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a  b  s  t  r  a  c  t

Background:  In  Turkey,  pneumococcal  conjugated  vaccine  (PCV)  was introduced  to  the  national  immu-
nization  program  as  PCV7  in  2008,  and  was  replaced  with  PCV13  in  2011.  The  aims  of  this  study  were
to  investigate  the effects  of PCV13  on  nasopharyngeal  pneumococcal  carriage  (NPC)  by  determining  the
serotype  distribution,  and  to identify  risk  factors  for  carriage,  in  healthy  Turkish  children.
Methods:  This  prospective  study  was  conducted  on 500  healthy  children  aged  0–13  years  between  April
and  November  2014.  Nasopharyngeal  swab  samples  were  taken,  and  molecular  method  for  capsular
serotyping  was  performed  by  multiplex  PCR.
Results: Of  500  children,  43.4%  were  unvaccinated  with  a PCV (7- or 13-valent),  56.6%  were  vaccinated
and  The  NPC  rate  was  found  to be  9.8%.  Of 49  positive  Streptococcus  pneumoniae  isolates,  26  (53%)  were
PCV13  vaccine  strains  (VSs),  and 17  (34.7%)  were  non-VS.  Six  isolates  (12.2%)  were  not  typeable  by  the
method  applied.  The  most  common  serotypes  detected  were  serotype  3  (18.3%),  serotype  19F  (14.2%),
serotype  6A/B  (8.1%),  serotype  11A  (8.1%),  and  serotype  15B  (8.1%).  The  total  coverage  rate  of  the  PCV13

serotypes  was  60.4%.
Conclusion: A  significant  decrease  in  carriage  rate was  detected  within  three  years  after  the  introduction
of  PCV13  in  Turkey.  However,  the  nasopharyngeal  carriage  of  PCV13  strains  was  found  to  be interestingly
high.
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ficient and appropriate sample was obtained, swap was  removed
and the procedure was terminated. After collection, the specimens
were delivered to the laboratory with appropriate transport con-
ditions (at 2–8 ◦C, in the transport media [Copan ItaliaTM Amies
S. Kanık Yüksek et al. / Journal of Infe

ntroduction

Streptococcus pneumoniae is an important bacterial pathogen
hat causes invasive pneumococcal disease (IPD) which may  result
n high mortality and morbidity. According to the World Health
rganization (WHO) reports, nearly 500,000 children under 5 years
f age are infected by S. pneumoniae annually, especially in devel-
ping countries [1]. IPD is estimated to cause up to one million
eaths per year in resource-poor or undeveloped countries [2].
he source of pneumococcal infections is mainly asymptomatic
arriers, and the main reservoir in carriage is human nasophar-
nx [3,4]. The rate of nasopharyngeal pneumococcal carriage (NPC)
rovides information about the development of pneumococcal dis-
ases and the person-to-person transmission of the bacteria [4].
PC rate varies depending on geographical region and population,
ut is highest in children and within the first 24 months of life
4,5].

Although there are more than 90 defined serotypes of S. pneu-
oniae, about 15 serotypes (1–9, 12, 14, 18, 19, 23 and 25) are

requently responsible for IPD [2]. The distinction of pneumococ-
al serotypes can be made by determining the chemical structure
f capsular polysaccharide using serological tests and/or some
olecular techniques [2,5]. Based on these mechanisms, serotype-

pecific polysaccharide and conjugated pneumococcal vaccines
ere developed [6]. The polysaccharide pneumococcal vaccine

PPV), the first developed pneumococcal vaccine form, was  23-
alent and covered a large majority of serotypes effective in IPH for
hat period. But, the poor immunogenicity of PPV23 in infants led
o development of the conjugated vaccines for pneumococci [5,6].
urrently, in addition to the PPV23, 7-, 10- and 13-valent pneu-
ococcal conjugated vaccines (PCVs) are in use. New and broader

CV formulations are also expected to be licensed in the near
uture [7].

With the widespread use of PCVs worldwide, the frequency of
PD and also the proportion of vaccine-type carriers are expected
o be significantly reduced, and the serotype profiles of circu-
ating pneumococci will eventually change in the coming years.
he findings of recently published studies from all over the world
upport this expectation [2,7]. The impact of the PCVs on car-
iage is important to identify circulating strains and to know the
ossible serotypes that are involved in IPD. In addition, the herd

mmunity effect of PCVs on unvaccinated children and adults
ould not be ignored [2,4]. Because the impact of PCVs tends to
ary across countries and settings [2,4,8,9], each country should
onduct and monitor its own pneumococcal surveillance regu-
arly. In Turkey, PCV7 (covering serotypes 4, 6B, 9V, 14,18C, 19F
nd 23F) was  introduced to the National Immunization Program
NIP) in April 2008, and was switched to PCV13 (covering the six
dditional serotypes 1, 3, 5, 6A, 7F and 19A) in November 2011.
espite the studies of different centers conducted to determine
neumococcal carriage status and related risk factors, post vac-
ine era studies about NPC status and distribution of circulating
erotypes are insufficient in Turkey [10–12]. In few studies con-
ucted on children after the introduction of PCV7 to the NIP, the

mpact of the vaccine in Turkey were documented, but data is
acking for the situation after PCV13 introduction [10–13]. The
ims of this study were (I) to investigate the effects of PCV13 on
asopharyngeal carriage rates of S. pneumoniae by determining
he pneumococcal serotype distribution, and (II) identify risk fac-
ors for carriage; in healthy Turkish children, by comparing with
re and post vaccine era studies, on both general and basis of age
roups.
nd Public Health 13 (2020) 266–274 267

Materials and methods

Study setting, target population and data collection

This prospective study was conducted with 500 children
between April and November 2014 at two government tertiary
level hospitals (Ankara Hematology Oncology Children’s Training
and Research Hospital, and Gazi University Medical Faculty Hospi-
tal) located in Ankara, central of Turkey. Ankara is the capital city,
and also is the second most populated settlement center with more
than five million inhabitants. The two  centers serve similar patient
groups being tertiary level referral centers and centrally located.

Healthy children aged 0–13 years visiting general pediatric out-
patient clinics for non-disease reasons (such as height and weight
follow-up, vaccination, or development evaluation) were enrolled
in the study. Children having a history of infection and antibiotic
usage within the last two  weeks, and the children with a chronic
disease were excluded. Data on demographic characteristics, health
status, vaccination history (via individual vaccination card), and
risk factors was collected by using a questionnaire form with face-
to-face interviews. The risk factors questioned included; day-care
or school attendance for participant and his/her sibling(s), num-
ber of sibling(s), number of household members, passive smoking
history, breast feeding history, recent illness such as upper/lower
respiratory tract infection history during last year, antimicrobial
agent usage in the previous months (15–29 days, 1–3 months, 4–6
months and 7–12 months), history of hospitalization, and presence
of health personnel at home. According to current National Child-
hood Vaccination Schedule PCV13 is administered at the end of 2nd,
3rd and 6th months with a booster dose at 12th month in Turkey.
This study included 0–13 years old children either vaccinated with
PCV7 or with a shift from PCV7 to PCV13 after November 2011, or
not vaccinated with any PCV. The vaccination status of the children
was determined as unvaccinated, incomplete vaccinated and fully
vaccinated according to the Advisory Committee on Immunization
Practices (ACIP) criteria [14,15]. The following groups were formed
in the comparison of vaccine status; fully vaccinated (≥3 doses)
with PCV7, mixed vaccination with PCV7 and PCV13 (3 doses of
PCV7 + 1 dose of PCV13, 2 doses of PCV7 + 2 doses of PCV13, or 1
dose of PCV7 + 3 doses of PCV13), incomplete or fully vaccinated
(≥3 doses) with PCV13. In order to make comparisons more con-
sistent, participants were allocated in three age groups, according
to age groups considered in previous studies [10–13]: group I (0–23
months), group II (24–59 months), and group III (≥60 months). The
effects of PCV13 implementation on age groups were also investi-
gated for this study.

Sample collection and identification of S. pneumoniae isolates

Specimens were taken as nasopharyngeal swab samples from
500 participants using a sterile dacron swab with flexible twisted
wire body (Copan ItaliaTM Swap Amies Agar Gels, Italy) by trained
pediatricians according to the WHO  guidelines [16]. The procedure
of sample collection was  performed as follows: after the child’s
head was fixed and tilted slightly backward, swap was moved par-
allel to the base of the NP passage until reaching the nasopharynx
without resistance; once the swap was in the right location, the
swap was rotated 180◦ or waited for 5 s for saturation; when suf-
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gar Gels, Italy] to prevent drying) within two hours at the most.
amples were inoculated onto 5% defibrinated sheep blood agar
late (BDTM Columbia Agar, Heidelberg/Germany) and incubated
t 37 ◦C with 5–10 % CO2 for 18−24 h. S. pneumoniae isolates were
dentified using standard laboratory procedures including colony

orphology and gram staining, after that identification was con-
rmed via optochin susceptibility with 5 �g disc and bile solubility
esting [16]. The isolates were stored at −80 ◦C in 16% glycerol

edium then delivered to National Molecular Microbiology Ref-
rence Laboratory (NMMRL) for identification of their serotypes.
ll procedures including sample collection, swap transport, cul-

ure and identification of isolates were conducted in accordance
ith WHO  recommendations [16].

olecular identification and serotyping

The DNAs of S. pneumoniae positive bacterial isolates were
btained by using the boiling method. Briefly, the samples received
n 16% glycerol medium were transferred into microcentrifuge
ubes and centrifuged for removal of the medium. After discard-
ng supernatants, the bacterial cell pellets were suspended in 1 ml
f 0.85% NaCl. This cell washing step was repeated once more and
hen each pellet was suspended in 100 �l TE (10 mM Tris−HCl,

 mM EDTA, pH 8.0) buffer. Sample tubes were boiled at 100 ◦C for
0 min, and then the cell lysates containing bacterial DNAs were
tored at −20 ◦C until use. All PCR reagents were purchased from
iagen Inc. (Hilden, Germany). The sequences of primer pairs spe-
ific for S. pneumoniae genes used in this study were from previous
ublications [17–19]. All primers, synthesized in Alpha DNA (Que-
ec, Canada) were suspended in PCR grade water (10 pmol/ml) and
hen stored at −20 ◦C until use. The presence of S. pneumoniae DNA
as searched as described in a study using a very sensitive real-time

CR (RT-PCR) method based on amplification of autolysin-encoding
ene, lytA, [20]. The RT-PCR positive samples were then subjected
o a multiplex PCR (mPCR) based assay which was previously opti-

ized in the NMMRL  (Ankara) for detection of the invasive and
ommonly circulating pneumococci serotypes. This assay allows
etection of 28 serotypes by running only three different mPCR
eactions (Rxn I: PCV13 serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C,
9A, 19F and 23F [21], Rxn II: serotypes 8, 9L, 9N, 10A, 15A, 16F,
7F, 23A and 33F, and Rxn III: serotypes 11A, 15B, 22F, 31, 35B
nd 35F). Assay reactions are carried out in a stepwise manner so
hat the Rxn I is performed for all DNA samples, then the Rxn II
or non-PCV13 samples, and finally the Rxn III for only the nega-
ive samples of the previous steps. Before running the assay, the

aster mixtures of Rxns I, II and III were individually prepared
n bulks depending on the number of the samples to be tested
20 �l/sample) by mixing the relevant primer pairs in the range
f 0.75–6.0 pmol consantrations with 2X QuantiTect Multiplex RT-
CR NoRox Master Mixbuffer as described in the manufacturer’s
anual. As an internal control, an additional primer pair amplify-

ng the cpsA gene (coding for capsular polysaccharide biosynthesis)
ommon in all pneumococci was also added (0.75 pmol) into all
hree master mixes. For each isolate, 5 �l of cell lysate was  added
nto a 0.2 ml  PCR tube containg 20 �l of the desired master mix,
nd PCR cycling was performed in Corbett model thermocycler
CorbettLife Science, Australia). All three mPCRs were conducted
nder the same cycling conditions: following the initial denatura-
ion at 95 ◦C for 10 min, 30 cycles at 95 ◦C for 50 s, 55 ◦C for 30 s,
5 ◦C for 2.5 min, and 1 cycle of 65 ◦C for 10 min. The PCR products
f 10−15 �l were loaded into the wells of 3% NuSieve agarose gel

Gamma  micropor, Prona, EU) containing ethidium bromide. After
lectrophorefsis at 150 V for 3–5 h, the gels were visualized under
he UV. The serotypes of isolates were determined by comparing
he immigration of sample DNA bands with the serotype specific
Fig. 1. The vaccination status of the children according to the age groups (%).

DNA marker bands. The coverage rates were calculated as the rate
of strains targeted by each vaccine in all of detected isolates [22].

Statistical analysis

The initial sample size calculation was  performed with a 0.05
significance level, 95% confidence interval and 80% power using a
carriage rate of 20%. Based on this calculation, the minimum num-
ber of participants to be enrolled for the study was  calculated as
383. A weighted sample size was  calculated for each center and a
total of 500 children were enrolled in the study. Statistical analysis
was performed using SPSS v25.0 (IBM Corp., Armonk, New York,
USA) statistical package. Descriptive statistics are presented as fre-
quencies, percents, arithmetical mean ± standard deviation, and
median (minimum, maximum). Pearson Chi-square, Chi-square for
trend and Fisher’s Exact tests were used for statistical analysis. A p
value of <0.05 was considered statistically significant.

Results

Study population and vaccination status

Of the 500 participants, 278 (55.6%) were male. The mean age
of the children was 55.97 ± 50.23 (0–156) months and median age
was 46.5 months. Numbers of children according to groups were
195 (39%) at ages 0–23 months, 95 (19%) at ages 24–59 months,
and 210 (42%) at ages ≥60 months. The mean number of house-
hold members was 4.34 ± 1.26 (2–12) with a median of 4, the mean
number of children in the family was 2.1 ± 1.01 (1–9), and the mean
number of children attending school / college was 1.49 ± 0.7 (0–12).

Of the children, 43.4% (n = 217) were unvaccinated with a PCV
(7 or 13-valent), and 56.6% (n = 283) were vaccinated. The vacci-
nated children was  scattered as follows; 43% (n = 215) were fully
vaccinated and 13.6% (n = 68) were incomplete vaccinated. The dis-
tribution of the fully (≥3 doses) vaccinated participants was; 12.4%
(n = 62) fully vaccinated with PCV7, 2.2% (n = 11) 3 doses PCV7 and
1 dose PCV13, 1.8% (n = 9) 2 doses PCV7 + 2 doses PCV13 or 1 dose
PCV7 + 3 doses PCV13, and 26.6% (n = 133) fully vaccinated with
PCV13. The vaccination status of the children according to groups
independent of PCV type is shown in Fig. 1.

NPC and risk factors for carriage

The overall carriage rate was 9.8% (49/500). The NPC rates were
11.8% (n = 23/195), 8.4% (n = 8/95), and 8.6% (n = 18/210) at age

groups 0–23 months, 24–59 months, and ≥60 months, respec-
tively. Although NPC rate appears to be higher in the 0–23 months
age group, there was no significant difference between the groups
(p = 0.487). Distribution of carriers in the three predefined age
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Table  1
Distribution of carriers in the age groups according to the demographic data and risk factors.

Demographic data/risk factors 0–23 months (Group I) 24–59 months (Group II) ≥ 60 months (Group III)

Carriers n (%) p Value Carriers n (%) p Value Carriers n (%) p Value

Gender
Female 10 (5.1) 0.865 4 (4.2) 0.709 9 (4.3) 0.703
Male  13 (6.7) 4 (4.2) 9 (4.3)
Day-care or school attendance
Yes 2 (1) 0.107 3 (3.2) 0.15 16 (7.6) 0.56
No  21 (10.8 5 (5.3) 2 (1)
History of breast
Not breast-fed – – –
Still  breast-feeding 16 (8.3) 0.336 – – – –
Breast-fed before 7 (3.6) 8 (8.4) 8 (8.4)
Numbers of household members
≤3 6 (3.1) 0.167 – – 1 (0.5) 0.706
≥4  17 (8.7) 8 (8.4) 17 (8.1)
Number of children at home
1 7 (3.6) 1 (1.1) 2 (1)
2  8 (4.1) 0.108 4 (4.2) 0.528 11 (5.3) 0.821
≥3  8 (4.1) 3 (3.2) 5 (2.4)
Monthly income level
Low <500 $ 6 (3.1) 4 (4.2) 3 (1.4)
Middle 500–1000 $ 16 (8.2) 0.442 2 (2.1) 0.107 15 (7.2) 0.125
High  ≥1000 $ 1 (0.5) 2 (2.1) –
Presence of a health provider at home
Yes 1 (0.5) 0.574 – – – –
No  22 (11.3) 8 (8.4) 18 (8.6)
Passive smoking
Yes 11 (5.7) 0.497 5 (5.3) 0.322 11 (5.3) 0.354
No  12 (6.2) 3 (3.2) 7 (3.3)
Respiratory infection
Last 15–29 days 16 (6.1) 0.298 1 (1.1) 0.195 8 (3.8) 0.201
Last  1–3 months 18 (6.1) 0.465 5 (5.3) 0.163 8 (3.8) 0.638
Last  4–6 months 12 (4.6) 0.844 1 (1.1) 0.119 8 (3.8) 0.291
Last  7–12 months 8 (4.2) 0.657 – – 8 (3.8) 0.04*
Antibiotic consumption
Last 15–29 days 6 (3.7) 0.368 1 (1.1) 0.465 4 (1.9) 0.486
Last  1–3 months 14 (7.3) 0.465 3 (3.2) 0.436 7 (3.3) 0.201
Last  4–6 months 9 (4.1) 0.841 2 (2.1) 0.592 6 (2.9) 0.238
Last  7–12 months 8 (3.8) 0.663 – – 7 (3.3) 0.059
Hospitalization
Last  15–29 days 7 (5.2) 0.025* 1 (1.1) 0.324 4 (1.9) 0.431
Last  1–3 months 6 (4.7) 0.139 1 (1.1) 0.471 2 (1) 0.344
Last  4–6 months 4 (3.2) 0.280 1 (1.1) 0.362 3 (1.4) 0.057
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35F 2%. Serotype coverage rate was  60.4% for PCV13, and 37.2% for
Last  7–12 months 5 (3.8) 0.170 

* Statistically significant.

roups according to the demographic data and risk factors are
hown in Table 1. In addition to the risk factors in the Table 1, which
ave a significant relationship with NPC, the presence of a sibling
ttending day-care/school was found to increase the NPC at 0–23
onths age group (p = 0.029).
The overall carriage rate in children who have received the

ull schedule (≥3 doses) of PCV (7-valent, 13-valent, or PCV7 fol-
owed by PCV13) was 9.7%. Incomplete vaccination with 13-valent
accine was found to increase NPC (%21.2), at 0–23 months age
roup (p = 0.001). However, incomplete vaccination was not asso-
iated with the increased risk of carriage in the other age groups.
he carriage rate decreased as the number of doses increased,
ndependent of PCV type for the total study group (p = 0.017)
ut, this relationship was not determined within separate age
roups.

Among the carriers, 75.5% (37/49) had received at least one
ose of either PCV7 or PCV13. Vaccination status of the carriers

s shown in Fig. 2. In children vaccinated with PCV7 followed by
CV13 (2 doses PCV7 + 2 doses PCV13 [n = 6], 1 dose PCV7 + 3 doses
CV13 [n = 3]), no carriage was detected. Of the non-carriers, 55.2%

n = 249) were vaccinated with at least one dose of a PCV, and
1.4% (n = 142) were fully vaccinated (with PCV7, PCV13, or PCV7
ollowed by PCV13).
– – 3 (1.4) 0.057

Serotype prevalence and distribution

A total of 49 isolates positive for S. pneumonia were obtained
from the nasopharyngeal swap specimens of 500 children by
standard culture method, and these isolates were subjected to
molecular method for serotyping. Sixteen different strains were
identified in the typeable isolates. Type of the six isolates (12.2%)
was not identified by the method applied. The most common
serotypes detected were serotype 3 (n = 9, 18.3%), serotype 19 F
(n = 7, 14.2%), serotype 6A/B (n = 4, 8.1%), serotype 11A (n = 4, 8.1%),
and serotype 15B (n = 4, 8.1%).

Of the isolates, 26 (53.0%) were in PCV13 vaccine strains (VSs),
and 17 (34.7%) strains were non-VS. Distribution of VSs was as fol-
lows; 9 were serotype 3 (18.4%), 7 were serotype 19 F (14.3%), 4
were serotype 6A / B (8.2%), 2 were serotype 23F (4.1%), 2 were
serotype 18C (4.1%), 1 was serotype 19A (2%), and 1 was  serotype
9V (2%). Distribution of non-VSs was; serotype 11A 8.2%, serotype
15B 8.2%, serotype 23A 6.1%, serotype 9L / N 2%, serotype 15A 2%,
serotype 16F 2%, serotype 31 %2, serotype 35B 2%, and serotype
PCV7.
In 0–23 months age group, VS carriage ratio was 56.5% (13/23),

the non-VS carriage 26% (6/23), and the non-typable 17.5% (4/23);
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riage rate as 21.9%, and highest in 0–24 month age group. This study
Fig. 3. The number of isolated strains with respect to age groups.

n 24–59 months age group, VS carriage ratio was 37.5% (3/8), non-
S carriage was 50% (4/8) and non-typable 12.5% (1/8); in ≥60
onths age group, VS carriage ratio was 55.5% (10/18), non-VS car-

iage 39% (7/18) and the non-typable 5.5% (1/18). There was no
ignificant difference between the groups in terms of VS carriage
atio in this distribution. The serotypes most frequently detected
y the age groups were; in 0–23 months age group serotype 3 and
on-typable; in 24–59 months age group serotype 3, 19F, 6A/B,
1A, 35F, 16F and non-typable; in ≥60 months age group serotype
, 15B and 19F (Fig. 3). There was no significance in the overall
istribution of serotypes with respects to gender (p = 0.49), age
roups (p = 0.446), and vaccination status (p = 0.842). No associa-
ion was found between the risk factors and general distribution of
erotypes.

In 0–23 months age group, serotype 3 (n = 4), 19 F (n = 2) and

on-typable (n = 3) were detected most frequently in incomplete
accinated participants, and serotype 3 (n = 2) and 19 F (n = 2) were
ost frequently detected in fully vaccinated children. In 24–59
us of the carriers.

months age group, only serotype 11A (n = 1) was  detected in incom-
plete vaccinated children, whereas serotype 3, 19F, 6A / B, 11A,
16F, 35F, and non-typable (n = 1, in all) were detected in fully
vaccinated cases. In ≥60 months age group, serotype 3 (n = 2)
and 19F (n = 2) were the most common in incomplete vaccinated
cases, and serotype 15B (n = 3) was detected most frequently in
fully vaccinated children. When examined independently from age
groups; the most common serotypes in unvaccinated children were
3 and 19F; in incomplete vaccinated children, the most common
serotypes were 3, 19F, 11A and non-typable; and in fully vacci-
nated children, the most common serotypes were 3, 19F, 6A / B,
15B and non-typable.

Among all participants, the risk of VS carriage increased in ≥60
months and female gender. Apart from these, there was  no signifi-
cant relationship between grouped (VS/non-VS) serotypes and the
other risk factors. Overall VS carriage rate in children received the
full schedule (≥3 doses) of PCV was  found to be 4.6%. And the VS
carriage rate in carriers received the full schedule (≥3 doses) of PCV
was 47.6%.

Discussion

In the pre-PCV7 studies conducted during the 10-year period
before 2008, the NPC rates ranged from 4.2 to 37.5% in healthy
Turkish children [23–28]. The absence of a common age group and
differences in study techniques make the results of these studies
difficult to compare and interpret. Since 2008, when the PCV7 has
been introduced to our NIP, there are far fewer studies about NPC
in Turkey, than the studies conducted in pre-vaccine era. Ozdemir
et al. [10], the executives of the first NPC study after PCV7 (three
years after the introduction of vaccine to the NIP), found the car-
was conducted on 1101 healthy Turkish children between ages 1
month and 18 years in a single center. The study design and the age
groups were similar to ours. In contrast to our study, serotyping
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as performed by conventional method and antibiotic susceptibil-
ty of strains was also investigated. The mean age was 45.7 ± 49.6

onths, and the male/female ratio of children was 1.18. Of 500 par-
icipants included in the study, 61.7% received PCV7 and 38.3% were
on-vaccinated. In the study performed five years after the intro-
uction of PCV7 and two years after the introduction of PCV13 to
he NIP, Soysal et al. [13] found the carriage rate as 6.4% in 2165
ealthy children aged 0–18 year, and higher in 0–24 month age
roup. The design and age groups of this study were also consis-
ent with our study, and serotyping was performed by molecular

ethod as in ours. Antibiotic susceptibility was additionally evalu-
ted by Soysal et al. The mean age was found as 76 ± 56 months, and
3% of the participants were female. Among the children, 60% were
ot vaccinated with any PCV; 10% of children received at least 1, 2
r 3 doses of either PCV7 or PCV13, and 30% of the children received
he full schedule of either PCV7 or PCV13. Our study results reveal
hat the NPC rate decreased significantly (2-fold) in three years
fter the introduction of PCV13 to NIP of Turkey, compared to post-
CV7 study of Özdemir et al. Although Özdemir and his colleagues
laimed in their report that PCV7 does not affect the carriage rates,
hen evaluated together with the results of the study conducted by

oysal et al. and our study, it can be said that the NPC rate tends to
ecrease in healthy children in Turkey after PCV period. However,
nlike the two aforementioned studies, it is an interesting result of
ur study that a significant difference was not detected at carriage
ates between the age groups. It is unlikely to explain this decline
ith the rates of vaccinated children in studies. Because, it is obvi-

us that there is a decrease in the vaccination rates of the children
eceived at least one dose of a PCV in that studies (Özdemir et al.
1.7%, Soysal et al. 40%, our study 56.6%). This data may  be explained
y the increase in the mean age of vaccinated children and the herd

mmunity, as a result of the late PCV period. This effect is partic-
larly evident in the 25–60 months age groups, according to the
esults of the mentioned studies (rates of unvaccinated children in
5–60 months age groups; Özdemir et al. 35.7%, Soysal et al. 11.3%,
ur study 1%). In addition, the effect of wider serotype coverage by
he introduction of PCV13 may  also be mentioned both in our study
nd the survey by Soysal et al. The achieved carriage rate from our
eport is also evident as one of the lowest rates when compared to
eported S. pneumoniae carriage rates by both European countries
nd other world scales after PCV applications [29–36]. It has also
een reported in several studies that the NPC has not changed due
o the increased rate of non-vaccine pneumococci types in chil-
ren vaccinated with a PCV [37–40]. In our study, it was found
hat the NPC rate significantly decreased as the number of doses
ncreased independent of a PCV type. However, the carriage rate
id not change in children who received the full schedule of PCV
9.8% vs 9.7%). Arvas et al. [12] from Turkey found the NPC rate as
4%, interestingly higher than our study, in all vaccinated healthy
hildren aged 0–6 years old in 2014. Although it seems lower in
he study of Soysal et al., the proportion of children who  received
t least one dose of a PCV in the carriers group was  found to be
igher than that of the non-carriers, in both studies. The decrease

n this rate in the study of Soysal et al. may  be attributed to the herd
mmunity effect of the vaccine, but the unchanging result is that
ncompleted vaccine schedule does not interfere with the change
n carriage rates. When the vaccination status of carriers is eval-
ated in general, the basic result of our study is that vaccination
oes not provide protection against carriage, even if reducing the
arriage rate in our society.

As mentioned above, a risk factor associated with any age group
as not determined in this study. Hospitalisation history, recent

pper/lower respiratory tract infections, and the presence of a sib-

ing attending day-care/school were found as group-based and time
elated risk factors for carriage rate. With these results, a dominant
isk factor for carriage was not found. Soysal et al. reported that a
nd Public Health 13 (2020) 266–274 271

risk factor for carriage was  not identified in their study, similarly.
Differently, Özdemir et al. stated the risk factors for NPC as respi-
ratory infection within the last month, attendance at daycare, at
least one sibling attending at day-care, absence of a health care
provider at home, and low income. Arvas et al. found that the only
risk factor for NPC was with a respiratory infection in the last 3
months. Several risk factors associated with NPC, such as age, recent
and frequent respiratory tract infections, antibiotic usage, passive
smoking, attendance at daycare centers, living in a crowded family,
having siblings, lower socioeconomic status, have been mentioned
in the literature [41–45].

The most remarkable result of this study is that our pediatric
population continues to carry primarily VS serotypes despite a
marked decline in NPC. Post-vaccine era studies from around the
world have reported a decrease in VS serotypes and a ‘serotype
replacement’ to non-VS serotypes [29,33–36,46]. The serotype
shift to non-VS strains has been frequently mentioned in studies
conducted from various countries, especially after PCV7 imple-
mentations [37,38,47,48]. Similarly, a significant decline in VS
serotypes was reported in post-vaccine studies by countries applied
PCV10 [49–51]. The most commonly carried serotypes reported
from all over the world after PCV7 administrations were 19A, 6A,
15B/C, 35B, and 11A [46–48]. Especially, the problem of increase in
serotype 19A was  remarkable [52–54]. The ineffectiveness of PCV7
to some serotypes that in its content of has also been discussed.
As an example, the findings of previous studies determined that
PCV7 was less effective in reducing the carriage of serotype 19F
[39,55]. Özdemir et al. reported that serotype 6B, serotype 19F and
serotype 23F were the most common isolated VS serotypes; and
the most common non-VS serotypes were 15A/B/C/F, 23A, 10A/B,
35F/A/B/C, 6C with a remarkable increase in 6A [10]. In the same
study, the absence of serotype 19A detected in any child was  inter-
preted as a surprising result by the authors, compared with the
results of the studies from all over the world after PCV7 implemen-
tations. Serotype 19A does not appear to be a problematic serotype
as a result of our study, but it is difficult to interpret it as the
effect of PCV13 considering report of Özdemir et al. It should also
be added that the study of Özdemir et al. supports low efficacy of
PCV7 against serotype 19F. In a study conducted just before intro-
duction of PCV7 to the NIP of Turkey by Ercan et al., children who
received a fully schema of PCV7 were compared with the control
group, and most frequently isolated VS serotype was found as 23F in
the vaccinated group, and 19F in the non-vaccinated group [11]. As
a striking result of that study, vaccine ineffectiveness against cer-
tain vaccine serotypes in both vaccinated and unvaccinated groups
can be mentioned. With the implementation of PCV13 including
serotype 19A and 6A, in which the increase was  observed after
PCV7, serotype shift with increase in different serotypes started
to be detected, all over the world [34,35,39,40,56]. This increase
after PCV13 was observed especially at serotype 15, although not
as obvious as at serotype 19A [57–59]. Serotypes 35B, 23A / B, 11A
and 6C are also reported as other serotypes with increasing trend
[56,60,61]. With the application of PCV13, it can be said that some
serotypes which are problematic in the PCV7 period are stay back
and new serotypes are starting to cause problems. Such that, Desai
et al. claimed in their study from USA that the effect of PCV13 on
NPC decline mainly depends on the reduction of serotype 19A [56].
As in PCV7, the ineffectiveness of PCV13 against certain vaccine
serotypes, primarily serotype 19F, has been addressed with various
studies and meta-analyzes [62–67].

The most common isolates detected in the study by Soysal et al.
were serotype 6A/B/C, 19F, 23F, 9V/A, 22A/F, 12F, and 35B [13].

The interesting result of this study is that the four most common
serotypes detected were in PCV7 (naturally in PCV13) while the
only one serotype was in PCV13 (non-PCV7). The authors have
already interpreted this result as continuing to host VT serotypes
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y pediatric population of our country. The three most common
erotypes detected in our study were serotype 3, 19F, and 6A/B,
hich are the serotypes within the scope of PCV13, and additional

wo common non-PCV13 serotypes 11A and 15B. It is an interesting
esult that serotype 3 has not detected as a problematic serotype in
revious post-vaccine era studies in our country, and moreover it is
he most frequently carried serotype in our study. When evaluated
n groups basis, it is striking that serotype 3 is carried frequently
n incomplete vaccinated children in 0–23 months age group and
60 months age group, and was found to have a relatively low

ncidence in fully vaccinated children in all groups. It is possible
o interpret this finding as that herd immunity poses a problem for
erotype 3, largely independent of individual vaccine status. In fact,
n many studies conducted from around the world, PCV13’s inef-
ectiveness on serotype 3 has been expressed, and some authors
laim that elimination of serotype 3 may  not be achieved despite
CV13 and may  pose a risk for IPD [32,67,68]. As reported in post-
CV13 studies in the literature, serotype 19F, which is frequently
roblematic, supports findings as the second serotype carried most
requently in our study. When evaluated specifically for our coun-
ry, based on the serotype specific results of both our and Soysal
t al. study, PCV13 does not appear to reduce serotype 19F carriage
Soysal et al. 13.5%, our study 14.2%) more than PCV7 (Özdemir
t al. 15.2%). Serotype 19A, which has an increased frequency with

serotype replacement’ in post PCV7 period around the world, was
hown by Özdemir et al. that it is not a trouble for our country.
oth ours and Soysal et al. studies showed that serotype 19A is
till not a problem for us. When non-VS strains were examined, an
ncrease in serotype 15 was observed in accordance with the lit-
rature in results of our study (Özdemir et al. for serotype 15A/F,
0.8%; Soysal et al., for serotype 15A/F, 5%; our study for serotype
5A/B, 10.2%).

Serotype coverage rates for PCV7 ranged from 30% to 51% in the
re-vaccine studies conducted in Turkey [23,25,27]. This rate was
ound as 60.4% for PCV13, and 37.2% for PCV7 in our study results.

hen these ratios are considered, the study of our group had the
owest PCV7 coverage rate among the post-vaccine era studies of
ur country (PCV7 coverage rates for Özdemir et al. 46.2%, and for
oysal et al. 51.4%). This low PCV7 coverage can be explained by that
erotype 3, a PCV13 strain, is the prominent strain of the study, and
ith the proportion of non-VS strains. In other words, it can be

nterpreted as the late period effect of PCV7. However, it is confus-
ng that the coverage rate of PCV7 is higher in Soysal et al. When
overage rate for PCV13 is evaluated, the results of the two studies
an be assessable as consistent (PCV13 coverage rates for Soysal
t al. 56%, and for our study 60.4%). Briefly, PCV13 strains were the
ain problem and remarkable in both studies. In fact, the reduction

f serotype coverage in carriers by the effect of PCVs is an expected
esult and examples are available. In a study from UK, an emphasis
as been made to the declining serotype coverage of new pneumo-
occal conjugate vaccines about the pneumococcal carriage [37]. In
nother study from the UK, serotype coverage of PCV7 and PCV13
as reported to be very low, although the overall prevalence of
neumococcal carriage remained stable [69]. And, in a recent study
y Abu Seir et al., a significant decrease in serotype coverage by the
ffects of PCV7, PCV10 and PCV13 was reported in detail [70].

This study has some limitations. It covers only a limited
eographic location in Turkey, which is a country with fairly
arge surface area. Consequently, the carriage rates and serotype
istributions which vary according to geographical settlement dif-
erences can not be ignored. Also, it does not have any pre-PCV
ontrol group. For this reason, the results of pre- and post-vaccine

ra studies from different centers and different regions were used in
he comparisons. Additionally, our study was conducted three years
fter PCV13 introduction to the NIP of Turkey, and six years after
CV7. Because of this, the late period effect of PCV7 can not be ruled
nd Public Health 13 (2020) 266–274

out. In addition, some children enrolled to the study are vaccinated
with both PCV7 and PCV13. Therefore, it is difficult to interpret the
effect of each vaccine, separately. Finally, antibiotic susceptibility
test could not applied to isolates identified. That is, the effect of
PCV13 on the carriage of resistant strains was not detected.

Monitoring epidemiological tendency of a vaccine-preventable
disease is critical to evaluating the effectiveness of the vaccination
programs and obtainning disease precursor data for each coun-
try. Because the shortage of clinical surveillance data about NPC
compared with IPD in our country, this study is very valuable
due to providing important information about the post vaccine
era. Considering the damage caused by pneumococcal diseases in
developing countries such as Turkey, the results obtained with this
study will shed light on other developing countries that have imple-
mented PCVs in their NIPs, as well.

Conclusions

Compared with nasopharyngeal carriage studies in Turkey espe-
cially conducted in the post-vaccine era, a significant decrease in
carriage rates was detected in three years after the introduction
of PCV13. But, a difference between the age groups for carriage
was not found. The carriage rate in children who  have received the
full schedule was not different from overall carriage rate. The NPC
is particularly high in PCV13 strains regardless of vaccination sta-
tus. Serotype 3 is the most frequently carried strain with serotype
19F. This data is meaningful to reflect the efficacy of PCV13 on the
vaccine strain carriage in our country. Since pneumococcal surveil-
lance data varies from country to country, monitoring the national
pneumococcal surveillance is important for each country.
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10] Ozdemir H, Ciftç i E, Durmaz R, Güriz H, Aysev AD, Karbuz A, et al. Nasopha-
ryngeal carriage of Streptococcus pneumoniae in healthy Turkish children
after the addition of PCV7 to the national vaccine schedule. Eur J Pediatr
2014;173(3):313–20, http://dx.doi.org/10.1007/s00431-013-2156-7.

11] Ercan TE, Severge B, Topkaya A, Ercan RG, Altınkaya N. Effect of the pneumo-
coccal conjugate vaccine on pneumococcal carriage in Turkish children. Pediatr
Int  2011;53(2):224–30, http://dx.doi.org/10.1111/j.1442-200X.2010.03212.x.
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