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Abstract

 

The presence of hepatitis C virus (HCV) negative strand

RNA in extrahepatic compartments based on PCR detec-

tion assays has been suggested in many reports with a very

heterologous detection rate (from 0 to 100%). In this study,

we have analyzed the presence of HCV negative strand in

hepatic (liver biopsies, 

 

n 

 

5

 

 20) and extrahepatic (sera, 

 

n 

 

5

 

32; PBMC, 

 

n 

 

5

 

 26 and fresh bone marrow cells, 

 

n 

 

5

 

 8) com-

partments from infected patients with three different re-

verse transcriptase (RT)-PCR–based assays using primers

located in the 5

 

9

 

 noncoding region, with or without a tag se-

quence, or in the nucleocapsid (CAP). Samples were se-

lected to display different viral loads (10

 

5

 

–3 

 

3

 

 10

 

7

 

 genomic

equivalent/ml or gram) and viral genotypes (

 

n 

 

5

 

 5). Using

synthetic as well as biological templates, we could document

extensive artifactual detection of negative strand RNA, due

to self priming and mispriming events, when either 5

 

9

 

 non-

coding region primer pair was used, whereas both artifacts

were dramatically reduced (mispriming) or eliminated (self-

priming) using CAP-based RT-PCR assay. Mispriming arti-

facts were directly correlated to the titer of positive strand

RNA present in the sample. Using the CAP-PCR assay, the

presence of HCV negative strand RNA was found in 75% of

livers (16:20) and only 8% of PBMC, independent of the

genotype involved, but could not be documented in sera (0:32)

and fresh bone marrow cells (0:6). These findings suggest

that caution regarding the type of RT-PCR assay used and

the level of HCV positive strand RNA present in the biolog-

ical sample analyzed has to be taken to avoid false identifi-

cation of viral reservoirs. The findings suggest that hemato-

poietic peripheral cells can support HCV replication,

although in a very limited number of carriers. (

 

J. Clin. In-

vest. 

 

1996. 97:845–851.) Key words: hepatitis C virus
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Introduction

 

Hepatitis C virus (HCV),

 

1

 

 a member of the Flaviviridae virus
family (1), is the major agent responsible for parenterally
transmitted non-A non-B hepatitis (2). The viral genome is
represented by a single-stranded positive-sense RNA that is
translated into a large polyprotein subsequently cleaved into
the different viral proteins, structural and nonstructural (3). At
least 6 different genotypes and 52 subtypes have been identi-
fied (4). Detection of the HCV genome in clinical specimens,
which is particularly useful for evaluating antiviral therapies, is
currently performed in most laboratories using PCR and prim-
ers from the highly conserved 5

 

9

 

 noncoding Region (5

 

9

 

NCR)
(5, 6). As HCV presumably replicates via a negative strand
RNA intermediate, active replication in infected cells is dem-
onstrated by the detection of negative sense molecules. Differ-
ent studies have recently reported the lack of specificity of the
current techniques used for such detection, possibly due to
false priming of the incorrect strand, self priming due to the
complex 5

 

9

 

NCR secondary structure (7), or random priming
by small cellular nucleic acids (8).

The presence of HCV replicative intermediates has not
only been reported in liver, where viral replication is expected,
but also in serum (9) and in PBMC (10–12) of many patients
with chronic hepatitis C, with a detection range varying from 0
to 100% according to the different published reports. Al-
though very heterologous and contradictory, these results sug-
gest the existence of extrahepatic reservoirs for viral replica-
tion. Specific confirmation of the existence of such reservoirs
and the precise analysis of the distribution and ratio of positive
and negative strand RNA in different biological compartments
would be particularly relevant for a precise evaluation of ther-
apy and a better understanding of HCV cell tropism.

We have analyzed the presence of HCV negative strand in
hepatic (liver biopsies, 

 

n

 

 

 

5

 

 20) and extrahepatic (sera, 

 

n

 

 

 

5

 

 32;
PBMC, 

 

n

 

 

 

5

 

 26 and fresh BMC, 

 

n

 

 

 

5

 

 8) compartments using
three different reverse transcriptase (RT)-PCR assays. Analy-
ses were performed using synthetic or biological RNA tem-
plates and using three different primer combinations located in
the 5

 

9

 

NCR, with or without a tag sequence, and in the nucleo-
capsid (CAP) of the viral genome. We assessed the specificity
and the sensitivity of the three different primer pairs in the
context of different viral genotypes and viral loads.

 

Methods

 

Biological samples. 

 

32 patients with chronic hepatitis C, including 14
transplant patients, were included in the study. A total of 32 sera, 20
liver biopsies, 26 preparations of PBMC, and 8 fresh bone marrow
cells (BMC) was analyzed. Sera were stored at 

 

2

 

20

 

8

 

C and liver biop-
sies at 

 

2

 

80

 

8

 

C before analysis. All patients were positive for HCV an-
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tibodies as detected by the RIBA III assay (Abbott Laboratories,
North Chicago, IL).

 

Purification of PBMC and BMC. 

 

Peripheral venous blood cells
and bone marrow aspirates were collected in heparinized tubes.
Mononuclear cells were obtained after separation on a discontinuous
Ficoll-Hypaque gradient, washed five times in Hanks’ buffer, and
stored at 

 

2

 

80

 

8

 

C in 10% DMSO.

 

Synthetic HCV RNA template. 

 

Synthetic HCV negative and pos-
itive strand RNAs were generated from a vector (pcDNA3; Invitro-
gen, San Diego, CA) containing the 5

 

9

 

NCR and capsid sequences (nt
1–1064 from a type 1a isolate). The plasmid DNA template was tran-
scribed using T7 or SP6 RNA polymerase (Promega, Madison, WI)
producing positive or negative strand RNA, respectively. BamHI and
NotI restriction enzymes were chosen to linearize the plasmid DNA
template. These enzymes generate protruding 5

 

9

 

 ends, less likely than
protruding 3

 

9

 

 ends to result in the synthesis of RNA molecules that
are initiated at the terminus of the template (13). Absence of residual
plasmid DNA was controlled by DNase digestion (DNase I, 200 

 

m

 

g/
ml, 30 min, 37

 

8

 

C), and incorporation in all PCR assays was performed
of a control reaction excluding the primer used for cDNA synthesis
and/or the RT step. Total cellular RNA extracted from normal livers
(20 mg of tissue per assay) was added, when specified, to synthetic
RNAs before cDNA synthesis.

 

Extraction of nucleic acids and cDNA synthesis. 

 

RNA was ex-
tracted from 10–30 mg of pulverized liver biopsies, 200 

 

m

 

l of serum, 2 

 

3

 

10

 

6

 

 PBMC, or 10

 

6

 

 fresh BMC using two phenol acid guanidium thio-
cyanate extraction steps, followed by a chloroform extraction step
and precipitation with ethanol (14). cDNAs were synthesized with
specific primers described in Table I. RNA samples were preheated
first for 10 min at 70

 

8

 

C with 0.2 

 

m

 

M of primer and 10 U rRNasin
(Promega) and then incubated for 1 h at 42

 

8

 

C, with a reaction mixture
containing RT-buffer 1X (Gibco Laboratories, Grand Island, NY),
10 mM DTT, 1 mM dNTP, 20 U rRNAsin (Promega), and 200 U
MMLV RT (Gibco Laboratories). Samples were then heated to
100

 

8

 

C for 1 h. The different RT-PCR assays were performed simulta-
neously from the same RNA extraction product to avoid degradation
of viral templates due to multiple freezing and thawing. Distilled wa-
ter, normal sera, normal livers, and normal PBMC were used as nega-
tive controls in each extraction.

 

PCR amplification of cDNA. 

 

One-eighth of the generated cDNA
was amplified as described previously (15) with the combination of
primers previously listed in Table I. Briefly, reaction mixture con-

sisted of 0.75

 

3

 

 

 

Taq

 

 buffer (Promega), 1.5 mM MgCl

 

2

 

, 1 mM dNTP,
1 

 

m

 

M of each primer (Table I), and 1 U 

 

Taq

 

 DNA polymerase
(Promega). The PCR conditions consisted of an initial cycle of 95

 

8

 

C
for 5 min, 40 cycles of 95

 

8

 

C for 1 min (5

 

9

 

NCR) or for 1.5 min (tagged
5

 

9

 

NCR or CAP-based PCR), 64

 

8

 

C for 1 min (5

 

9

 

NCR) or 50

 

8

 

C for 2
min (tagged 5

 

9

 

NCR or CAP-based PCR), and 72

 

8

 

C for 2 min
(5

 

9

 

NCR) or 3 min (tagged 5

 

9

 

NCR or CAP-based PCR), and a final
extension cycle of 72

 

8

 

C for 10 min. Typically, one-fourth of the PCR
product was analyzed by agarose gel and Southern hybridization with
a 

 

32

 

P-labeled probe internal to the PCR primers. All samples were an-
alyzed at least in duplicate experiments. Hybridizations were done at
55

 

8

 

C in 6

 

3

 

 SSC buffer (0.09 M sodium citrate, 0.9 M sodium chloride,
pH 

 

5

 

 7.0) containing 0.2% SDS, with the following probes: 5

 

9

 

-AGC-
CGAGTAGTGTTGGGTCGCG-3

 

9

 

 for the 5

 

9

 

NCR and 5

 

9

 

-ATGGGG-
TGGGCAGGATGGCTC-3

 

9

 

 for the capsid-derived PCR products.

 

bDNA assay. 

 

Positive strand HCV RNA was quantified by the
bDNA assay (Chiron Corp., Emeryville, CA) using 50 

 

m

 

l of serum or
RNA extracted from 10–50 mg of pulverized liver biopsies.

 

Genotypes. 

 

HCV isolates from sera were genotyped by the HCV
LIPA assay (Innogenetics, Ghent, Belgium).

 

Results

 

Assessment of sensitivity and specificity of negative strand RT-

PCR assays using synthetic RNA templates. 

 

We compared three
combinations of primers for the ability to specifically prime
and amplify HCV negative strand RNA. Two sets of primers
are located in the 5

 

9

 

NCR region of the viral genome and have
been described previously for HCV RT-PCR (7, 16), one of
these contains a tag sequence unrelated to the HCV genome at
the 5

 

9

 

 end. The third one is located in the nucleocapsid, i.e.,
outside of the highly structured 5

 

9

 

NCR (17). Synthetic viral
RNA templates corresponding to the negative and positive
strand RNAs were synthesized using plasmid DNA and used
in serial dilution experiments (1:10) to determine the sensitiv-
ity limit of each primer combination. In some cases, total RNA
from an uninfected liver was added before cDNA synthesis to
mimic the cellular context found in biological samples.

Amplification of negative or positive strand templates was
performed using conditions specific for the negative strand

 

Table I. Primers Used for RT-PCR Assays

 

Strand specificity PCR name Steps Primers Nucleotide position Region Polarity References

 

Positive strand 5

 

9

 

NCR(

 

1

 

) cDNA NC4 285–311 5

 

9

 

-NCR

 

2

 

15

Amplification NC3 42–69 5

 

9

 

-NCR

 

1

 

NC4 285–311 5

 

9

 

-NCR

 

2

 

Negative strand 5

 

9

 

NCR cDNA NC3 42–69 5

 

9

 

-NCR

 

1

 

15

Amplification NC3 42–69 5

 

9

 

-NCR

 

1

 

NC4 285–311 5

 

9

 

-NCR

 

2

 

Tagged cDNA TF* 81–96 5

 

9

 

-NCR

 

1

 

7

5

 

9

 

NCR Amplification R 440–456 Capsid

 

2

 

T Unrelated to HCV

 

1

 

CAP cDNA 256(

 

1

 

) 480–499 Capsid

 

1

 

16

Amplification 256(

 

1

 

) 480–499 Capsid

 

1

 

186 732–751 Capsid

 

2

 

*TF: 5

 

9

 

-

 

TG

 

TCATGGTGGCGAATAA

 

GCCATGGCGTTAGTAT

 

-3

 

9

 

, adapted from Lanford et al. (7). HCV sequence is shown in bold, tag 

sequence is shown in regular character. The last two nucleotides (italic characters) at the 5

 

9

 

 end were extra compared with those from the Lanford 

sequence.
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template to determine the sensitivity of the assay and its strand
specificity (18). With the nontagged 5

 

9

 

NCR-derived primers
(Fig. 1, 

 

5

 

9

 

NCR

 

), we detected 10

 

3

 

 equivalent genomic mole-
cules (Eq) of HCV negative strand RNA. Using these primers,
detection of a signal was observed in the sole presence of

 

$

 

 10

 

8

 

Eq of positive strand RNA molecules. The use of a tagged
primer (Fig. 1, 

 

Tagged 5

 

9

 

NCR

 

) increased the sensitivity of the
assay to the detection of 10

 

2 Eq, but the nonspecificity was also
increased since a signal could be observed in the presence of
107 Eq of positive strand template. Using capsid-derived prim-
ers (Fig. 1, CAP), the detection limit was 5 3 102 Eq. In this
case, specificity was improved such that the presence of at least
109 Eq of positive strand template was required to produce a
signal. Addition of cellular RNA in the reactions described
above slightly lowered the sensitivity of the detection (less
than one log) with all three primer pairs used (data not
shown). In all of the above experiments, the absence of resid-
ual plasmid DNA was confirmed by the absence of specific sig-
nal obtained after PCR amplification of cDNA products syn-
thesized when priming oligonucleotides were omitted from the
cDNA synthesis reaction (data not shown). Thus, the sole
presence of positive strand RNA templates, although at differ-
ent concentrations depending on the primer combination used,
can result in the detection of signals leading to the false identi-
fication of negative strand templates. None of the primer com-
binations evaluated here allowed the complete elimination of
mispriming events.

Self-priming events possibly due to the existence of hairpin
structures in the 59NCR (7) were analyzed in experiments in
which primers were systematically excluded from the cDNA
synthesis reactions before PCR amplification. Self-priming of
RNA templates was never observed in experiments using the
synthetic RNAs, even in the presence of added cellular RNAs
(data not shown). In that case, sensitivity was uniformly re-
duced by approximately one-half of a log.

Comparative detection of HCV negative strand RNA in liver

and sera using different RT-PCR assays. To confirm the pre-
viously made observations using synthetic RNA templates and
to assess the presence of replicative intermediates in extrahe-

patic reservoirs, we evaluated the different RT-PCR assays us-
ing liver tissues and sera from HCV carriers. Positive and neg-
ative strand HCV RNA was analyzed in 32 sera and 20 liver
biopsies of infected patients. Patients were chosen to represent
infection by a variety of viral isolates (five genotypes were rep-
resented: genotype 1a, n 5 3; 1b, n 5 37; 2a, n 5 3; 3a, n 5 2;
4a, n 5 1) as well as a wide range of viral loads (from , 4 to
10,400 Eq/ml).

Fig. 2 illustrates an example of detection obtained after
analysis of a serum and a liver sample performed using the dif-
ferent primer pairs described previously. As shown in Fig. 2,
the use of nontagged 59NCR-derived primers led to a specific
signal even when the primer had been omitted from the cDNA
synthesis reaction in both serum (lane 5) and liver samples

Figure 1. RT-PCR sensitivity and speci-
ficity using different combinations of 
primers. Viral negative (2 strand) or pos-
itive (1 strand) strand RNA templates 
were synthesized from a vector 
(pcDNA3) containing the 59NCR and 
capsid HCV sequence and serially diluted 
in DEPC-treated water. The number of 
viral copies (represented on top) was de-
termined from the OD measurement 
(260 nm) and confirmed by electrophore-
sis in agarose gel. RT-PCR was per-
formed using 59NCR, tagged 59NCR, or 
capsid (CAP)-derived primers. PCR 
products were fractionated on a 2.5% 
agarose gel and stained by ethidium bro-
mide. Molecular weight markers are 
shown on the left (base pair).

Figure 2. HCV negative strand RNA detected in sera and liver biop-
sies using different combinations of primers. cDNA synthesis reac-
tions for both the negative and positive strand RNA were run in the 
presence and/or absence of primers followed by amplification with 
the corresponding primer pairs. PCR products were fractionated on a 
2.5% agarose gel and analyzed by Southern blot. Amplified products 
from the 59NCR (289 bp), tagged 59NCR (393 bp), and CAP (271 bp) 
RT-PCR reactions from a representative experiment are shown (ar-

rows in A, B, and C, respectively).
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(lane 5) reflecting self-priming events. Amplification using a
tagged primer resulted in the disappearance of a positive signal
from the serum (lane 6) but not the liver sample (lane 6) when
the primer had been omitted from the cDNA synthesis reac-
tion. In absence of primers for the cDNA synthesis reaction,
similar results as those observed with the tagged 59NCR prim-
ers were observed with capsid-derived primers. No amplifica-
tion was observed from the serum sample (lane 7). In contrast
to data obtained with the tagged primers, no signal was ob-
tained from the liver sample with the capsid primers (lane 7)
when the primer had been omitted from the cDNA synthesis
reaction (although positive signals could be observed using
other liver samples, data not shown). Thus, in contrast to ob-
servations obtained from experiments using synthetic viral
templates, self-priming can occur when templates are directly
analyzed from biological material. Such priming can appar-
ently be eliminated when analyzing sera either with tagged or
capsid-derived primers, but not when liver samples are ana-
lyzed. In this latter cellular material, a specific folding of the
genomic RNA, possibly due to interactions of the viral ge-
nome with cellular RNAs and/or proteins, may occur which
contributes to self-priming of template molecules.

The overall results obtained comparing cDNA synthesis
performed in the absence or presence of primers followed by
amplification of the negative strand RNA with the three differ-
ent primer pairs in the 20 livers and 32 sera included in the
study are shown in Fig. 3. The presence of positive strand
RNA was also evaluated and confirmed in all samples. A spe-
cific signal for negative strand RNA was observed in 88% of
sera and 95% of biopsies when nontagged 59NCR-derived
primers were used. With these primers, a signal was also ob-
served in 31% of sera and 75% of biopsies in the absence of
primer for cDNA synthesis reflecting self-priming of the tem-
plate molecules. When tagged primers were used, in the pres-
ence of primer for cDNA synthesis, negative strand RNA
could be found in 47 and 75% of sera and biopsies, respec-
tively. With these primers, a specific signal for the negative
strand RNA in the absence of primer for cDNA synthesis was
never observed in sera but was observed in 20% of biopsies.
Thus, addition of a tag sequence could totally eliminate self-
priming artifacts in serum samples and greatly reduce them
when analyzing liver samples. When capsid-derived primers

were used, in the presence of primers for cDNA synthesis,
negative strand RNA could be found in 0% of sera and 75% of
biopsies. In absence of primers for cDNA synthesis, no signal
was detected in sera and only in 8% of biopsies. This was not
due to a decrease in the sensitivity of the RT-PCR reaction
which is, as shown in Fig. 1, comparable to the sensitivity of the
RT-PCR using tagged primers. It therefore appears possible,
using such primers, to further reduce self-priming events when
analyzing liver-derived samples.

Influence of viral load on detection of HCV negative strand

RNA in livers and sera. In view of the results obtained in vitro
using synthetic RNA templates, we analyzed the correlation
between titers of positive strand RNA (i.e., viral load) and the
frequency of detection of the negative strand RNA using the
three different primer pairs. Table II shows the results ob-
tained. When nontagged 59NCR primers were used for ampli-
fication, a signal was detected independently of the sample ti-
ter, except in very low titer containing sera, i.e., , 10 3 105 Eq/
ml (3:7). With the 59NCR tagged primer, we observed a corre-
lation between positive strand RNA titers and the detection of
negative strand RNA, in sera as well as in biopsies. A signal

Figure 3. Comparative PCR detection of HCV negative strand RNA 
in sera and liver biopsies using tagged or nontagged primers from the 
59NCR, or from the nucleocapsid. RT-PCR using different sets of 
primers was performed as described in Fig. 2. Presence of primers for 
cDNA synthesis (yes, primers included; no, primers excluded) and 
primer pairs subsequently used in the PCR amplification are shown 
on the axis. The percentages of samples showing a specific signal are 
shown. Symbols represent either serum (light bars) or liver (dark bars) 
samples.

Table II. Correlation between Positive Strand HCV RNA Titers in Sera or Liver Biopsies* and Frequency of Detection of HCV 
Negative Strand RNA Using Different Primer Sets

Primer sets

Range (3 105 Eq/ml) Genomic Eq/reaction n 59NCR Tagged 59NCR Capsid

Sera

0–10 0–2 3 105 7 3 (43%) 0 (0%) 0 (0%)

11–100 2 3 105–2 3106 8 8 (100%) 2 (25%) 0 (0%)

101–300 2–6 3 106 6 6 (100%) 5 (83%) 0 (0%)

. 300 . 6 3 106 6 6 (100%) 6 (100%) 0 (0%)

Liver biopsies

0–1 0–2 3106 3 3 (100%) 1 (33%) 1 (33%)

1–2 2–4 3 106 3 3 (100%) 2 (67%) 2 (67%)

. 2 . 4 3 106 5 5 (100%) 5 (100%) 5 (100%)

*All biopsies were taken from transplant patients.
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was detected in all sera (6:6) and in all biopsies (5:5) with titers
. 300 3 105 Eq/ml and 2 3 105 Eq/mg, respectively. Negative
strand RNA was only detected in 83% of sera (5:6) containing
100–300 3 105 Eq/ml, 25% of sera (2:8) containing 11–100 3
105 Eq/ml and 0% (0:7) of sera containing , 10 3 105 Eq/ml.
In liver samples, detection was positive in only 33% of livers
(1:3) containing , 105 Eq/mg, 67% of livers (2:3) containing
between 105 and 2 3 105 Eq/mg and 33% (1:3) of livers con-
taining , 105 Eq/mg were positive. With capsid-derived prim-
ers, no specific signal was observed in any of the sera tested
whereas 72% (8:11) of liver samples, identical to those de-
tected with tagged 59NCR primers, were found positive. The
correlation between detection and viral load was in these cases
identical to that described with the tagged 59NCR primers.
Thus, the use of capsid-derived primers to amplify negative
strand RNA from sera and livers resulted in a more specific
detection than that obtained with tagged 59NCR primers. The
differences were particularly dramatic in the analysis of serum
samples (0:27 vs. 13:27 of positive signal frequency).

These data combined with data shown in Fig. 1 suggest
that, in sera, presence of negative strand RNA is probably due
to (a) self-priming when detection is performed with non-
tagged 59NCR derived primers, and (b) mispriming of positive
strand RNA when detection is performed with tagged 59NCR
primers. Using the highly specific CAP-based RT-PCR assay,
negative strand RNA was never detected in any of the 32 sera,
thus excluding this biological compartment from being a site
for replication.

Evaluation of replication sites in hematopoietic cells. Using
the capsid-optimized RT-PCR assay, we looked for evidence
of HCV negative strand RNA in 26 PBMC (including those
from three transplant patients) and 8 fresh BMC of chronically
infected patients (Table III). Detection of positive strand
RNA was done simultaneously in all samples. Negative strand
RNA was also analyzed in all corresponding sera.

Positive strand RNA was detected in 15:23 (65%), 3:3
(100%), and 3:8 (38%) of PBMC (chronic carriers), PBMC
(transplant), or fresh BMC, respectively. Titers of positive
strand RNA in PBMC of both chronic and transplant patients
varied from 105 to 106 Eq/106 cells. The presence of serum neg-
ative strand RNA was never documented in any of the sam-
ples. Negative strand RNA in peripheral blood mononuclear
cells could only be documented in 1:23 (4%) of chronic carri-
ers but never in fresh bone marrow cells (0:6). One out of

three (33%) transplant patients also displayed the presence of
replicative intermediates in PBMC. In both cases where nega-
tive strand RNA was detected, serial dilution experiments sug-
gested the presence of 103–105 copies/100 ml (data not shown).
Thus, the ratio between positive strand and negative strand
RNA in PBMCs for the two positive cases identified in our
study is approximately 1:10–1:100. This ratio is comparable to
the ratio found in infected liver tissues. This observation fur-
ther suggests active viral replication in PBM cells.

Discussion

Many traps can lead to the detection of positive signals in
HCV negative strand RT-PCR assay. Some of these traps have
been described by Willems et al. (19) and McGuinness et al.
(18) as: (a) insufficient inactivation of the RT enzyme after
cDNA synthesis; (b) possible RT activity of the Taq DNA
polymerase, (c) existence of a thermostable hairpin structure
in the 59NCR that leads to self-priming of the HCV RNA tem-
plate; or (d) mispriming of the incorrect strand. Whereas many
studies have reported the detection of positive strand RNA in
serum of HCV carriers (9, 10, 20–23) only a few have actually
attempted to demonstrate the presence of negative strand
RNA using tightly controlled experiments (9, 23). All reported
studies have been performed using nontagged primers from
the 59NCR in RT-PCR assays. Controls for self-priming
events, such as reactions excluding primers for cDNA synthe-
sis, were usually described, but analysis of mispriming events
related to the presence of positive strand RNA templates was
never documented. The presence of HCV negative strand
RNA in sera or PBMC of HCV chronic carriers has been
found in as much as 40–60% of the populations studied (9, 24,
25). In a recent study Shindo et al. (24) proposed that separate
HCV structures may exist that contain positive and negative
strand RNA. More specifically, they proposed that negative
strand molecules could be found in association with a mem-
brane structure containing one of the viral envelopes and
would thus not represent replicative forms of the virus.

We present here a systematic analysis of two major events
likely to generate a false diagnosis of the presence of HCV
replicative intermediates in biological samples, mispriming
due to the positive strand RNA and self-priming of the nega-
tive strand template. We show, as originally predicted and
demonstrated by Chaves et al. (26) for the detection of minus
strand hepatitis A virus RNA and Lanford et al. (7) for the de-
tection of HCV negative strand RNA from tissue culture sam-
ples, that the use of tagged (or tailed) primers enhances the
sensitivity and reduces self-priming events for the detection of
negative strand RNA molecules. We demonstrate in this study
that mispriming or artifactual priming due to the positive
strand RNA was not eliminated with the use of tagged prim-
ers. This was shown in experiments using synthetic viral RNA
templates and strongly suggested by the correlation found be-
tween titers of positive strand RNA templates present in a bio-
logical sample and the detection rate of negative strand RNA
in the same sample.

We report that the use of primers located outside of the
highly structured 59NCR such as in the nucleocapsid elimi-
nates self-priming events (at least to the degree of sensitivity
reached by the techniques used) and greatly reduces or elimi-
nates mispriming ones when either sera or liver samples are
analyzed. At least six major genotypes of HCV have been de-

Table III. Detection of HCV Genomic RNA (Positive and 
Negative Strand) in Different Putative Viral Reservoirs Using 
Strand-specific RT-PCR

PBMC‡

Strand detected* Chronic Transplant Fresh BMC‡

Positive strand§ 15/23 3/3 3/8

(65%) (100%) (38%)

Negative strand§ 1/23 1/3 0/6

(4%) (33%) (0%)

*Negative strand was detected using capsid-derived primers. §Number 

of samples showing a specific RT-PCR signal versus total number of 

samples tested. ‡Samples were thoroughly washed before testing. No 

signals were ever detected in the last wash. Fresh BMC were BMC be-

fore culture.
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scribed (27) with genomes that differ mostly in coding domains
such as the envelope proteins. Accumulating clinical evidence
suggests that some of these genotypes may be more virulent,
have higher circulating titers or can be more readily transmit-
ted as reflected by differential sensitivity of various genotypes
to IFN treatment, or the particularly high prevalence of some
isolates in endemic areas (28–30). The 59NCR has been the
target of choice for amplification of HCV genomic strands be-
cause it is the most highly conserved genomic domain. None-
theless, recent data from the literature (21) have made it possi-
ble to adapt capsid-derived primers (16) for PCR amplification
of negative (or positive) strand RNA to tightly match the vari-
ous HCV genotype sequences so far described, thus allowing
the unambiguous amplification of distinct HCV genotypes (In-
chauspé, G., unpublished data). With capsid-derived primers
copied from conserved domains, we failed to detect negative
strand RNA in sera, whatever the positive strand RNA titer
and the viral genotype. This observation strongly suggests that
serum detection of negative strands observed by us with
tagged primers or by others using 59NCR nontagged primers
was probably due to mispriming of the incorrect strand. In our
study, such signals were never observed in samples from non-
infected patients, indicating that viral positive strand RNAs
are implicated in the artifactual detection observed. Residual
nonspecific signals observed in livers with capsid or tagged
59NCR-derived primers are probably due to random priming
of small cellular or viral nucleic acids as previously suggested
(8). Those residual nonspecific signals may still bias the detec-
tion levels of specific signals and therefore may provide an
overestimation of actual viral replicating viruses. Within the
limits of the detection assays, our data exclude the existence of
replicative intermediates in serum of infected patients.

The results obtained using a capsid-optimized RT-PCR as-
say suggest that HCV negative strand RNA is never detected
in serum of HCV chronic carriers, whereas the same patient’s
PBMC can be the site of active replication. Our data suggest
that such replication is a particularly rare event as only a mi-
nority of HCV carriers appear to harbor replicative viruses in
hematopoietic cells (4%). We are in the process of confirming
this observation in a larger scale study. Infected PBMC appear
to be a more privileged site for replication in the case of trans-
plant patients (1:3 or 33%). Higher viral titers may be found in
these patients due to their state of immunodepression which
may favor overall enhanced replication. This observation re-
mains to be confirmed by the analysis of additional cases. It
has been suggested that the disappearance of positive strand
viral RNA from serum or plasma during IFN therapy does not
always correlate with the disappearance of replicative forms in
PBMC (31–33). In these cases, failure to sustain a long-term
response to treatment as documented by recurrence of ALT
elevation and rebound of viremia may be linked to the non-
elimination of HCV from hematopoietic cells. Although in-
triguing, because of the nonspecificity of the assays used in
these studies, the relevance of HCV replicative intermediate
detection in such reservoirs before and during therapy will
have to be reevaluated using more specific detection tools such
as CAP-based PCR assays.

In conclusion, studies aimed at demonstrating the existence
of HCV negative strand RNA, either for the purpose of identi-
fying extrahepatic viral reservoirs, monitoring successful ther-
apeutic eradication of the virus, characterizing active in vitro
or in vivo replication, or for studying implication of the virus in

the development of hepatocellular carcinomas (25), should be
carefully controlled for the various priming events that can
dramatically affect the significance of results. Whereas HCV is
clearly a hepatoprotic virus, our data provide evidence for the
existence of reservoirs from hematopoietic origin.

Acknowledgments

We thank M. Brinton for useful discussion and advice and F. Zoulim
for reviewing the manuscript. The authors are thankful to the Chiron
Corporation and Dr. J.P. Bonn for providing us with the bDNA
assay. 

This work was partly financed by l’Association pour la Recherche
sur le Cancer; H. Lerat is supported by a grant from INSERM, and
M. Major is a recipient of a fellowship from Fondation Merieux.

References

1. Miller, R.H., and R.H. Purcell. 1990. Hepatitis C virus shares amino acid
sequence similarity with pestiviruses and flaviviruses as well as two plant virus
supergroups. Proc. Natl. Acad. Sci. USA. 87:2057–2061.

2. Alter, H.J., R.H. Purcell, J.W. Shih, J.C. Melpolder, M. Houghton, Q.L.
Choo, and G. Kuo. 1989. Detection of antibody to hepatitis C virus in prospec-
tively followed transfusion recipients with acute and chronic non-A, non-B hep-
atitis. N. Engl. J. Med. 321:1494–1500.

3. Choo, Q.L., G. Kuo, A.J. Weiner, L.R. Overby, D.W. Bradley, and M.
Houghton. 1989. Isolation of a cDNA clone derived from a blood-borne non-A,
non-B viral hepatitis genome. Science (Wash. DC). 244:359–362.

4. Bukh, J., R.H. Miller, and R.H. Purcell. 1995. Genetic heterogeneity of
hepatitis C virus: quasispecies and genotypes. Semin. Liver Dis. 15:41–63.

5. Weiner, A.J., G. Kuo, D.W. Bradley, F. Bonino, et al. 1990. Detection of
hepatitis C viral sequences in non-A, non-B hepatitis. Lancet. 335:1–3.

6. Kato, N., O. Yokosuka, M. Omata, K. Hosoda, and M. Ohto. 1990. De-
tection of hepatitis C virus ribonucleic acid in the serum by amplification with
polymerase chain reaction. J. Clin. Invest. 86:1764–1767.

7. Lanford, R.E., C. Sureau, J.R. Jacob, R. White, and T. Fuerst. 1994.
Demonstration of in-vitro infection of chimpanzee hepatocytes with hepatitis C
virus using strand specific RT-PCR. Virology. 202:606–614.

8. Gunji, T., N. Kato, M. Hijikata, K. Hayashi, S. Saitoh, and K. Shimo-
tohno. 1994. Specific detection of positive and negative stranded hepatitis C vi-
ral RNA using chemical RNA modification. Arch. Virol. 134:293–302.

9. Fong, T.L., M. Shindo, S.M. Feinstone, J.H. Hoofnagle, and A.M. Di Bis-
ceglie. 1991. Detection of replicative intermediates of hepatitis C viral RNA in
liver and serum of patients with chronic hepatitis C. J. Clin. Invest. 88:1058–
1060.

10. Wang, J.T., J.C. Sheu, J.T. Lin, T.H. Wang, and D.S. Chen. 1992. Detec-
tion of replicative form of hepatitis C virus RNA in peripheral blood mononu-
clear cells. J. Infect. Dis. 166:1167–1169.

11. Muller, H.M., E. Pfaff, T. Goeser, B. Kallinwski, C. Solbach, and L.
Thielman. 1993. Peripheral blood leukocytes serve as a possible extrahepatic
site for hepatitis C virus replication. J. Gen. Virol. 74:669–676.

12. Willems, M., K. Peerlinck, H. Moshage, I. Deleu, C. Van den Eynde, J.
Vermylen, and S.H. Yap. 1994. Hepatitis C virus RNAs in plasma and in pe-
ripheral blood mononuclear cells of hemophiliacs with chronic hepatitis C: evi-
dence for viral replication in peripheral blood mononuclear cells. J. Med. Virol.

42:272–278.
13. Schenborn, E.T., and R.C. Mierendorf. 1985. A novel transcription

property of SP6 and T7 RNA polymerases: dependence on template structure.
Nucleic Acids Res. 13:6223–6236.

14. Inchauspé, G., K. Abe, S. Zebedee, M. Nasoff, and A.M. Prince. 1991.
Use of conserved sequences from hepatitis C virus for the detection of viral
RNA in infected sera by polymerase chain reaction. Hepatology. 14:595–600.

15. Li, J.S., S.P. Tong, L. Vitvitski, and C. Trépo. 1995. Single-step nested
polymerase chain reaction for detection of different genotypes of hepatitis C vi-
rus. J. Med. Virol. 45:151–155.

16. Okamoto, H.S., S. Okada, Y. Sugiyama, et al. 1991. Nucleotide se-
quence of the genomic RNA of hepatitis C virus isolated from a human carrier:
comparison with reported isolates for conserved and divergent regions. J. Gen.

Virol. 72:2697–2704.
17. Brown, E.A., H. Zhang, L.H. Ping, and S.M. Lemon. 1992. Secondary

structure of the 59 nontranslated regions of hepatitis C virus and pestivirus ge-
nomic RNAs. Nucleic Acids Res. 20:5041–5045.

18. McGuinness, P.H., G.A. Bishop, G.W. McCaughan, R. Trowbridge, and
E.J. Gowans. 1994. False detection of negative-strand hepatitis C virus RNA.
Lancet. 343:551–552.

19. Willems, M., H. Moshage, and S.H. Yap. 1993. PCR and detection of
negative HCV RNA strands. Hepatology. 17:256.



Detection of Hepatitis C Virus Negative Strand RNA 851

20. Cristiano, K., A.M. Bisceglie, J.H. Hoofnagle, and S.M. Feinstone. 1991.
Hepatitis C viral RNA in serum of patients with chronic non-A, non-B hepati-
tis: detection by the polymerase chain reaction using multiple primer sets.
Hepatology. 14:51–55.

21. Bukh, J., R.H. Purcell, and R.H. Miller. 1992. Importance of primer se-
lection for the detection of hepatitis C virus RNA with the polymerase chain re-
action assay. Proc. Natl. Acad. Sci. USA. 89:4942–4946.

22. Takehara, T., N. Hayashi, E. Mita, et al. 1992. Detection of the minus
strand of hepatitis C virus RNA by reverse transcription and polymerase chain
reaction: implications for hepatitis C virus replication in infected tissue. Hepa-

tology. 15:387–390.
23. Shindo, M., A.M. Di Bisceglie, R. Biswas, K. Mihalik, and S.M. Fein-

stone. 1992. Hepatitis C virus replication during acute infection in the chimpan-
zee. J. Infect. Dis. 166:424–427.

24. Shindo, M., A.M. Di Bisceglie, T. Akatsuka, et al. 1994. The physical
state of the negative strand of hepatitis C virus RNA in serum of patients with
chronic hepatitis C. Proc. Natl. Acad. Sci. USA. 91:8719–8723.

25. De Mitri, M.S., K. Poussin, P. Baccarini, et al. 1995. HCV-associated
liver cancer without cirrhosis. Lancet. 345:413–415.

26. Chaves, R.L., J. Graff, A. Normann, and B. Flehmig. 1994. Specific de-
tection of minus strand hepatitis A virus RNA by tail-PCR following reverse
transcription. Nucleic. Acids Res. 22:1919–1920.

27. Simmonds, P., E.C. Holmes, T.A. Cha, et al. 1993. Classification of hep-
atitis C virus into six major genotypes and a series of subtypes by phylogenetic
analysis of the NS5 region. J. Gen. Virol. 74:2391–2399.

28. Yoshioka, K., S. Kakumu, T. Wakita, et al. 1992. Detection of hepatitis
C virus by polymerase chain reaction and response to interferon-a therapy: re-
lationship to genotypes of hepatitis C virus. Hepatology. 16:293–299.

29. Kanai, K., M. Kato, and H. Okamoto. 1992. HCV genotypes in chronic
hepatitis C and response to interferon. Lancet. 339:1543.

30. Saeed, A., A.M. al-Admawi, A. al-Rasheed, D. Fairclough, R. Bacchus,
C. Ring, and J. Garson. 1991. Hepatitis C virus infection in Egyptian volunteer
blood donors in Riyadh. Lancet. 338:459–460.

31. Henin, C., M. Makris, J. Brown, I.R. Peake, and E.F. Preston. 1994. Pe-
ripheral mononuclear cells of haemophiliacs with chronic liver disease are in-
fected with replicating hepatitis C virus. Br. J. Haematol. 87:215–217.

32. Ounanian, A., N. Gueddah, A. Rolachon, M.A. Thelu, J.P. Zarski, and
J.L. Seigneurin. 1995. Hepatitis C virus RNA in plasma and blood mononuclear
cells in patients with chronic hepatitis C treated with alpha-interferon. J. Med.

Virol. 45:141–145.
33. Muratori, L., F. Glostra, M. Cataleta, R. Francesconi, G. Ballardini, F.

Cassani, M. Lenzi, and F.B. Bianchi. 1994. Testing for hepatitis C virus se-
quences in peripheral blood mononuclear cells of patients with chronic hepati-
tis C virus in the absence of serum hepatitis C virus RNA. Liver. 14:124–128.


