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ABSTRACT
Background: Invasive pneumococcal disease (IPD) is a major cause of morbidity and mortality globally. 
However, the literature on the vaccine effectiveness (VE) of 23-valent polysaccharide vaccine (PPV23) 
and 13-valent conjugated vaccine (PCV13) against IPD in adults is sparse. The aim was to summarize the 
available evidence on the VE of the PPV23 and the PCV13 in elderly individuals against IPD and to 
investigate how age and comorbidities influence VE against IPD. Methods: A systematic search was 
conducted in Medline and Embase in February 2021. We used combinations of terms related to PPV23, 
PCV13, elderly, high-risk populations, and IPD. Eligible articles published since 2010 were included. Two 
authors reviewed and extracted data. Results: Eight studies met the inclusion criteria for PPV23. The 
meta-analysis showed a reduced OR for all-type IPD with the use of PPV23 vaccine compared with 
unvaccinated controls (OR 0.69; 95%CI 0.54, 0.88) and a reduced OR for vaccine-type IPD compared with 
non-vaccine type IPD (0.69; 95%CI 0.63, 0.76). VE against vaccine-type IPD ranged from 28% to 54.1% for 
individuals aged 65–79 and from 7.5% to 34% for those aged ≥80–85 years. Most studies found a lower 
VE of PPV23 in populations with comorbidities and in immunocompromised populations compared 
with the VE for individuals without comorbidities.One study met the inclusion criteria for PCV13. The 
vaccine efficacy of PCV13 against IPD in individuals aged ≥65 was 75.0% (95% CI, 41.4 to 90.8).

Conclusion: The results from this review show a reduction of IPD in elderly and high-risk 
populations vaccinated with PPV23 and PCV13. The protective effect may be lower in elderly 
individuals aged >80 and in individuals with comorbidities. However, the literature is sparse; 
large-scale prospective studies are required to evaluate the VE of PPV23 and PCV13 vaccination in 
adults against IPD.
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Introduction

Streptococcus pneumoniae (S. pneumoniae) are gram- 
positive bacteria with almost 100 serotypes with different 
polysaccharide capsules. Pneumococcal infections are 
a major global cause of morbidity and mortality [1]. 
Asymptomatic carriers are most prevalent among children 
since S. pneumoniae are a part of the normal microbiota in 
the upper respiratory tract [2]. The clinical presentation of 
pneumococcal infection varies from mild presentations 
(e.g. otitis media and sinusitis) to severe diseases, such as 
pneumonia, meningitis, or sepsis [2–4]. Pneumococcal 
infection is a frequent cause of pneumonia in 
adults, second only to the increase in Haemophilus influ
enzae cases in a Scandinavian setting [5–7].

Invasive pneumococcal disease (IPD) is defined as 
an infection with detection of S. pneumoniae in 
a normally sterile site of the body (e.g. blood or cere
brospinal fluid). The incidence of IPD is highest among 
infants younger than two years of age, elderly indivi
duals, and individuals with underlying comorbidities 
[8]. The incidences of IPD in Europe range from 0.2 to 
16.0 per 100,000 citizens per year. The highest inci
dence is seen in the Nordic countries, the Netherlands, 
and Ireland, while the lowest incidence occurs in 
southern and eastern European countries [9].

Pneumococcal vaccines have been developed to pro
tect against serious pneumococcal infections [3,4]. The 
23-valent polysaccharide pneumococcal vaccine 
(PPV23) and the 13-valent conjugated vaccine 
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(PCV13) are the most commonly used vaccines world
wide. PPV23 includes 23 serotypes (1, 2, 3, 4, 5, 6B, 7F, 
8, 9N, 9 V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 
20, 22F, 23F, and 33F) and PCV13includes 13 serotypes 
(1, 3, 4, 5, 6A, 6B, 7F, 9 V, 14, 18C, 19A, 19F, and 23F). 
PCV13 stimulates T-cell response and induces forma
tion of memory B-lymphocytes, thus providing long- 
lasting immunological memory and anamnestic 
response [10,11]. This can provide increased protection 
for people with decreased immune response and for 
infants under two years of age [12,13]. PPV23 induces 
antibodies, primarily by T-cell-independent mechan
isms, which is a short-lasting response that is not 
anamnestic. The antibody response to PCV23 is poor 
in infants under two years of age because of an imma
ture immune system [14].

Pneumococcal vaccination recommendations are 
constantly evolving. The PPV23 has been available 
in Scandinavia since the 1980s and a 7-valent con
jugated pneumococcal vaccine (PCV7) was intro
duced into the Danish vaccination program for 
children in 2007 [12,15]. A 13-valent vaccine is 
now offered to all infants under two years of age 
and as a result the annual incidence of IPD has 
decreased significantly in infants under two years of 
age [16]. In addition to the direct protection against 
IPD in children, the introduction of PCV7 and 
PCV13 into the children vaccination program has 
resulted in herd protection against IPD in the adult 
population. This has led to an overall reduction of 
IPD across the world [17–20]. The annual incidence 
of IPD in Denmark for individuals aged ≥65 years 
decreased from 66 to 36 per 100,000 between 2007 
and 2018 [16]. Particularly IPD caused by PCV13 
serotypes has decreased markedly in recent years 
whereas pneumococcal serotypes, which are not cov
ered by the PCV13, are becoming more prevalent 
causes of IPD. For instance, serotype 9N, which is 
covered by PPV23 and not PCV13, accounted for 
10% of IPD cases in Norway in 2020–2021 [13]. 
Overall, PPV23 vaccine serotypes are found in 
approximately 40–60% of all IPD cases in adults [15].

Pneumococcal vaccination programs for adults are 
widely used in multiple countries [13,21–25]. PPV23 
vaccination is recommended for citizens <65 years with 
increased risk of severe pneumococcal disease due to 
comorbidities and for all citizens ≥65 years in the 
Nordic countries [13,23]. PCV13 is generally recom
mended for individuals in particular high risk of IPD 
(e.g. asplenic and immunosuppressed individuals) 
[12,13,26]. However, the evidence for the vaccine effec
tiveness (VE) of PPV23 and PCV13 against IPD in 
adults is limited [27]. The present review aims to 

review and summarize in a meta-analysis the available 
evidence on the VE of PPV23 and PCV13 against IPD 
in adults and to investigate how age and comorbidities 
influence the VE against IPD.

Method

Inclusion and exclusion criteria

Original observational case-control studies, cross- 
sectional studies, cohort studies and clinical trials 
investigating the vaccine effectiveness or efficacy of 
PPV23 and PCV13 against IPD were eligible for inclu
sion. The primary outcome of IPD was defined as 
either vaccine-type IPD (VT-IPD: i.e. IPD caused by 
serotypes covered by PPV23 or PCV13) or all-cause 
IPD (i.e. IPD without specification of serotypes). The 
population included adults aged 60 years or above and 
adults above the age of 18 years with medical condi
tions predisposing to IPD. Studies published between 
January 2010 and January 2021 were included. Reviews 
and case reports were excluded. Articles in languages 
other than English, Danish, Norwegian, and Swedish 
were excluded, as were abstracts where the article could 
not be extracted in full version.

Search strategy

We used the PICO method to build our search string 
[28]. The population of interest was elderly and high- 
risk populations. The intervention was PPV23 and 
PCV13and the outcome was IPD. The final search 
strategy was developed with the help of a science librar
ian, and two separate literature searches for PCV13 and 
PPV23 were conducted in February 2021 in MEDLINE 
and Embase (Table S1). Titles and abstracts were 
screened by two authors (MSW and SSS). The articles 
eligible for full-text review were then reviewed two 
authors and included based on fulfilment of the inclu
sion and exclusion criteria (Figure 1).

Supplementary searches in Google Scholar for litera
ture published outside the two databases (i.e. grey 
literature) were conducted from March to April 2021. 
In addition, references of relevant articles were 
explored, from which further abstracts and articles 
were reviewed.

Data extraction

Data extraction was performed by MSW and SSS with 
input from MGS, AAP, and AL and charted in pre
defined tables. VE or vaccine efficacy were reported 
either as the percent reduction in IPD in cases 
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compared with controls or as the odds ratio (OR) for 
IPD in cases compared with controls [29]. The VE was 
reported as either vaccine-type IPD (i.e. IPD caused by 
serotypes covered by PPV23) or all-cause IPD (i.e. IPD 
without specification of serotypes). The quality of the 
studies was assessed using the Newcastle – Ottawa 
Scale for cases-control and cohort studies [30]. The 
grading criteria are listed in Table S2.

Meta-analysis

A meta-analysis was conducted on the included studies 
on PPV23 stratified by their study design using the 
random effects model. Information on the number of 
cases, controls, and their vaccination status were 
extracted from the studies for all patients older than 
60 years. Adjusted numbers were used when available. 
Studies were grouped according to study design to 
mitigate potential heterogeneity resulting from differ
ences in potential selection bias, recall bias, and con
founder adjustments. Case-control studies were 
grouped into studies evaluating all-type IPD and stu
dies using the Broome methods (i.e. indirect cohort 
studies). The Broome methods compares VT-IPD 
with non-vaccine type IPD (NVT-IPD) [31].

Results

Characteristics of PPV23 studies

Eight studies met the inclusion criteria for PPV23. Seven 
studies were case-control studies [3,8,32–36], and one was 
a cohort study [37]. No randomized clinical trials were 
identified. All eight studies were evaluated as being of 
high quality on the Newcastle – Ottawa Scale. An overview 
of study characteristics can be seen in Table 1.

Six studies reported the VE of PPV23 against IPD as 
the percent reduction of IPD in cases compared with con
trols and two studies reported the OR of IPD in cases 
compared with controls [33,37]. Three of the eight studies 
used stratified analysis to assess VE by time since vaccina
tion [3,8,35], while others included patients who were 
vaccinated <1 year [37] or <5 years [32,33,36] before IPD 
diagnosis. One study defined the patients as vaccinated if 
they had received a vaccination at any time before the IPD 
diagnosis [34].

The diagnostic criteria for IPD varied between studies. 
The majority confirmed IPD by presence of S. pneumoniae 
in a normally sterile site [3,32,34–36]. One study used ICD- 
9 diagnosis codes from hospital discharge or out-patient 
follow-up [33], one study used ‘cause of death’ registry and 
the ‘IPD notification’ database maintained by the Ministry 
of Health and Welfare in Taiwan [37], and one study 

Figure 1. Flowchart of search strategy for PPV23 and PCV13.
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reported that the diagnosis was laboratory confirmed with
out further specification [8].

VE of PPV23 against all-type IPD

Three studies reported the VE against all-type IPD 
[32,33,37]. Gutierrez Rodriguez et al. reported VE results 
for both VT-IPD and all-type IPD. Thus, the results on all- 
type IPD were omitted from the meta-analysis to ensure 
that no duplicates of cases or controls were included in the 
meta-analysis [34].

Kim et al. investigated the overall VE of PPV23 
against IPD in adults ≥65 years of age who were 
vaccinated <5 years before being diagnosed with 
IPD, and found a VE of PPV23 against all-type 
IPD of 28.5% (95% CI −5.8 to 51.6) [32]. Leventer- 
Roberts et al. found an OR for all-type IPD of 0.58 
(0.41–0.8, p < 0.01) in adults ≥65 years of age [33]. In 
the meta-analysis, we found a reduced OR for all- 
type IPD with the use of PPV23 vaccine: OR 0.69 
(95%CI 0.54, 0.88) compared with unvaccinated con
trols (Figure 2).

VE of PPV23 against vaccine-type IPD

Five studies investigated the VE against VT-IPD 
compared with NVT-IPD which ranged from 24– 
78% [3,8,34–36]. We found a reduced OR for VT- 
IPD compared with NVT-IPD in the meta-analysis 
of 0.69 (0.63, 0.76) (Figure 3). Notably, the total I2 of 
11.90% combined for all studies suggests low 
heterogeneity.

Differences in VE by age

A VE of the PPV23 vaccine against IPD or VT-IPD was 
found in all studies with age-stratified analysis of healthy 
adults aged 60 to 79 years [3,8,32–35]. Increasing age at the 
onset of the IPD was associated with a decrease in vaccine 
protection in most studies [3,32–35]. Kim et al. reported 
a significant protection against all-type IPD in adults 65– 
75 years of age with an adjusted VE of 57.4% (95% CI 19.4– 
77.5). Adults with ages ≥75 years had an adjusted VE of 
6.7% (95% CI −73.9 to 49.9) and thus showed no significant 
protection [32]. Leventer et al. [33] found a protective VE 
of PPV23 against all-type IPD (OR = 0.54; 95% CI 0.32– 

Figure 2. Forest plot of the meta analysis. Adjusted data was used when available. * : unadjusted/crude, #: age, sex and risk 
matched controls, +: age matched. The meta-analysis performed using the random-effects-model with subgroups according to 
study design. Combined or for the subgroups are indicated by the diamond.
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0.90; P = 0.02) in younger cases (aged 65–74). However, the 
protectiveness was not significant among individuals aged 
75 years or older (OR 0.80; 95% CI 0.53–1.22).

VE against VT-IPD ranged from 28 to 54.1% for ages 
65–79 and from 7.5 to 34% in those aged ≥80–85 years 
[3,8,34,35].

Differences in VE by levels of comorbidities

Stratified analyses on the VE of PPV23 in subgroups with 
risk factors are presented in Table 2 [3,8,33–36]. The study 
participants were defined in groups as ‘no known risk 
factors’, ‘high-risk immunocompetent’, and ‘immunocom
promised’, depending on their comorbidity status. In all 
five studies evaluating VT-IPD the VE was generally lower 
for the ‘high-risk immunocompetent’ and 

‘immunocompromised’ groups than the ‘no known risk 
factors’ groups, and statistical significance was not reached 
in most of the estimates for the groups with risk factors and 
for the immunocompromised groups [3,8,34–36].

Two studies evaluated VE against all-type IPD by risk 
group. Djennad et al. found a VE of 45% (95% CI, 27–59) 
among those without any risk factors followed by a VE 
among the high-risk immunocompetent of 25% (95% CI, 
11–37) and 13% (95% CI, −9 to 30) among the immuno
compromised [8]. Leventer-Roberts et al. [33] evaluated 
subgroups of low-, moderate-, and high-risk groups. The 
moderate- and high-risk groups had a marginal protective 
VE of PPV23 against all-type IPD with an OR of 0.70 (95% 
CI 0.49–0.99; P = 0.05) while the low-risk group did not 
show a significant VE with an OR of 0.63 (95% CI 0.30– 
1.33; P = 0.23).

Table 2. Vaccine effectiveness of PPV23 on IPD.

Study
Number of cases 

and controls Overall VE (95% CI) VE by age (95% CI) VE by risk group (95% CI)

ALL TYPE 
IPD

Kim et al [32]. IPD cases: 148 
Controls: 295

VE = 28.5% (−5.8– 
51.6) p = 0.094

65-74y: VE = 57.4% (19.4– 
77.5) p = 0.009 

≥ 75y: VE = 6.7% (−73.9– 
49.9) p = 0.827

NA

Leventer-Roberts 
et al [33].

IPD cases: 212 
Controls: 848

OR = 0.58 (0.41–0.81) 
p < 0.01

65-74y: OR = 0.54 (0.32– 
0.90) p = 0.02 

≥ 75y: OR = 0.80 (0.53– 
1.22) p = 0.30

Low risk: OR = 0.63 (0.30–1.33) p = 0.23 
Moderate and high risk: OR = 0.70 

(0.49–0.99) p = 0.05

Tsai et al [37]. PPV23 vaccinated: 
318,257 

Non-vaccinated: 
760,698

OR = 0.24 (0.123– 
0.461) p < 0.001

NA NA

Gutierrez Rodriguez 
et al [34].

VE = 68.2% (56.2–76.9) NA NA

VACCINE 
TYPE IPD

Andrews et al [3]. VT-IPD cases: 1,272 
NVT-IPD controls: 

1,270

VE = 24% (10–36) 65-74y: VE = 28% (1 − 47) 
75-84y: VE = 25% (3 − 43) 

≥ 85y: VE = 18% (−11 − 39) 
p = 0.56*

No known risk factors: VE = 34% (12 −  
50) 

High risk immunocompetent: VE = 20% 
(−9 − 41) p = 0.36 

Immunocompromised: VE = 22% (−5 −  
42) 

p = 0.43
Djennad et al [8]. IPD Cases: 4,423 

NVT-IPD controls: 
1,822

VE = 27% (17–35) 65-74y: VE = 31% (16 − 44) 
75-84y: VE = 17% (−3 − 32) 
≥ 85y: VE = 34% (17 − 47) 

p = 0.85*

No known risk factors: VE = 45% (27–59) 
High risk immunocompetent: VE = 25% 

(11–37) 
Immunocompromised: VE = 13% (−9– 

30) p = 0.05*
Wright et al [35]. VT-IPD cases: 555 

NVT-IPD controls: 
106

VE = 28.5% (17.4–56.5) 
ns

65-74y: VE = 43.6% (−27.1– 
74.9) 

75-84y: VE = 21.1% (−75.1– 
64.5) 

≥ 85y: VE = 7.5% (−159.3– 
67.0)

No known risk factors: VE = −16.7% 
(−188.1–52.8) 

High risk immunocompetent: VE =  
32.4% (−35.6–66.4) 

Immunocompromised: VE = 33.0% 
(−64.9–72.8)

Gutierrez Rodriguez 
et al [34].

VT-IPD cases: 588 
NVT-IPD controls: 

211

VE = 72.8% (59.1–81.8) 60-69y: VE = 54.2% (15.3– 
75.2) 

70-79y: VE = 54.1% (19.2– 
73.9) 

≥ 79y: VE = 25.5% (−23.2– 
55.0)

No known risk factors: VE = 59.9% 
(32.7–76.1) 

With risk factors: VE = 31.7% (−2.2–54.4)

Shimbashi et al [36]. VT-IPD cases: 746 
NVT-IPD controls: 

375

VE = 39.2% (2.0–62.2) 
p = 0.17

NA No known risk factors: VE = 51.5% 
(−116.0 − 89.1) 

High risk immunocompetent: VE =  
48.2% (6.0 − 71.5) 

Immunocompromised: VE = 41.2% 
(−27.6 − 72.9) p = 0.971*

VE = vaccine effectiveness, VT= vaccine type IPD, NVT-IPD = non-vaccine type IPD, All-type IPD = all serotype invasive pneumococcal disease, NA = not 
available, ns = reported as not significant. P-values have been added, when possible. * p-values are reported for difference in VE by strata. 
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Vaccine efficacy of PCV13 against IPD

We identified one study reporting on the vaccine effi
cacy of PCV13 vaccination against IPD. The study was 
a randomized double-blinded placebo controlled study 
from The Netherlands (CAPITA) [38]. Vaccine efficacy 
for IPD after PCV13 vaccine was investigated in 
approximately 85,000 individuals ≥65 years. Cases 
were randomly assigned to a PCV13 vaccination 
group or a placebo group. The mean follow-up period 
was 3.98 years. The prevalence of vaccine-type IPD was 
seven cases in the PCV13 vaccinated group and 28 
cases in the placebo group. The vaccine efficacy was 
75.0% (95% CI, 41.4 to 90.8) for PCV13-specific ser
otypes IPD [38].

Discussion

We identified eight studies that investigated the VE of 
PPV23 and one study that investigated the clinical 
effect of PCV13 against IPD. Overall, the studies 
included in the review found that PPV23 and PCV13 
reduce the risk of IPD in elderly vaccinated individuals 
but that VE against IPD decreased as age increased and 
was decreased in individuals with underlying diseases 
and immune deficiencies.

Ppv23

In our present review, we found a VE of PPV23 against 
IPD in adults ≥60 years of age but estimates of VE 
varied vastly between studies. All eight studies were 
observational studies, heterogeneous in their meth
odologies, and varied widely in their definitions and 
diagnostic criteria of IPD as quantified by the meta- 
analysis heterogeneity analysis.

Most studies evaluated hospitalized patients diag
nosed with IPD. Thus, a lack of research was identified 
on the VE of PPV23 in cases where death or IPD 
occurred out of hospital. The time from vaccination 
to incidence of IPD also varied between studies. Most 
studies used time limitations of <5 years or <1 year 
since vaccination. Despite the association of waning 
protection 5 years after the vaccination [3,4,8], one 
study counted the patients as vaccinated in the overall 
analysis if they had received a vaccination at any time 
before the IPD infection [34].

The various settings in which the studies were con
ducted are likely to affect VE estimates. The studies 
were conducted in countries with diverse vaccination 
programs, and with differences regarding the preva
lence of pneumococcal disease and healthcare systems. 
Child vaccination with PCV13 has been proven to have 

a positive indirect effect on elderly individuals because 
of herd protection [39]. Thus, differences in vaccine 
programs and stances on vaccination in the respective 
countries may affect the level of VE observed in the 
studies.

Pcv13

The CAPITA study [38] showed significant vaccine 
efficacy in preventing vaccine-type IPD for adults 
≥65 years. A post-hoc analysis of the CAPITA study 
found that PCV13 vaccination remained protective 
during the whole five year study period and that no 
waning of vaccine efficacy was observed [40]. The 
CAPITA study was a robust study with a large popula
tion group and long follow-up period. However, the 
study population was a homogenous group, given that 
the study was designed as a single-country study. 
Moreover, incident IPD was low because of the low 
incidence of pneumococcal disease in The Netherlands 
and a long-standing tradition of providing infant pneu
mococcal vaccination thus facilitating the indirect pro
tective effect. This limits the generalizability of the 
study to other populations with different demo
graphics, vaccination programs, and IPD prevalence. 
Given the study was a single-nation clinical trial, 
more research is required to support a VE of PCV13 
in elderly individuals [38].

Clinical implications

This review provides an updated summary of the evi
dence for the use of PPV23 and PCV13 in the elderly 
and high-risk populations. Pneumococcal vaccination 
recommendations for elderly and high-risk groups to 
prevent IPD have existed in several countries for dec
ades, but the evidence for the use of these vaccines is 
not comprehensive. Berild et al. reviewed the literature 
published from 2016 to 2019 on the VE of PPV23 and 
PCV13 against IPD in elderly individuals. They 
included two studies on the VE of PPV23 against all- 
type IPD [8,32]. We included eight studies that inves
tigated the VE of PPV23 against VT-IPD and/or all- 
cause IPD for meta-analysis. Of these eight studies only 
one study was published after 2019. Our review 
revealed that no new evidence of VE of PCV13 against 
IPD in adults has been published since the CAPITA 
study in 2015 except the previously mentioned post- 
hoc analysis from the CAPITA study.

No studies aimed at evaluating the VE of IPD in the 
very old age group. However, most studies evaluated in 
this review found that the VE of PPV23 against IPD 
decreases with age and the lowest VE against IPD was 
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seen in the oldest age-strata (Table 2). Moreover, the 
VE of PPV23 against IPD decreased in individuals with 
comorbidity as well as in immunocompromised indi
viduals. Moreover, research has found that antibody 
concentration after a booster dose of PPV23 is lower 
than after the first PPV23 administration (i.e. hypor
esponsiveness), thus limiting the VE of PPV23 against 
IPD for repeated vaccinations [41]. We found no stu
dies investigating the VE against IPD of dual vaccina
tion with PPV23 and PCV13. Studies on 
immunogenicity have found that elderly and high-risk 
groups previously vaccinated with PPV23 have a more 
robust immunogenic response when they received 
a booster of PCV13 compared to a booster of PPV23 
[42,43]. Also, the immune response after PCV13 vac
cination in elderly individuals >70 years has been 
found to be higher than the immune response after 
PPV23 vaccination [42]. Since August 2022 a 20-valent 
conjugated vaccine (PCV20) has been recommended in 
Denmark for some high-risk groups in addition to 
PPV23, but revaccination with PCV20 is not recom
mended [12].

It is recommended to administrate PPV13 one year 
before PPV23 in individuals with no prior PPV23 
vaccination when both vaccines are indicated [44]. 
This is in concordance with Rezai et al [43]. who 
showed a better immune response in immunocompro
mised cases receiving PCV13 before PPV23 compared 
with cases receiving PPV23 before PCV13. This finding 
might be caused by the hyporesponsiveness of the 
immune system which seems to persist years after 
PPV23 vaccination [41]. However, the correlation 
between the immunological response measured in 
these studies and VE against IPD is unknown. Thus, 
the clinical benefits of dual vaccination with PPV23 
and PCV13 in adults remain unclear. Future studies 
should focus on investigating the VE of the combined 
vaccines in elderly and high-risk individuals.

Strengths and limitations

A general limitation in this review is the lack of ran
domized controlled studies of PPV23. Comparison of 
VE across studies was challenging because of variations 
in the age ranges used in the age subgroups and variant 
distribution of risk groups. Moreover, only one study 
investigated the vaccine efficacy of PCV13 in elderly 
individuals. Thus, more research is required to support 
the findings of our current study.

This review aimed to evaluate the VE on IPD how
ever, pneumococcal pneumonia is also an important 
cause of death in the elderly population. Therefore, the 
VE of PPV23 and PCV13 on pneumococcal pneumonia 

should also be taken into account when evaluating the 
over-all effect of vaccination in the elderly population.

One strength of this review is the wider time frame in 
our search criteria than a previously published review [27], 
resulting in a higher share of included studies. Further, to 
reduce the risk of missing relevant studies, the systematic 
search and review of the studies were done by two authors. 
The meta-analysis provides an overview of the PPV23 
studies and highlights the heterogeneity as well as an 
estimation of the overall reduction in OR for IPD.

Conclusion

The results from this review show a reduction of IPD in 
elderly individuals and high-risk populations vaccinated 
with PPV23 and PCV13. The meta-analysis revealed 
a significant protective effect of PPV23 vaccination for 
the population >65 years of age, not accounting for wan
ing protection with increasing age. However, most stu
dies investigating the VE of PPV23 against IPD are 
retrospective observational studies, and the literature on 
particularly PCV13 is sparse. The results from this review 
demonstrate the reduced effect of the vaccines in elderly 
individuals and high-risk populations, which unfortu
nately represent high-risk groups for IPD. Therefore, 
there is a need for large-scale prospective studies to 
evaluate the clinical effect of PPV23.

No studies exist that evaluate the VE against IPD of 
combined vaccination with PPV23 and PCV13 in elderly 
individuals and high-risk populations. This should there
fore be a key area of interest in future research. An 
evidence-based vaccination strategy for PPV23 and 
PCV13 in these groups might further reduce morbidity 
and mortality caused by pneumococcal diseases.
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