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Background. The introduction and adoption of pneumococcal conjugate vaccines (PCVs) into pediatric national 
immunization programs (NIPs) has led to large decreases in invasive pneumococcal disease (IPD) incidence caused by vaccine 
serotypes. Despite these reductions, the global IPD burden in children remains significant.

Methods. We collected serotype-specific IPD data from surveillance systems or hospital networks of all 30 high-income 
countries that met inclusion criteria. Data sources included online databases, surveillance system reports, and peer-reviewed 
literature. Percentage of serotyped cases covered were calculated for all countries combined and by PCV type in the pediatric NIP.

Results. We identified 8012 serotyped IPD cases in children <5 or ≤5 years old. PCV13 serotype IPD caused 37.4% of total IPD 
cases, including 57.1% and 25.2% for countries with PCV10 or PCV13 in the pediatric NIP, respectively, most commonly due to 
serotypes 3 and 19A (11.4% and 13.3%, respectively, across all countries). In PCV10 countries, PCV15 and PCV20 would cover an 
additional 45.1% and 55.6% of IPD beyond serotypes contained in PCV10, largely due to coverage of serotype 19A. In PCV13 
countries, PCV15 and PCV20 would cover an additional 10.6% and 38.2% of IPD beyond serotypes contained in PCV13. The 
most common IPD serotypes covered by higher valency PCVs were 10A (5.2%), 12F (5.1%), and 22F and 33F (3.5% each).

Conclusions. Much of the remaining IPD burden is due to serotypes included in PCV15 and PCV20. The inclusion of these 
next generation PCVs into existing pediatric NIPs may further reduce the incidence of childhood IPD.
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Introduction

Streptococcus pneumoniae infection has several clinical mani-
festations, including invasive pneumococcal disease (IPD; eg, 
meningitis, bacteremia, and bacteremic pneumonia) and non-
invasive disease [1–3]. IPD is a leading cause of morbidity and 
mortality in children and adults [4], with S pneumoniae the 
most common cause of bacteremic pneumonia among children 
[5]. One hundred one unique S pneumoniae serotypes have 
been identified, with most being capable of causing serious dis-
eases in humans [1, 6–8]. Pneumococcal disease is endemic 
globally, but pneumococcal serotype distribution varies over 
time, by age, clinical manifestation, and geography [1, 6].

Currently licensed vaccines for pneumococcal disease 
prevention in children in high-income countries include the 
10- and 13-valent pneumococcal conjugate vaccines (PCV10 
and PCV13). Among high-income countries, PCV10 (serotypes 
1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F) or PCV13 (PCV10 se-
rotypes plus 3, 6A, and 19A) vaccination is typically included as 
part of the national immunization program (NIP) for children 
<5 years old. Pneumococcal vaccination is usually administered 
as a 2 + 1, 3 + 0, or 3 + 1 schedule, depending on the country (the 
UK recently adopted a 1 + 1 schedule) (Table 1).

PCV use in pediatric NIPs has led to large decreases in IPD 
incidence caused by serotypes included in available vaccines 
[1]. Despite these reductions, IPD continues to cause a signifi-
cant global burden in children [3]. Although existing vaccines 
have greatly reduced vaccine serotype disease, they have not 
eliminated carriage or transmission [9], leaving a remaining 
burden from these serotypes among unvaccinated or undervac-
cinated children or those with vaccine failure. More important-
ly, existing vaccines contain a limited number of the 101 known 
serotypes, and nonvaccine serotypes may replace vaccine sero-
types in the upper airway, causing increased transmission and 
disease at a population level [7, 10–12]. The propensity to cause 
carriage and disease is concentrated among a relatively small 
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Table 1. Characteristics of Countries and Pneumococcal Vaccine Use

Country
WHO 
Region

Surveillance System (Type) or 
Hospital Network (n hospitals)

NIP Pediatric Schedule Used 
During Years of Data 

Reported in the Analysisa

Year PCV 
Introduced Into 
Pediatric NIP

PCV Used During Years 
of Data Reported in the 

Analysis

Year PCV Use Began 
Relevant to Years of Data 
Reported in the Analysis

Australia WPRO National, passive, mandatory 3 + 0b 2005 PCV13 2011

Austria EURO National, passive, mandatory 2 + 1 2002 PCV10 2012c

Belgium EURO Sentinel, passive, voluntary 2 + 1 2007 PCV10, PCV13 2015 or 2016 (PCV10); 2018 
or 2019 (PCV13)d

Canada AMRO Multiprovincial, passive, 
voluntary

2 + 1 2002–2006, varies 
by province

PCV13 2010e

Chile AMRO Laboratory based 2 + 1 2011 PCV10 2011f

Czech 
Republic

EURO National, active, mandatory 3 + 1g 2005 PCV10, PCV13 2009 (PCV10); 
2010 (PCV13)

Denmark EURO National, passive, mandatory 2 + 1 2007 PCV13 2010

United 
Kingdom

EURO National, passive, mandatory 2 + 1h 2006 PCV13 2010

Finland EURO National, passive, mandatory 2 + 1 2010 PCV10 2010

France EURO National, active, voluntary 2 + 1 2006 PCV13 2010

Germany EURO National, active, voluntary 2 + 1i 2006 PCV13 2009 (PCV10), 2010 
(PCV13)

Hong Kong WPRO National, passive, mandatory 3 + 1j 2010 PCV13 2011

Hungary EURO National, passive, voluntary 2 + 1 2009 PCV13 2010

Ireland EURO National, passive, mandatory 2 + 1 2008 PCV13 2010

Israel EMRO National, active, voluntary 2 + 1 2009 PCV13 2010k

Italy EURO National, passive, voluntary 2 + 1 2005 PCV13l 2010

Japan WPRO Hospital network (n = 341) 3 + 1 2011 PCV13 2013

Netherlands EURO Sentinel, passive, voluntary 2 + 1 2006 PCV10 2011

New Zealand WPRO National, passive, mandatory 3 + 1 2008 PCV13 2014m

Norway EURO National, passive, mandatory 2 + 1 2006 PCV13 2011

Panama AMRO Laboratory based 2 + 1 2010 PCV13 2011

Poland EURO National, passive, mandatory 2 + 1 2017 PCV13 2017n

Singapore WPRO National, passive, mandatory 2 + 1 2009 PCV13 2011

Slovakia EURO National, active, mandatory 2 + 1 2009 PCV10, PCV13 2010

Slovenia EURO National, passive, mandatory 2 + 1 2005 PCV10o 2015

South Korea WPRO Hospital network (n = 44) 3 + 1 2014 PCV10, PCV13 2014

Spain EURO Regional, passive, mandatory 2 + 1 2001 PCV13 2015

Sweden EURO National, passive, mandatory 2 + 1 2009 PCV10, PCV13p 2010

United 
States

AMRO Sentinel, passive, mandatory 3 + 1 2001 PCV13 2010

Uruguay AMRO Laboratory-based 2 + 1 2008 PCV13 2010

Abbreviations: AMRO, Regional Office for the Americas; EMRO, Regional Office for the Eastern Mediterranean;  EURO, Regional Office for Europe; NIP, National Immunization Program; PCV, 
pneumococcal conjugate vaccine; PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; WHO, World Health Organization; WPRO, Regional 
Office for the Western Pacific.  
aPCV schedule information accessed on International Vaccine Access Center ViewHub (https://view-hub.org/).  
bIn Australia, a 3 + 0 schedule was used during the years of data included in this analysis (2016–2018). In 2018, Australia switched from a 3 + 0 to a 2 + 1 schedule.  
cIn Austria, PCV10 was used during the years of data included in this analysis (2016–2018). Austria switched to PCV13 in 2020.  
dBelgium is divided into 2 regions that make independent PCV decisions, which can occur at different times. The Flanders region switched from PCV13 to PCV10 in July 2015. The Wallonia 
region (includes Brussels) switched from PCV13 to PCV10 in May 2016. Both regions switched back to PCV13 in 2018 or 2019 (Wallonia in late 2018, and Flanders in July 2019).  
eIn Canada, PCV10 was used from 2009 to 2010 in 2 provinces.  
fIn Chile, PCV10 was used during the years of data included in this analysis. Chile switched from PCV10 to PCV13 in 2017.  
gIn the Czech Republic, a 3 + 1 schedule was used during the years of data included in this analysis. In 2018, they switched to a 2 + 1 schedule. Both PCV10 and PCV13 are recommended and 
estimates of PCV coverage do not differentiate between use of PCV10 and PCV13.  
hThe United Kingdom switched to a 1 + 1 schedule in 2020.  
iIn Germany, PCV13 is used primarily (market share >90%). In 2015, Germany switched from a 3 + 1 to a 2 + 1 schedule.  
jIn Hong Kong, a 3 + 1 schedule was used during the year of data included in this analysis. They switched from a 3 + 1 to a 2 + 1 schedule in July 2019.  
kIn Israel, PCV13 gradually replaced PCV7; a catch-up program was not implemented.  
lThe Piemonte region of Italy switched from PCV13 to PCV10 in 2018. The other regions continue to use PCV13.  
mNew Zealand switched from PCV7 to PCV10 in 2011, to PCV13 in 2014 (the year marking the beginning of data included in this analysis), and to PCV10 in 2017.  
nIn Poland, serotype data from 2017 were included, the year PCV13 was included in the NIP.  
oSlovenia switched from PCV10 to PCV13 in 2019.  
pIn Sweden, both PCV10 and PCV13 are recommended, and choice of PCV is determined by individual counties.
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number of nonvaccine serotypes [13] and to most efficiently re-
duce the remaining pediatric IPD burden these serotypes have 
been the focus of expanded valency PCVs. Recently, 2 vaccines 
have been licensed in adults in the United States and are in ad-
vanced clinical development for pediatric populations: 15- and 
20-valent PCV (PCV15 [PCV13 serotypes plus 22F and 33F] 
and PCV20 [PCV15 serotypes plus 8, 10A, 11A, 12F, and 
15B], respectively) [14, 15].

Robust IPD surveillance is required to monitor disease inci-
dence and serotype distribution to inform vaccination policies, 
guide vaccine development, and understand vaccination impact 
on IPD across the population. Here we investigate the contem-
porary IPD serotype distribution among children in high- 
income countries with the goal of estimating the vaccine serotype 
coverage for currently available (PCV10 and PCV13) and inves-
tigational (PCV15 and PCV20) pediatric pneumococcal vaccines 
and describe the influence of PCVs currently used in the pediat-
ric NIP on pediatric IPD serotype distribution.

METHODS

Country Selection Criteria and Data Collection

High-income countries were selected according to the World 
Bank classification and retained for the analysis if they reported 
IPD cases for children from a national, regional, or sentinel sur-
veillance or a country hospital network. Information on IPD 
cases was retrieved from each selected country from either a 
publicly available source (eg, surveillance report, online data-
base), or a peer-reviewed publication through a targeted search 
on PubMed. Inclusion was not restricted to countries already 
using PCV in infant NIPs; however, for countries that had in-
troduced a PCV into the NIP, IPD cases had to be reported after 
pediatric PCV introduction to meet inclusion criteria. 
Countries were excluded from analysis if they reported <20 
IPD cases overall during the specified inclusion period.

For each included country, we collected information on the 
type of surveillance systems or hospital network; PCV type if 
any used in the NIP during the reporting period; PCV schedule; 
and PCV introduction date into the pediatric NIP (Table 1). 
The following criteria were applied to determine which data to in-
clude in analysis: (1) if more than 1 data source for IPD cases was 
available, then the source with the largest number of cases report-
ed was selected, and (2) cases from the 3 most recent years of data 
available were selected (if fewer than 3 years were available, then all 
available data were selected; Supplementary Table 1). Data were 
excluded if: (1) the source of isolates was not specified, (2) nonster-
ile and sterile site isolates were not differentiated, or (3) IPD cases 
were not reported by serotype and age groups.

Data Analysis

The percentage of IPD associated with individual serotypes or 
pooled PCV serotypes was calculated for the reporting period 

for each country (excluding missing and non-typeable cases 
from the denominator). Average percentages of IPD were cal-
culated for individual serotypes and pooled PCV serotypes. To 
describe the impact of pediatric PCV use on pediatric serotype 
distribution, IPD percentages were calculated for countries 
stratified by PCV type, pediatric PCV use duration in the 
NIP, and World Health Organization (WHO) region (the 
Regional Office for the Americas [AMRO], the Regional 
Office for the Eastern Mediterranean [EMRO], the Regional 
Office for Europe [EURO], and the Regional Office for the 
Western Pacific [WPRO]). Serotypes were pooled according 
to their inclusion in pneumococcal vaccines already licensed 
or in development or their potential for cross-reacting with 
PCV serotypes: PCV10 serotypes (1, 4, 5, 6B, 7F, 9V, 14, 18C, 
19F, and 23F, plus cross-reacting 6A), PCV13 serotypes 
(PCV10 serotypes, including 6A, and 3 and 19A plus cross- 
reacting 6C), PCV15 serotypes (PCV13 serotypes, 22F and 
33F), and PCV20 serotypes (PCV15 serotypes plus 8, 10A, 
11A, 12F, and 15B, plus cross-reacting 15C).

RESULTS

IPD Serotype Distribution in Children From High-Income Countries

Overall, 30 high-income countries met the inclusion criteria 
(Figure 1, Supplementary Table 1). Twenty-eight (93%) coun-
tries reported data for all children <5 years old or ≤5 years old 
(2 reported data for children <2 years old). Data reporting pe-
riods ranged from 2014–2015 to 2017–2019. In 28 countries 
(93%), IPD serotype distribution data were generated from a 
surveillance system, and in the remaining 2 countries, from a 
hospital network (Table 1). Twenty-two countries (73%) had 
IPD data available from at least 3 years, 6 countries had data 
available from 2 years, 1 country had data available from 1 
year, and 1 country (South Korea) reported aggregated sero-
typed IPD data for 4 years combined (Supplementary Table 2).

In children <5 years old, 8012 IPD cases had a serotype iden-
tified (Supplementary Table 2). The number of cases in coun-
tries ranged from 23 (Hungary and Slovakia) to 1112 
(Australia). Overall, average coverage of IPD was 10.7% (min: 
0%, max: 51.5%) for PCV10, 37.4% (min: 11.7%, max: 74.7%) 
for PCV13, 44.5% (min: 15.0%, max: 79.6%) for PCV15, and 
66.5% (min: 42.3%, max: 93.1%) for PCV20 (Supplementary 
Table 2). Across all countries, the most commonly reported se-
rotypes were 19A (13.3%), 3 (11.4%), 10A (5.2%), and 12F 
(5.1%). Although considerable variability among countries 
was seen, in general, a high percentage of IPD cases was 
caused by the aggregate serotypes not included in PCV10 
and PCV13 but included in PCV15 and PCV20 (Figure 2, 
Supplementary Table 2). The incremental coverage of 
PCV15 and PCV20 beyond either PCV10 or PCV13 was in-
versely related to IPD serotype coverage of PCV10 or PCV13 
(Figure 3A, Figure 3B).
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Impact of Pediatric PCV Use on Pediatric IPD Serotype Distribution

All countries had introduced a PCV into the pediatric NIP: 20 
(66%) had introduced PCV13, 5 (17%) PCV10, and 5 (17%) 
PCV10 and PCV13. The majority of countries administered 
PCV in a schedule with 2 infant and 1 toddler doses (2 + 1) 
(n = 23; 77%); introduced the current PCV into the pediatric 
NIP ≥3 years before the beginning of data reporting period in-
cluded in this analysis (n = 24; 80%); and were located in the 
EURO region of the WHO (n = 18; 60%) (Table 1, 
Supplementary Table 2).

For countries with PCV13 in the pediatric NIP, serotypes con-
tained in PCV10, PCV13, PCV15, and PCV20 caused 7.3%, 
25.2%, 35.8%, and 63.4% of IPD cases, respectively. The most 
common serotypes overall in PCV13 countries were 3 (10.2%; 
min: 1.1%, max: 51.7%), 12F (7.3%; min: 0%, max: 28.7%), 
19A (7.0%; min: 0%, max: 22.2%), and 10A (5.7%; min: 0%, 
max: 13.5%) (Figure 2, Supplementary Tables 2 and 3).

For countries with PCV10 in the pediatric NIP, serotypes 
contained in PCV10, PCV13, PCV15, and PCV20 caused 
16.4%, 57.1%, 61.4%, and 72.0% of IPD, respectively. The 
most common serotypes in PCV10 countries were 19A 
(27.8%; min: 14.5%, max: 50.0%), 3 (8.6%; min: 2.1%, max: 
14.1%), and 14 (5.1%; min: 0%, max: 18.2%) (Figure 2, 
Supplementary Tables 2 and 3). The relatively similar coverage 
from PCV13, PCV15, and PCV20 in countries with PCV10 in 
the NIP likely results from the high proportion of disease 
caused by serotype 19A (not included in PCV10) and the sub-
sequent lower proportion due to other serotypes (Figure 4).

When PCV choice in the pediatric NIP was stratified further 
by PCV duration in the pediatric NIP and by WHO region, 
substantial variability in the percentages of IPD covered by 
PCVs was observed (Figure 5A and 5B, and Supplementary 
Table 4). In general, shorter duration of PCV use in the NIP 
corresponded with a larger share of IPD due to the original se-
rotypes covered by the PCV in the NIP, especially for countries 
using PCV10 in the NIP.

DISCUSSION

The introduction of PCVs into NIPs around the world has result-
ed in substantial reductions in IPD in children caused by sero-
types included in PCV10 and PCV13 [3, 16, 17]. This is likely 
due to the direct protection against IPD offered by routine pedi-
atric NIPs in these countries in combination with indirect pro-
tection of undervaccinated children or those who did not 
respond to vaccine. However, as corroborated by other studies 
and supported in the results of this analysis, serotypes contained 
in existing vaccines continue to cause a substantial burden of 
IPD, including serotype 19A (particularly in countries using 
PCV10 in the NIP but also to a lower degree in countries using 
PCV13 in the NIP) and serotype 3 in all countries [12, 17]. These 
data illustrate the limits of relying on cross-protection for some 
serotypes (eg, serotype 19F for 19A) and suggest that some sero-
types may require more robust or different immunologic re-
sponse than those induced by current conjugate vaccine 
formulations to reduce carriage acquisition or density and thus 

Figure 1. Characteristics of countries meeting inclusion criteria for analysis. an = 38 excluded due to no surveillance system or hospital network reporting IPD cases. bn = 2 
excluded (Taiwan and Portugal). cn = 1 excluded (Croatia). dn = 9 excluded (Cyprus, Estonia, Greece, Iceland, Luxembourg, Latvia, Lithuania, Malta, and Switzerland). 
Abbreviations: IPD, invasive pneumococcal disease; NIP, national immunization program; PCV, pneumococcal conjugate vaccine.
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to provide population-based protection [18]. These factors are 
compounded by suboptimal vaccine uptake that has been report-
ed in several countries [19], which may contribute to the persis-
tent burden of vaccine-type IPD in children.

Serotype 19A was the most common serotype in countries 
using PCV10, which does not include 19A in its formulation. 
It was also frequently detected in countries using PCV13 but 
at a lower frequency. Consistent evidence of PCV13 effective-
ness against serotype 19A disease has been reported among 
directly vaccinated persons [20, 21]. These data are corrobo-
rated with evidence of significant declines in serotype 19A 
IPD in countries that introduced PCV13 into the pediatric 
NIP [11, 22]. Despite high population PCV coverage in these 
countries, residual 19A IPD persists among children [22]. 
This evidence of ongoing transmission may indicate that 
higher antibody concentrations are needed to protect against 
carriage.

Furthermore, interpretation of data for serotype 19A may re-
quire knowing details about the nuances of vaccine use in cer-
tain countries. For example, Singapore and New Zealand 
reported that 22.2% of IPD was due to serotype 19A; however, 
New Zealand has alternated between PCV10 and PCV13 use, 
and data from Belgium indicate serotype 19A rebounded rap-
idly in association with a switch from PCV13 to PCV10 [23]. 
Australia also reported a relatively high contribution from sero-
type 19A but used a 3 + 0 schedule during the data reporting pe-
riod, which may control transmission less well than a schedule 
with a post-infancy booster. The high proportions of IPD due 
to serotype 19A from Panama and Singapore are based on 4 
and 6 serotype 19A cases among 26 and 27 total IPD cases, re-
spectively, and thus may represent the consequences of a small 

denominator. Other large fluctuations between countries in se-
rotype distribution may have similar explanations.

Serotype 3 was also one of the most common serotypes iden-
tified in countries with short-term and long-term use of PCV13 
or PCV10 in the pediatric NIP. Pre-licensure immunogenicity 
data of PCV13 indicate a robust immune response and func-
tional antibody activity for all serotypes including serotype 3, 
particularly after the booster dose [24]. Countries that intro-
duced PCV13 into the pediatric NIP, assessed its effectiveness 
against IPD, and that were included in a meta-analysis together 
reported an effectiveness estimate of 63.5% (95% confidence in-
terval [CI]: 37.3%, 89.7%) [25]. However, trends in serotype 3 
IPD incidence among unvaccinated age cohorts indicate that 
initial evidence of indirect protection have begun to reverse 
[25]. Several explanations exist. Protection from serotype 3 car-
riage may require higher antibody levels than those induced by 
PCV13, and the unique capsular structure of serotype 3 may re-
quire activation of alternative immunological pathways [26]. In 
some areas, particularly the United Kingdom, the rebound in 
serotype 3 has been predominantly due to a new clade 2, which 
demonstrates higher levels of antibiotic resistance and alter-
ations in subcapsular genes [27]. If these characteristics of clade 
2 are driving the lower ability of PCV13 to protect against car-
riage, then it is possible a similar effect will be seen with any 
vaccine targeting the serotype 3 capsule antigen.

For several reasons, the additional serotypes targeted by ex-
panded valency PCV15 and PCV20 have become an increasing 
global concern [10, 13, 16, 28–32]. First, these serotypes are 
now responsible for a high proportion of IPD and related 
deaths [10, 16, 28, 29]. Data from Public Health England re-
ported that after PCV13 introduction, serotypes 8, 11A, 15B, 

Figure 2. Percentages of cases caused by vaccine-specific serotypes (PCV serotype coverage) among countries with PCV10 and PCV13 use in children <5 years old. 
n represents the number of cases reported in each country. *Estimates of PCV20 coverage for children <5 years old are weighted averages of the <1- and 1–4-year 
data. For full details and source data, see Supplementary Table 2. Abbreviations: PCV, pneumococcal conjugate vaccine; PCV10, 10-valent pneumococcal conjugate vaccine; 
PCV13, 13-valent pneumococcal conjugate vaccine; PCV15, 15-valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine.
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15C, 22F, and 33F were together responsible for 20% of 
IPD-related deaths in children in England and Wales [31]. 
Second, some serotypes such as 8, 10A, 15B/15C, 22F, and 
33F have been shown to cause more severe clinical manifesta-
tions such as meningitis compared with other serotypes includ-
ing some PCV13 serotypes (1, 3, 4, 9V, 14, and 19A) [13, 33]. 
Third, some serotypes have started to become endemic or cause 
outbreaks. For example, an outbreak reported in Winnipeg, 
Canada, led to a doubling of IPD rates, predominantly by sero-
type 12F, which previously accounted for very few cases each 
year [34]. Similarly, following the introduction of PCV13 in 
Israel’s NIP, the previously rare serotype 12F increased in fre-
quency, becoming the country’s most prevalent serotype caus-
ing IPD [35]. Finally, several PCV20-unique serotypes, 
including 11A, 12F, 15B/15C, 22F, and 33F, have been 

associated with IPD strains bearing antibiotic resistance genes 
[30, 32, 34, 36].

Our study reported a high proportion of IPD due to PCV15 
and PCV20 serotypes in children <5 years old. Similar trends 
were also observed in older adults as reported in our compan-
ion manuscript. Both PCV15 and PCV20 have recently been 
licensed for use in adults in the United States and clinical 
studies in children have shown promising immunogenicity 
and safety data [14, 15, 37, 38]. In general, PCV20 offers a sub-
stantial coverage advantage compared to all other existing or 
investigational PCV vaccines, due to its ability to cover 
against serotype 19A (especially in PCV10 countries) and its 
additional 5 unique serotypes, which are becoming increas-
ingly important.

The analysis presented herein has several limitations. First, 
although IPD is one of the most readily available sources of 
serotype data from many countries, IPD may be underdiag-
nosed in some countries due to differences in blood culture 
sampling rates and practices [39]. Consequently, serotype dis-
tribution of IPD overall may not fully capture the serotype 
distribution in mild IPD (where blood cultures are not 
sought) or the most severe IPD (where children may die be-
fore blood cultures are obtained). Second, analyses were lim-
ited by reporting proportions instead of rates (precluding true 
conclusions on the burden). Third, as an alternative to assess-
ing the impact of population PCV coverage on serotype distri-
bution, time since PCV introduction into the pediatric NIP 
was assessed, which may not be an accurate proxy of coverage. 
Fourth, observation periods several years in the past, report-
ing of only severe disease in some surveillance systems, over-
representing serotype distribution in meningitis, adjustments 
in the NIPs (change in the vaccination schedule, switch or ad-
dition of PCV13 to PCV10), improvement of vaccine uptake, 
or the spread of genetic lineages after the reporting period af-
fect the likelihood to report the current serotype distribution. 
A more thorough and comprehensive analysis may be re-
quired to ascertain the full serotype distribution of S pneumo-
niae in high-income countries.

Finally, IPD only represents a small proportion of total pneu-
mococcal vaccine-preventable disease burden [37]. A large 
burden of pneumococcal disease is non-invasive, including 
pneumococcal acute otitis media and nonbacteremic 
community-acquired pneumonia [37, 38]. The latter issue is 
particularly problematic since no serotype-specific test current-
ly exists and no data exist to indicate whether pediatric IPD se-
rotype distribution is predictive of non-bacteremic pneumonia 
serotype distribution. A recent study in Burkina Faso suggests 
that a serotype-specific urinary antigen detection test may work 
in children as has been shown in adults, but additional studies 
are needed [40]. To account for the full public health impact of 
currently existing or future investigational vaccines in reducing 
the burden caused by S pneumoniae, in addition to IPD, similar 

A

B

Figure 3. PCV13 coverage versus the incremental coverage of PCV15 or PCV20 
beyond PCV13 coverage (A) and beyond PCV10 coverage (B). Abbreviations: 
PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococ-
cal conjugate vaccine; PCV15, 15-valent pneumococcal conjugate vaccine; PCV20, 
20-valent pneumococcal conjugate vaccine.
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Figure 4. PCV serotype coverage, by type of PCV in the pediatric NIP (A) and absolute incremental increase in PCV serotype coverage, by type pf PCV in the pediatric NIP (B). 
Arrows show absolute incremental increase in PCV serotype coverage among sequential PCV formulations. Abbreviations: NIP, national immunization program; PCV, pneu-
mococcal conjugate vaccine; PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV15, 15-valent pneumococcal con-
jugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine.

A

B

Figure 5. Percentages of IPD cases caused by vaccine-specific serotypes (PCV serotype coverage) by duration of PCV use (A) and duration of PCV use and WHO region (B). 
Abbreviations: AMRO, Regional Office for the Americas; EMRO, Regional Office for the Eastern Mediterranean; EURO, Regional Office for Europe; IPD, invasive pneumo-
coccal disease; PCV, pneumococcal conjugate vaccine; PCV10, 10-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PCV15, 15- 
valent pneumococcal conjugate vaccine; PCV20, 20-valent pneumococcal conjugate vaccine; WHO, Word Health Organization; WPRO, Regional Office for the Western 
Pacific.
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PCV serotype coverage analyses need to be conducted for acute 
otitis media and pneumonia.

CONCLUSIONS

Routine PCV10 and PCV13 pediatric immunization programs 
have reduced IPD in children <5 years old in high-income 
countries. The remaining IPD burden due to PCV10 and 
PCV13 serotypes may be due to several factors, including vac-
cination schedule, suboptimal vaccination coverage, and lower 
effectiveness against certain vaccine serotypes. Strengthening 
existing pediatric immunization programs and optimizing vac-
cine uptake may further reduce PCV13-serotype disease. 
Furthermore, as much of the remaining IPD burden is due to 
serotypes included in PCV15 and PCV20, their inclusion into 
existing pediatric immunization programs may help further re-
duce the incidence of pneumococcal disease in children from 
high-income countries.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.
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