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Signal to cut-off (S/CO) ratio and detection of HCV genotype 1 by 
real-time PCR one-step method: is there any direct relationship?
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ABSTRACT

Background: Polymerase chain reaction (PCR)methods play an essential role in providing data
relatedtodiagnosis,monitoringandtreatmentofhepatitisCvirus(HCV)infection.EIAresultsare
reportedas“reactive”or“nonreactive”andEIAS/COratiomayalsobereportedas“high”or“low.”
Thisstudyaimedtoevaluatetheperformanceofareal-timeRT-PCRandassesswhetherthereis
relationshipbetweenS/COandPCRresults.Study Design and Methods: Serafromblooddonors
wereanalyzedbyEnzyme-LinkedImmunosorbentAssay(ELISA)andRT-PCRassaytodetectHCV
infection.Results:TheRT-PCRassaytogenotypes1a/bshowedanacceptablelinearresponseinse-
rialdilutions.Thesamplesweredividedintotwogroupsbasedontheirserologicalresults:groupA–
S/COratio<3(60samples)andgroupB–S/COratio>3(41samples).Viralloadswereconirmed
positiveingroupBsamplesin90%,andingroupAsampleswereconirmedpositiveinonly13%by
RT-PCR.Conclusion: ThemethodologyusedwasabletodetectthepresenceofRNA-HCVgenotype
Iin90%ofthesamplesserologicallypositiveingroupB.Allnegativesamplesweresenttosearchfor
othergenotypesofHCV(genotypes2-6)andwereconirmedasnegative.Thesedatasuggeststhat
thesenegativesamplesmayhaveHCVRNAviralloadbelowthedetectionlimitofourtest(310IU/
mL),orafalsepositiveresultinserologicaltest,orspontaneousviralclearanceoccurred.

Keywords:HCV,HCVgenotype1,real-timePCR,ELISA,RNAextraction.
[BrazJInfectDis2010;14(2):147-152]©ElsevierEditoraLtda.

INTRODUCTION

The hepatitis C virus (HCV), discovered in
1989, is themajorcausativeagentofhepatitis
non-A,non-B.Thisvirus,whichbelongstothe
familyFlaviviridaeandhasagenomeconstitut-
edbyapositivesingle-strandRNA,istransmit-
ted parenterally, showing a high incidence in
hemophiliacs hemodialysis patients, injecting
drugusers,andpatientswithpost-transfusion
hepatitis.1,2 
HepatitisCinfectionhashadhighpreva-

lence in Brazilian population mainly in the
southregion.3,4Accordingtoliterature,5more
than half of infected patients (about 70 to
85%)developchronichepatitis,someofthem
(10% to 20%) progressing to cirrhosis and
hepatocellular carcinoma in a period of 10
to15years.BecausehepatitisChashighpo-
tential to become chronic, it is considered a
seriouspublichealthproblem,beingestimat-
ed that thereare170millionpeople infected
worldwide.6Currently,hepatitisCisthelead-
ingcauseoflivertransplantsinUSA.7 

Diagnosis of hepatitis C is primarily based
onserologicaltests,withdetectionofantibodies
toHCVbymethodsbasedonELISA8orchemi-
luminescence.9TheHCVantibodyisnotaneu-
tralizingoneandgenerallyispresentinpatients
withviremia;itcanbeamarkerofpastinfection,
becauseittendstoremainindeinitelyinpatients
whohadhepatitisCandprogressedtohealing.10 
Incasesofan inconclusiveresult in thescreen-
ingtest,complementarytestsarenecessary.Until
recently,thisconirmationcouldonlybeachieved
by recombinant immunoblot assay (RIBA).10,11 
These techniques (ELISA, chemiluminescence,
andimmunoblot)haveawindow-periodlimita-
tion,whichcanlast70-82days,considerablyre-
ducingitsusefulnessfordiagnosisofcasesofacute
HCVinfection.8Currently,thePCRtestthatde-
tectstheviralRNAhaveaddedmanyadvantages
fordiagnosisofhepatitisC.12,13Thistestisuseful
for:diagnosisofacuteinfection(seroconversion),
diagnosisofinfectioninpatientswithnegativeor
undeterminedserologytests,evaluatethepossi-
bilityoffalse-positiveserologicalresults,andalso
allowquantiicationofviralRNA.4 
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Anothermolecular technique that has been used to
differentiateHCVsubtypesisgenotyping.Themolecular
characterizationofgenotypesandsub-genotypesofHCV
isparticularlyimportantinguidingtheresponsetotreat-
mentanddiseaseprognosis.5,6,14Thereare11majorgeno-
typesofHCVand23subtypes.Theprevalenceofgeno-
typesofHCVvaries according togeographic region. In
Brazil,thegenotypes1,2,and3arethemostoftenfound.6 
Accordingtoliterature,patientsinfectedwithgenotypes
2and3respondbetter to treatment thanthose infected
withgenotype1.Genotype1patientshavealesseffective
responsetotreatmentandahighviralload.15,16Hepatitis
C treatment is based on therapywith interferon-α and
Ribavirin.Itisaverylongtreatmentwithanaveragedu-
rationof48to72weeks,17withahighcost(betweenU$
12,000andU$15,000U.S.dollarsperpatientperyearin
theU.S).Besidesbeinganexpensiveandprolongedtreat-
ment,ithasasuccessfulrateof45-80%dependingonviral
genotype,17,18probablybecauseonlyfewHCVgenotypes
respondquickandcompletelytothistherapy.Thefactis
that there is a strong relationship between genotype of
thevirusandeffectivenessoftreatmentincreasetheim-
portanceofgenotypingtheHCV.Genotypingassess the
patient’sprognosisprovidingimportantinformation,so
thatthecliniciancantailorthetreatmenttothecase.

PCR 

PCRdependsontheabilitytoalternatelydenature(melt)
double-stranded DNA molecules and renature (anneal)
complementarysinglestrandsinacontrolledfashion.The
secondrequirementforPCRistheuseofsyntheticoligo-
nucleotidesatleast18–20nucleotideslongwithadeinedse-
quence.Suchsyntheticnucleotidescanbereadilyproduced
withautomated instrumentsbasedon the standardreac-
tionscheme.AtypicalPCRprocedurebeginsbyheat-de-
naturationofaDNAsampleintosinglestrands.Next,two
syntheticoligonucleotidescomplementarytothe3endsof
thetargetDNAsegmentofinterestareaddedingreatex-
cesstothedenaturedDNA,andthetemperatureislowered
to50-60°C.Thesespeciicoligonucleotides,whichareata
veryhighconcentration,willhybridizewiththeircomple-
mentarysequences in theDNAsample,whereas the long
strandsofthesampleDNAremainapartbecauseoftheir
low concentration. The hybridized oligonucleotides then
serveasprimersforDNAchainsynthesis inthepresence
ofdeoxynucleotides(dNTPs)andatemperature-resistant
DNApolymerase,suchasthatfromThermus aquaticus(a
bacteriathatlivesinhotsprings).Thisenzyme,calledTaq
polymerase, can remainactiveevenafterbeingheated to
95°C and can extend theprimers at temperaturesup to
72°C.When synthesis is complete, thewholemixture is
thenheatedto95°CtomeltthenewlyformedDNAdu-
plexes.Aftertemperatureisloweredagain,anothercycleof

synthesistakesplacebecauseexcessprimerisstillpresent.
Repeatedcyclesofmelting(heating)andsynthesis(cool-
ing)quicklyamplifythesequenceofinterest.Ateachcycle,
the number of sequence copies between the primer sites
isdoubled;therefore,thedesiredsequenceincreasesexpo-
nentially—aboutamillion-foldafter20cycles—whereas
allothersequencesintheoriginalDNAsampleremainun-
ampliied.

Use of the PCR technique 

The development of DNA segments ampliication using
PCRopenedvastprospectsforanalysisofgenes,diagnosis
ofgeneticdiseases,anddetectionofinfectiousagents,such
as cytomegalovirus,hepatitisB andCviruses, herpes vi-
russimplex,rubellavirus,humanimmunodeiciencyvirus
(HIV),Chlamydia trachomatis, Helicobacter pylori, Pneu-
mocystis jirovecii(formerlyP.carinii),andMycobacterium
tuberculosis.
The advancementof scienceon theunderstandingof

genes brought into the laboratory routine genetics tools
forthediagnosisinmolecularlevel.Inthelineofgenetic
diseases,thecontinuingdevelopmentofnewprotocolshas
enabledthedetectionofsmallchangesinDNAsequence;
forexample,incysticibrosis.
Otherapplicationsespecially for thePCR is theclon-

ingofaDNAspeciicfragment,whichmaybeageneand
knowledgeofcodingDNA(cDNA)obtainedfromthemol-
eculeofRNA,whichallowsthestudyofgeneexpression.
Finally,PCRhas greatpotential in forensicmedicine.

Itssensitivitymakesitpossibletouseaverysmallsample
(minimumtracesofbloodandtissuesthatcouldcontain
theremainsofonlyonecell)andstillgeta“DNAinger-
print”ofthepersonfromwhichthesamplewascollected
andcanthereforemakecomparisonswiththoseobtained
fromvictimsand/oracriminalsuspect.19

Real-time PCR 

Theabilitytomonitorreal-timePCRhasrevolutionizedthe
process of DNA and RNA fragment quantiication. Real-
time PCR makes nucleic acid quantiication with greater
accuracyandreproducibility,aswellasitspredictivevalues
duringtheexponentialphaseofthereaction.Thepointthat
detectsthecycleinwhichthereactionreachesthethreshold
ofexponentialphaseiscalledCycleThreshold(CT).Inreal-
timePCR,eachroundofampliicationleadstotheemission
ofafluorescentsignalandthenumberofsignalspercycle
isproportionaltotheamountofHCV-RNAinthestarting
sample.20Thisallowstheaccurateandreproduciblequanti-
icationbasedonfluorescence.
The issueoffluorescent compoundsgenerates a signal

thatincreasesindirectproportiontoquantityofPCRprod-
uct.Therefore,thevaluesoffluorescencearerecordeddur-
ingeverycycleandrepresenttheamountofproductampli-
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ied.ThemostusedcompoundsarefluorescentSYBRGreen
andTaqManprobe.
Real-time PCR requires an instrumentation platform

thatconsistsofathermalcycler,computer,opticsforfluo-
rescenceexcitationandemissioncollection,anddataacqui-
sitionandanalysissoftware.
Theaimofthisworkistoevaluatereal-timePCROne-

StepmethodtodetecthepatitisCvirusgenotype1andtry
toestablisharelationshipbetweenS/COratioandPCRtest
results.

MATERIAL AND METHODS

Clinical specimens

FromOctober2008toAugust2009,bloodsampleswereob-
tainedfrom101blooddonorswithpositiveantibodyscreen-
ing for hepatitis C (ELISA – EIA-3; BiomeriéuxCo.) and
10donorswithnegativescreening.Allbloodsampleswere
negativeforothertestsmandatoryinbloodbankscreening
(ELISA).

Design of primers and probe (FAM – Assay with 
fl uorescent marker/MGB – Minor Groove Binder)

Theprimersandprobeforreal-timePCRusedinthisstudy
weredesignedinprimerexpresssoftware(AppliedBiosys-
tems)basedonHCV sequence.The sequencesofprimers
HCVarethefollowing:5´-CGGGAGAGCCATAGTGGT–3’
(HCV1F,position:130-147);5´-CGCGACCCAACACTACTC
–3´(HCV1R,position:256-273).Theprobesequencewas
selectedwithinprimerpairHCV1FandHCV1Randcit-
edatposition149-169,whichwasdesignedtobeperfectly
complementary to the target sequence in5´-NCRofHCV
genome.Thefollowingistheprobesequence:FAM–TGCG-
GAACCGGTGAGTACACC–MGB(HCV1P).Bothprim-
ersandprobeweresuspendedinDEPCWaterandstoredat
-20°C.

RNA extraction

ForpreparationoftotalRNAfromhumansera,weusedthe
QIAampViralRNAkitaccordingtomanufacturer’sinstruc-
tions(QIAGEN,Courtaboeuf,France). Inbrief,140µLof
serumwasincubatedwith560µLoflysisbuffercontaining
chaotropicsaltsandcarrierRNAfor10minatroomtem-
perature.Aftertheadditionof560µLofethanol,theprecip-
itatedRNAwasappliedontoasilica-basedspincolumnfor
puriicationandwasinallyelutedwith60µLofQIAamp
elutionbuffer.

Reverse transcription and amplifi cation

Thereversetranscriptionwasperformedusingamethodol-
ogyone-stepwithTaqManProbesReactionMix,containing
0,5µLSuperscriptIIIRT/PlatinumTaqMix;12,5µL(2xRe-
actionMix);0,5µLForwardprimer(10uM);0,5µLReverse

primer(10µM);0,1µLFluorogenicprobe(10uM);0,5µL
RNaseOut;<10µLTemplate(1pgto1µgtotalRNA)and
DEPC-treatedwaterto20µL.
Ampliicationwasperformedin20µLreactionmixture

containing TaqMan Universal PCRMasterMix, UNG,
DNTPs, a passive reference (6-carboxy-rhodamine;
ROX). Standard cycling program was: 15 min hold at
50°CforcDNAsynthesistemperaturemayrangefrom
42-60°C;2minholdat95°C;40cyclesof:15sat95°
C;30sat60°C.

Enzyme Linked Immunosorbent Assay Screening 
(ELISA)

TestingforHCVantibodieswasperformedwithathird
generation enzyme immunoassay (EIA-3; Biomeriéux
Co.) following the manufacturer’s instructions. S/CO
ratio(S=sampleratioandCO=Cutoffratio)wasde-
termined for all blood samples and, based on this, we
createdtwogroups:groupAinwhichS/COratiowas<
3,andgroupBinwhichS/COratiowas>3.Thisalgo-
rithmwasdeveloped inorder toestablish therelation-
ship between S/CO ratio and the probability RT-PCR
beenpositive.21

RESULTS

Linear range and limit of detection

Oncethestandardcurvehadbeencalculated,thesoftware
automaticallyquantiiedthenumberofHCVRNA,report-
ingtheCtofthesampletotheCtofthestandardcurve.The
correlation coeficient (R2)of the analysiswas above0.99
foralltheexperiments,fromacommercialstandardsample
(positivecontrol)withapre-establishednumberofcopies.
The standard curve was made using different concentra-
tions(rangingfrom310to310.000IU/mLor2,5to5,5Log)
showedinFigure1.

Figure 1: Standard curve of the HCV RNA concentration (log) 

in serial dilutions vs. cycle number (Ct). Each dot represents 

the results of triplicate PCR amplification for each dilution.
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DISCUSSION

Althoughtheriskoftransfusion-transmittedHCVhaspro-
gressivelydecreasedduringthepastfewdecades,thanksto
introductionofseveralpreventivemeasuressuchascareful
selectionofblooddonors,enhanceddonorquestioningfor
eligibilityandreinementinblooddonationscreening,and
stimulation to donor idelity, the implementation ofNAT
togetherwiththeexistingserologicalassayscanreducethe
residualriskofrecipient’sinfectionbyshorteningthewin-
dowperiod(temporalgapspanningfromthetimeofinfec-
tiontoseroconversion).Duringthisperiod,aninfecteddo-
normayharborlargeamountsofinfectionviralparticlesin
absenceofserologicalmarkersand/orsignsandsymptoms
ofanongoinginfection.Duetotherelativelylongseronega-
tivewindowperiodforHCVinfection,about82daysifus-
ingthethirdgenerationantibodytestavailable,inthisstudy
weshowedtheimportanceoftestingforviralRNA,which
enables detection 10days after infection and leads to safe
transfusions.
Polymerase chain reaction (PCR) is a powerful tool

fordetectionofminimalamountsofnucleicacids.Due
totheexponentialamplificationofthetargetsequence,it
hasexquisitesensitivity.Fewcopiesofanytranscriptcan
be readily detected, even against a high background of
unrelatednucleicacid.TheestablishmentofPCR-based
detectionmethodshasprovided thebasis for rapidand
reliabledetectionofviralnucleicacidsintheclinicalset-
ting.Itwasshownthatmonitoringvirusloadandkinet-
ics of virus proliferation have prognostic relevance for
thecourseofdiseaseandclinicaloutcome.22-27Theavail-
abilityofquantitativevirusdetectiontestsisthereforeof
paramount importance for the clinical management of
virusinfections.
MostassaysdescribedforthedetectionofviralDNAor

RNAisbasedontheuseofhydrolysisprobes,alsoreferred
toasTaqMan.Theprobesbindtothetargetstrandbetween
PCRprimers.Theyareduallylabeledwithafluorescencere-
porterdyeattachedtothe5´-end,aquencherdye,attached
to the 3´-end. When the reporter molecule on TaqMan
probeisstimulated,anappropriatelightsourcetoemitfluo-
rescence,theenergyistransferredtothequencher,thereby
suppressing theemissionoffluorescenceby thereporter.28

DuringPCR,whenDNApolymeraseextends theprimers,
thehybridizedprobesaresplitbytheenzyme5´exonuclease
activityandthecorrespondingquencherandreportermol-
eculesareseparated.Theenergytransferredtothequencher
moleculeisthusabrogated,andthereporterstartsemitting
fluorescence,whichcanbemeasuredattheendofeachex-
tensionstep.29Inwellestablishedassays,thereisalinearcor-
relationbetweenthenumberofreleasedreportermolecules
andthenumberofampliconssynthesizedduringeachPCR
cycle.Thiscorrelationservesasabasisforcalculationofini-
tialcopynumberoftargettranscript.

Figure 4: Samples with S/CO ratio &gt;3.

Inordertocomparethereproducibilitybetweenourtest
and a commercial test,we studied 24 samples by another
PCRmethod (AmplicorMonitor HCV RNA assay®,Ver-
sion 2.0, RocheDiagnostics,Meylan, France).All positive
sampleswereconirmedpositiveinbothmethods,showing
100%reproducibility(Figure2).
IngroupAsamples,fromatotalof60samples,onlyeight

(13%)werepositivebyreal-timePCRtest(Figure3).
Outof41positivesampleswithS/COratio>3,37sam-

ples(90%)wereconirmedpositivebyRT-PCRtestingroup
B,whilefoursampleswerenegative(Figure4).

Figure 3: Samples with&nbsp; S/CO ratio &lt; 3.

Figure 2: Comparison between Real Time RT-PCR vs. 

Amplicor Roche.
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Thismethodshowsseveraladvantages,suchasfastex-
ecutionandreducedriskofcontamination,duetothelack
ofpost-PCRprocessingsteps.TaqMantechnologyrequires
speciicconditionsforthechoiceofprimersandprobe:They
shouldhaveaTmdifferenceof10°C, theabsenceofgua-
nosineatthe5´aminoprobesequenceandanampliication
length ideallyunder100bp.Theampliconlength, together
withtherestrictiveconditionsofprimersandprobedesigns,
doesnotfacilitatetheassayusewithRNAviruses,inparticu-
lar,duetotheirgeneticvariability.ThedevelopmentofDNA
probeswithconjugatedminorgroovebinder(MGB)groups
hasallowedtheuseofshorterprobesinhybridization-based
assays. Interestingly, thedesignofanarraywithintherare
conservedregionof5´-UTRofHCVwasfacilitatedbythe
useofa3´-MGBprobe.
Inour laboratory, theTaqManquantitativeHCVassay

showedlinearityoverarangeof3,1x102to3,1x105IU/mL.
Thus,serumsampleswithaviralloadhigherthan310.000
IU/mLhave to bediluted.Thedetection limit of this test
canvaryasnotedinotherpublicationsthatshowedanesti-
matedlimitat550IU/mL30,31becausedifferentmethodsare
usedfordeterminingRNAconcentration.32-35

Trani et al.36 also used the technique of one-step real-
timePCRwithMGBprobetodetectavianinfluenzaviruses.
Thelinearcorrelation(R2)ofthatstudywas0.99,thesame
foundinourstudy,showinghighsensitivityoftest.Arruda
et al.,37evenusingadifferenttechnology,SYBRGreentech-
nique,toevaluatepatientswithHTLVI/IIinfection,madea
standardcurveusingserialdilutionsofplasmidinconcen-
trationsfrom100to105,gettingR2=0,89.
WangLu-Nanet al.,38throughtechnologyRocheCobas

Amplicormethod,evaluatedR2fordetectionofHCVand
wasabletodetectarangeof600to850,000IU/mL,unlike
thedatapresentedbyus,demonstratingthatthetechnique
usedbyourlaboratorywasmoresensitiveindetectinglow
levelsofviralload.
EIA results are reported as“reactive” or“nonreactive”

andEIAsignaltocutoff(S/CO)ratiomayalsobereported
as“high”or“low.”EIAS/COratio is a comparisonof the
opticaldensityofthepatient’spositiveEIAresulttotheop-
ticaldensityofthelaboratory’spositiveEIAcontrol.Ifthe
ratioishigh>3.0usingthemostwidelyemployeddiagnos-
tickits,ELISA,thepositivepredictivevalue(thatthepatient
trulyhasHCVantibodyintheblood)ofthepatient’sresult
ishigh,stillemphasizetheimportanceofconirmingthese
resultsusingPCRorRIBA.
Inourresults,wecouldobservethat90%ofthegroup

B samples (S/CO ratio> 3)was positive in the PCR test,
conirming the serological tests, but four samples did not
conirm the results obtained by ELISA; in contrast with
groupA,insixtysamplesofgroupB(S/COratio<3)only
8wereconirmedaspositivebyRT-PCR.Thereasonforthe
differenceinresultsbetweenthetechniquesisnotclear.We

cansuggestthatthesepatientshavelowviralloadinwhich
wasnotpossibletodetecttheRNA,asourtestshowedthe
detectionlimitof310IU/mL.Moreover,therearedatafrom
literatureshowingthatsomepatients,whodevelopedanti-
HCV,hadclearanceofviralRNAduringacuteinfection.39,40 
However,thissubjectneedtobemoreexploredandstudied.
Ontheotherhand,ourserviceuseasafetymarginof10%
oncut-off,meaning that the samplesnegativebyRT-PCR
and positive by ELISA, could bewithin thismargin, con-
irmingthedataobtainedbyRT-PCR.
InotherstudiesinBrazil,samplesrepeatedlypositiveto

EIA-2with S/CO ratio> 3were associatedwith 100%of
true-positiveresultsandhavearound92%ofpositivityfor
HCVRNAbyRT-PCR.41

Hence, through our study, we conclude that theOne-
Stepmethodologywas easy to apply, adding agility to the
PCRmethods with reliable results, and we can state that
thereisastrongpositiverelationshipbetweenS/COandthe
resultspresentedbyreal-timePCRinHCVdetection.
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