MACHWK JABHOT 3[1PAB/bA

DOI: 10.5937/serbjph2203342G

FEHOTUMU3ALUNJA HPV BUPYCA RT-PCR METOZ1JOM

Xpucruna l'ocnomuaoBuh,' Enqura I'pero,' Jbuibana Iasiosuh,!
Mapuja Oopanosuh,> Usan Uykuh,? Bepuua Josanosuh,' Copuja Jopanosuh?

! UucrutyT 3a jaBHo 3apaBibe Cpouje ,,JIp Munan Josanosuh baryr”, beorpaz, Cpouja

2 3aBoJ1 3a 3/[paBCTBEHY 3aIITHUTY CTyaeHara, beorpan, Cpbuja

3 Menununcku dakynret, YauepsureT y beorpany, beorpan, Cp6uja

HPV VIRUS GENOTYPING BY RT-PCR METHOD

Hristina Gospodinovi¢,! Edita Grego,' Ljiljana Pavlovié,!
Marija Obradovié¢,? Ivan Cukié,? Verica Jovanovié,' Sofija Jovanovié®

! Institute of Public Health of Serbia, “Dr. Milan Jovanovi¢ Batut,” Belgrade, Serbia

CaxeTtak

KapunHom rprnvha maTtepuue je Apyru Hajdewhun Tun KaHuepa penpo-
OYKTUBHUX OpraHa xeHa, O4HOCHO Tpehu Hajyelhn Manurin Tymop Kog
XeHa y ceTy rmobanHo. 3Hayaj HPV reHoTunusauuje, MeToge Kojom ce
naeHTudukyjy cneundmydn HPV reHoTvnosu, npenosHat je nocnep-
HUX JeleHunja Kao 3HavajHu MHCTPYMEHT paHor OTKpuBaka pusuka 3a
pak rpnuha matepuue. lMNMocneawnx roguHa HanpasibeH je Takohe Be-
NVKM Hanpegak y pasymeBawy MonekynapHe 6uonorvje HPV-a, passu-
jeH je Benukn Bpoj TecToBa M y TOKY Cy WCTpaxuBaka NOBE3aHOCTU ca
HVXOBOM [MjarHOCTUYKOM U TepanujckoM yrnoTpebom. Y cnpoBegeHoM
nctpaxusamwy 3a HPV reHotunusaumnjy kopuvwheH je AnjarHOCTUYKM KUT
npoussohaya Sansure Biotech. OBaj TeCcT cagpxuv napose cneunuiHnx
npajmepa v crneumduyHmx droypecLeHTHMX npoba 3a reHoTunusaumjy
15 BucokopuanyHux HPV reHotunosa (HPV 16, 18, 31, 33, 35, 39, 45,
51, 52, 53, 56, 58, 59, 66, 68). O ykynHo 41 aHanuaupaHor LepBuKanHor
Hpvica getekToBaHo je 17 Mo3uTuBHMX Ha 13 cneundunyHNX BUKOPU3UNY-
Hux HPV reHotunosa. NeHotunosn HPV 18 n HPV 52 Hucy petektoBaHu
HW Yy jeqHOM aHanuavMpaHoM Y30pKy, JOK Cy ca Hajsehom dpekBeHLoM
nojaerbmBana aerekrosaHn HPV 16 (14%) n HPV 31 (17%). WNako cy
pesyntatu gobujeHn Ha manom 6pojy ysopaka, OHWM CBakako ykasyjy Ha
3Havaj NpuMeHe HaBedeHOr meToAa AeTekuuje oHkoreHnx HPV BapujaH-
TH, KOje yKadyjy Ha noBehaH pu3uk of HacTaHka paka rpnuha martepuue
Kop xeHa y nporpamvmMa HPV ckpuHuHra y wvpoj nonynauuju.

KrbyuHe peuu: HPV, reHotunusauumja, kapumHom rpnvha
martepuue

YBop,

KapunHom rpnuha maTtepuue je gpyrv Hajuewhu Tmun KaH-
Lepa penpoayKTUBHMX OpraHa »eHa, ogHOCHO Tpehu Haj-
Yewhn mManurin Tymop koA eHa wwupom cseta [1]. Ha
ocHoBy nopataka CBeTcKke 34paBCTBEHE OpraHusauuje
(C30) 600.000 xeHa cBake rognHe ob6onu 1 340.000 ympe,
Aok 'y Cpbuju 1237 xeHa roguwne obonu a 551 ympe o
OoBOr TMna KaHuepa [1, 2].
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Abstract

Cervical cancer is the second most common type of cancer of the female
reproductive organs i.e., the third most common malignant tumor among
women globally. The significance of HPV genotyping, a method used to
identify specific HPV genotypes, has been recognized in recent decades
as an important tool for the early detection of cervical cancer risk. In re-
cent years, great progress has been made in understanding HPV molec-
ular biology, a large number of tests have been developed, and there is
ongoing research on the association between their diagnostic and ther-
apeutic use. In the conducted research, a diagnostic kit manufactured
by Sansure Biotech was used for HPV genotyping. This test comprises
pairs of specific primers and specific fluorescent probes for genotyping
15 high-risk HPV genotypes (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 53,
56, 58, 59, 66, 68). Out of a total of 41 cervical swabs analyzed, 17 were
detected positive for 13 specific high-risk HPV genotypes. HPV 18 and
HPV 52 genotypes were not detected in any analyzed sample, while HPV
16 (14%) and HPV 31 (17%) were detected with the highest frequency
of occurrence. Although the results were obtained on a small number of
samples, they have certainly indicated the importance of the application
of the mentioned method for detecting oncogenic HPV variants that sug-
gest an increased risk of cervical cancer in women in HPV screening
programs in the wider population.

Key words: HPV, genotyping, cervical cancer

Introduction

Cervical cancer is the second most common type of can-
cer of the female reproductive organs i.e., the third most
common malignant tumor among women worldwide [1].
Based on data from the World Health Organization (WHO),
600,000 women are diagnosed with this type of cancer and
340,000 women die from the disease every year, while in
Serbia there are 1,237 new cases and 551 cervical cancer
deaths each year [1, 2].
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ETvonowkn gaktop pusuka 3a pasBoj paka rpnuha ma-
Tepuue je nepsucTeHTHa BucokopuaudHa HPV (Human
Papilloma Virus) uepBukanHa uHdekumja [3]. XymaHn na-
nunoma Bupyc je gsonaHyann OHK Bupyc, 6e3 omoTtaua,
BenuynHe o 50 o 55 nm y NpeyHuKy u aOyxuHe of ~8
kb [4]. Mpunaga nopoguuun Papillomaviridae v paHac je
nosHato Buwe of 200 reHoTMnoBa, of kojux 50 nocenyje
noTeHumnjan 3a nHdekumjy uepsukanHor enutena [3].

MocTtoje aBa moryha ucxopa noctojehe HPV nHdekuumje:
n3nevyere Unu nporpecuja, 0OgHOCHO pasBoj NpeKaHuepo-
3Hor ctawa (cnvka 1) [3]. BehuHa nHdpekuuja je 6eHnrHa um
HecTaje Kog UMYHOKOMMETEHTHUX XXeHa Yy nepuoay Of jea-
He go aBe roguHe. Kog 10% ykynHO MHUUMPaHUX XeHa,
HakoH nepuoga oa 10 po 15 roguHa nep3ucteHte HPV
WHekumje rpnuha maTtepuvue Mmoxe Aohu 0O NpoMeHa Ha
Cny30KoXu rpnuha matepuue, koje Mory OBECTU [0 noja-
Be 1 pa3Boja kapuuHoma [3, 4, 5].
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An etiological risk factor for the development of cervical
cancer is persistent high-risk HPV (Human Papilloma
Virus) cervical infection [3]. Human papillomavirus is a
non-enveloped virus, containing double-stranded DNA,
and is 50 to 55 nm in diameter and ~8 kb in length [4]. It
belongs to the Papillomaviridae family, and more than 200
genotypes have been identified today, including 50 which
have the potential to infect the cervical epithelium [3].

There are two possible outcomes of an existing HPV infec-
tion: clearance or progression i.e., the development of a
precancerous condition (Figure 1) [3]. Most infections are
benign and disappear in immunocompetent women within
one to two years. In 10% of all infected women, after a
period of 10 to 15 years of persistent HPV infection of the
cervix, changes may occur in the cervical mucosa, which
can lead to the formation and development of carcinoma
[3, 4, 5].
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Cnuka 1. Tok uHdpekumje HPV Bupyca
WUs3Bop: Targeting Persistent Human Papillomavirus Infection [6]

Ha ocHoBy oHkoreHor noteHuwujana HPV reHotunosu ce
MOry MOAENUTN Ha BMCOKOPU3NYHE U HUCKOPU3MYHE [7].
[anac je knacudurkoBaHo 16 BUCOKOPU3UYHUX FEHOTUMO-
Ba: 16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68, 70, oa kojux je 14 (nckrbyudyjyhm reHotunose 34 n 59)
[OBEeEHO Y jaKy Y3pO4Hy Be3y ca HacTaHKOM KapLuHoMa
rpnuha matepuue [8].

leHotnnosu HPV 16 1 18 ngeHTMdnkoBaHn cy kao noceb-
HO peneBaHTHW Ha OCHOBY HMXOBE AOMWHAHTHOCTW KOA
kapuuHoma rprnvha matepuue. leHotun HPV 16 oaroso-
paH je 3a pa3Boj 50-60% kapuuHoma rpnvha maTtepuue,
nok je HPV 18 ogrosopaH 3a 10-15% [9]. HPV 6 1 11 cy
TUMOBW HUCKOT pu3nka, npeosnanyjy Kao y3poYyHULMN KOH-
aunoma, ogHOCHO reHuTanHux bpagaBuua, M peTko mnsa-
31Bajy nesnje Koje Hanpeayjy y kapumHoM. M3 Tor pasnora
TecTupamwe Ha HuckopusmyHe tunose HPV Huje of knu-
HU4Kor 3Havaja [4, 10].

Figure 1. The course of HPV virus infection
Source: Targeting Persistent Human Papillomavirus Infection [6]

Based on the oncogenic potential, HPV genotypes can
be divided into high-risk and low-risk ones [7]. Today, 16
high-risk genotypes have been classified: 16, 18, 31, 33,
34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, 70, of which
14 (excluding genotypes 34 and 59) have demonstrated
a strong causal relationship with the formation of cervical
cancer [8].

The HPV 16 and 18 genotypes have been identified as
particularly relevant based on their predominance in cer-
vical cancer. The HPV 16 genotype is responsible for the
development of 50—-60% of cervical cancers, while HPV 18
is responsible for 10-15% [9]. HPV 6 and 11 are low-risk
types, predominant as the cause of condylomas i.e., geni-
tal warts, and rarely cause lesions that progress to cancer.
For this reason, low-risk HPV testing is not of clinical im-
portance [4, 10].
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Y npeko 99% kapumHoma rpnvha matepuue AeTeKToBaHa
je MHdekumja Hekum of BucokopusnyHux HPV Tunosa,
Tako ga ce npucyctso HPV-a Bucokor pusmka moxe Ko-
pUCTUTK Kao Bromapkep 3a oBy BpCTy Heonnasme [3, 11].

3a paHo oTKpMBarE CTaka npekaHuepose npuvemyje ce
CKPWHUWHI MeToAa AunjarHOCTrKe 3a NnpoMeHe Ha rprinhy ma-
Tepvle U JeTekuunja NpuUcycTBa pasnuMuUTMX reHoTMNoBa
HPV-a npumeHom metoge RT-PCR. FDA (Food and Drug
Administration) je 2014. rognHe ogobpuna ynotpeby RT-
PCR HPV TectoBa 3a cnpoBohere nporpama npvMmapHor
CKPUHWHra KapuuHoma rpnvha marepuue [5].

3Havaj HPV reHotunusauuje, metode KOjOM Ce MOEHTU-
dukyjy cneumdunyHn HPV reHoTMnosu, npenosHar je no-
cnegHux AeueHnja Kao OMjarHOCTUYKN U CKPUHUHE MeTo[,
3a OTKpUBaHE pM3mnKa 3a HacTaHak paka rpnvha marepuvue
N HanpaBrbeH je Takohe BenukW Hanpepak y pasymeBary
3Havaja mornekyrnapHe 6uonornje HPV-a. ctoBpemeHo,
pa3BujeH je Benukn 6poj TectoBa 3a RT PCR HPV-a ny
TOKY CYy UCTpaXuBara y BE3WN Ca HMXOBOM AUjarHOCTWY-
KoM un Tepanujckom ynotpebom [3, 4]. 36or Behe oceTrbu-
BocTn, HPV TecTupame npyxa mamwun 6poj naxHo Hera-
TMBHMX pesynTtaTta [5]. W nopep Benuke ynotpebe, HeEKK
o acnekata HPV TecTtupatba cy joL yBeK HepasjallteHn,
YKIbY4yjyhn 1 onTumManHo Tymadere No3uTUBHUX pesyrnTa-
Ta [5]. JenaH op passujeHux TectoBa The Hybrid Capture 2
assay (HC2; Qiagen Inc., Gaithersburg, MD), ono6peH of
ctpaHe FDA, cmaTpa ce 3naTHMM CTaHOapAoM 3a OeTek-
unjy 13 BucokopmsmdHmx HPV Tunosa n rogMHama ce Ko-
PUCTU Kao PYTUHCKN CKPUHUHT TecT [12]. HegocTtaTak oBor
Tecta je HemoryhHOCT uaeHTudUKaumje cneundudHmnx
HPV Tunosa u HemMoryhHOCT geTekuuje BULLIECTPYKE WH-
dekumje. OBn HegocTaum cy peweHn yeohewem RT-PCR
(Real-time polymerase chain reaction) TectoBa, OOQHOCHO
TMn-cneunduyHnx npajmepa. Metoge 3acHosaHe Ha RT-
PCR-y no6wujajy cBe Behy 3aCTynsbeHOCT U MONYNapHoOCT y
HPV gwnjarHocTuun. Taj TpeHa ce pednekTtyje 1y npume-
prYMa HEKONNKO ayTOMaTMU30BaHUX KOMepLMjarnHux cucre-
Ma, kakaB je Cobas 4800 HPV TecT [12]. RT-PCR anapatu
KOju Cy JaHac JOCTYMHM Ha TPXULTY Nocenyjy orpaHnyeH
Opoj kaHana 3a geTekuujy n cammm TMM Hemajy MoryhHocT
pasnukoBara Benukor 6poja dnyopecueHTHUX 6oja, Tako
a je bpoj reHoTMnoBa Koju ce MOry OeTEeKTOBaTu orpaHu-
yeH. OBaj Nnpobnem je genMMnyHo npesasvfieH Joaerbu-
BakeM yHanpen pedwvHucaHe TemnepaType ofBajakba
cneundunyHmx npajmepa og OHK matpuue (c-Tm-melting
temperature) 3a jepaxd Tun HPV-a, uime ce omoryhasa fe-
TeKkuuja 4o neT pasnuMyuTuX TMMNoBa Y jedHOM KaHany 3a
aetekunjy [12].

Y 0BOM pagy MpuYMeH-eH je TecT 3a reHoTunmusauujy Koju
nocenyje moryhHoct getekuunje vyetupn HPV tuna y jen-

In more than 99% of cervical cancer cases, infection by a
high-risk type of HPV is detected, therefore, the presence
of high-risk HPV can be used as a biomarker for this type
of neoplasm [3, 11].

For the early detection of precancerous conditions, screen-
ing diagnostic methods for changes on the cervix and de-
tection of the presence of different HPV genotypes using
the RT-PCR method are applied. In 2014, the FDA (Food
and Drug Administration) approved the use of RT-PCR
HPV tests for the implementation of primary cervical can-
cer screening programs [5].

The importance of HPV genotyping, the method used to
identify specific HPV genotypes, has been recognized in
recent decades as a diagnostic and screening method for
detecting the risk of cervical cancer, and great progress
has been made in understanding the importance of HPV
molecular biology. At the same time, there have been a
large number of RT-PCR HPV tests developed as well as
ongoing research regarding their diagnostic and therapeu-
tic use [3, 4]. Due to higher sensitivity, HPV testing provides
fewer false negative results [5]. Despite its widespread
use, some aspects of HPV testing are still unclear, includ-
ing the optimal interpretation of positive results [5]. One of
the tests developed, The Hybrid Capture 2 assay (HC2;
Qiagen Inc., Gaithersburg, MD), approved by the FDA, is
considered a gold standard in the detection of 13 high-risk
HPV types and has been used as a routine screening test
for years [12]. The disadvantage of this test is the inability
to identify specific HPV types and the inability to detect
multiple infections. These shortcomings have been over-
come by introducing RT-PCR (Real-time polymerase chain
reaction) tests i.e., type-specific primers. Methods based
on RT-PCR are getting more represented and gaining in-
creasing popularity in HPV diagnostics. This trend is also
reflected in the examples of several automated commercial
systems, such as the Cobas 4800 HPV test [12]. RT-PCR
devices that are currently available on the market have a
limited number of channels for detection and therefore lack
the ability to distinguish a great number of fluorescent sig-
nals, so the number of genotypes that can be detected is
limited. This problem has been partially overcome by as-
signing a predefined temperature of specific primers sepa-
ration from the DNA matrix (c-Tm-melting temperature) for
one type of HPV, thus enabling the detection of up to five
different types in one detection channel [12].

In this paper, a genotyping test that has the ability to detect
four HPV types in one channel was applied. The aim of this
research was to determine the distribution of high-risk HPV
genotypes in women aged 19 to 25 years.
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Hom kaHany. s oBor uctpaxunsama je 6uo ogpehumea-
e acTpubyumje BucokopuandHux HPV reHoTunosa koa
)KeHa ctapocHe aobu og 19 oo 25 roamHa.

MaTtepujanu n metope

Y okeupy Opgceka 3a MonekynapHy mukpobuonorujyy UH-
CTUTYTa 3a jaBHO 3gpaBree Cpbuje ,[dp MunaH JoBaHosuh
BatyT” ypaheHa je cTyaouja koja je obyxatana 41 xeHy
cTtapocHe nobu og 19 go 25 roguHa. M3 uepsurkanHmx 6pu-
ceBa paheHa je metoga reHotunusaumje rRT-PCR meTo-
0OM 3a AeTekuujy BUCOKOpU3MYHMX Tunosa HPV-a. Knu-
HWYKM maTepujan (bpuc uepsukanHmux enutenHux henuja)
NPUKYNIbEeH je y Megunjymy eSwab, TpaHCNOPTOBaH Ha TeM-
nepatypu 8o 25 °C u yyBaH Ha Temnepatypu og 4 °C go
neT daHa, Kako je NpomnucaHo NpOTOKOIoOM npousBohadva
npumereHor RT-PCR tecta Sansure Biotech Inc. [13, 14].
Crtyaumja je cnposefeHa y3 yyelwhe 3aBoga 3a 30paBcTBe-
Hy 3alWTUTY cTyaeHaTta beorpag Tokom jyna 2022. roauHe,
A€ Cy y30pLUM U NPUKYMIbEHN Of CTPaHe creuuvjanucTa ru-
Hekonorvje u akyLiepcTsa.

[obwujeHn nogaum cy obpaheHun n penatMeHuM BpojeBrnma
ann n Hymepuuku, TabenapHo n rpadukoHMMa, y3 npo-
npaTtHy Aauckycujy. Oeckpunumja Hymepuykmx obenexja y
pagy ypaheHa je knacvyHMm MeTogama OnvcHe CTaTucTu-
Ke.

EkcTtpakumnja supanHe AHK

3a ekctpakumjy OHK n3 uepsurkanHux 6pucesa npumMereH
je KuT 3a marHeTHy ekctpakumjy ReallLine DNA — Extraction
3 (Bioron diagnostics), Ha anapaty KingFisher Duo Prime
(Thermo Fisher Scientific, Inc.) [15, 16]. N3onosaHa OHK
ce parbe Kopuctuna 3a rRT-PCR peakuujy.

rRT-PCR HPV reHoTtunusauuja

3a HPV reHotunusauujy kopuwheH je onjarHOCTUYKN KUT
High-Risk Human Papillomavirus DNA (Genotype) Diag-
nostic Kit (PCR-Fluorescence Probing) (Sansure Biotech
Inc.) [14]. OBaj TecT cagpxu napose cneundnyHnxX npaj-
Mepa 1 cneumnuyHnX roypecueHTHUX npoba 3a reHoTu-
nusaumnjy 15 BucokopusmndHmx HPV reHotunosa (HPV 16,
18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68). No-
3uTMBHa KoHTpona TecTta (Positive control — PC) je napa-
MeTap KBanuTeTa KONIeKTOBaHOr y30pKa, yKasyje Ha nocTo-
jawe MHXxMbuTopa peakuunje n napameTtap je 3a MnpoueHy
edMKaCHOCTN eKCTpaKLMje HYKNEeWHCKUX KucenuHa. [e-
TeKkumja nHTepHe koHTpone B-rnobuHa (B-globin) xymaHux
henuja ce npumenyje aa 6u ce n3dernun naxHo HeraTMBHM
pesynTartu.

Pesyntatn cy Banugnu ykonuko je Ct BpeagHocTt (Cycle
threshold — Ct) no3uMTuBHE KOHTpONE Ha CBMM KaHanuma

Methods and materials

The study that included 41 women aged 19 to 25 was con-
ducted within the Molecular Microbiology Department of
the Institute of Public Health of Serbia "Dr. Milan Jovanovi¢
Batut." Cervical swabs were used for genotyping by ap-
plying the rRT-PCR method to detect high-risk HPV types.
The clinical material (cervical epithelial cell swab) was col-
lected in the ESwab medium, transported at a temperature
of up to 25 °C and stored at a temperature of 4 °C for up
to five days, as prescribed by the protocol of the manu-
facturer of the applied RT-PCR test, Sansure Biotech Inc.
[13, 14]. The study was conducted in July 2022, with the
participation of the Belgrade Institute for Student Health
Care, where the samples were collected by specialists in
gynecology and obstetrics.

The obtained data were processed by means of relative
numbers as well as numerically, tabularly and graphically,
including an accompanying discussion. The description of
numerical features in the paper was done using standard
methods of descriptive statistics.

Viral DNA extraction

In order to extract DNA from the cervical swabs, the mag-
netic extraction kit RealLine DNA - Extraction 3 (Bioron di-
agnostics) was used, on the KingFisher Duo Prime instru-
ment (Thermo Fisher Scientific, Inc.) [15, 16]. The isolated
DNA was further used for the rRT-PCR reaction.

rRT-PCR HPV genotyping

The High-Risk Human Papillomavirus DNA (Genotype)
Diagnostic Kit (PCR-Fluorescence Probing) (Sansure
Biotech Inc.) was used for HPV genotyping [14]. This test
comprises pairs of specific primers and specific fluorescent
probes for genotyping 15 high-risk HPV genotypes (HPV
16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68).
Positive control of the test (Positive control - PC) is a pa-
rameter of the quality of the collected sample, indicating
the existence of reaction inhibitors, and is a parameter for
evaluating the efficiency of nucleic acid extraction. The de-
tection of internal control of the human B-globin (3-globin)
is applied to avoid false negative results.

The results are valid if a Ct value (Cycle threshold - Ct) of
the positive control is between 24 and 30 in all channels,
and if the negative control (Negative control - NC) has not
been detected in any of the four channels. The results are
positive when a Ct value of one of the target HPV genes in
the patient samples was less than or equal to 39, with the
presence of the internal control (Internal control - IC) with a
Ct value <40. Retesting of samples in order to obtain valid
results is necessary in case the values for PC, NC and
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namehy 24 n 30, a HeratuBHa koHTpona (Negative control
— NC) Huje geTekToBaHa HM y jeOHOM Of YeTMPU KaHana.
Pesyntatn cy no3autmeHu kaga je Ct BpegHOCT Hekor of
TapreTHux HPV reHa y y3opumma nauvjeHata 6una mamwa
nnu jegHaka 39, y3 NnpucycTBo MHTepHe koHTpone (Internal
control — IC) ca Ct BpegHowhy <40. PeTecTupame y3opa-
Ka y umrby gobujarba BanuaHuX pesyntata HEOMNXO4HO je
y cniyyajy aa BpegHoctu 3a PC, NC u IC He ogroBapajy
HaBegeHum (Tabena 1) [14].

Ta6ena 1. Ct BpegHOCTK 3@ NO3UTUBHY U HErATUBHY KOH-
Tpony Tecta (Sansure Biotech Inc.) [14]

IC do not correspond to those mentioned above (Table 1)
[14].

Table 1. Ct values for the positive and negative controls of
the test (Sansure Biotech Inc.) [14]

Ct BpegHoCT

Ct value FAM, HEX/VIC, ROX, CY5

MapameTtpu umknyca 3a rRT-PCR wn3sHoce: 50 °C — 2 mu-
HyTa, 94 °C — 5 muHyTa, npaheHo ca 45 unknyca og 94
°C — 15 cekyHaun n 57 °C — 30 cekyHaum. NpumereHn guvja-
FHOCTUYKKN KUT aeTekTyje 15 HPV reHoTunoBa Ha yetupu
KaHana v y cBakoMm kaHany nocezyje moryhHocT getekumje
yetnpu Tuna HPV-a (tabena 2).

Ta6ena 2. CneundunyHn HPV reHoTvnoBu 1 getekumja Ha
pasnnuntum RT-PCR kaHanuma

High-risk HPV-Positive Control

24=Ct<30 na kaHany / in the channel

High-risk HPV-Negative Control

No Ct Ha kaHany / in the channel
FAM, HEX/VIC, ROX, CY5

The cycle parameters for rRT-PCR were as follows: 50 °C
- 2 minutes, 94 °C - 5 minutes, followed by 45 cycles of
94 °C - 15 seconds and 57 °C - 30 seconds. The applied
diagnostic kit detects 15 HPV genotypes in four channels
and it has the ability to detect four types of HPV in each
channel (Table 2).

Table 2. Specific HPV genotypes and detection in different
RT-PCR channels

Kanan HPV reHoTtun Ct BpegHoCT
Channel HPV genotype Ct value
FAM Type 16, 45, 51, 56
HEX/VIC Type 18, 59, 53, 58
<39
ROX Type 39, 35, 68, B-globin
CY5 Type 33, 66, 52, 31

CrtaTMcTM4Ka aHanu3a

MpoueHTyanHa 3acTynrbeHOCT MO3UTUBHUX U HEeraTUBHUX
pesynTaTa npeAcTaBrbeHa je TOpTHUM rpadpkoHOM, JOK je
npoueHaT 3acTynybeHocTu getektoBaHux HPV reHoTuno-
Ba npeacTaBrbeH [NapetoBum anjarpamom, kopuwherwem
nporpama Microsoft Office Excel 365 software (Microsoft
Inc, Redmond, WA).

Pesyntatu

Opf ykynHo 41 aHanuaupaHor LepBuKanHor 6puca getek-
TOBaHO je 17 (41%) no3nTuBHMX Ha 13 cneundunyHNX Bu-
kopuanyHnx HPV reHotunoBa (rpacmkoH 1a). FfeHoTUNOBM
HPV 18 n 52 Hucy getektoBaHu HW Yy jedHOM aHanuaunpa-
HOM y30pKy, Aok cy HPV 16 n HPV 31 reHoTunoBsu ca Haj-
Behom dpekBeHLMjoM NojaBrbmBamsa (Tabena 3). Og ykyn-

Statistical analysis

The percentage of positive and negative results is present-
ed by a pie chart, while the percentage of the detected
HPV genotypes is shown by a Pareto chart, using Micro-
soft Office Excel 365 software (Microsoft Inc, Redmond,
WA).

Results

Out of a total of 41 cervical swabs analyzed, 17 (41%) pos-
itive for 13 specific high-risk HPV genotypes were detected
(Chart 1a). The HPV 18 and 52 genotypes were not de-
tected in any of the analyzed samples, while HPV 16 and
HPV 31 were the genotypes with the highest frequency of
occurrence (Table 3). Out of the total number of positive
results obtained, the HPV 16 and HPV 31 genotypes were
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Hor 6poja gobujeHnx NO3UTUMBHUX pesynTaTa, reHOTMNOBY
HPV 16 n HPV 31 cy getektoBaHun y 11 No3UTUBHUX y30-
paka, OQHOCHO 3ajefHO YMHe 64% [oOujeHNX NO3UTUBHUX
pesynTara.

Ta6ena 3. lNMpeeaneHua HPV reHoTunoBa y aHanusupa-
HUM y3opLuuma

detected in 11 positive samples i.e., together they make up
64% of the positive results obtained.

Table 3. Prevalence of HPV genotypes in the analyzed
samples

HPV 16 18 31 33 35 39 45 51 52 53 56 58 59 66 68
Bpoj
b 5/ 6 1 1 1 3 3 |/ 3 3 2 3 2 1

Number of
samples

MogjeaHak yaeo nokaayjy reHotunosu HPV 45, 51, 53, 56
1 59 o Kojux je cBaku OEeTEeKTOBaH y MO TpU MO3UTUBHA
y30pkKa, 3atum reHotunosu HPV 58 1 66 unje je npmucyctso
[ETEeKTOBaHO y Mo ABa NO3UTMBHA Y30pKa W reHOTUMOBYU
HPV 33, 35, 39 n 68 ca Hajmarwnm yaenom 1 AeTekumjom y
no jeaHoMm y3opky. dpekBeHUMja 3aCTyNIbEHOCTM y30paka
npukasaHa je y npoueHTnma (rpadmkoH 16).

MpadomkoH 1. a) npoueHTyanHa 3acTynibEHOCT MO3UTUB-
HUX N HeraTMBHMX y3opaka AobujeHnx metogom RT-PCR
reHoTunusaumje 6) npoueHTyanHa 3acTyn/beHOCT CBaKor
on, netektoBaHMx HPV reHoTunoBa y ogHOCY Ha ykynaH
©poj LoBMjeHNX NO3NTMBHMX pesynTaTa.

HPV
NosutnsaH
(HPV Positive
| 41%

%

HPV Heratusan
HPV Negative
59%

ala)

Ouckycuja

WcnutuBawe guctpubyunje HPV reHotunosa y cBeTy no-
Kasano je aa je Hajuewhun HPV Tvn Kog nojeguMHavyHmx unm
BULLIECTPYKUX MHpekumnja — HPV 16, a 3atum HPV 42, HPV
58, HPV 31, HPV 18, HPV 56, HPV 81, HPV 35, HPV 33,
HPV 45 n HPV 52 [17]. Ha ocHoBy nogaTtaka gobujeHux
y OpojHnm uctpaxmeawuma y Esponu, HPV 16 je 6mo
npucytaH y 25,5% cnydajesa, a 3atum HPV 31 (9%) [17].
PesynTtatn ctyanje paheHe y pernoHy koja je obyxsartana
ykynHo 406 xeHa y3pacta og 19 go 83 roguHe, ca pasnu-

An equal share is shown by the HPV 45, 51, 53, 56 and
59 genotypes, each of which was detected in three posi-
tive samples, followed by the HPV 58 and 66 genotypes,
whose presence was detected in two positive samples re-
spectively, and by the HPV 33, 35, 39 and 68 genotypes
with the smallest share and respective detection in one
sample. The frequency of representation of the samples is
shown in percentages (Chart 1b).

Chart 1. a) the percentage of positive and negative sam-
ples obtained by the RT-PCR genotyping method b) the
percentage of each of the detected HPV genotypes in rela-
tion to the total number of positive results obtained.

HPV FeHotun

HPV Genotype

18

16

14

12

10

. 9 9 9 9 9

. |

\ |

2 11T

0 0 0

31 16 45 51 53 56 59 58 66 33 35 39 68 18 52

6/b)

Discussion

Analysis of the distribution of HPV genotypes in the world
has shown that the most common HPV type in single or
multiple infections is HPV 16, followed by HPV 42, HPV 58,
HPV 31, HPV 18, HPV 56, HPV 81, HPV 35, HPV 33, HPV
45, and HPV 52 [17]. Based on data obtained in numerous
studies in Europe, HPV 16 was present in 25.5% of cases,
followed by HPV 31 (9%) [17]. The results of a study con-
ducted in the region, which included a total of 406 women
aged 19 to 83, with different pathohistological diagnoses,
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YNTMM NATOXMCTONOLLKUM AujarHO3ama, yKkasanu cy Ha Bu-
coky npeBaneHuy reHotuna HPV 16 koju je 6uo npucyTaH
y 4ak 59,2% ykynHo aHanu3anpaHux ysopaka, oK je npesa-
neHua ocTanux BUCOKOPM3UYHUX reHOTUNoBa buna cnege-
ha: HPV 31 (12,6%), HPV 18 (6,7%), HPV 33 (6,1%), HPV
52 (5,6%) n HPV 58 (5,0%) [18]. Y apyroj cTyauju paheHoj
Y PErMoHy Koja je obyxsatana 189 xeHa, y3pacta og 20 go
68 rogunHa, pesynrtatu cy nokasanu ga je reHotun HPV 16
npucyTaH ca Hajsehom npeBaneHuom og 36,8%, apyru no
yyecTanoctu reHotun 6uo je HPV 58 (10,5%), nok je HPV
31 6uo npucyTtaH y 7,9% yKynHO aHanuManpaHux ysopaka
[19].

KHexxeBuh n capagHuuM cripoBenu cy CTyaujy Y Kojoj cy
yyectBoBane 204 mnage xeHe (y3pacta og 19 oo 31 ro-
AvHe) 1 cTyamja je nokasana Aa je npesaneHua BMCOKO-
pY3nYHMX reHotmnosa y Cpbuju cnmvyHa kao u y Esponu
(64,1%), kao v npucycTeo Hajyewher Tuna HPV 16 (23%),
O0K BucokopuanyHmn HPV 18, kao un reHotun HPV 52 Hucy
JeTeKkToBaHu y HaBefeHoj ctyamju [20].

Pesyntatn cBMX HaBegeHWX UCTpaxmBaka Cy nokasanmu
Aa ce Hajseha npeBaneHLua BUCOKOPU3NYHOT reHoTMNa OA-
Hocu Ha reHoTun HPV 16. Y cBeTy HewTo HUXy cTony 3a-
cTynrbeHocTn nokadyjy HPV 42, HPV 58, HPV 31 n HPV
18, OOK je y pervoHy geTektoBaHa Beha 3acTynrbeHOCT
reHotuna HPV 31 ca Hajmawom ydectanowhy reHoTuna
HPV 18. Y oBoM uctpaxuBamy, rae cy Hajyewhe gerekro-
BaHu reHoTtonosu HPV 31 n HPV 16, pesynTtatu nokasyjy
CIMUYHOCT ca pe3yntatuma 4oOujeHVM Y pervoHy, y3 orpa-
HUYeHe Koje HacTaje 36or manor 6poja aHanuMaMpaHux
y3opaka.

3akrby4ak

RT-PCR TecT npumerbeH y U3BEAEHO] CTyauju OeTekTyje
15 HPV reHoTunoBa Ha 4YeTvpu pasnuunta kaHana. Hase-
OeHn pesyntaTn omoryhaBajy BuLeCTpyke UHdopmaumje
0 aHanusnpaHoM y30pKy, Tj. ICMUTUBaHOj Nonynaumju Mmna-
anx xxeHa. NpegHoOCT NpUMeHeHOr TecTa je Benuka Hapo-
4MTO 3aTo LWTO nopen Aetekunje omoryhasa n HPV tunu-
3auujy, ogHocHO ugeHtTudukauunjy HPV reHotuna koju ce
MOTy JOBECTM Yy BE3y Ca PU3MKOM 3a HacTaHak KapuuHoma
rpnuha matepuue.

Ha ocHoBy fobujeHux nogataka MoXe ce 3akibyyuTu ga
CY OOMMHAHTW reHOTUMOBW N30510BaHN N3 Bpucesa Yy XeH-
CKoj monynauumju obyxsaheHoj uctTpaxueamem, yapacta 19
no 25 roguHa, HPV 16 (14%) n HPV 31 (17%), ook HPV
18 n HPV 52 Hucy getektoBaHu y aHanMsmMpaHum y3opLm-
ma. Mogaum nobujeHn y oBom paay yjeaHo notsphyjy aa je
BMCOK MpOLIeHaT eHa y3pacTta o 25 roguHa nHgpuumpaH
Hekum of reHotunosa HPV-a.

indicated a high prevalence of the HPV 16 genotype, which
was present in as many as 59.2% of the total analyzed
samples, while the prevalence of other high-risk geno-
types was as follows: HPV 31 (12.6%), HPV 18 (6.7%),
HPV 33 (6.1%), HPV 52 (5.6%) and HPV 58 (5.0%) [18 ].
In another study conducted in the region that included 189
women, aged 20 to 68 years, the results showed that the
HPV 16 genotype was present with the highest prevalence
of 36.8%, the second most common genotype was HPV
58 (10.5% ), while HPV 31 was present in 7.9% of all the
samples analyzed [19].

Knezevi¢ et al. conducted a study that included a sample
of 204 young women (aged 19 to 31) and the study has
shown that the prevalence of high-risk genotypes in Serbia
is similar to that in Europe (64.1%), including the presence
of the most common HPV 16 type (23%), while the high-
risk HPV 18 genotype, as well as HPV 52, were not detect-
ed in the mentioned study [20].

The results of all the aforementioned studies have shown
that the highest prevalence of high-risk genotypes refers
to the HPV 16 genotype. In the world, HPV 42, HPV 58,
HPV 31, and HPV 18 show a slightly lower prevalence
rate, while in the region a higher prevalence of the HPV 31
genotype has been detected with the lowest frequency of
the HPV 18 genotype. In this study, where the HPV 31 and
HPV 16 genotypes were the most common ones detected,
the results have been similar to the findings obtained in the
region, with a limitation arising from the small number of
analyzed samples.

Conclusion

The RT-PCR test applied in the conducted study detects
15 HPV genotypes in four different channels. The above
results provide multiple information about the analyzed
sample i.e., the examined population of young women.
The advantage of the applied test is great, especially be-
cause, in addition to detection, it also enables HPV typing
i.e., the identification of HPV genotypes that can be asso-
ciated with the risk of cervical cancer.

On the basis of the obtained data, it can be concluded that
the dominant genotypes isolated from swabs in the female
population, aged 19 to 25 years, included in the research
are HPV 16 (14%) and HPV 31 (17%), while HPV 18 and
HPV 52 were not detected in the analyzed samples. The
data obtained in this paper also confirm that a high per-
centage of women under the age of 25 are infected with
some of the HPV genotypes.

Although this very specific and informative test has been
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WMako je oo caga oBuMm Beoma cneunduyHnm n nHgpopma-
TMBHMM TecToM ypaheHa aHanu3a guctpmbyuuje reHoTu-
noea Ha Manom 6pojy y3opaka, MOXe Ce jaCHO YBWUAETM
HEOMNXOAHOCT TecTupawa Beher 6Gpoja keHa cTapocHe
nobn og 30 go 60 rogmMHa y uWrby paHOr OTKpMBaka U
npeBeHuuje KapunHoma rpnuha matepuue nsassaHor HPV
BUpycoM. TecTupare Mnanux xeHa je Takohe BaxaH no-
KasaTerb penpoayKTUBHOr 34paBrba Miage nonynauuje u
npenosHaBaka NoTpebe 3a JoAaTHUM MHTEPBEHUMjama Y
obnacTu NnpeBeHuuje CekcyanHo NPeHOCMBNX MHeKLmja 1
30paBCTBEHOr BacnuTawa.

Jlutepartypa / References

used so far to analyze the distribution of genotypes on a
small number of samples, it can be clearly seen that it is
necessary to test a greater number of women aged 30 to
60 with the aim of early detection and prevention of cer-
vical cancer caused by the HPV virus. Testing of younger
women is also an important indicator of the reproductive
health of the young population and of recognition of the
need for additional interventions in the area of prevention
of sexually transmitted infections and in the field of health
education as well.

1. Burmeister AC, Khan FS,Schéfer G, Mbatani N, Adams T, Moodley J, Prince S.Cervical cancer thera-

pies: Current challenges and future perspectives. Tumour Virus Research. 2022; 13: 200238.

0rg/10.1016/j.tvr.2022.200238.

https://doi.

2. Kovacevic G, Milosevic V, Nikolic N, Patic A, Radovanov J, Hrnjakovic Cvjetkovic |, Petrovic V, Petrovic
M. The prevalence of 30 HPV genotypes detected by EUROArray HPV in cervical samples among unvac-
cinated women from Vojvodina province, Serbia. PLoS ONE. 2021: 16(4). https://doi.org/10.1371/journal.

pone.0249134

3. Human papillomaviruses. JARC Monogr Eval Carcinog Risks Hum. 2007. 90 : 1-636. PMID 18354839.
4. Choi YJ, Park JS. Clinical significance of human papillomavirus genotyping. J Gynecol Oncol. 2016;

27(2):e21. https://doi.org/10.3802/jgo.2016.27.e21

5. Demarco M, Hyuna N, Carter-Pokras O, Raine-Bennett TR, Cheung L, Chen X, Hammer A, Campos N, et
al. A study of type-specific HPV natural history and implications for contemporary cervical cancer screening
programs. EClinicalMedicine. 2020; 22: 100293. https://doi.org/10.1016/j.eclinm.2020.100293

6. Shanmugasundaram S, You J. Targeting Persistent Human Papillomavirus Infection. Viruses. 2017. 9(8): 229.

https://doi.org/10.3390/v9080229

7. Harlé A, Guillet J, Thomas J, Sastre-Garau X, Rouyer M, Ramacci C. Evaluation and validation of HPV re-
al-time PCR assay for the detection of HPV DNA in oral cytobrush and FFPE samples. SCleNtIFIC REPorTS.

2018; 8:11313. DOI:10.1038/s41598-018-29790-z

8. Bihl MP, Tornillo L, Kind AB, Obermann E, Noppen C, Chaffard R, Wynne P, Grilli B, Foerster A, Terraccia-
no LM, Hoeller S. Human Papillomavirus (HPV) Detection in Cytologic Specimens: Similarities and Differ-
ences of Available Methodology. App/ Immunohistochem Mol Morphol. 2017; 25(3):184—189. doi: 10.1097/

PAI.0000000000000290

9. Cuazick J, Adcock R, Wheeler CM. HPV genotype-specific risk for cervical cancer. 2021 www.HPVWorld.com.

10. Graham SV. Human papillomavirus: gene expression, regulation and prospects for novel diagnostic methods
and antiviral therapies. Future Microbiol. 2010. 5(10): 1493-1506. DOI: 10.2217/fmb.10.107

11. Della Fera AN, Warburton A, Coursey TL, Khurana S, McBride AA. Persistent Human Papillomavirus Infection.
Viruses. 2021; 13: 321. https://doi.org/10.3390/v13020321

12. Liao 'Y, Zhou Y, Guo Q, Xie X, Luo E, Li J, Li Q. Simultaneous Detection, Genotyping, and Quantification of
Human Papillomaviruses by Multicolor Real-Time PCR and Melting Curve Analysis. Journal of Clinical Micro-
biology. 2013; 51(2): 429-435. doi: 10.1128/JCM.02115-12

13. Copanusa, dostupno na: https://www.copanusa.com/sample-collection-transport-processing/eswab/. Pristu-
plieno: 25.8.2022.

349

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 96  NUMBER 3

SEPTEMBER 2022



14.

15.

16.

17.

18.

19.

20.

MACHWK JABHOT 3[1PAB/bA

Sansureglobal, dostupno na / available at: https://www.sansureglobal.com/product/s3027e-hpv-g15/#:~:tex-

t=This%20High%2Drisk%20HPV%20DNA,exfoliated%20cells%20from%20females'%20cervix. Pristupljeno:
25.8.2022.

Bioron, dostupno na / available at. https://www.bioron.de/ifufiles/IFU_Express VBC8899 Rev09 0919
EN.pdf. Pristupljeno: 23.8.2022.

Thermofisher, dostupno na / available at: https://assets.thermofisher.com/TFS-Assets/BID/brochures/kingfish-
er-duo-prime-purification-system-brochure.pdf. Pristupljeno: 22.8.2022.

Clifford G, Franceschi S, Diaz M. Chapter 3: HPV Type-Distribution in Women with and without Cervical Neo-
plastic Diseases. Vaccine. 2006; 26—-34. https://doi.org/10.1016/j.vaccine.2006.05.026

Karadza M. Molekularna analiza humanih papilomavirusa i inaica HPV 16 u bolesnica s cervikalnom intraepi-
telnom lezijom visokog stupnja i karcinomom vrata maternice. Disertacija. Sveuciliste u Zagrebu, Medicinski
fakultet. 2021. https://urn.nsk.hr/urn:nbn:hr:105:035394

VujoSevi¢ D, Vuksanovi¢ V, Poljak M, Jokmanovi¢ N. Human papillomavirus genotype spectrum in studied
group of Montenegrin women. Acta Medica, 2012. 55: 130-132.

Knezevic A, Aleksic G, Soldatovic |, Banko A, Jovanovic T. cervical human papillomavirus infection in Serbia:

risk factors, prevalence and genotype distribution in women with normal cervical cytology. Arch. Biol. Sci.
2012; 64 (4): 1277-1283. DOI:10.2298/ABS1204277K

KopecnoHpgeHuuja / Correspondence

XpwucTtuHa NocnogmHoBuh - Hristina Gospodinovié
hristina_gospodinovic@batut.org.rs

350

rOOMIUTE 96  CBECKA 3 CEMTEMBAP 2022




