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ABSTRACT

Introduction: The 20-valent pneumococcal
conjugate vaccine (PCV20) was licensed for
prevention of pneumococcal disease in infants
and children on the basis of immunogenicity
compared with PCV13. We aimed to evaluate
PCV20 immunogenicity compared with PCV10
(Synflorix; PhiD-CV) because both vaccines
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demonstrated lower immunogenicity than
PCV13. Nevertheless, PCV10 was highly
effective against vaccine-serotype pneumococcal
disease in post-licensure studies. Since no study
has directly compared PCV20 versus PCV10, we
conducted an indirect comparison.

Methods: We conducted indirect comparisons
for PCV20 versus PCV10 using data from
published randomized control trials that
directly compared these vaccines with PCV13
in 3+1 or 2+1 schedules. Serotype-specific
immunoglobulin (Ig)G concentrations and
opsonophagocytic activity (OPA) were assessed
post-booster dose and post-primary series. First,
geometric mean ratios (GMRs) were obtained
for shared serotypes for each direct comparison
against PCV13; we conducted a meta-analysis
to generate pooled GMRs if data from multiple
trials were available. Next, we indirectly
compared relative GMRs of PCV20 versus PCV10
using PCV13 as the common comparator. In this
descriptive analysis, GMRs>1 favored PCV20
and GMR«1 favored PCV10.

Results: Meta-analyses of PCV10 versus PCV13
data found that PCV10 was less immunogenic
for most of the ten shared serotypes. When
indirectly compared via PCV13, the relative
immunogenicity of PCV20 versus PCV10 varied
by serotype. Overall, IgG responses for the ten
shared serotypes were similar for both 3+1 and
2+1 schedules, both post-primary series and
post-booster dose. GMRs for both IgG and OPA
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were close to the line of equivalence, or spread
between favoring PCV20 or PCV10.

Conclusions: The comparable immunogenicity
of PCV20 versus PCV10in 2+1 and 3+1 schedules
suggests that PCV20 will have similar effectiveness
for the ten serotypes included in both vaccines,
including for direct protection during infancy
and toddler age, while also expanding serotype
coverage. Effectiveness for PCV20 needs to be
confirmed in post-marketing studies.

Keywords: Antibodies; Immunogenicity;
Indirect comparison; Pediatrics; Pneumococcal
conjugate  vaccine  (PCV);  Streptococcus
pneumoniae; Vaccine schedules

Why carry out this study?

The 20-valent pneumococcal conjugate
vaccine (PCV20) was licensed for the
prevention of pneumococcal disease

in infants and children on the basis of
safety and immunogenicity, however, its
effectiveness is not known.

The main objective of this study was to
evaluate the relative immunogenicity of
PCV20 versus PCV10, a vaccine with well-
documented effectiveness, in commonly
used pediatric schedules (3+1 and 2+1).

What was learned from the study?

Indirect comparison found that PCV20
immunogenicity was generally similar to
PCV10 for shared serotypes, in either 2+1 or
3+1 schedules, post-infant and booster doses.

Because PCV10 was highly effective

at preventing vaccine-type invasive
pneumococcal disease at the individual and
population levels, these findings support
that PCV20 will have similar effectiveness for
the ten common serotypes while expanding
serotype coverage.

PCV20 effectiveness should be confirmed
with real-world studies.

INTRODUCTION

Pneumococcal conjugate vaccines (PCVs) have
led to substantial reductions in the global burden
of pneumococcal disease and associated deaths
in children since their introduction in 2000 [1].
However, a significant burden of pneumococcal
disease remains. In settings where the 10- and
13-valent PCVs (PCV10 and PCV13) have been
widely used, much of the remaining disease
burden is due to non-vaccine serotypes [2]. The
20-valent pneumococcal conjugate vaccine
(PCV20) was developed to provide expanded
protection against pneumococcal disease by
adding seven medically important serotypes
(8, 10A, 11A, 12F, 15B, 22F, 33F) beyond those
included in PCV13 [3]. A systematic review
of invasive pneumococcal disease (IPD) data
published during 2010-2020 reported that
27.8% of cases in children were due to the seven
additional serotypes included in PCV20 [4].

As efficacy trials for expanded-valency PCVs
are no longer feasible nor ethical to conduct
in children, evaluation and licensure of
novel PCVs have been based upon safety and
immunogenicity trials when compared with
PCV13, in line with World Health Organization
(WHO) recommendations [5]. Two pivotal,
phase 3 non-inferiority trials directly compared
the immunogenicity of PCV20 with PCV13
when administered as either two or three
priming doses in infancy followed by a booster
dose (2+1 or 3+1 schedules, respectively). The
results supported inferring clinical protection
by immunobridging of real-world effectiveness
and impact data from PCV13 [6-10]. For the
13 serotypes included in both vaccines (shared
serotypes), serotype-specific IgG levels were
moderately lower for PCV20 compared with
PCV13, particularly after the primary series,
an expected finding as higher valency PCVs
typically result in lower immunogenicity
to individual antigens due to immune
interference [11, 12]. After the booster dose, IgG
concentrations after PCV20 vaccination became
more similar to the PCV13 comparator arm in
both schedules.

Previously, PCV13 licensure trials found that
immune responses were generally lower than
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those induced by PCV7 for the seven shared
serotypes, with serotypes 6B and 9V missing a
non-inferiority criterion after the primary series
in the 3+1 pivotal study [13]. However, post-
licensure studies confirmed that PCV13 provided
substantial clinical protection including for
serotypes that missed non-inferiority criteria [8,
9, 14]. Similar observations were made for the
10-valent PCV (PCV10 [Synflorix; PhiD-CV])
when compared with PCV7 [15]. In randomized
controlled trials (RCTs), PCV10 induced lower
serotype-specific IgG concentrations compared
with PCV13 for several shared serotypes [16].
However, real-world evidence confirmed that
PCV10 was highly effective in preventing
IPD due to serotypes included in the vaccine
[17, 18]. The SpIDnet multicountry European
surveillance study found that effectiveness of>1
dose of PCV10 was 84.8% (95% CI 69.4-92.5%)
against vaccine-type IPD, remarkably similar to
the effectiveness of >1 dose of PCV13 (84.2%
[95% CI 79.0-88.1%]) [9].

In the absence of head-to-head RCTs that
directly compare vaccine immunogenicity,
indirect comparisons can assess the relative
immunogenicity of different vaccines when
evaluated against a common comparator.
Indirect comparisons have been used for a
variety of vaccines for which multiple products
and formulations are available, including PCVs
[19-21]. Evaluating PCV20 against another
PCV with well-established effectiveness, such
as PCV10, could help address uncertainties
regarding PCV20’s clinical protection,
particularly for the 2+ 1 schedule. In the pivotal
phase 3 trial that compared PCV20 with PCV13,
four serotypes (6A, 6B, 9V, and 23F), which
are also included in PCV10, failed to meet
both non-inferiority criteria, indicating lower
immunogenicity, when assessed after the two-
dose primary series [7]. While no RCTs have
directly compared immunogenicity of PCV20
versus PCV10, an indirect comparison could
help to infer clinical protection for PCV20 if
the relative immunogenicity of the two vaccines
were found to be similar. Currently, no efficacy
or effectiveness data are available for PCV20.

The main objective of this study was to
evaluate the relative immunogenicity of PCV20
versus PCV10 in commonly used pediatric

schedules (3+1 and 2+1) when compared with
PCV13. Indirect comparisons were conducted
for serotype-specific IgG concentrations as well
as opsonophagocytic activity (OPA) titers, which
measure antibody functional activity. We also
conducted an indirect comparison of PCV20
versus the 15-valent PCV (PCV15) using IgG and
OPA data from all available phase 3 trial data
to augment indirect comparisons previously
conducted by others [20, 21].

METHODS
PCV20 versus PCV10 Indirect Comparison

This study indirectly compared PCV20 and
PCV10 (Synflorix; PhiD-CV) for the common
serotypes (1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F,
and 23F) in pediatric populations, for both
2+1 and 3+1 schedules (Fig. 1A). For PCV20
versus PCV13, two studies were selected a priori
(Table 1). These were two phase 3 randomized
controlled trials (RCTs) that directly compared
PCV20 versus PCV13: Korbal et al. [7], which
evaluated a 2+ 1 schedule, and Senders et al.[6],
which used a 3+1 schedule. IgG and OPA GMRs
from the two phase RCTs that compared PCV20
versus PCV13 are presented in Supplementary
Tables 1 and 2.

To identify RCTs that directly compared
PCV10 with PCV13, our main data source
was Feng et al., who conducted a systematic
literature review to identify studies that
compared the immunogenicity of licensed
PCVs for infants or children in head-to-head
randomized trials, as of 17 February 2023
[16]. We screened the studies identified by
Feng et al. to identify relevant studies that
compared PCV10 with PCV13 using a 2+1 or
3+1 schedule. We also conducted a hand search
to identify any additional relevant studies not
included in the Feng publication. The seven
studies of PCV10 versus PCV13 included in the
indirect comparison are described in Table 1. A
flow chart of study selection (Supplementary
Fig. 1) and further details are provided in the
Supplementary Information.
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Fig.1 Indirect comparison diagram for the 20-valent
pneumococcal conjugate vaccine (PCV20) versus 10-valent
pneumococcal conjugate vaccine (PCV10) (A) and

Table 1 Summary of included studies

Indirect comparison
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PCV20 versus 15-valent pneumococcal conjugate vaccine
(PCV15) (B). PCV13 13-valent pneumococcal conjugate
vaccine, RCT randomized controlled trial

Author and year Country Regimen  Vaccination timing

PCV20 versus PCV13

Senders [6] USA 3+1 2,4, 6,and 12—15 months

Korbal [7] Denmark, Poland, Norway, Finland, 2+1 2-3,4-5,and 11-12 months
Czech Republic, Netherlands, Italy,
Australia

PCV10 versus PCVI13

Carmona Martinez 2019 [22] Czech Republic, Germany, Poland, 3+1 2,3, 4, and 12—15 months
Spain

Prymula 2017 [23] Czech Republic, Germany, Poland, 3+1 2,3,4,and 12-15 months
Sweden

Wijmenga-Mansuur 2015 [24]  Netherlands 3+1 2,3, 4, and 11 months*

Temple 2019 [30] Vietnam 241 2,4, and 9.5 months

Kawade 2023 [31] India 241 6 weeks, 14 weeks, and 9 months

Madhi 2020 [32] South Africa 2+1 6, 14, and 40 weeks

Adigweme 2023 [29] The Gambia 2+1 6-8 weeks, 14—16 weeks, and

9-18 months

PCVIS versus PCV13

Lupinacci [26] USA, Puerto Rico, Thailand, Tiirkiye 3+1 2,4, 6,and 12—15 months

Martinon-Torres [28] Australia, Belgium, Czech Republic, 2+1 2,4, and 11-15 months
Estonia, Germany, Greece, Poland,
Russian Federation, Spain

Benfield [27] Denmark, Finland, Italy, Norway 2+1 3,5,and 12 months

“Included immunogenicity data after booster dose only
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Indirect comparisons were conducted for two
outcomes: IgG concentrations (IgG geometric
mean ratios [GMRs]) and OPA titers (OPA GMRs).
The indirect comparison of PCV20 versus
PCV10 used aggregate-level data from direct
comparisons (PCV20 versus PCV13 and PCV10
versus PCV13) (see Supplementary information).
When there was only a single RCT used in the
analysis, for example, Senders et al. [6] for PCV20
versus PCV13 in 3 +1 schedule, serotype-specific
direct GMRs and 95% confidence intervals (Cls)
were used. If more than one direct comparison
study was included (for example, three RCTs
for PCV10 versus PCV13 in the 2+ 1 schedule
[22-24]), the meta-analysis software Revman
5.3 was used to generate pooled results of the
GMRs and 95% ClIs of the included studies for
each serotype (see Supplementary information).
To account for heterogeneity among studies,
we used random methods analysis models in
pooling (meta-analyzing) studies to calculate the
direct estimates. Next, the Bucher et al. method
was used to perform indirect comparisons,
generating a ratio of the direct comparisons
(see Supplementary information for details)
[25]. Results were reported as serotype-specific
indirect GMR and 95% CIs between PCV20
and PCV10 at two timepoints: approximately
1 month after the booster dose (post-booster)
and approximately 1 month after the two- or
three-dose primary series (post-primary series).
Analysis was descriptive, with indirect GMRs<1
favoring PCV15 and indirect GMRs>1 favoring
PCV20. In general, wide confidence intervals
are inherent in indirect comparisons, as the
uncertainty, or variance, of the indirect estimate
is the sum of uncertainties from the two direct
estimates.

PCV20 versus PCV15 Indirect Comparison

We indirectly compared PCV20 and PCV15
for the common serotypes (1, 3, 4, 5, 6A, 6B,
7F, 9V, 14, 18C, 19A, 19F, 23F, 22F, and 33F)
in pediatric populations, for both 2+1 and
3+1 schedules (Fig. 1B). Included studies were
selected a priori and consisted of pivotal phase

3 trials that compared PCV20 versus PCV13
(n=2) or PCV15 versus PCV13 (n=3) (Table 1).
The same statistical methods as described for
the PCV20 versus PCV10 indirect comparison
were used to generate indirect IgG and OPA
GMRs for PCV20 versus PCV15. For the 3+1
schedule, direct PCV1S5 versus PCV13 IgG and
OPA GMR data were from a single phase 3 RCT
[26] (Supplementary Tables 3 and 4). For the
2+1 schedule, data from two phase 3 RCTs that
compared PCV15 with PCV13 [27, 28] were used
in a meta-analysis to generate pooled direct IgG
GMRs (Supplementary Figs. 2 and 3) and pooled
direct OPA GMRs (Supplementary Figs. 4 and 5).

This study used data from previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors; as such, ethical
approval was not required.

RESULTS
Primary Analysis: PCV20 versus PCV10

For the 3+1 schedule, a meta-analysis of 1gG
GMRs from three RCTs comparing PCV10 versus
PCV13 (Table 1) [22-24] found that PCV13 was
more immunogenic that PCV10 for most shared
serotypes both post-booster and post-primary
series (Supplementary Figs. 6 and 7). In the
indirect comparison, PCV20 versus PCV10 IgG
responses after the booster dose were similar,
with GMRs close to 1, the line of equivalence,
for serotypes 1, 6B, 7F, and 9V (Fig. 2A). 1gG
GMRs favored PCV10 for serotypes 4 and 18C
and favored PCV20 for serotypes 5, 14, and
23F. Results for 19F were inconclusive due to
wide 95% Cls, which were due to contrasting
results from one of the three RCTs that directly
compared PCV10 versus PCV13 (Supplementary
Fig. 6). After the three-dose primary series, IgG
responses were similar for serotypes 1, 4, 5, 7F,
9V, 18C; GMRs favored PCV10 for serotypes 6B,
14, and 19F, and favored PCV20 for serotype 23F
(Fig. 2B).
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A Indirect GMR PCV20 v PCV10 1 month after vaccination 4
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1

19G Conc. GMR
(95% CI)

Serotype shared with PCV10

— 098 (0.73,1.31)
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1.02(0.80,1.31)
1.11(092,134)
- 159(135,187)
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~ Favors PCV10 Favors PCV20
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1.32(1.14,154)
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1.10(0.88,1.38)
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Fig. 2 Indirect comparison of PCV20 versus PCV10 IgG geometric mean ratios (GMR) for the ten shared serotypes for
3+1(Aand B) and 2 + 1 schedules (C and D) after the booster dose (A and C) and primary infant series (B and D)

For the 2+1 schedule, meta-analysis of four
RCTs that directly compared PCV10 versus
PCV13 (Table 1) [29-32] also found that direct
IgG GMRs favored PCV13 for most of the ten
shared serotypes (Supplementary Figs. 8 and 9).
In the 2+1 indirect comparison of PCV20 versus
PCV10 post booster, IgG responses were similar
for serotypes 1, 6B, 9V, 14, and 23F; GMRs
tavored PCV10 for serotypes 4, 18C, and 19F;
and GMRs favored PCV20 for serotypes 5 and
7F (Fig. 2C). After the two-dose primary series,
IgG responses were similar for serotypes 1, 5, 7F,
9V, 14, 18C, 19F, and 23F, while GMRs favored
PCV10 for serotypes 4 and 6B (Fig. 2D).

For examination of OPA responses in the 3+1
schedule, a meta-analysis was conducted to
generate pooled direct OPA GMRs post-booster
(Supplementary Fig. 10) and post-primary series
(Supplementary Fig. 11) from two RCTs that
evaluated PCV10 versus PCV13 [20, 21] (Table 1).
Direct OPA GMRs favored PCV13 for most

shared serotypes. For the indirect comparison
of PCV20 versus PCV10 after the booster dose,
OPA GMRs showed similarity for serotypes 4 and
6B; marginally favored PCV10 for serotypes 1
and 18C and favored PCV20 for serotype 14; and
showed more pronounced differences favoring
PCV10 for serotype 19F and PCV20 for serotypes
5, 7F, 9V, and 23F (Fig. 3A). After the primary
three-dose series, OPA responses were similar for
serotypes 4, 5, 6B, 9V, and 14; favored PCV10 for
serotype 19F and favored PCV20 for serotypes
7F, 18C, and 23F, with borderline results for
serotype 1 (Fig. 3B).

For the 2+1 schedule, a meta-analysis was
conducted to generate pooled direct OPA GMRs
post-booster dose (Supplementary Fig. 12) and
post-primary series (Supplementary Fig. 13)
from the four RCTs that directly compared
PCV10 versus PCV13 [27-30], however, only
Adigweme et al. and Temple et al. reported
OPA results post-primary series [29, 30]. Pooled
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Indirect GMR PCV20 v PCV10 1 month after vaccination 4 OPA G{‘:"IT (95%
(3+1 schedule)

Serotype shared with PCV10
- 1 0.61(0.36,1.02)
- 0.86 (0.51,1.45)
172(1.14,2.60)
140(0.83,2.38)
2,05 (1.45,2.89)
1.79(1.06,3.01)
— 144 (094,221)
0.64 (0.38,1.09)

0.44 (0.26,0.75)

445(246,804)

« Favors PCV10 Favors PCV20 —
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Indirect GMR PCV20 v PCV10 1 month after vaccination 3

C OPA GMR (95%
(241 schedule) ch
1

Serotype shared with PCV10
- 0.63(0.41,0.98)
- o= 1.32(0.92,1.90)
0.90 (0.64, 1.26)
1.79(0.97,3.28)
2,04 (1.22,3.40)
1.95(1.23,3.09)
- 123(0.77,1.96)
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0.60 (0.35, 1.04)

23F - 3.04(1.38,6.67)
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Fig.3 Indirect comparison of PCV20 versus PCVI10
opsonophagocytic activity (OPA) geometric mean ratios
(GMR) for the ten shared serotypes for 3+1 (A and B)

direct OPA GMRs favored PCV13 for most
shared serotypes. In the indirect comparison
of PCV20 versus PCV10 after the booster
dose, relative OPA responses were similar for
serotypes 4, 5, and 14; OPA GMRs marginally
tavored PCV10 for serotypes 19F and PCV20 for
serotype 6B (with wide 95% Cls that included
1) and showed more pronounced differences
tavoring PCV10 for serotypes 1 and 18C and
PCV20 for serotypes 7F, 9V, and 23F (Fig. 3C).
After the two-dose primary series, OPA
responses were similar for serotypes 4 and 14;
OPA GMRs favored PCV10 for serotype 19F
and PCV20 for serotypes 1, 7F, and 9V, with
borderline results for serotypes 5, 18C, and
23F (Fig. 3D). Results for serotype 6B were
inconclusive, with wide 95% CI likely due
to the contrasting results from the two RCTs
that directly compared PCV10 versus PCV13
(Supplementary Fig. 13).

B. Indirect GMR PCV20 v PCV10 1 month after vaccination 3

OPA GMR (95%
(3+1 schedule) cn

Serotype shared with PCV10
- 1.60 (1.00, 2.55)

- 1.07 (0.66, 1.74)

1.17(0.79,1.74)
0.94 (0.48,1.86)
251(146,432)
123(0.72,2.11)
1.45(0.89,2.35)
200(1.19,3.35)
0.25(0.15,0.40)
3.03(143,644)
« Favors PCV10

Favors PCV20 —

0.1 02 05 1 2 3 456 810

Indirect GMR PCV20 v PCV10 1 month after vaccination 2

D. OPA GMR (95%
(241 schedule) ch

Serotype shared with PCV10
- 1.72(1.07,2.78)
- 1.22(0.86,1.71)
164 (0.65,4.18)
0.82(0.07,9.32)
248(1.77,349)
3.66(2.14,6.28)
- 1.05(0.49,2.24)
1.60 (0.96,2.68)
0.61(0.43,0.85)

23F - - 229(0.91,578)

« Favors PCV10 | Favors PCV20 —

0.05 0.1 02 05 1 2 3 456 810

and 2+ 1 schedules (C and D) after the booster dose (A
and C) and primary series (B and D)

Secondary Analysis: PCV20 versus PCV15

In the indirect comparison of PCV20 versus
PCV15, IgG responses following the booster
dose were similar for most serotypes for
both the 3+1 and 2+ 1 schedules, indicated
by GMRs clustering around 1, the line of
equivalence (Figs. 4A and C). In both 3+1 and
2+1 schedules, IgG GMRs favored PCV15 for
serotype 3 and PCV20 for serotypes 22F and
33F, which are included in PCV15 and PCV20
but not the PCV13 comparator vaccine (Fig. 4).
There were some differences in relative I1gG
responses after the primary series, particularly
for the 2+1 schedule, where GMRs favored
PCV1S5 for eight shared serotypes (Fig. 4D). The
indirect comparison of PCV20 versus PCV15
OPA responses found that immunogenicity
was similar across schedules and timepoints,
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Fig. 4 Indirect comparison of PCV20 versus PCV15 IgG geometric mean ratios (GMR) for the 15 share serotypes for 3 + 1
(A and B) and 2 + 1 schedules (C and D) after the booster dose (A and C) and primary infant schedule (B and D)

with OPA GMRs clustering around the line of
equivalence for most serotypes (Fig. 5). The
indirect OPA GMR 95% CIs were generally
wider than those observed for indirect IgG
GMRs.

DISCUSSION

Our primary study question was to indirectly
compare PCV20 immune responses to PCV10,
a licensed vaccine with well-proven clinical
protection. IgG and OPA responses induced by
PCV20 vaccination in 3+1 and 2+1 schedules
were overall similar to PCV10.

While PCV20 expands protection to five
serotypes not included in other licensed
PCVs, minor decrements in immunogenicity
against the shared PCV13 serotypes in phase
3 RCTs raised some concerns about its clinical

effectiveness, particularly in the 2+1 schedule.
Our meta-analysis of PCV10 RCT data found
that, like PCV20, its immunogenicity was lower
than PCV13 for most of the shared serotypes,
consistent with findings from a systematic
review and network analysis conducted by
Feng et al. [16] In the PCV20 versus PCV10
indirect comparison, although results varied by
individual serotype, overall immune responses
for the ten shared serotypes were generally
similar, including for the 2+1 schedule. GMRs
for both IgG and OPA were close to the line
of equivalence, or spread between favoring
PCV20 or PCV10. These findings support that
PCV20 is expected to provide similar protection
for the ten common serotypes. PCV10 was
highly effective against vaccine-type IPD,
demonstrated by a large, cluster-randomized
trial in Finland and in observational studies
showing direct effectiveness against vaccine-type
IPD and population-level reductions in disease
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Fig.5 Indirect comparison of PCV20 versus PCV15
opsonophagocytic activity (OPA) geometric mean ratios
(GMR) for the 15 matched serotypes for 3+1 (A and B)

incidence [9, 18, 33, 34]. For example, following
introduction of PCV10 in a 2+1 schedule in
Finland, the incidence of vaccine-type IPD
fell by 92% among vaccine-eligible children,
and declined in older, unvaccinated children,
indicating indirect protection [35]. The clinical
implications of slight differences in relative
immunogenicity, for example, for serotype 19F,
for which the IgG GMR favored PCV10 post-
booster in the 2+1 schedule, are not known,
and highlight the need for real-world PCV20
effectiveness studies. Similarly, GMRs favored
PCV10 serotypes 4 and 18C post-booster dose in
both the 3+1 and 2+1 schedules, although IPD
due to these serotypes rarely occurs in children
in settings with mature PCV13 programs [2].
No data exist on PCV15 effectiveness to
date, and thus comparison with this vaccine
does not inform conclusions regarding PCV20
effectiveness. Nevertheless, this analysis was
conducted for completeness. Post-booster
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and 2+ 1 schedules (C and D) after the booster dose (A
and C) and primary infant series (B and D)

immunogenicity, including OPA and IgG
responses, was largely similar between PCV20
and PCV15 in both 3+1 and 2+1 schedules.
However, IgG GMRs for serotype 3 favored
PCV15, while 22F and 33F favored PCV20.
As serotypes 22F and 33F are not contained
within the PCV13 comparator, these results
should be interpreted with caution. At the
population level, the booster dose is considered
most important, since it extends protection
into the age of highest transmission and drives
indirect protection [36-38]. The implications of
differences in IgG levels post-infant series are
less well understood, but likely will be small
given that young, incompletely vaccinated
infants are largely protected via indirect effects
[39]. Where data overlapped, our analysis
provided similar results as previous indirect
comparisons of PCV20 versus PCV1S5 [20, 21].
Mt-Isa and colleagues indirectly compared
PCV20 and PCV1S5 IgG GMRs in the 3+1
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schedule (excluding serotypes 22F and 33F) and
reported that PCV15 was non-inferior to PCV20
for all PCV13 serotypes and superior for serotype
3 [20]. Another study indirectly compared OPA
responses between PCV20 and PCV1S post-
booster dose using 3+1 PCV20 versus PCV13
data from a phase 2 RCT and a single phase 3
2+1 PCV15 versus PCV13 RCT [3, 21]. For both
schedules, PCV15/PCV20 ratios were close to
one for most serotypes, and the conclusion that
“two new vaccines induce a broadly similar
response” is consistent with our findings. PCV20
also provides expanded serotype coverage. In an
analysis of IPD surveillance data in children aged
under S years in high-income countries, PCV20
would cover an additional 38.2% of IPD beyond
serotypes contained in PCV13, versus 10.6% for
PCV15 [2]. Recent national surveillance data
from Spain showed that in 2023, PCV20 would
cover 19% more IPD in children aged under
5 years than PCV15 and 30% more IPD than
PCV13 [40]. In Japan in 2022, 20.0% of IPD in
children aged under 5 years was due to the five
PCV20-unique serotypes not included in PCV15
[41].

Serotype 3 remains an important cause
of pediatric IPD in children and has unique
biological features due to its capsule structure,
thickness, and ability to shed that may enhance
virulence and ability to escape immune
responses [42-44]. While several studies have
reported PCV13 protection against serotype
3 IPD in children, its characteristics may
contribute to PCV13 delivering a shorter
duration of protection, resulting in lower
vaccine effectiveness compared with other
serotypes in children [9, 44, 45]. PCV10 does
not contain serotype 3 and thus our study can
make no inferences regarding the effectiveness
of PCV20 against this serotype. Currently, it
is unknown whether the higher I1gG levels
following immunization with PCV1S5 will
improve clinical protection against serotype 3.
The degree to which either PCV1S5 or PCV20
prevent serotype 3 disease at an individual or
population level is an important question and
will need to be assessed with well-designed
effectiveness studies.

The indirect comparisons presented here
are subject to several limitations. Indirect

comparisons assume transitivity, a requirement
that the RCTs included are similar, on average,
in all important factors other than the
intervention comparison being made [46].
The trial populations included in our indirect
comparisons differed geographically, particularly
for PCV20 versus PCV10 in the 2+1 schedule,
as all the PCV10 trials were conducted in
low- or middle-income countries, whereas the
PCV20 trial only included children from high-
income countries. Additionally, the booster
dose was given at an earlier age in some PCV10
2+1 RCTs. The distribution of pneumococcal
serotypes in disease and carriage may have
differed by study populations, potentially
impacting baseline IgG levels and responses
to vaccination. In addition, imbalances in the
geographic location of PCV13 and PCV10 trials
and participant characteristics such as race have
the potential to bias immune responses [47, 48].
A systematic literature review found that IgG
geometric mean concentration (GMC) responses
to PCV tended to be higher in infants from the
Western Pacific region and Africa compared
with Europe and the Americas [47]. We did
not adjust for geographic or demographic
differences among study populations, as the
number of studies was insufficient to conduct
meta-regression to account for heterogeneity
[49]. However, since the indirect comparison
method uses the ratio of PCV20 or PCV10
responses relative to PCV13 from the included
studies, rather than the absolute GMCs, we
would not expect geographical differences to
cause a directional bias, although differences
across study populations do present a limitation.
Trial populations also differed for the PCV20
versus PCV1S indirect comparisons. In the 3+1
analysis, 26.2% of participants in the PCV15
RCT were Asian compared with 1.6% in the
PCV20 RCT study [6, 26]. Unlike the indirect
comparison of PCV1S5 versus PCV20 performed
by Mt-Isa et al. [20], we did not perform a
matching-adjusted indirect comparison.
However, Mt-Isa reported that unadjusted
versus matched results (by age and race) were
very similar [20]. Another limitation is that in
the original RCTs, OPAs are typically conducted
on a randomly selected subset of participants,

A\ Adis



Infect Dis Ther (2025) 14:1103-1117

1113

with the smaller sample sizes and higher assay
variability resulting in wider 95% ClIs that
made interpretation of OPA results less certain
compared with IgG GMR results. In the PCV20
phase 3 trials, OPA data were descriptive, and
GMRs compared with PCV13 were calculated
post hoc for this indirect comparison.
Laboratory methods for quantifying serotype-
specific IgG and OPA titers also varied across
studies. Lastly, we were not able to conduct
indirect comparisons for serotypes 8§, 10A, 11A,
12F and 15B, as these are unique to PCV20.

CONCLUSIONS

We found that PCV20 immunogenicity was
similar to PCV10, which was highly effective
at preventing vaccine-type IPD, in either 2+1
or 3+1 schedules, suggesting that PCV20
will likely be clinically effective despite lower
immunogenicity compared with PCV13, at
least for the common ten serotypes. Individual-
and population-level effectiveness, including
for serotype 3, should be confirmed in robust
post-licensure studies for any new PCV. In the
meantime, serotype coverage should remain a
key factor in decision-making regarding PCV
use.
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