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Abstract: Streptococcus pneumoniae is an opportu-
nistic bacteria causing non-invasive and invasive 
infections. Introduction of pneumococcal conjugate 
vaccine (PCV) into national immunization program 
heavily affects serotype distribution and reduces an-
tibiotic resistance. The aim of the study is to examine 
serotype distribution antimicrobial susceptibility of 
non-invasive Streptococcus pneumoniae isolates in 
Belgrade, Serbia. Non-invasive isolates included in 
this study are part of a collection of National Refer-
ence Laboratory for streptococci, that were obtained 
from January to December of 2022. Typing of clinical 
isolates was performed using multiplex PCR method. 
Susceptibility to antibiotics was tested using disc-dif-
fusion method of antibiogram by EUCAST standard. 
Results: A total of 155 isolates were obtained, 102 
(65.8%) from children ≤5 years and 53 (34.2%) from 
people >5 years. Isolates were obtained from: middle 
ear aspirates (n=110, 71%), tracheal aspirates (n=18, 
11.6%), sputum (n=17, 10.97%), sinus aspirates (n=4, 
2.58%), and eye swabs (n=6, 3.87%). The most fre-
quent serotypes were: 3 (n=25, 16.1%), 11A (n=19, 
12.3%), 15A (n=15, 9.7%), 19F (n=12, 7.7%), and 10A 
(n=11, 7.1%). Coverage of PCV10 and PCV13 was 
23.89% and 48.41%. The most common resistance 
was to erythromycin (n=43, 27.7%), nonsusceptibil-
ity penicillin was observed in 18.1% of isolates (R=2, 
1.3% and I=26, 16.8%), and 42 (27.1%) were resistant 
to tetracycline. The cMLS phenotype was the most 
common type of macrolide resistance (90.7%). A total 

of 39 (25.2%) MDR isolates were detected. Serotype 
19F was observed as the most resistant (75% resistant 
to erythromycin and clindamycin, 41.6% nonsuscep-
tible to penicillin). The changes in serotype distribu-
tion and the prevalence of antimicrobial resistance in 
non-invasive pneumococcal strains should be closely 
monitored in response to the implementation of PCV 
and eventual PCV change.
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1. Introduction

Streptococcus pneumoniae (pneumococcus) is an op-
portunistic Gram-positive coccus that colonizes the 
upper respiratory tract of 11-93% of humans (Yildi-
rim et al. 2015). Pneumococcal infections can range 
from noninvasive (acute otitis media, sinusitis, and 
non-bacteremic pneumonia) to invasive (bacteremic 
pneumonia, meningitis, and sepsis). While invasive 
infections are associated with worse outcomes, they are 
less common than non-invasive infections, which are 
highly prevalent, often require antibiotics, and impose 
a significant medical burden. Pneumococcus is the 
most commonly isolated pathogen in patients with 
community-acquired pneumonia with a mortality rate 
ranging from 6.4% to more than 40% depending on the 
medical setting (Blasi et al. 2012). It is estimated that 
only 10-30% of pneumonia caused by pneumococci 
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are accompanied by bacteriemia thus being classi-
fied as invasive (Blasi et al. 2012). Acute otitis media 
(AOM) is the leading cause of antibiotic prescriptions 
for children, with over 10 million prescriptions in the 
United States annually. S. pneumoniae, along with He-
mophilus influenzae and Moraxella catarrhalis, is one 
of the leading bacterial causes of AOM in children 
worldwide. It is estimated that 60% of children expe-
rience AOM before their third birthday (El Feghaly 
et al. 2023). 

Pneumococcus is divided into over 100 serotypes, 
based on the structure of its polysaccharide capsule, 
which is its main virulence factor (Ganaie et al. 2023). 
The immunogenic capsular antigen is the target of the 
hosts immune system, especially humoral. Introducing 
the pneumococcal conjugate vaccines (PCVs), which 
contain a polysaccharide antigen conjugated to pro-
tein, has reduced the incidence of infections caused 
by vaccine serotypes (Yildirim et al. 2015). 

However, the introduction of the PCV7 induced 
a change in the circulating population of pneumo-
coccal serotypes. While vaccinal serotypes declined, 
non-vaccinal serotypes unaffected by vaccinal hu-
moral immunity increased, leading to the overall 
rise in the incidence of pneumococcal infections 
(Yildirim et al. 2015, Richter et al. 2013, Horácio 
et al. 2014). This serotype replacement highlighted 
the need to introduce higher valent PCVs (PCV10, 
PCV13, PCV15), while simultaneously monitoring 
the current pool of circulating serotypes to esti-
mate their vaccinal coverage. In the Republic of Ser-
bia, PCV10 was introduced into the immunization 
schedule in 2018, replaced by PCV13 in 2022, and 
reinstated in 2024. According to the National In-
stitute of Public Health “Milan Jovanovic Batut” in 
2022 coverage of PCV13 in the first year of life was 
90.5% (Извештај о спроведеној имунизацији на 
територији Републике Срије у 2022. години, 2023).

Pneumococcus is no exception in the prevalence 
of antimicrobial resistance, where macrolide -resistant 
Streptococcus pneumoniae (MRSP) is recognized by the 
WHO as a medium-priority pathogen to guide and 
promote research and development of new antibiotics 
(WHO, 2024). In Serbia, high levels of pneumococ-
cal non-susceptibility (NS) have been detected against 
commonly used antibiotics for treating pneumococcal 
infections, including beta-lactams (such as penicillin, 
and third-generation cephalosporins) and macrolides, 
with 47.6%, 16.5% and 40.4% respectively (Opavski 
et al. 2023). 

In Serbia, there is monitoring of antibiotic sensitiv-
ity and serotypes of invasive isolates of S. pneumoniae, 
but there is a lack of sufficient data on non-invasive 
isolates. This study aimed to test the distribution of se-
rotypes and antibiotic susceptibility of S. pneumoniae 

isolates causing non-invasive infections collected in 
the post-vaccine period, in 2022 in Belgrade.

2. Materials and Methods

The study included S. pneumoniae isolates causing 
non-invasive infections from the collection of the 
NRL for streptococci, Institute of Microbiology and 
Immunology, Faculty of Medicine in Belgrade. Iso-
lates were collected from January 1st to December 31st, 
2022. The strains were identified in the MediGroup 
Health System microbiology laboratory in Belgrade 
and then sent to the NRL for streptococci. Pure cul-
tures of pneumococcal strains were stored until further 
research in skim milk broth (HiMedia, India) at -70°C.

2.1. Molecular identification of Streptococcus 
pneumoniae
Isolations of DNA was performed using TRIS-SDS-
EDTA lysis buffer. After lysis, suspensions were in-
cubated for 20 minutes at room temperature and 5 
minutes at 90°C. After isolating bacterial DNA using 
cold absolute ethanol and centrifugation, DNA was 
resuspended in 120 µL of elution buffer.

Confirmation of the identification of S. pneumo-
niae strains was performed by detection of the cpsA 
gene, using the PCR (Jourdain et al. 2011). The reac-
tion mixture with a volume of 25 µL contained: 12.5 µl 
of Master mix (Genaxxon bioscience, Germany), 0.5 
µl of each primer with a concentration of 20 µmol/l 
(Thermo Fisher Scientific, USA), 6.5 µl of water and 
5 µl of bacterial DNA. PCR products were visualized 
in 2% agarose gel.

2.2. Capsular typing of Streptococcus pneumoniae 
isolates
Typing of clinical isolates of S. pneumoniae was per-
formed by the multiplex PCR method following the 
protocol of Jourdain et al (2011). A total of 7 reac-
tion mixtures were prepared for each isolate. Reac-
tion mixtures with a volume of 25 µL contained 12.5 
µl of Master Mix (Genaxxon bioscience, Germany), 
primers of different serotypes at a concentration of 20 
µmol/l (Thermo Fisher Scientific, USA), 5 µl of bac-
terial DNA, and water to the final volume. The con-
ditions under which amplification took place were: 
initial denaturation at 94°C for 30 seconds; 30 cycles, 
denaturation at 94°C for 45 seconds, annealing at 54°C 
for 45 seconds and elongation at 65°C for 150 seconds; 
and final elongation at 72°C for 10 minutes. After the 
PCR, the products were applied to horizontal gel elec-
trophoresis in 2% agarose gel.

For isolates that couldn’t be typed using PCR, Quel-
lung reaction, using the chessboard system and specific 
sera (Statens Serum Institute, Denmark) was done.
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2.3. Antibiotic susceptibility testing
The susceptibility of S. pneumoniae isolates was 
tested by the disc diffusion method according to 
the standards of the European Committee on An-
timicrobial Susceptibility Testing (EUCAST, 2024). 
Susceptibility  was tested to oxacillin (1μg), eryth-
romycin (15μg), chloramphenicol (30μg), clindamy-
cin (2μg), norfloxacin (10μg), tetracycline (30μg), 
trimethoprim/sulfamethoxazole (1.25-23.75μg) and 
vancomycin (5μg) (bioRad, USA). In isolates resis-
tant to oxacillin, the minimum inhibitory concen-
trations (MIC) for penicillin and ceftriaxone were 
determined using the gradient test (Liofilchem, It-
aly) according to the EUCAST standard (EUCAST, 
2024). Isolates were classified as penicillin or ceftri-
axone non-susceptible S. pneumoniae (PNSP and 
CNSP) when MICs were higher than 0.06 mg/L for 
penicillin and higher than 0.5 mg/L for ceftriaxone. 
The phenotype of macrolide resistance was fur-
ther tested using the double disc diffusion method 
with discs of erythromycin (15μg) and clindamycin 
(2μg). Isolates were classified as multidrug-resis-
tant (MDR) when non-susceptibility or resistance 
to three or more antibiotic classes was exhibited 
(Cillóniz et al. 2018). 

2.4 Statistical analysis
Statistical analyzes were performed in EZR software 
(R Commander Version 2.7-1). The chi-square test 
or Fisher’s exact probability test, was used to assess 
the statistical significance of the difference between 

the nominal categories. The difference was considered 
statistically significant for p<0.05.

3. Results

During the one-year period, a total of 155 S. pneu-
moniae isolates causing non-invasive infections were 
collected. Most were isolated from middle ear aspirates 
(n=110; 70.97%), while the rest were from tracheal 
aspirates (n=18; 11.6%) and sputum (n=17; 11%); si-
nus aspirates (n=4; 2.6%) and eye swabs (n=6; 3.9%). 
Isolates were collected from 83 (53.6%) male patients 
with a median age of 4 years (1 month to 50 years) 
and 72 (46.4%) female patients with a median age of 4 
years (2 months to 70 years). According to the number 
of years, the patients were classified in the following 
ranks: ≤1 (n=26; 16.7%), >1-≤5 (n=76; 49%), >5-≤18 
(35; 22.6%), >18 (n=18; 11.6%).

Twenty-three different serotypes were detected 
(Figure 1), of which the most frequent were: 3 (n=25; 
16.13%), 11A (n=19; 12.26%), 15A (n=15; 9.68%), 19F 
( n=12; 7.7%) and 10A (n=11; 7.1%) which included 
more than half of all isolates. In the age ranges >1-
≤5 and >5-≤18 the most frequent serotypes were 11A 
(n=13; 17.1%) and 3 (n=13; 37.1%) respectively, while 
in the age range ≤1 the most frequent were 15A and 
23F (n=4 each; 15.4%). The frequency of non-typable 
serotypes was 3.2% (n=5).

Resistance to erythromycin was the most prev-
alent (n=43; 27.7%), while reduced susceptibility to 
penicillin (both resistant and intermediate) was found 
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Figure 1. Serotype distribution of non-invasive Streptococcus pneumoniae isolates collected in 2022. 
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in 18.1% of isolates, of which 2 (1.3%) were resistant, 
and 26 (16.8%) were susceptible with increased expo-
sure. Seven (4.52%) isolates showed susceptibility to 
ceftriaxone with increased exposure. Additionally, 26 
(16.8%) isolates were resistant to trimethoprim/sulfa-
methoxazole, and 42 (27.1%) isolates were resistant to 
tetracycline. Only one isolate (0.7%) showed resistance 
to norfloxacin, while no resistance to vancomycin was 
detected in the tested isolates.

The most common phenotype of macrolide resis-
tance was cMLS found in 39 (90.7%) of the erythro-
mycin-resistant isolates, while iMLS and M phenotype 
were equally represented with two isolates each (4.7%).

The frequency of resistance of the most common 
serotypes is shown in Table 1. 19F showed the highest 
percentages of resistance and was statistically signifi-
cantly more non-susceptible to penicillin (41.6%), 
ceftriaxone (25%), erythromycin (75%), tetracycline 
(53.8%) and clindamycin (75%) compared to other 
serotypes (p<0.05). High frequencies of simultaneous 
resistance were detected in serotype 15A, which was 
statistically more resistant to erythromycin (60%), tet-
racycline (60%), and clindamycin (60%) compared to 
other serotypes (p<0.05) and 23F (27.3% resistant to 
erythromycin and tetracycline and 18.2% non-suscep-
tible to penicillin, clindamycin and trimethoprim-sul-
famethoxazole). Serotypes 10A and 3 were statistically 
more susceptible to penicillin, erythromycin, clinda-
mycin, and tetracycline, while serotype 11A was more 
susceptible to erythromycin, clindamycin, and tetra-
cycline (p<0.05).

The frequency of multidrug resistance (MDR) 
isolates was 25.2% (n=39). The most frequent MDR 

serotypes were 15A (n=9; 23.1%), 19F (n=7; 17.9%), 
19A and 6B (n=4 each; 10.3%) and 23F, 24F, and 
6A (n=3; 7.7%), while two (5.1%) isolates were 
non-typable.

The total serotype coverage of PCV10 and PCV13 
was 23.89% and 48.41%, respectively. The distribution 
of the most common serotypes and PCV10 and PCV13 
serotype coverage by age is shown in Table 2.

4. Discussion

Among S. pneumoniae isolates causing non-invasive 
infections in the Serbian capital in 2022, four years 
after the introduction of PCV into the immunization 
schedule, the most frequent serotypes were 3, 11A, 
15A, 19F, 10A, and 23F. In children ≤5 years of age, a 
similar distribution of serotypes was observed, except 
for serotype 3, which was slightly less prevalent (5.9% 
of isolates compared to 16.1% in the total sample). 
In contrast, among patients >5 years old, serotype 
3 was the most frequent and represented 35.9% of 
the isolates in this group. These results indicate that 
circulating serotypes, such as 3 and 19F correspond 
to the pre-vaccine distribution of serotypes in our 
country (3 and 19F) (Petrović et al 2016; Opavski 
et al. 2023), as well as in neighboring like  Bulgaria, 
Romania (19F and 23F) and also the Russian Feder-
ation (19F, 23F and 3) (Falup-Pecurariu et al. 2013; 
Setchanova et al. 2013; Mayanskiy et al. 2014) While 
serotypes 14, 9V, and 9N were not frequently detect-
ed in this study, they were prominently reported  in 
studies conducted prior the introduction of vaccines 
(Falup-Pecurariu et al. 2013; Setchanova et al. 2013; 

Serotype
N (%) non-susceptible and resistant isolates

P C ER TET CL SXT FQ

19F (12) 5 (41.7%) 3 (25%) 9 (75%) 7 (58.3%) 9 (75%) 5 (41.7%) 0 (0%)

15A (15) 3 (20%) 0 (0%) 9 (60%) 9 (60%) 9 (60%) 6 (40%) 0 (0%)

23F (11) 2 (18.2%) 1 (9.1%) 3 (27.3%) 3 (27.3%) 2 (18.2%) 2 (18.2%) 0 (0%)

10A (11) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

11A (19) 4 (21.1%) 0 (0%) 0 (0%) 2 (10.5%) 0 (0%) 1 (5.3%) 0 (0%)

3 (25) 0 (0%) 0 (0%) 1 (4%) 2 (8%) 1 (4%) 0 (0%) 1 (4%)

Other (62) 14 (22.6%) 3 (4.8%) 21 (33.9%) 19 (30.6%) 20 (32.3%) 13 (21%) 0 (0%)

Total (155) 28 (18.1%) 7 (4.5%) 43 (27.7%) 42 (27.1%) 41 (26.5%) 27 (17.4%) 1 (0.6%)

P, penicillin; C, ceftriaxone; ER, erithromycin; TET, tetracycline; CL, clindamycin; SXT, trimethoprim/
sulfamethoxazole; FQ, fluoroquinolones

Table 1. Frequency of antibiotic resistance in sixt most frequent non-invasive Streptococcus pneumoniae serotypes in 
this study (19F, 15A, 23F, 10A, 11A, 3).
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Mayanskiy et al. 2014; Petrović et al 2016; Opavski et 
al. 2023). Following the introduction of the PCV vac-
cine, non-vaccine serotypes identified in this study 
(10A, 11A, and 15A) were significantly more preva-
lent compared to their occurrence in countries such 
as Portugal and South Korea. (Horácio et al. 2014; 
Park et al. 2019). This pattern of serotype distribu-
tion may be attributed to the selective pressure from 
the recently introduced conjugate vaccines, resulting 
in the emergence of non-vaccine serotypes. Howev-
er, this process remains incomplete due to the short 
period since the vaccine introduction and reduced 
vaccine coverage during the COVID-19 pandemic. 
Serotype 3, the most frequent identified serotype in 
this study, was also highly prevalent among invasive 
isolates in Serbia (Opavski et al. 2023). This serotype 
was widely reported in certain countries, such as 
Portugal and the USA, even before the introduction 
of PCV vaccines (Richter et al. 2013; Horácio et al. 
2014). Moreover, this serotype is being increasingly 

recognized as the major cause of both non-invasive 
and invasive pneumonia in countries that have been 
using PCV13 (which contains this serotype) for many 
years (Silva-Costa et al. 2023). Unlike other serotypes 
included in the vaccine, serotype 3 behaves as an ex-
ception, as its frequency of isolation does not decline 
significantly in the post-vaccination period (Horácio 
et al. 2014; Yildirim et al. 2015; Silva-Costa et al. 
2023). The persistence of serotype 3 is explained by 
its specific capsular polysaccharide, and the release 
of capsule fragments after the binding of type-specific 
antibodies, allowing it to avoid the immune response. 
The antibody levels specific for serotype 3, which 
arise after administration of PCV13, are insufficient 
to provide effective protection against this serotype 
(Choi et al. 2015; Luck et al. 2020). 

Compared to the resistance rate of pneumococ-
ci to erythromycin in the pre-vaccination period in 
Serbia (65.5% of non-invasive and 40.4% of invasive 
isolates), the resistance rate of the tested samples is 

Serotype
Age

≤1 >1-≤5 >5-≤18 >18

PCV10

4 1 (3.85%) 1 (1.32%) 2 (5.71%) 1 (5.56%)

14 0 (0.00%) 2 (2.63%) 1 (2.86%) 0 (0.00%)

19F 3 (11.54%) 5 (6.58%) 3 (8.57%) 1 (5.56%)

23F 4 (15.38%) 4 (5.26%) 2 (5.71%) 1 (5.56%)

6B 3 (11.54%) 2 (2.63%) 0 (0.00%) 0 (0.00%)

7F 0 (0.00%) 0 (0.00%) 1 (2.86%) 0 (0.00%)

Total coverage 11 (42.31%) 14 (18.42%) 9 (25.71%) 3 (16.67%)

PCV13

3 1 (3.85%) 5 (6.58%) 13 (37.14%) 6 (33.33%)

19A 1 (3.85%) 3 (3.95%) 1 (2.86%) 1 (5.56%)

6A 2 (7.69%) 5 (6.58%) 0 (0.00%) 0 (0.00%)

Total coverage 15 (57.69%) 27 (35.53%) 23 (65.71%) 10 (55.56%)

Non-PCV13

11 (42.31%) 49 (64.47%) 12 (34.29%) 8 (44.44%)

Total

26 (100.00%) 76 (100.00%) 35 (100.00%) 18 (100.00%)

PCVs, pneumococcal conjugate vaccines 

Table 2. Distribution of the most common serotypes among age groups and PCV10 and PCV13 serotypes of non-invasive 
Streptococcus pneumoniae  
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significantly lower (27.7%) (Jovanović et al. 2017; 
Opavski et al. 2023). In comparison to other coun-
tries, during the post-vaccination period (41.1% 
in the USA, 84% in South Korea), the frequency of 
erythromycin resistance to is also significantly lower 
(Park et al. 2019; Mohanty et al. 2023). Similarly, a 
significantly higher percentage of reduced suscepti-
bility to penicillin was found in the pre-vaccination 
period in Serbia, with rates of 65.6% among non-in-
vasive and 47.5% among invasive pneumococcal iso-
lates, compared to the current study where reduced 
susceptibility was 18.1% (Jovanović et al. 2017; 
Opavski et al. 2023). A similar frequency was detect-
ed in Romania in 2022, with approximately 20% of 
isolates showing reduced susceptibility (Gavrilovici 
et al. 2022), while the rate remains lower compared to 
other studies (42.4% in the USA and 38.7% in South 
Korea) (Park et al. 2019; Mohanty et al. 2023). De-
spite the decline in resistance rates following vaccine 
introduction in Serbia and other countries, such as 
Finland, resistance levels in this study population 
remain high and underscore the need for continued 
monitoring (Sihvonen et al. 2017).

The frequency of multidrug-resistant strains is 
25.2%, which is the most consistent with the results 
from Russia during pre-vaccine period (22% of iso-
lates) (Mayanskiy et al. 2014). However, it is signifi-
cantly lower compared to other countries in the region, 
such as Romania (68.7% pre-vaccination and 82.85% 
post-vaccination) and Bulgaria (54% post-vaccination) 
(Falup-Pecurariu et al. 2013; Setchanova et al. 2018; 
Gavrilovici et al. 2022). Surprisingly, the frequency 
of invasive MDR isolates in this study was higher 
compared to the frequency of multidrug resistance 
in our country in the pre-vaccine period, which was 
20% (Opavski et al. 2023). The most prevalent sero-
types among MDR isolates were 15A, 19F, 19A, and 
6B, which were also identified in Serbia before vaccine 
introduction (19F, 19A, and 6B) as well as in South 
Korea post-vaccination (15A, 19F, and 19A) (Park et 
al. 2019; Opavski et al. 2023). In contrast to this study, 
where serotype 11A was one of the most susceptible 
isolates, recent studies from Portugal (Silva-Costa et 
al. 2023) reported this serotype with a high preva-
lence of resistance. Serotype 14 was the third most 
frequent among MDR serotypes in our country and 
Russia (Mayanskiy et al. 2014; Opavski et al. 2023) 
before vaccine introduction accounted for less than 
2% of the isolates in this study. 

Coverage of serotypes PCV10 and PCV13 vaccines 
in children ≤5 years of this study (24.5% and 41.2%) 
was significantly lower compared to the coverage of in-
vasive isolates in the pre-vaccine period in our country 
(76% and 88%) (Petrović et al. 2016). A decrease in the 
detection of vaccine serotypes after the introduction 

of the vaccine was also detected in other countries (in 
the USA from 43.4% to 27.1%) (Richter et al. 2013).

The limitations of this study are the small number 
of available isolates of non-invasive pneumococcus 
during one year, considering that isolates of non-inva-
sive S. pneumoniae are not collected systemically in our 
country and represent the available part of the National 
Reference Laboratory (NRL) collection for streptococci.

 5. Conclusions

The most prevalent serotypes of S. pneumoniae iso-
lated from non-invasive infections in this study were 
3 and 11A, with a notable dominance of non-PCV13 
serotypes in the tested population.  As anticipated, the 
prevalence of PCV10 and PCV13 serotypes was low 
(23.89% and 48.41%, respectively), given that the study 
was conducted in the post-PCV period, observing the 
effect of PCV on noninvasive isolates. The resistance 
rates among our isolates were notably high, with 25% 
exhibiting an MDR phenotype. Therefore, changes in 
serotype distribution and the prevalence of antimicro-
bial resistance in non-invasive pneumococcal strains 
should be closely monitored following the implemen-
tation of PCV and subsequent changes to the vaccine. 
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