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Human imuunedeficiency vir (HIV) RNA was detected and qoantiBed In the scrom of HIV
scropositive Indivlduals using the polymersse chaln senctlon (PCR) and 6 nondsotoplk cozyme-
lisked affinlty sssay, O 55 HIVinfocted paticats who were not recedviog therapy, serum HIV
RNA way detectedin 9 of 19 who were asymplomatic, 11 of 16 with AIDS-reisted omplex (ARC),
and 18 of 20 with AIDS, with copy nurmbers fanglng from 16° tp 5 % 1047200 pl of serum based
on 4 relntionship between absorbance mnd known copy number of gay gene RNA. Lincar regres-
slon analysls demonstrated » correlation Befween infectious titer in 42 patient e coculiured
with dovor periphernl bleod mononuciear ecily (PBMC) and PCR product absorbancs {r = 70,
P < 08). Serum HIY RNA detected by PCR abo correlated with serum p24 antigen positivity,
CD4 counts <400/, and the presence of HTVorclated symptoms or disease, Quantification
of Infectiovs HIV RNA b coli-free serunm by PCR may be usefnl ay & oacker for discase progres-

sien or in monitorlog antiviral therapy.

Quontification of viremia ju buman immunodeficicncy vi-
rus (HIV) infection may be an important siep in vederstand-
ing both pathogenesis and treatment In patients with AIDS.
Recently, quantitative plasma caltures have been shown to
conelale with clizical disease, immunologic impaiyent, and
quantitative assays of p24 core protein In the circulation i,
2], Cadtare techniques may be limited by the requircment for
rupid processing, the varinbility in phyt ohcmapg hutinin (PHA)-
stimutated donor cells, the long-term maintenance of infec-
ticus virus in culnre, and the vagation in the ability of clinical
isolates of HIV to replicate in culure,

With the devclopment of molecular techniques such ns penc
amplification, jt has become possible to detect small nwm-
bers of HIV DNA or RNA copies. The polymerasc chain reac-
tion (PCR) bas been widely applied to the detection of HIV
provirad DNA snd RNA frem peripheral blood mopopuelear
cells (PBMC) in scropositive patients [3, 4), In addition, HIV
RNA bas been detected in plasma {5] by extraction of RNA,
reverse transcription, and ¢DNA PCR.

Here we describe 2 method to detect and quantitate HIV
RNA in patient serum vsing gena amplification of an HIV-
spetific gag genc sequence and quantitation of the product
with a nonisolopic enzyme-linked affinity assay.
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Patlents nnd‘ Methods

Whole blood samples were obtaised by venipuncture from 15
seroncgative healtlry controls aod 55 HIV-infected peticnts. HIV-
sexopositive paticats were clinfeally axsessed sccording Lo the Corters
for Discase (CDC) eriteria {6]. Nine were nsyroptorantic, 16 had

AIDS-sedated commplex (ARC), and 20 et the CDC criteria for AIDS. -

Theac corresponded to CDC clasy I, Ta, and I': and IVd, Fespec-
tively. No HEVeinfecied paticnt was receiving antirctrovisal therapy
at the thme of specimen collection, Serum was scparated within 1 b
and stored at ~70°C until use.

RNA extraction, reverse transcriprion, and amplificasion of ¢cDNA.
Totad RNA from 200 pl of serum way extracted vsing guanidiniom
thiocyanate arxd reverso transceibed with M-MLY reverse transcrip-
tasc by methods previsusly described [7, 8], Oligomers used for PCR
Included SX38, SK39, SK19, and SK145, all of whosc sequences have
been published previously [9). Biotinylation of prizoer SK38 and
horseradish perooddase (HRP) labellng of probe SK19 wero done
as described [10). PCR was carvied outina 100-pl reaction volume
as previously described (1] for 30 cycles of amplification in 8 DNA
theamal eycler (Perkin-Blmer Cetos, Norwalk, CT) with the following
progeame 95°C for 30 3, 55°C for 30 s, 72°C for 60 &, followed

by 2 10-min odtension 22 72°C. Negative and positive coatrols, which ©

included both high- and Jow-copy-number HIV RNA and DNA, were
added s exch step. Al samples were rn in duplicate.
Construction of gag cRNA standord. T consteuct & stapdard,
SKM5 and SK39 were extended and modified to produce linker
primers with EcoRY and Kpnl restriction sites sdded to cach primer
respectively. FiTVim DNA was smplificd with thiy primer pair to
yicld 2 300-bp gog geno product coutaining the deskred restriction
sites. Amplificd DNA and phesimid pSP72 (Promegs, Madisos,
were digested separaiely with EcoRlasd Kpnl (New Englznd Bio-
Isbs, Boverly, MA), then Bgated ender Standard condiions in a 1:4 M
ratio of pSP72 to insert. Transformation of DHSs-competent cells
(BRL, Gaithersburg, MD) with the respiting figated plasmid was
carried out according to the supplier's protocol. A clone was ob-
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tained that inclded the 300-bp fnsert. The insat was then sequenced
using the Scquensse 2 kit (United States Biochemical, Cleveland)
upder standard conditions to verify the correct seqoence, Plasmid
DHNA wes transcribed to RNA with a T7 polymerase in vitro tran-
seription kit (Promegs). The vesalting plasmid and cRNA wese quan-
titated on & spectrophotometer to oblain comect copy number,

Engyme-tinked affinity assax. “To detect and quaniitae PCR prod-
vt 5 pl of PCR prodoct and 45 pal of 5X saline-sodium phosphate-
BITA were hested to 95°C for S min and then cooled on iee to
denature the sample. Then | pmol of SKIS-HRY in 5X Denbardt's
solution was added 1o the denatured PCR product and hybddized
for 1 hat 42°C. Neat, 100 pl of 2.54-pm polystyrene avidinsted
beads (Bastman Kodak, Rochester, NY) (150 prool of avidin) was
added to each well of 3 1L.2-um Joprodysc menbrane-bottom plate
{Pall Diosvpport, East Hills, NY), The beads were washed with PBS
by suspension and filtering on & vacuum filtration holder (Millipore,
Bedford, MA). Hybridized PCR product was sdded to each well
containing beads for 20 min, The bead-target-oligemer probe com-

© plex was then washed with PBS. A color substrale {o-
phenylenediamine (Sigma, St. Louls]P was added 10 coch well or
10 min. The seacthon was stopped with 2 ¥ H,80; and vacuum-
filtered into a clest polystyrenc microtiter plate {Costar, Cambridgo,
MA). The sbsorbance was resd at 490 nm on a plate reader (Dy-
notech, Alexandrin, VA), ,

Serum JHIV eudture, Presh PBMC from scroncgative blood dooors
were stimulsted In RPMI 1640 medium contalnlng § pg/ml PHA
and 20% ftal calf seruem for 3 doys. Patical senm wes serfally difuted
in 24-well colture plaies (Costar) and cocultured with 1 % 10%
washed PHA-stimulatod donor eclls per well in dupliceie as described
by Ho et al. [1). Stocks of HIVis wers prococed In acutely infocted
H-9 colls and their titer determined s3 the reciprocal of the ead-
point dilation of virus that resulted in p24 antigen production in H-
cells afler 28 days. :

Resulty

Detection and quantification of HIY RNA was first assessed

in reconstruction experimeénts in which dilutions of HiVim
or HIVun virus stock were added to HIV-seroncgative do-
nor serum or gag geno CRNA from the plasmid vector was
reverse transceibed and aniplified in parallel with extoacted
seri. Reverse transcripion and amplification of known
amounts of gag gene cRNA and infectious HIVzn RNA and
DNA alone yiclded a relationship between absorbance vetues
obtained in tho enryme-linked asaay of PCR product and copy
mumber of ¢RNA 20d DNA aod TCIDy of virus (Rgure 1),
"The absorbance valucs obtained were linear hetween 107 and
5 X 10* input copies of gag cRNA, 10° and 10* TCIDx, of
HIVun virus stock, and 10 sod 10" copies of HIV DNA.
The use of 5 ud of PCR product in the afBnity sssay allowed
quantificetion of input DNA and RNA over the widest range
of input pucleie acid (10-50,000 copics) and the most Jincar
response (100-10000 copics; figare ).

The sensitivity of cach step of the asssy was detecmined
by the addition of dilutions of infectious virus to scrum, cRNA
10 the reverse tanseription roaction, or plasmid DNA to the
amplification siep. Aftec 30 cycles of amplification, 10
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Figure 1. Quantification of infections human immuncdeficiency

viros (HIVim) RNA, HIV gag gens DNA, and cRNA gag genc
construct copy mumber by polymerase chain eaction,

TCIDx of HEVin, 100 copics of cRNA, and 10 copies of
HIV plasmid DNA gave an sbsorbance that was greater than
a negative absorbance cutoff ((1L135), defined as the mean ab-
sorbance obtained from 15 scrovegative sera (0.084 £ Q0L7)
plus threo standard deviations. The usc of a greater pumber
of cycles of amplification or >5 % of the PCR product kncreased
the sensitivity of the asssy for lower copy number but de-
creased the dynamic range (datn not shawn).

o test the reproducibility of this assay, 11 sern, 9 from
HIV-poshive paticnts and 2 from scronegative controls, were
subjected to separate extraction, feverse imnscripiion, and
amplification on the 3ame day. Lincar regression analysis
deonstrated good corralation of mean absorbance values
from scparate extractions and reverss transcription (r = .98,
P<.01andr = 94, F < 01, respéctively, two-tailed £ test)
done on the same day. Whea the sarac scrum samples wete
extracted on different days, correlation of mean absorbance
was somewhatless (r = 83, P < 01, two-tailod £ test), When
intraasssy varisbility of the enzyme-linked affinity pasay was
tested, multiple replicates of the same PCR sample yielded
an zbsorbance that varied <10% between wells,

A series of experiments was carred out to delerrning the
likely origin of signal obtained from extracted serz in this as-
say. Scveral lives of evidence point to gevomic HIV RNA
within virus particles as tho source. This was mpported by
ultracentrifugation, in which signa! from sera was found in
the pellet fraction, sdsorption of signal 16 immobilized CD4,
zad delelion of reverse transeriptase to extracted sera, with
subsequent amplification resulting in signals below the estab--
Lished cutoff (data not. shown),
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Sera from 38 of 55 HIV antibody-positive patients demon- 1.5 Y T Y ¥
sirated a positive signal, thatis, an sbsorbance value > 0,135, © ASYMPTONATIC 4
Vihen the results of PCR were analyzed by the patient's cling- * ARC .
cal status, 9 of 19 asymptomatic, 11 of 16 ARC, and 18 of 1o * ﬁf’gu A ]
20 AIDS paticats had dctectsble signal, Syropiomatic patieats, = ey S

those with ARC and ATDS, were mors likely to have detect- oel
uble signal than asymptomatic patients (29/36 vs, 9119, P <
03, 5). The mean sbsorbance vahues for each clinical growp

increased from 0,142 + (.05 in asymptomatic patients to 0,267 0.5k W .
4 027 apd 0.355 <+ 0.31 in ARC and AIDS paticnts, respece N
lively {figure 2). The mean sbsorbance value for all symp- 4
tomatic paticnis (those with ARC and AIDS) was significantly 0.4 . -

. greater than that for asymptomatic paticots (0.316 -+ 029 vs.

ABSORBANCE 480 nm

0142 & 005, P < .01, two-tailed ¢ tess). A
Measurement of viral RNA extracted from serum in this o3 A N -

assay was comparcd with antigen production in cocaltures of ° . ..}, R

10-fold dilstions of serum with PHA-stinwelated donor cells, 0zl » & . 4 )

Figure 3 shows the relationship between stage of discase, in-
fectious titer 23 teasured by p24 antigen production in cocul-

G

A

tures of serum dilutions, and PCR absorbance in 42 sera, g /
Three sera were cultaro-positive and negative by PCR (one ’ £

cach asymplomatic, ARC, asd AIDS), while 15 were PCR. 4 /
positive and culture-negative (6 ssymptomatic, 5 ARC, and é ; X

4 AIDS). Twenty-four sers showed concordance between as- 50 25000
says: 7 negative (S asymplomatic, { ARC, and 1 AIDS) and SERUM TITER (TCIDggydnl)
17 positive (1 asymplomatic, 5 ARC, und 11 AIDS) by both Figore 3. Quantitative servm human inunusodeficicocy vieny
assays, Linear regression analysis of the results obtained from (HIV) RNA. polymerase chain reactlon (PCR) signal in relation to
these 42 sera demonstrated e correlation between the tites of ?:ft‘;om(v infections tter in 42 petents in S;&Iﬁ: St::; of HIV
. 1wl ’ i 0 (asymptomatic, AIDS-related complex C] and AIDS).
infectious virus and PCR product abso'rbancc (r=10,P< Linear o amlysis d i correlation betwoea ey
of infectious virns and PCR product absorbance (two-tailed 1 test).
Horizontal bar indicates mean and SB; horizontsl line, disgnostic

-

=

T T T | cutefl.
1.4} -

) " 01, two-tailed 1 test), Serum culture results demonstrated a
12 Ny strong corrclation with discass stage: 2 of 13 ssymptomatic
£ . subjects had positive scrum eulture compared with 6 of 12

b 10l . 7 ARCandeofl?AIDSpad_cnm
5 Swrrogate markers of HIV discase progression such as CD4
O 6aF " "7 counl and scrum p24 antigen Jevel were considered in rela-
g . tionship to PCR measirement of HIV RNA. Of the 55 sera,
S osh _ - 21 were P24 antigen-positive (>70 pg/ml), of which 19 were
0 " PCR-positive; 19 of 34 p24 antigen-negative sera were PCR-
< palb ¢ - positive (P < .007, Bisher's exact test). However, smong the
, e 21 p24 astigen-positive paticats, there was 5o corrclation be-
o2k 3 o ves .| twees amount of serum p24 antigen and PCR sigaal, Serum
pLil; Ny TS from patlents with <400 CD4 cells/mun? was more likely to
. wiiv Aut L be PCR-positive: 29 of 37 compared with 9 of 18 sera from
SEFIONEG ASYMP ARG AIDS patients with 2400 CD4 cells/mm? (P < .05, Fisher's exact

CONTROL  Hiv s test).
Figure 2. Quastification of human immuncdeficiency virs (HIV)
- RNAin scrum based on absorbavee in 15 scronegative control sub-  Discussion
Jeets nnd 55 patients in different singes of BTV afeetion (2symp- ]
tormatic, ATDS-zzhted complex [ARCY, 10d AIDS). Hortzonta) bar These results demonstrate that HIV RNA in serum canbe
indicates wean; borizontal e, disgnostic cutofT value, detected and quantitated by roverse transeription, PCR, and
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anonisotopic enzyme-Jinked affinity assay. The technigue de-
seribed can be done in 2 days and can detect as few as 10
TCIDs of HiVm stock in 2 small volame of serum, 10 cop-
ies of HIY DNA, or 100 copics of cRNA. The obscrved ab-
sorbance values of gay genc cRNA copics and infectious
HiVing stock demonstrated at least a 10-fold increase in
RNA copies in the virus stock compared with the cRNA, sug-
gesting an RNA copy-to-infections HIVuy ratio of 10-100:1.
On the basis of recoustruction experiments, quandfication of
vical RNA may be achieved over b range of 102 to § % 10
copies of fnput RNA, with a lincar range for ¢cRNA of 10°
1o 5 X 10" Although an sbsorbance of 30.135 would be
considescd posilive jo this assay, the ability 1o quantitate copy
mumber st absorbances of <0.2 would be difficult, This is also
true for copy numbers with an absorbance of 31.5. Thus, only
qualitative resulls can be reliably achieved above and below
those absorbances.

The lovel of seasitivity achieved with respoct to the abjlity
ofthe enzywe-linked affinity assay to detect PCR preduct from
10 copies of input DNA and 100 copics of RNA is consisient
with previously published results. Studies vslng 30 eycles of
amplification of an HIV-specific scquence and hybeidization
with an isolopically labeled probe have reported the ability
to detect as litle as 3-5 copics of input DNA {12, 13]. Aher
30 cycles of amplification, 10 coples of input DNA could be
detected in » nonisotopic enzyme immunoassay with probe
hybridization [14]. PCR bas also been used for quantification
of input RNA. By usc of an isotopie detection system and
30 cycles of nmplification, 100 copics of ipput mRNA eould
be detocted [15]. - -

Overall, there was agreement between serom PCR and cul-
fure. However, dhree sern were culturo-positive and PCR-
negative. These negative PCR results were obtained in sern
that had <50 TCID=/mi a3 determined by culture. Because
the PCR technique is dependent on the efficioncy of extrac~
tion of viral RNA from 2 small volume of secum and the rela-
tive eficieacies of the thrce scparste craymatic Tenctions, the
sensitivity of serum PCR for detection of virus moay be limited
when a low titer of infections virus is present in small sam-
ples. Ultmeentrifugation of larger volumes to concentrate vi-
ral particles might improve the sensitivity of the assay. In
addition, scositivity eart be cahanced by increasing the num-
ber of anyplification cycles done or the amount of PCR prod-
uct assayed in the hybridization veaction (unpoblished data),

Serum PCR may increasc the scasitivity of quantitative as-
says of cell-free virus. In 15 sera viral RNA was detected by
PCR while coculture of serum was negative, This could tndi-
cate  relatively high proportion of defective or poorly infec-
tious viruses present in some individual sera, Alternatively,
this may be an indication of the relative inscasitivity of quan-
Btative culture tochniques applied to serum. In two-rocent
studies of plasma HIV cultures {1, 2, the seasitivity of this
method varied from 100% to 56%. These differences may
be related to the clinical stage of discase among paticots std-
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ied. However, as i the current stsdy using serum, both groups
found a higher prevalence or titer of plasma virus in patients
with AIDS and ARC compared with asymptomatic patients,
Differeaces in sensitivity between studies of cell-free virs
could be related to processing of specimens, culture methods,
differences between serum and plassun, or the varying sbility
wnong donor lymphocytes from differeat individuals to sup~
post HIV replication in vitro [16]. Comparison of serum apd
plasma cultuces-in our laboratory has shown that virus can
be recorcred semewhat more efficicntly from plasma (nopub-
lished data), which may explain the relatively low rate of so-
rum culture positivity (20/42) in this study.

In conclusion, virion HIV RNA was detected and quanti-
tated in the serum of RIV-positive paticats by PCR. These
findings provide evidence that the amount of cell-free virys
in circulatlon correlates with the presence of HIV infections
titer, serurm p24 satigen positivity, CD4 counts <400/mm?,
and the presencs of HIVerelated symiptoms. Direct detection
of eell-free HYV RNA by PCR is more rapid than quantitative
culture and provides a technique independent of celf colture
infectivity. Serum PCR may provide an additional marker of
discase progression and drug efficacy that could improve our
ability to monitor the course of HXY infection. Further studies
will b necessary 1o vdidate this approach.
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Hepatic Lovolvement in Patients with Human Immunodeficiency Virns
Infection: Discrepancies between AIDS Patients and Those

with Earlier Stages of Infection
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Peter H. Krause, Eckart G. Hahn,

Erost Otto Riecken, and Tlans Dieter Pohle
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The effect of husmsn Immuncdeficeocy virus (FIIV) Infection on type and severity of ver dis-
ense was stadied fn 61 HIV-positive paticats who did pot have AIDS and in 45 ATOS patients.
Liver blopsics sovealedviral hepatltis In {2 of 18 non-AIDS patients but in only 4 of 34 AIDS
patients (P < 0005, Flsher's cxact test). Acute, non-A non-B, and chronk active hepatitls B were
seen excdastvely bn the non-AXDS group; bowever, chronle persisient bepatitis B was scen dn both
gronps. In 9 of 18 AXDS patients Intra vitam liver histopathology established dlagnoses of oppor~ -
tunlate Infectlons or tumor3, Tissue reaction to certain patbogens, such as bepatitis B virus,
wycobacleria, sud cryplococcl, scems bo be yollder In AIDS paticnts than ln others who are BTV

podtivcorﬂwupeduimxﬂonoﬁhcmmx“m.?h}sbmmb‘ of |

dred et Wotad
v .

Immunity o patlents ‘with advanced HIV dbsense.

A high proporiion of ATDS paticnts show cvideocs of liver
discasc through bepatomegaly or elovated scrum aspariate
aminotransferase (AST), alznine aminotransferase (ALT), or
alkaline phospbatase Jevels (1-3]. Almost all AXDS patients
show macxo- or microscopic changes of the liver at autopsy
[4). Some observers have suggested that the course of chronic
hepatitis B virus (HOV) infection-associnted liver discase
might improve if & patient develops immuncdeficicncy due
to infoction with haman immunodeficiency virus (HIV) [5, 6].
We investigated differences in type and scverity of hepatic dis-
eases between patieats with carly or fate-stage HIV discase.

Materials snd Methods

Patienes.  Between 1983 and the first quastile of 1987, 106 HIV-
infocied patieals from two bospitals in West Beslin were anslyzed
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retrospectively. They fncluded inpaticats and ovtpaticats (v = 39)
ot Klintloar Steglitz and inpaticats onty (n = 67) at Klintkoun Rudotf
Virchow.

Laboratory tests,  Lives transarhineses {ALT, AST) and allaline
phosphatase Jevels were recorded to evaluate disease nctivity and
iver function. Scra wers asseyed for hepatitis A and B (Abbolt
Leboratorics, North Chicago) and HIV (BLISA [Abbott], Westem
blot).

Puaihology  We defived histopathologic viral hepatitis a3 panlobu-
lar infiltration with mononuclear cells, bepatic cell necrosis, hyper-
pinsia of Kuplfers colls, and variable degrecs of cholestasix, Chironic
sctive hepatitis B (CAH-B) implicsted the presence of “bridging”
or multilebular hepatic necrosis during protxacted, severe acuic vi-
ral hepatitis. The presence of mosonoclear ecll infiltration restricted
10 the portal arcas without hepatic el necrosis was indicative of
chronic persistent hepatitis B (CPH-B). For immunocytochemical
deronstration afhepatitls B surface antigen (1BsAg) and corc anti-
gen (HBcAg) in liver cells, monoclonal antibodies were used (aliaaline
phosphatasa-anti-alkaline phosphatase o5 peroridase-anth-peroidase
[PAP after Stemberger] tochnique). After routing histopatbology,
special sininings for acld-Fst bacilli (Trueot suramine-thodamine
stain, Zichl Necelsen stain) and fngd {Grocott-Gomort methens-
mine~slver nitrate stain, periodic acid-Schiff) were done on sov-
eral samples.
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