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Pneumococcal infections are a serioushealth issueassociatedwith increasedmorbidity andmortality.
This systematic review evaluated the efficacy, effectiveness, immunogenicity, and safety of the
pneumococcal conjugate vaccine (PCV)15 compared to other pneumococcal vaccines or no
vaccination in children and adults. We identified 20 randomized controlled trials (RCTs). A meta-
analysis of six RCTs in infants showed that PCV15 was non-inferior compared with PCV13 for 12
shared serotypes. Based on a meta-analysis of seven RCTs in adults, PCV15 was non-inferior to
PCV13 for 13 shared serotypes. For the unique PCV15 serotypes, 22F and 33F, immune responses
were higher in infants and adults vaccinated with PCV15 compared to those receiving PCV13.
Regarding safety, meta-analyses indicated comparable risks of adverse events between PCV15 and
PCV13 in infants. Adults receiving PCV15 had a slightly higher risk of adverse events, though serious
events were similar between groups.

Streptococcus pneumoniae is responsible for causing respiratory infections
and invasive pneumococcal disease (IPD), which includes conditions such
as bacteraemic pneumonia, sepsis and meningitis1. In Europe, the annual
incidence of IPDwas highest in adults aged 65 years or older (18.7 cases per
100,000) and in infants under one year of age (14.4 cases per 100,000)2. IPD
is associated with morbidity and mortality, particularly affecting young
children, older adults, individualswith chronicmedical conditions, asplenia,
or those living with immunosuppression1.

Two typesof pneumococcal vaccines are currently authorised foruse in
the European Union: pneumococcal conjugate vaccines (PCVs) and
pneumococcal polysaccharide vaccines (PPSVs). Pneumococcal vaccine
recommendations and national immunisation schedules vary across Eur-
opean countries, particularly regarding differing recommendations for

older age groups, high-risk populations, vaccine types, and dosing
intervals3,4.

Pneumococcal vaccination can exert selectionpressure onnon-vaccine
serotypes5. The childhood PCV programmes have not only changed the
serotype distribution in countries but also between countries6,7. As a result,
infections caused by non-vaccine serotypes have increased after the intro-
duction of PCVs. This phenomenon, known as serotype replacement,
represents a major challenge for the development of pneumococcal
vaccines8, and manufacturers have strived to develop pneumococcal vac-
cines that protect against a broader range of serotypes9. These efforts have
resulted in the approval of two new PCVs: the 15-valent PCV (PCV15,
Vaxneuvance®, Merck Sharp & Dohme LLC)10 and the 20-valent PCV
(PCV20, Prevenar 20®, Pfizer)11. Both vaccines receivedauthorisationby the
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European Medicines Agency (EMA) and the US Food and Drug
Administration (FDA).

This systematic review and meta-analysis aimed to investigate the
efficacy, effectiveness, immunogenicity, and safety of PCV15 compared to
no vaccination, placebo, or any other currently approved pneumococcal
vaccine in children and adults.

Results
Literature search
Our literature search of databases and registries yielded 421 records. In
addition, we identified 157 records through othermethods.We included 22
publications12–33 of 20 randomised controlled trials (RCTs) in our review,
contributing data on immunogenicity and safety outcomes. We did not
identify any non-randomised studies of interventions (NRSIs). Fig. 1
illustrates the flow diagram of the study selection process. Supplementary
Table 1 lists the studies excluded by full-text assessment, with the corre-
sponding reasons for exclusion.

Characteristics of the included studies
Overall, the 20 identified phase 2 and 3 trials, published in 22 articles12–33,
included 19,358 participants. Eight studies (10 publications) included only
adults16,18–20,23–25,28–30, while 11 focused exclusively on infants, children, or
adolescents12–15,17,21,22,26,27,31,32, and one study included both adults and

children33. The study investigators randomised participants to either
PCV15, PCV13, PPSV23, or a sequential combination of both PCV and
PPSV23. None of the included studies compared PCV15 with PCV20, and
none compared PCV15 with no vaccination or placebo. Most studies were
multicentric studies conducted in countries across the world. All studies
were funded by Merck Sharp & Dohme LLC.

Supplementary Table 3 provides details of the study and patient
characteristics. Supplementary Table 4 summarizes primary and secondary
outcomes, Supplementary Table 5 the results for safety outcomes and
Supplementary Table 6 the subgroup results from individual studies. The
COE is provided in Supplementary Tables 7 and 8.

Risk of bias in the included studies
For the immunogenicity and safety outcomes, we assessed the risk of bias as
low for 10 trials12–14,22,25,27–29,31,32 and as some concerns for 10
trials15–18,21,23,24,26,30,33. Supplementary Fig. 1 shows the ratings for the indivi-
dual domains for eachRCT.Themain reasons for rating the risk of biaswith
some concernswere inadequate reporting of the randomisation process and
bias due to missing data.

Studies in infants, children, and adolescents
We identified 12 RCTs including 11,428 infants, children, or
adolescents12–15,17,21,22,26,27,31–33, of which nine studies were on healthy infants,
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Fig. 1 | PRISMA flow diagram adapted from Page et al.43. PRISMA flow diagram illustrating the study selection process. n number of records.
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children, and adolescents12–15,17,21,22,26,31. Three studies included immuno-
compromised children27,32,33. Two studies were phase 2 trials17,26; the others
were phase 3 trials12–15,21,22,27,31–33.

The number of participants in the included studies ranged from 14 to
2,409. The mean age of the trial participants at study entry ranged from
8.4 weeks to 12.7 years. The proportion of females ranged from 45.6% to
49.8%. The study populations included 2.8% to 88.3% non-white ethnic
groups, depending on the countries where the study was conducted. The
study by Suzuki et al. included only healthy Japanese infants31. Most studies
were conducted in pneumococcal vaccine–naïve infants.

Six studies evaluated a 3 plus 1 vaccination schedule consisting of a
primary infant series of 3 doses of PCV15 or PCV13 between the ages of 2
and 6months, followed by a toddler dose at 12 to 15months12,15,17,21,26,31. One
trial compared PCV15 not only to PCV13 but also to a mixed PCV15/
PCV13 regimen15. One study in infants investigated a 2 plus 1 vaccination
schedule, with a primary series of two doses of PCV15 or PCV13 and an
additional toddler dose14. In the study by Martinon-Torres et al., three or
four PCV doses were given in total, depending on whether the infants were
full-term (37weeks ormore) or pre-term (less than37weeks)22. In this study
6% of participants were pre-term infants. One trial evaluated three different
catch-up schedules,with1dose, 2or 3doses administered, dependingon the
age of the children13.

Studies in immunocompromised children evaluated 1 dose of PCV15
or PCV1327 or 1 dose of PCV15 or PCV13 followed by 1 dose of PPSV23
after 8 weeks32. One study including both immunocompromised children
and adults investigated a series of 3 PCV15 or PCV13 doses, followed by
another PCV dose or a single dose of PPSV2333.

Efficacy and effectiveness
None of the included trials reported on patient-relevant health outcomes
(incidence of pneumococcal infection–related death, IPD, pneumonia,
pneumococcal infection–related hospitalisation, otitis media), duration of
protection post-vaccination, or the proportion of patients colonised with
Streptococcus pneumoniae.

Immunogenicity
In total, 11 trials provided data on immunogenicity in infants, children, or
adolescents13–15,17,21,22,26,27,31–33.

PCV15 vs. PCV13
Healthy infants and children, pneumococcal vaccine–naïve. Based on
ImmunoglobulinG (IgG) geometricmean ratio (GMR)30days post-dose 3,
a random-effects meta-analysis (7 Studies13,14,17,21,22,26,31, N ranged from 4807
to 5453 across serotypes, IgGGMRranged from0.53 to 1.63; I² ranged from
0% to 92%, Supplementary Fig. 2) yielded the non-inferiority of PCV15
compared with PCV13 for 12 shared serotypes, as indicated by the lower
confidence limit of being above 0.5. Specifically, for the shared serotype 3 the
lower confidence limit of IgGGMRwas 1.38. For the serotype 6A, the lower
confidence limit was 0.42.

Post-dose 4, a random-effects meta-analysis (5 Studies15,17,21,26,31, N
ranged from 3138 to 3469 across serotypes, IgG GMR ranged from 0.64 to
1.49; I² ranged from 0% to 90%, Supplementary Fig. 3) rendered the non-
inferiority of the PCV15 serotype-specific IgGGMRcomparedwith PCV13
for all 13 shared serotypes. For the shared serotype 3 the lower confidence
limit of IgGGMRwas 1.22. Regarding the unique PCV15 serotypes 22F and
33F, IgG geometric mean concentrations (GMCs) were higher in partici-
pants vaccinated with PCV15 compared to those receiving PCV13 after
dose 3 and 4 (Supplementary Figs. 2 and 3).

Six studies provided data on the opsonophagocytic activity (OPA)
GMR12,17,21,22,26,31. In total, infants received 3 or 4 PCVdoses of either PCV15
or PCV13. Study investigators used a microcolony multiplex opsonopha-
gocytic assay (mOPA) tomeasure the serotype-specificOPAGMT. Inmost
studies, OPA antibody titres were only available from a subset of rando-
mised participants. Random-effects meta-analyses with data from healthy
pneumococcal vaccine–naïve infants (6 studies14,17,21,22,26,31, N ranged from

1762 to 1873 across serotypes, OPA GMR ranged from 0.58 to 1.28; Sup-
plementary Fig. 4) yielded the non-inferiority of PCV15 compared with
PCV13 for 12 shared serotypes, as indicated by the lower confidence limit of
the OPA GMR being above 0.5. Specifically, for the shared serotype 3 the
lower confidence limit of OPA GMR was 1.13. For the remaining shared
serotype, the lower confidence limit was 0.44. Regarding the unique
PCV15 serotypes 22F and 33F, OPA geometric mean titres (GMTs) were
higher in participants vaccinated with PCV15 compared to those receiving
PCV13 (Supplementary Fig. 4). Serotype-specific OPA titres were obtained
30 days after the third or fourth dose. Heterogeneity across studies ranged
from low (I² = 0% for serotypes 4, 5 and 9V) to high (I² = 81% for
serotype 19F).

We rated the COE as moderate for immunogenicity.
Seven studies reported on IgG response, defined as the proportion of

participants with IgG titre concentrations ≥0.35 μg/mL in healthy pneu-
mococcal vaccine–naïve infants (N ranged from 5104 to 5128 across
serotypes)13–15,21,22,26,31. A random-effects meta-analysis rendered the non-
inferiority of the PCV15 serotype-specific IgG response compared with
PCV1313–15,21,22,26,31. For serotype 3 and unique serotypes 22F and 33F the
lower confidence limit of the pooled risk difference was above 0 (Supple-
mentary Fig. 5). Supplementary Fig. 6 shows the serotype-specific IgG
response (IgG titre concentrations ≥0.35 μg/mL) after 30 days in three age-
dependent catch-up vaccination cohorts.

Children and adolescents with chronic medical conditions or immuno-
suppression. Three trials reported on the immunogenicity of the PCV15
compared with the PCV13 vaccine in children and adolescents at an
increased risk of IPD (N = 525)27,32,33. Supplementary Fig. 7 presents
OPA GMRs while Supplementary Figs. 8 shows IgG GMR 30 days after
PCV15 compared with PCV13 in two studies that included children and
adolescents with HIV or sickle cell disease27,32. One study reported a
serotype-specific OPA response defined as a 4-fold or greater increase in
OPA titres 30 days post-vaccination in children with HIV (Supple-
mentary Fig. 9)32.

The only study on allogeneic haematopoietic cell transplantation
patients included both adults and children33, however, most participants
were adults. Since the authors did not provide immunogenicity data sepa-
rately, we summarised the findings of this study in the adult section.

Safety
Twelve studies provided data on safety in infants, children, or
adolescents12–15,17,21,22,26,27,31–33.

PCV15 vs. PCV13
Healthy infants and children and adolescents. Nine studies reported on
safety outcomes in healthy pneumococcal vaccine–naïve infants who
received 3 or 4 doses of either PCV15 or PCV1312–15,17,21,22,26,31. In all studies,
the first dose was administered at the age of approximately
2 months12,14,15,17,21,22,26,31, except for one study, where the first vaccine dose
was given at approximately 8 months of age13.

To ensure homogeneity in themeta-analyses regardingpopulation and
intervention, we included only data from infants younger than 12 months
when they received the first dose of a series of at least two doses (primary
series) of the same adjuvanted PCV vaccine.

In a random-effects meta-analysis with data from 9 RCTs12–15,17,21,22,26,31

and 9,445 infants, the risk of any adverse events 14 days after any PCV dose
was the same in infantswho receivedPCV15and thosewhoreceivedPCV13
(94.6% vs. 94.6%, risk ratio [RR] 1.00; 95% CI, 0.99 to 1.01; Fig. 2).

A random-effectsmeta-analysis with data from 8RCTs12–15,17,21,22,31 and
8,401 infants yielded similar risks of injection site reactions (76.1%vs. 74.6%,
RR1.02; 95%CI, 0.99 to 1.06; Supplementary Fig. 10) and systemic reactions
(91.6% vs. 91.6%, RR 1.00; 95% CI, 0.99 to 1.01; Supplementary Fig. 11) in
the PCV15 and PCV13 groups.

Likewise, the risk of any serious adverse events (including both
vaccine-related and non-vaccine-related events) up to 6 months after the
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last dose was similar in the PCV15 and PCV13 groups, based on a random-
effects meta-analysis including data from 9 RCTs12–15,17,21,22,26,31 and 9,445
healthy pneumococcal vaccine–naïve infants (8.3% vs. 8.4%, RR 0.99; 95%
CI, 0.86 to 1.14; Fig. 3).

We rated the COE for all safety outcomes in infants as high.

Children and adolescents with chronic medical conditions or immuno-
suppression. Three phase 3 trials with 525 participants evaluated the safety
of PCV15 compared to PCV13 in children and adolescents at increased risk
of IPD27,32,33. The study by Quinn et al. randomised a total of 103 children
from 5 to 17 years of age with sickle cell disease to either a single dose of
PCV15 or PCV1327. The proportions of participants with one or more
adverse events (81.2% vs. 79.4%; RR 1.02; 95% CI, 0.83 to 1.26) or injection
site (69.6% vs. 76.5%; RR 0.91; 95% CI, 0.71 to 1.16) or systemic reactions
(60.9% vs. 55.9%; RR 1.09; 95% CI, 0.76 to 1.55) were comparable between
the vaccinationgroups. Likewise, serious adverse events up to6months after
vaccination were similar across groups (Supplementary Fig. 12). No

statistically significant differenceswere found in childrenwithHIV32 or after
allogeneic haematopoietic cell transplantation33 (Supplementary Fig. 12).

Studies in adults
Nine eligible RCTs included 7,930 adults16,18–20,23–25,28–30,33. Two studies
included immunocompromised participants23,33, and seven focused on
healthy participants, participants with stable underlying
conditions16,20,24,25,28–30, or participants with or without risk factors for pneu-
mococcal disease.18,19 Three studies were conducted as phase 2 trials16,24,30; all
otherswere phase 3 trials18–20,23,25,28,29,33. The studies includedbetween253 and
2,340 participants. Themean age of the adult participants ranged from 36 to
73 years. Between 21.2% and 59.7% of participants were female. The pro-
portion of non-white participants ranged from 5.9% to 70.5%.

PCV15 or PCV13 was administered either as a single dose or as a
sequential scheme with PPSV23. One study with three arms compared
single doses of PCV15, PCV13, and PPSV23.16 One study in patients with
HIV infections evaluated 1 dose of PCV15 or PCV13 followed by 1 dose of

Fig. 2 | Any adverse events in healthy pneumo-
coccal vaccine–naïve infants. Forest Plot of Meta-
Analysis Comparing PCV15 andPCV13: Risk of any
adverse events in healthy pneumococcal
vaccine–naïve infants. CI confidence interval, G1
group1: G5 group 5, PCV15 15-valent pneumo-
coccal conjugate vaccine, PCV13 13-valent pneu-
mococcal conjugate vaccine, RR risk ratioEvents
refers to the number of participants with any adverse
event after any dose of PCV15 or PCV13. Total
refers to the number of participants in the safety
population of the PCV15 and PCV13 group. Ban-
niettis 2022 Cohort 1: participants aged
7–11 months at the time of receiving the first dose.
Bili 2023 G5 vs. G1: Only Group 5 (PCV15) and
Group 1 (PCV13) were included in the meta-
analysis. Groups 3 and 4, which received mixed
schedules (PCV13/PCV15), were not considered.
Platt 2020 Lot 1+ 2: The study investigator com-
pared two different PCV15 lots (unique identifiers
assigned to specific vaccine doses) with PCV13. We
combined the safety data from the PCV15 Lot 1 and
Lot 2 groups.

Fig. 3 | PCV15 versus PCV13: Any serious adverse
events in healthy pneumococcal vaccine–naïve
infants. Forest Plot of Meta-Analysis Comparing
PCV15 and PCV13: Risk of any serious adverse
events in healthy pneumococcal vaccine–naïve
infants. CI confidence interval, G1 group 1, G5
group 5, PCV15 15-valent pneumococcal conjugate
vaccine, PCV13 13-valent pneumococcal conjugate
vaccine, RR risk ratio. Events refers to the number of
participants with serious adverse event after any or
the last dose of PCV15 or PCV13. Total refers to the
number of participants in the safety population of
the PCV15 and PCV13 group. Banniettis 2022
Cohort 1: participants aged 7–11 months at the time
of receiving the first dose. Bili 2023 G5 vs. G1: Only
Group 5 (PCV15) and Group 1 (PCV13) were
included in the meta-analysis. Groups 3 and 4,
which received mixed schedules (PCV13/PCV15),
were not considered. Platt 2020 Lot 1+ 2: The study
investigator compared two different PCV15 lots
(unique identifiers assigned to specific vaccine
doses) with PCV13. We combined the safety data
from the PCV15 Lot 1 and Lot 2 groups.
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PPSV23 after 8weeks.23Only one study included a population that had been
vaccinated previously. Participants in the study by Peterson et al. had
received a PPSV23 vaccination at least 1 year prior to the study entry24.

Efficacy and effectiveness
None of the included trials reported on patient-relevant health outcomes
(incidence of pneumococcal infection–related death, IPD, pneumonia,
pneumococcal infection–related hospitalisation, otitis media), duration of
protection post-vaccination, or the proportion of patients colonised with
Streptococcus pneumoniae.

Immunogenicity
Nine trials reported data on immunogenicity comparing PCV15 and
PCV13 in adults16,18–20,23–25,28–30,33.

PCV15 vs. PCV13
Healthy adults or adults with stable chronic conditions at age 18 or older.
We performed a meta-analysis using the data from seven RCTs (N ranged
from 6,539 to 6,575 across serotypes) including healthy adults and adults
with a stable chronic condition or with or without risk factors for pneu-
mococcal diseases16,18,20,24,25,28–30. We used serotype-specific OPA GMTs
from serum samples obtained 30 days post–PCV vaccination. The results
showed non-inferiority of PCV15 compared with PCV13 for 13 shared
serotypes (OPAGMRranged from0.77 to 1.79; Supplementary Fig. 13). For
serotypes 3, 6B, 18 C, and 23 F the lower confidence limit of the pooledOPA
GMRwas above 1 (OPAGMRranged from1.28 to 1.79; SupplementaryFig.
S13). The heterogeneity across studies ranged from low (I² = 13% for ser-
otype 6A) to high (I² = 84% for serotype 3). For the PCV15-specific ser-
otypes 22 F and 33 F, the OPA GMTs were higher in participants receiving
PCV15 (OPA GMR ranges: 22F: 13.05 to 144.99 and 33F: 3.05 to 9.94) but
with a large heterogeneity among the studies. The results were also con-
firmed by meta-analyses of the OPA response 30 days post-vaccination (N
ranged from 3999 to 4182 across serotypes; Supplementary Fig. 14).

We rated the COE as moderate for immunogenicity.

Adults previously immunised with any other pneumococcal vaccine. Par-
ticipants (N = 253) in the study by Peterson et al.24 had received PPSV23
vaccination at least 1 year prior to study entry. Their results were similar to
those of studies conducted in pneumococcal vaccine–naïve populations.
PCV15 demonstrated non-inferiority compared to PCV13 for 13 shared
serotypes (OPA GMR ranged from 0.74 to 1.54) For serotypes 3 and 18C
(OPA GMR 1.40 and 1.54), and for PCV15-specific serotypes 22F and 33F
(OPA GMR 16.33 and 3.05) the lower confidence limit of the OPA GMR
was above 1.

Adults with chronic medical conditions or immunosuppression. We
identified three RCTs (N = 1,693) that provided immunogenicity data for
adults with one or two or more risk factors for pneumococcal diseases19 or
HIV23, or children and adults with recent allogeneic haematopoietic cell
transplantation33 (no separate data for adults available).We did not conduct
a meta-analysis; we present the results descriptively in a forest plot (Sup-
plementary Fig. 15). The response for serotypes 9V and 19A was lower in
adults with one risk factor for pneumococcal diseases receiving PCV15 than
for those receiving PCV13 (Supplementary Fig. 16). Wilck et al.33 did not
provide response data.

PCV15 vs. PPSV23
Ermlich et al.16 also provided immunogenicity data for the comparison
between PCV15 and PPSV23. At 30 days post-vaccination, PCV15 showed
non-inferiority compared to PPSV23 for 15 shared-serotypes. For 10 ser-
otypes the lower confidence limit of the OPA GMR was above 1 (Supple-
mentary Fig. 17).

Safety
Nine RCTS (N = 7930) provided data on safety in adults16,18–20,23–25,28–30,33.

PCV15 vs. PCV13
Healthy adults or adultswith stable chronic conditions at age 18 or older.All
nine RCTs conducted in adults reported on some of the prespecified safety
outcomes16,18–20,23–25,28–30,33.

We performed a meta-analysis on the data from adults 50 years of age
or older in good health and with stable underlying medical conditions or
adults between 18 and 49 years of age in good health with or without any
specific risk factors for pneumococcal disease. All participants, apart from
those included in the study by Peterson et al.24 who had received PPSV23
vaccination at least 1 year prior to study entry, were pneumococcal
vaccine–naïve.We did not consider the studies byWilck et al.33 andMohapi
et al.23 because of the immunocompromised populations they included.
Participants in the studies by Hammitt et al.18 and Song et al.29 received
PCV15 or PCV13 in a sequential scheme followed byPPSV23.However, we
considered only adverse events that occurred after administration of the
PCV dose.

The random-effects meta-analysis including data from six
studies16,18,24,25,28,29 and 6,410 adults shows a higher risk of any adverse events
14 days post–PCVdose in participants receiving the PCV15 vaccine than in
those receiving the PCV13 vaccine (73.7% vs. 66.4%, RR 1.11; 95% CI, 1.05
to 1.18; Fig. 4).

When focusing on injection site reactions, the meta-analysis of six
RCTs18,24,25,28–30 including 6,409 participants yielded a similar effect, with a
slightly higher risk of injection site reactions in those receiving PCV15
(66.2% vs. 56.1%, RR 1.18; 95%CI, 1.09 to 1.28; Supplementary Fig. 18). For
systemic reactions, the meta-analysis of the same studies18,24,25,28–30 also
showed a higher rate among participants receiving PCV15 compared to
those receiving PCV13 (47.7% vs. 43.8%, RR 1.09; 95% CI, 0.98 to 1.21;
Supplementary Fig. 19).

The risk of any serious adverse events (including both vaccine-related
and non-vaccine-related events) was similar in the PCV15 and PCV13
groups, based on a random-effects meta-analysis including data from seven
RCTs16,18,24,25,28–30 and 6,868 adults (2.5% vs. 2.6%, RR 0.95; 95% CI, 0.67 to
1.34; Fig. 5). The studiesmonitored serious adverse events in adults from 30
days24 up to 13 months29 post–PCV vaccination.

We rated the COE for all safety outcomes in adults as high.

Adults previously immunised with any other pneumococcal vaccine. The
253 participants in the study by Peterson et al.24 received PPSV23 vacci-
nation at least 1 year prior to study entry. The results showed similar risks of
any adverse events (68.5% vs. 64.3%, RR 1.07; 95% CI, 0.89 to 1.27) and
systemic reactions (39.4% vs. 40.5%, RR 0.97; 95%CI, 0.72 to 1.32) between
the PCV15 and the PCV13 groups. The risk for injection site reactions was
higher with PCV15 than with PCV13 (63.0% vs. 51.7%, RR 1.24; 95% CI,
1.00 to 1.54). Serious adverse events following 1 dose of PCV were too
infrequent in both groups to reach a determinant result (0% vs. 1.6%, RR
0.20; 95% CI, 0.01 to 4.09).

Adults with chronic medical conditions or immunosuppression. Three
RCTs evaluated the safety of PCV15 compared to PCV13 in adults with
HIV, recent allogeneic haematopoietic cell transplantation, or with one or
two or more risk factors for pneumococcal diseases19,23,33 (Supplementary
Fig. 20).

PCV15 vs. PPSV23
Ermlich et al.16 also compared the safety of PCV15 to that of PPSV23.While
the proportion of any adverse events was higher in the PCV15 group after
14 days post-vaccination (75.1% vs. 65.7%; RR 1.10; 95% CI, 0.98 to 1.23),
proportions of any serious adverse events were similar between the PCV15
and PPSV23 groups after 6 months post-vaccination (1.7% vs. 2.2%; RR
0.57; 95% CI, 0.17 to 1.93; Supplementary Fig. 21).

Discussion
This review summarised the evidence of 20 trials that compared the
immunogenicity and safety of PCV15 with PCV13 in healthy and
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immunocompromised children and adults. One trial also compared PCV15
to PPSV23 in healthy adults. Compared to PCV13, our meta-analysis
showed that at 30 days post–PCV vaccination, the PCV15 serotype-specific
immune response was non-inferior in 12 shared serotypes in children and
13 shared serotypes in adults. For the unique PCV15 serotypes 22 F and
33 F, OPA GMTs were higher in participants vaccinated with PCV15
compared to those receiving PCV13. As regards to safety, themeta-analyses
yielded a similar safety profile for PCV15 andPCV13 in children. Except for
a slightly increased risk of adverse events, driven mainly by local injection
site reactions, the safety profiles of PCV15andPCV13were also comparable
in adults.

In adults whowere vaccinatedwith PCV15, ourmeta-analysis revealed
a higher risk of overall adverse events driven by local injection site reactions.
The authors of the individual studies noted that the reason for this observed
difference currently remains unknown and cannot be attributed to the two
additional serotypes or any specific ingredient in PCV1516,25,28,29. However,
theydid not consider this clinically relevant since the intensitywasmild (e.g.
injection site pain and swelling), and the symptoms short-lived25,28.

None of the identified trials reported on patient-relevant efficacy
outcomes such as incidence of IPD, pneumococcal-related hospitalisation,
or duration of protection. However, in terms of clinical endpoints, the
efficacy and safety of PCV13 and PPSV23 have been demonstrated in
several previously published systematic reviews34–37. Therefore, to compare a
new PCV vaccine to placebo is no longer considered ethically justifiable.
Notably, the approval and current recommendations of the PCV15 vaccine
are based on the findings on immunogenicity, considered as surrogate
outcome, as well as on safety outcomes38,39. Future observational studies
might provide additional evidence on patient-relevant effectiveness end-
points and could additionally reveal data on the duration of protection.

The primary and secondary immunogenicity parameters varied across
studies. The studies focused on serotype-specific IgG GMC or OPA GMT
ratio or response as well as IgG response. For our meta-analysis, we used
OPA measurements; however, OPA measurements were often only avail-
able in a subset of study participants. We also performed meta-analyses on
GMR of serotype-specific IgG GMCs from studies conducted in children.

Additionally, we analysed data on IgG response based on the common
antibody concentration threshold of ≥0.35 μg/mL.

The serotype 3 is of high clinical relevance since this serotype causes a
high pneumococcal disease burden in unvaccinated but also in PCV13
vaccinated populations. This serotype is among the most common that
causes IPD in children and adults7. Compared to PCV13, PCV15 induced
higher OPA GMTs against serotype 3 in children and adults. However, the
importance of this finding is unknown. Future studies need to investigate
whether higher OPA GMT also translates to better clinical effectiveness.

Regarding pneumococcal vaccine–naïve healthy infants, the 2 plus
1 schedule consisting of a two-dose primary series and a toddler dose is
currently recommended inmost of the European countries. However, most
of the studies included in ourmeta-analyses evaluated a 3 plus 1 vaccination
schedule. Only the study by Benfield et al.14 and Martinon-Torres et al. in
healthy full-term infants (94% of all participants)22 evaluated a 2 plus
1 schedule. Results were similar across serotypes comparedwith studies that
applied a 3 plus 1 vaccination schedule. Notably, we obtained immuno-
genicity data formeta-analyses 30 days after the primary series (3 doses) and
30 days after the toddler dose (2 plus 1 or 3 plus 1 schedule).

This review summarizes the most recent evidence on the immuno-
genicity and safety of the PCV15 vaccine compared to PCV13 and PPSV23.
Recently, the PCV20 vaccine, another newPCV vaccine that should protect
from infections caused by 20 different pneumococcal serotypes, has been
approved. In this review, we did not find any head-to-head comparison of
the PCV20 with the PCV15 vaccine. The immunogenicity and safety of the
PCV20 vaccine in adults were recently evaluated in another review40. The
authors found no evidence for differences in tolerability and safety for the
comparison of PCV20with PCV13 and/or PPSV23 evaluated in four phase
2 or phase 3 trials with a duration of six months40. In general, more clinical
trials comparing PCV15 with PCV13 are currently available than those
comparing PCV20 and PCV13.

Most of the studies were conducted in healthy pneumococcal
vaccine–naïve infants and adults 50 years or older in good health and/or
with a stable medical condition. Only a few studies focused on children or
adolescents between2 and17years of age, younger adults between18 and49

Fig. 5 | PCV15 versus PCV13: Any serious adverse
events in adults at 30 days up to 13months. Forest
Plot of Meta-Analysis Comparing PCV15 and
PCV13: Risk of any serious adverse events in adults.
CI confidence interval, PCV15 15-valent pneumo-
coccal conjugate vaccine, PCV13 13-valent pneu-
mococcal conjugate vaccine, RR risk ratio. Stacey
2019 PCV15-A: Investigators compared two differ-
ent formulations of PCV15 (PCV15-A and PCV15-
B) with PCV13. The formulations differ in that
PCV15-A uses the same conjugation process for all
15 glycoconjugates, while PCV15-B uses the same
process as PCV15-A for 8 serotypes and a modified
process for 7 serotypes. Only data from the PCV15-
A group were included in the meta-analysis.

Fig. 4 | PCV15 versus PCV13: Any adverse events
in adults. Forest Plot of Meta-Analysis Comparing
PCV15 and PCV13: Risk of any adverse events in
adults. CI confidence interval, PCV15 15-valent
pneumococcal conjugate vaccine, PCV13 13-valent
pneumococcal conjugate vaccine, RR risk ratio.
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years of age, and older adults 65 years of age or older as well as on specific
high-risk patient populations suffering from HIV or sickle cell disease, and
those who have undergone allogeneic haematopoietic cell transplantation.

This reviewhas several limitations. First, althoughwemade every effort
to identify the whole body of evidence, we might have missed unpublished
and unregistered studies. Second, for several studies, the outcome data were
only available in supplements or in a clinical trial registry that usually does
not undergo peer review or other quality check. Third, all studies were
funded by the PCV15 producer. Fourth, we did not find any evidence on
health outcomes, and evidence was limited for most of the subgroups of
interest. In addition, we did not find any long-term studies assessing the
safety and duration of protection. Finally, OPA GMTs were often only
available in a subset of study participants.

This systematic review found a similar immune response for the
common serotypes in infants and adults vaccinated with PCV15 compared
toPCV13. The safety profile in childrenvaccinatedwith PCV15 andPCV13
was also comparable. Compared with PCV13, adults vaccinated with
PCV15 experienced a slight increased risk of any adverse event, attributed to
local injection site reactions. Serious adverse events were similar between
groups. Likewise, similar immunogenicity and safety was observed in the
few trials conducted in immunocompromised and chronically ill popula-
tions and in distinct age groups. For the comparison of PCV15 andPPSV23,
limited evidence indicates a similar immune response and tolerability.

Methods
Weconducted this systematic review following theCochraneHandbook for
Systematic Reviews41 and registered the protocol in the International Pro-
spective Register of Systematic Reviews (PROSPERO)42 under
CRD42023440133. We followed the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA) statement43. The PRISMA
checklist is provided in the supplementary material (Supplementary
Table 9).

Study eligibility criteria
Weincluded studies conducted in infants, children, andadolescents up to17
years of age as well as adults aged 18 years or older. The intervention of
interest was vaccination with PCV15 (Vaxneuvance®, Merck Sharp &
Dohme LLC), administered either alone or in a sequential scheme with
PPSV23. Valid comparators were no vaccination, placebo, or vaccination
with any other approved pneumococcal vaccine alone or sequentially. We
considered efficacy and effectiveness, immunogenicity, and safety out-
comes. Table 1 presents the inclusion and exclusion criteria in detail.

Literature searches
An expert information specialist (I.K.) performed searches for pub-
lished studies in MEDLINE (via Ovid)44, Cochrane Central Register
of Controlled Trials (CENTRAL) (via Cochrane Library/Wiley)45,
and Embase (via Embase.com)46 from inception to 22 May 2023. In
addition, we performed searches for completed but unpublished or
ongoing studies in ClinicalTrials.gov47 and the World Health Orga-
nization International Clinical Trials Registry Platform (ICTRP)48.
We checked if publications were available for eligible studies regis-
tered in ClinicalTrials.gov or International Clinical Trials Registry
Platform (ICTRP). To identify relevant pre-prints, we searched
Europe PubMed Central (PMC)49 in addition to Embase (via
Embase.com/Elsevier)46. We did not apply any date or language
restrictions to the electronic searches. The electronic search strategies
(Supplementary Table 2) were peer-reviewed by a second informa-
tion specialist following the recommendation of the Peer Review of
Electronic Search Strategies (PRESS)50. We reviewed the reference
lists of relevant studies and systematic reviews and conducted for-
ward citation (i.e. cited by) searches based on all included reports in
citationchaser51. In addition, we searched the websites of regulatory
agencies (EMA and FDA).

Study selection and management
After piloting, two reviewers independently screened the titles, abstracts,
and relevant full-text articles against the predefined eligibility criteria using
DistillerSR52. Conflicts were resolved by discussion or by consulting a third
reviewer. All results were tracked in an EndNote® 20 (Clarivate) database.

Data extraction
One reviewer extracted the study characteristics and results of each included
study into evidence tables.A second reviewerchecked all data extractions for
completeness and accuracy.We also checked trial register records to obtain
information on additional data missing in the publication.

Assessment of the risk of bias
We dually assessed the risk of bias of the RCTs using the Cochrane Risk of
Bias Tool 2.053,54. We would have evaluated the risk of bias of the non-
randomized studies of interventions (NRSI) using the Risk of Bias in Non-
randomised Studies of Interventions tool (ROBINS-I)55,56 if eligible studies
had been identified.

Data synthesis and analysis
We conducted random-effects meta-analyses with three or more clinically
andmethodologically homogenous studies.We applied the inverse variance
method and used the Hartung–Knapp adjustment57. For ad hoc correction,
we used the 95% confidence interval (CI) of the classic random-effects
model or those from the Hartung–Knapp meta-analysis (whichever was
wider)58. We used the restricted maximum likelihood method59 to estimate
between-study variance.

We used a generic inverse variance meta-analysis to pool GMRs of
OPAGMTs as a continuous outcome. For studies conducted in children,we
also performedmeta-analysis onGMRof IgGGMCs. If theGMRswere not
reported, we calculated them with the corresponding 95% CI from the
GMTs orGMCs and 95%CI of each study group by applying the previously
described methods40. To compute variances from reported CIs, we
employed an approximate formula so that there might be negligible dis-
crepancies in the CIs reported in the source publications and the ones
displayed in the forest plots. We considered non-inferiority as the lower
bound of the two-sided 95% CI for the serotype-specific OPA GMT and Ig
GMC ratio was greater than 0.5.

We performed a random-effects meta-analysis on dichotomous
immunogenicity and safety outcomes. We calculated risk differences with
95% CIs for immune response and relative risks with 95% CIs for safety.
Responsewasdefined either as theproportionof participantswith a ≥ 4-fold
increase in OPA titres or the proportion of patients with an IgG con-
centration≥0.35 μg/mL. The non-inferiority criterion for the risk difference
in response related to each serotype required that the lower bound of the
two-sided 95% CI was greater than -10 percentage points. We presented
results from meta-analyses as forest plots. To determine the impact of
studies with high risk of bias, we intended to perform sensitivity analyses.

We evaluated the clinical and statistical heterogeneity of the trials
included in the meta-analyses. We quantified the statistical heterogeneity
based on calculated I2 and the statistical test chi square60. Additionally, we
calculated 95% prediction intervals for assessing heterogeneity in meta-
analyses with more than three studies, indicating the 95% probability range
of a future study with similar characteristics to those included in the meta-
analysis60,61.

If the data had been sufficient, we would have conducted a subgroup
analysis for the following characteristics: age, health status (chronicmedical
condition or immunosuppression), vaccination status, comparator, setting
and geographic location.

If we had included 10 or more studies in the meta-analyses, we would
have created funnel plots and perform appropriate statistical tests for small-
study effects to assess potential publication bias. All statistical analyses were
performed with the meta package62 within the R environment (R Founda-
tion for Statistical Computing, Vienna, Austria)63.
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Certainty of the evidence assessment
Weused theGrading of Recommendations, Assessment, Development and
Evaluation (GRADE)approach toassess the certaintyof the evidence (COE)
for the outcomes listed above64,65. One reviewer rated the COE, and it was

verified by a second reviewer. Any disagreements were resolved by discus-
sion and consensus involving a third person as needed. We considered all
outcomes as critical for decision-making and did not perform an outcome
prioritisation exercise.

Table 1 | Inclusion and exclusion criteria

KQ Inclusion Exclusion

Population KQ1 Children and adolescents up to age 17 No limitations

KQ2 Adults aged 18 years or older

Participants from any setting in any geographical location

KQ1,
KQ2

Subgroups:

Age groups

Sex*

Healthy participants

Participants with chronic medical conditions (e.g. chronic lung disease
[asthma, COPD], chronic heart disease, diabetes) and immunosuppression

Vaccination status (vaccine-naïve participants, participants previously
immunised with any pneumococcal vaccine)

Interventions KQ1,
KQ2

Vaccination with PCV15 authorised by the EMA and the FDA Other pneumococcal vaccines

Alone or Sequential scheme with PPSV23

Control intervention KQ1,
KQ2

No vaccination

Placebo (containing no active product, another non-pneumococcal vaccine)

Vaccination with any other approved pneumococcal vaccine alone or
sequentially

Outcomes KQ1,
KQ2

Efficacy and effectiveness: Studies that do not include at least one of the
outcomes listed under the inclusion criteria

Incidence of pneumococcal infection–related death,

Incidence of IPD, Incidence of pneumonia,

Incidence of pneumococcal infection–related hospitalisation

KQ2 Incidence of otitis media

KQ1,
KQ2

Duration of protection for the vaccine effectiveness outcomes, Proportion of
patients colonised with Streptococcus pneumoniae

KQ1,
KQ2

Immunogenicity:

Adults and children:

OPA GMT, GMR

OPA Response: Proportion of participants with a ≥ 4-fold increase in OPA
titres *

IgG Response: Proportion of patients with an IgG concentration of ≥0.35 µg/
mL *

Children:

IgG GMC, GMR *

KQ1,
KQ2

Safety:

Any adverse events (overall * and vaccine-related)

Local reactions (overall * and vaccine-related)

Systemic reactions (overall * and vaccine-related)

Any serious adverse events

Study design RCT (Phase 2 or 3) Cross-sectional studies, before-and-after studies

NRSI

Prospective and retrospective cohort studies with a control group Case reports and case series

Case-control studies Laboratory and animal studies

Publication type Any peer-reviewed publication reporting primary data Abstracts, letters

Pre-prints Publications not reporting primary data (e.g.
protocols), reviews, thesis, editorials

COPD chronic obstructive pulmonary disease, EMA EuropeanMedicines Agency, FDA Food and Drug Administration,GMC geometric mean concentration,GMR geometric mean ratio,GMT geometric
mean titres, IgG immunoglobulin G, IPD invasive pneumococcal disease, KQ key question, NRSI non-randomised studies of an intervention, OPA opsonophagocytic activity, PCV15 15-valent.
pneumococcal conjugate vaccine, PPSV23 23-valent pneumococcal polysaccharide vaccine, RCT randomised controlled trial.
*Amended after protocol submission.
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Data availability
The datasets used and/or analysed during the current study available from
the corresponding author on reasonable request.
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