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Serotypes distribution and antibiotic 2
susceptibility of Streptococcus pneumoniae
strains: five-year surveillance results of post-
PCV-13
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Abstract

Background Approximately 100 capsular serotypes of S. pneumonia have been identified according to

the composition of their capsular polysaccharides, currently available vaccines do not cover many of these.
Pneumococcal vaccination serotype coverage is essential for preventing noninvasive and invasive illnesses as well as
asymptomatic carriage. We aimed to determine the serotype distribution and antimicrobial susceptibility pattern of
pneumococcal clinical isolates in this study. We also analyzed the serotype coverage rates of PCV13, which is applied
in the NIP, and PCV-15 and PCV20, which have been introduced recently.

Methods This study is a retrospective surveillance of pneumococcal infections including invasive pneumococcal
isolates (IPls) and non-invasive pneumococcal isolates (non-IPIs).

Results A total of 420 isolates from 356 different patients aged 0-89 years were enrolled in the study. A total of

420 pneumococcal isolates were serotyped and 26 different serotypes were detected. Serotype 19 F was the most
prevalent serotype (n =96, 22.8%), followed by 6 A/B (n=55, 13.1%), 23 F (=49, 11.6%), 3 (n=22,5.2%) and 19 A
(n=16,3.8%).

Conclusions Surveillance studies of pneumococcal diseases are critical to investigating current serotype
distributions, antibiotic resistance status, and frequency of IPD cases. Considering the increasing antibiotic resistance
rates of S. pneumoniae, it is necessary to provide protective immunization by switching to more comprehensive PCV
vaccines rather than treatment.
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Background

Streptococcus pneumoniae can cause noninvasive pneu-
mococcal diseases (IPDs), such as otitis media, sinusitis
and pneumonia, as well as more severe invasive pneu-
mococcal diseases (IPDs), such as bacteremia, meningitis
and empyema [1]. Approximately 100 capsular serotypes
of S. pneumoniae have been identified according to the
composition of their capsular polysaccharides; currently
available vaccines do not cover many of these serotypes
[2]. As estimated by the World Health Organization
(WHO), approximately 80% of all IPDs are caused by 20
serotypes [3]. Currently, there is a 23-valent pneumo-
coccal polysaccharide vaccine (PPV23) and a 13-valent
pneumococcal conjugate vaccine (PCV13), and in the
last few months, the 20-valent pneumococcal conjugate
vaccine (PCV20) has become available in Turkey. Pneu-
mococcal vaccination serotype coverage is essential for
preventing noninvasive and invasive illnesses as well as
asymptomatic carriage. In this respect, efforts to increase
the number of serotypes contained in pneumococcal
vaccines aim to reduce pneumococcal diseases caused
by nonvaccine serotypes. All kinds of clinical and labo-
ratory studies analyzing the coverage of current 15- and
20-valent pneumococcal vaccines together with previous
pneumococcal vaccines are important and will help in
vaccine application policies.

There are limited data about the distribution of pneu-
mococcal serotypes and antibiotic susceptibility patterns
for the current postvaccination period in the literature,
which is a public health concern. We aimed to deter-
mine the serotype distributions and antimicrobial sus-
ceptibility patterns of pneumococcal clinical isolates in
this study. We also analyzed the serotype coverage rates
of PCV13, which is applied in the NIP (National Immu-
nization Program), and PCV-15 and PCV20, which were
introduced recently.

Methods

This study was performed at Marmara University Pen-
dik Training and Research Hospital. The hospital opened
in 2011 and started accepting patients in January 2011.
This study is a retrospective surveillance of pneumococ-
cal infections, including invasive pneumococcal isolates
(IPIs) and noninvasive pneumococcal isolates (non-IPIs).
This report presents data from 5 years after opening the
hospital. Microbiology department records and microbi-
ology laboratory stocks were used to identify the isolates.
The clinical and demographic data of the patients were
retrieved from the hospital’s electronic database. This
retrospective study design was reported to the Ethics
Committee of Marmara University School of Medicine
and was conducted with the approval of Marmara Uni-
versity Microbiology Department.
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Isolation of pneumococcal strains

S. pneumoniae strains isolated via routine microbio-
logical methods in the clinical microbiology laboratory
between January 2011 and December 2015 were used.
Unviable isolates and patients whose clinical information
was insufficient were excluded. Pneumococcal infections
can be classified into invasive and noninvasive, depend-
ing on whether the S. pneumoniae is detected in sterile
or nonsterile body areas. Pneumococcal isolates (IPI and
non-IPI) were evaluated in the study, and nasopharyngeal
isolates for asymptomatic carriage were not included.
IPI was defined as the detection of S. pneumoniae from
a sterile sample such as blood, cerebrospinal fluid, pleu-
ral fluid, urine and joint fluid for this study. Non-IPI was
defined as the isolation of the bacteria from areas other
than sterile sites.

Multiplex PCR reactions for serotyping

Multiplex PCR procedures were performed according
to the appropriate protocol, and the S. pneumoniae iso-
lates were serotyped according to the Centers for Dis-
ease Control and Prevention (CDC) methods [4]. For
the eight different multiplex PCR reactions, 40 primer
pairs were used to detect the serotypes, as follows: 1, 2,
3,4,5,6 A/B,6 C,7 C/7B/40,7 F/7A, 8,9 N/9IL, 9 V/9A,
10 A, 10 F/10 C/33 C, 11 A/11D, 12 F, 13, 14, 15 A/15F,
15C,16 17 F 18 C, 19 A, 19 F, 20, 21, 22 F/22A, 23 A,
23B, 23 F, 24 F, 31, 33 F/33A/37, 34, 35 A/35 C/42, 35B,
35 F/47, 25 F/38 and 39. Another primer pair amplify-
ing the cpsA locus found in all S. pneumoniae strains was
used as an internal control for the PCR reactions [4].

Antibiotic susceptibility

The data were assessed via breakpoint standards, and
the Clinical and Laboratory Standards Institute (CLSI)
standards were used to interpret the MICs [5]. Suscep-
tibility to non-p-lactam antibiotics was evaluated via
the disk diffusion method, and the results were ana-
lyzed according to the CLSI criteria [5]. The follow-
ing antimicrobial agents were used: penicillin (n=420),
ceftriaxone (n=420), erythromycin (#=420), trime-
thoprim-sulfamethoxazole (TMP-SMX) (n=420), vanco-
mycin (n=420), tetracycline (n=398), chloramphenicol
(n=384), rifampin (n=380), clindamycin (n=374), levo-
floxacin (7 = 368) and moxifloxacin (z =263).

Statistical analysis

The data were entered into Microsoft Office Excel
(Microsoft Corp., USA) and analyzed via the SPSS for
Windows (SPSS, Chicago, IL, USA) program.
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Results

Patients and pneumococcal isolates

A total of 420 isolates from 356 different patients aged
0-89 years were included in the study. Among these
isolates, 43 (10.2%) IPIs were obtained from 40 (11.2%)
patients, and 377 (89.8%) non-IPIs were obtained from
316 (88.8%) patients (Table 1). The age range for the pedi-
atric group was 0—18 years (n =200, mean age=8.72+5.3
years), whereas the ages in the adult group ranged from
19 to 89 years (n =156, mean age 53.86 + 18.05 years). The
overall mean age was 26.02 +24.9 years. The age distri-
bution of the patients was 11.6% for 0—24 months, 5.9%
for 25-59 months, 38.7% for 5-18 years, 30.9% for 19-65
years and 23% for >65 years. Among the isolates, 251
(59.8%) were collected from males, and 169 (40.2%) were
collected from females. The number of isolates obtained
from pediatric patients aged 0—18 years was 259 (61.7%),
and the remaining 161 (38.3%) isolates were obtained
from adult patients over 18 years of age. Among the total
259 isolates obtained from pediatric patients aged 0—18
years, 19 were IPIs, and 240 were non-IPIs. The isolation
rates were 11.7% (n=49), 5.5% (n=23), 44.5% (n=187),
26.9% (n=113), and 11.4% (n=48) in the following age
groups: 0-24 months, 25-59 months, 5-18 years, 19-65
years and > 65 years, respectively (Table 1).

The distribution of the IPIs by source was as follows:
20 (46.5%) isolates from blood, 12 (27.9%) isolates from
cerebrospinal fluid, 5 (11.6%) isolates from pleural fluid,
4 (9.3%) isolates from sterile urine samples, and 2 (4.7%)
isolates from articular fluid. For the non-IPIs, the distri-
bution by source was as follows: 224 (59.4%) isolates from
sputum, 60 (15.9%) isolates from endotracheal aspirates,
43 (11.4%) isolates from nasopharyngeal exudates, 41
(10.9%) isolates from bronchoalveolar lavage fluid, and 9
(2.4%) isolates from wound and abscess samples. There
was no comorbidity in 110 (30.9%) patients. The most
common comorbidity was asthma (17.7%), followed by
bronchiectasis (12.9%), malignancy (7.9%), cystic fibrosis
(7.6%), and immunodeficiency (6.8%) (Table 1).

Serotype distribution

A total of 420 pneumococcal isolates were serotyped, and
26 different serotypes were detected. Serotype 19 F was
the most prevalent serotype (n=96, 22.8%), followed by
6 A/B (n=55,13.1%), 23 F (n=49, 11.6%), 3 (n=22, 5.2%)
and 19 A (n=16, 3.8%). We also compared the serotypes
by dividing them into IPIs and non-IPIs. For IPIs, the
most common serotypes were 19 F (n=11, 25.5%), 6 A/B
(n=4, 9.3%), 23 F (n=4, 9.3%), 3 (n=2, 4.6%) and 19 A
(n=2, 4.6%), accounting for more than 50.0% of all IPIs.
Serotype 19 F was more common among IPIs and non-
IPIs. The five most common serotypes were the same
in the IPI and non-IPI groups. Eighty-two (19.5%) iso-
lates were nontypable (Fig. 1). We analyzed the serotype
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distribution by year from 2011 to 2015. Serotype 19 F was
more common in all years, and the rates of serotype 19 F
were 72.2%, 32.7%, 20%, 25.3%, and 16.3% annually from
2011 to 2015. Among all serotypes, only serotype 19 A
significantly decreased over time (p=0.001). The rate
changes by year for the other serotypes were not statisti-
cally significant (p >0.05) (Table 2).

Coverage of pneumococcal vaccines

The first available 7-valent pneumococcal conjugate
vaccine (PCV7) included serotypes 4, 6B, 9V, 14, 18 C,
19 F and 23 E. PCV10 included serotypes 1, 5, and 7 F
in addition to all serotypes covered by PCV7, and PCV13
included serotypes 3, 6 A, and 19 A in addition to all
serotypes covered by PCV10. PCV15 covers all serotypes
covered by PCV13, as do serotypes 22 F and 33 F. PCV20
covered all serotypes covered by PCV13, as did serotypes
8, 10 A, 11 A, 12 F, 15B, 22 F, and 33 F. The 23-valent
polysaccharide vaccine (PPV23) did not include 6 A but
also included serotypes 2, 8, 9 N, 10 A, 11 A, 12 F, 15B,
17 F, 20, 22 F, and 33 F, which were added to PCV13. The
serotype coverage rates of the PCV13, PCV15, PCV20,
and PPV23 vaccines for the pediatric age group (<18
years) were 60.2%, 62.2%, 66.4%, and 69.1%, respectively.
In the entire study group, the rates were 59.3%, 61.2%,
66.4%, and 69.5%, respectively (Table 3).

Antibiotic susceptibility

The mean MIC values of penicillin and ceftriaxone for the
S. pneumoniae strains were 1.28 +2.47 and 0.89 +2.22 ug/
mL, respectively. The antibiotic susceptibilities of the iso-
lates were determined on the basis of the CLSI criteria
and are presented in Table 4. Among the IPIs, the non-
susceptible (NS =intermediate + resistance) rates were as
follows: 67.4% to oral penicillin, 11.6% to parenteral peni-
cillin (for nonmeningitis), 55.8% to parenteral penicillin
(for meningitis), 20.9% to ceftriaxone (for nonmeningi-
tis), 23.3% to ceftriaxone (for meningitis), 44.2% to eryth-
romycin, 49.2% to TMP-SMX, 0% to vancomycin, 24.3%
to clindamycin and 0% to moxifloxacin. The NS rates for
non-IPIS patients were as follows: 70.8% for oral penicil-
lin, 14.9% for parenteral penicillin (for nonmeningitis),
67.4% for parenteral penicillin (for meningitis), 17.5% for
ceftriaxone (for nonmeningitis), 32.9% for ceftriaxone
(for meningitis), 60.3% for erythromycin, 40.6% for TMP-
SMX, 0.5% for vancomycin, 49.9% for clindamycin, 1.2%
for levofloxacin and 2.2% for moxifloxacin (Table 4). The
NS rates were similar for both groups.

The most common oral penicillin nonsusceptible (PNS)
serotypes were 23 F, 19 F, and 6 A/B, and the rates of PNS
for these serotypes were 96%, 88.5%, and 87.2%, respec-
tively. The most common ceftriaxone nonsusceptible
serotypes were 19 A (31.2%), 6 A/B (25.5%), and 19 F
(25%).
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Fig. 1 The number of invasive pneumococcal isolates (IPIs), and non-invasive pneumococcal isolates (non-IPls)
Table 2 Serotype distribution of Streptococcus pneumoniae isolates during the study period
2011 2012 2013 2014 2015 p
n (%) n (%) n (%) n (%) n (%) value
Total number of isolates 18 (4.3) 58(13.8) 40 (9.5) 71(16.9) 233 (55.5)
Serotype 19 F 13(72.2) 19(32.7) 8 (20) 18 (25.3) 38(16.3) <0.001
Serotype 6 A/B 3(16.6) 10(17.2) 7(17.5) 7 (9.9) ( 2) 0618
Serotype 23 F 1(5.5) 9(15.5) 3(7.5) 12(16.9) 4(10.3) 0.346
Serotype 3 0(0) 0(0) 1(2.5) 6(84) (6 0.138
Serotype 19 A 0(0) 1(1.7) 1(2.5) 3(4.2) 14.7) 0.708
Non-typable 1(5.5) 10(17.2) 7(17.5) 10 (14) 54 (23.1) 0.211
Table 3 Coverage of Pneumococcal vaccines according to Discussion

children and adult age groups

<18years >18years Totaln
n (%) n (%) (%)
Invasive pneumococcal
isolates
(n19+24=43)
PCV13 2(63.2) 4(583)  26(60.5)
PCV15 12 (63.2) 4(583) 26 (60.5)
PCV20 4(737) 15(625)  29(674)
PPV23 15 (78.9) 7(70.8) 32 (74.4)
Non-invasive pneumococcal
isolates
(n 240+137=377)
PCV13 144 (60) 9(57.7) 223 (59.1)
PCV15 149 (62.1) 82(599)  231(613)
PCV20 158 (65.8) 92 (67.2) 250 (66.3)
PPV23 164 (68.3) 6 (70.1) 260 (68.9)
All pneumococcal isolates
(n259+161=420)
PCV13 156 (60.2) 93(57.8)  249(59.3)
PCV15 161 (62.2) 96 (59.6) 257 (61.2)
PCV20 172 (66.4) 107 (66.5) 279 (66.4)
PPV23 179(69.1)  113(70.2) 292 (69.5)

In developing nations such as Turkey, insufficient data
are available concerning the serotype distribution, anti-
biotic resistance, and vaccine coverage rates. In the case
of pneumococcal illness, serotype surveillance is crucial.
Identifying the most common disease-causing serotypes
provides important data to health policymakers to select
the best vaccine for local immunization campaigns and
guidelines. Variations in the distribution of serotypes
may differ depending on the nation, region, PCV being
implemented, and vaccination policies. We found that
the most common vaccine type (VT) serotypes in the IPD
and non-IPD groups were 19 F (22.8%), 6 A/B (13%), 23 F
(11.6%), 3 (5.2%), and 19 A (3.8%). The most common
nonvaccine type (NVT) serotypes were 15 A/F (2.1%), 34
(2.1%), 15 C (2.1%), 23B (1.6%), and 24 F (1.1%). The rates
of other less common serotypes were similar in the IPD
and non-IPD groups. Soysal et al. reported that the most
commonly isolated VT serotypes were 6 A/B/C (16.5%),
19 F (12.9%) and 23 F (10%); the nonvaccine serotypes
accounted for 45% of the isolated strains; and the most
common NVT serotypes were serotypes 15 A/F (5%),
22 A/F (4.3%), 12 F (3.5%) and 35B (3.5%) [6]. Ozdemir
et al. reported that 19 F (11.6%), 23 F (7.8%) and 6B (7%)
were the most common isolated VT serotypes; the most
common NVT serotypes were 15/A/B/C/F (8.2%), 23 A
(1.6%), 10 A/B (1.6%), 35 F/A/B/C (1.6%) and 6 C (1.6%)
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Table 4 The antibiotic susceptibilities of the Streptococcus pneumoniae isolates
Invasive n (%) Non-invasive n (%)
Antimicrobial Agents S | Total S | R Total
Penicillin Oral 14 (32.6) (512) (162)  43(100) 110(292) 183(485) 84(223)  377(100)
Parenteral 38(884) 5(116)  0(0) 43(100) 321(85.1) 41(109)  15(4) 377 (100)
(for non-meningitis)
Parenteral 19442)  0(0) 24(558) 43(100) 123(326) 0(0) 254 (67.4)  377(100)
(for meningitis)
Ceftriaxone Parenteral 34(79.1)  7(16.2) 2(4.7) 43(100) 311 (825  47(125) 19 (5) 377 (100)
(for non-meningitis)
Parenteral 33(767)  4(93) 6 (14) 43(100) 253(67.1)  79(21) 45(119)  377(100)
(for meningitis)
Erythromycin 4 (55.8) 1(23) 18 (41.9) 43 (100) 149 (39.5) 12(3.2) 216 (57.3) 377 (100)
TMP-SMX 4 (55.8)  4(9.3) 15(34.9) 431000 224(594) 29(7.7) 124 (32.9)  377(100)
Vancomycin 3(1000  0(0) 0(0) 43(100)  375(99.5) 0(0) 2(0.5) 377 (100)
Tetracycline 20 (48.8) 7(17.1) 14 (34.1) 41 (100) 113(31.7) 44 (12.3) 200 (56) 357 (100)
Chloramphenicol 38(90.5)  0(0) 4(9.5) 42(100)  308(90.1) 0(0) 34(9.9) 342 (100)
Rifampin 1(97.6) 0(0) (24) 42 (100) 335(99.1) 0(0) 3(09) 338(100)
Clindamycin 8(75.7) 0(0) (24.3) 37(100) 196 (58 2) 3(0.9) 138 (40.9) 337(100)
Levofloxacin 3(1000  0(0) (0) 43 (100) 1(988) 1(0.3) 3(09) 325(100)
Moxifloxacin 31(100) 0(0) 0(0) 31 (100) 7(97.8) 0(0) 5(2.2) 232 (100)

S: sensitive, I: intermediate; R: resistance; TMP-SMX: Trimethoprim-sulfamethoxazole

[7]. Although the VT serotypes were similar, there were
differences in NVT serotype distributions between these
studies. In particular, in the manuscript by Liyanapathi-
rana et al. and other studies, serotype 15 was highlighted,
and it was reported that it might become the dominant
NVT serotype in the near future. Consistent with these
estimates, in our study, the most common NVT serotype
was found to be serotype 15 [7-9].

This study may be important for our country and other
developing countries, as it provides information on the
changing patterns of pneumococcal rates, serotype dis-
tributions, risk factors, antimicrobial susceptibilities, and
resistance statuses according to the most common sero-
types 13 years after the implementation of PCV13 in the
NIP and this year when the PCV20 vaccine was available.
This study, which includes 5-year pneumococcal serotype
data collected immediately after the routine implementa-
tion of PCV13 within the scope of the NIP in Turkey in
2011, will also contribute to the evaluation of the NIP. In
four studies conducted during the prevaccination period
in Turkey, the PCV7 coverage rates were determined to
be 30%, 16%, 55%, and 51% [10—13]. In two studies con-
ducted during the postvaccination period, the PCV-7
coverage rates were found to be 46.2% and 51.4% [6, 7].
In our study, the PCV7 coverage rate was 50%, which was
consistent with the rates reported in studies conducted
during the postvaccination period.

We detected PCV13 serotypes in 63.2% of sterile sam-
ples from children with IPD younger than 18 years and
in 58.3% of sterile samples from adult patients older than
18 years. When PCV13 coverage was assessed in non-
sterile samples from non-IPD patients, 60% of samples

from pediatric patients under 18 years of age and 58.3%
of samples from adult patients aged 18 years and over
contained PCV13 serotypes. Among all the isolates, the
PCV13 coverage in the IPD and non-IPD groups was 60.5
and 59.1, respectively, and there was no significant differ-
ence in PCV13 coverage between the two groups.

PPV23 contains all serotypes except 6 A, which is cov-
ered by PCVs; however, it is unable to produce immu-
nological memory or reduce asymptomatic carriage in
children. For these reasons, it is not preferred or inef-
fective in children under 2 years of age [14]. Recently,
introduced novel PCVs have wider serotype coverage
than PCV13 does and provide more promising data
with improved results. In early 2022, two novel conju-
gate pneumococcal vaccines, 20-valent PCV (PCV20,
Apexxnar) and 15-valent PCV (PCV15, Vaxneuvance),
were approved for adult use. In March 2024, PCV20 (Pre-
vnar 20, previously Apexxnar) was licensed for infants,
children, and adolescents from 6 weeks to less than 18
years of age [15]. PCV15 includes serotypes 22 F and 33 F,
and PCV20 includes 8, 10 A, 11 A, 12 F, 15B, 22 F and
33 F, in addition to the PCV13 vaccine serotypes [16, 17].
Our results revealed that in invasive pneumococcal iso-
lates, PCV13 and PCV15 coverage was the same across
all age groups. In the noninvasive group, PCV15 cover-
age was found to be approximately 2% greater. The cov-
erage of PCV20 was found to be 4.2-10.5% greater than
that of PCV13 in all the study groups. Notably, the high-
est coverage difference (10.5%) was more pronounced
in the invasive pneumococcal isolate group in children
under 18 years of age. In a recent large-scale study con-
ducted with 410 pneumococcal isolates collected from 21
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centers, the coverage of PCV20 was reported to be sig-
nificantly greater than that of PCV13 in all study groups,
which is consistent with our results [18]. It has also been
reported in some studies conducted in different coun-
tries that PCV20 has greater coverage than PCV13 and
PCV15 [19, 20]. This study revealed that PCV13 covered
59.3%, PCV15 covered 61.2%, and PCV20 covered 66.4%
of all isolates identified from the specimens in the entire
study population. The coverage for PPV23 was similar
for the child and adult age groups and was approximately
69.5%. PCV20 and PPSV23 covered approximately two-
thirds of the isolated serotypes.

The European Regional Office of the World Health
Organization reported that the total antibiotic usage
rate in Turkey was 42.3% according to the defined daily
dose, and this incidence was the highest among Euro-
pean countries [21]. The effects of the PCV vaccina-
tion program on antibiotic resistance are controversial.
While some clinical studies have not detected an effect
of PCV vaccine administration on resistance, other stud-
ies have reported a decrease in antibiotic resistance [22,
23]. There are few studies on the antibiotic susceptibil-
ity of pneumococci before PCV was introduced into the
vaccination schedule. In studies conducted during the
prevaccination period, the percentage of penicillin-non-
susceptible isolates (PNS, intermediate, and resistant)
was found to be 10.5% by Bayraktar et al., 12.9% by Aslan
et al, and 39.3% by Uzuner et al. [10, 12, 24]. Ozdemir
et al. reported that the percentage of PNS isolates was
73% (intermediate, 50.6%, and resistant, 22.4%) in the
early post-PCV7 period; Soysal et al. reported that the
percentage of PNS isolates was 60% (intermediate, 42%,
and resistant, 18%) in the early post-PCV13 period [6,
7]. In our study, the percentage of NSP isolates in the IPI
serotypes was 67.4% (intermediate, 51.2%, and resistant,
16.2%), and the percentage of NSP isolates in the non-IPI
serotypes was 70.8% (intermediate, 48.5%, and resistant,
22.3%). We reported the percentage of NSP isolates as
70.4% (intermediate, 48.8%, and resistant, 21.6%) among
all serotypes in the study group. The PNS rates reported
in this study were similar to the rates reported in studies
conducted post-PCV and were significantly higher than
the rates reported in studies conducted pre-PCV. The
third most important observation of our study was the
significant increase in macrolide and clindamycin resis-
tance rates. Four studies reported macrolide resistance
in the pre-PCV period. Uzuner et al. reported clindamy-
cin and erythromycin resistance rates of 9.8% and 16.1%,
respectively [24]. Torun et al. reported clindamycin and
erythromycin resistance rates of 45% and 42%, respec-
tively, and reported relatively high resistance rates [25].
Bayer et al. reported that the degree of macrolide resis-
tance was 4% [26]. During the post-PCV period, Soysal
et al. reported that the rates of erythromycin and
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clindamycin resistance were 43% and 31%, respectively
[6]. The erythromycin and clindamycin resistance rates in
the present study were 55.7% (41.9% in the IPI group and
57.3% in the non-IPI group) and 39.3% (24.3% in the IPI
group and 40.9% in the non-IPI group), respectively.

This study had several limitations. The number of iso-
lates obtained from clinical samples at a single center
was limited and may not reveal the actual serotype dis-
tribution in the population. We compared our results
with those of pre-PCV period studies conducted at vari-
ous geographic locations within our nation because we
lacked a pre-PCV period cohort to compare our study
population with. Therefore, we cannot completely rule
out the possibility that changes in particular geographic
areas, rather than vaccine usage, were the source of the
observed changes in the serotype distributions. The study
was passive surveillance; more detailed epidemiological
data can be obtained with prospective active surveillance.
Finally, only 5 years of data were available for analy-
sis following the implementation of PCV13; our study
also included children vaccinated with both PCV7 and
PCV13; therefore, we cannot exclude effects of the PCV
vaccines and changes unrelated to the vaccines. Despite
these limitations, this study provides the most up-to-date
and extensive data revealing serotype distribution and
antibiotic resistance in Turkey for academics, vaccine
companies, and policymakers.

Conclusion

This surveillance study, which included up-to-date data
on S. pneumoniae isolates after PCV13 immunization,
analyzed the coverage of PCV13, PCV15 and PCV20. It
was observed that PCV20 covered approximately two-
thirds of the pneumococcal serotypes isolated. At the
same time, antibiotic resistance rates were also found to
be high in the study. Considering the increasing antibi-
otic resistance rates of S. pneumoniae, it is necessary to
provide protective immunization by switching to more
comprehensive PCV vaccines rather than treatment.
More comprehensive studies with serotype analyzes
and cost-effectiveness about S. pneumoniae and pneu-
mococcal vaccines are needed to update immunization
schedules.
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