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Chlamydia trachomatis and human papillomavirus 
coinfection: association with p16INK4a and Ki67 
expression in biopsies of patients with pre-neoplastic 
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ABSTRACT

heλobjectiveλofλthisλstudyλwasλtoλidentifyλtheλfrequencyλofλcoinfectionλbyλhumanλpapillomavirusλ
(HPV)λandλChlamydia trachomatisλ(CT)λinλcervicalλlesionsλandλrelateλitλwithλimmunohistochemij
calλexpressionλofλp16INK4aλandλKi67,λbothλoncogenicityλmarkers.λAλcrossjsectionalλstudyλwithλ86λ
womenλfromλprimaryλcareλunitsλinλsouthernλBrazilλwasλconducted.λCervicalλswabsλwereλcollectedλforλ
HPVjDNAλandλCTjDNAλdetection,λthroughλtheλpolymeraseλchainλreactionλtechniqueλ(PCR).λheλ
immunohistochemicalλanalysisλwasλperformedλonλbiopsyλcervicalλtissueλmaterialλtoλidentifyλtheλexj
pressionλofλp16INK4aλandλKi67λcellλcycleλmarkers.λAboutλ83λ%λwereλpositiveλforλHPVjDNAλandλ19%λ
hadλ coinfectionλ withλ CTjDNA.λ Amongλ coinfectedλ women,λ 56%λ expressedλ p16INK4a.λ hereλ wasλ
aλstatisticallyλsigniicantλassociationλbetweenλtheλhistologicalλgradeλofλtheλlesionλandλKi67λexpresj
sion.λAllλhighjgradeλlesions,λ50%λofλlowjgradeλlesionsλandλ31%λofλnegativeλbiopsiesλexpressedλKi67λλ
(pλ=λ0.004).λAλtotalλofλ37%λofλcoinfectedλwomenλexpressedλbothλmarkers.λInλconclusion,λalthoughλ
moreλthanλhalfλofλtheλcoinfectedλpatientsλhaveλexpressedλp16INK4aλandλmoreλthanλoneλthirdλhaveλexj
pressedλbothλmarkers,λtheseλresultsλsuggestλnoλassociationλbetweenλthoseλvariables.λHowever,λotherλ
studiesλinvolvingλlargerλsamplesλareλnecessaryλtoλcorroborateλsuchλindings.λ

Keywords: epidemiology;λhumanλpapillomavirusλ16;λbiomarkers;λpharmacological.
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Eachλ year,λ approximatelyλ 493,000λ newλ casj

esλ ofλ cervicalλ cancerλ areλ diagnosedλ worldj

wideλandλapproximatelyλ273,000λwomenλdieλ

fromλtheλdisease,λmakingλitλtheλsecondλmostλ

frequentλ cancerλ inλ womenλ andλ theλ secondλ

leadingλcauseλofλcancerjrelatedλdeathλworldj

wideλamongλwomenλ15λtoλ44λyearsλold.1

Chlamydia trachomatisλ(CT)λisλtheλmostλ

commonλ bacterialλ sexuallyλ transmittedλ inj

fectionλ(STI)λworldwide.2λBacterialλcoinfecj

tionλbyλCTλinλwomenλwithλaλhistoryλofλHPVλ

infectionλ hasλ beenλ studiedλ asλ aλ potentialλ

factorλ thatλ contributesλ toλ theλ developmentλ

ofλ malignaciesλ andλ cervicalλ cancer.λ Someλ

authors3λ haveλ suggestedλ thatλ previousλ CTλ

infectionλ isλ associatedλ withλ aλ highλ riskλ ofλ

developingλtheλdisease.λ

Theλp16INK4aλisλaλcyclinjdependentλkij

naseλ inhibitorλ (CDK)λ thatλ reducesλ theλ cellλ

cycle’sλspeedλbyλcontrollingλtheλexpressionλofλ

E2Fλtranscriptionλfactor.λHighjgradeλ infecj

tionλbyλHPVλisλinvolvedλinλtheλcarcinogenesisλλ

and,λHPVλintegrationλinλtheλhumanλgenomeλ

resultsλ inλ overexpressionλ ofλ E6λ andλ E7λ vij

ralλ oncoproteins.4λ E7λ HPVλ proteinλ interj

actsλwithλretinoblastomaλproteinλ(pRb)λandλ

neutralizesλ theλ functionλ ofλ theseλ proteins,λ

resultingλinλtheλreleaseλofλE2Fλtranscriptionλ

factorλ ofλ theλ pRbjE2Fλ complex.λ E2Fλ accuj

mulationλinducesλp16INK4aλactivity.5λ

Resultsλ ofλ aλ study6λ showedλ thatλ noneλ ofλ

theλ negativeλ cervicalλ tissuesλ wereλ positiveλ

forλ p16INK4a,λ whileλ thereλ wasλ aλ constantλ

andλ significantλ increaseλ inλ theλ positivj

ityλofλthisλmarker,λaccordingλtoλhistologicalλ

grade,λ whereλ cervicalλ intraepithelialλ neoj

plasiaλ (CIN)λ 1λ hadλ 31%λ positivity,λ 90%λ inλ

CINλ 2λ andλ 100%λ inλ CINλ 3λ andλ carcinomasλλ

(pλ <λ 0.0001).λ Thus,λ p16INK4aλ overexpresj

sionλ hasλ consistentlyλ shownλ highλ sensitivj

ityλ (84%)λ andλ specificityλ (98%)λ toλ detectλ

theλ highjriskλ HPVλ withλ aλ highλ positiveλ

predictiveλ valueλ (97%).λ Ki67λ monoclonalλ

antibodyλreactsλwithλaλnonjhistoneλnuclearλ
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proteinλthatλisλexpressedλinλtheλnucleusλofλproliferatingλ

cellsλ throughλ theλ cellλ cycle,λ exceptλ inλ G0λ andλ inλ earlyλ

G1λphase.λSomeλauthors7λhaveλshownλaλrelationshipλbej

tweenλKi67,λ lesionλseverityλorλgrowthλrate,λandλitsλutilj

ityλ inλtheλstudyλofλvulvarλandλvaginalλ lesionsλcausedλbyλ

HPV.λTherefore,λtheλdeterminationλofλKi67λseemsλtoλbeλaλ

relevantλadditionalλandλcomplementaryλexaminationλinλ

theλdetectionλandλdistinctionλofλdifferentλ lesionλgradesλ

ofλtheλuterineλcervix.λ

Itλ isλ knownλ thatλ highjriskλ HPV,λ throughλ oncoproj

teins,λcanλdepleteλtheλactionλofλsuppressorλgenesλlikeλtheλ

p53λandλpRb,λcausingλoverexpressionλofλCDKλinhibitors.λ

However,λ inλ coinfectedλ patientsλ (HPV/CT),λ thisλ effectλ

hasλnotλyetλbeenλstudied.λTheλpurposeλofλthisλstudyλwasλ

toλverifyλp16INK4aλandλKi67λimmunohistochemicalλexj

pressionλinλwomenλwithλpositiveλHPVjDNAλand/orλCTj

DNAλwhoλattendedλtheλprimaryλhealthλcareλservicesλ inλ

southernλBrazil.λ

Thisλ wasλ aλ crossjsectionalλ studyλ thatλ enrolledλ 86λ

womenλ fromλ primaryλ careλ services,λ selectedλ fromλ parj

ticipantsλ ofλ aλ cohortλ study8λ startedλ inλ Februaryλ 2003.λ

ThisλsampleλincludedλwomenλwhoλwereλtestedλforλHPVj

DNA/CTjDNAλ andλ performedλ uterineλ cervixλ biopsyλ

forλhistopathologicalλanalysis.λHPVjDNAλandλCTjDNAλ

detectionλ inλ uterineλ cervicalλ samplesλ wereλ performedλ

throughλtheλPCRλtechnique.λDNAλextractionλfromλmaj

terialλcollectedλwithλcervicaljvaginalλswabsλwasλcarriedλ

outλusingλtheλproteinaseλKλprotocol.9λTheλtechniqueλwasλ

directedλtoλtheλL1λgeneλandλtheλprimersλusedλwereλMy09λ

andλMy11.λPCRλconditionsλwereλdescribedλbyλBauerλet 

al.λ (1993)λandλCoutléeλet al.λ (2002).λForλ theλPCRλreacj

tionλ internalλ control,λ βjglobinλ primersλ wereλ usedλ andλ

testedλinλallλsamples.10,11λForλCTjDNA,λtheλtechniqueλwasλ

standardizedλ byλ Beckerλ D9λ usingλ theλ CTP1λ andλ CTP2λ

primersλthatλamplifyλaλ201pbλsegmentλofλtheλORFλnumj

berλ 4λ ofλ theλ crypticλ Chlamydia trachomatisλ plasmid.λ

Thisλsegmentλisλsituatedλ2940pbλfromλtheλsingleλBamHIλ

restrictionλsite:λ

CTP1λ5’...λTAGTAACTGCCACTTCATCA…λ3’λ

CTP2λ5’...λTTCCCCTTGTAATTCGTTGC...λ3’λ

Inλ orderλ toλ controlλ theλ reactions,λ alongλ withλ eachλ

DNAλ PCRλ ofλ clinicalλ samples,λ aλ positiveλ controlλ wasλ

tested,λ whichλ consistedλ ofλ aλ 450bpλ fragmentλ correj

spondingλ toλ Caskiλ andλ Sihaλ cells,λ aλ 201bpλ fragmentλ

correspondsλ toλ cellsλ infectedλ byλ CT;λ andλ aλ negativeλ

controlλ withλ theλ omissionλ ofλ anyλ DNA.λ Inλ allλ testedλ

samplesλ forλ HPVλ PCRλ andλ CTλ PCR,λ multiplexλ PCRλ

wereλ performedλ usingλ specificλ primersλ forλ eachλ mij

croorganismλ andλ primersλ complementingλ theλ huj

manλ βjglobinλ geneλ (gH20λ andλ PC04).λ βjglobinλ primj

ersλ wereλ usedλ toλ verifyλ theλ viabilityλ ofλ testedλ DNA.λ

Allλ positiveλ samplesλ inλ theλ HPVjDNAλ screeningλ wereλ

testedλ forλ highλ riskλ (HR)λ HPVλ typesλ (HPV16,λ 18,λ 31),λ

λ usingλ specificλ primers.λ Theλ amplificationλ conditionsλ

andλ theλ primersλ usedλ areλ basedλ onλ theλ methodologyλ

describedλ byλ Cuzickλ et al.12λ andλ areλ HPVj16λ (5’…GCλ

GATλ CCTλ GTCλ TGCλ TTTλ TATλ ACTλ AA...3’λ [sense];λ

5’...AAGλ GCCλ AACλ TAAλ ATGλ TCAλ C...3’λ [antisense])λ

andλ theλ temperatureλ wasλ 54oC;λ HPVj18λ (5’...TGCλ AGCλ

ACGλ AATλ GGCλ ACTλ GGCλ CTG...3’λ [sense];λ 5’...CACλ

GGCλGACλCCTλACAλAGCλTACλCTG...3’λ [antisense]),λ

temperatureλ wasλ 70oC.λ Forλ HPVj31λ (31Aλ 5’...TACCTj

GTGTTTCTGTTAAC...3’λ [sense];λ S5’...AGAAAGACj

CTCGGAAATTG...’λ [antisense])andλ theλ temperatureλ

wasλ52oC.

Theλ paraffinλ blocksλ ofλ biopsyλ materialλ haveλ beenλ

stainedλ byλ theλ hematoxylinjeosinλ techniqueλ forλ histoj

logicalλclassification,λasλfollows:λLSIL,λHSIL,λwhereλLSILλ

categoryλ includedλ theλresultsλwithλCIN1,λandλHSILλ theλ

findingsλ withλ CINλ 2λ andλ 3λ diagnoses.λ Absenceλ ofλ maj

lignantλalterationsλwasλreportedλwhenλnoλabnormalitiesλ

wereλobserved.λLater,λtheλcasesλwereλreviewedλbyλtrainedλ

pathologistsλ(MIEλandλLM)λfromλHospitalλdeλClínicasλdeλ

Porto Alegre (HCPA),λinλPortoλAlegre,λsouthernλBrazil.λ

Theλ paraffinλ blocksλ wereλ cut,λ deparaffinizedλ inλ xyj

leneλ andλ thenλ rehydrated.λ Antigenλ retrievalλ wasλ madeλ

inλ citrateλ bufferλ pHλ 6.0λ and,λ laterλ takenλ toλ microwaveλ

forλ20λminutes.λTheλsectionsλwereλplacedλatλroomλtemj

peratureλandλwashedλthreeλtimesλwithλphosphateλbuffer.λ

Afterλtheλendogenousλperoxidaseλblockage,λtheλsectionsλ

wereλrehydratedλandλtheλslidesλwereλsubmittedλtoλimmuj

nohistochemistryλprocess.

Theλ antibodiesλ usedλ wereλ p16INK4a,λ “Neomarkers,λ

CA,λ USA”,λ cloneλ 16P07λ atλ aλ dilutionλ ofλ 1:75λ andλ antij

Ki67,λ “DAKO,λ Glostrup,λ Denmark”,λ cloneλ MIBj1,λ atλ aλ

dilutionλ ofλ 1:30.λ Theλ p16INK4aλ patternλ expressionλ forλ

squamousλintraepithelialλlesionsλ(SIL)λwasλgraduatedλasλ

suggestedλinλBultenλJ.λet al.:13λnegativeλ(j)λifλnoneλofλtheλ

cellsλwereλcolored;λpositiveλ(+,λweak)λifλtheλpercentageλofλ

expressingλcellsλrangedλbetweenλ1j25%;λ(++,λmoderate)λ

ifλ theλ percentageλ rangedλ betweenλ 26j75%;λ andλ (+++,λ

strong)λifλoverλ75%λofλtheλcellsλwereλcolored,λbothλinλtheλ

cytoplasmλandλnucleus.λTheλcells’λexpressionλpatternλwasλ

dividedλintoλfocalλifλtheλexpressionλwasλconcentratedλinλ

someλareas,λandλdiffuseλifλtheλexpressionλwasλdistributedλ

throughoutλtheλslide.λ

Ki67λ wasλ consideredλ positiveλ ifλ theλ cell’sλ nucleusλ

wasλbrownjcolored.λInλallλsamples,λ100λtoλ200λcellsλwereλ

countedλ andλ theλ resultsλ wereλ expressedλ inλ percentage.λ

Allλ samplesλwereλevaluatedλbyλ twoλpathologistsλ (MIEλeλ

LM)λand,λwhenλnecessary,λtheyλreachedλaλconsensus.

Theλ studyλ outcomesλ wereλ genitalλ infectionλ byλ HPVλ

and/orλ Chlamydia trachomatisλ andλ histopathologicalλ

diagnosisλ ofλ uterineλ cervicalλ lesions.λ Theλ relationλ ofλ

Calil,λIgansi,λMeurerλet al.
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p16INK4aλ andλ Ki67λ expressionsλ toλ suchλ outcomesλ wereλ

assessed.λTheλindependentλvariablesλstudiedλincludedλdej

mographicλcharacteristics,λsexualλbehavior,λreproductiveλ

dataλandλpreviousλmorbidities.λDataλwasλ storedλ inλaλdaj

tabaseλbyλdoublejentry,λwhereλ20%λofλtheλquestionnairesλ

wereλ selectedλ atλ randomλ andλ comparedλ toλ theλ original.λ

Possibleλerrorsλandλdiscrepanciesλwereλcorrected.

ChijsquareλtestλorλFisher’sλexactλtestλwhenλindicatedλ

wereλusedλtoλcompareλcategoricalλvariables.λContinuousλ

variablesλ wereλ analyzedλ usingλ theλ student’sλ tλ testλ andλ

ANOVA.λ Theλ findingsλ withλ pjvalueλ ≤λ 0.05λ wereλ conj

sideredλ statisticallyλ significant.λ Sensitivity,λ specificityλ

andλtheλpositiveλandλnegativeλpredictiveλvaluesλforλbothλ

markers,λusingλtheλhistologicalλresultsλasλgoldjstandard,λ

wereλcalculatedλwithλtheλcorrespondentλ95%λconfidenceλ

intervals.

Aλtotalλofλ86λpatientsλwereλanalyzed,λamongλwhichλ83%λ

(71/86)λwereλpositiveλforλHPVjDNAλandλ19%λ(16/86)λforλ

CTjDNA.λ Allλ womenλ withλ positiveλ CTjDNAλ wereλ alsoλ

positiveλ forλ HPVjDNAλ (pλ =λ 0.06).λ Aboutλ 40%λ (34/86)λλ

wereλ positiveλ forλ HRjHPV,λ amongλ whichλ 37%λ (6/34)λ

wereλpositiveλforλCTjDNA.λTheλmostλfrequentλHRjHPVλ

wasλ HPVj16λ (50%),λ followedλ byλ HPVj31λ (38%)λ andλ

HPVj18λ(12%).λ

Tableλ1λdescribesλ theλcharacteristicsλofλwomenλwhoλ

presentedλcoinfectionλ(HPVjDNAλandλCTjDNA).λThereλ

wasλnotedλaλstatisticallyλsignificantλassociationλbetweenλ

coinfectionλandλeducationλlevelλ(pλ=λ0.04).λ

Noλstatisticallyλsignificantλassociationλwasλobservedλ

betweenλlesionλhistologyλandλcoinfectionλ(pλ=λ0.75).

Inλtheλimmunohistochemicalλanalysis,λ56%λofλtheλcoj

infectedλpatientsλexpressedλp16INK4a,λ(pλ=λ0.38),λwhichλ

rangedλ fromλ moderateλ toλ strongλ inλ approximatelyλ 37%λ

andλtheλexpressionλpatternλwasλdiffuseλinλ50%.λInλHPVj

DNAλpositiveλbiopsies,λ78%λexpressedλp16INK4a,λrangj

ingλfromλmoderateλtoλstrongλinλ54%λandλwithλaλdiffuseλ

patternλ inλ 56%.λ Regardingλ histology,λ 83%λ ofλ theλ highj

gradeλ lesionsλ expressedλ p16INK4a.λ Amongλ lowjgradeλ

lesionsλ andλ negativeλ biopsies,λ 72%λ andλ 60%λ expressedλ

thisλprotein,λrespectivelyλ(pλ=λ0.43).λ

Aboutλ 50%λ (8/16)λ ofλ coinfectedλ womenλ expressedλ

Ki67λ antibody.λ Inλ HPVλ infectedλ women,λ thisλ antibodyλ

wasλpresentλinλ38%λ(pλ=λ0.73).λ

hereλwasλaλstatisticallyλsigniicantλassociationλbetweenλ

theλgradeλofλlesionλhistologyλandλKi67λexpression,λwhichλwasλ

expressedλinλ100%λofλhighjgradeλlesions,λ50%λofλlowjgradeλ

lesionsλandλ31%λofλnegativeλbiopsiesλλ(pλ=λ0.004).λ

Approximatelyλ 37%λ (pλ =λ 0.31)λ ofλ coinfectedλ womenλ

andλ29%λ(pλ=λ0.16)λofλthoseλwithoutλcoinfectionλexpressedλ

bothλmarkers.λ

Inλrelationλtoλlesionλhistologyλamongλcoinfectedλpaj

tients,λ theλ sensitivityλ ofλ p16INK4aλ wasλ 25%λ (95%CI:λ

0.7j49.3%),λ theλ specificity,λ 72.9%λ (95%CI:λ 61.7jλ 84%),λ

Table 1. Characteristics of women coinfected by HPV 

and CT

Variables                   Coinfection

  Yes n (%)  No n (%) p-value*

Age 

	 ≤	35	years		 7	(44)	 29	(41)	  

 > 35 years  9 (56) 41 (59) 
0.86

Marital status 

 Single 5 (31)  38 (54) 

 Married 11 (69)  32 (46) 
0.16

Skin color 

 White 12 (75)  59 (84) 

 Non-white 4 (25)  11 (16) 
0.46

Education 

 < 8 years 2 (12)  22 (32) 

 8 - 11 years  9 (56)  17 (24) 

 > 11 years  5 (32)  31 (44) 
0.04

Menarche 

 <12 years  5 (31)  19 (27) 

	 ≥12	years	old	 11	(69)		 51	(73)	
0.76

Age at first  

 intercourse 

 < 17 years 9 (56)  28 (40) 

 17 - 19 years 2 (13)  22 (31) 0.34 

	 ≥	20	years		 5	(31)		 20	(29)	

No. of lifetime  

 partners 

 > 2 partners 6 (37)  33 (47) 

	 ≤	2	partners	 10	(63)		 37	(53)	
0.67

No. of pregnancies 

	 ≥	3	children	 3	(19)		 33	(47) 

 < 3 children 13 (81)  37 (53) 
0.07

Age at the 1st  

 pregnancy 

	 ≤	17	years	old	 5	(31)		 14	(20) 

 > 18 years old  11 (69)  56 (80) 
0.33

Oral contraceptives  

 use  

 Yes 14 (87)  50 (71) 

 No 2 (13)  20 (29) 
0.22

Sexually transmitted  

 disease 

 Yes 14 (87)  44 (63) 

 No 2 (13) 26 (37) 
0.11

Smoking 

 Yes 2 (13)  19 (27,0) 

 No 14 (87)  51 (73,0) 
0.34

*p-value for the c2 Test.

p16INK4aλandλKi67λexpressionλinλcervicalλlesionsλofλwomenλinfectedλbyλHPVλandλChlamydia trachomatis
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λ

PPV,λ17.4%λ(95%CI:λ0–35%)λandλNPVλofλ81%λ(95%CI:λ

70.5j91.40%).λ Regardingλ Ki67,λ theλ sensitivityλ wasλ 50%λ

(95%CI:λ 23j78.0%),λ specificity,λ 66%λ (95%CI:λ 54j79%),λ

PPVλdeλ25%λ(95CI%:λ8.4j42%),λandλNPVλ85%λ(95%CI:λ

75j96%).λ

Tableλ2λdescribesλtheλdistributionλofλtheλnumberλofλcellsλ

(%)λthatλexpressedλbothλp16INK4aλandλKi67λmarkers.

Studiesλ haveλ shownλ thatλ theλ HPVλ isλ anλ importantλ

factorλforλtheλdevelopmentλofλcervicalλprecursorλlesionsλ

andλcancer;λhowever,λ cofactorsλ suchλasλ age,λuseλofλoralλ

contraceptives,λ otherλ hormones,λ parity,λ smokingλ andλ

previousλexposureλtoλotherλsexuallyλtransmittedλagents,λ

suchλasλClamydia trachomatisλandλherpesλsimplexλvirusλ

2,λhaveλbeenλmentioned.1,14

CTλisλnecessarilyλanλintracellularλagentλthatλinfectsλ

epithelialλ cellsλ ofλ theλ genitalλ tractλ andλ theλ ocularλ tisj

sue.λItλisλoneλofλtheλmostλcommonλinfectionλworldwideλ

withλ89λmillionλnewλcases/year.15λAsymptomaticλinfecj

tionλ isλ common,λ butλ nonethelessλ itλ isλ consideredλ asλ aλ

causeλ ofλ morbidityλ inλ sexuallyλ activeλ women,λ causingλ

severeλ sequelaeλ suchλ asλ pelvicλ inflammatoryλ disease,λ

ectopicλpregnancyλandλtubalλ infertility.λItλ isλalsoλassoj

ciatedλ withλ hypertrophyλ andλ inductionλ ofλ metaplasia,λ

suggestingλthatλitλmayλhaveλaλroleλinλcervicalλcanceroj

genesis.15λ

Inλ addition,λ thereλ areλ evidencesλ thatλ HPVjinfectedλ

womenλpresentλaλhigherλriskλtoλcontractλanotherλinfecj

tion,λ likeλ CTλ infection.3λ Inλ theλ presentλ study,λ theλ frej

quencyλofλHPVλinfectionλwasλofλ83%λandλCTλinfectionλ

19%.λTheseλratesλareλhigherλthanλpreviousλreports,16λposj

siblyλbecauseλthisλwasλaλhighλriskλsample,λprovidedλthatλ

everyλ womenλ hadλ undergoneλ cervicalλ biopsy.λ Aλ previj

ousλreport16λfoundλanλ8%λprevalenceλofλCTλinfectionλandλ

significantlyλassociatedλwithλhighλriskλHPVλ(ORλ=λ2.5,λλ

pλ<λ0.005),λespeciallyλinλwomenλoverλ41λyearsλold.λ

Educationλwasλsignificantlyλassociatedλwithλcoinfecj

tionλ inλ theλ presentλ study.λ Itλ maybeλ suggestedλ thatλ edj

ucationλ mayλ interfereλ inλ theλ levelλ ofλ knowledgeλ aboutλ

riskλ factors,λ exposureλ andλ informationλ aboutλ meansλ ofλ

prevention.λAλhigherλriskλofλinfectionλwasλalsoλobservedλ

inλ theλ HPVjinfectedλ patients.15λ Inλ relationλ toλ theλ viralλ

typesλ tested,λ theλpresentλ studyλ showsλ thatλHPVj16λwasλ

theλmostλfrequentλhighjriskλviralλtype,λwhichλisλinλagreej

mentλwithλotherλauthors.15λ

Aλ study17λ thatλ enrolledλ 5,328λ women,λ agedλ betweenλλ

15j44λ years,λ inλ eightλ countriesλ presentedλ aλ CTλ infecj

tionλprevalenceλofλ0.2%λ(95%CI:λ0.0j0.7%)λinλSpainλandλ

5.6%λ (95%CIλ 3.4j7.8%)λ inλ Nigeria,λ beingλ higherλ inλ theλ

ageλ rangeλ betweenλ 15j24λ yearsλ (4.5,λ 95%CI:λ 3.4j8.0%)λ

thanλtheλageλrangeλofλ25j44λyearsλ(2.6,λ95%CI:λ2.1j3.1).λ

Theλ sameλ investigators17λ believeλ thatλ suchλ prevalenceλ

dataλareλlowλandλdoλnotλexpressλtheλrealityλforλhighjriskλ

women.

Deλ Paulaλ et al.18λ investigatedλ theλ presenceλ ofλ CTj

DNAλandλHPVjDNAλinλ250λcervicaljvaginalλsamplesλofλ

normalλpatientsλorλpatientsλwithλcytologicalλalterations.λ

Amongλthem,λ70%λwereλnegative,λ40%λwereλHPVjDNAλ

positiveλandλ5.2%λhadλaλpositiveλdiagnosisλofλCTλinfecj

tion.λ Amongλ samplesλ withλ abnormalλ cytology,λ HPVj

DNAλwasλdetectedλinλ73.3%λandλCTjDNA,λinλ9.33%.λTheλ

higherλ coinfectionλ rate,λ 15.4%,λ wasλ foundλ inλ samplesλ

diagnosedλ asλ atypicalλ squamousλ cells/glandularλ cellsλ

ofλ undeterminedλ significance.λ Anλ associationλ betweenλ

HPVλinfectionλandλcytologicalλalterationsλwasλverified;λ

however,λ forλCTλinfectionλorλcoinfection,λsuchλassociaj

tionλwasλnotλobserved.λTakingλthatλintoλaccountλandλrej

latingλitλtoλtheλresultsλfoundλinλtheλpresentλstudy,λitλcanλ

beλsuggestedλthatλtheλassociationλwasλnotλverifiedλdueλtoλ

theλlowλnumberλofλCTλcases.λHowever,λitλcanλbeλnoticedλ

thatλ onlyλ 4/16λ (25%)λ ofλ theλ casesλ hadλ coinfectionλ andλ

normalλhistology.

Inλaλstudy19λwithλ114λcases,λwhereλ72λwereλincidentλandλ

42λ wereλ prevalentλ atλ theλ studyλ entrance,λ HPVj16λ seroj

positivityλwasλassociatedλwithλcervicalλcancerλ(ORλ=λ6.33,λλ

95%λ CI:λ 3.45j11.62).λ Inλ general,λ theλ CTλ infectionλ wasλ

notλassociatedλwithλ theλcervicalλ cancer;λhowever,λ thereλ

wasλanλassociationλwhenλincidentalλcasesλwereλevaluatedλλ

(ORλ=λ2.94,λ95%λCI:λ1.16j8.47).19

Theλ p16INK4aλ expressionλ hasλ beenλ mentioned5,6λ

asλ aλ promisingλ markerλ forλ HRjHPVjinducedλ lesions.λ

However,λstudiesλdidλnotλevaluateλifλitsλexpressionλisλinj

creasedλ inλ HPVλ andλ CTλ coinfection.λ Inλ HPVλ positiveλ

Table 2. Number of cells expressing both p16INK4a and Ki67 markers* 

    p16INK4a  

           No expression   ≥ 1 ≤10 cells ≥ 11 ≤ 50 cells ≥ 51 cells

Ki67 Positive 6 (18.7) 0 (0.0%) 4 (12.5%) 22 (68.8%) 

 Negative 20 (37.0%) 4 (7.4%) 12 (21.25%) 18 (33.4%)

*p-value = 0.01 for the association (Fisher’s Exact Test).
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patients,λ 78.2%λ expressedλ theλ protein,λ whereλ theλ inj

tensityλ wasλ moderateλ toλ strongλ inλ 54.5%λ ofλ theλ casesλ

andλtheλpatternλwasλdiffuseλinλ56.4%,λasλexpected.λTheλ

p16INK4aλ appearedλ asλ overexpressedλ byλ theλ interacj

tionλ ofλ highjriskλ HPVλ E7λ oncoproteinλ andλ theλ pRb,λ

resultingλ inλ theλ releaseλ ofλ theλ E2Fλ transcriptionλ facj

tor.λThisλinteractionλisλanalogousλtoλtheλCDKjmediatedλ

phosphorylation,λ resultingλ inλ theλ p16INK4aλ inhibitorλ

accumulation.λHowever,λamongλpatientsλwithλcoinfecj

tionλinλtheλpresentλstudy,λtheλp16INK4aλexpressionλocj

curredλinλ56.3%.λ

Ki67λisλaλproliferationλantigenλthatλhasλbeenλrelatedλ

toλ carcinogenesisλ inλ differentλ tumorλ types.λ Highjriskλ

HPVλ infectionsλ andλ cellλ cycleλ alterationsλ withλ higherλ

Ki67λ expressionλ haveλ beenλ mentioned.9,10λ CTλ infecj

tionλhasλbeenλ suggestedλasλ aλ riskλ factorλ forλHPVλand,λ

consequentlyλ forλ carcinogenesis.3,14λ Theλ objectiveλ ofλ

theλpresentλstudyλwasλtoλverifyλifλcoinfectionλincreasesλ

proliferation,λ throughλ Ki67λ determinationλ inλ relationλ

toλHPVλ infection,λprovidedλ thatλ studiesλverifyingλ thisλ

associationλwereλnotλ foundλinλ literature.λInλthisλstudy,λ

Ki67λwasλexpressedλinλ50%λofλtheλcoinfectedλcasesλandλ

inλ34%λofλtheλpositiveλcasesλofλHPVjDNA.

Throughλthisλimmunohistochemicalλanalysis,λweλhadλ

intendedλ toλ investigateλ ifλ someλofλ theseλmarkersλorλ theλ

combinationλofλbothλcouldλ suggestλ aλ largerλassociationλ

inλ theλ patientsλ withλ coinfection.λ Noλ significantλ differj

enceλwasλfoundλinλtheλp16INK4aλandλKi67λexpressionλinλ

patientsλwithλcoinfection,λinλrelationλtoλHPVjDNAλposij

tivityλalone.λJustλ likeλtheλresultsλobservedλbyλFehérλandλ

Szalmáz,20λourλfindingsλsuggestλthatλtheλpresenceλofλCTλ

infectionλ doesλ notλ seemλ toλ beλ associatedλ withλ cervicalλ

carcinogenesis.λThus,λalthoughλmoreλ thanλaλhalfλofλ theλ

coinfectedλpatientsλexpressedλp16INK4aλandλmoreλthanλ

oneλ thirdλ expressedλ bothλ markersλ studied,λ theλ resultsλ

suggestλ noλ associationλ betweenλ theseλ variables.λ Howj

ever,λ otherλ studiesλ involvingλ largerλ samplesλ areλ necesj

saryλ toλcorroborateλ suchλ findingsλ inλaλmoreλconclusiveλ

manner.λ
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