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ABSTRACT
Objective: To evaluate the serotype distribution and antibiotic resistance in pneumococcal
infections in adults and to provide a perspective regarding serotype coverage of both current
and future pneumococcal vaccines.
Patients and methods: This passive surveillance study was conducted with the Streptococcus
pneumoniae strains isolated from the specimens of patients with pneumonia (materials isolated
from bronchoalveolar lavage), bacteraemia, meningitis, pleuritis and peritonitis between 2015
and 2018. Serogrouping and serotyping were performed by latex particle agglutination and
by conventional Quellung reaction using commercial type-specific antisera, respectively. The
strains were analysed for penicillin, cefotaxime, erythromycin and moxifloxacin susceptibilities
by E-test.
Results: In the whole study group (410 samples from adults aged �18 years), the most frequent
serotypes were 3 (14.1%), 19 F (12%) and 1 (9.3%). The vaccine coverage for PCV13, PCV15,
PCV20 and PPV23 was 63.9%, 66.6%, 74.1% and 75.9%, respectively, in all isolates. Penicillin
non-susceptibility in invasive pneumococcal disease (IPD) was 70.8% and 57.1% in the patients
aged <65 and �65 years, respectively. About 21.1% and 4.3% of the patients with and without
IPD had cefotaxime resistance. Non-susceptibility to erythromycin and moxifloxacin was 38.2%
and 1.2%, respectively.
Conclusions: The results revealed that novel PCV vaccines may provide improved coverage as
compared with the currently available vaccine, PCV13. The significant antibiotic resistance rates
imply the need to extend the serotype coverage of the vaccines. Continuing the surveillance in
pneumococcal diseases is critical to explore the serotype distribution and incidence changes of
IPD cases in the population and to inform policy makers to make necessary improvements in
the national immunization programmes.

KEY MESSAGES

� This multicentre study demonstrated the most recent serotype distribution and antibiotic
resistance in adult population in Turkey.
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� Shifting from PCV13 to novel conjugated vaccines will significantly increase the coverage.
� Continuing the surveillance in pneumococcal diseases is critical to explore the serotype distri-
bution changes and the incidence of cases with invasive pneumococcal disease in
the population.

Introduction

Streptococcus pneumoniae is the causative agent for
the commonly seen noninvasive infections such as
pneumonia, otitis and sinusitis, and the most common
cause of community-acquired pneumonia (CAP) [1].
Invasive pneumococcal disease (IPD) refers to the
spread of S. pneumoniae to sterile sites like the joints,
brain or blood. IPD is an aggressive disease with a sig-
nificant burden of morbidity and mortality, especially
among children younger than 2 years of age, individu-
als older than 65 years of age and special vulnerable
groups like patients with malignancies or human
immunodeficiency virus (HIV) infections [2–4].
Although the incidence and prevalence data of IPD in
Turkey is not currently available in adult patients,
there are ongoing efforts to determine this informa-
tion by national surveillance studies [5]. Nevertheless,
varying incidence rates were reported in different
countries, i.e. 6 per 100,000 in the European Union
countries in 2007 and 12.9 per 100,000 in the United
States in 2009, and when considered for age groups
separately, these incidences can reach to 18 and 60
per 100,000 in age groups <5 years and �65 years,
respectively [6,7]. Moreover, IPD has a significant case-
fatality rate, which was previously reported as high as
35% among adults older than 65 years of age [8].

Another concern associated with S. pneumoniae is
the antibacterial resistance to several antimicrobial
drugs, including beta-lactams and macrolides [9]. The
primary risk factor for the progression of resistance is
previous antimicrobial therapies. Other risk factors
include being younger than 5 years old, living in vul-
nerable places like kindergarten or nursery where
resistant strains can disseminate quickly, recent hospi-
talization, having a chronic pulmonary disease or
underlying immune disorder and a previous history of
an IPD [10]. The previously published 2005–2015 data
on adults of this current surveillance study revealed
that oral and parenteral penicillin resistance in IPD
was 21.7% and 0.6%, respectively, and parenteral peni-
cillin resistance in meningitis was 52.6% [11].

Pneumococcal vaccines can efficiently protect
individuals from pneumococcal diseases and further
antibiotic resistance. These vaccines are also recom-
mended by the World Health Organization, especially

for vulnerable groups like children and elderly.
Currently, the 23-valent pneumococcal polysaccharide
vaccine (PPV23) and the 13-valent pneumococcal con-
jugate vaccine (PCV13) are available in Turkey. The
National Immunization Programme (NIP) incorporated
the 7-valent PCV for children in November 2008,
which was replaced with PCV13 in April 2011 [5,12].
Childhood vaccination programme is conducted by
the family practitioners and followed by negative per-
formance system by the Ministry of Health [13].
Moreover, risk groups among individuals between 18
and 65 years of age and all adults over 65 years of age
have been included in the immunization programme
since 2016; all receive PCV13 free-of-charge at immun-
ization centres, and high-risk groups receive PPV23 by
reimbursement [14]. The adult vaccination programme
is not part of the family physician performance sys-
tem. As a result, childhood vaccination rate was
reported as 97% [15], while the rate of adult vaccin-
ation was below 9.91% [16].

The serotype coverage of pneumococcal vaccines is
critical to prevent asymptomatic carriage and further
noninvasive and invasive diseases. In addition, sero-
types included in the pneumococcal vaccines are also
important because the nonvaccine serotypes are
responsible for the majority of further cases. Thus,
increasing the serotype coverage of pneumococcal
vaccines is an ongoing effort to minimize the disease
risk associated with S. pneumoniae in the populations.
In addition to serotype coverage, type of the vaccine
is also important for outcomes. Although not indi-
cated for children below 2 years of age, unconjugated
polysaccharide vaccines induce an independent T-cell
response without establishing B-cell memory that
causes a negligible immune response in those children
[17]. However, conjugated vaccines include polysac-
charides of each serotype covalently bound to a car-
rier protein, which presents an antigen complex to
stimulate specific CD4þ T-helper cells. This stimulation
also results in B-cell memory that forms a long-term
serotype-specific immunological response. As a conse-
quence, conjugate vaccines provide T-cell dependent
immune response, mucosal response, protective
immune memory and IgG-dependent long-term
immune response [5]. The efficacy of PCV13 against
pneumonia was evaluated in adults over 65 years of
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age in the Community-Acquired Pneumonia
Immunization Trial in Adults (CAPITA) study [18]. The
CAPITA study showed a 46% reduction in first vaccine-
type pneumococcal CAP, 45% reduction in first-vac-
cine type non-bacteraemic pneumococcal pneumonia
and 75% reduction in first vaccine-type IPD in adults
over 65 years of age. There is no study on the efficacy
of PPV23 in mucosal diseases. The clinical trials of 15-
and 20-valent conjugate vaccines (PCV15 and PCV20)
promise to establish enhanced vaccine coverage for S.
pneumoniae [19,20].

Based on this background, this study aimed to
evaluate the serotype distribution in pneumococcal
infections (using bronchoalveolar lavage [BAL] speci-
mens) and in IPD cases in adult patients. It was also
aimed to assess the serotype coverage rates of both
existing and novel pneumococcal vaccines that are
likely to improve results if used in practice. Moreover,
this study was conducted as a routine surveillance of
pneumococcal diseases to provide current epidemio-
logical data on the serotype distribution and antibiotic
resistance rates, which shall direct the efforts to
decrease the burden of these diseases.

Patients and methods

This passive surveillance study was conducted with
the S. pneumoniae strains isolated from the specimens
of patients (aged �18 years) with pneumonia (materi-
als isolated from BAL), bacteraemia, meningitis, pleuri-
tis and peritonitis between 2015 and 2018. The
samples were collected from 21 centres in Turkey
(Table 1, Figure 1). The patients with a diagnosis of
any of the conditions mentioned above were informed

about this surveillance study, and their consents were
taken to use the biological samples for the analyses.
The study was approved by the Clinical Research
Ethics Committee of Istanbul University Istanbul
Medical Faculty (approval date: 30 November 2012
and approval number: 20).

Laboratory analyses

Microbiological analyses were conducted at the
Microbiology Laboratory of Hacettepe University
Faculty of Medicine. All collected samples were frozen
and kept at -800C in glycerol before analysis. Strains
were identified by the presence of alpha haemolysis,
optochin susceptibility test, lysis by sodium deoxycho-
late and latex tests (BD Directigen, Becton Dickinson
and Company, USA) to detect pneumococcal antigen
and MALDI-TOF for the differentiation of S. pneumo-
niae from other mitis group streptococci [21].
Serogrouping was performed using latex particle
agglutination, and serotyping was performed by the
conventional Quellung reaction using commercial
type-specific antisera (Statens Serum Institut,
Copenhagen, Denmark). In addition, S. pneumoniae
strains were analysed for penicillin, cefotaxime,
erythromycin and moxifloxacin susceptibilities by E-
test (AB Biodisk, Sweden). Results were evaluated
according to the Clinical Laboratory Standards
Institute (CLSI�2021) standards. According to CLSI-
2021 minimum inhibitory concentration (MIC) break-
points for parenteral penicillin were �2 susceptible,
4 intermediate, �8 resistant for non-meningitis speci-
mens and �0.06 susceptible, �0.12 resistant for men-
ingitis specimens. MIC break points for cefotaxime

Table 1. Year-wise number of isolates obtained from 21 centres included in the study.
2015 2016 2017 2018 Total

Marmara University, Pendik Training and Research Hospital, Department of Medical Microbiology, Istanbul, Turkey 26 17 16 13 72
Dokuz Eylul University, Faculty of Medicine, Department of Medical Microbiology, Izmir, Turkey 27 22 0 0 49
Hacettepe University, Faculty of Medicine Department of Medical Microbiology, Ankara, Turkey 11 15 13 9 48
Cukurova University, Faculty of Medicine, Department of Medical Microbiology, Adana, Turkey 15 8 13 4 40
Istanbul University, Faculty of Medicine, Department of Microbiology and Clinical Microbiology, Istanbul, Turkey 8 6 11 3 28
Ege University, Faculty of Medicine, Department of Medical Microbiology, Izmir, Turkey 7 10 7 3 27
Karadeniz Technical University, Faculty of Medicine, Department of Medical Microbiology, Trabzon, Turkey 8 7 4 7 26
Antalya Training and Research Hospital, Department of Medical Microbiology, Antalya, Turkey 0 0 6 15 21
Akdeniz University, Faculty of Medicine, Department of Medical Microbiology, Antalya, Turkey 5 0 11 4 20
Samsun Ondokuz Mayıs University, Faculty of Medicine, Department of Medical Microbiology, Samsun, Turkey 9 0 3 6 18
Bursa Uludag University, Faculty of Medicine, Department of Medical Microbiology, Bursa, Turkey 1 7 3 6 17
Dicle University Faculty of Medicine, Department of Medical Microbiology, Diyarbakir, Turkey 3 4 5 4 16
Ankara Yuksek Ihtisas Training and Research Hospital, Department of Clinical Microbiology, Ankara, Turkey 2 2 0 1 5
Gaziantep University, Faculty of Medicine, Department of Microbiology, Gaziantep, Turkey 1 3 1 0 5
Istanbul Prof. Dr. Cemil Tascioglu City Hospital, Department of Microbiology and Clinical Microbiology, Istanbul, Turkey 0 2 0 3 5
Kayseri City Training and Research Hospital, Department of Medical Microbiology, Kayseri, Turkey 0 0 2 3 5
Eskişehir Osmangazi University, Faculty of Medicine, Department of Medical Microbiology, Eskişehir, Turkey 0 2 0 0 2
Kahramanmaraş Sutcu Imam University, Faculty of Medicine, Department of Medical Microbiology, Kahramanmaraş, Turkey 2 0 0 0 2
Mersin University, Faculty of Medicine, Department of Medical Microbiology, Mersin, Turkey 1 0 0 1 2
_Izmir Tepecik Training and Research Hospital, Pediatric Infectious Diseases Clinic, Izmir, Turkey 0 0 1 0 1
Y€uz€unc€u Yıl University, Faculty of Medicine, Department of Medical Microbiology, Van, Turkey 0 1 0 0 1
Total 126 106 96 82 410
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were �1 susceptible. 2 intermediate, �4 resistant for
non-meningitis specimens and �0.5 susceptible, 1
intermediate, �2 resistant for meningitis specimens
[22]. Penicillin and cefotaxime susceptibilities were
explicitly interpreted for the strains isolated from
either cerebrospinal fluid (CSF) or other specimens.

Statistical analyses

All analyses were performed using the IBM SPSS
Statistics for Windows, Version 22.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were expressed
as median, interquartile range (IQR – 25th-75th percen-
tiles) and range for continuous variables and as fre-
quency and percentages for categorical variables. The
serotypes covered by PCV13, PCV15, PCV20 and PPV23
are presented in Figure 2, and the comparison of the
coverage rates of pneumococcal vaccines were ana-
lysed using the McNemar test. A p value of <.05 was
considered statistically significant.

Results

The study included 410 adult patients (males, 72.7%)
with a median age of 60 years (IQR 49–68 years, range:
18–98 years). Of the patients, 34.4% were older than

65 years of age. The biological specimens were col-
lected from blood (n¼ 191, 46.6%), BAL (n¼ 158,
38.5%), CSF (n¼ 38, 9.3%), pleural fluid (n¼ 17, 4.2%),
peritoneal fluid (n¼ 4, 1%), paracentesis fluid (n¼ 1,
0.2%) and vitreous humour (n¼ 1, 0.2%). The samples
were collected in 2015 (30.7%), 2016 (25.9%), 2017
(23.4%) and 2018 (20%).

Antibiotic non-susceptibility in age groups is
presented in Table 2. The resistance to penicillin in
non-meningitis was 4.3% among all patients. The
resistance rates in meningitis were 70.8% and 57.1%
in the patients below 65 years of age and in those
aged 65 years and above, respectively. Non-susceptibil-
ity to oral penicillin V was 54.6% among all patients.

Figure 1. The map of Turkey that geographically represents the study centres and the included isolates from each centre.

Serotype 1 2 3 4 5 6A 6B 7F 8 9N 9V 10A 11A 12F 14 15B 17F 18C 19A 19F 20 22F 23F 33F
PCV13

PCV15

PCV20

PPV23

Figure 2. Serotypes covered by PCV13, PCV15, PCV20 and PPV23.

Table 2. Antibiotic non-susceptibility according to age groups.
Age groups

<65 years
n (%)

�65 years
n (%)

Total
n (%)

Penicillin (non-meningitis) 10 (4.1) 6 (4.8) 16 (4.3)
Penicillin (meningitis) 17 (70.8) 8 (57.1) 25 (65.8)
Penicillin (oral penicillin V) 149 (55.4) 75 (53.2) 224 (54.6)
Cefotaxime (meningitis) 6 (25.0) 2 (14.3) 8 (21.1)
Cefotaxime (non-meningitis) 9 (3.7) 7 (5.5) 16 (4.3)
Erythromycin 103 (38.3) 54 (38.3) 157 (38.2)
Moxifloxacin 2 (0.8) 3 (2.1) 5 (1.2)
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About 21.1% of the patients with meningitis and 4.3%
of the patients with non-meningitis had cefotaxime
resistance. Non-susceptibility to erythromycin and
moxifloxacin was 38.2% and 1.2%, respectively. The
changes in non-susceptibility over the years are pre-
sented in Figure 3. There was a decrease in non-sus-
ceptibility to penicillin and cefotaxime but a modest
increase against moxifloxacin.

The distribution of the isolated serotypes according
to age groups is presented in Table 3. Accordingly,
the most frequent isolates were 19 F (13%), 3 (11.9%)
and 1 (9.7%) among patients below 65 years of age.
The most frequent isolates in the patients aged
65 years and above were 3 (18.4%), 19 F (9.9%) and 1
(8.5%). When the distribution of non-vaccine isolates
was evaluated, it was found that the most frequent
strains were 35 F (4.1%), 15 A (1.9%) and 18 F (1.5%)
among patients below 65 years of age; 15 A (2.1%),
35 F (2.1%) and 11C (1.4%) among patients aged
65 years and above; and, 35 F (3.4%), 15 A (2%), 18 F
and 35B (1%, each) in the entire study population.

The proportion of strains covered by pneumococcal
vaccines (PCV13, PCV15, PCV20, PPV23) in specimens
from BAL and IPD cases is presented in Table 4.
Accordingly, the coverage rates ranged between
60.8% (PCV13) and 74.7% (PPV23) for the BAL speci-
mens and between 65.9% (PCV13) and 76.6% (PPV23)
for the samples from IPD cases. When the age groups
were considered, the coverage was higher among the
patients aged 65 years and above for each vaccine.

The comparison of pneumococcal vaccine coverage
rates are presented in Figure 4. For the patients aged
65 years and above, the coverage for PCV13, PCV15,
PCV20 and PPV23 were 66%, 69.5%, 80.1% and 78.7%,
respectively. Comparisons showed that the coverage
rates of PCV13 and PCV15 were similar; however, the
coverage rate of PCV20 was significantly higher than
those of PCV13 and PCV15 (p< .001 for both). For the

patients below 65years of age, the coverage rates of
PCV13, PCV15, PCV20 and PPV23 were 62.8%, 65.1%,
71% and 74.3%, respectively. Analyses revealed that the
coverage rate of PCV15 was significantly higher than
that of PCV13 (p¼ .031) and that the coverage rate of
PCV20 was significantly higher than those of PCV13 and
PCV15 (p< .001 for both). When all patients were con-
sidered, the coverage rates for PCV13, PCV15, PCV20
and PPV23 were 63.9%, 66.6%, 74.1% and 75.9%,
respectively. PCV15 had a significantly higher coverage
rate as compared with PCV13 (p¼ .001), and the cover-
age rate of PCV20 was higher than those of PCV13 and
PCV15 (p< .001 for both). For all age groups, the cover-
age rate of PPV23 was similar to that of PCV20 and sig-
nificantly higher when compared with that of PCV13.
Additionally, coverage rate was higher among patients
aged 65 years and above for all vaccines.

Discussion

This study evaluated the distribution of S. pneumoniae
serotypes, the coverage rates of different vaccine types
and the non-susceptibility to antibiotics in specimens
collected from 410 patients with pneumococcal dis-
eases between 2015 and 2018. We found that PCV13
serotypes were identified in 59.8% of the BAL samples
from patients younger than 65years old and 62.5% in
older patients. When coverage of PCV13 was evaluated
in samples from IPD cases, 64.7% and 68.2% of the
samples from the patients below 65years and those
aged 65years and above included PCV13 serotypes,
respectively. Previous studies reported varying results
regarding the coverage rates of the vaccines, in which
the differences were primarily associated with the geo-
graphical region, age groups included in the studies,
and the vaccination programmes conducted in the rele-
vant populations. For example, previously published
results from the paediatric population of our study (in

6.6% 4.1% 4.8%
0.0%

83.3%

75.0%

61.5%
54.5%

59.5%
53.7% 54.2%

48.8%50.0%

25.0%

15.4%
9.1%9.2%

3.1% 2.4% 0.0%

44.4%

32.1%
37.5% 37.8%

0.0% 0.9% 2.0% 2.4%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

8102710261025102

Penicillin (Nonmeningitis) Penicillin (Meningitis) Penicillin (Oral Penicillin V) Cefotaxime (Meningitis) Cefotaxime (Nonmeningitis) Erythromycin Moxifloxacin

Figure 3. Changes in antibiotic non-susceptibility in years.
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which the paediatric and adult populations were
studied with the same study protocol with a single eth-
ical committee approval) revealed that the PCV13
coverage rate in the paediatric age group was 56.2% in
the same period of our study [23]. On the other hand,
older studies reported that PCV13 serotypes were

determined in 52.1% of pneumococcal diseases in the
paediatric age group between 2008 and 2010 [24].
Although the age groups are different from our study,
the time trend in nonvaccine serotypes in clinical
pneumococcal diseases suggests an increase in child-
hood, which can be accounted for the efficiency of vac-
cines that prevents the disease associated with vaccine
serotypes. In addition, the proportion of vaccine sero-
types in adults found in our study was higher in com-
parison to that in childhood, which might underline
the importance of successful vaccination in childhood
and the low rates of vaccination in adults.

Serotype surveillance in pneumococcal disease has
particular importance. Identifying the most prevalent
serotypes causing the disease provides robust data to
policymakers to choose the most appropriate vaccine for
immunization programmes and guidelines on a local
scale. The polysaccharide capsule of S. pneumoniae is
the primary virulence factor responsible for bacterial eva-
sion, which is also the target used for serotyping the
strains [25]. Up to now, approximately 100 capsular sero-
types of S. pneumoniae have been identified [26]. The
pneumococcal vaccines include the most prevalent and
pathogenic serotypes, and the distribution of these sero-
types has changed in communities after introducing the
inactivated pneumococcal conjugate vaccines into vac-
cination practices. Previous studies have reported that
the widespread use of pneumococcal vaccines increases
the infection rates with nonvaccine serotypes, decreases
the infection rates with serotypes included in the vac-
cines and alters the incidence and serotype distribution
of the infections due to antibiotic-resistant serotypes
[27–30]. We found that the most common serotypes in
adult population were 19F, 3 and 1 between 2015 and
2018 in Turkey. The European Centre for Disease
Prevention and Control (ECDC) reported in 2016 that the
most common serotypes in adults over 25 years of age
were 3, 8 and 12F [31]. The distribution of these sero-
types is closely associated with the vaccination

Table 3. Distribution of isolated serotypes according to
age groups.

Age groups

Serotypes
<65 years
N¼ 269

�65 years
N¼ 141

Total
N¼ 410

n (%) n (%) n (%)

1 26 (9.7) 12 (8.5) 38 (9.3)
2 2 (0.7) – 2 (0.5)
3 32 (11.9) 26 (18.4) 58 (14.1)
4 5 (1.9) 1 (0.7) 6 (1.5)
5 5 (1.9) 2 (1.4) 7 (1.7)
6 A 9 (3.3) 10 (7.1) 19 (4.6)
6B 2 (0.7) – 2 (0.5)
6B/D 3 (1.1) – 3 (0.7)
6 D 1 (0.4) 1 (0.7) 2 (0.5)
7B 1 (0.4) 1 (0.7) 2 (0.5)
7F 8 (3) 6 (4.3) 14 (3.4)
8 4 (1.5) 8 (5.7) 12 (2.9)
9A 1 (0.4) – 1 (0.2)
9N 3 (1.1) 2 (1.4) 5 (1.2)
9V 7 (2.6) 8 (5.7) 15 (3.7)
10A 3 (1.1) 1 (0.7) 4 (1)
10B 1 (0.4) – 1 (0.2)
10C 1 (0.4) – 1 (0.2)
11A 7 (2.6) 5 (3.5) 12 (2.9)
11B 2 (0.7) – 2 (0.5)
11C 1 (0.4) 2 (1.4) 3 (0.7)
11F 3 (1.1) – 3 (0.7)
12 – 1 (0.7) 1 (0.2)
12A 1 (0.4) 1 (0.7) 2 (0.5)
12F 2 (0.7) 1 (0.7) 3 (0.7)
14 14 (5.2) 1 (0.7) 15 (3.7)
15 2 (0.7) – 2 (0.5)
15A 5 (1.9) 3 (2.1) 8 (2)
15B 4 (1.5) 2 (1.4) 6 (1.5)
15F 1 (0.4) 1 (0.7) 2 (0.5)
16F – 1 (0.7) 1 (0.2)
17A 2 (0.7) – 2 (0.5)
17F 8 (3) 2 (1.4) 10 (2.4)
18C 1 (0.4) – 1 (0.2)
18F 4 (1.5) – 4 (1)
19A 8 (3) 7 (5) 15 (3.7)
19B 1 (0.4) – 1 (0.2)
19F 35 (13) 14 (9.9) 49 (12)
20 1 (0.4) 2 (1.4) 3 (0.7)
22A 1 (0.4) 1 (0.7) 2 (0.5)
22F 4 (1.5) 3 (2.1) 7 (1.7)
23B 3 (1.1) – 3 (0.7)
23F 17 (6.3) 6 (4.3) 23 (5.6)
24A – 1 (0.7) 1 (0.2)
24F 1 (0.4) – 1 (0.2)
28A – 1 (0.7) 1 (0.2)
28F 1 (0.4) – 1 (0.2)
33B – 1 (0.7) 1 (0.2)
33C 1 (0.4) – 1 (0.2)
33F 2 (0.7) 2 (1.4) 4 (1)
35B 4 (1.5) – 4 (1)
35C 3 (1.1) – 3 (0.7)
35F 11 (4.1) 3 (2.1) 14 (3.4)
Othera 5 (1.9) 2 (1.4) 7 (1.7)
aNon-typeable serotypes (1 non-typeable serotype, 1 non-typeable
Gþ serotype, 3 non-typeable Eþ serotypes for <65 years; 2 non-typeable
Eþ serotypes for �65 years).

Table 4. Coverage of pneumococcal vaccines according to
age groups.

<65 years
n (%)

�65 years
n (%)

Total
n (%)

BAL
PCV13 61 (59.8) 35 (62.5) 96 (60.8)
PCV15 62 (60.8) 38 (67.9) 100 (63.3)
PCV20 69 (67.6) 45 (80.4) 114 (72.2)
PPV23 72 (70.6) 46 (82.1) 118 (74.7)
IPD
PCV13 108 (64.7) 58 (68.2) 166 (65.9)
PCV15 113 (67.7) 60 (70.6) 173 (68.7)
PCV20 122 (73.1) 68 (80.0) 190 (75.4)
PPV23 128 (76.6) 65 (76.5) 193 (76.6)

Note: BAL: bronchoalveolar lavage; IPD: invasive pneumococcal disease.
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programmes utilized in the countries. Our data have
revealed that vaccine serotypes are still the cause of dis-
ease in the adult age group in our country. It is import-
ant to increase the rates of adult vaccination in order to
reduce the disease burden caused by the vaccine sero-
types. The differences between countries might be asso-
ciated with many factors such as vaccination rates,
epidemiological characteristics of populations and anti-
biotic resistance conditions. Moreover, PCV13 serotypes
are still effective in adults in Turkey. Thus, continuous
surveillance is needed to follow the changes over time
in the population. The previous paediatric data from our
study in the same period reported the same serotypes;
the 19F, 3 and 1 were the most common serotypes
identified in childhood IPD in Turkey [23]. This suggests
similar epidemiological characteristics of pneumococcal
diseases in all age groups in our country.

The current NIP in Turkey includes routine PCV13
for all children and consecutive PCV13 and PPV23 in
high-risk groups, which are also being used in many
countries worldwide. Nevertheless, the unavailability
of vaccines including more serotypes cannot protect
against nonvaccine serotypes and unencapsulated
S. pneumoniae, which also increases antibiotic resist-
ance, particularly in nonvaccine serotypes. Our results
showed that the most frequent nonvaccine serotypes
were 35F, 15A, 18F, 35B and 11C. A recent review
reported that the most frequent nonvaccine serotypes

in adult IPD cases were 38, 6C and 16F in the world
[32]. Apart from the vaccine coverage, our results
showed that antibiotic non-susceptibility was signifi-
cantly prominent in meningitis cases, 65.8% for peni-
cillin and 21.1% for cefotaxime. The resistance for
these drugs in non-meningitis disease was 4.3%. The
non-susceptibility to erythromycin and oral penicillin V
were 38.2% and 54.6%, respectively. These high rates
also underline the importance of effective vaccination
with modernized vaccines covering more serotypes
that cause pneumococcal diseases.

The epidemiological data about the serotype distri-
bution and antibiotic resistance of S. pneumoniae neces-
sitates developing novel vaccines that should cover an
increased number of serotypes that can meet the
expectations to decrease pneumococcal diseases. PCV15
and PCV20 are among these promising vaccines that
are approved in adults by the United States Food and
Drug Administration (FDA) and the European Medicines
Agency (EMA) in 2021 and 2022, respectively [33,34].

Although PPV23 includes all serotypes except 6A
covered by the PCVs, it cannot generate immuno-
logical memory and decrease the asymptomatic car-
riage in children. Thus, it is ineffective in children
below 2 years of age [35]. However, novel PCVs are
promising to provide enhanced outcomes compared
to PCV13. The PCV15 includes serotypes 22F and 33F,
and the PCV20 includes 8, 10A, 11A, 12F, 15B, 22F and
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33F, in addition to PCV13 serotypes [19,20]. Our results
showed that, in IPD, PCV15 covered 68.7%, and PCV20
covered 75.4% of strains identified from the specimens
in the entire study population. Likewise, the coverage
was higher among patients aged 65 years and older.
However, for PPV23, the coverage was similar for all
age groups and was about 76.6%.

This study has several limitations. First, the number
of biological samples included in the study was limited
and may not reveal the actual serotype distribution in
the population. Second, although we included 21
centres from 15 provinces in Turkey, this study’s wide
geographical range may not represent the entire popu-
lation and should be evaluated cautiously. Third, since
the study was a passive surveillance, there may be
missing cases and biological samples analysed, resulting
in biased outcomes. Despite these limitations, this study
revealed the most recent serotype distribution and anti-
biotic resistance in Turkey and implied the importance
of enhancing the vaccines’ serotype coverage regarding
disease burden. This study also provided valuable data
for further academic and regulatory assessments to
both researchers and policymakers.

Conclusions

Comparison of the coverage of vaccines revealed that
shifting from PCV13 to novel conjugated vaccines will
significantly increase the coverage. Thus, future
amendments in the NIP to include these vaccines will
be an effective intervention to decrease the burden of
pneumococcal diseases. Continuing the surveillance in
pneumococcal diseases is critical to explore the sero-
type distribution changes and incidence of IPD cases
in the population for informing policy makers to make
necessary improvements.
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