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ABSTRACT

S. pneumoniae infection remains a serious public health concern despite the availability of vaccines
covering up to 23 of more than 94 known serotypes. The purpose of the present study was to monitor
recent serotype distribution data. PubMed, EMBASE, Cochrane Reviews and Ingenta databases were
searched. Serotype data covering invasive pneumococcal disease (IPD) and non-IPD were extracted from
articles published from March 2014 to March 2015. Fifty-nine studies presented pneumococcal serotype
prevalence by specific age categories. Most prevalent serotypes not covered by pneumococcal conjugate
vaccines (PCV) were as follows: 15B, 22F, 15A, 23A among children under the age of 7 y with IPD; among
adults with IPD: 22F, 11A, 10A, 38 in the 65 y and older age group; 12F, 9N, 8 in the 50-64 year-old age
group and 12F, 8, 6C, 16F in the 15-59 age group. Geographic variations in serotype distribution highlight
the importance of monitoring evolving pneumococcal serotype prevalence after pneumococcal vaccine

implementation.

Introduction

Infection with Streptococcus pneumoniae in children and adults
may manifest as invasive pneumococcal disease (IPD) (e.g.
meningitis, septicemia, bacteremia and bacteremic pneumonia)
or non-IPD (e.g., otitis media and non-bacteremic pneumo-
nia).! Currently, more than 94 different pneumococcal sero-
types have been identified and are classified on the basis of
unique polysaccharides expressed in the capsule.”

In 1983, a 23-valent pneumococcal polysaccharide vaccine
(PPV23) was indicated for pediatric populations at high risk
for pneumococcal disease and for older adults. In 2000, a pneu-
mococcal conjugate vaccine (PCV) which included serotypes 4,
6B, 9V, 14, 18C, 19F and 23F (7-valent; PCV7) was first
licensed in the USA and indicated for the prevention of pneu-
mococcal disease in pediatric populations.' In an attempt to
expand coverage against additional pneumococcal serotypes, 2
other PCVs were introduced in 2009.> The 10-valent vaccine
contains all 7 serotypes in PCV7 as well as serotypes 1, 5, and
7F. The 13-valent vaccine (PCV13) contains all 10 serotypes in
PCV10 and additionally contains 3, 6A, and 19A."

Individual serotype prevalence can change over time in
different geographic regions or age groups. Furthermore,
while the implementation of PCVs has resulted in a sub-
stantial reduction of the incidence of IPD related to the
decrease in vaccine-type (VT) IPD, there has been an
observed increase in non-VT IPD.” This highlights the
need to monitor serotype data after pneumococcal vaccines
(i.e., PCV10, PCV13) are adopted in different countries to
observe changes in serotype prevalence and identify newly
emerging serotypes. During recent years, after adoption of
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PCV13 in both pediatric and adult populations in multiple
countries, an increasing number of studies from around
the world have been conducted, which demonstrate the
changing patterns of pneumococcal serotype distributions.
It seems important to summarize the most recent serotype
data available from surveillance networks and individual
studies to monitor the current picture. The objective of
this scoping literature review was to summarize pneumo-
coccal serotype distribution as reported in the literature
between March 2014 and March 2015 and identify any
notable trends.

Results

From among 180 studies selected based on inclusion criteria
and subsequently included in this scoping review, approxi-
mately 90 of them presented pneumococcal serotype prevalence
stratified by different age categories, chosen for correspondence
to the target age groups of either conjugate or polysaccharide
vaccines. After reviewing the various age groups reported to
identify the best organization of the serotype data, 31 studies
were excluded because they did not conform to the age groups
of interest for this scoping literature review. We present the
most recent data from the 59 studies, which reported serotype
distribution among subjects in the following age groups of
interest: under the age of 7 y (51 studies, Table 1), adults aged
older than 65 y (12 studies, Table 2), 50 to 64 y (4 studies,
Table 3) and 15 to 59 y (8 studies, Table 4). The latter 2 age
groups overlap because otherwise would have required omit-
ting 2 studies.”® The results are tabulated by geographic region
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Table 3. Strains of S. pneumoniae among adults aged between 50 and 64 years.

n (%)-[most prevalent serotype]

PCV10-specific PCV13-specific ~ PPV23-

Source Country (year) Study population (N) pPCv7? [1,5,7F] [3, 6A, 19A] speciﬁcb PPV23 serotypes NV serotypes
IPD in Europe and North America
Skoczynska et al. Poland (2011-13)  Adults with IPD aged 78 (31.3)-[4] 19 (7.6)-[1] 74 (29.7)-[3] 43(17.3)  8;9N:4.4% 32 (12.9)-[NS]

2014° between 55 and 64 y (249) ® 11A:2.8%

12F; 15B/C: 2.0%
©22F: 1.6%

Moore et al. US (2011-13) Adults with IPD aged 24 (0.8)-[19F] 73 (2.4)-[7F1 201 (6.7)-[3] 258 22F:3.7% e 9N;  6C: 1.5% e 16F:

2015% between 50 and 12F: 1.7% 1.3%°

64y (2994) (8.6)° 33F: 1.5%¢

Verhaegen et al. Belgium (2009-11) Adults with IPD aged 22 (5.9)-[NS] 114 (30.8)-[7F] 73 (19.7)-[19A] 100 (27) 12F: 103% e 8; 48 (13.0)-[NS]°

2014%7 between 50 and 22F: 3.5%°

64y (370)

Adults with IPD aged
between 50 and 64 y
(1067)

Wortham et al.
2014%°

US (2009)

523 (49.0)-[NS]* — —

544 (51.0)-[NS]"

IPD: invasive pneumococcal disease; NA: not applicable; NS: not specified; NV: non-vaccine; SP: S. pneumoniae

?PCV7 serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F;

bPPV23—speciﬁc serotypes: 2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20, 22F, 33F;

PCV serotypes and the 5 most common non-PCV serotypes were reported;
donly the serotypes accounting for at least 4% of isolates overall were reported;
€PCV13-serotypes;

fhon-PCV13-serotypes.

and disease type (IPD or non-IPD) in reverse chronological
order (newest to oldest). Of specific interest for the purposes of
this article is the prevalence of non-PCV serotypes; prevalence
data for PCV7, PCV10 and PCV13 serotypes are grouped, and
non-PCV-serotype prevalence data are provided by serotype as
available.

Serotype distribution reporting varied widely among studies;
many concentrated only on conjugate vaccine coverage and
provided no information about other serotypes while others
provided data of exquisite granularity.

Pneumococcal serotype distribution among children aged
under the age of 7 y

There were 21 studies®? providing serotype distribution data
among children under the age of 7 y with IPD and 30'7*%*">*
providing data on nasopharyngeal carriage, otitis media or
other non-IPD conditions. Two studies from Spain contained
both IPD and non-IPD data (Table 1).17*°

Conjugate vaccine serotypes (i.e., serotypes included in PCV13)
causing IPD among children were highly prevalent (> 60% of sero-
types) in 11 reports,>'"'>'*'*** including 6 of 7 European stud-
ies,”'** while the highest prevalence from North American
studies was 46%.>° In contrast, conjugate vaccine serotypes causing
non-IPD conditions among children were more than 50% preva-
lent in only 5 of 30 studies (Table 1).>"*34414

Prevalence of serotypes uniquely covered by PPV23 was
reported in a total of 33 papers. Most often ranking in the top 3
among those serotypes in PPV23 but not in PCV13 for IPD-
related pneumococcal illness were serotypes 15B (or 15B/C)
reported in 9 papers®®'%!1>17:202426 at yp to 11.8% prevalent,*
5 papers reporting serotype 22F (< 11.3%)'>'7?%?%%° and 4
papers each reporting serotype 12F (< 26.2%),*>'>* 8 (<
9.7%)%%%2% or 10A (< 3%).%'%'7% For non-IPD related car-
riage or illness, the top 3 serotypes uniquely covered by PPV23
were 15B-15B/C (19 papers; < 22.6%),'72%283336:38.39.41.42:4547-

52,54 11A (17 papers; < 13.1%))17,28,31,34,35,38,41743,47749,51,52,54
10A (8 papers; < 8.1%)'7202436:43:4549:50 and 22F (8 papers; <
6.50%) 2035:43:44:46.48.51,54

Prevalence of serotypes not covered by any pneumococ-
cal vaccines (i.e., PCV13 or PPV23) was reported in a total
of 34 papers. Most often ranking in the top 3 among non-
vaccine serotypes in IPD-related pneumococcal illness were
serotypes 15A reported in 4 papers at up to 6.5% preva-
lent,*">'7** serotype 23A (3 studies; < 10.6%),'%*>*° 6C
(5 studies; < 7.2%)'>'17*32%26 o 23B (6 studies; <
5.6%).'%17:2023242¢ Eor non-IPD related carriage or illness,
the most common serotypes were 15A (22 papers; <
23.49%),1720.28:29.31,33:36,38.39.41-43,4547-5254 234 (3] papers; <
6.0%),172028:31:33-36.38.3941-4345-49.515254 358 (1§ papers;
and 6C (17 papers; <
9'1%).17,20,28,31,34-36,42-45,47-49,51,52,54 A total Of 21 papers
included serotypes 16F, 23B or 35F at up to 12.6% preva-
lence,'720:2829:31,3436:41-3254  gerotype  24F appears to be
more frequent in Europe among both IPD (1.3-19.9%)'>'”
and non-IPD (1.2-5.6%),">***% cases.

< 107%) 17,20,29,31,34-36,39,42,44,46-52,54

Pneumococcal serotype distribution among adults aged
65 y and older

There were 9 studies reporting serotype distribution data among
adults aged 65 y and older with IPD>*'#***>*% and another 3 with
similar data on non-IPD conditions (Table 2).°°* Conjugate vac-
cine serotypes (i.e., serotypes included in PCV13) causing IPD
among older adults were highly prevalent (> 60% of serotypes) in
only 2 studies, one Polish® and one Spanish.”® Conjugate vaccine
serotypes were generally less prevalent among non-IPD conditions,
the highest prevalence reported being 43% in a South Korean
study.*

Prevalence of serotypes uniquely covered by PPV23 was
reported in 7 studies. Among the most prevalent serotypes, 5 stud-
ies reported 22F (< 6.0%)>**°7%*%! and 4 studies reported 11A (<



Table 4. Strains of S. pneumoniae among adults aged between 15 and 59 years.
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n (%)-[most prevalent serotype]

PCV10-specific PCV13-specific[3, PPV23-

Source Country (year) Study population (N) pPCv7? [1,5,7F] 6A, 19A] speciﬁcb PPV23 serotypes NV serotypes
IPD
Moore et al. US (2011-13) Adults with IPD 23 (1.2)-[4] 62 (3.1)-[7F] 102 (5.1)-[3] 125(6.3) 22F:4.1% e 12F: 6C: 1.0%
2015% aged between 18 1.9% 8:1.7% e Other NS:
and 49 y (1990) 79.2%¢
11A: 1.4%
® 9N: 1.3%¢
Skoczynska et al. Poland (2011-13) Adults with IPD 119 (37.8)-[4, 14] 26 (8.3)-[1] 71 (22.5)-[3] 62 (19.7) 8:3.8% e 9N; 32 (10.2)-[NS]
2014° aged between 15 12F:3.5%
and 54y (315) 10A; 15B/C: 2.5%
o 11A; 22F:
1.9%
von Gottberg South Africa (2012) Adults with IPD 256 (20.3)-[4] 199 (15.8)-[11 251 (19.9)-[19A] 320 (25.4) 12F:9.2% e &: 16F: 3.1%
etal. 2014° aged between 25 4.7% @ 9N: ®13:2.5%
and 44y (1260) 3.1% e 7C: 1.9%
22F:2.4% e 10A; 34:1.3%
15B: 2.1% e Other: 9.7%
e 17F: 1.8%
Garcia Gabarrot Uruguay (2011-12) Adults with IPD 10 (7.9)-[NS] 47 (37.3)—[NS]d — — 69 (54.8)-[NS]¢
etal. 2014’ aged between 15
and 59y (126)
Verhaegen et al. Belgium (2009-11) Adults with IPD 13 (5.9)-[NS] 102 (46.4)-[11 22 (10.0)-[19A] — 12F: 7.3% > 26 (11.8)-[NS]f
2014% aged between 18 ©8:4.5%

and 49y (220)
Adults with IPD

aged between 20

and 45y (148)

Van Mens et al. Netherlands (2008-10) 34 (23.0)-[NS]

2014%

Wortham et al.  US (2009) Adults with IPD 536 (54.8)-[NS]¢
2014 aged between 18
and 49y (978)
non-IPD
Hammitt etal. Kenya (2012) NPC among adults 10 (8.6)-[NS]"
2014%° aged 18-49y

(116)

© 22F: 2.3%"

114 (77.0)-[NS]

442 (45.2)-[NS]®

106 (91.4)-[NS]'

IPD: invasive pneumococcal disease; NA: not applicable; NS: not specified; NV: non-vaccine; SP: S. pneumoniae

?PCV7 serotypes: 4, 6B, 9V, 14, 18C, 19F, 23F;

bPPV23—speciﬁc serotypes: 2, 8, 9N, 10A, 11A, 12F, 15B, 17F, 20, 22F, 33F;

PCV serotypes and the 5 most common non-PCV serotypes were reported;
dpcvi3 serotypes not found in PCV7;

“Non-PCV serotypes;

fOnly the serotypes accounting for at least 4% of isolates overall were reported;
9IPCV13-serotypes;

PPCV10 serotypes;

'Non-PCV10 serotypes.

14.0%).>*°""%* Further, among the 4 studies reporting IPD-related
pneumococcal illness,”***”*® serotypes 8 (range: 1.6-3.8%) and
12F (1.9-5.9%) were reported in all of them and 9N (3.8% and
4.2%)*® and 10A (1.9% and 1.0%)>*® were reported in 2 studies.
For non-IPD related carriage or illness, the most prevalent serotype
was 11A in all 3 studies.””®* Prevalence of serotypes 15B (1.0-
2.6%) and 10A (1.8-4.0%) were also noteworthy.®>**

Prevalence of serotypes not covered by any pneumococcal vac-
cines was reported in only 2 IPD studies, which reported serotypes
38 (5.2%)°® and 6C (2.7%)** to be the most prevalent. Three non-
IPD related carriage or illness studies, reported serotypes 15A
(9.6%),” 34 (6.1%)*° and 6C (6.0%)°" to be the most prevalent.

Pneumococcal serotype distribution among adults aged
50-64y

There were 4 studies reporting serotype distribution data
among adults aged between 50 and 64 y with all reporting on
IPD (Table 3).%***”° Prevalence of conjugate vaccine sero-
types ranged from 9.9% to 68.6%.

Prevalence of serotypes uniquely covered by PPV23 was
reported in 3 studies with serotypes 12F, 9N, 8 and 22F being the
most prevalent.>**” Collective prevalence of serotypes not cov-
ered by any pneumococcal vaccines ranged from 2.8% to 13.0%.

Pneumococcal serotype distribution among adults aged
15-59y

There were 7 studies reporting serotype distribution data among
adults aged between 15 and 59 y with IPD>****%">%% and a single
study from Kenya reporting pneumococcal carriage with serotype
data limited to prevalence of PCV10 and non-PCV10 serotypes
(Table 4).*° Conjugate vaccine serotypes causing IPD were highly
prevalent (> 60% of serotypes) in 2 studies.*”” Prevalence of sero-
types uniquely covered by PPV23 was reported in 4 studies®****” 2
of which reported 12F to be most prevalent. Other prevalent sero-
types of note were 8 (4 studies; < 4.7%),5%2%7 22F (4 studies; <
4.1%)%*?**7 and 9N (3 studies; < 3.5%).”** Prevalence of sero-
types not covered by any pneumococcal vaccines was reported in 2
IPD studies. Serotypes 6C and 16F were the most prevalent among
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non-vaccine serotypes in a US and South African study,
respectively.”**

Discussion

The majority of the 49 published studies identified in this litera-
ture review reporting serotype distribution data among pediatric
populations were conducted in countries where pediatric PCV's
were incorporated into the national immunization program.
Despite the availability of PCV, among the 21 studies assessing
IPD among children, serotypes included in PCV accounted for
>60% of the total serotypes in 11 reports.>''>!*1%?* Serotype
19A was among the most commonly identified in all of the
geographic regions included in this review. In addition, serotypes
1 and 14 were prominent in Europe and Latin America and
serotypes 6B, 14 and 19F were important in Africa-East Mediter-
ranean, demonstrating geographic variations in the prevalence of
PCV serotypes among pediatric IPD cases. In contrast, from the
30 studies assessing carriage unrelated to IPD among children,
only 5 studies reported PCV serotypes accounting for more than
50% of the total serotypes.’"*>***"** It would appear from the
current snapshot that the introduction of PCV has had a greater
impact in reducing nasopharyngeal carriage of PCV-specific
serotypes among children without IPD than on IPD itself; further
pneumococcal surveillance in coming years may show an
additional impact on IPD cases caused by PCV serotypes in
pediatric populations.

PCV serotypes were responsible for >60% of total serotypes
in IPD cases in few studies among adults aged 65 y and older®>®
and 15-59 y.%*7 Overall, serotypes 1, 4, 14 and 19A were among
the most prevalent PCV serotypes among adults with IPD,
while serotype 3 is the most common PCV serotype among
adult IPD cases in North America. While the current picture
suggests that the availability of PCVs may have had a great
effect in targeting PCV-specific serotypes among adult IPD
cases, the introduction of PCV7 previously led to an overall
reduction in the incidence of all-type IPD ranging from 80%
in the US to 30-40% in Europe among children aged less
than 5 y.%

Globally, several non-PCV IPD serotypes covered by PPV23
were identified; 11A appears to be very prominent among both
pediatric and adult non-IPD cases. Although serotypes 15B/C
also appear to be common among pediatric non-IPD cases, it
is possible that 15B itself may actually be less prevalent. A num-
ber of non-vaccine serotypes (i.e., beyond those included in
PPV23 and 6A) were reported, both among children and
adults. Further understanding of the serotype distribution and
dynamics of serotype replacement would be gained from
monitoring the most prevalent non-vaccine serotypes in future
studies.

There are limitations to be considered in interpreting the
results presented in this scoping literature review. It was
intended to provide a cross-sectional view of the most recently
published data available, which may include studies that were
conducted before March 2014 but only published during the
selected period (i.e., March 2014-March 2015) for this review.
There were no restrictions on sample size as an inclusion crite-
rion for this report, resulting in variations in the denominators
used to calculate serotype prevalence. Many studies did not

provide complete serotype distribution data, so it was not pos-
sible to report serotype prevalence by vaccine groups (e.g.,
PCV7, PCV10 not PCV7, PCV13 not PCV7, PPV23 not
PCV13), which is useful in making meaningful comparisons
across studies. Studies that did not report serotype prevalence
according to age categories (e.g., pediatric and adult popula-
tions combined) were not further discussed in this analysis,
possibly resulting in additional bias.

Another limitation is that the majority of studies reported
pneumococcal serotype distribution related to IPD. Nasopha-
ryngeal pneumococcal carriage, the initial step in the develop-
ment of pneumococcal disease in adults, is sparsely reported.
There are also scarce data on non-invasive disease (i.e., non-
bacteremic pneumococcal pneumonia both in children and in
adults and acute otitis media in children) in the published liter-
ature, which is important because the impact of pneumococcal
vaccines on non-invasive diseases is indicative of their value to
general public health.°® There were only 3 studies assessing
acute otitis media, which identified serotypes 3 and 25A among
the most common.””***° In addition, adult populations are not
as commonly surveyed as pediatric populations although it is
important to understand the impact of PCV introduction and
emerging pneumococcal serotypes in adults, especially in the
high-risk age group of 65 y and older.

Despite the decline in prevalence of PCV serotypes after
PCV implementation, they still circulate and remain a signifi-
cant source of burden for pediatric IPD, especially in Europe
and Latin America, and for adult IPD, in particular in the 15-
64-year age group; but the latter is likely due to PCVs’ not being
routinely used for this age group. Other possible explanations
include that although PCVs are included in the national immu-
nization programs in many jurisdictions, an effect may only be
observed over a long time period if vaccine uptake rate is far
from optimal. The emergence of serotypes 11A and 15B/C
appears to be a consequence of the replacement of PPV23 with
PCV which do not include these 2 serotypes. Geographic varia-
tions in serotype distribution highlight the importance of mon-
itoring the evolving pneumococcal serotype prevalence after
pneumococcal vaccine implementation. Ongoing national sur-
veillance is essential to identify newly emerging serotypes
despite implementation of new pneumococcal vaccines which
inevitable replace the serotypes targeted by vaccines. This per-
mits evidence-based serotype selection in the design of future
pneumococcal vaccines.

Materials and methods
Study design and searches

An extensive literature search was conducted to extract sero-
type distribution data covering invasive pneumococcal disease
(IPD) and non-IPD by region from March 2014 to March
2015. This time frame was chosen because it would provide the
most recent data, which is the necessary first step for annual
monitoring and identification of trends in pneumococcal sero-
type prevalence. The PubMed database was searched from Feb-
ruary 2014 to March 19, 2015. The search was conducted a
month earlier to ensure all relevant publications from the start
of March 2014 had been captured. Similarly, the EMBASE,



Cochrane Reviews and Ingenta databases were searched from
January 2014 until March 19, 2015. The search terms used in
all database searches were as follows: (pneumococc™ OR strep-
tococcus pneumoniae) AND (serotype OR serogroup).

Available abstracts from the following infectious diseases
conferences were also searched: European Congress of
Clinical Microbiology and Infectious Diseases (ECCMID),
ID Week, International Symposium on Pneumococci and
Pneumococcal Diseases (ISPPD), International Congress on
Infectious Disease (ICID) and Infectious Diseases Society of
America (IDSA). The websites for Centers for Disease
Control and Prevention (CDC) and the World Health
Organizations (WHO) were also searched. The exclusion
criteria were randomized controlled trials, case reports, com-
mentaries, editorials, news and letters.

Data extraction and analysis

The data extracted included author and year of publication,
country, study period, study characteristics, total population,
age groups, PCV immunization program status and distribu-
tion of serotypes reported. The serotype prevalence was calcu-
lated wherever possible and stratified by geographic region, age
groups and type of pneumococcal disease (i.e., IPD versus non-
IPD). When the prevalence data were presented only graphi-
cally, they were extracted using WebPlot Digitizer (http://aro
hatgi.info/WebPlotDigitizer/app/). The overall and top-ranking
serotypes covered by PCV7, PCV10, and PCV13 are extracted
and summarized in this review paper. Since the 23-valent poly-
saccharide vaccine (PPV23) is also indicated for children aged
2y or older with high risk, we also summarized the serotypes
within PPV23 but not in PCVI13 and those serotypes not
included in any pneumococcal vaccines used among children
aged less than 7 y.

Instead of pooling serotype distribution data, serotype prev-
alence was ranked in terms of how often (i.e., number of cita-
tions) a given serotype appeared among the top 3 within each
study. All available serotype distribution data were collected
but only data from the most recent year or span of years is sum-
marized in this review. Although it was noted whether or not
PCV was part of the immunization schedule at the time data
were collected, classifying the data presented here by immuni-
zation status has not been done because there was generally lit-
tle to no information available as to uptake and no consistent
classification was feasible.
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