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SUMMARY

Introduction Streptococcus pneumoniae is the most common causative agent of bacterial pneumonia
and meningitis. Mandatory childhood immunization against pneumococcal diseases is introduced in the
new Law on Protection of Population against Communicable Diseases in Serbia.

Objective The objective of this study was to determine the prevalence of pneumococcal serotype dis-
tribution in Vojvodina region before routine use of pneumococcal conjugate vaccine in Serbia.
Methods A total of 105 isolates of Streptococcus pneumoniae were collected in the period from January
2009 to April 2016. Based on the results of serotyping in the National Reference Laboratory, we analyzed
distribution of circulating serotypes and coverage of conjugate and 23-valent polysaccharide pneumo-
coccal vaccines in different age groups.

Results Among 105 isolates, a total of 21 different serotypes of Streptococcus pneumoniae were deter-
mined. The most frequent serotypes were 3 (21.9%), 19F (20.0%), and 14 (10.5%). The serotype coverage of
pneumococcal conjugate vaccines (PCV7, PCV10, and PCV13) was 48.6%, 54.3%, and 84.8%, respectively,
while pneumococcal polysaccharide vaccine (PPV23) covered 89.5% of the total number of isolates in all
age groups. Serotypes included in PCV7, PCV10, and PCV13 represented 72.0%, 76.0%, and 88.0% of the
total number of isolates in children <5 years, respectively. Vaccine serotype coverage of PCV13 and PPV23
ranged from 87.1% to 90.3% in adults 50-64 years of age, and 77.8% to 85.2% in adults =65 years old.
Conclusion Serotype distribution of Streptococcus pneumoniae in the population fairly overlaps with the
serotypes contained in pneumococcal vaccines, so that implementation of childhood immunization is
justified. The study was done in the Province of Vojvodina but the findings may be applied to Serbia as
awhole.
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INTRODUCTION 33F) was licensed in 1983. PPV23 is poorly im-

munogenic in the most vulnerable group, chil-

Streptococcus pneumoniae (pneumococcus) is
the most common causative agent of bacterial
pneumonia and meningitis. Prior to introduc-
tion of pneumococcal conjugate vaccines, 6-11
serotypes accounted for >70% of all invasive
pneumococcal disease (IPD) occurring in chil-
dren worldwide [1]. Incidence rates, as well as
case fatality rates of invasive pneumococcal
diseases (IPD) are the highest in children un-
der two years old and elderly, even in devel-
oped countries. In the European Union (EU)/
European Economic Area (EEA) countries in
2012, average case fatality rate was 11%, rang-
ing 4-29% [2].

Development of pneumococcal vaccines
and immunization enabled efficient prevention
of infections. Pneumococcal polysaccharide
vaccine (PPV23), which contains 23 serotypes
(1,2,3,4,5,6B, 7F, 8, 9N, 9V, 10A, 11A, 12F,
14, 15B, 17E 18C, 19A, 19F, 20, 22F, 23F, and

dren younger than two years of age. Therefore,
pneumococcal conjugate vaccines (PCVs) were
developed, including pneumococcal polysac-
charides conjugated with highly immunogenic
protein carrier. First conjugate vaccine, PCV7,
was licensed in Europe in 2001 and contains
seven serotypes (4, 6B, 9V, 14, 18C, 19F, and
23F). Ten-valent conjugate vaccine (PCV10)
was licensed in 2009 and contains additional
three serotypes (1, 5, and 7F). The last, 13-va-
lent vaccine (PCV13), licensed in 2010, con-
tains all previously mentioned and three more
serotypes (3, 6A, and 19A). Unlike the PPV23,
conjugate vaccines trigger both humoral and
cellular immune response and are therefore ef-
ficient in all age groups including infants and
children under two years of age [1].
Conjugate vaccines are used in 29 EU/EEA
countries, while in 23 countries they are in-
cluded in their respective national immuniza-
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tion programs (NIPs) [2]. In Serbia so far, pneumococcal
vaccines were only used for immunization according to
clinical indications [3]. Mandatory childhood immuni-
zation against Streptococcus pneumoniae is introduced in
the new Law on Protection of Population against Com-
municable Diseases, (LPPCD) adopted in March 2016 [4].

World Health Organization considers that it should be
a priority to all countries to include conjugate vaccine in
national immunization programs for children. Countries
are encouraged to conduct appropriate surveillance of IPD
and to monitor the impact of vaccination, including the
occurrence and magnitude of replacement disease. Sur-
veillance should be introduced at least two years prior to
and maintained at least five years after the immunization
introduction [1]. It is also recommended to follow up the
trends in serotype distribution in order to (i) monitor
changes, (ii) guide most adequate strategy of immuniza-
tion, and (iii) assess the impact of immunization on the
population structure of circulating pneumococcal sero-
types [1, 2, 5].

Surveillance of IPD in Serbia is based on reporting of
clinically diagnosed illness with different clinical presenta-
tions (pneumonia, sepsis, bacterial meningitis) with etio-
logical agent being identified in a small number of cases.
New LPPCD introduces reporting of IPD as a separate
entity that will improve surveillance [4].

OBJECTIVE

The objective of this study was to determine the preva-
lence of pneumococcal serotype distribution in Vojvodina
region before routine use of pneumococcal conjugate vac-
cine in Serbia.

METHODS

A total of 105 pneumococcal isolates were collected from
the same number of patients in the period from January
2009 to April 2016. The youngest patient was a newborn,
five days old, while the oldest one was 82 years old. In
children under five years of age, adults 50-64 years of age
and older than 65, a total of 25, 31, and 27 isolates were
obtained, respectively.

Analyses encompassed isolates from middle ear aspirate
(14), bronchoalveolar lavage fluid (4), tissue bioptate (1),
and wound swab (1). Invasive strains (83) were obtained
from blood (48), cerebrospinal fluid (17), pleural fluid
(17), and pericardial fluid (1) (Table 1).

A total of 52 Streptococcus pneumoniae strains were
isolated in the clinical microbiological laboratory of the
Institute of Public Health of Vojvodina from the clini-
cal specimens of patients treated in the Clinical Centre
of Vojvodina (Clinic for Otorhinolaryngology, Clinic
for Internal Medicine and Clinic for Infectious diseases)
as well as from the Institute for Child and Youth Health
Care of Vojvodina. Forty-three isolates were collected from
microbiological laboratory of the Institute for Pulmonary
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Diseases of Vojvodina, Institute for Cardiovascular Dis-
eases of Vojvodina, Institute for Oncology of Vojvodina,
and the remaining 10 strains were obtained from Regional
Public Health Institutes in Vojvodina (Sombor, Kikinda,
Subotica). All isolates were identified using standard mi-
crobiological methods — colony morphology, optochin
susceptibility, and bile solubility.

Streptococcus pneumoniae isolates were transported in
Amies transport media to the National Reference Labora-
tory for Streptococci, Institute for Microbiology and Im-
munology, School of Medicine, Belgrade. Capsular sero-
typing was done by the Quellung reaction, using the anti-
sera from Statens Serum Institut (Copenhagen, Denmark).

We analyzed whether the isolates are covered by pneu-
mococcal vaccines related to the target groups for the im-
munization by conjugate vaccines (children <5 years old)
and PCV13 and PPV23 (adults 50-64 years of age and
elderly 265 years).

RESULTS

Among 105 isolates, a total of 21 different serotypes of
Streptococcus pneumoniae were determined, whereas only
one isolate was non-typable. The most frequent serotypes
were 3 (21.9%), 19F (20%), and 14 (10.5%) (Graph 1).

Serotypes included in seven-, 10-, and 13-valent con-
jugate vaccines and a 23-valent polysaccharide vaccine
represented 48.6%, 54.3%, 84.8%, and 89.5% of the total
number of isolates, respectively (Table 2).

Among 25 isolates from children <5 years of age, a total
of 11 different serotypes of Streptococcus pneumoniae were
detected, out of which three are not included in conjugate
vaccines (11A, 23A and 33F). The most frequent serotypes
were 19F (44%) and 14 (16%), which are incorporated in
all three conjugate vaccines. The serotype coverage by
PCV7, PCV10, and PCV13 in this age group were 72%,
76%, and 88%, respectively. In a subset of children <2 years
of age, 20 strains were isolated and 19F was the most com-
mon one (10 out of 20 strains). Among children younger
than two years of age, coverage with PCV7, PCV10, and
PCV13 was 56%, 60%, and 72%, respectively. Three out of
five strains isolated from children aged two to five years
belonged to type 14, one was 19F, and the remaining 33F
is present in PPV23 only.

Table 1. Type and number of examined specimens

Type of specimens Number (%)
Blood 48 (45.7)
Cerebrospinal fluid 7 (16.2)
Blood and cerebrospinal fluid 2(1.9)
Pleural fluid 17 (16.2)
Pericardijal punctate 1(1.0)
Middle ear aspirate 14 (13.3)
Bronchial aspirate or bronchial lavage 4(3.8)
Tissue bioptate 1(1.0)
Wound swab 1(1.0)
Total 105 (100)
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Graph 1. Circulating serotypes of Streptococcus pneumoniae in Vojvodina in the period from January 2009 to April 2016

Serotypes included in PPV23 and PCV 13 represented
90.3 % and 87.1% of the total number of isolates in adults
50-64 years of age. The most frequent was serotype 3
(32.3%), which is present in both vaccines. Serotypes 8
and 9N presented only on PPV23 were detected in two
isolates, which is 6.4% of the total number of isolates in
this age group.

Vaccine coverage among adults aged 265 years were
85.2% and 77.8% for PPV23 and PCV 13, respectively. In
this age group, the most frequent serotypes were 3 (25.9%),
19F (18.05%) and 6A (11.1%), incorporated in both vac-
cines. Serotypes present only in PPV23 (8, 9N, 114, 17F)
accounted for 18.5% of all isolates in the oldest age group.

DISCUSSION

There are over 90 serotypes of Streptococcus pneumoniae
with only 20 of them responsible for >80% of IPD cases in
all age groups, and 13 leading serotypes caused 70-75% of
IPD cases in children worldwide, before the introduction
of immunizations [6]. Distribution of serotypes still varies
geographically, according to age, clinical form and severity
of illness, and is also subject to change over time [1].

In countries that introduced conjugate vaccine in NIP
for children, direct and indirect (herd) protection rapidly
reduced IPD incidence across all age groups. [7]. However,
PCV immunization led to changes in the circulating sero-
types and serotype replacement was detected. Significant
reduction of the vaccinal serotypes and an increased fre-
quency of serotypes not included in vaccine were noticed
[7]. Before the introduction of PCV7, the most frequent
types were those included in the vaccine (4, 6B, 9V, 14,
18C, 19E, and 23F). At the end of the 20th century these
serotypes caused 59% of IPD cases in adults and 87% in
children [7]. After the introduction of PCV7 in the United
States in 2000, most European countries have gradually

introduced this vaccine in their vaccination schedules be-
tween 2006 and 2009 [8]. They reported a drastic reduc-
tion of vaccine preventable serotypes in IPD cases, but
the emergence of serotype 19A was noticed. After the in-
troduction of PCV13 in the United States in 2010, the oc-
currence of serotype 19A decreased by 58% [9]. However,
even after introduction of PCV10, a significant reduction
in frequencies of both PCV10-related IPD and 6A and 19A
(not included in PCV10) was observed, suggesting that
PCV10 may also provide cross-protection against vaccine-
related serotypes [10].

In this study we provide data on serotype distribution
in Vojvodina region in Serbia in the period before the
introduction of mandatory vaccination against IPD in
children, which is implemented in the new National Im-
munization Schedule for 2016. Among 105 isolates, a total
of 21 different serotypes of Streptococcus pneumoniae were
determined and the most frequent in all age groups were
serotype 3 (21.9%), which is included only in PCV13, and
PPV23, followed by serotypes 19F (20.0%) and 14 (10.5%),
which are included in all the vaccines. Unlike the serotype
3, which is susceptible to antibiotics, 19F and 14 are most
often antibiotic-resistant types [2]. Our results indicate
that one third of all pneumococcal isolates and 60% of
isolates from children <5 years old belong to 19F and 14
serotypes, which is worrisome. Clinical impact of pneu-
mococcal antibiotic resistance is a worldwide problem.
High level of pneumococcal resistance has already been
documented in our country, especially in 19F and 14 sero-
types. Besides the effect on IPD, it was demonstrated that
the introduction of PCV has been associated with a reduc-
tion in antimicrobial-resistant pneumococcal disease. This
is particularly important in countries such as ours, with
relatively high incidence rate of pneumococcal resistance
to penicillin and macrolides. In the period from 2009 to
2011, 34% and 36% of pneumococcal invasive isolates in
Serbia were nonsusceptible to penicillin and erythromycin,
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Table 2. Circulating serotypes of Streptococcus pneumoniae by age groups for immunization in Vojvodina in the period from January 2009 until

April 2016 and coverage by conjugate vaccines and PPV23

Isolates in Isolates in Isolates in Isolates in adults Isolates in elderl
) children 2 years | children 2-5 years | children <5 years | 50-64 years of 65 vears of a g All Isolates
Vaccine Serotype of age of age of age age 200y 9
No. % No. % No. % No. % No. % No. %
4 0 0.0 0 0.0 0 0.0 4 12.9 1 3.7 6 5.7
] 6B 2 8.0 0 0.0 2 8.0 1 3.2 0 0.0 4 3.8
Q
bb 9V 0 0.0 0 0.0 0 0.0 1 3.2 1 3.7 3 29
§ 14 1 4.0 3 12.0 4 16.0 3 9.7 1 3.7 11 10.5
§ '; 18C 0 0.0 0 0.0 0 0.0 1 3.2 0 0.0 2 1.9
4 § E 19F 10 40.0 1 4.0 11 44.0 2 6.5 5 18.5 21 20.0
% g & 23F 1 4.0 0 0.0 1 4.0 2 6.5 1 3.7 4 3.8
olal®
o| >|S| Subtotal
ml S (PCv7 14 56.0 4 16.0 18 72.0 14 452 9 333 51 486
g 2 serotypes)
o 5 1 1 4.0 0 0.0 1 4.0 0 0.0 0 0.0 1 1.0
o 5 0 0.0 0 0.0 0.0 0 0.0 0 0.0 0 0.0
7F 0 0.0 0 0.0 0 0.0 2 6.5 1 37 5 4.8
Subtotal (PCV10 |4 5 60.0 4 16.0 19 76.0 16 516 10 370 | 57 543
serotypes)
3 1 4.0 0 0.0 1 4.0 10 323 7 25.9 23 21.9
. 6A 1 4.0 0 0.0 1 4.0 1 32 3 Mn1 | 6 57
19A 1 4.0 0 0.0 1 4.0 0 0.0 1 3.7 3 2.9
Subtotal (PCV13 18 720 4 160 22 80 | 27 871 21 778 | 89 8438
serotypes)
2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
0 0.0 0 0.0 0 0.0 1 3.2 2 7.4 3 29
. 9N 0 0.0 0 0.0 0 0.0 1 3.2 1 3.7 2 1.9
>
‘é‘ 10A 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
ﬁ 1A 1 4.0 0 0.0 1 4.0 0 0.0 1 3.7 2 1.9
g 12F 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
& 15B 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
17F 0 0.0 0 0.0 0 0.0 0 0.0 1 3.7 2 1.9
20 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
22F 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 1.0
33F 0 0.0 1 4.0 1 4.0 0 0.0 0 0.0 1 1.0
subtotal (PPV23 18 72.0 5 20.0 23 92,0 28 903 23 852 | 94 895
serotypes) (6A excluded)
23A 1 4.0 0 0.0 1 4.0 0 0.0 0 0.0 2 1.9
X 15A 0 0.0 0 0.0 0 0.0 1 3.2 0 0.0 1 1.0
Non vaccinal
serotypes 15C 0 0.0 0 0.0 0 0.0 0 0.0 1 37 110
Non 0 0.0 0 0.0 0 0.0 1 32 0 0.0 110
typable
Subtotal 1 4.0 0 0.0 1 4.0 2 6.5 1 3.7 5 4.8
Total 20 80.0 5 20.0 25 100.0 31 100.0 27 100.0 105 100.0

respectively [11]. More than one third (36.4%) of pneumo-
coccal isolates in Serbia in the 2009-2012 period expressed
co-resistance to macrolides and penicillin. Multiresistant
isolates were significantly more prevalent among children
than adults [12].

Serotypes included in pneumococcal seven-valent,
10-valent, and 13-valent vaccines represented 48.6%,
54.3%, and 84.8% of the total number of our isolates, re-
spectively. In children <5 years of age, who are the target
group for the immunization with conjugate vaccines, cov-
erage of circulating isolates was higher - 72% for PCV7,
76% for PCV10, and 88% for PCV13, because majority of
serotypes in this age group belonged to serotypes 14 and

19F, which are in all vaccines. The serotypes presented
only in PCV13-3 and 19A, were found in two (one from
each) of 25 strains isolated in this age group. Average cov-
erage of circulating isolates by PCV7 in European coun-
tries in the period before 2008 was 71%, and rose to 78%
for PCV10 and to 87% for PCV13 [13]. In Europe and
North America, the serotypes included in PCV10 and
PCV13 are estimated to cover approximately 80-85% and
85-90% of IPD, respectively, in children younger than five
years of age [14]. Nevertheless, the majority of isolates of
children in Vojvodina were obtained from younger than
two years, who are the target group for conjugate vaccines
only. Vaccine-preventable serotypes covered by PCV7,
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PCV10, and PCV13 were represented in somewhat lower
percentages — 56.0%, 60.0%, and 72.0% of the total number
of isolates in the youngest, respectively — but it is still high
enough to justify implementation of immunization.

A polyvalent polysaccharide vaccine, PPV23, comprises
only T-cell-independent antigens and therefore induces
only B-cells that are short-lived and produce low-affinity
antibodies. This vaccine is recommended for adults 265
years old and for those two years or older at high risk for
IPD [15]. PPV23 is not effective in infants and the main
advantage of this vaccine is that it protects against 23 types
of pneumococci. There were only five isolates obtained
from children aged two to five years in Vojvodina, and all
of them are covered by PPV23. Still, four out of five strains
are also covered by PCVs. PPV23, unlike conjugate vac-
cines, has no impact on nasopharyngeal carriage and does
not alter circulating serotypes. Although the efficacy for
prevention of non-bacteriaemic pneumonia is question-
able, epidemiological studies showed that the immuniza-
tion with PPV23 reduced the risk of IPD by 60% [16].
Additionally, recent meta-analysis provided evidence sup-
porting the recommendation for PPV23 to prevent IPD in
adults. However, the evidence from randomized clinical
trials was less clear with respect to adults with chronic
illness. Same meta-analyses did not provide compelling
evidence to support the routine use of PPV to prevent all-
cause pneumonia or mortality [17]. Out of total number
of identified isolates, PPV23 covered 85.2% and 90.3% in
elderly and adults 50-64 years of age, respectively. Ap-
proximately one third of the isolates in both age groups
belonged to type 3 (25.9% in 265 and 32.3% in 50-64
age group) which is related to higher risk of death com-
pared to other serotypes [2, 16]. Having in mind higher
immunogenicity and effectiveness of PCV13 compared
to PPV23, we should consider introduction of this vac-
cine for adults older than 50 years, especially those at high
risk (immunocompromised, persons with functional or
anatomic asplenia, those with chronic illness, etc.) similar
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Aunctpubyuuja cepotunosa Streptococcus pneumoniae y BojsognHu y nepnogy
npe ysohera KoHjyrosaHe BaKuuHe y HaunoHanHu nporpam umyHu3aumje

Bnagumup Metposuh'? 3opuua LLerymes'?, Muomy6 Puctuh'? JeneHa hekuh-Man6alwa'? bumaHa Pagocasmbesuf’,
[leaHa Meguh'?, Mupa Muxajnosuh-YkponuHa'?, MupjaHa XagHahes?, MHa Majuh*, Hatawa OnaBckm®

"MHcTnTyT 33 jaBHO 30paBrbe Bojsogute, Hosn Cap, Cpbuja;

2Ynusepautet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja;

SWHcTuTyT 33 nnyhHe 6onect BojsogunHe, Cpemcka Kamennua, Cpbuja;

*YHuBep3uTteT y beorpagy, MeanunHcku dpakyntet, UHCTUTYT 3a Mukpobuonorujy u umyHonorujy, HauroHanHa pegepeHTHa nabopatopuja

3a cTpenToKok, beorpag, Cpbuja

KPATAK CAOPXKAJ

YBop Streptococcus pneumoniae je Hajuyelwhu n3asmsay 6ak-
Tepujcke NHeyMOHWje 1 MEHNHIUTMCA. HOBM 3aKOH O 3awTu-
TW CTAaHOBHULLUTBA Of 3apa3Hux 6onectn y Cpbuju npeasubha
yBohere 06aBe3He MMyHM3aLuje AeLie NPOTUB 060sbekba 113a3-
BaHVX MHEYMOKOKOM.

Liwb Linsb oBe cTyamje je 6uo fa ce ogpenm 3acTynbeHOCT Lnp-
Kynuwyhrx cepoTunoBa NHeyMoKoKa y BojeoauHu y nepunogy
npe yBohera 06aBe3He KOHjyroBaHe NMHeyMOKOKHe BaKLHe
y Cpbuju.

MeTtop Y nepuogy og jaHyapa 2009. o anpuna 2016. roguHe
cakyn/beHo je 105 nsonara Streptococcusa pneumoniae. AHa-
NM3MPanu CMo pesynTaTe CepoTMNU3aLvje MHEYMOKOKa, Koja je
ypabeHa y HaumoHanHoj pepepeHTHOj nabopatopuju 1 yTep-
OWNK KakBa je aucTprnbyumja umpKynmwyhux cepotmnoBa u hu-
XOBa NMOKPUBEHOCT KOHjyroBaHUM BaKLMHamMa v 23-BafieHTHOM
NonmncaxapyaHOM BakLIMHOM Y PasfINUMTAM Y3pacH/M rpynama.
Pesyntatu Y Konekumjn og 105 nsonata Streptococcusa pneu-
moniae HaheH je 21 cepoTnn. HajaacTynsbeHuju cy 6unm cepo-
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TnoBm 3 (21,9%), 19F (20,0%) n 14 (10,5). MogyaapHoCT n3ona-
Ta ca CepoTUMNOBUMA CafpP>KaHUM Y BaKLMHM 6una je 48,6% 3a
PCV7,54,3% 3a PCV10 1 84,8% 3a PCV13, AOK je NHeyMOKOKHa
nonuncaxapuaHa BakumHa (MMB23) nokpueana 89,5% of ykyn-
Hor 6poja usonara. Cepotrnosu cagpxxavu 'y PCV7, PCV10 un
PCV13 6unu cy 3acTynbeHu kog 72,0%, 76,0% v 88,0% n3onata
Aelie mnabe op neT roavHa. NMoayaapHOCT n3onata ca cepoT-
nosuma cagpxaHum y PCV13 v MNMB23 n3Hocuna je 87,1% un
90,3% Kop ogpacnux ctapoctu 50-64 roguHe n 77,8% n 85,2%
Kog CTapujux og 65 rognHa.

3akrpyyak 3acTyn/beHoCT uupKynuwyhux cepoturnosa S.
pheumoniae y nonynauuju ce y BefiMKoj Mepy Npeknana ca ce-
pPOTMNOBMMA CafAPKaHVUM Y MHEYMOKOKHIM BaKLMHaMa, LWTO
onpasgaBsa yBohere nMyHr3auuje y geyjem yspacty. Mako je
NCTpaxuBatrbe crposefeHo y BojsoanHu, Hanasu ce mory npu-
MeHUTY Ha ueny Cpoujy.

KrbyuHe peun: Streptococcus pneumoniae; cepoTUNOBY; BaK-
LMHANHU CEPOTMMNOBU
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