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ABSTRACT
Pneumococcal infection is a major cause of morbidity and mortality worldwide. The burden of disease
associated with S. pneumoniae is largely preventable through routine vaccination. Pneumococcal
conjugate vaccines (e.g. PCV7, PCV13) provide protection from invasive pneumococcal disease as well as
non-invasive infection (pneumonia, acute otitis media), and decrease vaccine-type nasopharyngeal
colonisation, thus reducing transmission to unvaccinated individuals. PCVs have also been shown to
reduce the incidence of antibiotic-resistant pneumococcal disease. Surveillance for pneumococcal disease
is important to understand local epidemiology, serotype distribution and antibiotic resistance rates.
Surveillance systems also help to inform policy development, including vaccine recommendations, and
monitor the impact of pneumococcal vaccination. National pneumococcal surveillance systems exist in a
number of countries in Central and Eastern Europe (such as Croatia, Czech Republic, Hungary, Poland,
Romania and Slovakia), and some have introduced PCVs (Czech Republic, Hungary, Kazakhstan, Russia,
Slovakia and Turkey). Those countries without established programs (such as Kazakhstan, Russia and
Ukraine) may be able to learn from the experiences of those with national surveillance systems. The
serotype distributions and impact of PCV13 on pediatric pneumococcal diseases are relatively similar in
different parts of the world, suggesting that approaches to vaccination used elsewhere are also likely to be
effective in Central and Eastern Europe. This article briefly reviews the epidemiology of pneumococcal
disease, presents the latest surveillance data from Central and Eastern Europe, and discusses any
similarities and differences in these data as well the potential implications for vaccination policies in the
region.
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Introduction

Pneumococcal disease refers to a wide range of infections
caused by the bacterium Streptococcus pneumoniae (S. pneu-
moniae), also known as pneumococcus. According to the
World Health Organization, pneumococcal diseases (menin-
gitis, bacteraemic and non-invasive pneumonia, and bacter-
aemia), are the leading cause of vaccine-preventable deaths
worldwide among children aged <5 years.1,2 The most com-
mon clinical presentation in children is pneumonia, which
is mostly without bacteraemia. S. pneumoniae is also the
leading cause of bacterial meningitis among children aged
<5 years. In adults, pneumonia is again the most common
manifestation of pneumococcal disease.3 Mortality due to
invasive pneumococcal diseases (IPD) remains high in adult
populations, particularly in those aged �65 years.4

Most pneumococci are encapsulated, their surfaces com-
posed of complex polysaccharides. The polysaccharide capsule
is an important determinant of the pathogenicity of pneumo-
cocci and forms the basis for classification by serotypes.3 While
different pneumococcal serotypes vary in their propensity to
cause asymptomatic colonisation and invasive disease, only a
limited number of serotypes are responsible for most cases of
IPD worldwide. The predominant invasive pneumococcal sero-
types range across age groups and geographic areas.3

Pneumococcal vaccines are targeted primarily at the polysac-
charide capsule. The pneumococcal polysaccharide vaccine
(PPV) consists of purified polysaccharides from a number of fre-
quent or virulent capsular types of S. pneumoniae.3 For example,
PPV23 provides protection against IPD due to 23 serotypes in
children aged �2 years and adults.5 The newer pneumococcal
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conjugate vaccines (PCVs) contain capsular polysaccharides from
prevalent serotypes conjugated to a protein carrier.3 Conjugate
vaccines are immunogenic in infants and young children aged <

2 years, and may provide longer lasting immunity against inva-
sive disease compared to PPV.3,6 In contrast to PPV, PCV has
also been shown to have mucosal impact in young children.7

This provides additional benefit by preventing nasopharyngeal
carriage of vaccine-type pneumococci and non-invasive pneumo-
coccal diseases, which cause significant morbidity (acute otitis
media [AOM] and non-invasive pneumonia) and mortality
(non-invasive pneumonia) compared to IPD in children.7

National pneumococcal policies vary across regions, ranging
from licensure of a single pneumococcal vaccine to the imple-
mentation of national PCV programmes. Such policies and rec-
ommendations may be influenced by the disease burden and
cost effectiveness of alternative interventions in specific coun-
tries.8 Surveillance systems are critical for monitoring the cov-
erage, impact and effectiveness of vaccination, as well as
understanding local pneumococcal epidemiology to guide
future vaccination policies and programmes. These data may
also help to inform national decision making for local vaccina-
tion policy in countries without established programmes. At
present, surveillance for IPD is very heterogeneous and many
countries lack surveillance systems to determine accurate, up-
to-date national estimates of pneumococcal disease burden and
have limited data on serotype distribution.

Pneumococcal surveillance data from a number of countries
in Central and Eastern Europe together with Kazakhstan were
presented at the 7th Pneumo Surveillance Summit, which took
place in Istanbul in September 2014. This article reviews the epi-
demiology of pneumococcal disease, presents the latest pneumo-
coccal surveillance data from Central and Eastern Europe, and
discusses any similarities and differences in these data, as well as
the potential implications for vaccination policies in the region.

Epidemiology of pneumococcal disease and
influencing factors in children

Epidemiology, serotype distribution and antibiotic
resistance

The highest incidence of IPD is seen in young children aged
< 2 years and the elderly.[8] In the majority of cases, pneu-
mococcal disease is preceded by asymptomatic nasopharyn-
geal colonisation, which is especially high in children.9 The
global prevalence of S. pneumoniae colonisation is estimated
at 10% to 85% in children < 5 years of age, and 4% to 45%
in adults.10-12

While more than 90 different capsular structures/serotypes
have been identified, they vary in their propensity to cause
asymptomatic colonisation and non-invasive or invasive dis-
ease.13-16 IPD is more likely to occur from new acquisition of
a particular serotype rather than from long-term carriage.17

Serotype distribution varies across age groups and geographic
areas and may be influenced by vaccination programmes, anti-
biotic use, socioeconomic conditions and an aging popula-
tion.18-21 In 2011, the serotypes most commonly isolated from
IPD cases in Europe were 7F, 19A, 3, 1, 22F, 8, 14, 12F, 6C
and 4. For children aged < 1 year, 19A was the most common

serotype followed by 7F. In older children aged 1–4 years,
serotypes 19A and 1 were most frequently isolated.22

Antibiotic resistance in pneumococci is an increasing chal-
lenge that impacts on the ability to successfully treat pneumococ-
cal diseases.23 Globally, most antibiotic resistance is found in
serotypes 6A, 6B, 9V, 14, 15A, 19A, 19F and 23F, although resis-
tance rates also vary geographically.24 PCV vaccination has been
shown to reduce pneumococcal resistance in vaccinated and
unvaccinated populations by reducing the carriage of antibiotic-
resistant serotypes and through an overall reduction in antibiotic
use.25 The introduction of PCV7, the first pneumococcal conju-
gate vaccine, was associated with a reduction in the total number
of resistant isolates.25 However, this also led to changes in the
pattern of non-PCV7 serotypes causing pneumococcal disease,
with an increase in resistant serotype 19A.26 Although resistant
19A decreased following the replacement of PCV7 with PCV13
(including 19A antigen), lower IPD rates with PCV13 have also
been partially offset by the emergence of drug-resistant pneumo-
coccal strains of non-vaccine serotypes.27,28

Impact of PCV7/13 vaccination on pediatric disease

Pneumococcal conjugate vaccination induces a robust immune
response in children < 2 years of age, protecting them against
pneumococcal infection as well as reducing asymptomatic naso-
pharyngeal carriage (colonization) by the specific vaccine sero-
types.6 The extent and duration of protection provided by PCV is
suggested to be greater than PPV due to enhanced immunogenicity
by coupling of pneumococcal polysaccharides to carrier proteins.6

The introduction of PCV has been associated with signifi-
cant reductions in the incidence of IPD as well as non-invasive
pneumococcal infections such as AOM and pneumonia. In
Israel, there was a 63% reduction in alL-serotype IPD episodes
in children aged < 5 years following the introduction of PCV7,
and then PCV13.29 The incidence of otitis media enriched with
complex cases also fell by 78% after the introduction of PCV7
and PCV13.30 With the inclusion of six additional serotypes,
including 19A, PCV13 has been shown to result in greater
reductions in IPD, AOM and community-acquired pneumonia
(CAP) rates compared to PCV7.30,31 For example, within 2 years
of the introduction of PCV13 for vaccination of infants in the
US, there was a 100% reduction in the number of IPD cases in
children aged < 2 years caused by PCV13 serotypes.32

Impact of pediatric PCV vaccination on adult
pneumococcal disease

The effect of PCV on pneumococcal carriage in young children,
the age group most likely to be colonized, can also produce a
herd protection effect in unvaccinated older children and
adults.33,34 Following the introduction of PCV7 and then
PCV13, the overall incidence of IPD declined markedly across
the entire population (vaccinated and unvaccinated). This can
be attributed to the effect of PCV on nasopharyngeal carriage,
thus reducing pneumococcal transmission in the community.
For example, within 2 years of the introduction of PCV13 in
the US, a 47% reduction in IPD was observed in adults aged
�65 years.35 Similarly, in Denmark, there was a 21% reduction
in IPD across the entire population following the introduction

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2125



of PCV13. IPD-related 30-day mortality was estimated to
decrease by 28%, mainly due to a decline in mortality in the
unvaccinated population.36

Despite the herd protection effect of pediatric vaccination on
older, unvaccinated populations, the burden of pneumococcal
disease in adults remains high. In 2011, the most frequently iso-
lated serotype from IPD cases among adults aged 15–64 years
in Europe was 7F; serotypes 3 and 19A were most common in
those aged �65 years.22 Although these serotypes are covered
by PCV13, recent data from Spain indicate that PCV13 sero-
types are among significant causes of CAP in people aged
>50 years.37 In the US, declines in the proportion of CAP
caused by PCV13 serotypes were found to be significant only
among adults living with children.38 Adult vaccination with
PCV13 may therefore help to reduce the current burden of
pneumococcal disease in this population, as shown by the
results from the CAPiTA (Community Acquired Pneumonia
Immunization Trial in Adults) study 39 showing that PCV13
can prevent a significant proportion of pneumococcal CAP in
adults aged �65 years. In this large-scale (>80,000 subjects),
randomized, placebo-controlled efficacy study, patients receiv-
ing PCV13 experienced 45% fewer first episodes of non-inva-
sive vaccine-type CAP and 75% fewer first episodes of IPD.39

In September 2014, the US. Advisory Committee on Immuni-
zation Practices (ACIP) recommended PCV13 for routine use
to help protect older adults aged �65 years against pneumococ-
cal disease.40 The EU license was extended in February 2015 for
active immunisation for the prevention of pneumonia caused
by S. pneumoniae in adults aged �18 years and the elderly.6 A
number of EU countries recommend PCV vaccination for all
adults aged >50 years, while others only recommend it in
high-risk groups such as immunocompromised patients and
those with chronic diseases.

Serotype distribution of pneumococcal disease is more
diverse in adults than in children. The unconjugated

pneumococcal polysaccharide vaccine, PPV23, which con-
tains more serotypes, is frequently used for pneumococcal
vaccination of adults. However, there is strong evidence
that PPV is not effective in preventing non-invasive pneu-
mococcal disease. A 2009 meta-analysis of clinical trials of
PPV in adults failed to show a protective effect against
pneumococcal pneumonia,41 and these findings are further
supported by a recent Israeli analysis.42 While PPV indu-
ces significant immune responses in immunocompetent
adults, including the elderly, poor responses have been
observed in immunocompromised patients. The effect of
PCV on nasopharyngeal colonisation may therefore be
beneficial for immunocompromised hosts.43 In adults aged
>50 years, PCV13 has been shown to elicit a greater
immune response compared to PPV for the majority of
serotypes common to both vaccines, without an associated
risk of hyporesponsiveness.44 However, there are currently
no comparative data demonstrating that PCV provides
better protection than PPV in adults.

Pneumococcal disease in central and eastern
european countries

National surveillance systems, vaccination policies and
rates

Surveillance for invasive pneumococcal disease is important to
understand local epidemiology and serotype distribution, and
monitor the impact of pneumococcal vaccination, including
any additional herd protection conferred to unvaccinated indi-
viduals and the incidence of disease caused by non-vaccine
serotypes (i.e. replacement disease).

A number of countries in Central and Eastern Europe for
which data were presented at the 7th Pneumo Surveillance
Summit have established national pneumococcal surveillance

Table 1. Surveillance systems and vaccination policies in the different countries.

Pneumococcal surveillance system National immunisation program

Country System Date established PCV implemented Date introduced

Croatia National surveillance on antibiotic
resistance

1996 PCV7, PCV10/13 Children aged 2 months to
5 years: 2007 Adults: 2014

EARSS/EARS-Net 2001
Czech

Republic
Surveillance database combining data

from the National Reference
Laboratory for Streptococcal
Infections and EPIDAT

2008 PCV7 2010

PCV10
PCV13

2010

Hungary National Center for Epidemiology (no
IPD data collection)

2008 PCV7 2008

PCV13 2010
Kazakhstan No national system – PCV13 2010–15
Poland BiNet 2008 PCV7, �PCV10 & PCV13 2009, 2012
Romania Health Ministry 2010 N/A –
Russia No national system – PCV13 2014
Slovakia National Reference Center for

Pneumococcal Diseases
2011 PCV7

PCV13
PCV10

2009
2010
2011

Turkey Sub-national system – PCV7 2008
PCV13 2011

Ukraine None – �PCV10/13 2011

Note. �High-risk groups only
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systems (Table 1). For example, a surveillance database has
been operating in Czech Republic since 2008. Combining data
from the National Reference Laboratory for Streptococcal
Infections and EPIDAT, 82.9% of S. pneumoniae strains were
serotyped in 2012 and 85.4% in 2013.45 In Poland, BINeT was
established in 2008 to enhance surveillance carried out since
1997 by the National Reference Center for bacterial infections
of the central nervous system; around 180 hospital laboratories
are currently involved.46 In Slovakia, IPD surveillance began in
1997 with regular serotyping being carried out since 2011,47

and in Romania, national surveillance for IPD and serotypes
has been in practice since 2010.48 There is currently no national
IPD surveillance program in Russia as only meningitis is a
reportable disease; however, data from three regional programs
have been published.49-51 In Turkey, national pneumococcal
surveillance is not yet established; serotype distribution data
have mostly been published from sub-national surveillance and
epidemiological research studies run by experts.52,53

Pneumococcal conjugate vaccines are available in most
countries in the region and have been introduced as part of the
national immunization program (NIP) in several of the coun-
tries discussed in this article (Table 1). In the Czech Republic,
pneumococcal vaccination of infants began in 2010. Both
PCV10 and PCV13 are available through the NIP; PCV10 is
fully covered by insurance while PCV13 requires a co-pay-
ment.45 PCV7 was introduced as part of the pediatric NIP in
Hungary in 2008; PCV13 has been in use since 2010 and has
been listed on the mandatory immunization schedule for chil-
dren aged < 2 years since 2014; the vaccination rate is now
almost 100%.54 In Turkey, PCV7 was introduced to the NIP in
2008, with a switch to PCV13 in 2011; the vaccination rate is
estimated to be more than 95% for children < 2 years of age.55

PCV13 was introduced to the Russian NIP in 2014. In Poland,
pediatric pneumococcal vaccination is part of the NIP but only
for at-risk groups, such as low birth weight and preterm infants.
Pediatric pneumococcal vaccination is yet not part of the NIP
in Romania and Ukraine.

Nasopharyngeal carriage

Data on nasopharyngeal carriage rates and the impact of pediat-
ric pneumococcal vaccination on nasopharyngeal colonization

are available for several countries in Central and Eastern Europe.
In Hungary, the pneumococcal nasopharyngeal (PNP) carriage
rate among nasopharyngeal swabs from 227 children aged <

2 years who received PCV13 was found to be 41%. The most
prevalent serotypes were 11A/D/F, 15B/C, 35F, 47F and 23B, all
of which are non-vaccine serotypes. Those serotypes covered by
PCV13 have almost disappeared since the introduction of
PCV13 in 2010.56 For Ukraine, there are currently limited data
available on PNP carriage rates. The overall incidence of S. pneu-
moniae carriage among nasopharyngeal swabs collected from
1,000 healthy children aged 6 months to 5 years between 2012
and 2014 was 50.4%. The most prevalent serotypes were 19F,
6A/B, 14 and 23F, with potential PCV13 serotype coverage esti-
mated to be 47% in infants aged < 1 year and 63% in children
aged >4 years.57 A study of pediatric PNP carriage in Romania
found the incidence of PNP carriage was 25% in 2011–13, with
59% of the serotypes isolated being covered by PCV13.48 In Rus-
sia, PCV13 was found to cover 78% of isolates collected from
nasopharyngeal swabs from children aged < 5 years in Moscow;
serotype 19F was more prevalent in children aged < 2 years,
and serotype 3 was predominant in those >2 years.50

Invasive pneumococcal disease

Globally, the peak incidence of IPD occurs in early infancy and
older adults and this is reflected in data available for three
countries in the Central and Eastern European region on the
age distribution of IPD (Table 2). In Poland, for example, the
peak incidence of IPD in 2011–2013 was in infants aged < 1
year and adults >85 years, although the case fatality rate (CFR)
was much higher in older adults.58 There is considerable varia-
tion in IPD rates reported for different countries in Central and
Eastern Europe, with a trend toward an increased incidence of
IPD over time. In Slovakia, for example, the IPD incidence is
highest in children < 1 year and increased between 1997 and
2013.59 In Czech Republic, following the introduction of PCV
in 2010, both the total incidence and the incidence in the 0–4-
year age group decreased from 2011 to 2012 and increased
again in 2013.60 Between 2012 and 2013, the incidence of IPD
in Czech Republic increased from 1.8 to 9.2/100,000 in infants
< year of age, and from 2.7 to 3.8/100,000 in those aged 1–
4 years. In the same period, the IPD incidence in older adults

Table 2. IPD incidence per 100,000 in various age groups in the different countries.

Age group (years)

Country Year <1 1–4 3–5 6–17 �20 50–64 �65
Czech Republic 201265 1.8 2.7 – 2.2 (5–9 years), 1.3 (10–14 years),

0.7 (15–19 years)
1.3 (20–39 years) 3.3 (40–64 years) 8.1

201366 9.2 3.8 – 2.5 (5–9 years), 0.9 (10–14 years),
1.2 (15–19 years)

1.3 (20–39 years) 4.3 (40–64 years) 10.2

Poland58 2011 4.64 2.80 2.42 0.77 (5–9 years), 0.42 (10–14 years),
0.22 (15–19 years)

0.29 (20–39 years) 1.34 1.89

2012 3.17 3.11 3.12 0.91 (5–9 years), 0.27 (10–14 years),
0.09 (15–19 years)

0.23 (20–39 years) 1.18 2.45

2013 5.01 2.43 1.5 1.02 (5–9 years), 0.59 (10–14 years),
0.18 (15–19 years)

0.45 (20–39 years) 1.57 3.33

Slovakia68 2011 6.65 0.44 – – – – 1.98
2012 7.25 3.5 – – – – 1.73
2013 10.64 2.12 – – – – 3.37
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also increased from 3.3 to 4.3/100,000 in those aged 40–64 years
and 8.1 to 10.2/100,000 in those aged �65 years; the CFR in
over-65s was 22.2%. Several reasons have been proposed for
the increase observed, including improved surveillance, sero-
type replacement and a decline in vaccination coverage.45 In
Czech Republic, vaccination rates in infants have declined in
the past 2 years to close to 70% (< 50% in Prague). The vacci-
nation rate is estimated at < 0.01% in adults, although it is 80%
in nursing homes where vaccination is mandatory.45

Serotype prevalence and coverage by vaccines

The predominant invasive pneumococcal serotypes range
across age groups and geographic areas. Data on the prevalence
of serotypes causing IPD in infants and adults in Central and
Eastern European countries are shown in Tables 3 and 4. Some
information is also available on serotype coverage by the avail-
able conjugate vaccines in countries in the region (Table 5).
Where available, data are presented separately for 2011, 2012
and 2013. Where data have come from different sources and
cover different regions and/or years (e.g., for Russia), data have
not been combined.

Between 2005 and 2014, the most common serotypes among
invasive pneumococcal isolates collected from children aged <

5 years in Croatia were 14, 19A, 6B, 23F and 18C. The serotype
prevalence in adults was found to be more diverse, with the
most common serotypes being 3, 14, 1, 19A, 7F, 9 and 23F.61

Serotype prevalence data from Czech Republic in 2012–13
show 19A and 1 were the most frequent invasive serotypes iso-
lated from children aged < 5 years, and 3, 9, 22F, 14 and 19A
for older adults aged �65 years.45 Vaccine serotype coverage
rates with PCV13 are 88% for pediatric patients and 80% for
adults in Croatia,61 and 46% and 45%, respectively, in Czech
Republic.45 In Poland, serotypes 3 and 14 were responsible for
most IPD cases from 2011–13, however, serotype 11A caused
the highest CFR.46 PCV10 and PCV13 were reported to cover
46.0% and 71.8% of all IPD cases; 61.4% and 79.5% of cases in
children aged < 2 years; and 60.4% and 78.6% of cases involv-
ing children < 5 years of age, respectively. PCV13 and PPV23
covered 68.7% and 86.0% of cases in adults aged >65 years,
respectively.46 In Romania, IPD cases are currently under
reported and there are limited data on serotype distribution for
different age groups. Among a collection of 360 isolates from
IPD across all age groups, only 90 isolates were serotyped; 19F
was the most prevalent serotype in children aged � 5 years, fol-
lowed by 6B, 19A and 3. Between 2010 and 2013, the potential
vaccine coverage rate of invasive serotypes in Romania was esti-
mated at 73% for PCV10 and 97% for PCV13.48

Following the introduction of PCVs in Central and Eastern
Europe, changes have been observed in the distribution of inva-
sive serotypes, with the emergence of non-vaccine serotypes
reported in some countries. In Slovakia, the most prevalent
serotypes in pediatric age groups before the introduction of
PCV7 in 2007 were 14 and 19A, shifting to 19A and 3 in 2013.
In adults, serotypes 3 and 19A were most frequent in 2011–12,
with 7F and 6B increasing in incidence in 2013.47 In Turkey,
PCV7 was introduced in 2008 and the most common IPD sero-
types in children � 2 years in 2008–10 were 19F and 6B.52 In
2011–12, before the switch to PCV13, the serotype distribution

had changed, with serotypes 3, 6A and 19A being the most
prevalent.62

Antibiotic resistance

Recent antibiotic use is strongly associated with carriage of
resistant pneumococci. Among individuals who develop IPD,
recent antibiotic use is also associated with an increased risk of
infection with a resistant strain. Several countries in Central
and Eastern Europe have reported on the frequency of local
antibiotic resistance and non-susceptibility among S. pneumo-
niae isolates. In Croatia, the proportion of penicillin-non-sus-
ceptible invasive isolates was 17% in 2005 and 23% in 2012,63

with serotypes 14 and 19A accounting for the highest number
of non-susceptible isolates.64 All highly resistant isolates appear
to have been prevented by the introduction of PCV13. High
rates of resistance to macrolides and penicillin have been
observed in Romania, especially in serotypes covered by
PCV13.48 Antibiotic resistance rates among nasopharyngeal
isolates in Hungary have been reported at 22% for erythromy-
cin and 17% for clindamycin and tetracycline; 79% of isolates
were sensitive to penicillin and 21% had intermediate resis-
tance.56 Nasopharyngeal isolates in Ukraine have shown resis-
tance to ciprofloxacin (100%), co-trimoxazole (48%),
erythromycin (33%), azithromycin (33%), amoxicillin/clavula-
nate (R and I, 33%), penicillin (20%) and cefuroxime (12%).
Thirty-five percent were multi-drug resistant, with serotypes
14, 19F, 6A/B and 23F being the most resistant.57 Between 60%
and 80% of isolates from IPD cases in Poland were susceptible
to penicillin across the different age groups, with~55–75% sus-
ceptible to erythromycin, >80% susceptible to cefotaxime and
>90% susceptible to chloramphenicol and meropenem. The
highest non-susceptibility rates were in the youngest patients.
Serotypes 19A, 19F and 6B were the most multi-drug resistant.
PCV13 and PPV23 each covered >90% of multi-drug resistant
serotypes, compared with only ~65% for PCV10.46 Antibiotic
resistance has increased in recent years in Russia, with macro-
lide non-susceptibility rates of 26% and 31% reported in Mos-
cow and St Petersburg, respectively.49,50 In Turkey, penicillin
resistance was found in 23% of isolates and erythromycin resis-
tance in 25% across eight cities; 19A and 19F had the highest
resistance rates.53 These serotypes are covered by PCV13 which
is currently in use.

Discussion

The data brought together here demonstrate the progress that
has been made in Central and Eastern Europe in recent years
in terms of pneumococcal surveillance and vaccination. Most
of the countries represented now have national surveillance sys-
tems and several of them have introduced vaccination with
PCVs. However, further efforts are needed to ensure that this
progress continues. Pneumococcal surveillance improves
understanding of local pneumococcal epidemiology (e.g. sero-
type distribution and the prevalence of antibiotic resistance),
which can help to inform future vaccination policies and pro-
grams. Countries without established surveillance systems may
be able to learn from the experience of those with established
systems. The data from Kazakhstan (Box 1) demonstrate how

2128 M. CEYHAN ET AL.



Ta
bl
e
3.

Se
ro
ty
pe

di
st
rib

ut
io
n
in
ch
ild
re
n
w
ith

IP
D
in
th
e
di
ffe
re
nt

co
un

tr
ie
s.

Se
ro
ty
pe

Co
un
tr
y

Ye
ar
/r
eg
io
n

Ag
e
gr
ou
p

1
3

4
5

6A
6B

7F
9A

9V
14

15
C

18
C

19
A

19
F

23
F

Cr
oa
tia
,n

(%
)6
4

20
11

<
5

0
0

0
0

1
(5
.9
)

3
(1
7.
6)

1
(5
.9
)

0
0

2
(1
1.
8)

0
2
(1
1.
8)

1
(5
.9
)

1
(5
.9
)

1
(5
.9
)

5–
13

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
20
12

<
5

<
5

2
(4
.9
)

0
1
(2
.4
)

0
1
(2
.4
)

5
(1
2.
2)

1
(2
.4
)

0
0

12
(2
9.
3)

0
2
(4
.9
)

9
(2
2)

1
(2
.4
)

5–
13

2
(6
6.
7)

0
0

0
1
(3
3.
3)

0
0

0
0

0
0

0
0

0
0

20
13

<
5

0
0

0
0

1
(2
.8
)

3
(8
.6
)

0
0

1
(2
.8
)

13
(3
7.
1)

0
1
(2
.8
)

6
(1
7.
1)

0
3
(8
.6
)

5–
13

1
(2
0)

0
1
(2
0)

0
1
(2
0)

0
0

0
0

1
(2
0)

0
0

0
0

0
Cz
ec
h
Re
pu

bl
ic
,n

(%
)6
6,
67

20
11

<
5

1
(4
.8
)

2
(9
.5
)

0
0

2
(9
.5
)

0
1
(4
.8
)

0
0

2
(9
.5
)

1
(4
.8
)

2
(9
.5
)

2
(9
.5
)

0
1
(4
.8
)

20
12

1
(6
.7
)

0
0

0
1
(6
.7
)

0
0

0
0

1
(6
.7
)

1
(6
.7
)

0
2
(1
3.
3)

1
(6
.7
)

1
(6
.7
)

20
13

3
(1
0.
7)

1
(3
.6
)

0
0

0
0

1
(3
.6
)

0
1
(3
.6
)

1
(3
.6
)

0
0

5
(1
7.
8)

1
(3
.6
)

0
H
un
ga
ry
,n

(%
)6
9,
70

20
10
–1
3

�5
7
(1
0.
3)

16
(2
3.
5)

0
2
(2
.9
)

1
(1
.5
)

2
(2
.9
)

6
(8
.8
)

0
1
(1
.5
)

0
4
(5
.9
)

2
(2
.9
)

19
(2
7.
9)

3
(4
.4
)

3
(4
.4
)

6–
18

6
(2
2.
2)

2
(7
.4
)

1
(3
.7
)

2
(7
.4
)

1
(3
.7
)

2
(7
.4
)

3
(1
1.
1)

0
1
(3
.7
)

0
0

0
1
(3
.7
)

2
(7
.4
)

1
(3
.7
)

Po
la
nd

,%
58

20
11
–1
3

�5
3.
8

6.
3

3.
8

—
2.
5

11
.3

0.
6

—
4.
4

18
.2

6.
9

2.
5

9.
4

8.
2

7.
5

Ro
m
an
ia
,%

71
20
10
–1
3

�5
2

5
—

1
—

8
—

—
3

4
—

—
5

19
3

6–
17

—
3

—
—

—
—

2
—

—
1

—
—

—
3

—
Ru

ss
ia
,n

(%
)

St
Pe
te
rs
bu

rg
20
10
–2
01
2
[4
9]
(n
D4

9)
#

<
18

0
7

0
0

6
0

5
5

0
3

0
4

5

St
Pe
te
rs
bu

rg
20
10
–2
01
2
[4
9]
(n
D1

18
)#

<
5

0
21

0
0

10
0

1
3

0
1

4
33

10

Va
rio

us
re
gi
on
s

20
12
–1
3[
51
]�

<
5

0
(1
1.
1)

0
0

(2
.3
)

(1
1.
1)

(0
.5
)

(1
.4
)

(2
.3
)

(1
5.
8)

(0
.5
)

(2
.8
)

(7
.0
)

(2
2.
9)

(1
3.
5)

M
os
co
w

20
09
–1
3[
50
]y

IQ
R
0.
1–
6.
0

3
(0
.4
)

63
(7
.5
)

70
(8
.4
)

10
7
(1
2.
8)

10
(1
.2
)

—
13

(1
.6
)

75
(9
.0
)

13
(1
.6
)

20
(2
.4
)

19
(2
.3
)

18
1
(2
1.
7)

84
(1
0.
1)

Sl
ov
ak
ia
,n

(%
)5
9

20
11
–1
2

�5
—

1
(5
.6
)

—
—

—
1
(5
.6
)

1
(5
.6
)

—
—

2
(1
1.
1)

—
—

5
(2
7.
8)

2
(1
1.
1)

1
(5
.6
)

20
13

�5
—

2
(1
8.
2)

—
—

—
—

—
—

—
1
(9
.1
)

1
(9
.1
)

—
3
(2
7.
3)

1
(9
)

—
Tu
rk
ey
,n

(%
)

20
08
–1
05

2
�5

6
(4
.1
)

6
(4
.1
)

11
(7
.5
)

4
(2
.7
)

3
(2
.1
)

14
(9
.6
)

1
(0
.7
)

—
1
(0
.7
)

10
(6
.8
)

2
(1
.4
)

4
(2
.7
)

9
(6
.2
)

38
(2
6)

8
(5
.5
)

>
5–
�1

8
2
(3
.6
)

4
(7
.1
)

3
(5
.4
)

—
2
(3
.6
)

2
(3
.6
)

—
1
(1
.8
)

2
(3
.6
)

3
(5
.4
)

1
(1
.8
)

1
(1
.8
)

3
(5
.4
)

—
20
10
–1
17

2
��

<
18

8
(1
4.
5)

5
(9
.1
)

—
7
(1
2.
7)

—
2
(3
.6
)

1
(1
.8
)

—
1
(1
.8
)

2
(3
.6
)

—
1
(1
.8
)

3
(5
.5
)

1
(1
.8
)

N
ot
e.

# C
om

m
un

ity
-a
cq
ui
re
d
pn

eu
m
on
ia
–
ly
tA

po
si
tiv
e
bl
oo
d
sa
m
pl
es

–
PC
R
ty
pi
ng

fr
om

bl
oo
d

� A
cu
te
ot
iti
s
m
ed
ia
.

yA
cu
te
ot
iti
s
m
ed
ia
C

ca
rr
ia
ge
.

��
em

py
em

a
#s
er
ot
yp
e
15
B/
C.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 2129



Ta
bl
e
4.

Se
ro
ty
pe

di
st
rib

ut
io
n
in
ad
ul
ts
w
ith

IP
D
in
th
e
di
ffe
re
nt

co
un
tr
ie
s.

Se
ro
ty
pe

Co
un
tr
y

Ye
ar

Ag
e
gr
ou
p

1
3

4
5

6A
6B

7F
8

9
10
A

11
A

14
18

19
A

19
F

22
F

23
F

Cr
oa
tia
,n

(%
)6
4

20
11

18
–6
5

3
(1
0.
3)

4
(1
3.
8)

2
(6
.9
)

0
1
(3
.4
)

1
(3
.4
)

2
(6
.9
)

0
2
(6
.9
)

2
(6
.9
)

0
7
(2
6)

0
0

1
(3
.4
)

1
(3
.4
)

0
>
65

2
(6
.3
)

12
(3
7.
5)

1
(3
.1
)

0
1
(3
.1
)

0
0

1
(3
.1
)

2
(6
.3
)

1
(3
.1
)

1
(3
.1
)

2
(6
.3
)

2
(6
.3
)

1
(3
.1
)

1
(3
.1
)

0
1
(3
.1
)

20
12

18
–6
5

5
(1
0.
6)

13
(2
7.
6)

1
(2
.1
)

0
1
(2
.1
)

2
(4
.2
)

1
(2
.1
)

0
2
(4
.2
)

0
1
(2
.1
)

2
(4
.2
)

1
(2
.1
)

4
(8
.5
)

1
(2
.1
)

0
2
(4
.2
)

>
65

0
10

(3
0.
3)

1
(3
)

0
1
(3
)

1
(3
)

0
0

3
(9
)

1
(3
)

4
(1
2)

0
1
(3
)

2
(6
)

1
(3
)

1
(3
)

1
(3
)

20
13

18
–6
5

2
(5
.9
)

10
(2
9.
4)

2
(5
.9
)

0
2
(5
.9
)

1
(3
)

1
(3
)

0
1
(3
)

0
1
(3
)

6
(1
7.
6)

0
2
(5
.9
)

1
(3
)

0
2
(5
.9
)

>
65

0
6
(1
6.
2)

2
(5
.4
)

0
2
(5
.4
)

1
(2
.7
)

2
(5
.4
)

0
4
(1
0.
8)

0
0

9
(2
4.
3)

0
4
(1
0.
8)

1
(2
.7
)

1
(2
.7
)

2
(5
4)

Cz
ec
h
Re
pu

bl
ic
,n

(%
)6
6,
67

20
11

�6
5

7
(5
.9
)

18
(1
5.
2)

8
(6
.8
)

0
2
(1
.7
)

3
(2
.5
)

14
(1
1.
9)

2
(1
.7
)

3
(2
.5
)(
9V
);

5
(4
.2
)(
9N

)
5
(4
.2
)

2
(1
1.
7)

8
(6
.8
)

2
(1
.7
)

6
(5
.1
)

2
(1
.7
)

7
(5
.9
)

6
(5
.1
)

20
12

5
(3
.6
)

20
(1
4.
4)

4
(2
.9
)

0
3
(2
.2
)

3
(2
.2
)

8
(5
.8
)

3
(2
.2
)

10
(7
.2
)(
9V
);

10
(7
.2
)(
9N

)
5
(3
.6
)

9
(6
.5
)

8
(5
.8
)

3
(2
.2
)

3
(2
.2
)

0
8
(5
.8
)

4
(2
.9
)

20
13

8
(4
.4
)

28
(1
5.
6)

2
(1
.1
)

0
5
(2
.8
)

2
(1
.1
)

4
(2
.2
)

6
(3
.3
)

2
(1
.1
)(
9V
);

9
(5
.0
)(
9N

)
5
(2
.8
)

3
(1
.7
)

10
(5
.6
)

1
(0
.6
)

12
(6
.7
)

2
(1
.1
)

11
(6
.1
)

5
(2
.8
)

H
un
ga
ry
,n

(%
)5
6,
74

20
10
–1
3

19
–6
5

7
(2
.3
)

83
(2
6.
7)

7
(2
.3
)

0
16

(5
.1
)

10
(3
.2
)

15
(4
.8
)

14
(4
.5
)

3
(1
)(
9V
);

11
(3
.5
)(
9N

)
7
(2
.3
)

12
(3
.9
)

5
(1
.6
)

0
14

(4
.5
)

10
(3
.2
)

10
(3
.2
)

8
(2
.6
)

>
65

2
(0
.9
)

76
(3
4.
5)

2
(0
.9
)

0
9
(4
.1
)

8
(3
.6
)

8
(3
.6
)

10
(4
.5
)

3
(1
.4
)(
9V
);

3
(1
.4
)(
9N

)
1
(0
.5
)

10
(4
.5
)

4
(1
.8
)

0
12

(5
.5
)

9
(4
.1
)

6
(2
.7
)

0

Po
la
nd

,%
58

20
10
–1
3

�6
5

3.
8

22
.2

4.
9

–
1.
1

1.
6

1.
9

1.
6

3.
8
(9
N
)

1.
9

2.
2

8.
1

–
6.
2

5.
7

3.
0

4.
6

Ro
m
an
ia
,%

71
20
10
–1
3

18
–6
4

2
3

–
5

2
1

1
2

1
�6

5
1

3
–

4
1

2
1

Ru
ss
ia
,n

49
#

20
10
–1
3

0
6

–
3
(6
A/
B/
C)

0
1

1
2

0
4

4
5

Sl
ov
ak
ia
,n

(%
)5
9

20
11
–1
2

>
18

0
17

(2
6.
6)

–
3
(4
.7
)

2
(3
.1
)

1
(1
.6
)

2
(3
.1
)

1
(1
.6
)

3
(4
.7
)

1
(1
.6
)

10
(1
5.
6)

2
(3
.1
)

0
20
13

>
18

3
(5
.2
)

11
(1
9.
0)

–
0

4
(6
.9
)

6
(1
0.
3)

1
(1
.7
)

0
1
(1
.7
)

0
3
(5
.2
)

0
1
(1
.7
)

Tu
rk
ey
,%

53
20
10
–1
2

–
7.
1

17
.1

2.
8

2.
8

7.
1

1.
4

–
–

1.
4

–
5.
7

1.
4

2.
8

12
.8

–
1.
4

20
05
–1
1

>
18

2.
9

11
.8

1.
8

0.
7

0.
7

5.
0

1.
8

–
1.
4

–
–

4.
6

0.
4

6.
8

12
.1

–
2.
1

N
ot
e.

#
Co
m
m
un

ity
-a
cq
ui
re
d
pn

eu
m
on
ia
–
ly
tA

po
si
tiv
e
bl
oo
d
sa
m
pl
es

–
PC
R
ty
pi
ng

fr
om

bl
oo
d.

2130 M. CEYHAN ET AL.



vaccination can reduce pneumococcal disease and help to
reduce pediatric pneumonia rates, which is a major factor con-
tributing to infant and child mortality in those aged <5 years.

For the countries with serotype data, the majority of sero-
types are covered by PCV13. The most common serotypes in
children are 6B, 14, 19A and 23F, which are all covered by
PCV13. As seen in EU/EEA countries as a whole,22 serotypes 1
and 3 are relatively more common in adult patients than in
children. Overall, serotype 14 appears to be reported more fre-
quently, and7F and 22F less frequently, in Central and Eastern

Europe compared with EU/EEA countries overall.22 The sero-
type coverage by PCV13 of around 50–90% are comparable to
those reported for the EU/EEA overall.22 In general, the sero-
type distributions and impact of PCV13 on different forms of
pediatric pneumococcal diseases are relatively similar in differ-
ent parts of the world, suggesting that approaches to vaccina-
tion used elsewhere are also likely to be effective in Central and
Eastern Europe.
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Table 5. Coverage rates of invasive isolates by vaccines in the different countries.

PCV7 PCV10 PCV13

Country Year/region Paed Adult Paed Adult Pediatric Adult

Croatia64 2011 52.9% 35.5% 58.8% 46.8% 70.6% 82.3%
2012 59% 25.6% 70.5% 32.9% 95.5% 72%
2013 60% 41.6% 62.5% 48% 82.5% 76.7%

Czech Republic66-68 2011 23.8%# 27.1�� 33.3%# 44.9%�� 61.9%# 66.9%��

2012 (including non-typed) 20.0%# 21.0�� 26.7%# 23.0%�� 46.7%# 51.1%��

2013 (including non-typed) 10.7%# 13.3%�� 25.0%# 20.0%�� 46.4%# 45.0%��

2014 (including non-typed) 20.0%# 11.7�� 32.0%# 19.5%�� 52.0%# 46.8%��

Hungary56,73 2013 5% 12.4%z 10% 16.8%z 50% 56.6%z

Poland58 2011–13 – 60.4%# 38.3��% 78.6%# 68.7��%
Romania72 2010–13 59.8% 72.7% 97.4%
Russia St Petersburg 2010–2012 49 49.2% – 49.2% 65% 70.4% 95%

Various regions 2012–1351 68.4%# – 68.9%# – 87.0%# –
Moscow 2009–13 50 62.8%� – 64.5%� – 81.2%� –

Slovakia59 2011–13 27.6% 18%�� 31% 18%�� 69% 64.1%��

Turkey 1998–200774 45.3% 40.2% 87.3% 75.5% 92.1% 85.5%
2001–0475 63%� – – 77.8%� –
2008–1052 69.5%� – 75.8%� – 85.3%� –
1996–200876 44.1% 39.8% – 66.1% 71.5%
2005–1153 – – – – 49.4%
2010–1172 16.3%y – 45.4%y – 60%y –
2011–1277 48%# – 51%# 71%# –

Note. Pediatric �5 years unless otherwise specified. Adult >18 years unless otherwise specified.
��2 years. y�18 years. z�60 years. #<5 years ��adults �65 years.

Box 1 Kazakhstan case study.65

There is no established surveillance system in Kazakh-
stan, and no routine serotyping of isolates. Pneumonia
caused almost a third of deaths in infants aged <1 year
in 2008, and S. pneumoniae was responsible for almost
half of the cases of non-meningococcal meningitis in
children between 1993 and 2007.

Pneumococcal vaccination of newborns has been
implemented on a region-by-region basis since 2010,
starting in East Kazakhstan and Mangystau regions.
Between 2010 and 2012, the incidence of pneumonia in
infants <1 year of age fell from 34.5 to 18.6/1,000 in East
Kazakhstan, and from 29.2 to 14.7/1,000 in Mangystau.
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