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Human papillomavirus (HPV) is the leading cause of cervical cancer. Urine-based HPV

testing offers a simple and non-invasive method because of its increasing acceptance. A

total of 164 pairs of cervical swab and urine samples from Thai women who underwent

cervical cancer screening were used for HPV testing with HPV GenoArray Diagnostic Kits.

The overall concordance percentage for HPV detection in the cervical swab and urine

samples was 65.2%. The HPV genotypes most commonly detected were HPV16 and

HPV18. An analysis of the urine samples and a second analysis of the cervical swab

samples showed that the differences in the overall HPV detection rate between women

with normal and abnormal cytology were not significant (p > 0.05). Urine samples

processed with the GenoArray assay is an alternative for women who decline to undergo

Pap smear even though it is not ideal as the first-line screening option.
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ABSTRACT

Humannpapillomavirusn(HPV)nisnthenleadingncausenofncervicalncancer.nUrine-basednHPVntestingn

offersnansimplenandnnon-invasivenmethodnbecausenofnitsnincreasingnacceptance.nAntotalnofn164npairs

ofncervicalnswabnandnurinensamplesnfromnThainwomennwhonunderwentncervicalncancernscreeningn

werenusednfornHPVntestingnwithnHPVnGenoArraynDiagnosticnKits.nThenoverallnconcordancen

percentagenfornHPVndetectionninnthencervicalnswabnandnurinensamplesnwasn65.2%.nThenHPVn

genotypesnmostncommonlyndetectednwerenHPV16nandnHPV18.nAnnanalysisnofnthenurinensamplesn

andnansecondnanalysisnofnthencervicalnswabnsamplesnshowednthatnthendifferencesninnthenoveralln

HPVndetectionnratenbetweennwomennwithnnormalnandnabnormalncytologynwerennotnsignificantn(pn>

0.05).nUrinensamplesnprocessednwithnthenGenoArraynassaynisnannalternativenfornwomennwhon

declinentonundergonPapnsmearnevennthoughnitnisnnotnidealnasnthenfirst-linenscreeningnoption.
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INTRODUCTION

nnnnnHumannpapillomavirusn(HPV)ncausesncervicalncancern(Koutsky, 1997).nApproximatelyn170n

genotypesnhavenbeennidentifiedn(De Villiers et al., 2004)nandnatnleastn40ngenotypesninfectnthen

humannanogenitalntractn(De Villiers, 2013).nThengenitalnHPVsnarenclassifiednintonhigh-risknandn

low-riskngenotypesndependingnonntheirnassociationnwithnuterinencervicalncancern(Muñoz et al., 

2003).nThenhigh-riskngenotypesnmostncommonlyndetectedninnuterinencervicalncancernarenHPV16,n

18,n31,n33,n35,n45,n52,n58,n39,n51,n56,nandn59n(Bouvard et al., 2009).

Thenincidencenofncervicalncancerninnyoungnwomennisnincreasingninnmanyncountriesnduenton

improvednawarenessnandntesting.nHPVnprevalenceninnAsia,nAfrica,nEuropenandnSouthnAmerican

variednsignificantlyndependingnonnthenpopulationnandngeographicalnregionsn(Clifford et al., 2005).n

InnEurope,nitnrangesnfromn1.4%n(Spain)nton9.2%n(Italy).nInnSouthnAmerica,nthenprevalencenrangedn

fromn11.9%n(Chile)nton16.3%n(Argentina).nInnSoutheastnAsia,nthenprevalencenrangednfromn1.6%n

(Vietnam)nton13.3%n(Korea).nEvennwithinnancountrynsuchnasnThailand,nHPVnprevalencencannvaryn

fromn7.2%ninnnorthernnregionnton15.1%ninncentralnregionn(Kantathavorn et al., 2015).

nnnnnThenPapanicolaoun(Pap)ntestnisnancost-effectivenwayntonscreennforncervicalncancer.nTestnresultsn

helpnphysiciansndetectnprecancerousnlesionsnandndeterminenthencoursenofntreatment.nPapntestnhasn

beennshownntonreducenthenincidencenofnmortalitynfromncervicalncancern(Mählck et al., 1994).n

However,nitnisnprimarilynusednforndetectingninvasivencervicalncancernandncannotnidentifyn

asymptomaticnHPVninfectionn(Safaeian et al., 2007; Leyden et al., 2005).nInnaddition,nbarriersnton

testingnincludenthenlacknofninformation,npersonalnpreference,nfear,nembarrassmentnandnlacknofntrust

innhealthcarenunderncertainncircumstances.nFalseninformationnregardingnthenprocedure,nthenlacknofn

spousalnsupportntowardsnscreening,nculturalntaboos,nandnstigmatizationnofnwomennwithncervicaln

cancernfurtherncontributentonthenlimitationsnofnthenPapntest.nTherefore,nalternativenandn
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supplementarynHPVnDNAnassaysnarenoftennrequiredninncombinationnwithnthentraditionalnPapnsmear

testn(Cox et al., 1995).n

nnnnnHPVnDNAndetectionninnurinensamplesnpresentsnanfeasiblenalternativentonHPVnDNAndetectionninn

cervicalnspecimens.nUrinentestingnprovidesnannespeciallynsimple,nnon-invasivenmethodnforn

screeningn(Prusty et al., 2005).nThenbenefitsnofnusingnurinenfornHPVnDNAndetectionnhavenbeenn

evaluatedninndiseasensurveillancenandnscreeningnforncervicalncancersninvolvingnspecificngenotypes.n

HPVnDNAnurinentestingncannbenusedntonidentifynabnormalncellsninnadolescentngirlsnandnyoungn

womennwhondonnotnwishntonhavenanvaginalnexaminationn(Vorsters et al., 2014; Enerly et al., 

2013).nSomenstudiesnhavenreportednanhighnHPVndetectionnsensitivitynfornurine-basednassaysn

(Forslund et al., 1993; Hagihara et al.,n2016; Bernal et al., 2014),nwhilenothernstudiesnhaven

reportednanlownHPVndetectionnsensitivitynfromnurine-basednassaysn(D'Hauwers et al., 2007; 

Nilyanimit et al., 2013).

nnnnnMolecularnmethodsnfornHPVntestingnhavenbeennexplored,nsuchnasnPCR/sequencingn(De Roda 

Husman et al., 1995),nthenINNO-LiPAnHPVnAssayn(Van Hamont et al., 2006),nandnthenHybridn

Capturen2ntestn(HCII)nassayn(Kubota et al., 1998).nInnaddition,nthenHPVnGenoArraynDiagnosticn

Kitn(HybribionLtd.,nSheungnWan,nHongnKong)nisnanrecentlyndevelopednPCR-basednHPVn

genotypingnassay,nwhichnusesnL1nconsensusnprimersntonamplifyn21nHPVngenotypes.nItnisnthenn

followednbynflow-throughnhybridizationnwithnimmobilizedngenotype-specificnprobes.nThisntestnisn

currentlynusedninnseveralnhospitalsninnChinan(Liu et al., 2010).nAnpreviousnstudynshowednthatnthen

sensitivitynofnthenHPVnGenoArraynassaynwasn97.8%nandnthenspecificitynwasn100%.n(Juan et al., 

2013).nIfnitsnusenexpandedntonothernpartsnofnAsianwherenindividualsnsharensimilarnculturalnbeliefs,n

morenwomennwouldnbenefitnfromnincreasedncervicalncancernscreening.nThisnstudynaimednton

evaluatenthenusenofnanurine-basednassaynasnannon-invasivenmethodnfornHPVndetectionnandnton

genotypenthensamplesnusingnthenHPVnGenoArraynassayninnanThainpopulation.
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MATERIALS & METHODS

ThenresearchnprotocolnwasnapprovednbynthenEthicsnCommitteenofnthenNationalnCancernInstitute,n

Thailandn(numbernECnCOAn037/2012),nandnthenInstitutionalnReviewnBoardnofnthenFacultynofn

MedicinenatnChulalongkornnUniversityn(numbern389/2555).nThenoboectivenofnthenstudynwasn

explainedntonthenpatients,nandnwrittennconsentnwasnobtainednfromnallnparticipants.nEachnspecimenn

wasnsentnforntestingnanonymously,nwhichnonlynincludednparticipant-specificnnumericalncodenandn

ageninformation.n

Clinical specimens 

AllnpatientsnunderwentnthenPapnsmearsntestnandnwerensubsequentlynaskedntonparticipateninnthisn

study.nInnall,n164nwomennconsentednandnwerenwillingntonprovidenpairednspecimensn(anPapnsmearn

samplenfromnthencervixnandnanfirst-voidnurinensample).nnAllnspecimennwerenrecruitednbetweenn

MarchntonDecembern2014.nSpecimensnwerenclassifiednintonthreengroups:n95nsamplesnindicatingn

normalncytology,n50nsamplesnindicatingnlow-gradensquamousnintraepithelialnlesionsn(LSIL),nandn

19nsamplesnindicatingnhigh-gradensquamousnintraepithelialnlesionsn(HSIL).nThenagesnofnthen

patientsnenrolledninnthisnstudynwerenbetweenn19nandn69nyears.n

Sample preparafion

EachnPapnsmearnsamplen(whichnarenthenstandardnsamplesnfornHPVngenotyping)nwasnevaluatednbyna

specializedncytotechnologistnandnthenresultsnwerenconfirmednbynanpathologist.nSamplesnweren

suspendedninnthenliquid-basedncytologyn(LBC)nbuffern(ThinPrep,nHologic,nMarlborough,nMA,n

USA).nCollectionnofnthenfirst-voidnurinen(FVU)nsamplesnwasnperformedninnansterilenCellnPrepPlusn

(Biodyne,nGyeonggi-do,nKorea)nurinenbottle,nstorednatn4n°C,nandnprocessednwithinn3ndays.nForn

eachnsample,napproximatelyn15nmLnofnLBCnandnFVUnwerencentrifugednatn3,000nrpmnforn5nmin,n

andnthensupernatantnwasnremoved.nThenresidualn800nμLnofnthensamplensuspensionncontainingncelln
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debrisnwasnwashednandncentrifugednatn8,000nrpmnforn5nmin.nnThenDNAnwasnextractednfromnthen

pelletsnusingnanDNAnPrepnKitn(ChaozhounHybribionBiochemistrynLtd.,nGuangdong,nChina)nandn

storednatn-20°Cnuntilntesting.

HPV GenoArray Diagnosfic Assay

ThenextractednDNAnfromnthencervicalnswabnandnurinensamplesnwasnsuboectedntonannHPVn

genotypingnassaynusingnHPVnGenoArraynDiagnosticnKitsn(HybribionLtd.,nSheungnWan,nHongn

Kong)naccordingntonthenmanufacturer’sninstructions.nThisnPCR-basednassaynenablesnthen

amplificationnofn21nHPVngenotypesnincludingn13nhigh-riskntypesn(HPVn16,n18,n31,n33,n35,n39,n45,n

51,n52,n56,n58,n59,nandn68),ntwonprobablenhigh-riskntypesn(HPVn53nandn66),nandnsixnlow-risknorn

unknownnriskntypesn(HPVn6,n11,n42,n43,n44,nandnCP8304n[HPV-81]).nThisnassaynusesnannL1n

consensusnprimer-basednPCRnandnisndifferentnfromnthenLinearnArraynHPVnGenotypingnTest,nwhich

usesnMY09nandnMY11nprimersn(Liu et al., 2010).nAfternPCRnamplification,nthenampliconsnweren

suboectedntonflow-throughnhybridizationnonnannylonnmembranencoveredninnimmobilizednHPVn

genotype-specificnoligonucleotidenprobes.nThenhybridsnwerendetectednbynthenadditionnofn

streptavidin-horseradishnperoxidasenconougatenandnsubstraten(NBT/BCIP).nThenpresencenofnan

positivenresultnforntheninternalncontrolnandnthenbiotinndotsnwithinnthenmembranenservesntonvalidaten

DNAnquality,ngoodnenzymenconougate,nandnsuccessfulnhybridizationnprocess.nResultsnweren

manuallyninterpretednusingnthenmanufacturer’snguidelines.nThennormalndetectionnlimitnisn~500n

copies/µLnofntargetnHPVnDNA.nTherenwerennoncross-reactivitiesnfromnthenamplification/detectionn

ofnthen21nHPVngenotypes.nThenprovidednpositivencontrolnandntwonnegativencontrolsn(includingn

HPV-negativenC33-Ancells)nwerenincludedninneachnsetnofnPCRntonassessnthenperformancenofnthen

test.

Sfafisfical mefhods
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AnstatisticalnanalysisnwasnperformednusingnSPSSnversionn17.0n(SPSSnInc.,nChicago,nIL,nUSA).n

Pearson’snchi-squarentestnfornmatchednpairsnwasnusedntoncomparenthenperformancenofnthentwontypes

ofnsamplesnregardingnthendetectionnofnHPVngenotypes.nStatisticalnsignificancenwasndefinednasn

p<0.05.n
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RESULTS

Thenmeannagenofnthen164nparticipantsnwasn45.8nyears.nAmongnthenwomennwithnnormalncytology,n

thenmeannagenwasn50.5nyears,nwhilenamongnthosenwithnabnormalncytologyn(LSILnornHSIL),nthen

meannagenwasn41.1nyears.nResultsnfromnthencervicalnswabnsamplesnshowednthatn39.6%n(65/164)n

werenHPVnDNA-positiven(Tablen1).nInntotal,n11%n(18/164)ncontainednmultiplenHPVngenotypes.n

ThenmostncommonnHPVngenotypesndetectednwerenHPV16n(12nsamples)nandnHPV18n(8nsamples).n

Thus,n12.2%n(20/164)ncontainedneithernHPV16nornHPV18.nInnthennormalncytologyngroup,n11nofn

then95nsamplesn(11.6%)nwerenHPVnDNA-positive.nInncontrast,nthenLSILnandnHSILngroupsnhadn35n

(10.0%)nandn19n(100.0%)nHPVnDNA-positivensamples,nrespectively.

nnnnnFornthenurinensamples,n32.3%n(53/164)nwerenHPVnDNA-positiven(Tablen1),nofnwhichn7.9%n

(13/164)nhadnmultiplenHPVngenotypes.nThenmostncommonlyndetectednHPVngenotypesnweren

HPV18n(17nsamples)nandnHPV16n(fournsamples).nInntotal,n12.2%n(20/164)ncontainednHPV16norn

HPV18.nInnthennormalncytologyngroup,n10nofnthen95nsamplesn(10.5%)nwerenHPVnDNA-positive.nIn

contrast,nthenLSILnandnHSILngroupsnhadn35n(10.0%)nandn8n(42.1%)nHPVnDNA-positivensamples,n

respectively.n

nnnnnWennextncomparednHPVndetectionnefficacynbetweennthenstandardnPapnsmearnsamplesnandnthen

urinensamples.nComparisonnbetweennthencervicalnswabnandnurinenspecimennresultedninnthenoveralln

concordancenofn65.2%n(107/164)n(Tablen1).nInnthennormalncytologyngroup,nthenconcordancenwasn

71.6%n(68/95).nInnthenabnormalncytologyngroup,nthenconcordancenwasn56.5%n(39/69).nUsingnthen

Papnsmearnresultsnasnreference,nthensensitivitynandnspecificitynofnthenurine-basednHPVnGenoArrayn

DetectionnKitnweren56.5%nandn70.6%,nrespectively.nHowever,nthesenresultsnwerenlowernthannothern

studiesn(Tablen2).nnThenpositivenandnnegativenpredictivenvaluesnweren53.8%n(95%nCIn=n41.9nton

65.4)nandn72.7%n(95%nCIn=n63.2nton80.5),nrespectively.

nnnnnFornmultiplenHPVninfections,nthencervicalnswab-basednassaysnwerenablentondetectnmorenHPVn

genotypesninneachnsample.nHowever,ninnthennormalncytologyngroup,nforneachnpairnofnbiospecimens,
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thenmostncommonnnumbernofngenotypesnpernsamplenwasnone.nSimilarly,ninnthenabnormalncytologyn

group,n36nofnthen69ncervicalnswabnsamplesn(52.2%)nandn31nofnthen69nurinensamplesn(44.9%)nhadnan

singlengenotypen(Tablen3).

Annanalysisnofnthenurinensamplesnandnansecondnanalysisnofnthencervicalnswabnsamplesn

showednthatnthendifferencesninnthenoverallnHPVndetectionnratenbetweennthennormalnandnabnormaln

cytologyngroupsnwerennotnsignificantn(pn>n0.05).
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DISCUSSION

nnnnnDespitenthenbenefitsnofferednbynthenPapntest,nscreeningnattendancenremainsnlown(Gakidou et al.,

2008),nwhilenthenestimatednincidencenofninvasivencervicalncancernremainsnhighn(Leyden et al., 

2005).nInnThailand,n25–38%nofnwomennagedn30–65nyearsnhavenhadnonlynonenPapntestn(Sriamporn 

et al., 2006).nWhenncervicalntestingnfornHPVnisnrequired,nthesenresultsnsuggestnthatnurinensamplen

collectionnprovidesnannalternativennon-invasivensamplingnmethodnfornmonitoringnHPVninfectionnin

women.nInnanpreviousnstudy,nthenoverallnpercentagenagreementnbetweennHPVndetectionninnurinen

andncervicalnsamplesnwasn88%nusingnCobasn4800nHPVntestn(Bernal et al., 2014),n75%nusingn

electrochemicalnDNAnchipn(Nilyanimit et al.,2013)nand,ninnthisnstudy,nthenpercentagenwasn65.2%.n

Thenundeniablenadvantageninntestingnurinensamplenisnitsnacceptancenandnconveniencenfornthen

patients,nalthoughnbetternresultsnarenobtainednwithnfirstnurineninnthenmorningn(Vorsters et al.,n2014).

However,nthenresultsnmustnbeninterpretednwithncautionnowingntonvariationsnamongnthenstudiesninn

termsnofnthenparticipantncharacteristics,nsurrogatennaturenofnusingncervicalnHPVndetectionntonscreen

forncervicalndisease,nandnlacknofnstandardizednurinentestingnmethods.n

nnnnnUrinensamplenassaysncannotnbenusedntondetectnallnofnthengenitalnHPVninfections,nbutnthesen

assaysnprovidenannalternativenfornuseninnepidemiologicalnsurveysninnwhichninvasivensamplingnisn

difficultntonperform.nUndernthesencircumstances,ntestingnurinenfornHPVnDNAnoffersnandistinctn

advantagen(Prusty et al., 2005).nPreviousnstudiesnhavencomparednHPVndetectionnratesnbetweenn

cervicalnandnurinensamplesninnorderntonevaluatenthenabilitynofnurine-basednassaysntondetectnthen

prevalencenofnHPVnindependentlynofncervicalncytologynassaysn(Daponte et al., 2006; Munoz et 

al., 2013).nEvidencensuggestsnnthatnthensensitivitynofnurinentestingnfornHPVn16nandn18nwasnhighern

fornparticipantsnwithncervicalncancern(88.8%)nthannfornthosenwithnhigh-nandnlow-gradenlesionsn

(Daponte et al., 2006).nHowever,nsincenournsamplesncomprisednmorenofnnormalnthannabnormaln

cytology,nproportionnofnHPV16-positivensamplesnarenthusnadmittedlynlowerninnthisnstudy.nnThen

larger-scalenHPVngenotypingnforncervicalncancernscreeningninnChinanshowednthenmostncommonn
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highnrisknHPVngenotypesninnwomennpopulationnworldwidenwerenHPV16,n18,n31,n58,n52,n51nandn

33,nhowevernfrequenciesnvariednbynregionn(de Sanjosé et al.,n2007).nInncontrast,nsomenregionsn

showednthatnHPV52nisnhigherndetectionnthannHPV16nbecausenofnthengeographicalnandnbiologicaln

interactionnbetweennHPVngenotypesnandnhostnimmunogenicnfactorsn(de Sanjosé et al.,n2007;nYe et 

al.,n2010).nAlternatively,nitnisnpossiblenthatncertainnurinensamplesnyieldnlow-efficiencyn

amplificationnduentonthenpresencenofninhibitorynsubstancesninnthenurinenornHPVnDNAnlossnduringn

processingn(Brinkman et al., 2004).n

nnnnnThenHPVnDNAnanalysisnofnurinensamplesnneedsntonbendevelopednfurthernbeforenanurine-basedn

assayncannreplacenthenPapnsmearntest.nItnisnpossiblenthatnangreaternamountnofnurethralncellsninnthen

urinensamplesnhelpedntonincreasenthensensitivitynofnthentest.nAnnanalysisnofnthenurinensamplesnandnan

secondnanalysisnofnthencervicalnswabnsamplesnshowednthatnthendifferencesninnthenoverallnHPVn

detectionnratenbetweennwomennwithnnormalnandnabnormalncytologynwerennotnsignificantn(pn>n

0.05).nThisnresultnsuggestsnthatnurinenrepresentsnanviablensubstitutenforncervicalnswabs.nHowever,n

thenurinensamplesnshouldnbenoptimizednbynpreventingnDNAndegradationnduringnextractionnandn

storage,nrecoveringncell-freenHPVnDNAninnadditionntoncell-associatednDNA,nprocessingnan

sufficientnvolumenofnurine,nandncollectingnthenfirstnportionnofnthenurinenstreamninnthenmorningn

(Vorsters et al., 2014).

nnnnnUsingntraditionalncytologicalnanalysis,nitnisndifficultntondeterminenaccuratenscreeningnresultsnforn

HPV-associatednanogenitalntumors.nTherefore,nHPVngenotypingnisnannalternativenscreeningn

methodntonbenusedninncombinationnwithntraditionalncytologynfornidentifyingnpatientsnatnhighnrisknof

developingnsquamousncellncarcinoman(Saslow et al., 2012; WHO, 2013).nNowadays,ntherenaren

manynHPVngenotypingntechniquesnforndetectingnHPVnDNA,nsuchnasnPCR,nreal-timenPCR,n

restrictionnfragmentnlengthnpolymorphismn(RFLP),nHybridnCapture,nandnLinearnArrayn(Bernard et

al., 1994; Cox et al., 1995; Castle et al., 2008).nHowever,nPCRnandnreal-timenPCRnneednspecificn

expensivenequipmentn(suchnasnanthermalncycler),nandnthesenmethodsnhavennotnyetnbecomencommon
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proceduresninnhospitalnlaboratoriesn(Hagiwara et al., 2007).nThisnstudynusednthenHPVnGenoArrayn

DiagnosticnKitnfornHPVngenotyping,nwhichnisnancommercialnkitnthatnhasnrecentlynbeennstartedntonbe

used,nespeciallyninnChinan(Liu et al., 2010).nThenresultsnfromnthenHPVnGenoArraynassaynusedninn

thisnstudynwerenanpercentage-pointn(39.6%)nhigherncomparedntonthenresultsnfromnanpreviousnsurvey

ofnThainwomenn(7.6%)n(Chansaenroj et al., 2010)nandnonenofnJapanesenwomenn(22.5%)n(Onuki et

al., 2009).nThenhighernpercentagenmaynbenduentonthensmallnnumbernofnparticipantsninnournstudyn

sample.nn

nnnnnThenLinearnArraynHPVnGenotypingnTestnhasnbeennwidelynusednasnanstandardnreferencenmethodn

fornevaluatingnnewnmethods.nHowever,nthenHPVnGenoArraynDiagnosticnKitnisnannalternativen

techniquenfornstudiesnconductedninnresource-limitednlaboratoriesnbecausenthencostnofnthenHPVn

GenoArraynDiagnosticnKitnisnlowernthannthatnofnthenLinearnArraynHPVnGenotypingnTestnandnthen

hybridizationntimenisnalsonlowern(Li et al., 2012; Liu et al., 2010).nMoreover,nthenHPVnGenoArrayn

assayncanndistinguishnandnidentifynHPVn52,nwhichnisnonenofnthenmostncommonnhigh-risknHPVn

genotypesninnwomenninneasternnandnsoutheasternnAsian(Sukvirach et al., 2003; Takehara et al., 

2011).nn

nnnnnInnconclusion,nthenHPVnGenoArraynassaynisnannalternativenfornHPVngenotypingnusingnbothn

cervicalnswabnandnurinensamples,nthenlatternofnwhichnisnannalternativenfornwomenndecliningnton

undergonPapnsmear.nAlthoughnitnisnnotnthengoldnstandard,nutilizationnofnthisnmethodnisnexpectednton

willnbenincreasenthennumbernofnwomennwhonundergoncervicalncancernscreening.n
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Table 1(on next page)

Table 1. Detection of HPV genotypes and concordance between cervical swab and

urine samples.
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Table 1. Detection of HPV genotypes and concordance between cervical swab and urine 

samples.

Cytology Specimen (% positite) Concordance

(percentage)

      Any HPV positite               HPV16&18

Certical swab Urine Certical swab Urine

Normal (N=95) 11 (11.6) 10 (10.5) 1 (1.1) 4 (4.2) 68 (71.6)

LSIL (N=50) 35 (10.0) 35 (10.0) 11 (22.0) 13 (26.0) 31 (62.0)

HSIL (N=19) 19 (100.0) 8 (42.1) 8 (42.1) 3 (15.8) 8 (70.5)

Total (N=164) 65 (39.6) 53 (32.3) 20 (12.2) 20 (12.2) 107 (65.2)

Page 1 of 2
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Table 2(on next page)

Table 2. Studies of human papillomavirus DNA detected in paired urine and cervical

samples from females of all ages.
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Table 2. Studies of human papillomavirus DNA detected in paired urine and cervical samples from females of all ages.

Author Country HPV detection 

assay

Age, years 

range 

Total 

sample size

Lesion/HPV 

types

Sensitivity

(%)

Specificity

(%)

Concordance

(%)

Strsuss et al. 

(1999)

UK PCR with MY and 

GP primers

16–57 144 All/any type 76.4 73.3 75.7

Daponte et 

al. (2006)

Greece In house type-

specific primers and 

commercial

N/A 77 All/HPV16/18 70.3 100.0 85.7

Gupta et al. 

(2006)

India In house L1 

consensus primers

N/A 30 All/any type 100.0 100.0 100.0

Cuschieri et 

al. (2011)

UK HPV INNO–LiPA 16–25 90 All/any type 90.5 67.6 59.8

Nilyanimit et

al. (2013)

Thailand Electrochemical 

DNA chip

27–61  116 All/HR-HPV 64.3 100.0 75

Bernal et al. 

(2014)

Spain Cobas 4800HPV test 21–65 125 All/any type 90.5 85 88

Hagihara et 

al. (2016)

Japan Anyplex II HPV28 19–58  240 All/any type 68.4 99.9 98.4

This study Thailand Hybribio GenoArray 19–69 164 All/any type 56.5 70.6 65.2

    N/A, not applicable.
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Table 3. Number of HPV genotypes detected using the HPV GenoArray assay.

No. of HPV genotypes

detected

Normal (N=95) Abnormal (N=69)

Cervical swab Urine Cervical swab Urine

0a 84 (88.4) 85 (89.5) 15 (21.7) 26 (37.7)

1 11 (11.5) 9 (9.4) 36 (52.2) 31 (44.9)

2 - 1 (1.1) 14 (20.3) 7 (10.1)

≥3 - - 4 (5.8) 5 (7.3)

 a samples were HPV DNA-negative
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