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ABSTRACT

The introduction of pneumococcal conjugate vaccines (PCVs) into pediatric national immunization
programs (NIP) has significantly reduced invasive pneumococcal diseases and pneumococcal pneumonia
caused by PCV serotypes in adults due to herd immunity. However, diseases caused by PCV13 serotypes
persist, mainly serotype 3, known for its severity. With the reduction in PCV13 serotypes, diseases caused
by non-PCV13 serotypes increased. Residual and emerging serotypes vary regionally; serotype 8 in
Europe and South Africa, and serotype 4 in the US and Canada. PCV20 and PCV21 were recently
developed, which can prevent residual and emerging pneumococcal diseases where herd immunity is
well-established. In countries that have not introduced PCV into pediatric NIP, the pneumococcal disease
burden due to PCV serotypes is still marked. Given that serotype distribution varies by region and evolves
over time, this review aimed to discuss serotype distribution and disease severity in adults across

countries to support future pneumococcal vaccine strategies.

Introduction

Streptococcus pneumoniae is one of the major pathogens of
human diseases. It causes both invasive pneumococcal disease
(IPD), such as bacteremia and meningitis, and non-invasive
pneumococcal disease (NIPD), such as non-bacteremic
pneumonia.’ The global pneumococcal disease burden is the
most marked in children aged <5 years and adults aged 265
years." IPD is associated with a higher mortality rate than
NIPD, while the incidence of non-bacteremic pneumonia
exceeds that of IPD in adults.%” Therefore, epidemiological
evidence regarding both IPD and non-bacteremic pneumonia
is important when considering the disease burden loaded on
society.

To combat pneumococcal diseases, vaccines have been
developed and implemented worldwide for both children and
adults. The capsular polysaccharides of pneumococcus induce
virulence, and more than 90 different capsular types have been
reported.® These serotypes comprise the basis of pneumococ-
cal vaccines. In 1944, the first pneumococcal vaccine contain-
ing polysaccharides was developed and tested in a clinical
trial.” However, with the discovery of penicillin, interest in
vaccines to prevent pneumococcal diseases declined. Despite
this, penicillin could not prevent deaths caused by pneumo-
coccal diseases, which led to renewed efforts in pneumococcal
vaccine development. Eventually, a vaccine containing 23 cap-
sular polysaccharides (a 23-valent pneumococcal polysacchar-
ide vaccine: PPSV23) was developed and introduced in 1983.
PPSV23 covers 23 serotypes: serotype 1, 2, 3, 4, 5, 6B, 7F, 8, 9N,
9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F,
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and 33F. Polysaccharide vaccines primarily induce a B-cell-
mediated immune response without T-cell involvement.
Therefore, it was found that PPSV23 failed to immunize
infants and toddlers, who are also at high risk for pneumococ-
cal disease. To address this issue, pneumococcal conjugate
vaccines (PCVs), which elicit a T-cell-dependent immune
response, were developed, promoted by the success of
Haemophilus influenzae type b vaccine.” The first PCV,
a 7-valent pneumococcal conjugate vaccine (PCV7), including
serotype 4, 6 B, 9V, 14, 18C, 19F, and 23F, was introduced in
2000 and demonstrated high-level effectiveness in children.®
Subsequently, two kinds of higher-valency PCVs were imple-
mented: a 10-valent pneumococcal conjugate vaccine (PCV10)
in 2009, covering PCV7 plus 1, 5, and 7F, and 13-valent
pneumococcal conjugate vaccine (PCV13) in 2010, covering
PCV10 plus 3, 6A, and 19A. PCV7, PCV10, and PCV13 have
been introduced into national immunization program (NIP)
for children, which has directly reduced the incidence of vac-
cine-covered pneumococcal diseases and nasopharyngeal car-
riage among vaccinated children, and indirectly reduced the
incidence of pneumococcal diseases among adults and chil-
dren who have not received pneumococcal vaccination due to
the prevention of transmission, resulting in herd immunity
and serotype replacement.” "' In contrast, PPSV does not
reduce nasopharyngeal carriage of S. pneumoniae; therefore,
it cannot confer herd immunity. With the reduction of pneu-
mococcal diseases caused by PCV-covered serotypes, pneumo-
coccal diseases caused by residual or emerging serotypes
remain and are still major causes of morbidity and mortality,
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especially among older adults. Although PPSV23 has been
introduced into NIP for adults in several countries, pneumo-
coccal diseases caused by PPSV23 non-PCV13 serotypes con-
tinue to circulate and cause diseases in adults.'>'* Thus, it may
be necessary to reconsider the optimal pneumococcal vaccina-
tion strategy for adults, including conjugate vaccines.

Currently, higher-valency PCVs are also available: the 15-
valent pneumococcal conjugate vaccine (PCV15) and 20-
valent pneumococcal conjugate vaccine (PCV20). PCV15
includes PCV13 plus 22F and 33F, and PCV20 includes
PCV15 plus 8, 10A, 11A, 12F, and 15B. PCV15 and
PCV20 have replaced PCV13 in pediatric NIP, and have been
added to options for adults in several countries."*"”
Additionally, a 21-valent pneumococcal conjugate vaccine
(PCV21) that covers residual serotypes among adults was
recently developed and approved by the U.S. Food and Drug
Administration and has become an option for adult pneumo-
coccal vaccines in the US.'® PCV21 targets only adults and
includes serotypes 3, 6A, 7F, 19A, 22F, 33F, 8, 10A, 11A, 12F,
9N, 17F, 20, 15A, 15C, 16F, 23A, 23B, 24F, 31, and 35B.

Many studies have evaluated the incidence and distribution
of pneumococcal serotypes in children and adults in individual
countries or regions. The resulting epidemiological data are
essential when selecting pneumococcal serotypes to include in
newly developed pneumococcal vaccines and determining the
pneumococcal vaccination policy in each country or region.
Since the introduction of PCV into pediatric NIP, the inci-
dence of pneumococcal diseases caused by vaccine-covered
serotypes in adults has declined due to herd immunity”'®"
However, with respect to individual serotypes, persistent and
emerging serotypes among adults vary by country. This could
be due to country-specific differences in sampling, vaccination
strategies, and population dynamics.* In addition to serotype
distribution, the severity of pneumococcal diseases caused by
each serotype is important when deciding on target pneumo-
coccal serotypes for both vaccine development and
implementation.

Herein, we discuss the serotype distribution of pneumococ-
cal diseases in adults, including IPD and pneumococcal pneu-
monia, among both high-income and non-high-income
countries based on the World Bank classification,”" and the
severity of diseases caused by individual serotypes, aiming to
better understand the epidemiology of pneumococcal diseases
in adults and develop and implement future pneumococcal
vaccines. As the serotype distribution, surveillance systems,
and laboratory methods used to confirm pneumococcal cases
differ among countries, we focused on describing and discuss-
ing the local epidemiology of adults of each country. Countries
were selected based on the availability of post-vaccine intro-
duction data for adults where pneumococcal vaccines have
been introduced into pediatric NIP or commonly used for
children. For countries where pneumococcal vaccine has not
been introduced into pediatric NIP or not commonly used,
data covering the period after 2010 for adults were considered.
Additionally, countries were selected based on the availability
of data detailing the number and proportion of individual
pneumococcal serotypes in adults with IPD or pneumococcal
pneumonia, facilitating the calculation of vaccine coverage
rates if not directly provided. The characteristics of each

country, the current use of pneumococcal vaccines for children
and adults, and the latest PCV coverage in children are sum-
marized in Supplementary Table S1. Since the data utilized in
this article were collected only from previously published
studies, an additional ethical review was not necessary.

Pneumococcal serotype distributions in high-income
countries among adults

Since the introduction of PCV10 or PCV13 into pediatric NIP
of high-income countries, the incidence and proportion of
pneumococcal diseases caused by PCV10 or PCV13 serotypes
have declined across all age groups due to direct vaccination
and indirect herd immunity.”>'*'* However, serotype replace-
ment has occurred to different extents across countries and
geographical areas.”® Additionally, serotypes emerging since
the introduction of PCV differ depending on the country and
geographical area.

North America

In the US, PCV7 and PCV13 were introduced into pediatric
NIP in 2000 and 2010, respectively, with a 3 + 1 dosing sche-
dule. PPSV23 was introduced for older adults in 1984, and
PCV13 has been recommended for use in adults aged 19-64
years who are immunocompromised.”” One study evaluated
the serotype distribution before and after the introduction of
PCV7 across all age groups, using S. pneumoniae clinical iso-
lates collected from medical centers in the US. After its intro-
duction, IPD cases caused by PCV7 serotypes decreased from
70.1% in 1999—2000 to 1.9% in 2010-2011 of total IPD cases
among children aged <5 years, and IPD cases caused by PCV7
serotypes decreased from 48.0% in 1999-2000 to 4.7% in
20102011 of total IPD cases among other age groups. These
results provide evidence of the direct and indirect effects of
PCV7.>> Another study evaluated the IPD incidence among
adults aged =20 years following the introduction of PCV13
into pediatric NIP. The study was conducted through Active
Bacterial Core surveillance (ABCs), an active, laboratory- and
population-based system establish by the Centers for Disease
Control and Prevention’s Emerging Infections Program, using
isolates of S. pneumonia. It found that, after PCV13 introduc-
tion to pediatric NIP, the incidence of IPD in 2013—-2014 in
adults decreased; IPD cases caused by PCV13 serotypes
declined by 57 and 70% in adults aged 19—64 years with risks
of pneumococcal diseases and adults aged =65 years, respec-
tively. In contrast, IPD cases caused by PPSV23 non-PCV13
serotypes increased in adults aged 19—64 years with risks, but
no changes were observed in those aged 265 years. IPD cases
caused by non-vaccine type (NVT) serotypes did not change
on comparing age groups. The decline in 19A contributed to
the reduction in IPD cases caused by PCV13.>* However, since
2014, no further reduction in IPD cases caused by PCV13
serotypes has been noted among adults.>>*® In 2017-2018,
the proportions of IPD caused by PCV13 plus serotype 6C,
PPSV23 non PCV13 serotypes, and NVT serotypes were 30,
44, and 27% of total IPD cases, respectively, in adults aged 50—
64 years, and 27, 36, and 37% in adults aged =65 years
(Table 1). Serotype 3 accounted for 60% of IPD cases caused
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Table 1. Prevalent serotype and proportion of vaccine-covered serotypes among adults in high-income countries in North America.

County Type Year Population

Prevalent serotypes

Vaccine coverage Reference

Canada IPD 2022 Aged 1549

Aged 5064

Aged =65

Canada Pneumonia 2015 Aged =16

United States  IPD 2017-2018  Aged 5064 NA

Aged =65 NA

United States IPD 2018-2019 Aged 1664+ NA

Aged =65 NA

United States IPD 2018-2020 Aged 1664+ NA
Aged =65 NA
Pneumonia 2018-2020

United States Aged >18

Aged 18—49

Aged 50—-64

Aged =65

4 (21.8%), 12F (10.5%), 3 (9.3%), 9V (7.6%)

4 (14.9%), 3 (14.6%),9 V (6.6%), 8 (6.5%)

3 (13.3%), 22F (9.9%), 9N (6.7%), 4 (5.6%)

3 (2.8%1), 19A (1.5%1), 7F (0.9%1)

3 (1.6%8), 22F (1.1%8), 19A (0.8%8), 35B (0.7%8)

3 (1.1%8), 19A (0.9%8), 22F (0.8%5), 35B (0.8%$)

3 (2.2%8), 22F (1.7%8), 19F (0.9%8), 9N (0.9%8)

3 (1.4%8), 22F (0.7%8), 23A (0.7%8)

PCV13: 51.8% 33
PCV15: 57.0%

PCV20: 78.3%

PPSV23 non-PCV20: 10.8%

NVT*: 10.9%

PCV13: 46.8%

PCV15:52.6%

PCV20: 70.5%

PPSV23 non-PCV20: 11.1%

NVT*: 18.5%

PCV13:32.2%

PCV15:44.2%

PCV20: 58.5%

PPSV23 non-PCV20: 11.0%

NVT*: 30.6%

PCV13: 6.3%t 36
PPSV23 non-PCV13: 1.7%*t

NVT: 1.0%*

PCV13 plus 6C: 30% 27
PPSV23 non-PCV13: 44%

NVT: 27%

PCV13 plus 6C: 27%

PPSV23 non-PCV13: 36%

NVT: 37%

PCV13: 30% 14
PCV15 non-PCV13: 13%

PCV20 non-PCV13: 28%

PPSV23 non PCV13: 43%
PCV13: 27%

PCV15 non-PCV13: 15%

PCV20 non-PCV13: 27%

PPSV23 non PCV13: 35%
PCV20: 58%

PCV21: 81%

PCV20: 54%

PCV21: 85%

PCV15: 5.8%8& 32
PCV20: 6.7%8§

PCV21: 9.3%8§

PCV15: 4.0%8§

PCV20: 4.7%8&

PCV21: 8.0%§

PCV15: 7.3%8&

PCV20: 8.4%8§

PCV21: 11.3%8§

PCV15: 5.8%§

PCV20: 6.9%8§

PCV21: 8.7%8§

18,28

The country names are arranged in alphabetical order. Some of the data listed were recalculated from the data published in each article. PCV13 serotypes includes
serotype 4, 6B, 9V, 14, 18C, 19F, 23F, 1, 5, 7F, 3, 6A, and 19A; PCV15 serotypes includes PCV13 serotypes plus 22F and 33F serotypes; PCV20 serotypes includes PCV15
serotypes plus 8, 10A, 11A, 12F, and 15B; PCV21 serotypes includes 3, 6A, 7F, 19A, 22F, 33F, 8, 10A, 11A, 12F, 9N, 17F, 20, 15A, 15C, 16F, 23A, 23B, 24F, 31, and 35B;
and PPSV23 serotypes includes serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F.

*NVT here includes all serotypes not included in PCV13, PCV15, PCV20 or PPV23.

tThe proportion shown is the percentage of cases in which each serotype was detected among all community-acquired pneumonia cases tested for Streptococcus

pneumoniae.
$Adults aged 16—64 years with a risk of pneumococcal disease.

§The proportion shown is the percentage of cases in which each serotype was detected among the total community-acquired pneumonia cases.
Abbreviations: IPD, invasive pneumococcal disease; NA, not applicable; PCV13, a 13-valent pneumococcal conjugate vaccine; PCV15, a 15-valent pneumococcal
conjugate vaccine; PCV20, a 20-valent pneumococcal conjugate vaccine; PCV21, a 21-valent pneumococcal conjugate vaccine; PPSV23, a 23-valent pneumococcal

polysaccharide vaccine; NVT, non-vaccine type.

by PCV13 serotypes in adults aged =65 years, while serotypes
19A and 19F accounted for 10 and 9% of them, respectively.”’”
In 2018—-2022, the proportions of IPD cases caused by PCV20
and PCV21 serotypes were 58 and 81% of total IPD cases in
adults aged 16—64 years with a risk of pneumococcal disease,
and 54 and 85% of total IPD cases in adults aged =65 years,
respectively. The above two study findings were also obtained
through the ABCs system and included pneumococcal isolates
of IPD cases.'®?® Several studies utilizing the ABCs data from
Western regions of the US reported an increase in IPD cases

caused by serotype 4 in adults who were unhoused or showed
drug/alcohol abuse.””*° A similar trend was observed in the
serotype distribution associated with pneumococcal pneumo-
nia; one multicenter prospective study conducted in 2013—
2016, which enrolled adults aged =18 years hospitalized with
radiographically confirmed community-acquired pneumonia
(CAP) across 10 US cities, revealed that PCV13 and PCV20
serotypes were associated with 4.6 and 7.8% of total radiologi-
cally-confirmed CAP cases in adults, respectively. The most
common serotypes were 19A (1.3%), 3 (1.1%), and 22F (1.1%)



4 H. MAEDA AND K. MORIMOTO

of total CAP cases.”’ Another prospective surveillance study
evaluated the serotype distribution among adults aged >18
years hospitalized with CAP at three hospitals in Tennessee
and Georgia between 2018 and 2020. Among the 2,917 adults
hospitalized with CAP, 352 tested positive for S. pneumoniae,
including 51 cases of IPD. Among total 2,917 CAP patients,
PCV15, PCV20, and PCV21 serotypes were detected in 5.8,
6.7, and 9.3%, respectively. Among 1,107 CAP patients aged
265 years, PCV15, PCV20, and PCV21 serotypes were
detected in 5.8, 6.9, and 8.7% of CAP patients, respectively.
The most common serotypes were 3 (1.6% of total CAP cases),
22F (1.1%), 19A (0.8%), and 35B (0.7%).>

In Canada, PCV7, PCV10, and PCV13 were introduced
into the pediatric NIP between 2002 and 2011. The vaccination
schedule for PCV13 varies by region, typically followinga 2 + 1
dosing schedule, while some areas adopt a 3 + 1 schedule.”
PPSV23 has been available for use in adults since 1989 and can
be administered at physician offices, pharmacies, and public
health clinics.>* One study evaluated the pneumococcal sero-
type distribution in IPD cases involving adults aged =65 years
between 2010 and 2016, using national surveillance data con-
ducted by the Public Health Agency of Canada. The national
IPD serotype surveillance relies on a passive laboratory-based
system, utilizing all invasive isolates collected from provincial
and territorial public health laboratories. The study showed
that the proportion of IPD cases caused by PCV13 non-PCV7
serotypes declined significantly from 39.5 to 18.6% of the total.
In contrast, the proportion of PPSV23 and NVT serotypes
increased from 26.3 to 36.2% and from 25.1 to 38.4%, respec-
tively. The decline in serotypes 7F and 19A led to a reduction
in IPD cases caused by PCV13 serotypes, and the number of
IPD cases caused by serotype 3 remained constant throughout
the study period.> Another study assessed the serotype dis-
tribution in adults aged =16 years hospitalized with CAP
across five Canadian provinces between 2010 and 2015. This
study was part of the Serious Outcomes Surveillance Network
of the Canadian Immunization Research Network, which has
been actively monitoring CAP and IPD in hospitalized adults
since December 2010. The number of CAP cases caused by
serotypes 7F and 19A declined over time, but the number of
CAP cases caused by serotype 3 increased during the study
period.* The national IPD surveillance revealed the pneumo-
coccal serotype distribution from 2016 to 2022. The most
common serotypes in 2022 were 4, 12F, 3, and 9V in adults
aged 16—49 years, 4, 3, 9V, and 8 in those aged 50—64 years,
and 3, 22F, 9N, and 4 in those aged 265 years. PCV13, PCV15,
and PCV20 accounted for 51.8, 57.0, and 78.3% in adults aged
16—49 years, 46.8, 52.8, and 70.5% in those aged 50—64 years,
and 32.2, 44.2, and 58.5% in those aged =265 years,
respectively.”>*” One prospective, active, population-based
surveillance of IPD cases in adults aged =18 years in the
Calgary area found that serotype 4 was becoming more com-
mon among unhoused adults in Canada, similar to the US.***°
Currently, high-valency PCVs are available in these two coun-
tries. In the US, the Advisory Committee on Immunization
Practices (ACIP) decided to recommend PCV15 and PCV20 in
2021 for adults aged 265 years and those aged 19—64 years with
underlying medical conditions*’; in 2024, ACIP recommended
single-dose PCV21 as an option for adults aged =18 years for

whom PCV is recommended; and PCV15 and PCV20 replaced
PCV13 for pediatric NIP.'>'® In Canada, PCV21 was author-
ized for use in adults aged >18years in 2024. Since
November 2024, PCV20 or PCV21 has been recommended
for all adults aged =65 years and for those aged 18—64 years
with IPD-related risk factors.*"** It is necessary to monitor the
serotype distribution since the introduction of PCV15, PCV20,
and PCV21 can alter this distribution among both children
and adults.

The United Kingdom

In European countries, an increase in the incidence of IPD
cases caused by non-PCV serotypes has been reported from
2006 to 2019, following the introduction of PCVs in
children,”** whereas it has remained stable in the US.*>*
PCV7 was introduced into pediatric NIP in 2006 with a 2 + 1
dosing schedule and rapidly achieved a coverage rate exceed-
ing 90% in the UK. PCV13 replaced PCV7 in 2010 maintaining
the same dosing schedule. In 2020, the UK implemented
a reduced 1+ 1 dosing schedule based on the evidence from
clinical trial and modeling studies.”® All adults aged >65 years
and individuals aged >2 years with clinical risks for pneumo-
coccal diseases have been recommended to receive PPSV23
since 2003.>* National surveillance of IPD, covering the entire
population of England and Wales from 2000 to 2010, showed
that IPD cases caused by PCV7 serotypes declined in all age
groups, following the introduction of PCV7.>®> The national
surveillance of IPD also showed that PCV13 introduction in
2010 led to a reduction in IPD cases caused by additional
PCV13 serotypes across all age groups within four years post-
introduction, which was due to the reduction of serotypes 1, 3,
6A, 7F, and 19A.>* However, the national surveillance of IPD
showed that in 2016—2017, the incidence of IPD cases invol-
ving adults aged =15 years increased due to the rise in IPD
cases caused by non-PCV13 serotypes, especially serotype 8,
12F, and 9N, and PCV13 serotypes, including serotype 3 and
19A. The most common serotype in adults aged =65 years in
20162017 was serotype 8 (15.7%), followed by 3 (11.5%), and
12F (9.3%) (Table 2).* In January 2020, the UK implemented
a reduced 1+ 1 PCV13 pediatric NIP program. The national
surveillance of IPD reported that the annual number of IPD
cases between 2020 and 2023 was lower than that in 2019—
2020, possibly due to the restrictions imposed by the COVID-
19 pandemic. In 2022—2023, the proportion of IPD cases
caused by PCVI13 serotypes increased from 19.7% in
2019-2020 to 30.4% in 2022-23 among individuals aged =15
years, mainly due to serotype 3. The most common serotypes
were 3 (18%), 8 (17%), 22F (8%), and 9N (6%).>! Regarding the
distribution of serotypes responsible for pneumococcal pneu-
monia, one team conducted a prospective study of pneumo-
coccal pneumonia in adults aged 216 years hospitalized with
CAP at four university hospitals in the UK.”>*® In that study,
PCV13, PCV15, PCV20, and PPSV23 non-PCV13 serotypes
accounted for 31.0, 35.0, 55.6, and 32.3% of adult patients
hospitalized with pneumococcal pneumonia in 2018-2022,
respectively. The most common serotype was 3 (21.9%), fol-
lowed by 8 (15.7%).> Another study evaluated the serotype
distribution in adults aged =18 years with CAP or lower
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County

Type

Year

Population

Prevalent serotypes

Vaccine coverage

Reference

Austria

Denmark

Finland

France
Germany

Greece

Ireland

Israel

Israel
Italy

Italy
Norway

Spain

Spain

Sweden

Sweden

United
Kingdom

IPD

IPD

IPD

IPD
IPD

Pneumonia

IPD

IPD

Pneumonia
IPD

Pneumococcal cases
IPD

IPD

Pneumonia

IPD

Pneumonia

IPD

20152016

2017-2019

2017-2019

20152017
2017-2018

2017-2019

20152016

2014-2015

2014-2015
2017

20102016
2017-2019

2019

2017-2019

2017-2019

20162018

2016—-2017

Aged =50

Aged =65

Aged =65

Aged =65
aged =60

Adult 19-64

Aged >65

Aged >65

Aged =18

aged =50
All age

Aged =14
Aged =65

Aged 18—64

Aged =65

Aged =18

Aged 18—-64

Aged =65

Aged =65

Aged =18

Aged 18—64

Aged =65

Aged 5-64

Aged >65

3 (28.7%), 19A (7.4%), 22F (6.1%), 8 (5.5%)

8 (23.6%), 3 (9.6%), 22F (9.6%), ON (7.2%), 12F

(6.8%)

19A (22.0%), 3 (15.2%), 6C (11.2%), 22F (9.6%)

3 (14.3%), 22F (8.1%), 19A (7.4%), 8 (6.9%)
3(20.9%), 8 (9.8%), 22F (7.6%), 9N (7.0%), 19A

(5.2%)

3 (7.1%*)

3 (2.7%%), 19A (1.2%*)

19A (9.7%), 3 (8.6%), 12F (8.6%), 8 (8.0%), 33F

(8.0%)

12F, 16F, 8, 19A, 3"

3 (2.4%*), 23F (1.2%*), 19A (0.6%*)
8 (22.1%), 3 (14.4%), 22F (5.9%), 12F (5.7%)

3 (13.3%), 8 (9.4%), 19A (7.3%)
22F (16.7%), 3 (13.8%), 9N (8.3%), 8 (6.7%)

8 (30.3%), 3 (12.2%), 12F (6.3%), 9N (6.3%)

8 (18.7%), 3 (13.2%), 22F (5.3%), 12F (4.6%)

3 (14.8%), 8 (9.4%), 11A (8.3%)

3, 8, 7F, 12F in adults aged 18—49t
3, 8, 11A in adults aged 50—64+

3, 1A, 22F, 19A in adults aged 65—741
3, 19A, 11A, 31, 8 in adults aged > 751

3 (15.6%), 19A (9.7%), 8 (8.1%), 15A (5.8%)

3 (5.0%%), 8 (1.9%%), 1A (1.9%%), 19A (1.9%*)

3 (5.3%%), 8 (4.1%%), 19A (3.6%*), 11A (2.4%*)

3 (4.9%%), 1A (1.7%%), 22F (1.7%%), 5 (1.4%%)

8 (27.2%), 12F (17.9%), 3 (7.0%)

8 (15.7%), 3 (11.5%), 12F (9.3%)

PCV10: 16.8%
Non-PCV10: 83.2%
PCV10: 3%
PCV13: 14%
PCV15: 26%
PCV20: 63%
PCV10: 9%
PCV13: 48%
PCV15: 58%
PCV20: 67%
PCV13 plus 6C: 26.7%
PCV13: 31.4%
PCV15: 41.0%
PCV20: 64.0%
PPSV23: 73.6%
PCV13: 10%*
PCV15: 12%*
PCV20: 13%*
PPSV23: 14%*
PCV13: 6%*
PCV15: 6%*
PCV20: 8%*
PPSV23: 10%*
PCV13: 23.4%
PCV15: 38.9%
PCV20: 50.3%
PPSV23: 69.7%
PCV21: 82.9%
PCV7: 7%
PCV13: 26%

PPSV23 non-PCV13:

40%
Non-PPSV23: 34%
PCV13: 7.6%*
PCV13: 18.3%
PPSV23: 48.1%
PCV13: 45.0%
PCV10: 4%
PCV13: 20%
PCV15: 40%
PCV20: 57%
PCV13: 24%

PPSV23 non-PCV13:

58%
NVT: 18%
PCV13: 25%

PPSV23 non-PCV13:

45%
NVT: 30%
PCV13: 32%
PCV15: 39%
PCV20: 65%
PCV13: 42%
PCV15: 48%
PCV20: 72%
PPSV23: 77%
PCV13: 38%
PCV15: 44%
PCV20: 61%
PPSV23: 64%
PCV10: 4%
PCV13: 31%
PCV15: 41%
PCV20: 59%
PCV13: 10.8%*
PCV15: 12.5%*
PCV20: 17.0%*
PCV13: 12.4%*
PCV15: 13.6%*
PCV20: 20.7%*
PCV13: 10.0%*
PCV15: 12.0%*
PCV20: 15.2%*
PCV13: 17.1%

PCV13: 21.6%

45

66

66

60
62

71

65

73

74
46

47
66

44

58

66

68

43

(Continued)
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Table 2. (Continued).
County
United IPD
Kingdom
United
Kingdom

Year Reference

2022-2023

Population
Aged =15

Prevalent serotypes
3 (18%), 8 (17%), 22F (8%), 9N (6%)

Vaccine coverage
PCV13: 30.4% >

Type

PCV13: 31.0% s
PCV15: 35.0%

PCV20: 55.6%
PPSV23 non-PCV13:
32.3%

PCV13 plus 6C: 4.2%° 57
PCV15 plus 6C: 4.7%°
PCV20 plus 6C/15C:
8.6%°
PPSV23 plus 15C:
9.3%°

PCV13 plus 6C: 3.5%°
PCV15 plus 6C: 3.8%°
PCV20 plus 6C/15C:
6.7%°
PPSV23 plus 15C:
7.5%°

PCV13 plus 6C: 4.6%°
PCV15 plus 6C: 5.2%°
PCV20 plus 6C/15C:
9.7%°
PPSV23 plus 15C:
10.4%°

The country names are arranged in alphabetical order. Some of the data listed were recalculated from the data published in each article. PCV7 serotypes includes
serotype 4, 6 B, 9V, 14, 18C, 19F, and 23; PCV10 serotypes includes PCV7 serotypes plus 1, 5, and 7F; PCV13 serotypes includes PCV10 serotypes plus 3, 6A, and 19A;
PCV15 serotypes includes PCV13 serotypes plus 22F and 33F serotypes; PCV20 serotypes includes PCV15 serotypes plus 8, 10A, 11A, 12F, and 15B; PCV21 serotypes
includes 3, 6A, 7F, 19A, 22F, 33F, 8, 10A, 11A, 12F, 9N, 17F, 20, 15A, 15C, 16F, 23A, 23B, 24F, 31, and 35B; and PPSV23 serotypes includes serotypes 1, 2, 3, 4, 5, 6B, 7F, 8,
9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F.

*The proportion shown is the percentage of cases in which each serotype was detected in the total community-acquired pneumonia cases.

tThe proportion is not available.

§The proportion shown is the percentage of cases in which each serotype was detected in patients with respiratory infections who were tested for Streptococcus
pneumoniae.

Abbreviations: IPD, invasive pneumococcal disease; PCV7, a 7-valent pneumococcal conjugate vaccine; PCV10, a 10-valent pneumococcal conjugate vaccine; PCV13,
a 13-valent pneumococcal conjugate vaccine; PCV15, a 15-valent pneumococcal conjugate vaccine; PCV20, a 20-valent pneumococcal conjugate vaccine; PCV21,

Pneumonia 2018-2022 Aged =16 3 (21.9%), 8 (15.7%)

United 8 (3.2%"°), 7F (1.0%°), 3 (1.0%°)

Kingdom

Pneumonia and LRTI 2021-2022 Aged >18

8 (3.1%°), 23F/B (1.0%°), 14 (0.7%")

Aged 18—64

Aged =65 8 (3.3%°), 7F (1.3%°), 3 (1.3%°)

a 21-valent pneumococcal conjugate vaccine; PPSV23, a 23-valent pneumococcal polysaccharide vaccine; NVT, non-vaccine type.

respiratory tract infections who were hospitalized at two hos-
pitals in Bristol, UK, between 2021 and 2022. Of 2,445 patients
with respiratory infections who tested for S. pneumoniae,
PCV13 plus serotype 6C, PCV15 plus serotype 6C, PCV20
plus serotype 6C/15C, and PPSV23 plus serotype 15C were
detected in 4.2, 4.7, 8.6, and 9.3% of the 2,445 cases, respec-
tively. The most common serotypes were 8 (3.2% of 2,445
cases), 7F (1.0%), and 3 (1.0%).”” In the UK, after the intro-
duction of PCV13, IPD cases caused by serotype 3 decreased;
however, numbers started increasing among adults from four
years post-introduction. Serotype 8 emerged in both IPD and
pneumonia patients.

Spain and Italy

Similar to the UK, serotype 8 emerged in other European
countries, especially Spain and Italy (Table 2). In Spain, the
Ministry of Health makes general recommendations for vac-
cine policies, but 19 individual regions can implement their
own vaccination policies according to local epidemiology and
cost-effectiveness. In 2015, the Ministry of Health introduced
PCV13 for pediatric NIP using a 2 + 1 schedule.** Since 2004,
the Ministry of Health has recommended PPSV23 for immu-
nocompetent adults aged =65 years. A prospective, national,
observational study that included all IPD isolates reported by

hospitals evaluated the nationwide serotype distribution of
IPD cases between 2009 and 2019. After the introduction of
PCV13 for pediatric NIP, IPD cases caused by PCV13 serotype
decreased from 66% in 2009 (pre-PCV period) to 24% in 2019
(post-PCV period) in adults aged 18—64 years and 65% in 2009
to 25% in 2019 in adults aged 265 years. IPD cases caused by
PPSV23 non-PCV13 serotypes increased from 22% in 2009 to
58% in 2019 in adults aged 18—64 years, and 17% in 2009 to
45% in 2019 in adults aged 265 years, being primarily due to
the emergence of serotype 8 (from 5.2 to 30.3% in adults aged
18—64 years and from 5.8 to 18.7% in adults aged =65 years). In
2019, the most common serotypes were 8 (30.3% in adults aged
18—64 years and 18.7% in adults aged =65 years) and 3 (12.2%
in adults aged 18—64 years and 13.2% in adults aged 265
years).** One study evaluated the serotype distribution in
adult pneumococcal pneumonia patients aged >18 years who
attended at a university hospital in Southern Barcelona are of
Spain between 2011 and 2019. This study utilized the pneu-
mococcal isolates from blood or respiratory samples in
patients with radiology-confirmed pneumonia. It revealed
that serotype 3 was the most common between 2011 and
2019, and the prevalence of serotypes 8 and 11A increased
significantly from 2011-2013 to 2017—2019 among adults aged
>18 years with pneumococcal pneumonia. In 20172019, the
most common serotypes were 3, 8, and 11A. PCV13, PCV15,



PCV20, and PPSV23 serotypes accounted for 42, 48, 72, and
77% of total cases in adults aged 18—64 years, respectively.
PCV13, PCV15, PCV20, and PPSV23 accounted for 38, 44,
61, and 64% in adults aged >65 years, respectively.”®

In Italy, PCV7 was introduced into pediatric NIP between
2006 and 2010. PCV13 was licensed and replaced PCV7 for
pediatric NIP in 2010 following a 3 + 1 dosing schedule.**’
According to IPD surveillance by the Ministry of Health, the
proportion of IPD cases caused by PCV13 serotypes decreased,
and IPD cases caused by PPSV23 serotypes increased from
2007 to 2017. PCV13 and PPCV23 serotypes accounted for
18.3 and 48.1% of total cases, respectively, in 2017. The num-
ber of IPD cases caused by serotypes 3, 8, 12F, and 22F
increased from 2007 to 2017, and the proportion of IPD
cases caused by serotypes 3, 8, 12F, and 22F in 2017 was 14.4,
22.1, 5.7, and 5.9%, respectively.*® One study investigated the
distribution of serotypes before and after the introduction of
PCV13 responsible for pneumococcal diseases in individuals
aged >14years who were hospitalized with a diagnosis of
pneumococcal infection to three Italian regions where
PPSV23 vaccination rate was very low (<10%). The proportion
of IPD cases caused by PCV13 serotypes decreased from 62.3
to 45.0% after the introduction of PCV13, and the most com-
mon serotypes after the introduction were 3 (13.3%), 8 (9.4%),
and 19A (7.3%). Serotypes that increased after the introduction
were 8, 23A, and 33."

Other European countries and Israel

In France, PCV7 was licensed in 2001 but not covered by
health insurance, which resulted in low vaccine coverage
rates (<10% until December 2002).°*%! In 2006, PCV7 became
covered and was recommended for all children aged <2 years,
and PCV13 replaced PCV13 in 2010, adopting a 2 + 1 dosing
schedule, which resulted in a high vaccination coverage rate
among children.®® A previous study investigated the incidence
of IPD between 2001 and 2017, using population-based, pro-
spective surveillance data on IPD from both children and
adults across metropolitan France, covering 97% of the
French population. PCV7 introduction did not lead to
a significant reduction in the incidence of total IPD cases;
however, PCV13 introduction in 2010 was followed by
a significant decrease in the incidence of total IPD cases. The
incidence of IPD cases caused by PCV7 or PCV13 serotypes
decreased significantly after PCV7 or PCV13 implementation
in both children and adults. However, the incidence of IPD
cases caused by serotype 3 did not decrease from 2001 to 2017.
PCV13 serotypes plus 6C and 3 accounted for 26.7 and 14.3%,
respectively, of the total cases in 2015—2017 in adults aged 265
years. In 2015-2017, the most common serotypes in adults
aged 265 years were 3 (14.3%), 22F (8.1%), 19A (7.4%), and 8
(6.9%).°

Germany has recommended PCV for all children aged <2
years since 2006, initially following a 3 + 1 dosing schedule,
which was changed to a 2+ 1 dosing in 2015.°> PCV10 was
introduced in April 2009, and PCV13 has been in use since
December 2009, with costs fully reimbursed by health insur-
ance. The German National Reference Center for Streptococci
has conducted IPD surveillance since 1992. Among adults, the
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proportion of IPD cases caused by PCV7 serotypes decreased
from 40 to 45% in 1992-2006 to 5.8% in 2013—2014 and
remained between 3.5 and 5.2% since 2014. The proportion
of IPD cases caused by PCV13 non-PCV7 serotypes decreased
from 47% in 2010-2011 to 28% in 2014—2015 and remained
constant thereafter. In 2017-2018, PCV13, PCV15, PCV20,
and PPSV23 accounted for 31.4, 41.0, 64.0, and 73.6% of all
IPD cases, respectively, in adults aged 260 years. The most
common serotype in 2017—2018 was 3 (20.9%), followed by 8
(9.8%), 22F (7.6%), 9N (7.0%), and 19A (5.2%).°>°> One pro-
spective multicenter study evaluated the proportion of PCV13
serotypes in adults aged >18 years with radiographically con-
firmed CAP from 2012 to 2017. This study utilized urine
samples for serotyping, employing the serotype-specific multi-
plex urinary antigen detection assay, which enabled the detec-
tion of PCV13 serotypes. During the observation period,
PCV13 serotypes accounted for 7.4% of patients with all causes
of CAP, half of which were serotype 3.4

In Ireland, PCV7 was introduced into pediatric NIP in 2008
with a 2+ 1 dosing schedule and subsequently replaced by
PCV13 in 2010. Adults aged =65 years are recommended to
receive PPSV23. One study assessed the incidence of IPD in
adults aged =65 years between 2007 and 2016, using national
IPD surveillance data. From 2007—2008 to 2015—2016, there
was a 94% reduction in IPD cases caused by PCV7 serotypes;
however, there was no decline in additional PCV13 serotypes
over the same period in comparison with 2009—2010. The
incidence of IPD caused by PPSV23 non-PCV13 and NVT
serotypes increased from 2009—2010 to 2015—2016. In 2015—
2016, the most common serotypes were 19A (9.7%), 3 (8.6%),
12F (8.6%), 8 (8.0%), and 33F (8.0%). PCV13, PCV15, PCV20,
PPSV23, and PCV21 serotypes accounted for 23.4, 38.9, 50.3,
69.7, and 82.9%, respectively.65

Even though Nordic countries have similar healthcare
systems and demographics, the serotype distribution of
IPD cases in adults aged =65 years varies among them.
One study, utilizing public IPD surveillance data from
Denmark, Finland, Norway, and Sweden, investigated the
incidence and serotype distribution of IPD cases in adults
aged 265 years between 2010 and 2019 in these countries.
The incidence of IPD cases caused by PCV13 serotypes
declined from 2010 to 2019 in all four countries, but that
of IPD cases caused by PPSV23 non-PCV13 serotypes
increased during the same period in Denmark, Finland,
and Norway. The proportions of vaccine-covered serotypes
in 2017-2019 were as follows: PCV10 serotypes accounted
for 3, 9, 4, and 4% in Denmark, Finland, Norway, and
Sweden, respectively; PCV13 accounted for 14, 48, 20, and
31% in Denmark, Finland, Norway, and Sweden, respec-
tively; PCV15 accounted for 26, 58, 40, 41% in Denmark,
Finland, Norway, and Sweden, respectively; and PCV20
accounted for 63, 67, 57, and 59% in Denmark, Finland,
Norway, and Sweden, respectively. The most common ser-
otypes were 8, 3, 22F, and 9N in Denmark; 194, 3, 6C, and
22F in Finland; 22F, 3, 9N, and 8 in Norway; and 3, 194,
8, and 15A in Sweden.®® The proportion of PCV13 sero-
types was higher in Finland and Sweden, possibly because
of the difference in PCV included in pediatric NIP.*” PCV7
with a 2 + 1 dosing schedule was introduced in 2006, 2007,
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and 2009 into pediatric NIP in Norway, Denmark, and
Sweden, respectively, whereas Finland introduced PCV10
in 2010. PCV13 replaced PCV7 in Denmark and Norway
in 2010 and 2011, respectively. In contrast, Sweden intro-
duced PCV10 and PCV13 with a 2+ 1 dosing schedule in
2010, and switched to PCV10-only use in 2019. The dif-
ference in the type of PCV may have influenced the ser-
otype distribution. In Sweden, one prospective, population-
based, single-site study assessed the serotype distribution
among hospitalized patients aged >18 years with radiologi-
cally confirmed CAP who were admitted to a university
hospital from 2016 to 2018. The most common serotypes
in adults aged =18 years were 3 (5.0% of total CAP cases),
8 (1.9%), 11A (1.9%), and 19A (1.9%). PCV13, PCV15, and
PCV20 serotypes were detected in 12.4, 13.6, and 20.7% of
the total CAP cases, respectively, in adults aged 18—64
years; and PCV13, PCV15, and PCV20 serotypes were
detected in 10.0, 12.0, and 15.2% of the total CAP cases,
respectively, in adults aged >65 years.®®

Other European countries reported a similar reduction in
IPD cases caused by PCV13 following the introduction of
PCVs in children. In Greece, PCV7 became available in 2004
and was incorporated into pediatric NIP in 2006 with a 3 + 1
dosing schedule.”””’ PCV13 was introduced into pediatric NIP
in 2010. A prospective multicenter study conducted between
2017 and 2019 evaluated the serotype distribution among
adults aged >19 years with pneumococcal pneumonia who
were hospitalized with clinically and radiographically con-
firmed CAP in all hospitals in two cities in Greece. A total of
53.8% of pneumococcal pneumonia was caused by PCV13
serotypes. The most common serotypes were 3 (4.1% of 482
CAP) and 19A (1.2% of 482 CAP). In adults aged =65 years,
PCV13, PCV15, PCV20, and PPSV23 accounted for 5.8, 6.4,
8.2, and 9.5% of total 328 CAP, respectively.”" In Israel, PCV7
was introduced into pediatric NIP in 2009 with a 2 + 1 dosing
schedule and replaced by PCV13 in 2010. National active
surveillance of all adult IPD, initiated in 2009, has been
employed to evaluate the serotype distribution in adult aged
>18 years. At four years after PCV7 introduction and 2.5 years
after PCV13 introduction, the incidence of adult IPD caused
by PCV7 and PCV13 serotypes decreased, especially in
younger adults, with an increase in the incidence of IPD
cases caused by NVT serotypes.”> Subsequently, the incidence
of IPD cases caused by PCV7 and PCV13 serotypes decreased
by 79.4 and 70.1% in 2014—2015, respectively. However, the
decrease in serotypes 3, 19A, and 7F was slow. In contrast, the
incidence of non-PCV13 serotypes has been increasing, speci-
fically 12F, 9N, 10A, 16F, 24F, 15 B, 17F, 15, and 6C. Serotype 8
was also detected and the third most common serotypes in
2014-2015.” A similar trend was observed regarding the ser-
otype distribution of pneumococcal pneumonia. One study,
conducted between 2014 and 2015, evaluated the serotype
distribution among adults aged =50 years with radiographi-
cally confirmed CAP who presented to three hospitals in Israel.
Among the 498 CAP cases, 80 were positive for S. pneumoniae.
The most common serotype was 3, followed by 23F and 19A.7*

In contrast, Austria introduced PCV10 with a 2+1
dosing schedule in 2012. National IPD surveillance
revealed that compared with the incidence in 2009-2011,

IPD cases caused by PCV10 serotypes were reduced by 58
and 65% among individuals <5 and =50 years, respectively,
in 2013-2017, while no vaccine effects were observed
among those aged 5—49 years. Regarding adults aged =50
years, non-PCV10 serotypes constituted 83.2% of all sero-
typed IPD cases in 2015-2016, and serotype 3 was the
most common (28.7%), followed by 19A (7.4%), 22F
(6.1%), and 8 (5.5%). The proportion of IPD cases by
serotype 8 increased significantly, and the proportion of
IPD cases by serotype 19A increased in 2015—-2016 among
adults aged >50 years.*’

Asia

In Asian countries, emerging serotypes after PCV13 introduc-
tion differed from those in North America and European
countries; serotypes 4 and 8 did not emerge (Table 3). In
Japan, PCV7 became available for children in 2010, PCV7
was incorporated into pediatric NIP with a 3 + 1 dosing sche-
dule in April 2013, and PCV13 replaced PCV7 in
November 2013. PPSV23 was introduced into NIP for adults
aged >65 years in 2014.”° A national surveillance program for
IPD has been conducted since 2013. Regarding the introduc-
tion of PCV13 into NIP for children, the proportion of IPD
cases by PCV13 serotypes decreased within the three years
following its introduction. The proportion of PPSV23 non-
PCV13 serotypes remained unchanged in both adults aged 15—
64 and 265 years. Serotypes 3 and 19A decreased among adults
aged 265 years, although serotype 3 remained the most com-
mon. In adults aged 265 years between 2018 and 2019, the
proportions of PCV13, PCV15, PCV20, and PPSV23 were 30,
38, 56, and 57% of the total, respectively, and the most com-
mon serotypes were 3, 35 B, and 23A. Serotypes 4 and 8
accounted for less than 1% of IPD cases in 2018—2019.”7
A similar trend was observed in the serotype distribution of
adult pneumococcal pneumonia. One multicenter study eval-
uated the serotype distribution among individuals aged >15
years with radiographically confirmed pneumococcal CAP
between 2011 and 2020. Regarding the introduction of
PCV13 into pediatric NIP, the proportion of IPD cases caused
by PCV13 serotypes decreased within the four years following
its introduction; however, no reduction in the proportion of
IPD cases caused by PCV13 serotypes was subsequently
observed. The decrease in serotypes 3 and 19F contributed to
the decline in PCV13, but serotype 3 was the most common in
2018-2020. In 2018-2020, PCV13, PCV15, PCV20, PCV21,
and PPSV23 accounted for 38.5, 43.3, 59.6, 67.3, and 56.8% of
the total, respectively, in individuals aged 215 years. No pneu-
mococcal pneumonia was caused by serotype 4 or 8 in 2018—
2020.”® Currently, PCV15 and PCV20 are available for both
children and adults, and have been incorporated into pediatric
NIP since 2024 in Japan.'””® For adults, PCV15 and PCV20
are optional and not included in NIP, the same as PCV13.
South Korea introduced PCV10 and PCV13 with 3+1
dosing schedule into pediatric NIP in 2014, and PPSV23 has
been applied for older adults since 2013. One study evaluated
the serotypes of IPD cases collected from patients of all age
groups at a tertiary-care hospital in Korea between 2008 and
2014. The proportion of PCV13 serotypes was 50.9 and 52.8%
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Table 3. Prevalent serotype and proportion of vaccine-covered serotypes among adults in high-income countries in Asia and Oceania.

County

Type

Year

Population

Prevalent serotypes

Vaccine coverage

Reference

Australia

Australia

Japan

Japan

New Zealand

South Korea

Taiwan

IPD

IPD

IPD

2017

2016—2017

2018-2022

2018-2019

Pneumonia 2018-2019

IPD

IPD

IPD

2022-2023

2017-2019

2017-2020

Non-indigenous
aged 50-64

Non-indigenous
aged = 65

Indigenous aged
25-49

Indigenous aged >

50

Aged >18

Aged =65

Aged =65

Adults >15

Adults >65

All

Aged 5-64
Aged =65
Aged 19-50

Aged 51-64

Aged =65

Aged =20

Aged 20—49

3 (13%)
3 (16%)
8 (NA), 3 (4%)
3 (12%)

3 (15.8%), 22F (8.7%), 9N (8.5%), 19F (7.7%), 19A
(5.9%)

3 (16.6%), 19F (9.4%), 22F (8.9%), 9N (7.5%), 6C
(7.0%)

3 (10%), 19A (7%), 12F (7%)

3 (11.5%), 6B (10.6%), 19A (8.7%), 11A (8.7%)
NA

19A (34.7%), 8 (21.4%), 3 (8.0%)
19A, 8, 3*

19A, 8, 3*

19A (11.1%), 12F (9.5%), 23A (7.9%)

3 (13.9%), 23A (8.9%), 22F (8.9%)

3 (16.1%), 34 (9.9%), 11A (7.8%)

23A (14.8%), 15A (13.1%), 3 (10.5%), 19A
(10.1%), 14 (8.0%)

23A (17.2%), 3 (12.1%), 19A (12.1%), 14 (6.9%),
6A (6.9%), 34 (6.9%)

PCV7: 11%
PCV13: 35%
PPSV23 non
PCV13: 40%
NVT: 25%

PCV7: 10%
PCV13: 33%
PPSV23 non
PCV13: 30%
NVT: 39%

PCV7: 15%
PCV13: 27%
PPSV23 non
PCV13: 47%
NVT: 27%

PCV7: 8%

PCV13: 29%
PPSV23 non
PCV13: 28%
NVT: 43%

PCV13: 34.5%
PCV15: 43.6%
PCV20: 57.6%
PPSV23: 57.4%
PCV21: 68.2%

PCV13:35.3%
PCV15: 44.5%
PCV20: 54.3%
PPSV23: 54.1%
PCV21: 65.1%

PCV13: 30%
PCV15: 38%
PCV20: 56%
PPSV23: 57%

PCV13: 38.5%
PCV15: 43.3%
PCV20: 59.6%
PPSV23: 56.8%
PCV21: 67%

PCV13: 38.0%
PCV15: 43.0%
PCV20: 54.4%
PPSV23 non-
PCV13:16.5%

PCV10: 3.5%

NA

NA

PCV13: 19.0%
PCV15: 27.0%
PCV20: 55.6%
PCV21: 71.4%
PPSV23: 60.3%

PCV13:30.7%
PCV15: 39.6%
PCV20: 53.5%
PCV21: 71.3%
PPSV23: 55.4%

PCV13: 34.4%
PCV15: 40.1%
PCV20: 59.9%
PCV21: 73.4%
PPSV23: 60.9%

PCV13: 44.7%
PCV15: 45.6%
PCV20: 52.7%
PPSV23: 49.4%
PCV21: 58.6%

PCV13: 53.4%
PCV15: 53.4%
PCV20: 60.3%
PPSV23: 55.2%
PCV21: 60.3%

83

84

76

77

87

80

81

(Continued)
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Table 3. (Continued).

County Type Year Population Prevalent serotypes Vaccine coverage Reference
Aged 5064 15A (19.0%), 23A (12.7%), 29 (10.1%), 19A PCV13: 31.6%
(8.9%), 15B (8.9%) PCV15: 32.9%
PCV20: 43.0%
PPSV23: 41.8%
PCV21: 59.5%
Aged =65 23A (15.0%), 15A (13.0%), 3 (12.0%), 14 (11.0%), PCV13: 50.0%

19A (10.0%)

PCV15: 51.0%
PCV20: 56.0%
PPSV23: 52.0%
PCV21: 57.0%

The country names are arranged in alphabetical order. Some of the data listed were recalculated from the data published in each article. PCV7 serotypes includes
serotype 4,6 B, 9V, 14, 18C, 19F, and 23; PCV10 serotypes includes PCV7 serotypes plus 1, 5, and 7F; PCV13 serotypes includes PCV10 serotypes plus 3, 6A, and 19A;
PCV15 serotypes includes PCV13 serotypes plus 22F and 33F serotypes; PCV20 serotypes includes PCV15 serotypes plus 8, 10A, 11A, 12F, and 15B; PCV21 serotypes
includes 3, 6A, 7F, 19A, 22F, 33F, 8, 10A, 11A, 12F, 9N, 17F, 20, 15A, 15C, 16F, 23A, 23B, 24F, 31, and 35B; and PPSV23 serotypes includes serotypes 1, 2, 3, 4, 5, 6B, 7F, 8,

9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F.
*The proportion is not available.

Abbreviations: IPD, invasive pneumococcal disease; NA, not applicable; PCV7, a 7-valent pneumococcal conjugate vaccine; PCV10, a 10-valent pneumococcal conjugate
vaccine; PCV13, a 13-valent pneumococcal conjugate vaccine; PCV15, a 15-valent pneumococcal conjugate vaccine; PCV20, a 20-valent pneumococcal conjugate
vaccine; PCV21, a 21-valent pneumococcal conjugate vaccine; PPSV23, a 23-valent pneumococcal polysaccharide vaccine; NVT, non-vaccine type.

in individuals aged 6—64 and 265 years, respectively. The most
common serotype was 3 (13.9-14.2%).” Another study eval-
uated the serotype distribution of pneumococcal isolates caus-
ing IPD across all age groups, collected from 16 hospitals in
Korea between 2017 and 2019. In 2017-2019, after its intro-
duction, the proportion of PCV13 serotypes declined to 30—
40% in individuals aged =6 years. In adults aged =65 years,
PCV13, PCV15, PCV20, PCV21, and PPSV23 accounted for
34.4, 40.1, 59.9, 73.4, and 60.9%, respectively, of the total, and
the most common serotype was 3 (16.1%), followed by 34
(9.9%), 11A (7.8%), 10A (7.3%), 35B (6.8%), and 19A (6.3%).
IPD cases caused by serotype 4 or 8 were not reported in 2017—
2019.%° In Taiwan, PCV7 was introduced into a funded vacci-
nation program for children in 2009, and PCV13 was incor-
porated with a 2+ 1 dosing schedule in 2012. PPSV23 was
funded for adults aged =75 years in 2007—2008, and currently,
PCV13 and PPSV23 are funded for a single dose for adults
aged >65 years.®' According to the national surveillance of IPD
cases in adults aged =20 years between 2017 and 2020, the
most common serotypes were 23A (14.8%), 15A (13.1%), 3
(10.5%), 19A (10.1%), and 14 (8.0%). The proportions of IPD
cases caused by serotype 4 or 8 were 0.8 and 1.3%, respectively.
PCV13, PCV15, PCV20, PPSV23, and PCV21 serotypes
accounted for 44.7, 45.6, 52.7, 49.4 and 58.6%, respectively,
in adults aged 220 years. The serotype distribution pattern was
similar to that among adults aged >65 years.*'

Oceania

Australia and New Zealand introduced different PCVs for
pediatric NIP. Australia introduced PCV7 into pediatric NIP
in 2005 with a 3+ 0 dosing schedule, and PCV13 replaced
PCV7 in 2011. A study evaluated the serotype distribution of
IPD cases among individuals not identified as Indigenous
across all Australian jurisdictions, except the Northern
Territory, between 2002 and 2014, using data from the
National Notifiable Disease Surveillance System (NNDSS).
The study found that the incidence of PCV serotypes has
declined in both children and adults following the

introduction of PCVs. Conversely, the incidence of IPD cases
by NVT serotypes has increased since the introduction of
PCV7 in adults.®” Another study utilizing NNDSS data
assessed serotype-specific IPD incidence in both indigenous
adults aged =25 years and non-indigenous adults aged >50
years between 2002 and 2017. In non-indigenous adults aged
250 years, IPD cases caused by PCV7 and PCV13 serotypes
declined after the introduction of PCV7 and PCV13 for chil-
dren. However, IPD cases caused by serotype 3 increased from
2002 to 2017, with serotype 3 being the most common. This
trend differed among indigenous adults. In such adults aged
15—49 years, the total number of IPD cases did not signifi-
cantly change after PCV introduction for children, and the
total number of IPD cases increased among indigenous adults
aged =50 years, possibly due to the different impact on total
IPD cases. The proportion of PCV7 serotypes in IPD cases
before the introduction of PCV7 was smaller than that in non-
indigenous adults, and the subsequent increase in NVT sero-
types was larger. In 2017, PCV13 and PPCV23 non-PCV13
accounted for 33 to 35% and 30 to 40%, respectively, in non-
indigenous adults aged 250 years. PCV13 serotypes accounted
for 27 to 29% in indigenous adults aged >25 years in 2016—
2017. Serotype 3 was the most common serotype in non-
indigenous and indigenous adults aged =50 years, while sero-
type 8 was the most common serotype in indigenous adults
aged 25—49 years.”> Another study evaluated the current ser-
otype distribution of pneumococcal isolates from IPD cases
across all ages in Victoria, Australia, between 2018 and 2022, as
part of state laboratory-based surveillance. Between 2018 and
2022, in adults aged >18 years, the most common serotype was
3 (15.8%), followed by 22F (8.7%), 9N (8.5%), and 19F (7.7%);
and PCV13, PCV15, PCV20, PPSV23, and PCV21 accounted
for 34.5, 43.6, 57.6, 57.4, and 68.2%.*

In New Zealand, PCV7 was introduced into pediatric NIP
in 2008 with a 3+ 1 dosing schedule. PCV10 was used
between 2011 and 2014, with a switch to PCV13 in 2014.
PCV10 was introduced again in 2017 based on possible
cross-protection between 19F and 194, and the dosing sche-
dule was changed to 2 + 1 in 2020. Children with high-risk



underlying medical conditions were eligible for PCV13 with
a 3+1 dosing schedule. However, a study evaluating IPD
incidence across all age groups from 2017 to 2020 revealed
that, after switching to PCV10 for pediatric immunization,
the number of IPD cases caused by serotype 19A increased,
especially in children.®® Therefore, New Zealand switched to
PCV13 with a 2+ 1 dosing schedule in December 2022.%
The latest data from national laboratory-based surveillance
of pneumococcal isolates from IPD cases show that 19A was
the most common serotype, followed by 8 and 3, in indivi-
duals aged 5—64years and those aged >65years in 2022—
2023.%7

In summary, although pediatric PCV immunization pro-
grams are well-established and indirect effects have been
observed among adults in high-income countries, pneumococ-
cal diseases caused by PCV13 serotypes persist among adults.
Serotype 3 is one of the most common serotypes, and serotype
4 has reemerged in the Western US and Canada in specific
populations. Serotype 8 has emerged in European countries,
especially in the UK, Spain, and Italy, but not in North
America or Asian countries. In countries where PCV10 was
introduced during the observation period, such as Finland,
Austria, and New Zealand, serotype 19A ranked as the most
or second most prevalent serotype; these data do not support
PCV10’s cross-protection against serotype 19A. In many
countries, serotypes covered by newly developed high-
valency PCVs accounted for more than half of distributed
serotypes, and they can provide additional protection against
pneumococcal diseases in adults in these countries. As
a consequence of the introduction of PCV15 and PCV20 for
children and adults and PCV21 for adults, the serotype dis-
tribution in both children and adults is expected to change.
Therefore, ongoing evaluation of the latest serotype distribu-
tion is important.

Pneumococcal serotype distributions in non-high-
income countries among adults

Immunization programs for pneumococcal diseases differ
among non-high-income countries. Serotype replacement
occurred in countries where PCV was included in pediatric
NIP, while pneumococcal diseases caused by PCV serotypes
remained dominant in countries where PCV had not been
included in pediatric NIP (Table 4).

In countries where pneumococcal vaccines were not
included in pediatric NIP or the rate of vaccine coverage
was low regardless of their introduction into pediatric NIP,
pneumococcal diseases caused by PCV-covered serotypes
remained a marked burden. Since PCVs and PPSV23 are
available but not included in NIP of China, the vaccine
coverage rate has remained low due to high costs.®**
A multicenter observational study evaluated pneumococcal
isolates from IPD cases in both children and adults treated at
27 tertiary hospitals in China between 2012—2015. The study
showed that the most common serotypes in adults aged >18
years were 3 (21.7%), 19F (11.8%), and 19A (10.5%). PCV10
and PCV13 serotypes accounted for 38.1 and 69.9% of the
total, respectively, in adults aged 18—64 years. In those aged
>65 years, PCV10, PCV13, PCV15, PCV20, and PPSV23
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serotypes accounted for 23.1, 71.8, 71.8, 76.9, and 82.1%,
respectively. Among children <4 years, the proportion of
PCV10 and PCV13 serotypes were 55.3 to 61.7%, and
89.5%, respectively.”” Another multicenter study conducted
in 2018—2022 evaluated the distribution of serotypes causing
IPD or pneumococcal pneumonia across all age groups hos-
pitalized at five hospitals in China. They found that in adults
aged =50 years, the most common serotypes were 3 (15.8%),
19F (12.9%), and 19A (11.9%); and PCV10, PCV13, PCV15,
and PCV20 accounted for 24.8, 57.4, 57.4, 57.4, and 58.4%,
respectively.”’ These results indicate that the burden of
PCV13 serotypes in both children and adults in China is
large. In the Philippines, PCV13 was introduced into pedia-
tric NIP in 2015, but vaccine coverage remains low (30—60%
in 2015-2019).”> One study evaluated the serotype distribu-
tion in IPD cases across all age groups, using laboratory-
based surveillance conducted at 24 sites representing 16 of
17 regions in the country between 2012 and 2018. In adults
aged =65 years, the most common serotypes were 3 (10.2%),
4 (9.1%), and 1 (9.1%), all of which were included in PCV13.
PCV7, PCV10, PCV13, and PPPSV23 serotypes accounted
for 29.1, 50.9, 69.1, and 89.1%, respectively. PCV serotypes
accounted for a high proportion of children aged <5 years as
well; PCV7, PCV10, and PCV13 accounted for 54.9, 66.4,
and 70.8% of children aged <5vyears, respectively.”” India
introduced PCV13 with a 2+ 1 dosing schedule in 2017 in
a phased manner into pediatric NIP.”> One systematic review
estimated the proportion of IPD cases caused by PCV ser-
otypes in children aged <5 years, revealing that PCV10 and
PCV13 serotypes accounted for 67.3 to 78.4% of all IPD
cases before the introduction of PCVs in children in
2017.°* PCV13 and PPSV23 for adults aged >65years and
those aged 18—64 years with risks of pneumococcal diseases
have been recommended by the Geriatric Society of India
and Expert Group of the Association of Physicians of
India.”® A prospective study evaluated the serotype distribu-
tion of IPD cases in adults aged >18 years who attended
inpatient and outpatient services at a tertiary care center in
South India between 2007 to 2017. The study showed that
PCV10, PCV13, and PPSV23 serotypes accounted for 44.5,
58.6, and 67.4% of the total, respectively. The most common
serotypes were 1, 3, 5, and 19F, which were included in
PCV13.”° In both adults and children, the burden of vaccine-
covered serotypes before the introduction of PCV in children
was considerable in India.

In 2008, Turkey introduced PCV7 with a 3+ 1 dosing
schedule for children but replaced it with PCV13 in 2011.”
PCV13 can be received free of charge at immunization centers,
resulting in a 97% childhood vaccination rate.”® One study
evaluated the serotype distribution of pneumococcal diseases,
including pneumonia, bacteremia, meningitis, pleuritis and
peritonitis, in adults aged >18 years across 21 centers in
Turkey between 2015 and 2018. The most common serotypes
were 19F (13.0%), 3 (11.9%), and 1 (9.7%) in adults aged 18—
64 years, and 3 (18.4%), 19F (9.9%), and 1 (8.5%) in those aged
265 years. PCV13, PCV15, PCV 20, and PPSV23 serotypes
accounted for 62.8, 65.1, 71.0, and 74.3% of the total, respec-
tively, in adults aged 18—64 years, and 66.0, 69.5, 80.1, and
78.7% of the total, respectively, in those aged 265 years. Even
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Table 4. Prevalent serotype and proportion of vaccine-covered serotypes among adults in non-high-income countries.

County Type Year Population

Prevalent serotypes Vaccine coverage Reference

Asia

China IPD/Pneumonia 2018-2022 Aged =50

India IPD 2007-2017 Aged =19

Aged 19-65

Aged =66

Philippines IPD 2012-2018 Aged =65

Turkey Pneumococcal diseases  2015—-2018 Aged =18

Aged 1864

Aged =65

Africa

South Africa  IPD 2017-2019  Aged 45-64

Aged =65

South America
Brazil IPD 2014-2015
2014-2015

2015-2017

Aged 1864 NA
Aged =65 NA

Colombia IPD Aged =18

3 (15.8%), 19F (12.9%), 19A (11.9%)

1 (11.4%), 3 (8.2%), 5 (6.0%), 19F (6.0%), 8 (5.0%)

1 (12.4%), 3 (6.9%), 5 (6.4%), 19F (5.5%), 8 (4.6%)

3 (16.1%), 19F (8.9%), 14 (8.9%), 7F (7.1%)

3 (10.2%), 4 (9.1%), 1 (9.1%)

3 (14.1%), 19F (12.0%), 1 (9.3%), 23F (5.6%)

19F (13.0%), 3 (11.9%), 1 (9.7%)

3 (18.4%), 19F (9.9%), 1 (8.5%)

8 (15.1%), 12F (8.8%), 3 (8.4%), 19A (7.0%)

8 (17.8%), 3 (11.2%), 19A (8.6%), 22F (5.4%)

3 (12.5%), 19A (10.0%), 1 (8.8%)

PCV10: 24.8% 88
PCV13: 57.4%
PCV15: 57.4%
PCV20: 58.4%
PPSV23: 57.4%
PCV21: 50.5%
PCV10: 44.5% 89
PCV13: 58.7%
PPSV23: 67.4%
PCV10: 44.8%
PCV13: 56.9%
PPSV23: 66.5%
PCV10: 42.9%
PCV13: 69.6%
PPSV23: 73.2%
PCV7:29.1% 90
PCV10: 50.9%
PCV13: 69.1%
PPPSV23: 89.1%
PCV13: 63.9% 91
PCV15: 66.6%
PCV20: 74.1%
PPSV23: 75.9%
PCV13: 62.8%
PCV15: 65.1%
PCV20: 71.0%
PPSV23: 74.3%
PCV13: 66.0%
PCV15: 69.5%
PCV20: 80.1%
PPSV23: 78.7%

PCV13: 30.3% 92
PCV15: 34.3%
PCV20: 63.7%
PPSV23: 70.1%
PCV21: 70.6%
PCV13: 33.3%
PCV15: 38.9%
PCV20: 69.4%
PPSV23: 71.6%
PCV21: 74.3%

PCV10: 25.6% 93
PCV10: 20.4%
PCV10: 22.5% 94
PCV13: 51.3%
PPSV23: 58.8%
NVT: 35.0%

Some of the data listed were recalculated from the data published in each article. PCV7 serotypes includes serotype 4, 6 B, 9V, 14, 18C, 19F, and 23; PCV10 serotypes
includes PCV7 serotypes plus 1, 5, and 7F; PCV13 serotypes includes PCV10 serotypes plus 3, 6A, and 19A; PCV15 serotypes includes PCV13 serotypes plus 22F and 33F
serotypes; PCV20 serotypes includes PCV15 serotypes plus 8, 10A, 11A, 12F, and 15B; PCV21 serotypes includes 3, 6A, 7F, 19A, 22F, 33F, 8, 10A, 11A, 12F, 9N, 17F, 20,
15A, 15C, 16F, 23A, 23B, 24F, 31, and 35B; and PPSV23 serotypes includes serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F,

23F, and 33F.

Abbreviations: IPD, invasive pneumococcal disease; NA, not applicable; PCV7, a 7-valent pneumococcal conjugate vaccine; PCV10, a 10-valent pneumococcal conjugate
vaccine; PCV13, a 13-valent pneumococcal conjugate vaccine; PCV15, a 15-valent pneumococcal conjugate vaccine; PCV20, a 20-valent pneumococcal conjugate
vaccine; PCV21, a 21-valent pneumococcal conjugate vaccine; PPSV23, a 23-valent pneumococcal polysaccharide vaccine.

four years after the introduction of PCV13 for children, the
proportion of PCV13 was approximately 60% in cases of adult
pneumococcal pneumonia.”®

In Latin America, since 1993, there has been a surveillance
system called the Regional Immunization System or Sistema
Regional de Vacunas in Spanish (SIREVA), which involves
a national laboratory conducting surveillance of bacterial
pneumonia, sepsis/bacteremia, and meningitis and is orga-
nized by PAHO.” The SIREVA II project was launched in
2005 by PAHO.'” PCV has been included in pediatric NIP,
and IPD cases caused by PCV serotypes have declined in Latin

America.'”" In Brazil, PCV10 with a 3 + 1 dosing schedule was
introduced into pediatric NIP in 2010'°* and has been offered
freely in primary health care units.'”> One study evaluated the
serotype distribution of IPD cases across all age groups before
and after the introduction of PCV10, using national labora-
tory-based surveillance data collected between 2005 and 2015.
The proportion of PCV10 serotypes in total IPD cases declined
from 41.7% in 2005—-2009 to 19.1% in 2014—-2015 and from
40.0% in 2005—2009 to 21.1% in 2014—-2015, in adults with
meningitis aged 18—64 and >65 years, respectively. For non-
meningitis cases, it declined from 57.4 to 30.0% and 43.6 to



20.3% over the same period in adults aged 18—64 and 265
years, respectively. IPD cases by non-PCV10 serotypes
increased over the study period, driven mainly by serotypes
3, 6C, and 19A, which are not covered by PCV10.'"> Mexico
introduced PCV7 in 2006 initially for children living in the
poor regions with a 3 + 0 dosing schedule, and universal vac-
cination for children in 2008 with a 2 + 1 dosing schedule. In
2011, PCV13 was gradually introduced into pediatric NIP with
a2+ 1 dosing schedule. PPSV23 was incorporated into NIP for
adults aged >65 years in 2006."°* One study investigated the
serotype distribution of pneumococcal isolates from IPD and
NIPD cases across all age groups using laboratory-based sur-
veillance data from 2000 to 2014, evaluating changes before
and after PCV7 introduction for children. The proportion of
IPD cases caused by PCV7 serotype decreased. Serotype 3 was
the most common serotype in adults aged >50 years in the
post-PCV7 period, and a high proportion of IPD cases caused
by serotype 19A was observed in all age groups.'®* Colombia
introduced PCV10 with a 2 + 1 dosing schedule into pediatric
NIP in 2012.'° PCV10 vaccination was free for children,
leading to high vaccination coverage. PPSV23 has not been
universally included in NIP, except in the capital city, where
PPSV23 has been funded by municipal immunization program
for citizens aged >60 years.' One study reported the serotype
distribution of IPD cases in adults aged >18 years hospitalized
at five tertiary hospital in Bogotd in Colombia between 2011
and 2017. From 2011 to 2017, a decrease in IPD cases caused
by PCV10 serotypes was observed over the study period, with
an increase in additional PCV13 serotypes, including 3, 6A,
and 19A. From 2015 to 2017, in adults aged >18years, the
most common serotypes were 3 (12.5%) and 19A (10.0%); and
the proportions of IPD cases caused by PCV10, PCV 13, PPSV
23, and NVT serotypes were 22.5, 51.3, 58.8, and 35.0%,
respectively.'” Another study evaluated the serotype distribu-
tion of IPD cases across all age groups from 82 hospitals in
Bogota in Colombia, using a laboratory-based surveillance
data. The study showed that the number of IPD cases caused
by serotypes 19A and 3 increased in all age groups since the
introduction of PCV10 in children.'”” In countries which
introduced PCV10 as a pneumococcal vaccine for children,
serotype 19A and 3 have emerged since the introduction.
South Africa introduced PCV7 into its immunization program
in 2009, and PCV7 was replaced by PCV13 with a 2 + 1 dosing
schedule in 2011.'% National laboratory-based surveillance for
IPD across all age groups in South Africa began in 1999. One
study evaluated effects of PCV in the prevention of PCV13 ser-
otypes, using the national surveillance data between 2005 to 2019.
In adults, IPD cases caused by PCV7 serotypes and additional
PCV13 serotypes declined over the study period. In contrast, IPD
cases caused by NVT serotypes have increased, especially for
adults aged >65 years. In adults aged =65 years, the reduction in
overall IPD cases was smaller than that in younger groups due to
the large increase in IPD cases caused by non-PCV13 serotypes,
especially serotype 8. In 2017-2019, the most common serotypes
were 8 (15.1%), 12F (8.8%), 3 (8.4%), and 19A (7.0%) in adults
aged 45—64 years, and 8 (17.8%), 3 (11.2%), and 19A (8.6%) in
adults aged =65 years. PCV13, PCV15, PCV20, PPSV23, and
PCV21 accounted for 30.3, 34.3, 63.7, 70.1, and 70.6%, respec-
tively, in adults aged 45—64 years; and PCV13, PCV15, PCV20,
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PPSV23, and PCV21 accounted for 33.3, 38.9, 69.4, 71.6, and
74.3%, respectively, in adults aged >65 years in 2017-2019.'%
Similar to European countries, IPD cases caused by serotype 8
emerged in South Africa following the introduction of PCV13 for
children.

To summarize, in countries where PCV was not included in
pediatric NIP, the proportion of IPD cases by PCV serotype was
high in both children and adults. Serotypes 3 and 19A have
emerged, especially in countries where PCV10 is used. In coun-
tries without immunization programs or free access to pneumo-
coccal vaccines, the initial step is to include pneumococcal
vaccines in NIP and increase vaccine coverage among target
populations, even though this may be not easy to achieve.
Epidemiological studies of pneumococcal disease in adults have
been limited in these countries, and it is necessary to develop
surveillance systems to implement in future pneumococcal vacci-
nation strategies.

Clinical characteristics of pneumococcal serotypes in
adults

PCV7 was developed to include pneumococcal serotypes that
cover approximately 80% of serotypes causing IPD in
children.'”"" After its introduction, higher-valency PCV's were
developed and introduced throughout the world. Selecting appro-
priate serotypes to include in vaccination strategies is important
to prevent diseases effectively. In addition to the latest informa-
tion on serotype distribution, evidence of which serotypes are
associated with more severe disease is important.

Serotype 3 has a thick capsular membrane, and its colo-
nies have a mucoid appearance on blood agar. This facilitates
high-level virulence and prevents phagocytosis.''' Serotype
3 has been shown to elicit lower antibody levels in response
to PCV13 and PCV20 compared with other serotypes.
Moreover, these antibody levels decline more rapidly over
time,"'>'"? further complicating efforts to reduce the disease
burden. Based on clinical presentation, serotype 3 was
reported to be associated with high mortality among
adults,'%""*""2% meningitis,'*' shock,'** pneumonia with
complications, including renal and respiratory failure,'*
empyema,'** and necrotizing pneumonia.'*® One study
reported that IPD caused by serotype 3 was independently
associated with major adverse cardiovascular events
(MACE)."* Additionally, serotype 3 was associated with
lower quality-adjusted life years (QALY) among patients
aged >65 years.'”’

Another study evaluated disease severity among patients
with CAP, and it showed that compared with patients with
non-PCV13 CAP, those with PCV13 serotype CAP exhib-
ited higher 30-day mortality (adjusted odds ratio: 1.70).>
Among other PCV13 serotypes, 19A, 19F, and 6A have
been reported to be associated with higher mortality in
several studies.'®!' 1197121128129 Gerotype 19A was asso-
ciated with shock'’® and empyema.'** Serotype 19F was
associated with meningitis'*' and higher QALY loss in
patients aged >65 years.'*’

Among unique PPSV23 serotypes, serotype 8 has primarily
emerged in Europe, as mentioned above. Serotype 8 has been
reported to be associated with a high case fatality rate in
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Serotype 9N has been reported to be associated with high
mortality''*'">'*® and MACE."?° Serotype 11A was associated
with higher mortality in patients with IPD."'*'*' Since the
introduction of PCV13 into pediatric NIP, the incidence of
pneumococcal disease due to non-PCV13 serotypes has been
increasing, and some non-PCV13 serotypes have been
reported to be associated with severe diseases. Therefore, it is
necessary to monitor these serotypes.

Development and implementation of pneumococcal
vaccine from perspective of pneumococcal serotypes

Knowledge on the global serotype distribution in adults and
severity of each pneumococcal serotype raises several issues
regarding pneumococcal vaccine development and vaccination
strategies.

Serotype 3 has been persistent among adult pneumococcal
diseases even in countries with well-established nationwide
PCV13 immunization programs for children, which indicates
that there has been insufficient herd protection against sero-
type 3 among adults. The possible reasons are as follows:
immunogenicity data showed that antibody levels and opso-
nophagocytic titers against serotype 3 were lower than those
generated by other serotypes''>'**'*%; low levels of immuno-
genicity could lead to low mucosal immunity and low-level
effectiveness  against  nasopharyngeal  carriage'’>'’°
Furthermore, several studies estimated that higher titers of
antibodies were required to protect against IPD caused by
serotype 3."*”'** In addition, pneumococcal diseases caused
by serotype 3 may be more severe than those due to other
serotypes. Thus, direct vaccination using a pneumococcal vac-
cine that is effective against serotype 3 should be considered.
Clinical trials comparing PCV15 with PCV13 reported that
PCV15 led to higher antibody levels for serotype 3 than
PCV13."**!% PCV15 may be an optional pneumococcal vac-
cine, especially in countries where pneumococcal disease
caused by serotype 3 has constituted a burden.

Although vaccination policies differ depending on the
country, several countries have introduced PPSV23 into NIP
for older people and adults at risk. However, the incidence or
proportion of pneumococcal diseases caused by serotypes
included in PPSV23 has not declined, possibly because of the
limitations of the direct effectiveness of PPSV23 or low vacci-
nation coverage among target populations. By reviewing the
latest serotype distribution, the introduction of high-valency
PCV may reduce the incidence of pneumococcal diseases
among adults. However, increasing the valency of pneumo-
coccal vaccines has consistently been associated with reduced
antibody levels'*' due to antigen competition. This competi-
tion imposes a limitation on the number of antigens that can
be included in a single vaccine formulation, highlighting the
inherent challenges in current vaccine development strategies.
Furthermore, the introduction of high-valency PCVs may lead
to serotype replacement by pneumococcal serotypes that are
currently uncommon or of limited clinical significance. To
address the constraints of serotype inclusion and potential
for future serotype replacement, the development of new-
generation pneumococcal vaccines is required, such as

protein-based and whole-cell pneumococcal vaccines, which
are capable of providing serotype-unspecific protection.'*>'**
The proportion of vaccine-covered serotypes is comparable
among countries with similar pediatric pneumococcal vacci-
nation strategies; however, remaining or emerging serotypes
differ. In the Western US and Canada, serotype 4 has emerged,
especially among the unhoused individuals or those showing
drug/alcohol abuse. Unhoused individuals reportedly face
a higher pneumococcal disease risk due to limited access to
vaccinations, close contact with others in shelters, and an
increased rate of substance abuse.!**!'*> Moreover, drug
abuse is associated with a high risk of causing human immu-
nodeficiency virus (HIV) infection, and certain substances,
such as crack cocaine, have been reported to suppress the
immune response. Additionally, the use of injectable drugs in
unsanitary environments or through improper injection tech-
niques can result in tissue damage, causing localized inflam-
mation and increasing the risk of bacterial infections.'**'*
Serotype 4 is not covered by PCV21; therefore, it is necessary
to use pneumococcal vaccines, including serotype 4, depend-
ing on the target populations in these countries. Serotype 8 has
emerged in European countries, especially in the UK, Spain,
and Italy, and South Africa, and pneumococcal disease caused
by serotype 8 can be invasive. In countries where serotype
8 has emerged, direct vaccination with pneumococcal vaccines
including serotype 8 should be considered. The incidence of
pneumococcal diseases caused by serotype 19A has been
increasing in countries where PCV10 has been introduced. It
may be more favorable to introduce higher-valency PCVs such
as PCV13, if possible.

Pneumococcal vaccine is essential for addressing the burdens
of pneumococcal disease. However, several challenges require
attention. First, it is necessary to increase vaccination uptake
among adults, particularly older adults and individuals with
a high pneumococcal disease risk. Efforts should prioritize rais-
ing awareness and improving accessibility, especially for high-
risk groups of people and vulnerable populations. The following
interventions have been reported as effective to increase vaccine
uptake: invitations and reminders via telephone, letters, and
e-mails; reminders targeting at healthcare staff; educational pro-
grams about vaccination; and combining multiple interventions,
which has proven to be the most effective strategy across diverse
populations.’®® These approaches can be valuable tools to
enhance vaccine coverage. From the perspectives of policy-
makers and healthcare systems, addressing systemic barriers to
vaccination, such as cost, logistical challenges, and disparities in
healthcare access, is crucial. It is essential to recognize that
availability and accessibility are distinct concepts. Additionally,
strengthening pneumococcal disease surveillance systems to
monitor vaccine uptake and the disease burden in real-time is
essential. Improved data collection will facilitate more precise
interventions and enhance epidemiological insights.

Conclusion

Even though PCV has been successfully introduced into NIP
for children and reduced pneumococcal diseases caused by
PCV serotypes, the burden of PCV13 serotypes, especially
serotype 3, remains. The proportion of pneumococcal diseases



caused by non-PCV13 serotypes has increased along with
a reduction in pneumococcal diseases caused by PCV13 ser-
otypes, and direct vaccination of adults with novel PCV has the
potential to prevent residual pneumococcal diseases in adults.
However, residual and emerging serotypes differ across coun-
tries. Therefore, pneumococcal vaccination strategies should
be determined based on local epidemiological data.

The incidence of IPD cases by vaccine-covered serotypes and
the serotype distribution in adults differs by country and has
been changing over time, even within countries. To determine
the optimal pneumococcal vaccination strategy for adults, the
latest epidemiological information on the local serotype distri-
bution in adult pneumococcal diseases is essential. Thus,
ongoing surveillance to investigate the incidence and proportion
of pneumococcal diseases by serotype should be maintained,
and the development of surveillance is an urgent issue in coun-
tries where surveillance systems have yet to be established.
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