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To evaluatethecorrelationof detectionof humanimmunodeficiencyvirus(HIV) by polymer-
asechainreaction(PCR)with detectionofHIV antibody,271 simultaneousserumandperiph-
eral blood mononuclearcell sampleswereexaminedfrom 242 personswhoseactivitiesplaced
themat increasedrisk for HIV infection: 142from homosexualmen,86 from hemophilicmen,
and43 from heterosexualpartnersof HIV-infected persons.peRwasperformedusingthegag
regionprimerpair SK38/39andtheenv regionprimerpairsSK68/69andC071172.Amplified
HIV DNA wasdetectedusingspecificoligomerprobes.Of 63 mv antibody-positivesamples,
58 (92%) hadHIV DNA by PCR.Of 208 HIV antibody-negativesamples,7 (3.4%)hadmv
DNA by PCR.Onfollow-up, 4 ofof thelatterpersonswereseropositivewhennexttested;2 were
well andantibody-andPeR-negative;1haddiedofa strokebeforeretesting.Thus,PCRdetects
mv in mostantibody-positivepersons;detectionis increasedby useof multiple primerpairs.
PeR-positiveantibody-negativespecimensmay indicateHIV infection in which antibodyhas
notyetdevelopedor maybefalse-positivePCRresults.WhenPCRis discordantwith HIV anti-
body,testingofadditionalspecimensandclinical follow-up arenecessaryto assessHIV infection
status.

Sincetheintroductionof theenzymeimmunoassay(EIA)
with Westernblot confirmationfor detectionof antibodyto
thehumanimmunodeficiencyvirus (HIV) in 1985,thismethod
hasbeenthestandardfor identificationof HIV-infectedindi-
viduals. However,somepersonsmay beHIV-infectedwith-
outantibody,eitherbecauseit is earlyin thecourseof infection
[1] orbecauseno HIV antibodywasdetectedfor a prolonged
periodafter HIV infection [2, 3]. Suchcasesof HIV infec-
tion canbe identified by detectionof HIV by virus culture
orby antigendetection,butHIV cultureisexpensiveandtime-
consumingandantigendetectionhaslow sensitivity,particu-
larly in the asymptomaticperson[4].

AlthoughHIV DNA is presentin peripheralbloodmono-
nuclearcellsof infectedindividuals,it oftenis presentin such
smallamountsthatdirectdetectionwith DNA probesis not
feasible.Werecentlydescribedtheuseofthepolymerasechain
reaction(peR)techniquefor amplificationofDNA from pe-
ripheralbloodcellsofHIV-infectedpersonssothatdetection
can be performedwith radioactivelylabeledprobes[5].

In ourearlierstudy,wefoundthatPCRwasquitesensitive
in detectingHIV in personswith AIDS or severeAIDS-related
symptoms,but few sampleswere tested fromHIV-infected
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personswhohadmild symptomsorwereasymptomatic.Since
suchsubjectsmay be less likely to be culture- or antigen-
positive,weextendedandrefinedourPCRprocedurefor HIV
detectionin 271 samplesfrom HIV antibody-positiveper-
sonswithout AIDS or severeAIDS-relatedsymptomsand
from HIV antibody-negativepersonswhoseactivitiesplaced
them at increasedrisk for acquisitionof HIV infection.

MaterialsandMethods

Patient samples. Cell andserumspecimenswerecollectedbe-
tween1984and1988from participantsin four prospectivestudies
sponsoredby the Centersfor DiseaseControl (CDC): the Boston
PartnersStudy,aprospectivestudyof 329homosexualandbisexual
menandtheir sexpartners[6]; theSanFranciscoCity Clinic Co-
hortStudy,aprospectivestudyofhomosexualandbisexualmenwho
originally participatedin studiesof hepatitisB between1978and
1980[7]; theTransfusion-AssociatedAIDS Study,amulticenterstudy
of personswho becameHIV-infectedthroughbloodtransfusionor
theirsexpartners[8]; andtheHemophilia/AIDSCollaborativeCo-
hort Study, a prospectivestudyof menwith hemophiliaandtheir
wives[9]. Samplesweretestedto assessthefrequencyofHN DNA
in specificpopulationsat risk andthereforearenot representative
of theoverall studypopulations.Personswereexcludedif theyhad
AIDS or severeAIDS-relatedsymptoms;theseincludedpersistent
generalizedlymphadenopathy(CDC classIII), fever, weight loss,
or diarrhea(CDC classIV-A), thrush,oral hairy leukoplakia,her-
peszoster,Salmonella bacteremia, nocardiosis,or tuberculosis.

Laboratory procedures. Serumspecimenswere assessedwith
commercially available EIA (Abbott Laboratories,Chicago, or
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* Somepersonsinitially seronegativewere later testedwhen seropositive.

Table 2. Concordanceof humanimmunodeficiencyvirus (HIV)
antibodyanddetectionof HIV DNA by polymerasechainreaction
(PCR).

Table 1. Characteristicsof personsstudied.

HN antibodystatus

Group (n) Positive Negative Total

Homosexualmen (117) 33 109 142*
Hemophilic men (82) 28 58 86*
Heterosexualpartnersof

Transfusion-associated
AIDS cases(18) 2 16 18

Hemophilic men (25) 0 25 25
Total (242) 63 208 271

they were known to havesubsequentlyseroconverted[13].
Seventy-eighthomosexualmen were selectedbecausethey
hadprobableexposureto HIV-infected persons(>250 life-
time sexualpartners).Theyhadbeenfollowed a meanof 25
± 13 monthssincethedateof the sampletestedwithoutde-
velopingHIV antibodyorclinical evidenceofHIV infection.

Thereplicatesampleswerediscordantin only threecases;
in eachofthesethereplicateshowingalabeledcleavageprod-
uct wasextremelyfaint. However,becauseno labeledprod-
uct could be seenon the replicate gel, the sample was
considerednegative.All threeof thesesampleswere from
HIV-seronegativepersons.

Overall, HIV DNA wasdetectedby PCRin 58 (92%) of
63 HIV antibody-positivesamples(table2). Of the 58, 51
weredetectedby SK38/39.No furtherpositiveswereidentified
by SK68/69;however,sevenadditionalpositivesweredetected
with the CaJl/72 primer pair. Thusfive personshadPCR-
negativesamplesthatwerenegativewith all threeprimerpairs.
PCRofhumanleukocyteantigen(HLA) genesequenceswas
positivein all five of thesesamples.A subsequentcell sam-
ple was availablefrom oneof thesemen and this was also
PCR-negative.Subsequentserumsamplesfrom four of these
menwerealso HIV antibody-positive;the fifth was lost to
follow-up.

HIV DNA wasdetectedin 7 (3.4%) of208samplesin which
therewasno detectableHIV antibody.Thesesampleswere
from 7 different persons. Two homosexualmen and 2
hemophilicmen'Yereseropositivewhentested5, 11, 12,and
21 monthslater. A third hemophilicmanhadanintracerebral

4*/109 (3.7)
3/58 (5.2)
0/41 (0)

7*/208 (3.4)

Antibody-
PCR+/total(%)

31/33 (94)
25/28 (89)
2/2 (100)

58/63 (92)

Antibody+
PCR+/total (%)

NOTE. + = positive - = negative.
* Includestwo false-positivepeR results.

Subjects

Homosexualmen
Hemophilic men
Heterosexualpartners

Total

GeneticSystems,Seattle)andconfinnedby immunofluorescenceas-
sayorWesternblot interpretedby standardcriteria[10]. Serumspec-
imensoriginally testedwith pre-1987testkits wereconfinnedwith
currentlyavailabletestkits.

Detection ofHW DNA by peR. Peripheralbloodmononuclear
cellswereseparatedby centrifugationonaficoll-hypaquegradient
andfrozenin 10%dimethylsulfoxide(DMSO) at -170°Cuntil as-
sayswereperfonned.DNA was isolatedfrom cells by lysis with
a buffer containing10 mM Tris-HC1, pH 8.3, 2.5 mM MgCh, 50
mMKC1, 0.45%nonidetP-40,0.45%Tween20, 100J'g/mlgelatin,
and100ILg/ml proteinaseK; thefinal concentrationof thecells in
the lysis solutionwas 6 X lQ6/ml.

Positivedisplacementpipetteswereusedto minimizesamplecar-
ryover,andsampleswerepreparedin adedicatedexternallyvented
hood.TheDNA preparationwasincubatedat56°Cfor 60min, fol-
lowedby heat-inactivationof proteinaseK at95°Cfor 10min. The
DNA preparationwasthensubjectedto PCRusingthe following
procedure:A primerpair for thegag regionof HIV-l, SK38/39[5,
11], wasusedto subject1 pg of the DNA preparation(equivalent
to 1.5 X lOs cells)with 2.5 unitsof Thermus aquaticus DNA poly-
merase(providedby Cetus,Emeryville,CA) to 35 roundsof PCR
in avolumeof 100ILL Reagentconcentrationsof the final reaction
mixturewere:10mMTris-HC1,pH8.3;200ILM (each)dATP,dCTP,
dGTP,andthymidinetriphosphate;1 pM (each)SK38 andSK39;
2.5 mM MgCh; 50mM KC1; and100ILg/ml gelatin.Cycling con-
ditionswereroomtemperatureor60°C(afterthefirst cycle)to 95°C,
90 s; 95°C,20 s; 95°Cto 55°C, 90 s; 55°C, 30 s; 55°C to 60°C,
120 s.

Amplified HIV DNA wasdetectedusingthe32pend-labeledgag-
specificoligomerSK19 [5]. Sampleswerehybridizedwith the la-
beledprobe in solution; thesewere thendigestedwith BstNI to
producealabeledcleavageproductthatwasvisualizedby electropho-
resisona20% polyacrylamidegel. Autoradiography,revealingthe
labeleddiagnosticfragment,indicatedapositivetestresult.A sec-
ondprimerpair, SK68/69[5], for the env (gp41) regionof HIV-l,
was usedif SK38/39 was negative.An end-labeledenv-specific
oligomer,SK70[5], wasusedasaprobefor detectingtheamplified
env regionproduct.Sampleswereexaminedin duplicate;only if
bothPeRreactionproductswerepositivewasthespecimenreported
aspositive.Positiveandnegativecontrolswereincludedin eachset
of samplestested,andPCRlaboratorypersonnelwereunawareof
the resultsof antibodytestingof patientspecimens.

In caseswhereantibody-positivesampleswerenotPCR-positive
with eitherSK38/39or SK 68/69,samplesweretestedwith a sec-
ond env regionprimerpair, Cml/72, andprobedwith the probe
Cm5 [12]. This primerpair recognizessiteson the gp120region
oftheenvelopegene.Sincehybridizationof thisprobewith theam-
plified segmentdoesnotyield arestrictioncleavagesite,hybridiza-
tionwasperfonnedonanitrocellulosepaper(slot-blotmethod)[12].
Positiveandnegativecontrolswere includedin eachexperiment;
samplesthathybridizedto yield astrongersignalthanthenegative
control wereconsideredpositive.

Results

The characteristicsof the personsstudiedand their anti-
body statusareshownin table1. Twenty-sevenhomosexual
menand12hemophilicmenwereselectedfor testingbecause
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hemorrhage3 monthsafter being testedanddied beforehe
couldbe reevaluated.He hadbeenexposedto known HIV-
contaminatedlots of factor VIII and had 266 helper T
cells/mm3

•

Theothertwo PCR-positive,seronegativepersonswereho-
mosexualmenwhosecell sampleswereobtainedin 1985.Both
werealsoHIV p24antigen-negativeatthattime. Theextracted
DNA from the first patientwas positive with SK38/39but
notwith SK68/69or CaJl/72.A repeatsamplefrom thesame
datein 1985wasHIV-negativeonPCRwith all threeprimer
pairs(PCRwaspositivefor HLA). Follow-upcells in 1987
and1988werealsoHIV-negativeonPCRwith all threeprimer
pairsbut HLA-positive on PCR. He remainsseronegative,
antigen-negative,and asymptomatic,with normal numbers
ofT helpercells.Thesecondmanalsohada repeatcell sam-
ple from 1985tested;it waspositiveby PCRwith all three
primerpairs.Follow-upcells in 1988wereHN-negativeon
PCRwith all threeprimerpairs(HLA waspositiveonPCR).
This manhasalsoremainedseronegative,antigen-negative,
and asymptomaticwith normal numbersof T helpercells.

Discussion

Identificationof HN infectionby directdetectionof HIV
hasseveraltheoreticaladvantagesover identificationof in-
fectionby antibodydetection.Antibodytakesweeksto months
to develop[1, 13] andmaynotdevelopin all infectedpersons
[2, 3]. Also, assessmentof HN infection by virus culture
or antigendetection,while quite specific, is expensiveand
time-consumingandmaylackthenecessarysensitivityto as-
surea patientthatheor sheis uninfected.Wecomparedde-
tectionof HN DNA by PCRwith HIV antibodydetection
to assessthecorrelationof thesetwo testsandto assessthe
utility of PCRin identifying HIV infection in personswho
areHIV antibody-negativedespiteactivitiesthatput themat
risk for infection with HIY.

PCRdetectedmv in 58 (92%) of 63 HN antibody-posi-
tive samples.Our previousreport suggestedthat the useof
multiple primerpairswould increasethesensitivityof PCR
[5], andthis wasalsotruein thepresentstudy.Why thendid
PCRfail to detectHIV DNA in five seropositivepersons?
While improper storageof samplesmight lead to degrada-
tion of DNA anda false-negativeresult, this was excluded
by successfulPCRamplificationof HLA geneproductin the
samples.A secondpossibility,thatvariationin HN sequences
targetedby the primer pairs had resultedin elimination of
the enzymerestrictionsite, was investigatedby performing
direct gel analysisafter solutionhybridization; noneof the
sampleswerepositive.

Otherstudies,usingthe sameprimerpairs,havereported
theability to detectHIV DNA by PCRin 97%-99%of HIV
antibody-positivepersons[2, 14]. However, the patients,
wherespecified,had more advancedHIV diseasethan the
patientsin thepresentstudy.We believethe mostlikely ex-

planationfor failure to detectHIV DNA in a seropositiveper-
sonis thepresenceofHIV DNA ata levelbelowthesensitivity
of thePCRamplificationtechnique.Sincelow levelsof HIV
aremore likely to be found in asymptomaticpatients[15],
concordancebetweenPCRandantibodymight be expected
to be less in our study population.

In 208 samplesfrom HIV-seronegativepersons,PCRde-
tectedHIV DNA in 7. Fourpersonshadseroconvertedwhen
seenat thenext studyvisit. A fifth PCR-positive,seronega-
tive samplewasfrom ahemophilicmanstudiedin 1984who
died 3 monthslaterof a cerebralhemorrhage.It is possible
that he was in the processof seroconverting,but this could
not be determined.While we detected4 (and possibly 5)
seroconvertersin 202seronegativepersonswith behaviorsthat
putthematincreasedriskofacquiringHN infection,39(19%)
ofthe202personswerespecificallyselectedbecausetheyhad
seroconvertedat the time of their next sample.Becausethis
rateof seroconversiongreatlyexceedsthatof any groupyet
reported,theapparentrateofPCR-positiveantibody-negative
infections,4 (2%) of 202, cannotbetakenasanestimateof
the frequencyof PCR-positiveantibody-negativeinfections
in eventhe highestrisk population.

Two otherseronegativepersonshadHIV DNA detected;
both werehomosexualmenwith >500lifetime sexualpart-
nersand thus hadpresumablybeenexposedto HN; how-
ever,bothremainantibody-negative,PCR-negative,andwell
3 yearslater. Thesetwo positivePCRresultsmusttherefore
be consideredfalse-positives.

False-positivePCRresultsmay be causedby contamina-
tion with HN DNA duringprocessingor by specimenmis-
labeling.Contaminationcanoccurif minuteamountsofmv
DNA areaerosolizedorcarriedoveronpipetteplungers.For
this reason,we routinely usepositivedisplacementpipettes
andprocesssamplesin a dedicatedexternallyventedhood.
Despitetheseprecautions,2 (3%) of65 PCR-positiveresults
werefalse-positives.It is alsopossiblethatthepositivePCR
resultsbeforeseroconversionwerefalse-positives,sinceex-
posuresto HIV continuedto occurafterthefirst samplewas
obtained.ThusneitherPCRnorantibodytestingis completely
specificfor detectingthepresenceofHN infection.Whenever
thetwo arediscordant,testingof a secondsampleandclini-
cal follow-up are advised.

False-positivetest resultsmight be reducedby a stricter
definition of PCRpositivity, suchas a positive result with
primerpairsfrom two or threegeneregions.Thiswouldhave
eliminatedone of our two false-positives;however,sucha
definition would greatly increaselaboratory work load.
Moreover,thenumberof indeterminatetestresultswould in-
crease,making clinical interpretationdifficult.

Thetwo menwith false-positivePCRresultswerefrom a
groupof 78 seronegativehomosexualmenselectedbecause
of extensivehigh-riskexposureto HIV. They werethe only
menin this groupto havea positivePCRtest. Moreover,41
antibody-negativeheterosexualpartnersofHIV-infectedper-
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sonswerealsopeR-negative.Thusthe persistenceof HIV
infection without the developmentof antibody,ashasbeen
reportedby others[2,3], wasnotseenin ourstudy.Wecon-
cludethat this phenomenonis uncommon,evenin persons
with many exposuresto HIV.
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