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CaxeTak

Mogaum o uupkynuwyhum cepotunoBuma S. pneumoniae N HWXOBO]
pesncTeHUmnju Ha aHTUOWOTVKE HEONXOAHM Cy y npahekwy cepoenuae-
muonoruje S. pneumoniae. Y Cpbuju, nako 3akoHom npegasufeH, akTu-
BaH HaA30p Haj MHBa3VIBHUM MHEYMOKOHWM OonecTuma y mpakcu Huje
3axmBeo. Linre oBor ncTpaxuveara je Aa ce Npukaxy MHBasUBHM COjeBU
S. pneumoniae neT roaMHa npe u neT rognHa HakoH yBohera obaBe3He
NMHeyMOKOkHe BakuuHaumje y Cpbuju 1 buxoBa 0CeTrbUBOCT Ha aHTUOW-
otuke y OnwToj 6onHmum [p Jasa K. Nasapesuh” LLabay n ykaxe Ha
BaXXHOCT npahera pacnogerne cepoTunoBa U npesaneHumje pe3ncTeH-
umnje Ha aHTMbuoTuke. VicTpaxneame je cnposegeHo y OnwToj 6onHu-
um ,Op Jla3sa K. Jlazapasuh” Labay n obyxBatumno je cBy BakuMHUCAHY
N HeBaKUMHMCaHy Aeuy A0 HaBpLlueHuX 18 roamHa >xuBoTa, KOA KOjuX je
noctaerbeHa v notepheHa AnjarHo3a UHBa3vBHe NMHEYMOKOKHe BonecTtu,
y nepuoay oa 1.1.2013. go 31.12.2022. roguHe. MNogaum cy cakynibaHu
N3 eneKTPOHCKUX uncTopuja Bonectn u meauuUMHCKe AOKYMeHTauuje n3
Mukpobuonowlke nabopatopuje. OQujarHo3a je noctaBrbaHa Ha OCHOBY
NO3WTUBHUX XEMOKYNTypa Ha S. pneumoniae Koju je naeHTUgUKoBaH Ha
OCHOBY CTaHAapAHUx HbakTepuronolukmx npoueadypa. KancynapHa tunusa-
uuja nsBpLueHa je y HaunoHanHoj pecepeHTHoj nabopartopuju (HPI) 3a
CTPenTokok Ha WHCTUTYTy 3a Mukpobunorujy n umyHonorvjy MeguuuH-
ckor dhakynteTa y beorpagy. OceTrbMBOCT Ha aHTMBMOTUKE je ncnuTmea-
Ha [Aunck andpysnoHum metogom E Tectom. Tokom oBor AeceToroguiurser
nepvioga pernctpoBaHo je MeT cryyajeBa MHBa3MBHE MHEYMOKOKHe 6o-
nectu, naeHTudurKoBaHa cy Tpu pasnuunta cepotuna (4, 18C, 19A), ook
je jemqaH 6uo HetTunabunaH. JegaH mM3onar je nokasao OCETI/bUBOCT Ha
CBe TecTMpaHe aHTMBMOTMKe, AOK Cy CBM OCTanu Nokasanu peancteHuunjy
Ha 6ap jenaH aHTMOMOTVK M3 rpyne GetanakTama. Kog ABa n3onarta yo-
YeHa je yapyxeHa pesucTeHuuja Ha aHTMBKoTuKe n3 rpyne betanaktam-
CKUX aHTUOMOTMKA M Ha KNUHA4AMWLIMH, OK je KOA je4HOr perncTpoBaHa
yAPYXXeHa pe3ucteHumja Ha B6eH3MNNEHULNIH 1 TpMeTonpum-cynda-
MeTakcasosn. CBM TecTupaHu n3onatu cy 6unmn oceTrsuBK Ha Makponua-
He aHTNBuoTuKe, LUMNPonokcaumnH, nesognokcaumH, BaHKOMULMH, Te-
MKOMMaHUH 1 NMHE3oNuA. Y unriby nnaHupama HaluoHamnHor nporpama
UMyHU3auvje v onTMMmM3aLmje NPOTOKoNa fneYera HEONXoAaH je akTMBaH
HaA30p Haj WHBa3VWBHUM MHEYMOKOKHMM Gorectuma v umpkynuwyhum
cepotunosmumMa S. pneumoniae y Cpbuju, kao 1 paunoHanHvja npuMeHa
aHTUOWOTMKA Y LUrby CMakseHa peanucTeHumje.

KrbyuHe peuun: Streptococcus pneumoniae, MyH/3aumja,
WHBa3MBHa MHEYMOKOKHa 60necT, Haf30p, pe3ncTeHumja

Abstract

Data on the circulating serotypes of Streptococcus pneumoniae and their
antibiotic resistance are essential in the study of the seroepidemiology of
S. pneumoniae. In Serbia, although legally mandated, active surveillance
of invasive pneumococcal diseases has not been effectively implemented
in practice. The aim of this study is to present the invasive strains of S.
pneumoniae identified five years before and five years after the introduc-
tion of mandatory pneumococcal vaccination in Serbia, as well as their
antibiotic susceptibility, based on data from the General Hospital “Dr Laza
K. Lazarevié¢” in Sabac, and to emphasize the importance of monitoring
the serotype distribution and the prevalence of antibiotic resistance.

The study was conducted at the General Hospital “Dr Laza K. Lazare-
vié” in Sabac and included all vaccinated and unvaccinated children up
to 18 years of age who were diagnosed with and confirmed to have in-
vasive pneumococcal disease during the period from January 1, 2013,
to December 31, 2022. Data were collected from electronic medical re-
cords and documentation from the microbiology laboratory. Diagnosis
was established based on blood cultures positive for S. pneumoniae.
The bacterium was identified using standard bacteriological procedures.
The serotyping of S. pneumoniae isolates was performed at the National
Reference Laboratory (NRL) for Streptococcus at the Institute of Microbi-
ology and Immunology, Faculty of Medicine, University of Belgrade. Anti-
biotic susceptibility was tested using the disk diffusion method and E-test.
During this ten-year period, five cases of invasive pneumococcal disease
were registered. Three different serotypes were identified: 4, 18C, and
19A, while one strain was non-typable. One isolate was susceptible to
all tested antibiotics, while the others showed resistance to at least one
antibiotic from the beta-lactam group. Two isolates exhibited combined
resistance to beta-lactam antibiotics and clindamycin, while one demon-
strated combined resistance to benzylpenicillin and trimethoprim-sulfa-
methoxazole. All tested isolates were susceptible to macrolide antibiotics,
ciprofloxacin, levofloxacin, vancomycin, teicoplanin, and linezolid. To ef-
fectively plan the national immunization program and optimize treatment
protocols, active surveillance of invasive pneumococcal diseases and the
circulating S. pneumoniae serotypes in Serbia is necessary, as well as
more rational use of antibiotics in order to reduce resistance.

Keywords: Streptococcus pneumoniae, vaccination, inva-
sive pneumococcal disease, surveillance, resistance
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YBop,

Streptococcus pneumoniae (MHeyMOKOK) je anda-xemonu-
TUYKa, rpam-no3nTMBHA, KaTanasa-HeraTMBHa AUMIOKOKa
N OMOPYTHUCTUYKM je MaToreH ropknx pecnupaTopHux ny-
TeBa. KonoHnsauuja NHEYMOKOKOM MOYMHE Yy NPBUM Me-
ceuyMa XuBOTa, yobu4yajeHa je TOkOM OeTUHCTBa, onaja
ca y3pacTOM U1 NpeAcTasrba NpBM KOPaK 3a HacTaHak nHe-
ymMokokHe 6onectu. [Ja nn he gohm go passoja nHdekLmje
Kog KOMOHM30BaHWX ocoba 3aBUcK of npeancnoHmpajyhmx
dakTopa fomahuHa u BUpyneHumje nHeymokoka [1].

Hajuyewhe komnnukaumje HazodapuHreanHe KonoHu3auu-
je MHeyMOKOKOM KoA Aele Cy HeMHBa3NBHE MHEeYMOKOKHe
Bonectn — ynana cpegrer yxa v napaHasanHux Lynrbm-
Ha. [NHeyMOKOK je 1 Bogehu y3pOYHWK MHEYMOHWje Kopf
Jele y3pacta oA YeTupu Meceua Ao NeT roguHa u apyru
no peay Kof ctapuje aeue v agonecueHarta [2].

MNpema peuHUUMM NOA4 WMHBA3MBHOM MHEYMOKOKHOM
6onewhy (MINB) nogpa3ymeBa ce KIUHWYKWA LWjarHOCTU-
koBaHa OomnecT noteBphieHa u3onauuwjom Streptococcus
pneumoniae 13 NpUMapHO CTepunHux peruja [3].

Jleyerbe NnHeymokokHe 6onecTu (HeMHBa3nBHE N NHBA3MB-
He) nogpasyMeBa NpuMeHy aHTMOuoTUKa. Mocnegwunx ro-
OnHa npumeheHa je nojaBa pesncTeHuuMje NHeyMoKoKa Ha
Hajuyewhe kopuwheHe aHTMONOTUKE KOjU Ce NMPUMEHY]Y Y
Tepanujy NHeyMOKOKHMX BONecTn, Kako y CBETY Tako U Koz
Hac [2, 4, 5, 6].

YBoheweM MHEYMOKOKHE KOH-YroBaHe BaKkuuHe Yy obaBse-
3Hn KaneHngap BakuuHauuvje geue mnahe of OBe roguvHe
Yy MHOTMM 3eMSbama LUMPOM CBETA, Kao U Kog Hac, npume-
heH je nag nHumaeHumje UIMB n yyectanoctn pesncTeHum-
je NHeyMoOKoKa Ha aHTubnoTuke [2, 71.

Mako je MNpaBunHMKOM O NpujaBrbMBamy 3apasHux bone-
CTU 1 NOCEOHUX 3ApaBCTBEHMX MuTama (,CryxbeHun rma-
cHuk PC”, 6p. 44 op 9. maja 2017. roguHe n 6p. 58 o
27. jyna 2018. roguHe) npwujaBrouBarwe UIMB y Cpbujm
3akoHOM npefaBuheHo, y npakcu Huje 3axuseno. Takohe,
1 nopep Tora wTo je NpaBurHMKOM O BpcTama U Ha4ynHy
cnpoBohewa ennaemMmnornoLlKor Hag3opa Hag 3apasHuMm
bonectma n NocebHUM 3gpaBcTBEHNM nuTakwmma (,Cny-
x6eHun rnmacHuk PC”, 6p. 3 oa 18 jaHyapa 2017. roguHe)
npeasuheHo crnpoBoferwe akTUBHOr Haasopa Hag Wb,
Haa30p HWje akTnBaH. Y Hawwoj 3emsbm je og 2009. rogmHe
3anoyet nabopartopujckn Hagsop Hag UMb y HaumoHnan-
Hoj pedepeHTHO] nabopartopuju (HPJ1) 3a cTpenTokok Ha
WHCTUTYTY 3a MUKpobuonorujy n nMmyHornorunjy MeguumH-
ckor dpakynTteTta y beorpagy, Koju nogpasymeBa UCIbYYMBO
BOMOHTEPCKO Crake MHBAa3WBHUX M3ofarta MHEeYMOKOKa.
Y Halloj YCTAHOBU je BaXXHOCT UCTpaXuBaha Cepoenu-
anmuonornje Streptococcus pneumoniae npenosHaTta, Te
Ce CBM M30510BaHN MHBA3MBHW COjeBU Warby jow og 2013.
roguHe. Linrb oBor nctpaxueara je ga ce npukaxy MHBa-

Introduction

Streptococcus pneumoniae (pneumococcus) is an al-
pha-haemolytic, gram-positive, catalase-negative diplo-
coccus, and an opportunistic pathogen of the upper re-
spiratory tract. The pneumococcal colonization begins in
the first months of life, it is common during childhood, de-
creases with age and is the first step in the development
of pneumococcal disease. Whether or not the infection will
develop in a colonized person, depends on the host’s pre-
disposing factors as well as on the virulence of the pneu-
mococcus [1].

The most common complications of nasopharyngeal pneu-
mococcal colonization in children are non-invasive pneu-
mococcal diseases — middle ear and paranasal cavities
infections. Pneumococcus is also the leading cause of
pneumonia in children aged four months to five years, and
ranked second in older children and adolescents [2].

By its definition, invasive pneumococcal disease (IPD) re-
fers to a clinically diagnosed disease confirmed by the iso-
lation of Streptococcus pneumoniae from primarily sterile
regions [3].

Treatment of pneumococcal disease (non-invasive and in-
vasive) involves the administration of antibiotics. In recent
years, pneumococcus resistance to the antibiotics most
commonly used to treat pneumococcal diseases has been
observed, both globally and on the national level [2, 4, 5,
6].

With the introduction of the pneumococcal conjugated
vaccine into the mandatory vaccination calendar for chil-
dren under two years of age in many countries around the
world, including our country, a decline in IPD incidence and
the incidence of pneumococcal antibiotic resistance has
been observed [2, 7].

Despite the fact that the Regulation on Reporting Infec-
tious Diseases and Special Health Issues (“Official gazette
of the RS” no. 44 dated 9 May 2017 and no. 58 dated 27
July 2018) prescribed a legal obligation of IPD reporting in
Serbia, this practice has not taken hold. In addition, even
though the Rulebook on the types and methods of imple-
mentation of epidemiological surveillance of infectious dis-
eases and special health issues (“Official Gazette of the
RS” no. 3 dated 18 January 2017) has envisaged active
IPD surveillance, this surveillance is not being implement-
ed. Laboratory surveillance of IPD was launched in Serbia
in 2009, at the National Reference Laboratory (NRL) for
streptococcus at the Institute of Microbiology and Immu-
nology at the Faculty of Medicine in Belgrade. This surveil-
lance consists solely of voluntary submission of invasive
pneumococcus isolates. At our institution, the importance
of researching the seroepidemiology of the Streptococ-
cus pneumoniae has been recognised, hence all invasive
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3MBHU cojeBu Streptococcus pneumoniae NeT roanHa npe
1 NeT roguHa HakoH yBohera 0b6aBe3He MHEYMOKOKHE Bak-
LMHAaLMje N KbMXOBa OCETI/BUBOCT HA aHTUOMOTHKE, Y HaLLOj
YCTaHOBU, U yKaxke Ha BaXXHOCT npahewa pacnogerne ce-
poTUMOBa W NpeBaneHuyje pesnucTeHumje Ha aHTUbMoTuke
y NnaHupary HauuoHarHor MMyHU3aLMoHor nporpamMa u
onTumMmM3auuje Tepanujckux npoTokona.

MeToaonoruja

WNcTtpaxunsare je cnpoeegeHo y OnwTtoj GonHuum ,Op
Jlaza K. lNasapesuh” y LWanuy kojoj rpaBuTupajy geua ca
OnwrTtumHa Wabauy, Kouerbesa, Bnagnmmpum n boratuh y
nepuwogy oa 1.1.2013. go 31.12.2022. roaunHe.

MpeBakuMHanNHM nepuod nogpasymeBa nepuog o4
1.1.2013. roguHe go 31.12.2017, a nepuog og 1.1.2018.
roanHe go 31.12.2022. nocTBakumMHanH1 nepunoa.

Y ncTpaxunBame Cy YKibydeHa CBa BakUMHUCAHA U HEBAK-
LMHUCaHa dela 00 HaBpLueHux 18 roguHa, Ko Kojux je no-
cTaBrbeHa 1 notepheHa aunjarHosa UMMB.

Mogaum cy cakynibaHu U3 enekTpoHCKe MeauLMHCKe O0-
KyMeHTauuje n MeguumuHcke AoKyMeHTaumje n3 Mukpobuno-
noluke rnabopartopuje.

[euy cMo nogenunu y Tpu y3pacHe rpyne: og 4 meceua
[0 2 roanHe, of 2 rogMHe 0o 5 rogmHa n o, 5 roguHa oo
18 roguHa.

[ujarHo3a je nocTaBrbeHa Ha OCHOBY MO3UTUBHUX XEMO-
KynTypa Ha Streptococcus pneumoniae.

S. pneumoniae je noeHTNrKoBaH Ha OCHOBY CTaHAapA-
HUX BaKTepMOnoLUKMX npoLeaypa.

OceTrbMBOCT Ha aHTUOMOTUKE je ncnutmeana Ouck andy-
31MoHUM MeTodoMm U E Tectom — oagpehmsawe MUK-a.

HakoH n3onauuvje n ngeHTndukaumje y MMKpobUonoLKkoj
nabopartopuju, CojeBu Cy TPaHCNOPTOBaHM Ha KPBHUM M10-
Yama ca nopactoMm m3onaTta 0o HauuoHanHe pedepeHT-
He nabopatopuje (HPJT) 3a ctpenTokok Ha MIHCTUTYTY 3a
MUKpobuonorvjy n nMmyHornorunjy MegnumHckor dakynrte-
Ta y beorpagy. Y3 cBaku y3opak je nocnarta v nponpat-
Ha JOoKyMeHTauuja koja je obyxsartana crnenehe noparke:
nabopartopujckn eBngeHUMoHn 6poj, BPCTY y30pKka, AaTym
y30pKOBaksa, y3pacT W1 Non nauujeHTa, aujarHosy u pesyn-
TaT TecTta oceTrbmBocTU. OpgpefuBame cepoTnnoBa coje-
Ba MHEYMOKOKa BPLLEHO je peakuujomM arnyTuHauuje ogro-
Bapajyhum aHTUcepymmnma 3a KancyrnapHe nonucaxapuge
(Statens Serum Institut, KoneHnxareH, [daHcka), 0O4HOCHO
pedepeHTHOM MeToAoM peakuunjom Bybpersa kancyne y
HPJ1 3a cTpenToKoK.

AKTMBHA VMMyHM3auuWja NpoTvB oborbera u3asBaHux S.

Milijana Damnjanovi¢, Gordana Nikoli¢, Tatjana Stojsi¢

strains isolated in our institution since 2013 have been
submitted. The objective of this study was to present inva-
sive strains of the Streptococcus pneumoniae isolated at
our institution during five years prior to and five years after
the introduction of mandatory pneumococcal vaccination,
as well as their antibiotic resistance, and to emphasize the
importance of monitoring the serotype distribution and an-
tibiotic resistance prevalence for the planning of a national
immunization program and optimisation of therapeutic pro-
tocols.

Methodology

The study was conducted at the General Hospital “Dr. Laza
K. Lazarevié¢” in Sabac, treating children from the munici-
palities of Sabac, Koceljeva, Vladimirci and Bogatic¢, in the
period from 1 January 2013 to 31 December 2022.

The pre-vaccination period includes the period from 1 Jan-
uary 2013 to 31 December 2017, while the post-vaccina-
tion period was from 1 January 2018 to 31 December 2022.

The study encompassed all vaccinated and unvaccinated
children up to the age of 18, in whom IPD was diagnosed
and confirmed.

The data was collected from digital medical records and
medical documentation from the microbiological laborato-

ry.

The children were classified in three age groups: from 4
months to 2 years, 2 years to 5 years and from 5 years to
18 years of age.

The diagnosis was made based on haemocultures positive
to Streptococcus pneumoniae.

S. pneumoniae was identified by standard bacteriological
procedures.

Susceptibility to antibiotics was tested using the disc diffu-
sion method and the E-test to determine the MIC.

Following isolation and identification at the microbiological
laboratory, the strains were transported on blood plates
with the isolate cultures to the National Reference Labora-
tory (NRL) for streptococcus at the Institute of Microbiology
and Immunology of the Faculty of Medicine in Belgrade.
Each sample was accompanied by documentation con-
taining the following data: laboratory record number, type
of sample, date of sampling, age and sex of the patient,
diagnosis and susceptibility test result. Identification of
pneumococcal serotypes was performed using agglutina-
tion tests with the appropriate capsular polysaccharide an-
tisera (Statens Serum Institut, Copenhagen, Denmark), or
the reference method of the capsule swelling, i.e., quellung
reaction, at the NRL for streptococcus.
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pneumoniae, y Cpbujn, y Kanengapy je obaBesHe nmy-
Hu3aumje cse geue poheHe og 1.1.2018. rognHe, n cnpo-
BOOWNIA Ce KOHYTOBaHWM MONMcaxapugHuM BakuMHama
npotneB oborbewa usassaHux S. pneumoniae (PCV10
— [JeceToBaneHTHa KOHyroBaHa MHEYMOKOKHA BaKLMHa;
PCV13 — TpuHaecToBaneHTHa KOkyroBaHa NMHEYyMOKOKHa
BakuMHa) Kog Aeue y3pacTa of HaBpLUeHUX ABa meceua
XMBOTAa, ca TpW A03e BaKUUHe y pa3MmaumMa He kpahum og
YeTupu Hederbe (MpUumapHa cepuja) 4O HaBpLUEHMX LUECT
MeceuM XMBOTa U peBakuuHaumja jeqHOM L030M Y OpYroj
roauHu xuBoTa [8].

HobwvjeHn nogauun aHanma3npaHu cy 4eCKpUnTMBHOM METO-
OOM 1 npukasaHu TabenapHo.

ETnukmn ogbop Onwte 6onHuue ,Ap Jlasa K. Jlazapesuh”
LLlabaL, oao je carnacHoCT 3a peanusaunjy UCTpaxvarba.

Pesyntatun

Y nepuoay oa 1.1.2013. roanHe go 31.12.2022. roguHe
noeHTnukoBaHo je net criyyajesa UMB: kog ABoje geue
y NpeBakunHaNHoOM nepuoay n Kog Tpoje Aele y NocTeak-
LMHaNHoOM nepuoay.

Tpoje aeue je Guno XXeHckor nona u gsoje geue MyLLKOr
nona.

[Boje peue je 6uno y yspacHoj rpynu og 4 meceua go 2
roguHe u Tpoje Aeue y y3pacHoj rpynu oA 2 roguHe 4o 5
roauvHa.

Tpu cniyyaja cy ngeHTndurKkoBaHa TOKOM jeCeHUxX meceLm n
[ABa cryyaja TOkoMm nponehHux meceum.

Cea geua cy 6una cpegher coLmo-eKkOHOMCKOr cTaTyca.

Tpoje peue je GunNo y NpBMM MeCeLMMa X1UBOTa Xpah-eHO
agantMpaHoM MrievyHom opmyriom, a 3a ABoje Aele He-
Mamo noJaTke O UCXpaHu.

Cea geua cy npeTtxogHo 6una nsnoxeHa aHTubunotTMumMma.

[1Boje geue je poheHo npe 3anoymkakba akTUBHE UMYHU-
3auuje.

Tpoje geue je pofleHO HaKOH 3anoynHtbakba akTUBHE MMY-
HM3auuje: jegHo AeTe je 6uno HeKOMMNNETHO BaKuMHUCA-
HO 3a y3pacT — NPUMWNO je MHUUMjarHy cepujy og Tpu
[03e [eceToBarieHTHE KOHYroBaHe MHEYMOKOKHE Bak-
unHe (PCV10) 6e3 peBakuvHauwje; ABoje geue je 6uno
KOMMNMETHO BaKLUMHMCAHO 3a y3pacT: jedHO AeTe ca Tpu
[03e JeceToBarneHTHe KokbyroBaHe NHEeYMOKOKHE BakLyHe
(PCV10), a kog jeaHor geteTa je cnpoBegeHa KOMOMHOBa-
Ha BakuuHauuja: Tpu 403€ AeCEeTOBarieHTHE KOHYroBaHe
nHeymokokHe BakumHe (PCV10) u jegHa [osa TpuHaecTo-
BareHTHE KOhYroBaHe NMHEYMOKOKHe BakumHe (PCV13).

Active immunisation against diseases caused by S. pneu-
moniae in Serbia was introduced into the Calendar of Man-
datory Immunization for children born after 1 January 2018,
and was implemented using conjugated polysaccharide
vaccines against diseases caused by S. pneumoniae (PCV
10 — the ten-valent conjugated pneumococcal vaccine; PCV
13 —the thirteen-valent conjugated pneumococcal vaccine),
in children aged older than two months, with three doses of
the vaccine administered with no less than four weeks be-
tween doses (the primary series), before six months of age,
and a single booster dose at 2 years of age [8].

The data obtained were analysed by the descriptive meth-
od and shown in table form.

The Ethical Committee of the General Hospital “Dr. Laza
K. Lazarevié” Sabac provided their consent for the conduct
of this research.

Results

From 1 January 2013 to 31 December 2022, five cases of
IPD had been identified: two in children in the pre-vacci-
nation period and three in children in the post-vaccination
period.

Three children were female and two were male.

Two children were in the age group from 4 months to 2
years and three children in the age group from 2 years to
5 years.

Three cases were identified during the autumn months and
two cases during the spring months.

All children were of a middle-class socio-economic status.

Three children were fed formula in the first months of their
lives, and no data on nutrition is available for two children.

All children had previously been exposed to antibiotics.

Two children were born prior to the introduction of the ac-
tive immunisation program.

Three children were born after the active immunisation
program was launched: one child had not been completely
vaccinated for their age, having received the initial three-
dose series of the ten-valent conjugated pneumococcal
vaccine (PVC 10), without the booster dose; two children
had been completely vaccinated for their age: one with
the three doses of the ten-valent conjugated pneumococ-
cal vaccine (PVC 10) and one with a combined vaccina-
tion protocol of three doses of the ten-valent conjugated
pneumococcal vaccine (PVC 10) and one dose of the thir-
teen-valent conjugated pneumococcal vaccine (PVC 13).

One child had had X-ray confirmed pneumonia; one child
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JegHo gete je nmano paguorpadckn BepudukoBaHy yna-
ny nnyha; jegHo gete je umano yapyXeHy ynany cpegwer
yxa n paguorpadckn BepudmkoBaHy ynany nnyha u Tpoje
Jele je umano ynany cpefher yxa.

HwvjegHo gete Huje umano komopbugnrtere.

EnvgemMuonollke M KNMHUYKE KapakTepucTuke deue ca
WHBa3NBHOM MHEYMOKOKHOM Goneluhy npukasaHe cy y Ta-
6enun 1.

Tabena 1. EnvaeMumonoLuke n KnMHWYKe KapakTepuctuke
deLe ca MHBa3MBHOM MHEYMOKOKHOM Gonewhy y OnwToj
6onnHuum ,[Op Na3za K. Nasapesuh” LLa6aLl

Milijana Damnjanovi¢, Gordana Nikoli¢, Tatjana Stojsi¢

had a joint middle ear infection and X-ray confirmed pneu-
monia, and three children had middle ear infections.

No children had any comorbidities.

Epidemiological and clinical characteristics of children with
invasive pneumococcal disease are shown in Table 1.

Table 1. Epidemiological and clinical characteristics of chil-
dren with invasive pneumococcal disease at the General
Hospital “Dr Laza K. Lazarevi¢” in Sabac

KapakTtepucrtuke Bpoj n npoueHaT nauujeHara (n)
Characteristics Number and percentage of patients (n)
4 meceua — 2 roguHe / 4 months — 2 years 2 (40,0%)
Y::,qp;:'r 2 roguHe — 5 roguHa |/ 2 years — 5 years 3 (60,0%)
5 roguHa —18 roguHa / 5 years - 18 years 0 (0,0%)
Mon Mywkwu | Male 2 (40,0%)
Sex XeHcku | Female 3 (60,0%)
[v)
Ce3oHcka aMcTpubyumja JeceH / Autumn 3 (60,0%)
Seasonal distribution Mponehe / Spring 2 (40,0%)
MajuuHo mneko / Breast milk 0 (0,0%)
UcxpaHa y npBum
MeceuuMa XuBoTa AM® | AMF 3 (60,0%)
Nutrition in the first months of life
HenosHato / Unknown 2 (40,0%)
MpeTxoaHa N3NoXeHoCT Oa/ Yes 5 (100%)
aHTUbMoTULMMa
Previous exposure to antibiotics He / No 0 (0,0%)
Couno-eKOHOMCKHM cTaTyc ) o
Social-economic data Cpenmsu | Middle-class 5 (100%)
PoheHu npe yBohlersa 06aBe3He UMyHU3aumje
Born before the introduction of mandatory immuni- 2 (40,0%)
zation
KonmneTHa 3a y3pact (PCV10) 9
. Complete for the age (PCV10) 11(20:0%)
BakuuHauuja
Vaccination KomnneTHa 3a y3pacT kKoMGUHOBaHa
BakuuHauwmja (PVC10 n PVC13) 1(20,0%)
Complete for the age, combined vaccination e
(PVC10 and PVC13)
HekomnneTtHa 3a y3pact (PCV10) 1(20,0%)
Incomplete for the age (PCV10) s
Ynana nnyha / Pneumonia 1 (20,0%)
KnuHuuke kapakrepucruke Ynana cpegmer yxa / Otitis media 2 (40,0%)
Clinical features
Ynana nnyha + ynana cpeamer yxa o
Pneumonia + otitis media 1(20.0%)
Komopouagurer 0
Comorbidity v

PCV10 — peceTtoBaneHTHa KOkYyroBaHa NHEyMOKOKHA BaKLHa PCV10 — ten-valent conjugated pneumococcal vaccine

PCV13 — TpuHaecToBaneHTHa KowyroBaHa nHeyMoKOKHa BaKLuMHa PCV13 — thirteen-valent conjugated pneumococcal vaccine

AMF - adapted milk formula
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Tunnsaumjom n30MNoBaHUX WHBa3WBHUX COjeBa WAEHTU-
doukoBaHu cy cepotunoeu 4, 18C, 19A, jeqaH nsonar Huje
Morao 6uTV TMNU3MpaH, Te je 03Ha4yeH kao HeTunabunaH
(HT).

Y nepvogy npe 3anoynktara obaBe3He MMyHU3aLumje Kog
jegHor geteta vaeHTudmkoBaH je cepotun 18C, ook kof
apyror Huje 6una moryha cepotunusauuja nsonata (HeTu-
nadvnan).

Y nepuogy HakoH 3anoynkbakba obaBesHe VMMyHu3auuje
naoeHTugrKkoBaHa cy ABa cepoTtuna koa Asoje Aeue 19A,
Koju Huje ykrbydeH y cactaB PCV10 kojom cy oBa geua
BaKUMHMCaHa 1 Ko jegHor geTeta cepoTun 4 Koju je yKiby-
yeH y cactaB PCV10 n PCV13, kojuma je oBO feTe Bakum-
HMcaHo.

CepoTunnoBu MHBa3MBHKX U3onara npukasaHu cy y Tabenm 2.

Tabena 2. CepoTunoBu MHBa3MBHUX M3onata y OnwToj
oonHuum [p Jlasa K. Jlazapesuh” LLabay

Ceporpyna
Serogroup

CepoTtun
Serotype

4 i
18 C

19 A

HT
NT
YKYMHO
Total

HT — HeTunabunaH

Mukpo6bronoLLKo TeCTMpare Ha aHTUBNOTCKY OCETIBUMBOCT
ypaheHo je 3a cBe MHBA3WBHE n3onarte S. pneumoniae.

PeancteHuujy Ha 6eH3UNNEHNUUNH Cy NoKasanu CBu Te-
CcTMpaHu m3onatn 4/4; Ha amnNUUWIWH OBa of, TecTupaHa
TpU m3onaTa; Ha aMOKCULWMNWH jedaH oA TecTupaHa ABa
m3onara, Ha aMOKCUUWUITUH Ca KnaByl1aHCKOM KUCEJNTMHOM
jedaH og Tpu TecTMpaHa usonarta; Ha LedTPUaKCOH je no-
Kasao pe3nCTeHUMjy jeqaH og TeCTMpaHux NeT nsonarta; Ha
uedTasnanm jedaH of TecTMpaHa ABa u3ornarta; Ha KivH-
OJaMuUMH [Ba of TeCTMpaHuX neT u3onata; Ha TPUMETO-
npumM-cyndamerakcason TeCTUPaH je jegaH nsonar Koju je
NMoKasao pe3nCTeHLMjy.

Koa gBa usonaTta yodeHa je yapyXeHa pesucTeHumja Ha
aHTMOMOTMKE K3 rpyne BeTanakTamcKkMx aHTMbuoTmKka u
KNMHagamMuUMH, OOK je Kop jedHor perncrpoBaHa yapy-
XeHa pesucTeHuMja Ha OGEH3UNMNEeHVUUNMH U TpUMETO-
npuM-cyndameTakcasorn.

CBuM TecTMpaHu u3onartu cy OGunm OCETIbMBM Ha Makpo-
nUaHe aHTUBMOTUKE, UMNPOdIoKcaLmH, NeBOGIOKCaLMH,

Serotyping of the invasive strains identified the serotypes
4, 18C and 19A, and one isolate could not be serotyped
and was designated as non-typeable (NT).

In the period prior to the mandatory immunisation program,
the serotype 18C was identified in one child, while the oth-
er sample was impossible to type (non-typeable).

During the initial period of the mandatory immunisation
program, two 19A serotypes were found in two children;
these strains were not included in the PVC 10 vaccine that
had been used to vaccinate the two children; and in one
child, typing found serotype 4, which was included in the
PVC10 and PVC13 vaccines that the child had been vac-
cinated with.

The serotypes of invasive isolates are shown in Table 2.

Table 2. Serotypes of invasive isolates at the General
Hospital “Dr. Laza K. Lazarevi¢” in Sabac

Bpoj un npoueHaTt nsonara
Number and percentage of isolates

1 (20,0%)
1 (20,0%)
2 (40,0%)

1 (20,0%)

5 (100%)
NT - non-typable

Microbiological testing for antibiotic resistance was per-
formed for all invasive S. pneumonia isolates.

All tested isolates, 4/4, showed resistance to benzylpeni-
cillin; two out of three tested isolates showed resistance to
ampicillin; one out of three tested isolates was resistant to
amoxicillin with clavulanic acid; one out of five isolates to
ceftriaxone; one out of two tested isolates to ceftazidime;
two of five tested isolates showed resistance to clindamy-
cin; and the one isolate tested for trimethoprim-sulfame-
thoxazole was found to be resistant.

In two isolates, joint resistance was found to beta-lactam
antibiotics and clindamycin, whereas one sample showed
joint resistance to benzylpenicillin and trimethoprim-sulfa-
methoxazole.

All isolates tested were sensitive to macrolide antibiotics,
ciprofloxacin, levofloxacin, vancomycin, teicoplanin and
linezolid. The susceptibility of invasive pneumococcal iso-
lates to antibiotics is shown in Table 3.
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BaHKOMULIMH, TEeUKOMNMaHWH u nuHesonua. OceTrbuBocT
WHBAa3MBHKX M3onata NHeymMoKoKa Ha aHTUBUOTMKe npuka-
3aHa je y Tabenu 3.

Tab6ena 3. OceTrbNBOCT MHBA3MBHUX M3onata Streptococ-
cus pneumoniae Ha aHTubunotuke y OnwToj 6onHuum ,Op
Jlasza K. JlazapeBuh” LLabal

Bpoj n npoueHar
TecTMpaHuUX u3onara
Number and percent-
age of tested isolates

AHTNOMNOTUK

Antibiotic

Milijana Damnjanovi¢, Gordana Nikoli¢, Tatjana Stojsi¢

Table 3. Antibiotic susceptibility of Streptococcus pneu-
moniae invasive isolates at the General Hospital “Dr. Laza
K. Lazarevi¢” in Sabac

Bpoj u npoueHaTt Bpoj n npoueHar
oceTJbuBUX n3onarta Pe3nCTeHTHUX nsonarta

Number and percentage Number and percentage
of sensitive isolates of resistant isolates

BeHaunnennuunu / Benzylpenicillin 4 (80,0%) 0 4 (100%)
Amnuunun /| Ampicillin 3 (60,0%) 1 (33,3%) 2 (66,7%)
AmokcuuunuH | Amoxicillin 2 (40,0%) 1 (50,0%) 1 (50,0%)
AMVIKCI/ILWIHI/.IH. - Knaeynch.Ka Kl{lcenvma 3 (60,0%) 2 (66,7%) 1(33.3%)
Amoxicillin + clavulanic acid
Ponepauum - ascGacan o0 1 oo 0 00
Liedypokcum / Cefuroxime 4 (80,0%) 4 (100%) 0 (0,0%)
LlecdbTpuakcon / Ceftriaxone 5 (100%) 4 (80,0%) 1(20,0%)
LedTtasmaum / Ceftazidime 2 (40,0%) 1 (50,0%) 1 (50,0%)
LlecboTtakcum / Cefotaxime 4 (80,0%) 4 (100%) 0 (0,0%)
Llecbenum / Cefepime 4 (80,0%) 4 (100%) 0 (0,0%)
UmuneHem / Imipenem 4 (80,0%) 4 (100%) 0 (0,0%)
MeponeHem /| Meropenem 4 (80,0%) 4 (100%) 0 (0,0%)
EptaneHem / Ertapenem 2 (40,0%) 2 (100%) 0 (0,0%)
A3utpomuumH / Azithromycin 1 (20,0%) 1 (100%) 0 (0,0%)
EputpomuuuH / Erythromycin 2 (40,0%) 2 (100%) 0 (0,0%)
Knaputpomuuun / Clarithromycin 1 (20,0%) 1 (100%) 0 (0,0%)
PokcutpomuuuH / Roxithromycin 1(20,0%) 1 (100%) 0 (0,0%)
Knungamuuus / Clindamycin 5 (100%) 3 (60,0%) 2 (40,0%)
LUunpodonokcauuH / Ciprofloxacin 1(20,0%) 1 (100%) 0 (0,0%)
JleBodpnokacumH / Levofloxacin 1 (20,0%) 1 (100%) 0 (0,0%)
BaHnkomuuuH / Vancomycin 5 (100%) 5 (100%) 0 (0,0%)
TeukonnaHuH / Teicoplanin 3 (60,0%) 3 (100%) 0 (0,0%)
NuHesonup / Linezolid 1 (20,0%) 1 (100%) 0 (0,0%)
TpumeTonpum-cyndameTakcason 1.(20,0%) 0(0,0%) 1 (100%)

Trimethoprim-sulfamethoxazole

Cepotun 4 nokasao je yapyXeHy pe3ancTeHumjy Ha 6eHsnn-
NEHULMIUH U TPUMETONPUM-cyrndameTakcasorl.

Cepotun 18C je nokaszao OCETIbMBOCT Ha CBe TeCTUpaHe
aHTUBUoTHKE.

Cepotun 19A y jegHOM M3onaTy je Nokasao yapyXeHy pe-
3UCTeHLMjy Ha BeTanakTamcke aHTUOMOTHKE U KNMHOAMU-

Serotype 4 showed joint resistance to benzylpenicillin and
trimethoprim-sulfamethoxazole.

Serotype 18S showed susceptibility to all tested antibiotics.
Serotype 19A showed joint resistance to beta-lactam an-

tibiotics and clindamycin in one isolate, while the other
showed resistance only to benzylpenicillin. The non-typea-
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LWH, OOK je Apyry nokasao camo pe3ncTeHuunjy Ha 6eHsnn-
neHnumMnuH. HetunabunaH MHBa3vMBHM M3omaT nokasao je
YOPY)XEHY pe3ncTeHumjy Ha GeTanaktamcke aHTUOUOTUKE
N KNUHAAMULWH.

OceTrbMBOCT Ha aHTUBUOTMKE CEPOTUMNU3NPAHNX UHBA3UB-
HMX n3onarta Streptococcus pneumoniae npukasaHa je y
Tabenu 4.

Ta6ena 4. OceTrbMBOCT Ha aHTUOMOTKKE CepoTUNU3npa-
HUX WHBA3UBHUX m3onata Streptococcus pneumoniae y
OnwrToj 6onHmum ,Op Nasa K. Jlazapesuh” LLabay

CepoTtun
Serotype

AHTUOMOTUK

ble invasive isolate showed joint resistance to beta-lact-
ams and clindamycin.

Antibiotic susceptibility of the typed invasive Streptococcus
pheumoniae isolates is shown in Table 4.

Table 4. Antibiotic susceptibility of serotyped Streptococ-
cus pneumoniae invasive isolates at the General Hospital
“Dr. Laza K. Lazarevi¢” in Sabac

19A (v3onat 1) 19A (M3onar 2) HeTunabunaH
19A (isolate 1)  19A (isolate 2)  Non-typable

S R S R S R

Antibiotic
BeHaunnenuumnuH / Benzylpenicillin +
AmnuunuH | Ampicillin aF
AmokcuumnuH / Amoxicillin +

AMMKCULUIVH - KNaByJlaHCKa KUcernuHa
Amoxicillin + clavulanic acid

MunepauunuH + TazobakTam
Piperacillin + Tazobactam

Lledoypokcum / Cefuroxime +
LlecdbTpuakcon / Ceftriaxone +
Lledrasmgum / Ceftazidime
LlecpoTakcum / Cefotaxime +
Llecdhenum / Cefepime +
UmuneHem / Imipenem +
MeponeHem /| Meropenem +
EpraneHem / Ertapenem +

AsutpomuuuH / Azithromycin
EputpomuumuH / Erythromycin
Knaputpomuuun / Clarithromycin

PokcutpomuuumH / Roxithromycin

Knunaamuumn / Clindamycin +
UunnpodonokcauuH / Ciprofloxacin
JNleBodpnokacumH / Levofloxacin

BankomuumH / Vancomycin +

TeukonnaHwuH / Teicoplanin +

Nunesonupg, / Linezolid

TpumeTtonpum-cyndamerakcason
Trimethoprim-sulfamethoxazole

S —ceHsuTuBaH; R — pes3ncTeHTaH

+ + +
+ +
+
+ +
+ + +
+ + + +
+ +
+ + +
+ + +
+ + +
+ + +
+
+
+ +
+
+
+ + + +
+ + + +
+ +

S - sensitive; R - resistant
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Ouckycuja

JeanHu pesepBoap Streptococcus pneumoniae je 4YoBek.
[MHeyMOKOK ce MOXe NMPeHETH KanrbU4yHUM NyTem, AUPEeKT-
HUM KOHTaKTOM M NMPEKO KOHTaMUHUpaHux npegMeTa. Npe-
XVBIbaBahe MHEYMOKOKA Yy CMOrballk0j CPeaVHN Bapupa
0f HEKONMUKO caTu OO HEKONMKO MeCeuM Yy 3aBUCHOCTM
of, ycrnosa cpeauHe. TpaHCMUCUja Kao M KOoroHusauuja
cy Behu TOKOM CyBUX, XNagHUjUX Meceumn U TOKOM BUPY-
CHUX MHEKLMja ropHrX pecnnpaTopHUX NyTesa, kaga je
ceKkpeLMja U3 ropwnx pecnmpaTtopHux nyteBa obunHuja.
lMoBehaH pu3uk 3a pa3Boj MHEYMOKOKHUX MHAdEeKLMja nmajy
Jeua OO nete rogvHe XuBoTa, PU3UK je MoBe3aH ca He-
3penvM MMyHCKMM OArOBOPOM Ha Mmorucaxapvae Kancyne
NMHEYMOKOKa M YeCTUM KOHTaKTMMa ca ApYyrom AeLoMm Koja
CYy KMULIOHOLLE, HapouYnTO Y BehuM KOnekTuBMMa Kao LUTO
cy sptuhu [1].

Y Hallem y30pKy UcrnuTaHuKa cBa Aela Ko Kojux je mso-
noBaH MHBa3nBHU coj Streptococcus pneumoniae 6una cy
Mnafna oa neT roanHa, a GonecT je HacTana TOKOM jeCeHun
1 nponeha.

MHBa3nBHe nHeymokokHe BornecTn, Koje Hoce Behun puank
04 CMPTHOT MCX0fa, HacTajy ycreq npogopa MHeymMoKoka
Kpo3 enutenHe u eHpotenHe Gapujepe y NpUMapHoO cTe-
puUnHe pervje, kao WTO cy kpB (bekTepujemuja/cenca), nu-
KBOP (MEHWHIUTUC) NNW NPEKO pecnupaTopHor enutena y
nneyparnHy Te4yHocT (emnujem) [2]. Opyre maHudectaumje
WHBa3NBHX MHpeKLmja, Kao LWTO Cy eHAoKapauTuc, nepu-
KapamuTuc, CeNTUYHM apTPUTUC, OCTEOMMjENUTUC 1 ancuec
Mo3ra, peTko ce cpehy 1 yrnaBHOM HacTajy Kao KOMNIuKa-
uuja NnHeymokokHe Baktepujemuje [1].

Tokom npBa Tpy MeceLa XuBoTa feua cy 3awTuheHa of
WH(eKLMje 3axBarbyjyhn nacMBHOM TpaHcdepy aHTuTena
ca Majke Ha gete nyTem nraueHTe UM MajunHor Mreka.
MeHUHUIMTUC ce 0OMYHO jaBrba Yy y3pacTy m3mehy 6 me-
ceum n 18 meceun, bakrepujemmnja nameny 6 meceum n 36
Meceun, nHdekumnja koctujy nsmehy 3 meceua n 34 mece-
ua. Ynana nnyha ce jaBrba o6uyHo nameny 3 meceua n 5
roguMHa n oko 25% MHeYMOKOKHMX MHEYMOHMWja YAPYXEHO
je ca bakrepujemujom [9].

BakTtepujemuja, obmyHo 6e3 HaheHor okyca uHdekumje
je Hajuewha dopma UMb koa geue [2], mehyTum, y Ha-
LIEeM y30pKy MCNUTaHUKa CBa Aela Ko Kojux je n3onosaH
WHBa3MBHM COj NHEYMOKOKa M3 KPBWU Cy MMana xapuwTte
MHEeKUMje Kao WTO Cy ynana cpearer yxa u ynana nny-
ha. Huje 3abenexeH HujegaH crnydaj MEHUMHIMTUCA, Kao
HajTexxe bopme oBe BONeCTU, HATU NHAEKLMjE OPYIUX JTO-
Kanusauuja.

Y Hallem y30pKy WCNWTaHWKa HWjedHO OeTe Huje vMarno
KOMOPGUAMTETE, NaKo je y NUTepaTypu NokasaHo Aa oape-

Milijana Damnjanovi¢, Gordana Nikoli¢, Tatjana Stojsi¢

Discussion

Humans are the exclusive reservoirs of Streptococcus
pneumoniae. The pneumococci can be transmitted by
droplet transmission, direct contact and via fomites. The
survival of the pneumococci in the environment varies from
several hours to several months, depending on the envi-
ronment conditions. Both transmission and colonisation
increase during the dry, cold months and with upper respi-
ratory tract viral infections, when respiratory secretions are
more abundant. The increased risk of pneumococcal infec-
tion is seen in children before age five, with the risk being
associated with immature immune responses to pneumo-
coccal capsule polysaccharides and more frequent contact
with other children carriers, especially in large groups such
as in kindergartens [1].

In the sample of subjects examined in this study, in whom
the invasive Streptococcus pneumoniae strain had been
isolated, all children were under the age of five and the
disease developed in autumn and spring.

Invasive pneumococcal diseases, which come with a high-
er fatality risk, arise as the pneumococci penetrate epitheli-
al and endothelial barriers reaching primarily sterile regions
such as blood (bacteraemia/sepsis), liquor (meningitis) or,
through the respiratory epithelium, the pleura (empyema)
[2]. Other invasive infections manifestations, such as en-
docarditis, pericarditis, septic arthritis, osteomyelitis and
brain abscess are seen rarely and usually arise as compli-
cations of pneumococcal bacteraemia [1].

In the first three months of life, children are protected from
infection by the passive transfer of their mother’s antibod-
ies through placenta or breast milk. Meningitis usually oc-
curs between the ages of 6 months and 18 months, bacte-
raemia between 6 months and 36 months, bone infection
between 3 months and 34 months. Pneumonia usually
occurs between 3 months and 5 years and about 25% of
pneumococcal pneumonia are associated with bacterae-
mia [9].

Bacteraemia, most commonly without an identified infec-
tion focus, represents the most frequent form of IPD in chil-
dren [2]; however, in our sample, all children with isolated
invasive pneumococcal strains had an identified infection
focus, such as otitis media and pneumonia. No cases of
meningitis, the most severe form of this disease, or infec-
tions of other localizations, were registered.

In our sample, no child had any comorbidities, despite the
literature showing that certain conditions such as asthma,
chronic lung, heart and kidney diseases, and diabetes [2]
carry a higher risk of infection.
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feHa cTara Kao LWTOo Cy acTMa, XpoHu4He 6onectu nnyha,
cpua n oybpera, gujabetec [2] Hoce Behu pusnk 3a HacTa-
HaK HdeKUuje.

MpuMeTUnM cMO 1 Aa cy cBa AeLa Yy Hallem y30pKy ucnu-
TaHWKa NpeTxodHo buna uanoxeHa aHTUGMOTULMMA U Oa
OHa [lella 3a Koje MMaMo rnoaaTke Hucy buna fojeHa Maj-
UYMHMM MIEKOM, LUTO Takohje Hocu Behn pu3unk 3a HacTaHak
WNB [2].

Hocap je ugeHTudurkosaHo npeko 100 pasnuuntmux cepo-
TMNa NHeyMoKoKa of, Kojux cy 23 y3povHuum oko 80—90%
UMB, a wuxoBa ancTpmbyuuja 3HavajHO Bapupa Mefy reo-
rpadockMmM permoHuma [2].

Mpe yBoherwa obaBe3He MMyHM3aLMje KOHYTOBaAHUM MHe-
YMOKOKHUM BakumHama y Cpbuju cy Bogehu y3podHuLm
WIMB y negunjaTtpujckoj nonynauuju ounu 19F, 14, 6B, 6A,
18C, 23F, 3n 7F [7, 10, 11] og koju je u jenaH, 18C, nsono-
BaH 1 y Hawoj nabopartopuju, npu Yyemy cy sogehu 6unu
19F n 14.

HakoH yBohera umyHusaLuje gelie NpBOM KOHYroBaHOM
NHeyMoKokHOM BakuuHomMm (PCV 7) y cBeTY je youeH 3Hava-
jaH Nag nHUMaeHuunje NHBa3nMBHUX CepPOTUMNOBA KOjW CY Mo-
KPVMBEHW BaKLMHOM ycref, BaKUMHAINHOr nMpuTUCKa (EeHrn.
vaccine serotype coverage), cMarweha HasoapuHrean-
HOr KNMMLUMHOLWITBA, Naga cTtone mopranuTteta u mopbuam-
TeTa of NMHEYMOKOKHUX BonecTn y CBUM y3pacHUM rpyrnama
300r HacTaHKa KOMNEKTUBHOI MMYHUTETA M CMakEeHa aH-
TMOUOTCKe pe3ncTeHumje 36or yknawara Lmpkynuwwyhux
WHBA3MBHWX COjeBa KOju Cy NO MpaBuiy U Hajpe3nNCTEHT-
Huju. MenyTnm, 3anaxeH je n nopact HeBaKLUUHANHUX ce-
poTUMoBa Tj. CEPOTMNOBA YNjU KanCyrapHN aHTUreHn HUCY
cacTaBHU [e0 BakuuHe — peHOMEH 3aMeHe CepoTunoBa
(eHrn. serotype replacement) Te cy yBeeHe BULLEBANEHT-
He BaKkuMHe koje nokpusajy Behu 6poj cepoTmnosa nHey-
mokoka (PCV 10, PCV 13, PCV 15, PCV 20) [2].

YBoherwem obaBesHe BakumHaumje geue ca PCV 10 ny
Cpbuju ponasn [o npomMeHe cepoenvaemuonorvje S.
pneumoniae, BUCOKO PE3UCTEHTHN CEPOTUMOBMK YnjU Kan-
CynapHu aHTUreHn Hucy y cactaBy oBe BakuuHe (19A n 3)
nocTajy AOMWHaHTHU [7], LUTO je perucTpoBaHo U y CBETY
[12, 13, 14, 15], Te je yBegeHa BuULEBaneHTHa BaKUMHa
PCV 13 y unjem cacTaBy ce Hanase karncynapHu aHTUreHu
OBWX CEPOTUMOBA.

PesngyanHy nHeyMOKOKHy GonecT y nonynaumju y Kojoj
ce Bpwn obaBe3Ha MMyHM3aLMja KOhbYroBaHUM MHEYMO-
KOKHMM BaKLMHama yrrmaBHOM Y3poKyjy uupkynuwyhu co-
jeBM MHEYyMOKOKa KOju HUCY MOKPMBEHW 4AaTOM BaKLMHOM
— HEeBaKUMHaNHW TUMOBW, anun Cy PErncTpoBaHW K CIly-
YyajeBM pesuayarnHe MNHEYMOKOKHe 6Gonectn y3pokoBaHe
BaKLMHANMHUM TUMOBMMA, OLHOCHO OHM Ynju ce Kancynap-

It was also observed that all children in our sample had
previously been exposed to antibiotics, and that the chil-
dren for whom nutrition data are available had not been
breastfed, which is another risk factor for IPD [2].

Over 100 different serotypes of pneumococci have been
identified so far, of which 23 are the causal agents of
80-90% of IPDs, and their distribution varies significantly
across geographical regions [2].

Prior to the introduction of mandatory vaccination with
conjugated pneumococcal vaccines in Serbia, the leading
causative agents of IPD in the paediatric population were
19F, 14, 6B, 6A, 18C, 23F, 3 and 7F [7, 10, 11], one of
which, 18C, was also isolated in our laboratory; the leading
strains were 19F and 14.

Following the introduction of immunization of children with
the first conjugated pneumococcal vaccine (PCV 7), a sig-
nificant decline in incidence of invasive serotypes covered
by the vaccine was observed worldwide, due to vaccinal
pressure, reduction in nasopharyngeal carriage, decline in
mortality and morbidity rates from pneumococcal disease
in all age groups due to collective immunity and decrease
of antibiotic resistance due to the removal of circulating in-
vasive strains, which, as a general rule, tend to be the most
resistant. However, there has also been an increase in
non-vaccine covered serotypes, i.e. serotypes whose cap-
sular antigens are not included in the vaccine — serotype
replacement phenomenon, which led to the introduction of
polyvalent vaccines with increasing numbers of pneumo-
coccal serotypes covered (PCV 10, PCV 13, PCV 15, PCV
20) [2].

With the introduction of mandatory vaccination of children
with PCV 10, the seroepidemiologic landscape of S. pneu-
moniae also changed in Serbia: the highly resistant sero-
types whose capsular antigens were not covered by this
vaccine (19A and 3) became dominant [7], as was also
seen globally [12, 13, 14, 15]. This led to the introduction
of the PCV 13 vaccine that included the capsular antigens
of these serotypes.

In a population covered by mandatory immunization with
conjugated pneumococcal vaccines, the residual pneu-
mococcal disease is mainly caused by circulating pneu-
mococcal strains not covered by the administered vaccine
— non-vaccine types. However, cases of residual pneumo-
coccal disease caused by vaccinal types have also been
registered, i.e., those caused by strains whose capsular
antigens are included in the vaccine (residual vaccine-type
disease), even in vaccinated children, as certain serotypes
preventable by vaccination continue to circulate in the pop-
ulation.

The vaccine breakthrough phenomenon refers to the de-
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HW aHTUreHW Hanase y cacTaBy BakuUWHE — BaKUWMHAaIHU
TN pesuayanHe NHeyMOoKokHe 6onectu (eHrn. residual
vaccine-type disease) 4Yak U Kop BakuHWCaHe dele jep
HEKUN COjeBM KOjU Cy NMpeBeHTabunHn BakuuHaLmjoM HacTa-
BIbajy Aa UMPKYMu1LLY y nonynauumju.

deHomeH npoboja BakuuHe (eHrn. vaccine breakthrough)
OHOCU Ce Ha HacTaHak pe3ugyarHe nHeymokokHe Gone-
CTM BaKLMHaNHUM TUNoBMMa NHEYMOKOKa KOA AeLle Koja cy
HEKOMMMETHO BaKkuMHUCaHa 3a y3pacT.

deHOMeH Heycnexa BakuuHauuje (eHrn. vaccine failure)
OHOCK Ce Ha HacTaHak pe3ungyarnHe nHeymokokHe Gone-
CTW BaKUMHaMHNUM TUNOBUMA MHEYMOKOKa KoA AeLie Koja cy
KOMMNMETHO BaKLMHMCaHa 3a y3pacT.

lMpema TpeHyTHMM nogaumma n3 nutepatype eurkacHoCT
BaKkUMHE 1 NojaBa pe3ugyarnHe nHeyMOKOKHe Gonectu 3a-
BUCE Of, MMYHOreHOCTU BaKLMHE, AETETOBOI UMYHOT OAro-
Bopa anu y Hajsehoj mepwu of 6poja posa PCV «koje cy nna-
HMpaHe HauMOHanHWM MMYHW3auMOHMM nporpamom [12.
16], jep ce cmaTpa ga je 3a Heke CepoTMNOBE NHEYMOKOKa
Kao wrto cy cepotun 3, 19 A, 19 F [12, 15], anu n cepoTun
4, ynjn je NnopacT UHUMAEHUMje Y CBETY HEOYEKMBAH U HOB
[16, 17, 18, 19], a U30M0OBaH je 1 y HaLOj rpynu UCMUTaHN-
ka, notpedaH Behn 6poj Ao3a oa 6M MMyHM30BaHa Aeua
pa3Buna agekBaTaH HUBO NPOTEKTUBHMX aHTUTeENa 3a npe-
BeHuujy UMb 1 HasodapuHreanHor KNMLoHOLWTBA.

3aHMMIbMBO je LLUTO Ce Ha HalleM, NakKo eKCTpeMHO MarioM
Y30pPKY, CBU/ rope onncaHu (beHOMeHI/I MOTy YO4UTHU.

CnocobHOCT MHEeyMOKOKa [a XOPW3OHTaNHUM TpaHcde-
pPOM pa3Memryje reHCKM matepujan nomMmaxe cojeBuma ga
ce aganTupajy Ha NPOMEHE Y OKPYXXeky, anu 1 ga passujy
pe3ncTeHUmMjy Ha aejcTBo aHTubumoTuka [20].

Ycnen npekoMepHe U HEKpUTUYHE NpuMeHe aHTbnoTuka
[21] Cpbwja je npe yBOhewa obaBe3He UMyHU3aLUmje gele
PCV umana B1COK cTeneH KOMOMHOBaHE pe3ncTeHLMje UH-
Ba3nBHUX cojeBa S. pneumoniae, NOCEOHO Ha NEHULMITUH
1 MakponuaHe aHTbuotuke [4, 5, 6, 11]. Tokom nocTBaKLU-
HarnHor neproga yo4eH je n3BecTaH nag aHTnbunoTcke pe-
31cTeHuUmje nocebHo 3a GeTanaktamcke aHTMOMOTUKE JOK
je 3a Makponuae v farse penaTMBHO BUCOK [7].

Y Hallem y30pKy ucnutaHuka Hajeehu 6poj usonara je no-
Kasao pe3nucTeHunjy Ha 6eTanaktamcke aHTUMOMOTUKe, AOK
Cy Ha Makponuge cBu usonatu Gunu oceTrbMBN.

3akrby4ak
YBohewe obaBe3He MMyHM3aUuje geue nonvcaxapuaHium

KOHbYrOoBaHMM BakLMHama y CpOuju o BenuvKor je 3Havaja
3a NpeBeHUMjy NHEYMOKOKHUX 6onectn. MehyTtum, ¢ 063u-

Milijana Damnjanovi¢, Gordana Nikoli¢, Tatjana Stojsi¢

velopment of residual pneumococcal disease caused by
vaccine types in children with incomplete vaccination for
their age.

The vaccination failure phenomenon refers to the develop-
ment of residual pneumococcal disease caused by vaccine
pneumococci types in children with complete vaccination
for their age.

According to current literature data, vaccine efficiency and
residual pneumococcal disease development depend on
vaccine immunogenicity, the child’s immune response, but
mostly on the number of PCV doses planned in the na-
tional immunization program [12, 16], as it is believed that
certain pneumococcal strains, such as serotypes 3, 19A,
19F [12, 15], but also serotype 4 which is showing a new
and unexpected incidence rise [16, 17, 18, 19] and which
has been also isolated in our sample group, require a high-
er number of doses for the immunised children to develop
an adequate protective antibody level to prevent IPD and
nasopharyngeal carriage.

Interestingly, all of the above phenomena can be observed
on our sample, despite its extremely small size.

Pneumococcal ability to exchange genetic material by
horizontal transfer helps strains adapt to changes in the
environment, but it also helps them develop antibiotic re-
sistance [20].

Prior to the introduction of mandatory immunization of
children with PCV, Serbia had a high degree of combined
resistance in S. pneumoniae, especially to penicillin and
macrolide antibiotics [4, 5, 6, 11], due to the excessive and
undiscerning antibiotic use [21]. In the period after the in-
troduction of the vaccination program, a certain decline in
antibiotic resistance has been observed, in particular for
beta-lactams, while the macrolide resistance has remained
relatively high. [7]

Most isolates in our sample showed beta-lactam resis-
tance, but all samples were sensitive to macrolides.

Conclusion

The introduction of mandatory immunization of children
with polysaccharide conjugated vaccines in Serbia is of
great importance for the prevention of pneumococcal dis-
eases. However, given that their effectiveness depends pri-
marily on the seroepidemiologic characteristics of S. pneu-
moniae in the geographical region in question, continuous
and systematic surveillance of circulating pneumococcal
strains and antibiotic resistance in Serbia is of utmost im-
portance for national immunization program planning and
therapeutic protocols optimization. In the prevention of
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MwunujaHa JamrwaHosuh, fopgaHa Hukonuh, TatjaHa Crojwuh

poOM Ha TO Aa huxoBa edUKaCHOCT NpeBacxogHo 3aBncn  pneumococcal diseases in children, breast feeding is an
0[] cepoennaeMmOroLLIKMX KapakTepucTunka S. pneumoniae important factor that should be promoted. In our country,
reorpadhCcKkor permoHa Ha Kojem ce npumMmetbyje, HenpecTta- we also need to improve the rational use of antibiotics, es-
HO 1 cucTeMaTnyHO npahewe umpkynuwwyhux cojesa nHe-  pecially in children.

YMOKOKa 1 HUXOBE pe3ncTeHumnje Ha aHTUBbMOTUKe Ha Te-

putopujn Cpbuje og N3y3eTHe je BaXXHOCTW Y NNaHvpary

HaUMOHanNHoOr UMyHM3aLUmMoHor nporpama 1 ontTumMmsauujm

Tepanujckux NpoTokona. Y npeBeHuUnj MHeyMOKOKHUX 60-

necTn Kop feue BaXHa je M ucxpaHa MajuvHUM MIEKOM

Kojy 6u Tpebano npomoBucaTtu. Y Halloj 3emMiby je Takohe

HeonxodHa W pauuoHanusauumja NpuMeHe aHTMOMOTKKA,

nocebHo koA aeue.
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