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Abstract

Hepatitis C virus (HCV) is the predominant etiologic agent of
posttransfusion non-A, non-B hepatitis, characterized by un-

dulating elevation of alanine aminotransferase (ALT) and
chronic liver disease. A commercial enzyme-linked immuno-
sorbent assay detected antibodies to HCV(anti-HCV) in 11
specimens among 101 nontransfusable plasma units obtained
from asymptomatic, volunteer blood donors with elevated
levels of ALT. Using a combined reverse-transcription poly-
merase chain reaction (RT-PCR) assay developed by us, HCV
RNAwas detected in 0.6 ml of plasma from 8 of 11 (73%) of
the anti-HCV-positive but in none of the 90 anti-HCV-nega-
tive specimens. The relatively low concentration of HCVRNA
could be detected in the remaining three anti-HCV-positive
specimens when 2.4 ml of plasma was analyzed. The plasma
concentration of virions was estimated to range from 102 to 5
X 107/ml. Direct sequencing performed on the PCR-amplified
HCVcDNAs (210 base pairs) from three specimens revealed
heterogeneity between 2.5 and 8.6% at the nucleotide level and
< 4% at the amino acid level. Our findings demonstrate that
RT-PCRcan be performed with 2.4 ml of plasma, providing an

assay for the direct detection of HCVRNAand confirming the
existence of an asymptomatic carrier state for HCVinfection
in the apparently healthy anti-HCV-positive donors. (J. Clin.
Invest. 1990, 86:1609-1614.) Key words: anti-hepatitis C
virus - hepatitis C virus carriers - hepatitis C virus confirma-
tory assay- non-A, non-B hepatitis * polymerase chain reaction

Introduction

Non-A, non-B hepatitis (NANBH)' accounts for > 90% of
posttransfusion hepatitis cases, with an estimated incidence of
1-10% after blood transfusions in the United States (1). Ap-
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1. Abbreviations used in this paper: ALT, alanine aminotransferase;
anti-HCV, antibodies to HCV; CH-HCV, chimpanzee-derived HCV;
HBc, hepatitis B core antigen; HBsAg, hepatitis B surface antigen;
HBVand HCV, hepatitis B and C viruses; M-MLV, Moloney murine
leukemia virus; NANBH, non-A, non-B hepatitis; PCR, polymerase
chain reaction; RIBA, recombinant immunoblot assay; RT, reverse

transcription.

proximately 50% of infected transfusion recipients develop
biochemical evidence of chronic hepatitis, and - 20% of re-
cipients with chronic hepatitis subsequently develop histologic
evidence of liver cirrhosis (2). Although NANBHwas first
described in association with blood transfusions, surveillance
data from the Centers for Disease Control showed that only
5-10% of patients with NANBHhave a history of blood trans-
fusion (3).

A cDNA of the RNAgenome of hepatitis C virus (HCV)
has recently been cloned from an infected chimpanzee (CH-
HCV) which developed NANBHafter inoculation with a con-
taminated human factor VIII concentrate (4). Studies on the
genome of HCVrevealed positive-stranded RNAof - 10,000
nucleotides with distant homology to the Flaviviridae (4). Ex-
pression of a recombinant HCVfusion protein in yeast led to
the development of immunoassays for antibodies to HCV
(anti-HCV) in plasma and serum (5). Seroepidemiologic stud-
ies in the United States, Japan, and Europe revealed that
80-100% of patients with chronic posttransfusion NANBH
have detectable levels of circulating anti-HCV (5-9). These
data support the identification of HCVas the predominant
agent of chronic posttransfusion NANBHworldwide (10).
However, the frequency of detectable anti-HCV in acute re-
solving NANBHinfections was much lower, ranging from
15 to 60% with a mean delay to seroconversion of almost 6
moafter transfusion (3, 10). These data emphasize the need for
sensitive, direct assays for viral markers. In view of the ex-
pected low titers of HCVantigens in infected individuals, an-
tigen assays are likely to have inherent limitations of sensitiv-
ity. Therefore, we employed reverse transcription (RT) in
combination with polymerase chain reaction amplification
(RT-PCR) as a sensitive direct assay for the detection of HCV
RNAin plasma.

We report here the prevalence of HCVRNA in plasma
from asymptomatic, volunteer blood donors with elevated ala-
nine aminotransferase (ALT), and its correlation with the pres-
ence of anti-HCV, hepatitis B surface antigen (HBsAg), and
antibodies to hepatitis B core antigen (anti-HBc). The titers of
HCVcDNA were determined by serial dilution endpoint ti-
tration and PCRdetection to obtain quantitative information
about the virus load in infected individuals. Amplified HCV
cDNAs from the three plasma specimens with the highest virus
titer were directly sequenced and compared with the CH-HCV
cDNAsequence to determine the degree of genome heteroge-
neity among different HCVisolates.

Methods

Study population. Aliquots of plasma units from 101 asymptomatic,
volunteer blood donors, not suitable for transfusion, were obtained
from Irwin Memorial Blood Centers, San Francisco, CA. These units
were collected between 17 May and 28 September 1989 and were
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rejected owing to elevated ALT levels ranging from 68 to > 700 IU/
liter (reference range from 2 to 54 IU/liter). During this period, Irwin
Memorial Blood Centers collected a total of 30,184 donor units, of
which a total of 198 were rejected because of elevated ALT. Wefailed
to obtain the remaining 97 ALT-elevated units during this period
owing to logistical problems in the collection process. The plasma units
were stored at 4VC until use.

Serological tests. All plasma units were tested for HBsAgand anti-
HBc with commercially available reagent kits (Auszyme and Corzyme,
Abbott Laboratories, North Chicago, IL). Tests for antibodies to HCV
were performed using the HCVantibody ELISA test system (Ortho
Diagnostic Systems, Raritan, NJ) according to the manufacturer's in-
structions. The mean absorbance value of two positive controls was
1.860 ODunits, of three negative controls 0.033, and the cutoff was set
at 0.433 (0.400 units above the mean negative control OD). Specimens
positive for anti-HCV by ELISA were tested with the anti-HCV re-
combinant immunoblot assay (RIBA, Ortho Diagnostic Systems).
Specimens reactive with C100-3 and 5-1-1 antigens were scored posi-
tive, and specimens reactive with only one antigen were scored indeter-
minate, according to the manufacturer's instructions.

Preparation ofHBV RNA. The complete HBV(adw) genome was
cloned into the transcription vector pTZl8U (Bio-Rad Laboratories,
Richmond, CA) using standard methods (1 1, 12). Before in vitro tran-
scription of the HBV template by T7 RNApolymerase the plasmid
was linearized with Hind III. After transcription, the HBVDNAtem-
plate was digested with RNase-free DNase (RQI DNase, Promega
Biotek, Madison, WI) according to the manufacturer's instructions,
followed by sequential extraction of the HBVRNAwith phenol/chlo-
roform/isoamyl alcohol (25:24:1), chloroform/isoamyl alcohol (24:1)
and chromatography on a Sephacryl S300 spun column (Pharmacia-
LKB Biotechnology, Piscataway, NJ). The purified RNAwas quanti-
tated by spectrophotometry considering 1 OD20 to be equivalent to 40
,ug/ml of HBVRNAor 6 X 105 molecules/pg. The integrity of the HBV
RNAwas evaluated by Northern blot hybridization as described by
Ausubel et al. (12) and showed predominantly full-length transcripts.

Preparation of HCVRNAand RT into cDNA. Plasma samples (3
ml) were diluted 1:5 in serum dilution buffer (0.1 MNaCi, 0.05 M
Tris-HCI pH 8.0, 1 mMEDTA) and the debris was sedimented by
centrifugation at 3000 g for 30 min at room temperature. The super-
natants were transferred to sealable ultracentrifuge tubes and centri-
fuged for 2 h at 46,000 rpm (model 50 Ti rotor, Beckman Instruments,
Inc., Fullerton, CA; RCFmUi = 87,000 g; RCFmax= 191,000 g) in order
to pellet particles of . 46 Svedberg units. Plasma supernatants were
discarded and the pellets were solubilized in 0.8 ml of the following
buffer (8 Murea, 2%SDS, 0.15 MNaCI, 0.1 MTris-HCl pH 7.5, 1 mM
EDTA) containing 1 jg/ml carrier HBVRNA. The buffer solutions
were transferred to 1.7-ml microcentrifuge tubes and extracted three
times with phenol/chloroform/isoamyl alcohol; nucleic acids were pre-
cipitated from the aqueous phases with 2.5 vol of ethanol. The RNA
pellets individually prepared from 101 plasma specimens were resus-
pended in 0.3 M sodium acetate, pH 5.2. One-fifth of each RNA
specimen was used to prepare pools consisting of three or four RNA
specimens. After a second precipitation with ethanol, the pooled RNA
pellets were resuspended in diethyl pyrocarbonate-treated dH2O and
cDNAwas synthesized in a 401-jl vol using random hexamers (p(dN)6,
Pharmacia-LKB Biotechnology) and Moloney murine leukemia virus
(M-MLV) reverse transcriptase (Bethesda Research Laboratories,
Gaithersburg, MD) as described by the manufacturer.

PCRexperiments. The cDNA preparations were added to a final
volume of 100 Ml of amplification mixture containing 2 U of Taq
polymerase, 50 pmol of each primer, 200 MuMof each dNTP, 10 mM
Tris (pH 8.3), 2 mMMgCl2, 50 mMKCI, and 200 Mg/mi gelatin.
Primers for HBVcDNA amplification were PU5(GGGAGGAGAT-
TAGGTTAA)and PU6 (AAGAAGTCAGAAGGCAAA),which am-
plified an - 240-basepair (bp) DNAfragment. The HBVprimers an-
nealed to conserved regions upstream and downstream of the precore
region and were selected on the basis of DNAsequence alignment for
five different human HBVisolates (13). Primers for HCVcDNAwere

either JR3 (TGCTGACCACTACACAGTGG)and JR4 (GCGTC-
TGCAAGCAGAAGGAA)or PKLl3 (CTGGTCGCATTGGGCAT-
CAA) and PKL14 (CGTGATTGTCTCAATGGTGA)generating a
190- or a 210-bp DNAfragment, respectively. The HCVprimers bind
to the following nucleotide positions within the published HCVse-
quence: JR3, 649-668; JR4, 819-838; PKL13, 2871-2890; and
PKL14, 3061-3080 (14). The amplification mixtures were overlaid
with mineral oil and amplified in a DNA thermal cycler (Perkin-
Elmer-Cetus Corp., Norwalk, CT) using a low stringency step-cycle
program for 6 cycles (40'C, for 30 s; 720C for 30 s; 940C for 30 s), a
high stringency step-cycle program for 35 cycles (50'C (for HBV) or
550C (for HCV) for 30 s; 720C for 30 s; 940C for 30 s), followed by a
5-min final extension at 720C.

Liquid hybridization. This procedure was performed as previously
described (15). Individual 30-Ml aliquots of amplification reaction
mixture were mixed with 10 Al of probe mixture containing 75 mM
NaCI, 20 mMEDTA, and 0.2 pmol oligomer probe end-labeled with
[y-32P]ATP and T4 polynucleotide kinase to a specific activity of - 4
MCi/pmol. Probe for amplified HBV DNAwas PU7 (GCACCAG-
CACCATGCAACTT).Probe for JR3-JR4 amplified HCVDNAwas
JR5. 1 (CCACAATGTTCTGGTGGAGG,nucleotide position
725-744) and for PKL13-PKL14 amplified HCV DNA, JR9
(CGGTCATGAGGGCATCGGTT,nucleotide position 2959-2989).
After denaturation at 95°C for 5 min, hybridization in solution was
carried out for 15 min at 37°C. Hybridized DNAwas separated from
free probe on an 8% polyacrylamide (acrylamide to bis-acrylamide,
19:1) gel and visualized by autoradiography using XAR-5 film (East-
man Kodak Co., Rochester, NY). The detection limit was 1 pg of
amplified HBVor HCVDNAafter 16 h of exposure at -70°C.

Sequencing of amplified DNA. HCVDNAamplified with the
primer pair PKL13-PKL14 by the standard PCRprocedure was puri-
fied by spin dialysis in microconcentrators (Centricon model 100,
Amicon Corp. Danvers, MA) (15). Direct sequencing was performed
as reported by Wonget al. (16). One amplification primer (2 pmol of
PKL13 or PKL14, end-labeled with [.y-32P]ATP and T4 polynucleo-
tide kinase) was annealed to 0.4 pmol of amplified DNA, and se-
quencing was carried out with Sequenase (United States Biochemicals,
Cleveland, OH) according to the manufacturer's instructions.

Results

Serological markers for HBVand HCVin ALT-elevated
plasma. 11 of the 101 plasma specimens tested positive for
anti-HCV and 4 of the 11 specimens were also positive for
anti-HBc. 9 of the 11 anti-HCV ELISA-positive specimens
tested positive on the anti-HCV RIBA test, whereas two were
indeterminate. Two anti-HCV negative plasmas were positive
for anti-HBc, and one of these two was also positive for
HBsAg. Table I shows the serological results of the 13 speci-
mens positive for any of the HBVor HCVmarkers and in-
cludes the absorbance values of the HCVantibody ELISA test.
The remaining 88 specimens not listed in Table I were nega-
tive for anti-HCV, anti-HBc, and HBsAg.

Sensitivity of the RT-PCR amplification procedure. To de-
termine the lower limit of RNAdetection in a combined RT-
PCRassay, 10-fold serial dilutions of in vitro synthesized HBV
RNAwere reverse transcribed into HBVcDNAwith random
primers and M-MLVreverse transcriptase. The cDNAprepa-
rations were amplified with the primer pair PU5-PU6 specific
for the precore/core gene of HBV. After 41 cycles of amplifi-
cation the HBVDNAwas hybridized in solution to the HBV-
specific probe PU7 and then separated by polyacrylamide gel
electrophoresis. 10-fold serial dilutions of HBVRNA, from 2
X 106 to 0 molecules, were analyzed. Samples containing an
initial quantity of 200 HBVRNAmolecules produced hybrid-
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Table I. Presence of Serological Markers for HBVand/or HCV
in 13 Plasma Units from Asymptomatic Blood Donors
with Elevated ALT

Plasma
No. Anti-HBc HBsAg Anti-HCV ELISA* HCVRIBA* RT-PCR

(A)

26 + + - NT -
28 + - +(>2.0) + +
32 - - +(>2.0) + ++
33 - - +(>2.0) + ++
35 + - +(>2.0) + +++
36 + - +(>2.0) + +++
37 - - +(>2.0) IN +
49 - - +(>2.0) + +++
60 + - - NT -
78 - - +(0.8) + +
86 - - +(>2.0) + ++
88 - - +(1.6) IN (++)

100 + - +(>2.0) + ++

* Absorbance value: cutoff, 0.433.
* +, positive; IN, indeterminate; NT, not tested.

-, negative; +, weak positive; ++, strong positive; +++, very
strong positive with the primers JR3-JR4 and PKLI3-PKL14; (++)
positive only with PKLI 3-PKL-4.

ization signals of the expected size (- 240 bp). The dilutions
theoretically containing 20, 2, and 0 molecules of HBVRNA
were negative. All HBVRNAdilutions were also amplified for
41 cycles without the RT step and were negative by liquid
hybridization, demonstrating that the signal obtained was not
generated from undigested HBVDNAused for in vitro tran-
scription.

Detection ofHCVRNA. Pools of three or four RNAspeci-
mens, each obtained from 0.6 ml of plasma, were subjected to
RT using random primers and then amplified by PCRusing
either the HCV-specific primer pair JR3-JR4 or PKL13-
PKL14. Of the 29 pools generated, three were strongly positive
for HCV: pool 11 (containing specimens 31, 32, and 33), pool
12 (containing specimens 34, 35, and 36) and pool D (con-
taining specimens 49, 50, 51, and 52); two pools were weakly
positive: pool M(containing specimens 86, 87, 88, and 89),
and pool P (containing specimens 97, 98, 99, and 100). In
order to identify the source of the HCVRNA, individual RNA
specimens (from 0.6 ml of plasma), which had been used to

A B

prepare the PCR-positive pools, were similarly reverse tran-
scribed and analyzed by PCR. HCVsequences were detected
with both primer pairs in the anti-HCV-positive specimens
32, 33, 35, 36, 49, 86, and 100; specimen 88 was positive only
with PKL13-PKL 14, and the remaining anti-HCV-negative
specimens used in the pools were negative with both primer
pairs. Considering the detection limit of the RT-PCR proce-
dure, we assume that the HCV-PCR-positive RNAspecimens
contain > 200 target molecules and that RNAspecimens with
fewer targets would be negative. To determine whether the
remaining anti-HCV-positive specimens 28, 37, and 78 har-
bor HCVin lower concentrations, RNAderived from 2.4 ml
of plasma was reverse transcribed and amplified; PCR for
these specimens was positive with both HCV-specific primer
pairs. These results indicate a strong correlation between the
presence of circulating antibodies to the recombinant HCV
antigen C100-3, as tested by the anti-HCV ELISA, and the
presence of HCVRNAin ALT-elevated plasma from asymp-
tomatic blood donors.

Titration of HCVcDNApreparations. Because we found a
significant difference in the signal intensity of the RT-PCR
assay for the different specimens, we prepared fourfold serial
dilutions of individual cDNA preparations (40 Ml) obtained
from a 0.6-ml aliquot of plasma. The cDNA preparations of
specimens 32, 33, 86, 88, and 100 showed no PCRsignal when
diluted (1:4), suggesting that these specimens harbored 2 200
molecules of detectable HCV RNAin 0.6 ml of plasma, but
< 200 molecules (detection limit) HCVRNA in 0.15 ml of
plasma (Fig. 1 A). Assuming quantitative recovery of HCV
virion RNAby ultracentrifugation and buffer treatment, we
calculated that the virus concentration in these specimens is
> 3.3 X 102 and < 1.3 X I03 virions/ml of plasma. The cDNA
preparations of the strongly positive specimens 35 (Fig. 1 B),
36 (Fig. 1 C), and 49 (data not shown), on the other hand, had
endpoint titers of 40,960, 10,240, and 10,240, respectively.
With the same assumptions, we calculated viral titers between
> 1.3 and < 5.5 X I07 virions/ml for specimen 35 and between
2 3.4 X 106 and < 1.3 X 107 virons/ml for specimen 36 and
49. Plasma specimens 28, 37, and 78 have a calculated virus
titer between 2 80 and < 330 virions/ml.

Sequence analysis of HCVcDNA. Wesequenced PKL1 3-
PKL14 amplified HCVcDNAs from the high-titer plasmas 35,
36, and 49 to determine the degree of heterogeneity between
different human isolates of HCVin this particular region of
the genome. Because most populations of RNAviruses do not
exist as a single genome species with a unique sequence, but
rather as a heterogeneous mixture of related genomes, we per-

C
Specimen #

28 3233 37 78 8688100

Specimen 35

1 2 3 4 5 6 7 8

Specimen 36

1 2 3 4 5 6 7 8

Figure 1. Autoradiogram of PKLI 3-PKL 4-amplified HCVcDNAhybridized to the oligonucleotide probe JR9. (A) RNAfrom an equivalent
of 0.6 ml of plasma (specimens 32, 33, 86, 88, and 100), and from an equivalent of 2.4 ml of plasma (specimens 28, 37, and 78) was used. (B
and C) Serial fourfold dilutions of cDNAprepared from RNAfrom an equivalent 0.6 ml of plasma of (B) specimen 35 and (C) specimen 36.
Lane 1, 1:40; lane2, 1:160;. . .lane8, 1:655,360.
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2895 2945
CH-HCV: GTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGACCAGCGGCGA

35-HCV: GTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGACCAGTGGCGA
* * *

36-HCV: GTGGCCTACTACCGCGGCCTTGACGTGTCGGTCATCCCGACCAGTGGCGA
* *

49-HCV: GTGGCCTACTACCGCGGTCTTGACGTGTCTGTCATCCCGGCSAGCGGCGA

CH-HCV: TGTTGTCGTCGTGGCAACCGATGCCCTCAT
2995

GACCGGCTATACCGGCGACT

35-HCV: TGTTGTCGTCGTGGCAACTGATGCCCTCATGACCGGCTATACCGGCGACT
* * * * *

3 6-HCV: TGTTGTCGTAGTGGCAACTGATGCTCTCATGTCCGGCTT ACCGGCGACT
* * *

49-HCV: TGTTGTCGTAGTGGCAACTGATGCTCTCAT

CH-HCV: TCGACTCGGTGATAGACTGCAATACGTGTG

35-HCV: TCGACTCGGTGATAGACTGCAACACGTGTG

* *
GACCGGC=TT ACCGGCGATT

3045
TCACCCAGACAGTCGATTTC

*
TCACCCAGACAGTCGACTTC

* * * * *
36-HCV: TTGACTCGGTGATAGACTGCAACACGTGTGTCACCCAGACGGTCGACTTT

* *
49-HCV: TCGACTCGGTGATAGACTGCAACACGTGTGTCACCCAGACGGTCGATTTC

3056
CH-HCV: AGCCTTGACCCT

35-HCV: AGCCTTGACCCT

36-HCV: AGCCTTGACCCC

49-HCV: AGCCTTGATCCT

formed direct sequencing of amplified HCVcDNA to obtain nine (GCC) or serine (TO
the sequence of the most abundant HCVgenome present in tions occurred in the secoi
each of the three high-titer plasmas (17). Sequencing of the tyrosine (TAT) to phenylz
cDNA (+) strand was carried out by annealing the upstream amino acid sequence we c
amplification primer PKL13 to PKL1 3-PKL14-amplified between the four HCVisola
HCVcDNA. For sequencing of the cDNA (-) strand, we chimpanzee-derived and ti
annealed the downstream amplification primer PKL14 to in- homologous in this region
dependently reverse-transcribed and amplified PKL13-PKL14 nucleotide sequence level
cDNA. A total of 162 nucleotides (exclusive of primers) could amino acid sequences.
be read on each strand. No nucleotide differences were ob-
served, when (+) strand and corresponding (-) strand of any
individual isolate were compared. This excludes the possibility ISCUSSIOf
that the observed point mutations are artifacts of RT, PCR, or Antibody testing establish
sequencing. The nucleotide sequences (162 bp) of the HCV
isolates from specimens 35, 36, and 49 as well as the published sponded immunologically
nucleotide sequence of the chimpanzee-derived HCVcDNA does t hguis whetl
are aligned in Fig. 2. The observed point mutations occurred at nated by the host's immun
17 positions in the 162-nucleotide sequence of the HCVge-
nome. The genetic heterogeneity between the different isolates Table II. Nucleotide Heteros
ranged from 2.5% between CH-HCVand 35-HCV to 8.6% from Fig. 2
between CH-HCVand 35-HCV (Table II). In all four HCV
sequences only one reading frame is continuous. This should VirUs 35-HCV
therefore be the translational open reading frame, assuming
HCVhas a flavivirus-like genetic organization coding for a
single polyprotein. In this open reading frame 13 of the 17 CH-HCV 4(2.5)
nucleotide changes affect the third base position of the codon 35-HCV
and do not change the amino acid sequence. Four conservative 36-HCV
amino acid changes were observed (underlined codons in Fig.
2): two point mutations occurred in the first base position Data in the table indicate the
resulting in amino acid changes from threonine (ACC) to ala- 162; values in parentheses exp

Figure 2. Nucleotide sequence
alignment of the chimpanzee-de-
rived (CH-HCV) and three human
(35, 36, and 49) HCVisolates. The
sequences flanked by the primer
pair PKLl 3-PKL14 are illustrated.
Nucleotide numbering is according
to the CH-HCVsequence and nu-
cleotides different from CH-HCV
are marked (*). The translational
reading frame starts with the first
nucleotide (2895) in these sequences
and the underlined codons repre-
sent mutations affecting the pre-
dicted amino acid substitutions.
These sequence data are available
from EMBL/Gen Bank/DDBJ
under accession number M55151.

C), and the other two point muta-
nd position of the codon changing
alanine (TTT). From the deduced
alculated a heterogeneity of . 4%

ates. Therefore, the sequences of the
he three human isolates are highly

of the HCVgenome both at the
and at the level of the predicted

ies whether an individual has re-
to exposure to viral antigens, but

her the infectious agent was elimi-
t response or continues to persist in

geneity between the Four Sequences

36-HCV 49-HCV

n (%

14 (8.6) 10 (6.2)
10 (6.2) 10 (6.2)

I1 (6.8)

number of different nucleotides out of
press the difference in percent.
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the host. Sequential serum samples from prospectively fob-
lowed patients with HCV-NANBHindicate a prolonged win-
dow period for seroconversion (10). This prolonged delay in
antibody response suggests that some blood donors capable of
transmitting HCVwill not be detected by anti-HCV testing. A
direct assay for HCVantigens or nucleic acids could be useful
for the detection of HCV infection prior to seroconversion.
Such an assay might also be useful to distinguish infected from
immune individuals. Therefore, we have developed a com-
bined RT-PCR amplification assay for the detection of HCV
RNAisolated from plasma. The HCVRNAdetected by this
assay must be derived from virus particles, not only because of
the ultracentrifugation step, but also because of the presence of
high levels of RNase activity in plasma (data not shown) mak-
ing it impossible for RNAto exist freely in plasma.

A strong correlation between the presence of anti-HCV
and HCVRNAin plasma of asymptomatic blood donors was
observed. All 11 anti-HCV ELISA-positive donors were posi-
tive for HCVRNAwith our RT-PCR assay using two HCV-
specific primer pairs in independent amplifications. The two
primer pairs showed congruent results except for plasma 88,
which was only positive with PKL13-PKL14. Based on the
HCVgenome analysis and its comparison to flaviviral genome
organization (14, 18), the primer pair PKL1 3-PKL14 anneals
within the putative NS3 gene of HCV. This gene has been
shown to be relatively conserved among the flaviviruses. The
primer pair JR3-JR4 anneals to a less defined region of the
HCVgenome, which may correspond to the NS2 region of the
flaviviruses, a region known to display very high rates of se-
quence divergence (18). It is possible that mutations in the
JR3-JR4 binding sites in this particular isolate interfered with
efficient amplification, thus making minute amounts of HCV
RNAundetectable. Wealso note that our negative RT-PCR
results on the 90 anti-HCV-negative specimens derive from
assays performed on RNAfrom an equivalent of 0.6 ml of
plasma. These results are not, strictly speaking, comparable to
the positive RT-PCR results on the three lowest-titer speci-
mens (Nos. 28, 37, and 78), since the three positive RT-PCR
results were obtained only when the assay was performed on
RNA from 2.4 ml of plasma. Our data do not rule out the
possibility that some of the 90 ALT-elevated anti-HCV-nega-
tive specimens we studied might harbor HCVat a titer too low
for detection in 0.6 ml with our current RT-PCR protocol.
However, the strong correlation of our positive RT-PCR re-
sults with the anti-HCV results suggests most or all antibody-
positive plasma specimens will contain viral RNAdetectable
by RT-PCR, and as such are likely to be infectious.

After the PCRresults were obtained, the anti-HCV RIBA
test became available as a proposed confirmatory test for
anti-HCV reactivity. Wefound that two of the 11 anti-HCV
ELISA-positive specimens were indeterminate on the RIBA
test. Because all 11 specimens were HCVPCRpositive, ap-
parently the manufacturer's definition of an indeterminate
RIBA result (reactive with only one HCVantigen) may be too
stringent.

Interestingly, in a recent report by Weiner et al. (19) seven
out of nine anti-HCV positive chronic NANBHpatients had
HCVRNAin their livers, but the remaining two were HCV
PCR negative. This might reflect biological differences be-
tween patients with chronic NANBHand asymptomatic car-
riers of HCV. However, it is also possible that HCVRNAwas
present in these two livers, but not detected by the RT-PCR

assay employed. Explanations could include: (a) the primers
used by Weiner et al. (19) were relatively short (16-mers), sug-
gesting less efficient specific amplification of HCVcDNA, and
in addition the sense primer contained one mismatch (A-G)
on comparison to the published CH-HCV sequence at the
extreme 5' end and another mismatch (T-C) on comparison to
the sequences from our three human isolates; or (b) amplifica-
tion was carried out by Weiner et al. (19) for only 30 cycles,
even though cDNA amplification is only 35-55% efficient in
comparison to 67-90% efficiency for DNAamplification
(20, 21).

Because of the absence of specific viral markers in the past,
quantitation of viral load in NANB/HCVinfections could
only be performed by dilutional endpoint infectivity testing in
chimpanzees (22), a difficult and expensive procedure. Most
investigators have found that human and chimpanzee inocula
generally have titers between 102 and 104 chimpanzee infec-
tious doses/ml, although titers of up to 106 have been reported
(22). Weused the dilutional endpoint titers of HCVcDNA
detection by PCRto calculate the concentration of HCVvi-
rions and found between 102 and 5 X 107 virions/ml in the
different plasma specimens. In interpreting these data it must
be remembered that RT-PCRis at best semiquantitative, even
when employed in careful dilutional endpoint titration studies
such as ours. In order to calibrate our HCVRT-PCRassay we
used cloned HBVRNA; we note that slight differences in RT
efficiency and PCRamplification efficiency could have led to
differences in final sensitivity of HBV and HCVdetection.
Furthermore, in view of the high mutation rate characteristic
of RNAviruses, RT-PCRperformed on field isolates of HCV
is also subject to the problem of sequence variation at the
primer binding sites which may lead to differential PCRam-
plification efficiencies. Therefore, our HCVtitration figures
must be interpreted with caution; we estimate that their mar-
gin of error may be as great as plus or minus an order of
magnitude. However, we also note that these figures are con-
sistent with those obtained by chimpanzee inoculation, even
though RT-PCR does not measure infectivity and nothing is
known yet about the possible existence of defective HCVpar-
ticles.

For a sensitive, specific, and reliable RT-PCR assay, it is
important to select primer binding sites which are conserved
among different human HCV isolates. The primer pair
PKL13-PKLl4 allowed efficient amplification of all HCV
cDNApreparations tested so far and therefore we investigated
the nucleotide heterogeneity in this particular region of the
HCVgenome. The sequences of the CH-HCVand the three
human HCVisolates are highly homologous, both at the nu-
cleotide level and at the predicted amino acid level, in the
region between these two primers.

Weconclude that our RT-PCR assay for the detection of
HCVsequences in plasma could be useful as a confirmatory
test for the diagnosis of HCVinfection. It may also provide
answers to important questions concerning the natural history
of HCV infection, such as frequency and duration of the
asymptomatic HCVcarrier state.
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