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ABSTRACT
Objectives: To determine the serotype distribution of pneumococcus causing invasive pneumococcal
disease (meningitidis, bacteremia and empyema) in children in Turkey, and to observe potential changes
in this distribution in time to guide effective vaccine strategies.
Methods: We surveyed S. pneumoniae with conventional bacteriological techniques and with real-time
polymerase chain reaction (RT-PCR) in samples of cerebrospinal fluid (CSF), blood and pleural fluid.
S. pneumoniae strains were isolated from 33 different hospitals in Turkey, which are giving health
services to approximately 60% of the Turkish population.
Results: A total of 167 cases were diagnosed with invasive pneumococcal disease between 2015 and
2018. We diagnosed 52 (31.1%) patients with meningitis, 104 (62.2%) patients with bacteremia, and 11
(6.6%) patients with empyema. Thirty-three percent of them were less than 2 years old and 56% less
than 5 years old. Overall PCV13 serotypes accounted for 56.2% (94/167). The most common serotypes
were 19 F (11.9%), 1 (10.7%) and 3 (10.1%).
Conclusions: Besides the increasing frequency of non-vaccine serotypes, vaccine serotypes continue to
be a problem for Turkey despite routine and high-rate vaccination with PCV13 and significant reduction
reported for the incidence of IPD in young children. Since new candidate pneumococcal conjugate
vaccines with more serotype antigens are being developed, continuing IPD surveillance is a significant
source of information for decision-making processes on pneumococcal vaccination.
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Introduction

Diseases caused by Streptococcus pneumoniae (pneumococcus)
are a global public health concern. It is estimated that about
one million children die of pneumococcal disease each year.1

Over 90 different pneumococcal serotypes have been identified
and it has been reported that serotype distribution of the pneu-
mococcus changes due to various factors including clonal enlar-
gement, capsular transformation, mass pneumococcal
vaccination, socioeconomic conditions, immune status and
changes in antibiotic use in population.2–4 Therefore, obtaining

information about local serotype distribution and changes over
time is essential for effective vaccination strategies.5 Currently,
there are three different pneumococcal vaccines (PPSV23,
PCV10 and PCV13), each of them has their own complications
and successes.6 Underdeveloped specific splenic B cell subsets, as
well as the composition of antibody and T cell receptor reper-
toires, are the basis for the poor immunogenicity of PPV23 in
infants. Conjugate vaccines composed of polysaccharide antigen
linked to a carrier protein have been developed to elicit higher
levels of protective antibodies, thus overcoming this problem.7
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Although there are variations in regional pneumococcal
serotype distribution for the common serotypes, the first
PCV which is 7-valent PCV (PCV7) containing 7 (4, 6B,
9 V, 14, 18 C, 19 F, 23 F) common serotypes encountered in
childhood was recommended by WHO to be included in
national immunization programs (NIP) in 2007.8 Routine
PCV7 vaccination had a major impact on the incidence of
invasive and noninvasive pneumococcal diseases in children
worldwide.9 More serotypes were added to the same seven
serotypes to expand the serotype coverage. These higher
valency PCVs are 10-valent PCV (PCV10) (contains serotypes
1, 5, and 7 F plus PCV7 serotypes) and 13-valent PCV
(PCV13) (includes PCV10 serotypes plus 3, 19A, and 6A).10

Turkey implemented PCV7 vaccination in NIP in 2009. It was
changed to PCV13 with the same 3 + 1 vaccination schedule
(2, 4, 6 months and a booster at 12 months) in 2011.11

Recently, it was modified to a 2 + 1 schedule (3rd dose was
removed from the schedule).

We aimed to assess the effect of PCV13 vaccination on the
serotype distribution of pneumococci causing invasive pneu-
mococcal diseases (meningitidis, bacteremia and empyema) in
children in Turkey.

Method

This multicenter, hospital-based, epidemiological study was
conducted in Turkey among children younger than 18 y.
Specimens were collected between January 2015 and
December 2018. All patients treated for invasive infections
attributable to S. pneumoniae were screened in 33 hospitals,
located in all geographical regions of Turkey providing health
services to approximately 60% of the Turkish population. Cases
were considered eligible for evaluation if S. pneumoniae was
isolated from a normally sterile body site (cerebrospinal fluid
[CSF], blood or pleural fluid) and was identified based on
typical colony morphology on blood agar as well as Gram
strain and optochin sensitivity.

Duplicate isolates from the same patient were not included
in the study. The presence of S. pneumoniae in isolate was
confirmed at the central study laboratory (Department of
Microbiology and Infection Disease, Istanbul Faculty of
Medicine). We obtained isolates of S. pneumoniae as a part
of the routine clinical diagnostic practice, from blood-culture
system (Bactec 9050, Becton Dickinson, Temse, Belgium),
lung aspirate by inoculation of culture media at the patients’
bedside, and CSF, using standard microbiological procedures.
We surveyed S. pneumoniae using the conventional bacterio-
logical techniques and real-time polymerase chain reaction
(rt-PCR) in samples.12

Tests for susceptibility to antimicrobial agents were performed
using the standard disc diffusion method on Müller-Hinton agar,
supplemented with 5% ship blood. The susceptibility to penicillin
was detected with a 1 ml oxacillin disc. The minimal inhibitory
concentration (MIC) of the antibiotics was detected using the
E-test.13 E tests were performed according to the guidelines out-
lined by theClinical andLaboratory Standards Institute (2012). An
inoculum density equivalent to 0,5 MacFarland Standard was
prepared in Müller-Hinton broth.14 Serotyping was performed

by theQuelling reaction using serotype-specific antisera according
to the manufacturer`s instructions (Statens Serum Institute,
Copenhagen, Denmark). Minimal inhibitory concentrations
(MICs) for penicillin and ceftriaxone were performed and inter-
preted by CLSI guidelines (2015). For non-meningitis cases, inter-
mediate resistance to penicillin is defined as MIC between 2 and
8 µg/ml, high-level resistance as MIC>8 µg/ml and susceptible as
MIC ≤2 µg/ml. Susceptibility to cefotaxime was defined as
MIC≤1.0 µg/ml. For meningitis cases, isolates were considered
susceptible to parenteral penicillin if MICs were ≤0.06 µg/ml or
to cefotaxime if MICs were ≤0.5 µg/ml.15 Vaccine-type strains
included serotypes 4, 6B, 9 V, 14, 18 C, 19 F, 23 F, 1, 5, 7 F, 3, 6A
and 19A. All other serotypes were considered as non-vaccine
types.

The study was approved by the İstanbul University
Istanbul Faculty of Medicine Clinical Research Ethics
Committee (2012/1676-1269).

Statistical analysis

All statistical analyses were performed using SPSS version 21.0
(IBM Corporation, Armonk, NY, USA). Descriptive statistics
were used to summarize the participants’ baseline characteristics
for continuous variables and frequency distributions for catego-
rical variables. Categorical variables were expressed as frequen-
cies and proportion.

Result

Streptococcus pneumoniae strains causing invasive pneumococ-
cal disease were isolated and serotyped in 167 samples between
2015 and 2018. Of these, 33% of the cases were under 2years
old and 56% of them were under 5 years old. Among the cases,
the site of infection showed that the most common manifesta-
tion was bacteremia followed by meningitis and empyema. We
diagnosed 104 (62.2%) patients with bacteremia, 52 (31.1%)
patients with meningitidis and 11 (6.6%) with empyema
(Table 1). PCV13 serotypes accounted for 55.8% of bacteremic
isolates and 57.1% of non-bacteremic isolates. The rates of
PCV13 and non-PCV13 serotypes were not statistically differ-
ent between bacteremia and non-bacteremia isolates.

The total number of PCV13, the most common non-PCV13
serotypes, the distribution of each serotype and the number of
PCV13 or PCV7 vaccine doses before IPD are shown in Table
2. Children born in an after 2009 were considered as properly
vaccinated for their age, with the PCV in use for the NIP.
PCV13 serotype isolates accounted for 56.2% (94 out of 167)
over the period of this study; 32 (34%) of the children who had

Table 1. The site of infection according to the years.

Study period

2008–2010 2011–2012 2013–2014 2014–2018

The site of infection n (%) n (%) n (%) n (%)

Bacteremia/sepsis 100 (49.5) 33 (49.2) 37 (56) 104 (62.2)
Meninjitis 63 (31.2) 26 (38.8) 18 (27.3) 52 (31.1)
Empiyema 39 (19.3) 8 (12) 11 (16.7) 11 (6.6)
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IPD due to a PCV13 serotype isolate received only one dose of
PCV13 or none before their IPD.

The most common vaccine serotypes were 19 F (n = 20,
11.9%), 1 (n = 18, 10.7%) and 3 (n = 17, 10.1%). These three
serotypes accounted for 58.5% of the PCV13 serotypes and
32.9% of IPD in children. The most common non-PCV13 ser-
otypes were 15B (n = 6, 3.6%) and 8, 12 F and 10A (n = 5, 2.9% in
each) and 11A, 15 C, 15 F and 20 (n = 3, 1.7% in each) (Table 2).

During the first 5 years of age, the potential serotype coverage
rates of PCV7, PCV10, and PCV13 were 22.3%, 34%, and 52.1%,
respectively; the coverage rates of these vaccines were 28.7%,
42.4%, and 64.3% for the 5−18 years age group. Data regarding
the vaccine serotype coverage rates for PCV7, PCV10 and PCV13
before and after the inclusion of PCV7 and PCV13 in Turkey’s
NIP according to the years is depicted in Figure 1.

About 61 children (36.5%) in our study were not fully vacci-
nated with PCV7 or PCV13, with no doses or only one dose
reported, while 106 (63.4%) patients were vaccinated with either
PCV7orPCV13 at least twodoses. Among the 61 (36.5%) children
who were not fully vaccinated, seven had received one dose before
their IPD and 54 had no vaccination, 42 were of an age at the time
of IPD for which PCV was recommended according to our NIP,
theywere born before 2007.Only 28 (16.7%) children had received
four doses of PCV13.

Of the 106 cases who had at least two doses of vaccine, 72
were diagnosed with bacteremia, 24 with meningitis and 10
with empyema. In this vaccinated group, the most common
isolated serotypes were 19 F (n = 17), 1 (n = 13) and 3
(n = 12). Among the 61 children who were not fully vacci-
nated, 32 of them were diagnosed with bacteremia, 28 with

Table 2. Serotype distribution of Streptococcus pneumoniae according to clinical samples and vaccination status.

Vaccine
doses

Isolate number (n) Blood CSF Empyema Others Number of patients 7 13 Unvaccinated

PCV–7 42 28 11 1 2
19F 20 14 3 1 2 2 – 3 2

1 – 1
2 1 3
4 4 –
9 – 4

23F 7 4 3 – – 1 1 – 4
1 4 –
1 – 4

4 4 2 2 – – 1 – 1 2
1 4 –

6B 2 0 2 – – 1 – 3 1
9V 4 4 0 – – 1 4 – 1

1 – 4
1 – 3

14 4 4 0 – – 2 – 4 –
1 – 3
1 – 2

18C 1 0 1 – – – – 1
PCV–10 61 12 6 1 –
1 18 11 6 1 – 3 – 3 4

1 – 1
4 4 –
2 2 2
1 1 3
2 – 4
1 3 1

5 1 1 – – – – – – 1
7F 0 – – – – – – – –
PCV–13 94 18 7 8 –
3 17 11 1 5 – 1 4 – 4

11 – 4
1 – 1

6A 9 5 3 1 – 1 4 – 5
2 – 4
1 – 3

19A 7 2 3 2 – 3 4 – 3
1 2 2

Non-vaccine types 73 46 25 1 1
8 5 4 2 1 – ** 26
10A 5 3 1 – 1 29 8 –
11A 3 3 0 – – 1 3 –
12F 5 3 1 – – 2 2 1
15B 6 3 3 – – 10 – 2
15C 3 3 – – – 3 – 3
15F 3 0 – – – 2 – 2
20 3 2 1 – – 1
Others 40 27 17 – –

*Only one sample was taken from each patient.
¥Joınt fluid
**Number of patients and doses are not for each serotype, data are for total nonvaccine serotypes.
The total number of isolates, the number of each site of isolates, the distribution of each serotypes and the number of patients
with PCV13 or PCV7 vaccine doses before IPD were shown in Table 2.
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meningitis and one with empyema. We detected non-PCV13
serotypes in 42.4% (n = 45) of patients who had been vacci-
nated with at least two doses of either PCV7 or PCV13.

In our previous studies, the penicillin-resistant
Streptococcus pneumonia (PRSP) ratio was 16.5% in
2008–2010 and 33.7% in 2011–2014. In this study, PRPS was
32.9% in invasive isolates. The ceftriaxone susceptibility rate
of the PID isolates was 84.7%. The proportion of PRSP is
38.4% for non-PCV13 serotypes and 28.5% for PCV13 sero-
types. The resistance rate of serotypes from higher to lower
was 12A, 18, 18 C, 2, 6B, 24A, 24 F, 28A, 33 C, 6B, 6D, 9 N
(100% for each), 23 F (66.6%), 12, 15A, 15B, 4, 6 C, 7 F (50%
for each), and 19A (42.9%) (Table 3). The proportion of PRPS
isolates potentially covered by the PCV7, PCV10 and PCV13
vaccines was 22.4%, 32.6% and 46.9%, respectively.

Discussion

Successful vaccination policies for protection from invasive
pneumococcal diseases are crucial for every country.
Therefore, the present study evaluated data on the serotyping

of the pneumococci associated with IPD in Turkey between
2015 and 2018 after the beginning of PCV13 vaccination. We
found that PCV13 serotypes (56.2%) accounted for more than
non-PCV13 serotypes (43.7%); in our previous studies, the
ratio of non-PCV13 serotypes was 27.2% between 2008 and
2010 and 37.6% between 2011 and 2014.12,16 According to the
data from three sequential periods, it was detected that the
number of cases with IPD due to non-vaccine serotypes
increased whereas the number of cases with IPD caused by
the vaccine serotypes decreased, which might be attributable
to the impact of NIP with PCVs. Similarly, a study evaluating
pneumococcal serotypes in Western Europe reported that
marked reduction in diseases related to vaccine serotypes
has been observed while the nonvaccine serotypes have
increased.17,18

By the way, PCV13 serotypes still account for
a considerable proportion of IPD cases in our study despite
the high vaccination rate in Turkey (96%).19 In the literature,
several cases were reported of those who had IPD due to
PCV13 serotypes despite having received at least two doses
of PCV vaccination.20–28 There is a lack of information about
the risk of IPD with vaccine-types after completing the
recommended course of PCV immunization. After the vacci-
nation, the changes of antibody titers against serotypes affect
the serotype distribution of IPD besides the serotype
carriage.24 The immunogenicity of the vaccine serotypes and
the underlying conditions that altered host defenses against
IPD could result in vaccine failure. There is a need for a more
systematic vaccine failure reporting system in every
country.24,29

In this study period, the most common serotypes in order
of frequency were 19 F, 1 and 3. Consistent with our findings,
the most common serotypes causing IPD were 3, 19A and
19 F after the early years of introduction of the PCV13
vaccine in the United States with the difference of seroepide-
miology of 19A.30 Additionally, studies from Europe,
America, and Western Pacific after the introduction of
PCVs showed a dominant contribution of 19A to the pediatric
cases with IPD;31 however, a recent review found that there

Figure 1. Vaccine serotype coverage rates for PCV7, PCV10 and PCV13 before and after the inclusion of PCV7 and PCV13 in Turkey’s NIP according to the years.

Table 3. Penicillin-resistance rate of serotypes.

Penicillin-resistance rate
(%)

PCV7 s
19 F 20
23 F 67
4 50
6B 100
9 V 0
14 0
18 C 100
PCV10 s
1 38
5 0
7 F 50
PCV13
3 6
6A 33
19A 43
PCV13 serotypes 29
Non-PCV13 serotypes 38
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was a low prevalence of serotype 19A while serotypes 1, 14
and 19 F were common in South Asian countries.32 Similarly,
19A did not seem to be a major problem in Turkey in the
vaccine era for the beginning of the study period. The Center
for Disease Control and Prevention Active Bacterial Core
surveillance program on the molecular characterization of
serotype 19A strains showed that the number of isolates
within the specific serotype 19A`s clonal complexes has fluc-
tuated significantly in the United States. These changes have
resulted in declines and increase clonal complex prevalence.33

The difference in the seroepidemiology of serotype 19A could
be attributable to the distribution of the clonal complex.

In this study period, the most common manifestation was
bacteremia followed by meningitis and empyema, as noted in
previous study periods. The rates of PCV13 and non-PCV13
serotypes and common serotypes were similar between bac-
teremia and non-bacteremia cases.

Several predominant non-PCV13 serotypes were reported
from different countries all over the world.18,31,34 Non-PCV13
serotypes contributed to 43.7% of IPD cases in our study.
Regional differences are seen in other countries (57.8% in
North America, 71.9% in Europe, 45.9% in Western Pacific,
and 28.5% in Latin America).31 Therefore, based on the common
serotypes not covered by PCV13, candidate PCVs are being
developed by adding the following serotypes to the PCV13
serotypes: 15-valent (22 F, 33 F) and 20-valent (8, 10A, 11A,
12 F, 15B, 22 F, 33 F).35,36 The most common non-PCV13
serotypes in our study were 15B, 8, 12 F, 10A, 11A, 15 C, 15 F
and 20. Neither 22 F nor 33 F, which are included as new
serotypes to PCV15, is common pathogen in our country. It
seems that non-PCV13 serotypes will continue to be a problem
due to the regional differences in serotype distribution.

Antibiotic resistance is an increasing challenge that affects
the successful management of the pneumococcal diseases.37

Serotypes 6B, 6A, 9 V, 14, 15A, 19 F, 19A, and 23 F were
found to have the highest antibiotic resistance rates in the
world.38 In our study, penicillin-resistant Streptococcus pneu-
monia (PRPS) was 32.9% in invasive isolates and consistently,
the most resistant isolates were serotypes 23 F, 12, 15A, 15B,
4, 6 C, 7 F and 19A. This may be related to the fact that PCVs
are extremely effective in reducing resistant infections by
reducing the carriage of antibiotic-resistant serotypes and
through an overall reduction in antibiotic use.39

Our study has several limitations. First, we do not know the
incidence of IPD because there is no case surveillance in Turkey.
Second, we could not evaluate the immune status or underlying
diseases of children and the effect of serotype distribution
according to underlying diseases. Despite these limitations, our
project has provided useful and significant insight into the
serotype distribution of S. pneumoniae in Turkey.

In conclusion, besides the increasing nonvaccine serotypes,
vaccine serotypes continue to be a problem for our country
despite routine immunization with PCV13 with a 96% vacci-
nation rate since 2011.19 In contrast to many other countries,
Turkey has not seen an increase in IPD cases with serotype
19A. Serotypes 22 F and 33 F, which are problems in many
developed countries and are added to developing conjugated
pneumococcal vaccines, were not among the commonly iso-
lated serogroups in our study. Our ongoing IPD surveillance

is a significant source of information for the overall impact of
pneumococcal vaccination programs as well as appropriate
decision-making processes for NIP in Turkey.
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