive result of
infiltrates on chest radiographs and the detection of SP. However, consequences of potential
risk of bias were assessed by subgroup analyses.

None of the publications reported on a potential bias for each assessed outcome. However,
endpoints were not precisely defined in the publications and definitions of endpoints turned
out to be diverse among selected clinical trials. To reduce the risk of bias for pCAP and CAP
outcomes, we used medical expertise (DD) to link clinical endpoint definitions of the selected
studies with our pCAP and CAP definitions (S4 Table).

Risk of bias across studies was explored by assessing degree of heterogeneity (see subgroup
analysis for details).

Statistical methods
Primary analysis. We used the DerSimonian and Laird random-effects method for meta-

analyses (using the Cochrane Review Manager Version 5.3.) to evaluate possible heterogeneity
of studies. In case of zero-cell counts, a fixed value of 0.5 was added to all cells of the respective
study results tables [17]. We quantified between-trial heterogeneity using I-squared statistics
and calculated standard Chi-square-tests of heterogeneity. Due to the lack of power of the

Table 2. Risk of bias assessment of the identified clinical trials.

Study Random
sequence
generation

(selection bias)

Allocation
concealment

(selection bias)

Blinding of participants
and personnel

(performance bias) All
outcome

Blinding of outcome
assessment

(detection bias) CAP /
pCAP

Incomplete
outcome data
(attrition bias)

Selective
outcome
reporting

(reporting bias)

Alfageme
et al. 2006

Low risk Unclear risk High risk Low risk Low risk Unclear risk

Oertqvist
et al. 1998

Low risk Low risk Low risk Low risk Low risk Unclear risk

Maruyama
et al. 2010

Low risk Low risk Low risk Low risk Low risk Unclear risk

Kawakami
et al. 2010

Unclear risk Low risk High risk Low risk Low risk Unclear risk

Furumoto
et al. 2008

Low risk Low risk High risk Low risk Low risk Unclear risk

Honkanen
et al. 1999

Unclear risk Unclear risk High risk Low risk Low risk Unclear risk

doi:10.1371/journal.pone.0146338.t002
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standard test for heterogeneity, we interpreted p-values<0.2 or I-squared>50% as indicator
for underlying heterogeneity [18]. Common effect sizes derived from the meta-analysis with a
heterogeneous body of evidence were not considered as valid and therefore will not be pre-
sented. Analyses were based on the number of individuals who experienced the event of inter-
est (pCAP or CAP), where applicable. Otherwise, number of episodes were used for analysis.
We calculated odds ratios (OR) with 95%-confidence intervals (CI) and descriptive p-values.
Where applicable, we presented results from individual trials and the common effect estimate
in a forest plot. Squares indicate individual study odds ratios together with its 95% CI indicated
as bars. Odds ratios below 1.0 correspond to an effect favouring PPV23 vaccination. The size of
the square indicates the weight of the individual study in the meta-analysis. Estimates for the
common odds ratio together with the 95% CI, as derived from the meta-analysis, are presented
as diamonds.

Subgroup analysis. Reasons for heterogeneity were explored based on clinical consider-
ations by assessing pre-defined subgroup criteria as potential effect modifiers. Effect modifiers
were assessed using interaction tests. According to the rules for interaction tests as defined by
the German Institute for Quality and Efficiency in Health Care (IQWiG) [18] we performed
meta-analyses on a priori defined subgroups and tested subgroup differences (interpretation as
interaction test–effect modifier). When the interaction test indicated effect modification (p-val-
ues below 0.2 give a hint of effect modification, p-values below 0.05 give a proof of effect modi-
fication), no common effect estimate was calculated and only subgroup effect estimates are
presented. For both, pCAP and CAP outcomes, we a priori defined the following potential
effect modifiers as being of interest: “study setting (community/nursing home)”, “continent of
trial”, “age”, “trial duration”, “co-vaccination with influenza vaccine (IV) (yes/no)” and “high/
low income countries”. The feasibility of subgroup analyses depended on the availability of the
respective results in the publications and was discussed separately. As a consequence of identi-
fied studies we a posteriori defined additional subgroups for “trial quality (blinding and con-
cealment of allocation)” and “pneumococcal diagnostics (Binax /PLY/none)”.

Unless specifically stated, all methods were defined a priori in a review protocol (data on
file).

Results

Literature search and characteristics of included studies
We screened 581 abstracts and 14 full-text articles, identified by the literature search update
(2012–2014) according to the selection criteria on the basis of title and abstract. Additionally
we reviewed 20 full-text articles fromMoberley et al. 2013 (Fig 1).

The identified RCTs investigated the efficacy of PPV23 in the prevention of CAP, especially
pCAP, in subjects�60 years of age. No study was identified that reported on PPV23 efficacy to
prevent pCAP or CAP in adults, 18–60 years of age, with underlying diseases. Studies that did
not match the selection criteria were excluded from the analysis, mostly due to wrong interven-
tion (S5 Table, S6 Table). As a consequence, six RCTs (Alfageme et al. [19], Furumoto et al.
[20], Kawakami et al. [21], Maruyama et al. [22], Honkanen et al. [23], Oertqvist et al. [24])
involving 30,171 subjects in total have been considered in this meta-analysis (Table 3). Our
selected studies differed in several factors (Table 3), such as study setting, continent of trial and
pneumococcal diagnostics. Baseline data are depicted in Table 4.

All trials reported data on CAP; pCAP endpoints were evaluated in four out of six studies:
Alfageme et al. [19], Maruyama et al. [22], Honkanen et al. [23] and Oertqvist et al. [24]. In
contrast to the other studies, Honkanen et al. [23] reported number of episodes instead of
number of patients with CAP or pCAP.
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A correct diagnosis of pCAP remains challenging, but is crucial for the assessment of the
efficacy of the vaccine to prevent pCAP. The reliability of microbiological diagnosis depends
on the technique that is used and on how the samples are selected [25]. Culture-based tech-
niques using blood or “qualified sputum” are still the gold standard due to their high specificity,
although sensitivities of these methods are limited. In order to improve the sensitivity of the
pneumococcal CAP diagnosis, alternative or additional detection methods were developed. All

Fig 1. Integrative flowchart of relevant full-texts identified by literature search used in Moberley et al. 2013 and by literature search update from
2012–2014.

doi:10.1371/journal.pone.0146338.g001

Efficacy of PPV23 in Preventing Pneumococcal Pneumonia in Adults at Increased Risk

PLOS ONE | DOI:10.1371/journal.pone.0146338 January 13, 2016 7 / 21



Table 3. Study characteristics of the identified clinical trials.

Identified
study

Study type
and total
number of
included

participants#

Study
setting

Underlying
comorbidities

IV Continent
of trial

Follow-Up
period

Diagnosis of
CAP

Pneumococcal
diagnostics

Alfageme
et al. 2006

RCT Community COPD Yes Europe up to 3 years Clinical
symptoms

Isolation of SP from the
sputum (for an

adequate sample),
bronchoaspirate, blood,

pleural fluid, or
cerebrospinal fluid

596
participants

PPV23: 980.0
days (�2.68

years)

Radiography

no
vaccination:
977.8 days

(�2.68 years)

Radiographic
follow-up

Furumoto
et al. 2008

RCT Community CLD Yes Asia 2 years (no
mean follow-
up duration

was reported)

Clinical
symptoms (plus
increased white
blood cell counts
or serum CRP)

None

162
participants

Radiography

Radiographic
follow-up

Kawakami
et al. 2010

RCT Community Chronic heart
disease

Yes Asia 2 years (no
mean follow-
up duration

was reported)

Clinical
symptoms

None

778
participants

Hypertension Radiography

CLD Computed
tomography

Chronic renal
diseases

Prior episode of
pneumonia

Difficulty of
walking

Maruyama
et al. 2010

RCT Nursing
Home

Cerebrovascular
disease

Yes Asia at least 26
months

Clinical
symptoms

Cultures from blood,
pleural fluid, or sputum
(107 colony forming
units per milliliter in a
purulent sample) or

pneumococcal antigen
test (BinaxNOW1 in

urine samples)

1006
participants

Chronic
pulmonary
disease

PPV23: 2.27
years

Radiography

Malignancy Placebo: 2.28
years

Radiographic
follow-up

Psychological
disorder

Computed
tomography

(approx.70% of
subjects)

(Continued)
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Table 3. (Continued)

Identified
study

Study type
and total
number of
included

participants#

Study
setting

Underlying
comorbidities

IV Continent
of trial

Follow-Up
period

Diagnosis of
CAP

Pneumococcal
diagnostics

Diabetes mellitus

Congestive heart
failure

Other heart
disease

Chronic liver
disease

Chronic renal
disease

Gastrostomy

Gastrectomy

Post-surgical

Bone fracture

Hypertension

Hyperlipidaemia

Other

Oertqvist
et al. 1998

RCT Community Smoker Not
reported

Europe Reported as
exposure time

Clinical
symptoms

Blood-cultures,
quantitative sputum
cultures from purulent
samples, if possible

PLY-antibody test (EIA)
in serum samples

691
participants

Alcoholic PPV23: 2.3
years

Radiography

Chronic
pulmonary
disease

Placebo: 2.5
years

Radiographic
follow-up

Heart failure

Other heart
disease

Chronic liver
disease

Diabetic

“Other” chronic
diseases

Previously healthy

Previously
healthy, non-
smoker, non-
alcoholic

Honkanen
et al. 1999

(Pseudo-)
randomized
cohort study

Community Hypertension Yes Europe 3 years
(cohort I)

Clinical
symptoms

PLY-antibody test (EIA)
in serum samples

Congestive heart
disease

2 years
(cohort II)

Radiography

26,925
participants

Coronary heart
disease

Radiographic
follow-up

Diabetes mellitus

Asthma or COPD

(Continued)
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of the four studies selected for the meta-analysis of PPV23 efficacy in pCAP [19, 22–24] used
established microbiological confirmatory tests to secure pCAP diagnosis from blood (in case of
invasive pCAP) or (qualified) sputum samples. Three studies (Honkanen et al. [23], Maruyama
et al. [22] and Oertqvist et al. [24]) additionally used tests to detect pneumococci from serum
or urine samples. One study (Maruyama et al. [22]) used the commercially available urinary
BinaxNOW1 assay that detects SP-specific C-polysaccharides, while Oertqvist et al. [24] and
Honkanen et al. [23] used an enzyme immunoassay (EIA)-based method to detect IgG anti-
bodies specific to pneumolysin (PLY) (anti-PLY IgGs EIA) recovered from precipitated circu-
lating immune complexes (CICs) from serum specimen. Alfageme et al. did not use any
further test to detect pneumococci [19]. Therefore we additionally considered the pneumococ-
cal diagnostics as a potential effect modifier in a subsequent subgroup analysis (see section
Analysis of a posteriori defined subgroups).

Quality of included studies
In general, the comparability between trials is limited due to different study settings, popula-
tions, age groups and continents (Table 3). This issue will be discussed as a limitation for the
subsequent meta-analysis (see discussion).

Definitions of pCAP turned out to be diverse among selected clinical trials. We therefore
linked clinical endpoint definitions of the selected studies with our pCAP definition (S4 Table).

Risk of bias assessment was performed on a study basis (Table 2).

Meta-analytic efficacy assessment of PPV23 to prevent pCAP
Meta-analysis of pCAP, the primary outcome for the assessment of PPV23 efficacy, was based
on Alfageme et al. [19], Maruyama et al. [22], Honkanen et al. [23] and Oertqvist et al. [24]
(Table 5). Meta-analysis revealed a statistically significant heterogeneity (I2 = 78%, p = 0.004),
indicating that study results differed to an extent that were not explainable by chance and
therefore comparability between studies was limited. As a consequence, the meta-analysed
effect estimate was evaluated as not valid. A possible systematic effect had to be taken into
account and we therefore searched for potential reasons by subgroup analysis.

When interpreting the results of analysis, it is important to take into consideration that the
sample size of Alfageme et al. was very small in relation to the rate of observed pCAP (0 versus

Table 3. (Continued)

Identified
study

Study type
and total
number of
included

participants#

Study
setting

Underlying
comorbidities

IV Continent
of trial

Follow-Up
period

Diagnosis of
CAP

Pneumococcal
diagnostics

Renal disease

Rheumatoid
arthritis

Pernicious
anaemia

Malignancy

#: According to the final analysis-population of the respective study

Abbreviations: CAP: Community-Acquired Pneumonia; CLD: Chronic Lung Diseases; COPD: Chronic Obstructive Pulmonary Disease; CRP: C-reactive

Peptide EIA: Enzyme-Linked Immunosorbent Assay; IV: Influenza Vaccination; PLY: Pneumolysin; PPV23: 23-valent Pneumococcal Vaccine; RCT:

Randomised Controlled Trial; SP: Streptococcus pneumoniae

doi:10.1371/journal.pone.0146338.t003
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5 cases) and consequently the estimates of treatment effect in this individual study are prone to
high variability [19].

Subgroup analysis of pCAP
To further analyse the reasons for uncertainties regarding the efficacy of PPV23 in the preven-
tion of pCAP, subgroups were explored. We considered the following a priori defined potential

Table 4. Baseline characteristics of subjects# included in the identified clinical trials.

Study Intervention Comparator

Alfageme et al. 2006 PPV23 (N = 298) No vaccination (N = 298)

Mean age (range): 69 (62–73) years Mean age (range): 68 (61–73) years

<65 years: n = 91 (31%) <65 years: n = 116 (39%)

�65 years: n = 207 (69%) �65 years: n = 182 (61%)

Male: 96.6% Male: 93.3%

Oertqvist et al. 1998 PPV23 (N = 339) Placebo (N = 352)

Mean age (SD): 69.4 (±9.2) years Mean age (SD): 69.1 (±9.0) years

�65 years: n = 102 (30%) �65 years: n = 126 (36%)

>65 years: n = 237 (70%) >65 years: n = 226 (64%)

Male: 47.5% Male: 48.0%

Maruyama et al.
2010

PPV23 (N = 502) Placebo (N = 504)

Mean age (SD): 84.7 (±7.7) years Mean age (SD): 84.8 (±7.6) years

<65 years: n = 9 (2%) �65 years: n = 11 (2%)

�65 years: n = 493 (98%) >65 years: n = 493 (98%)

Male: 22.1% Male: 22.1%

Kawakami et al.
2010

PPV23 (N = 391) No vaccination (N = 387)

Mean age (SD): 78.5 (±7.3) years Mean age (SD): 77.7 (±7.2) years

<65 years: n = 0 (0%) <65 years: n = 0 (0%)

�65 years: n = 391 (100%) �65 years: n = 387 (100%)

Male: 38.1% Male: 32.3%

Furumoto et al. 2008 PPV23+IV (N = 87) IV (N = 80)

Mean age (SD): 67.8 (±9.5) years Mean age (SD): 70.1 (±7.4) years

<65 years: not reported <65 years: not reported

�65 years: not reported �65 years: not reported

Male: 69.0% Male: 57.5%

Honkanen et al. 1999 PPV23+IV IV

N = 4,902 (cohort I), N = 9,078 (cohort
II)

N = 4,973 (cohort I), N = 7,972 (cohort
II)

Mean age (SD): Mean age (SD):

74.1 (±6.8) years (cohort I) 73.9 (±7.0) years (cohort I)

72.8 (±6.5) years (cohort II) 73.6 (±6.5) years (cohort II)

<65 years: n = 0 (0%) <65 years: n = 0 (0%)

�65 years: n = 13,980 (100%) �65 years: n = 12,945 (100%)

Male: 38.6% (cohort I), 38.2% (cohort II) Male: 38.6% (cohort I), 37.4% (cohort II)

# According to the final analysis-population of the respective study

Abbreviations: IV:Influenza Vaccine; N: Number of Individuals per Population, n: Number of Individuals per

Subpopulation; PPV23: 23-valent Pneumococcal Vaccine; SD: Standard Deviation

doi:10.1371/journal.pone.0146338.t004

Efficacy of PPV23 in Preventing Pneumococcal Pneumonia in Adults at Increased Risk

PLOS ONE | DOI:10.1371/journal.pone.0146338 January 13, 2016 11 / 21



effect modifiers: “study setting (community/ nursing home)”, “continent of trial (Europe/
Asia)” and “age (�65/<65)” for pCAP. Analyses of all other a priori defined subgroups were
not feasible as either published data were not precise enough (“co-vaccination with IV” and
“trial duration”) or all studies belonged to the same subgroup, e. g. “income of country”.

The identified studies used different assays to detect SP which might have influenced the
number of diagnosed pCAP cases due to different spectra of test sensitivity and specificity.
Therefore, “pneumococcal diagnostics (Binax/PLY/none)” was targeted as a posteriori
defined potential effect modifier below. Since study qualities were different especially due to
“allocation concealment (computer generated random numbers/other)” and “blinding (double
blind/open)” further subgroup analyses according to a potential risk of selection bias were
performed.

Analysis of a priori defined subgroups. The subgroup “study setting” (community/nurs-
ing home) revealed significant subgroup differences (p = 0.008) (Fig 2). Heterogeneity of the
pCAP outcome from the primary analysis could be explained (I2 = 36%, p = 0.21). However,
no significant treatment effect of PPV23 was observed for the community setting (OR [95%-
CI]: 1.11 [0.64; 1.93]; heterogeneity: p = 0.70). This is different in nursing home patients (OR
[95%-CI]: 0.36 [0.19; 0.68]). It has to be kept in mind however, that this finding is derived from
a single trial (Maruyama et al. [22]) only.

Subgroup analysis by “continent of trial” (Europe/Asia) was identical with the analysis
according to the study setting since Maruyama et al. [22], the only study conducted in a nurs-
ing home, was also the only study not conducted in Europe (Table 6).

Subgroup analysis by “age” (�65/<65 years of age, interaction test: p = 0.08; Table 6)
showed strong heterogeneity within the subgroup “�65 years” (I2 = 81.0%, p = 0.005) leading
to an invalid effect estimate. A reason may be that the subgroup of participants “�65 years”
was comprised of pooled data from Alfageme et al. [19], Maruyama et al. [22] and Honkanen
et al. [23]. It should particularly be noted, that the included data from Alfageme derived from a
different age-stratified pCAP endpoint, which was defined as ‘presumptive CAP of pneumo-
coccal or unknown aetiology’.

Analysis of a posteriori defined subgroups. In subgroup analysis, by “allocation conceal-
ment” (interaction test: p = 0.18) heterogeneity could not be solved by data stratification lead-
ing to invalid meta-analysed effect estimates (Table 6). It was shown that “blinding” is not an
effect modifier (interaction test: p = 0.83).

In contrast, analysing data stratified by “pneumococcal diagnostics” (Binax/PLY/none)
showed significant subgroup differences (interaction test: p = 0.001) (Table 6). Studies using

Table 5. Primary analysis of the number# of patients experiencing a pCAP.

Comparison PPV23 Comparator Treatment effect

Study N n (%) N n (%) OR [95%-CI]; p-value

Oertqvist et al. 1998 339 19 (5.6) 352 16 (4.5) 1.25 [0.63;2.47]; 0.53

Honkanen et al. 1999a 13,980 52 (0.4) 12,945 40 (0.3) 1.20 [0.80;1.82]; 0.38

Alfageme et al. 2006 298 0 (0) 298 5 (1.7) 0.09 [0.00;1.62]; 0.10

Maruyama et al. 2010 502 14 (2.8) 504 37 (7.3) 0.36 [0.19;0.68]; 0.002

#: According to the final analysis-population of the respective study

a: In contrast to the other studies, Honkanen et al. reported number of episodes instead of number of patients with pCAP.

Abbreviations: CI: Confidence interval; N: Number of Individuals per Population, n: Number of Individuals per Subpopulation; OR: Odds Ratio; PPV23:

23-valent pneumococcal polysaccharide vaccine

doi:10.1371/journal.pone.0146338.t005
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pneumolysin antibody tests (“PLY”) did not demonstrate an effect of PPV23 to prevent pCAP
(I2 = 0%, p = 0.93; OR: 1.22 [0.85; 1.73]) and are in line with the study not using any additional
diagnostic tool (“none”). The subgroup of studies using BinaxNow1 assay (“Binax”) revealed a
significant PPV23 treatment effect. However, these data were exclusively based on the study of
Maruyama et al. which was the only study conducted in Asia and also belonged to the sub-
group “nursing home” [22].

In summary, heterogeneity of the pCAP outcome from the primary analysis could be
explained by the subgroup analyses according to the study setting. Further effect modifiers for
pCAP were “continent of trial”, and “pneumococcal diagnostics”. In all cases, except for “age”,
Maruyama et al. [22] was driving the subgroup effect, being: 1) the only study that was con-
ducted in a nursing home, 2) the only non-European study and 3) the only study using Binax-
Now1 assay as diagnostic tool. These findings point to the outlier characteristics of the study
[22], which is supported by the fact, that all other studies, except the study by Maruyama et al.
[22], showed no proof that PPV23 can prevent pCAP.

Meta-analytic efficacy assessment of PPV23 to prevent all-cause CAP is
consistent with the analyses of pCAP
To check the validity of the meta-analysis regarding pCAP we compared the results with the
endpoint CAP (Table 7). CAP was reported in all six trials identified by literature search (Alfa-
geme et al. [19], Furumoto et al. [20], Kawakami et al. [21], Maruyama et al. [22], Honkanen
et al. [23], Oertqvist et al. [24]). Comparable to pCAP efficacy results to prevent CAP, showed
a statistically significant heterogeneity (I2 = 63%, p = 0.02), indicating that study results differed
to an extent that were not explainable by chance. Five of the six studies showed no treatment
effect of PPV23 to prevent CAP. Only the study published by Maruyama et al. showed a

Fig 2. Forest Plot of PPV23 efficacy to prevent pCAP stratified by study setting.

doi:10.1371/journal.pone.0146338.g002
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Table 6. Key results of the meta-analysis.

Effect estimate Number of
trials

OR [95%-CI] Heterogeneity I2(%); p-value Subgroup differences I2(%);
p-value

pCAP

Overall estimate 4 n.e.* 78%; p = 0.004

Setting 4 85.6%; p = 0.008

Community 3 1.11 [0.64;1.93] 36%; p = 0.21

Nursing home 1 0.36 [0.19;0.68] n.a.

Continent 4 85.6%; p = 0.008

Europe 3 1.11 [0.64;1.93] 36%; p = 0.21

Asia 1 0.36 [0.19;0.68] n.a.

Age 3 68.4%; p = 0.08

�65 3 n.e.* 81%; p = 0.005

<65 1 0.21 [0.06;0.76] n.a.

Allocation concealment 4 43.4%; p = 0.18

Computer generated random
numbers

3 n.e.* 77%, p = 0.01

Other 1 1.20 [0.80;1.82] n.a.

Blinding 4 0%; p = 0.83

Double blind 2 n.e.* 85%, p = 0.009

Open 2 n.e.* 68%, p = 0.08

Pneumococcal diagnostic 4 84.9%; p = 0.001

Binax 1 0.36 [0.19;0.68] n.a.

PLY 2 1.22 [0.85;1.73] 0%; p = 0.93

None 1 0.09 [0.00;1.62] n.a.

All- cause CAP

Overall estimate 6 n.e.* 63%; p = 0.02

Setting 6 92.0%; p = 0.0004

Community 5 1.10 [0.93;1.30] 0%; p = 0.91

Nursing home 1 0.55 [0.39;0.78] n.a.

Continent 6 63.3%; p = 0.10

Europe 3 1.13 [0.94;1.38] 0%; p = 0.80

Asia 3 0.76 [0.49;1.17] 58%; p = 0.09

when excluding nursing home
setting:

when excluding nursing home
setting:

0.97 [0.67;1.42] 0%; p = 0.95

Age n.a. (no stratified data)

Allocation concealment 6 0%; p = 0.34

Computer generated random
numbers

3 n.e.* 77%, p = 0.01

Other 3 1.10 [0.90;1.35] 0%, p = 0.74

Blinding 6 0%; p = 0.45

Double blind 2 n.e.* 88%, p = 0.004

Open 4 1.08 [0.89;1.31] 0%, p = 0.85

Abbreviations: n.a.: not applicable

*n.e.: no valid estimate due to heterogeneity in underlying evidence; CI: Confidence Interval; PLY: pneumolysin; CAP: Community-Acquired Pneumonia,

pCAP: Pneumococcal Community-Acquired Pneumonia

doi:10.1371/journal.pone.0146338.t006
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significant effect estimate favouring PPV23 (OR [95%-CI] 0.55 [0.39; 0.78]) [22]. As a conse-
quence of heterogeneity, the overall common effect estimate was evaluated as not valid.

Subgroup analysis of CAP
As specified in the pCAP analysis we again searched by subgroup analyses for potential reasons
that might explain the heterogeneity of primary CAP results. A priori defined potential effect
modifiers were “study setting (community/ nursing home)” and “continent of trial”. A sub-
group analysis by “age” was not possible due to a lack of age-stratified CAP data in the identi-
fied studies. A posteriori defined potential effect modifiers were “allocation concealment” and
“blinding”. Since all-cause CAP does not rely on the diagnostic measures for pneumococcal
participation, the a posteriori subgroup “pneumococcal diagnostics” was not relevant for this
endpoint.

A priori defined subgroups. Comparable to the pCAP analysis, study setting turned out
to be a relevant effect modifier since there was a remarkable and significant subgroup differ-
ence (p = 0.0004), (Table 6). Stratification of CAP data by study setting explained the inter-
study heterogeneity of the common effect estimate for CAP in “community” [I2 = 0%;
p = 0.91] (Fig 3). However, and consistent with the pCAP analysis, meta-analysis of the sub-
group “community” showed no treatment effect of PPV23 intervention to prevent all cause
CAP. Only data from the subgroup “nursing home” indicate a significant treatment effect for
PPV23. Since data from this subgroup were again based on a single study (Maruyama et al.
[22]) meta-analysis was not possible.

For the CAP analysis, in contrast to the pCAP analysis, three studies (Maruyama et al. [22],
Furumoto et al. [20] and Kawakami et al. [21]) were conducted in Asia. The subgroup analysis
of “continent of trial” showed that this subgroup was an effect modifier, too (Table 6). Meta-
analysis by subgroup revealed no treatment effect of PPV23 in European trials (“Europe”) [19,
23, 24], whereas the common effect estimate supported an effect of PPV23 in studies per-
formed in Japan (“Asia”) [20–22] (OR [95%-CI] 0.76 [0.49;1.17]). However, data from the
Asian subgroup remain heterogeneous (I2 = 58%, p = 0.09). We hypothesized that the study by
Maruyama et al. [22] was an outlier study and therefore addressed this question in a subse-
quent sensitivity analysis where we excluded the study of Maruyama et al. [22] from the sub-
group analysis (Fig 4), which solved the heterogeneity within the subgroup of Asian studies

Table 7. Primary analysis of the number# of patients experiencing an all-cause CAP.

Comparison PPV23 Comparator Treatment effect

Study N n (%) N n (%) OR [95%-CI]; p-value

Alfageme et al. 2006 298 33 (11.1) 298 34 (11.4) 0.97 [0.58;1.61]; 0.90

Furumoto et al. 2008 87 13 (14.9) 80 12 (15.0) 1.00 [0.43;2.33]; 0.99

Honkanen et al. 1999a 13,98 145 (1.0) 12,945 116 (0.9) 1.16 [0.91;1.48]; 0.24

Kawakami et al. 2010a 391 49 (12.5) 387 50 (12.9) 0.97 [0.63;1.47]; 0.87

Maruyama et al. 2010 502 63 (12.5) 504 104 (20.6) 0.55 [0.39;0.78]; 0.0006

Oertqvist et al. 1998 339 63 (18.6) 352 57 (16.2) 1.18 [0.80;1.75]; 0.41

#: According to the final analysis-population of the respective study

a: In contrast to the other studies, Honkanen et al. reported number of episodes instead of number of patients with CAP.

Abbreviations: CI: Confidence interval; N: Number of Individuals per Population, n: Number of Individuals per Subpopulation; OR: Odds Ratio; PPV23:

23-valent pneumococcal polysaccharide vaccine

doi:10.1371/journal.pone.0146338.t007
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(“Asia”) (I2 = 0%, p = 0.95). This strengthens our hypothesis and again indicated that Mar-
uyama et al. [22] was an outlier study.

A posteriori defined subgroups. Subgroup analyses of allocation concealment and blind-
ing, revealed no subgroup differences (p = 0.34 and p = 0.45), respectively (Table 6).

In summary, the meta-analysed efficacy results of PPV23 to prevent pCAP are consistent
with the meta-analysis of PPV23 effect estimates to prevent CAP (Table 6). Both, pCAP and
CAP endpoints showed any significant treatment effect of PPV23 intervention in a community
setting. “Study setting” and “continent of trial” were effect modifiers. Additionally, for the
pCAP endpoint the method of “pneumococcal diagnostics” influenced the outcome. Consis-
tently, in all subgroup analyses, the study by Maruyama et al. [22] was always in a distinct sub-
group compared to the other studies, suggesting that heterogeneities in the meta-analyses were
driven by this outlier characteristic.

Discussion
Many countries including Germany [9] recommend PPV23 as a standard vaccination to all
elderly�60 years of age or to adults with underlying diseases, even though its efficacy is ques-
tioned [5, 10–12]. The only currently licensed non-conjugated PPV is PPV23. In this context
our meta-analysis was designed to estimate the efficacy of PPV23 in the prevention of pCAP,
particularly in patients above 60 years of age and adults with underlying diseases. Furthermore,
the validity of this meta-analysis was confirmed by comparing the results for pCAP with the
endpoint CAP and reasons for uncertainties regarding the effectiveness of PPV23 in preventing
pCAP were explored.

Overall, no study was identified that investigated the efficacy of PPV23 in preventing pneu-
monia in adults younger than 60 years (18–60 years of age) with underlying diseases. In total

Fig 3. Forest Plot of PPV23 efficacy to prevent all-cause CAP by study setting.

doi:10.1371/journal.pone.0146338.g003
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six studies (Alfageme et al. [19], Furumoto et al. [20], Kawakami et al. [21], Maruyama et al.
[22], Honkanen et al. [23], Oertqvist et al. [24]) were identified investigating the efficacy of
PPV23 in preventing pneumonia in the elderly (�60 years). Four of the six studies [19, 22–24]
reported pCAP endpoints and could be used for meta-analysis of pCAP, the endpoint of pri-
mary interest in this study. The results of the meta-analysis were heterogeneous showing that
the comparability between studies was limited. To identify potential effect modifiers, a priori
defined subgroups as well as a posteriori defined subgroups were explored. Significant effect
modifiers for pCAP were “study setting”, “continent of trial” and “pneumococcal diagnostics”.
The heterogeneous results of the pCAP outcome could solely be explained by one outlier study,
Maruyama et al. [22]. In all subgroup analyses that explained the heterogeneity, Maruyama
et al. [22] was: 1) the only study that was performed in a nursing home, 2) the only non-Euro-
pean study and 3) the only study using BinaxNow1 assay as diagnostic tool. The other studies
in contrast were community-based and conducted in Europe. Subgroup analyses of CAP sup-
ported these findings.

In detail, a remarkable effect modifier in pCAP and CAP analysis was “study setting”.
Heterogeneity of the pCAP/CAP outcomes from the primary analyses could be explained by
subgroup analyses (nursing home versus community). However, within the subgroup “com-
munity” there was no PPV23 efficacy to prevent pCAP. In contrast, in a nursing home environ-
ment PPV23 was effective in the prevention of pCAP, but it need to be kept in mind that this
finding is based on a single trial (Maruyama et al. [22]), which was evaluated as an outlier. This
effect of the study setting on PPV23 efficacy might be due to the fact that microbial causes of
CAP may differ between nursing homes compared to the community (e.g. by possible out-
breaks with certain pneumococcal serotypes in a nursing home) which might result in a differ-
ent efficacy of PPV23 intervention [26]. Considerations of a high infectious pressure in nursing

Fig 4. Forest Plot of PPV23 efficacy to prevent all-cause CAP by continent of trial (without study setting “Nursing home”).

doi:10.1371/journal.pone.0146338.g004
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homes due to distinct ways of infections (e.g. conditions of living together, by sharing of silver-
ware, etc.) support this observation.

Another significant effect modifier for both, pCAP and CAP meta-analyses was “continent
of trial”. Further investigations on the subgroup level, however, were only possible for CAP,
since three of the six studies (Maruyama et al. [22], Furumoto et al. [20] and Kawakami et al.
[21]) were conducted in Asia. Taking all three studies into consideration, remarkable inner-
subgroup heterogeneity remained. Sensitivity analysis by exclusion of the study by Maruyama
et al. [22] could solve inner-subgroup heterogeneity, again supporting the finding that this
study has to be interpreted as an outlier. Nevertheless, results of “continent of trial” show that
the impact of PPV23 vaccination differs among ethnicities.

Beside “study setting” and “continent of trial” we identified “pneumococcal diagnostics” for
SP as a significant effect modifier for pCAP.Due to the limited sensitivity of established meth-
ods for diagnosing pneumonia and for microbiological confirmatory tests [25], additional (but
different) methods to detect pneumococci were used in three (Honkanen et al. [23], Maruyama
et al. [22], Oertqvist et al. [24]) of the four pCAP studies (Table 3). The assumed high specific-
ity and sensitivity of the BinaxNOW1 assay has been questioned several times [27–29]. In con-
trast, the anti-PLY IgG EIA used by Oertqvist et al. [24] and Honkanen et al. [23] was
validated and developed by the group of M. Leinonen [23, 24, 30, 31]. Two subsequent publica-
tions (Scott et al. [32] and Musher et al. [33]) have questioned the validity of the PLY-detection
method by Jalonen et al. [30]. However, these publications have their own methodological
weaknesses again questioning the reliability of any judgement on the PLY-detection method: A
small validation trial on this assay by Scott et al. [32] concluded that “the sensitivities of the
enzyme immuno assay (EIA) could exceed that of blood cultures only at levels of specificity that
were insufficient for the performance of vaccine efficacy studies”. However, this study has several
limitations (incl. no proper characterization of the “sick” control group, no evaluation of assay
specificity in healthy subjects and high rate of HIV co-infected patients) making a judgement
about limited specificity and poor to moderate sensitivity in different subgroups difficult. The
authors of the Musher et al. study [33] stated that this method is not a reliable method for diag-
nosing pneumococcal pneumonia. However, this study itself was associated with major limita-
tions since comparison of the methodological part of Jalonen et al. [30] andMusher et al. [33]
reveals a significant deviation in the coating antigen used to capture anti-PLY IgGs. Jalonen et al.
used purified PLY from a type 1 strain of SP) [30] and Musher et al. used pneumolysoid B, a
recombinant protein toxoid derivative of PLY, which was expressed and purified from Escheri-
chia coli [34]. To our best knowledge, a validation of pneumolysoid B as a replacement for the
PLY antigen in the EIA to detect anti-PLY IgG has never been published. To date, the PLY/CIC-
assay is a validated method for detection of pneumococcal involvement, although it cannot be
fully excluded that this assay might also slightly overestimate the rate of pCAP.

However, the usage of different [22–24] or rather missing [19] methods in the four studies of
interest to secure pCAP diagnosis presents a notable limitation of this meta-analysis with meth-
odological weaknesses in the detection of pCAP in all studies. Alfageme et al. showed a very
small number of detected cases of pCAP, which might be due to the lack of using additional
pneumococcal detection methods [19]. This resulted not only in a broad confidence interval for
the estimation of the vaccine efficacy, but also in a potential bias of the effect estimate. However,
different diagnostic measures should not influence the effect estimate (odds ratio) within the
other trials [22–24]. In essence, the effect modifier “method of pneumococcal diagnostics” should
be interpreted carefully, since methodological weaknesses of pneumococcal detection are not
restricted to one special method alone, which would justify the exclusion of certain studies.

In summary, inconsistencies in PPV23 treatment effects to prevent pCAP could be
explained on the basis of a single trial. Maruyama et al. [22], a trial conducted in Japan in a
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nursing home, the only trial using BinaxNOW1-assay for additional detection of pneumo-
cocci, seems to be an outlier. In essence, our meta-analysis of pCAP as endpoint which was
derived from different clinical trials supports the growing evidence that PPV23 vaccination
does not prevent pCAP in elderly subjects above 60 years of age. Those findings are consistent
to those of other studies. The publication by Huss et al. i.e. also found no significant evidence
that PPVs (PPV23 and others) prevent pCAP in the population of elderly or chronically ill
patients (RR [95%-CI]: 1.04 [0.78–1.38]) [5]. However, it has to be taken into account that this
study group consisted of different PPVs.

While the use of the PPV23 vaccination is still recommended as a standard vaccination for
adults�60 years of age [8, 9], uncertainty remains on the effectiveness of PPV23 on pCAP and
mortality in those aged 65 years and older. Recently, the Advisory Committee on Immuniza-
tion Practices (ACIP) in USA recommended that all adults 65 years of age or older should
receive a dose of PCV13 followed by a dose of PPV23 (at least one year later). ACIP also rec-
ommended that adults 19 years of age or older with immunocompromising conditions and/or
defined underlying diseases should receive a dose of PCV13 first followed by a dose of PPV23
(at least 8 weeks later). The evidence for these recommendations was evaluated using the Grad-
ing of Recommendations, Assessment, Development, and Evaluation (GRADE) framework
(http://www.cdc.gov/vaccines/vpd-vac/pneumo/vac-PCV13-adults.htm). The fact that PCV13
has been shown to be effective in preventing pCAP in the elderly [16] and the broad serotype
coverage of PPV23 (23 serotypes versus 13 serotypes) were probably the main drivers for these
recommendations.

This systematic review and meta-analysis supports that recommendation by ACIP in the
sense that it demonstrates that–regarding all available RCTs—PPV23 vaccination (alone) does
not demonstrate clear efficacy to prevent pCAP and CAP in elderly.
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