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Polymerasechainreaction(PCR)wasusedto detecthumanimmunodeficiencyvirus (HIV)-
1 DNA in peripheralbloodmononuclearcells to assessin hemophilicmenwhetherany
wereHI V-seropositivebutuninfectedor seronegativebut infectedandin seronegativesex
partnersof seropositivehemophilicmenwhetherany were infected.Of 40 seropositive
men,38 (95070)werePCR-positive;onewasPCR-indeterminateandonePCR-negative.
Noneof 41 seronegativemenwho usedonly donor-screened,virus-inactivatedcoagula-
tion factorproductswerePCR-positive.However,two of six who receivednoninactivated
productswerePCR-positive;onehadlow T-helpercell countsanddiedof unrelatedcauses
andtheotherhadseroconverted11 molater.PCRwith asecondprimerpairalsodetected
HIV-l DNA in thesetwo men.Noneof 25 seronegativefemalesexpartnersof seroposi-
tive men, including six men with AIDS and sevenwith AIDS-relatedsymptoms,were
PCR-positive.ThesedatasuggestthatmostseropositivehemophilicmenareHIV-infected;
whethersomeareinfectedwith defectivevirus remainsto be resolvedasdoesthe infec-
tion statusof seropositivePCR-negativemen. Identificationof two seronegativePCR-
positivemensupportsthepossibilitythatHIV-l DNA canbedetectedbeforeseroconversion.

Hemophilicmenreceivingcoagulationfactor con-
centratesproducedfrom US plasmadonationsbe-
tweenabout1980and1984wereathighandincreas-
ing risk of infectionwith humanimmunodeficiency
virus (HIV) [1, 2], indicatingwidespreadandincreas-
ing contaminationof theseproducts.Since 1985,
donorsof coagulationfactor productshave been
screenedfor HIV antibodiesand theseproducts
virus-inactivated;however,mosthemophilicpatients
using coagulationfactor productsmadefrom US
plasmadonationshad alreadybeeninfectedwith
HIV, andan increasingproportionof thoseso in-
fectedaredevelopingAIDS [3]. We useda newtech-
nique, polymerasechain reaction(peR) [4, 5], to
detect HIV-l genetic material and addressthree
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recurringquestionsconcerningthehemophilicpopu-
lation.

First, did any HIV-seropositivehemophilicper-
sonsseroconvertbecauseof thepresenceofdisrupted
HIV renderednoninfectiousby processingrather
thaninfectionwith viablevirus [1, 2, 6]?Thesequen-
tial stepsused to partially purify and lyophilize
coagulationfactor concentratesdecreasethe infec-
tivity of HIV and other retrovirusesby 1 or more
logs [7, 8]. Moreover, this possibility may explain
thevariability in HIV symptomsandtheapparently
low rate of progressionto AIDS within the HIV-
seropositivehemophilicpopulation[1] (summarized
in [6]). IfsomeHIV-seropositivemenarenot infected
with HIV, theycouldprovidevaluableinformation
concerningthe effectsof vaccinationwith HIV vi-
ral antigens.

Second,why did somepersonsexposedto coagu-
lation factorproductsbetween1980and1984remain
HIV-seronegative?In documentedinstancesof ex-
posureto knowncontaminatedlots, notall exposed
personsseroconverted[9, 10]. Exposedbutseronega-
tive individualscouldpossiblybeinfectedwith HIV
despitetheir lack of antibodyproduction:For ex-
ample, personswho seroconvertwhile using only
donor-screened,virus-inactivatedcoagulationfac-
tor productsmay havebeenpreviouslyinfectedby
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non-virus-inactivatedproducts[11, 12] (unpublished
data).HIV viruspositivity in seronegative, clinically
well personsis rare[13-16] but might bemorecom-
mon in HIV-seronegativerecipientsof non-virus-
inactivatedblood factor concentrates.

Third, areany HIV-seronegativesexpartnersof
HIV-infected hemophilicmen infectedwith HIV?
Although many such coupleshave frequent, un-
protectedsexualintercourse,theHIV seroprevalence
ratefor sexpartnersof seropositivehemophilicmen
continuesto be a relatively low 10070-20070[17-19].
Also, in someinstancesthesexpartnersofeitherho-
mosexualor hemophilicmenremainedhealthyand
HIV-seronegativebutculture-positive[15, 20,21]. In
a recentstudy,4 of 16 seronegativesexpartnersof
seropositivepersonshadHIV geneticmaterialin the
DNA of their peripheralblood mononuclearcells
(PBMCs); however, information concerningpar-
ticipant selection and characteristicswas not
provided[22]. Thusthefrequencyof a seronegative
virus-positivestatein sexpartnersof HIV-infected
men remainsto be resolved.

Participantsand Methods

WetestedPBMCsfrom participantsin two longitu-
dinal studies:28 factor VIII concentraterecipients
and40factor IX concentraterecipientswho wereen-
rolled in a cohortstudyin 1984andfollowed at 12-
to 18-mointervalsthereafter[9] and25 seropositive
husband-seronegativewife pairs enrolled in a
hemophilichouseholdstudyin which participants
wereaskedto returnyearly[17, 19]. Thecohortstudy
participantsincluded 20 personswho were HIV-
seropositiveand48whowereseronegativeatenroll-
ment;halfhadreceivedcoagulationfactorfrom lots
known to containplasmafrom a donor who later
developedAIDS. Themenfrom hemophilichouse-
holdsincluded6 with AIDS, 4 with persistentgen-
eralized lymphadenopathy,3 with HIV-related
constitutionaldiseaseor secondarynon-AIDSinfec-
tions, and 12 without HIV-relatedsymptoms[23].
Six seropositiveasymptomaticmenwereenrolledin
bothstudies;thusthetotalof seropositiveindividu-
als was 40.

PBMCsandDNA wereisolatedfrom participants
andsubjectedto PCRaspreviouslydescribed[4],
with somemodifications.PBMCs were lysedwith
a buffer containing 10 mM Tris HCl (pH 8.3),
2.5 mM MgCb, 50 mM KCl, 0.45070NonidetP-40,
0.45%Tween20, 1 J.1g of gelatin/ml,and100J.1g of
proteinaseKim!. The DNA preparationwas incu-
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batedat 56°Cfor 1 h andthenat 95°Cfor 10min.
PBMC DNA (l J.1g, representingDNA from 150,000
cells) wassubjectedto 35 roundsof amplification
and detectionusing primer pair SK38/29and 32p_
labeledSK19 probeaspreviouslydescribed[4, 24,
25]. All testingwith this primerpair wasdonewith-
out knowledgeof otherlaboratoryresultsor clini-
cal findings. On the basisof experimentsin which
seriallydilutedHIV-l plasmidDNAs of knowncopy
numbers(0-105

) werespikedwith 1J.1gofDNA from
aseronegativepersonandwereamplifiedin thesame
manneras for DNA from unknownspecimens,we
estimatethatwith this primerpair we candetectas
few as 20 viral copiesper 150,000cells.

A secondprimerpair, C071(TGTGGAGGGAAT-
TCTTCTACTGTAA) and C072 (TATAGAATT-
CACTTCTCCAATTGTCCCTCAT), designedfor
the amplificationof a 320-basepair (bp) segment
of theenv geneof HIV-l, wasusedfor theDNA of
oneseronegativePCR-positiveparticipantand for
sevenseropositivepersonswho werePCR-negative
with the first primerpair. Amplified DNA (10% of
the amplificatioJlproducts,10 J.11) waselectropho-
resedin a 5070 polyacrylamidegel, transferredonto
a nitrocellulose·filter, and hybridizedwith a solu-
tion containing10 mM Tris HCl (pH 7.6), 0.9 M
NaCl, 6mMEDTA, 0.25070(wt/vol) nonfatdry milk,
and32P-labeledC075oligomer(CAAATATTACA-
GGGCTGCTATTAACAAGAGATGGTGGTAA)at
37°Cfor 1 h. The filter waswashedthreetimes, 10
min each,at 37°C with a solutioncontaining2x
SSC(30 mMNaCI and3 mMsodiumacetate)and
0.1070 sodiumdodecylsulfate(SDS).The filter was
exposedto Kodak X-OMAT film (Rochester,NY)
at - 70°C for 16 h.

Simultaneouslycollectedserumspecimenswere
testedfor antibodyto HIV by Westernblot analysis
[9]. Serologicreactionswith the41-kilodalton(kDa)
proteinof HIV or with the25-kDaproteinin associ-
ationwith a reactionto anyotherHIV protein(18-,
53-, 65-, or 1l0-kDa) werescoredas positive; lack
of reactivity to the 18-, 25-, and41-kDaHIV pro-
teinswasscoredasnegative.Ninety-fiveof thesam-
pleswerealsotestedfor HIV antigenwith the Ab-
bott (NorthChicago)enzymeimmunoassay;results
wererecordedasnegative,positive,or indeterminate.

Results

TherelationbetweenPCRresultsandHIV antibody
and antigen status for hemophilic men in both
studiesis shownin table1. Therateof concordance
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Table 1. Results of polymerasechain reaction (peR)
detectionof HIV-l DNA in HIV-seropositiveand -sero-
negativehemophilic men.

PCR results
HIV antibody/antigen
status(n) Positive Indeterminate Negative

Positive
Positive(4) 4 (100) 0 0
Indeterminate(7) 7 (100) 0 0
Negative(23) 22 (95.7)* 1 (4.3) 0
Untested(6) 5 (83.3)* 0 1 (16.7)

Totalt (40) 38 (95.0) 1 (2.5) 1 (2.5)
Negative

Positive(0) 0 0
Indeterminate(1) 1 (100) 0
Negative(45) 1 (2) 44 (98)
Untested(1) 0 1 (100)

Total:l: (47) 2 (4) 45 (96)

NOTE. Data are given as number(%).
* Fourseropositiveantigen-negativeandoneseropositiveantigen-

untestedparticipantswerePCR-negativewith primerpair SK38/39
but PCR-positivewith primer pair C071172.

t Six seropositivehemophilichouseholdstudyparticipantswere
not testedfor HIV antigen.

:I: Oneseronegativecohortstudyparticipantwasnot testedfor HIV
antigen.

betweenantibodystatusandPCRresultsdid notdif-
fer for cohort studyand householdstudy partici-
pantsand was 95070 (83/87) overall.

Seropositive hemophilic men. Thirty-three(83%)
seropositivemenwerePCR-positivewith primerpair
SK38/39andsevenwerenegative.Of these,five were
PCR-positivewith primerpairC071/72,onewasin-
determinate,and onewasnegative;all usedfactor
VIII concentratesbetweensemi-andbimonthlyand
two, includingtheonewhowasPCR-indeterminate,
werecohortmemberswho receivedproductsfrom
lots thought to be contaminatedwith HIV [9].

SubsequentPBMC sampleswere available for
PCRassessmentfrom two of the five menpositive
with thesecondprimerpair; oneof thesewasPCR-
positivewith primerpair SK38/39.An earliersam-
ple from anotherof the five wasalsoPCR-positive
with this primer pair. The PCR-indeterminateand
PCR-negativeindividualswould not provideaddi-
tional bloodsamples;nocellsremainedfrom either
person'sinitial bloodsamplefor eithercocultivation
or DNA extraction.

Noneof the sevenwho werePCR-negativewith
the first primer pair hadsymptomsof HIV infec-
tion at the time PBMCsweredrawnfor PCRtest-
ing; oneof thefive who werePCR-positivewith the
secondprimerpair hadHIV-relatedsymptoms[23]
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at his latestevaluation(in 1988for four persons,in
1987 for the other). In January1989, the PCR-
indeterminateindividual washealthybut hadmild
axillary lymphadenopathyandlingual leukoplakia;
thePCR-negativeindividualwasalsohealthy.Symp-
tomatologyin thesevenPCR-negativewith thefirst
pair did not differ significantlyfrom thatof the33
who werePCR-positivewith primerpair SK38/39:
8hadAIDS and4 hadotherHIV-relatedsymptoms
atthetimePBMCsweredrawnfor PCRtesting,and
11 hadAIDS and3hadotherHIV-relatedsymptoms
at thelatestevaluation.Therewerenoobviousdiffer-
encesby PCRstatusin numbersof T helperlym-
phocytes[T(h)] or ratiosof T helperto T suppres-
sor [T(s)] cells.

Seronegative hemophilic men. No personssero-
negativewhile using only donor-screened,virus-
inactivatedconcentrates(n = 41)werePCR-positive.
Two otherswhowerestill usingnon-virus-inactivated
productsat the time of testingwere ｐｃｒｾｰｯｳｩｴｩｶ･Ｎ

Both weretestedfor the presenceof HIV antigen;
one was antigen-negativeand one was antigen-
indeterminate.Both were frequentusersof factor
VIII concentrateandrecipientsof productsfrom sus-
pectedcontaminatedlots [9].

Theantigen-indeterminateperson,a22-y-old,had
detectableHIV antibodiesathisnextevaluation(11
mo later)butwasin goodhealthasof August1988.
A secondPBMCsampledrawnafterhehadserocon-
vertedwasPCR-positivewith primerpairSK38/39.
His T(h) countwas618/mm3 andT(h):T(s)ratiowas
0.4 at initial testingand576/mm3 and0.6, respec-
tively, after seroconversion.

ThePCR-positiveantigen-negativepersonwas66
y old at initial evaluationanddiedof a cerebrovas-
cularaccidentbeforehisnextscheduledevaluation.
His T(h) countwas266/mm3 andT(h):T(s)ratiowas
0.5.An independentlyprocessedvial of PBMCsob-
tainedonthesamedataasthefirst samplewasalso
PCR-positivewith primer pair SK38/39and with
primer pair C071/72.

Couples. No seronegativesexpartnersof sero-
positivehemophilicmenwerePCR-positive,irrespec-
tive of thehemophiliac'sHIV-relatedhealthstatus.
Five (28070)of 18 husbandsand0 of 15 wivestested
for HIV antigenwerepositiveor indeterminate.Of
the25couples,24still hadvaginalintercourseat the
time PBMCs were drawn; 12 also reportedhaving
oral intercourse.Onecouplehaddiscontinuedsex-
ualactivity in 1981,1hadintercourselessthanonce
a month, 20 had intercoursetwo or more times a
month,and3 werenot askedto specifyfrequency.
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Sixteenspecifiedhavingunprotectedintercourse,5
usedcondoms100/0-1000/0of the time, and4 were
not askedto specifycondomusage.

Discussion

We useda relativelynewtechnique,PCR,to search
for HIV-l DNA sequencesin PBMCsof hemophilic
menand their sexpartners[4, 5, 25]. Threeques-
tions were addressed.

First, wereseropostivehemophilicmenalsoPCR-
positive?Most (830/0)wereindeedPCR-positiveby
useof primerpair for thegag region;however,7were
PCR-negativewith this primer pair. Five of these
werePCR-positivewith a secondprimerpair for the
env region,onewasPCR-indeterminate,andonewas
PCR-negative.

Thesediscrepanciesbetweenprimer pairs were
probablydueto the limits of PCRsensitivity (i.e.,
too few cellswereinfectedor too few HIV DNA cop-
ies werepresentto bedetectedwith the first primer
pair) ratherthanto a trueabsenceof HIV infection
anda false-positivereactionwith thesecondprimer
pair because:At leasttwo of thesepersonsreceived
contaminatedproduct[9]; all sevenreceivedcoagu-
lation factor concentratesduringa periodof wide-
spreadcontamination[1, 2]; all receivedfactorVIII
products,which aremorestronglyassociatedwith
HIV seroconversionandAIDS thanare factor IX
products[26]; oneof two testedwas PCR-positive
with the first primer pair on a subsequentsample;
onewasPCR-positivewith the first primer pair on
anearliersample;andanotherlaterdevelopedsymp-
toms of HIV infection.

The longitudinaldesignof the cohortstudywill
permit us to follow the two who were not PCR-
positivewith eitherprimerpairto determinewhether
they might be not infected with HIV but "im-
munized"with inactivatedvirus [6] andto clinically
evaluatethepossibilitythatsomePCR-positiveper-
sonswere infectedwith defectiveHIV-l. However,
thepresentdatasuggestthesepossibilitiesaredoubt-
ful and,indeed,thatall seropositivehemophilicper-
sonsshouldconsiderthemselvesinfected.

Second, were any seronegativeasymptomatic
hemophilicmenpositiveby PCRtestingfor HIV-l
DNA? No personswho remainedseronegativein
1985 while receiving only donor-screened,virus-
inactivatedcoagulationfactor productswerePCR-
positive,consistentwith otherdataon thesafetyof
theseproductsin termsof HIV. Two of six seronega-
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tive individualstestedwhile still onunscreened,non-
treatedproductswere PCR-positive;one serocon-
verted within 11 mo and the other's death from
non-HIV-relatedcausesprecludedfurther assess-
ment.Additional PCRtesting,includingtheuseof
asecondprimerpaironone,substantiatedthatthese
personswereHIV-l DNA-positive.Theseresultssup-
port the relative safety of donor-screened,virus-
inactivatedcoagulationfactorproductsandindicate
thatHIV-l DNA cansometimesbedetectedbefore
seroconversion.

Third, were any seronegativesex partners of
seropositivehemophilic men positive by PCR for
HIV-l DNA? Theratesof seropositivityfor sexpart-
ners of hemophilic men remain at 10%- 20%
[17-19]. Moreover,HIV or HIV DNA hasbeeniso-
lated from HIV-seronegativesex partnersof HIV-
infectedmen[15, 20-22].Weassessed25coupleswho
hadvaginalintercouseandin which the menhada
full rangeof HIV symptoms.No womanwasposi-
tive by PCR, but our samplesize permits only a
16.6% upperlimit to the 95% confidenceinterval
for thepossiblerateof infectionin seronegativesex
partnersof hemophilicmen [27]. Also, this finding
by no meansindicatesthat sex partnersof HI V-
infectedmenareat low risk of HIV infection.How-
ever,it shouldbeextremelyreassuringfor seronega-
tive womennolongerhavingunprotectedintercourse
with HIV-infected hemophilicmen.
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