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n INTRODUCTION

S
ince their first introduction in 1989 [1] the
serologic tests for the detection of anti-HCV
antibodies have been improved with respect

to their sensitivity and specificity [2]. So, tests for
anti-HCV (namely ELISA tests) are at present
the first choice tests for the diagnosis of HCV in-
fection. However, there are some situations in
which the clinician cannot rely on antibody tests
for the diagnosis of HCV infection and has to re-
sort to a direct evidentiation of the virus. HCV
cannot be identified using an in vitro culture, the
identification of the viral particles by electron
microscopy has so far been unsuccessful, and,
furthermore, the search for specific antigens is
difficult due to their low serum concentration.
The only structure of HCV that we can identify
for practical purposes is its genomic RNA, thus
the HCV-RNA test is the only test of “viremia”
available for diagnosing and monitoring HCV
infection.
In this paper we review the techniques available
for the qualitative and quantitative detection of
the HCV-RNA in the serum or plasma, and we
discuss the clinical conditions in which the HCV-
RNA test is useful or mandatory for diagnosis.
The clinical usefulness of seeking HCV viremia
for purposes different from diagnosis is also dis-
cussed.

n TECHNIQUES FOR THE DETECTION
OF SERUM OR PLASMA HCV-RNA

The genome of HCV cannot be reliably sought
by standard molecular hybridization techniques,
whose sensitivity limits are about 5x105 genome
equivalents per ml: this sensitivity makes it pos-
sible to cover only part of the range of viremia
levels in infected subjects, which is reported to
be from 102 to 109 genomes per ml.
The detection of small quantities of HCV-RNA in
serum has been made possible with the tech-

niques of genome amplification, and in particu-
lar with the polymerase chain reaction, PCR [3].
In practice, the RNA is extracted from viral par-
ticles and reverse-transcribed to cDNA, which is
then amplified by PCR. Due to the heterogeneity
of the HCV genome [4], oligonucleotide primers
complementary to the 5’-non coding region of
HCV genome, which is the best preserved of the
different strains of HCV, are generally used for
the amplification. Furthermore, the sensitivity of
PCR in seeking HCV-RNA can be increased by
performing two sequential cycles of amplifica-
tion, in the second of which primers comple-
mentary to the products of the first cycle of am-
plification are utilized: this approach, termed
“nested” PCR, makes it possible to detect even
less than 100 genome equivalents of HCV per ml
of serum [5]. However, nested PCR is a time-con-
suming technique which requires skilled per-
sonnel and may give false positive results. False
positivity in the PCR procedure is caused by
sample contamination with amplicons, i.e. copies
of the viral genome amplified in previous PCR
rounds, which have spread in the environment
with aereosols and penetrated the sample during
the sequential opening and closing of the test
tubes. In spite of the strict adherence to the pub-
lished recommendations to avoid contamination
[6], false positivity greatly affects the results of
PCR, as documented in a report from Eurohep
(European Expert Group on Viral Hepatitis) in
which HCV-RNA results between various labo-
ratories were compared [7]. The reproducibility,
both inter- and intralaboratories, of the PCR test
is also negatively affected by numerous steps in
the procedure and by the difference in reagents
used in each step.
Since 1992 a diagnostic test for seeking HCV-
RNA by PCR, designed to limit false positive re-
sults, has been commercially available. This test
(AmplicorTM HCV, Roche Diagnostics Systems)
uses a single-step reaction of amplification and
limits false positive results in two features. The

 



222
1999

first feature is the use of the DNA polymerase
from Thermus thermophylus, which in the pres-
ence of manganese has both reverse-transcrip-
tase and DNA-polymerase activity [8], thus
eliminating the need to open the tubes between
the two phases (reverse-transcription and am-
plification) of the procedure. The second feature
is the addition to the  reaction  mixture  of the
enzyme  uracyl-N-glycosylase (AmpEraseTM,
Roche Diagnostics Systems), which destroys the
amplicons carried-over from previous assays
[9]. To allow the AmpEraseTM to act, deoxyuri-
dine replaces thymidine in the deoxyribonucle-
oside triphosphate mix of the amplification re-
action mixture: as a result, the amplicons contain
uracyl instead of thymine. AmpEraseTM destroys
the amplicons, which contain the deoxyribose
form of uridinetriphosphate, but does not de-
stroy the original viral RNA, which contains the
ribose form of uridinetriphosphate; further-
more, AmpEraseTM destroys only carried-over
amplicons, but not newly created amplicons,
since it is heat-inactivated at the beginning of the
amplification process. The efficacy of the Am-
plicorTM HCV test has been established in both
pre-clinical and clinical studies [10, 11]: its sen-
sitivity has been estimated at about 1,000
genome equivalents per ml of serum. The avoid-
ing of false positives and the adequate sensitiv-
ity of the AmplicorTM HCV test, together with
the familiar microwell plate detection format,
all favour this HCV-RNA test for routine diag-
nosis; these characteristics may also help to
overcome the low reproducibility of the in-
house nested PCR and to improve the stan-
dardization of the assay.
The quantification of HCV viremia has been car-
ried out using competitive PCR and dilution as-
says. The competitive PCR approach is based
on the amplification of the viral genome in the
presence of a specific competitor nucleic acid,
added directly to the specimen: quantification is
obtained by comparing the amplified products
derived from the native viral nucleic acid to
those derived from known quantities of the
competitor [12]. Several techniques for the
quantitative measurement of HCV-RNA con-
centration in the serum using competitive PCR
have been developed [13, 14, 15]: however they
are time-consuming, use different reagents and
methodologies, so the results of the different
laboratories would be difficult to compare. A
quantitative evaluation of serum HCV-RNA,
which is based on a noncompetitive, end-point
dilution approach, can be achieved using a com-

mercial assay (AmplicorTM HCV Monitor). In
this assay, the HCV-RNA in the sample is co-
amplified with an internal quantitative stan-
dard, i.e. a synthetic RNA showing the same at-
tack sites of the sample RNA: the comparison of
the optical densities of the serial dilutions of the
amplified sample with the optical densities of
the co-amplified internal standard makes it pos-
sible to quantify the HCV-RNA concentration in
the range of 103 to 106 genome equivalents per
ml of serum.
An inherent problem of HCV-RNA quantifica-
tion by PCR is precisely the amplification step,
whose variable efficacy brings about a substan-
tial variability in the results, even on the same
sample. To overcome this problem, a technique
for HCV-RNA detection has been set up that
does not utilize the amplification of the genome,
but is based on the amplification of the signal
generated by the hybridization of the viral RNA
to specific probes [16]. This commercially avail-
able assay (QuantiplexTM HCV, Bayer Corpora-
tion) is a solid-phase, sandwich-type, hy-
bridization test, in which the viral nucleic acid is
captured by virus-specific oligonucleotide
probes bound to the wells of microtiter plates
(capture probes), and then reacted with free
virus-specific probes added afterwards to the
plates. These latter probes (target probes) are the
target of branched DNA (bDNA) molecules car-
rying multiple binding sites for phosphatase al-
kaline-labeled probes. Detection is achieved by
adding a chemiluminescent substrate and by
measuring the light emission with a luminome-
ter.
Due to the fact that the QuantiplexTM HCV test
uses a hybridization technique with no previous
genome amplification, its sensitivity is lower
than that of the nested PCR and of the commer-
cial single-step PCR (AmplicorTM), and therefore
is not recommended as a test for the qualitative
detection of HCV-RNA. However, the hy-
bridization reaction gives a precise quantitation
of the viral genome in a sample by comparing it
with a standard curve of purified HCV-RNA.
The version of QuantiplexTM HCV currently com-
mercialized (Version 2.0) is linear within a range
of concentrations varying from 2x105 to 1.2x108

genome equivalents of HCV-RNA per ml of
serum; in addition, it is capable of quantifying
with the same efficacy the most common HCV
subtypes [17]. The Version 3.0 of the Quan-
tiplexTM HCV, which has a sensitivity of 2-3x103

genomes/ml, will be commercially available
within the end of 1999.
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n CONDITIONS WHICH MIGHT WARRANT
SEEKING SERUM OR PLASMA HCV-RNA

Neonatal infections
Perinatal transmission of HCV occurs on aver-
age in 5% of infants, principally in those born
from women who have high titers of HCV-RNA
and hypertransaminasemia, or who are co-in-
fected with HIV [18, 19, 20].
The diagnosis of HCV infection in the newborn
baby cannot rely on seeking anti-HCV antibod-
ies, as these are transmitted passively from the
mother to the foetus and are detectable in the
newborn baby for as long as 12 months. Thus, in
the newborn baby seeking the viremia by a qual-
itative test is mandatory for the diagnosis of
HCV infection.

Infections in transplant patients
Patients who have undergone liver transplant
because they are suffering from an HCV-related
cirrhosis show in virtually all cases an HCV re-
infection of the transplanted liver, and in about
50% of them the liver damage becomes chronic.
The antibody tests are of no use for a diagnosis
of post-transplant reinfection; in addition, seek-
ing HCV-RNA in a qualitative analysis is also
useless, as there is no “window” phase between
pre- and post- transplant viremia. It has been re-
ported that the timing of reinfection can be
reached by making a serial determination of the
levels of viremia in the post-transplant period,
which makes it possible to detect the viremia
peak coinciding with reinfection [21].
As already stated, even if virtually all patients
transplanted due to HCV cirrhosis present rein-
fection in the transplanted liver, not all of them
develop liver damage, and the damage, when
present, is of different degrees in different pa-
tients. A quantitative determination of serum
HCV-RNA might clarify whether the develop-
ment and the degree of liver damage are corre-
lated to the viremia levels present in the pre-
and post-transplant phases. However, recent da-
ta indicate that the level of replication, as as-
sessed by detection of intrahepatic HCV by
semiquantitative RT-PCR, is not correlated with
the development of recurrent hepatitis [22].
The HCV can be also transmitted to the trans-
planted patient either via the blood transfusion
or via the donated organ [23], but the frequency
of this type of transmission is decreasing due to
improved screening of blood and hemoderiva-
tives.
A rapid diagnosis of an HCV infection in a trans-

planted subject may be useful in the differential
diagnosis of an acute graft dysfunction in the
early post-transplant phase. Due to anti-rejec-
tion drug immunosuppression, the majority of
the patients who acquire ex novo the infection af-
ter a transplant do not develop specific antibod-
ies that are detectable with the ELISA test or the
immunoblotting assay, or they develop them lat-
er; therefore, the antibody tests cannot be relied
on to diagnose an HCV infection acquired after
a transplant, and a timely diagnosis of HCV in-
fection in a transplanted subject requires seeking
HCV-RNA.

Acute hepatitis
As already mentioned in the introduction, the
3rd generation anti-HCV ELISA tests are highly
sensitive, and compared to the 1 st generation
tests, have enabled us to substantially shorten
the so-called “serological window” phase, i.e.
the interval between the start of HCV infection
and the appearance of an identifiable level of
specific antibodies. Therefore, apart from the
above situations of infection in the newborn and
in immunocompromised hosts, the anti-HCV
test is adequate to make an etiological diagnosis
of acute hepatitis, and the HCV-RNA test should
not be routinely carried out as a first step in the
diagnostic procedure. In acute anti-HCV posi-
tive hepatitis, there is as yet no known justifica-
tion for routinely carrying out the HCV-RNA
test using a quantitative method for diagnostic
purposes, as there is no proof that monitoring
the HCV viremia levels in the acute phase of the
disease will give any indication of the outcome
(a resolved or chronic disease).

Chronic hypertransaminasemia
In most subjects with chronic hypertransami-
nasemia (defined as having had high AST
and/or ALT levels for at least 6 months, even
though with borderline or fluctuating values),
the result of the anti-HCV antibody test is suf-
ficient to rule in or out HCV as the etiological
agent in the vast majority of the cases. There
are, however, certain cases of chronic hyper-
transaminasemia where, due to particular con-
ditions relating to the host or the etiological
agent, the presence of HCV infection cannot be
ruled out by the negativity of the anti-HCV an-
tibody tests. Such is the case, for instance, with
immunocompromised subjects, both primarily
(e.g. patients with HIV infection) and secon-
darily (e.g. patients with a neoplasia, he-
modialysis subjects, patients under cortisone or



antiblastic therapy); these patients, in fact, may
have a slight or absent specific antibody re-
sponse. Also in chronic hypertransaminasemia
patients who are the offspring of HCV-infected
mothers, this virus should be suspected and
sought as a possible etiological agent even if an-
ti-HCV antibodies are absent in the serum.
These patients might actually have acquired
HCV infection from their mother and not have
developed a  specific antibody response because
of immunological tolerance to the proteins of
the virus [24, 25]. Lastly, there are some patients
suffering from a chronic HCV liver disease with
associated cryoglobulinemia, in whom the anti-
HCV antibodies are not identifiable in the
serum because they are sequestered in immune
complexes. In the above-mentioned categories,
HCV should therefore still be suspected as the
etiological agent of chronic hypertransami-
nasemia, and the qualitative HCV-RNA test
should always be done when the anti-HCV
ELISA test is negative. For the anti-HCV nega-
tive chronic hypertransaminasemia patients not
included in the above categories, we believe that
the HCV-RNA test should be done only in the
“cryptogenic” cases after all the other possible
causes of chronic liver disease have been ruled
out [26].

Anti-HCV positivity with normal transaminase
values
The HCV-RNA test is of fundamental diagnos-
tic importance for subjects who, during blood
donation or some other screening, discover that
they are anti-HCV positive, but have repeated-
ly normal transaminase values (at least on 3 oc-
casions at two-months intervals). For these sub-
jects a supplementary immunoblotting test
should always be done: if the supplementary test
is negative, it may indicate an aspecific positiv-
ity of the ELISA test, as may happen in condi-
tions associated to hypergammaglobulinemia,
and the viremia test should not be done. The
HCV-RNA test, on the other hand, should al-
ways be done when the supplementary test is ei-
ther positive or indeterminate. In fact, in anti-
HCV positive subjects with normal ALT values,
the absence of serum HCV-RNA suggests a re-
covery from a past HCV infection, and may be
associated either with an absence of liver dis-
ease or with an inactive liver disease. In contrast,
in anti-HCV positive subjects with normal ALT
values, the presence of serum HCV-RNA is gen-
erally associated with a liver disease as seen
when liver biopsy is performed [27].

Therapy with Interferon or other agents
The admission criteria for treatment with IFN
generally include hypertransaminasemia, even
slight or fluctuating, an anti-HCV positive test
and a histological diagnosis of chronic hepatitis.
In our opinion, checking the presence of HCV
viremia using a qualitative test is not mandato-
ry before starting therapy, as practically all the
patients with the above-mentioned characteris-
tics are viremic.
The qualitative viremia test is useful to assess the
response to IFN therapy. In relation to our pre-
sent knowledge, we suggest carrying out the
qualitative viremia test on all patients who show
no normalization of the transaminase values af-
ter 3 months of IFN therapy: the persistence of
viremia may indeed warrant a discontinuation
of the therapy.
For patients who show a normalization of the
transaminase values, we advocate carrying out
the qualitative HCV-RNA test at the end of the
planned cycle of therapy (generally 12 months),
since the positivity of the viremia test with per-
sistently normal transaminase values may war-
rant prolonging therapy up to 18 months. For
patients who maintain their biochemical re-
sponse beyond 1 year from IFN discontinua-
tion (“sustained” responders), the viremia test
should be repeated 12 months after IFN sus-
pension: in fact HCV may reappear in the
serum from hepatic or extrahepatic sites of
replication.
The hepatitis C viral dynamic in vivo suggests
that early monitoring of viral load can help
guide therapy [28]. However, the clinical use-
fulness of the quantitative HCV viremia test for
pre-treatment selection and for monitoring the
IFN therapy has not yet been established by am-
ple clinical experimentation.
Furthermore, the results obtained using different
methods are not easily comparable [29], and the
best times and intervals for monitoring during
therapy and outside it have still not been de-
fined [30]. The results of our recent study indi-
cate that measuring the levels of HCV-RNA at 1
month from the start of therapy is an early pre-
dictor of the efficacy of IFN (unpublished re-
sults).
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The test to identify genomic RNA is the only
tool currently available to directly evidence
the presence of the hepatitis C virus (HCV) in
infected subjects. In this review we examined
the most commonly used qualitative and
quantitative methods to detect HCV-RNA in
serum or plasma, focusing particular attention

on commercially available methods. Further-
more, we report the clinical conditions in
which the viremia test is useful or even
mandatory for the diagnosis of HCV infection,
and comment on the usefulness of the test for
monitoring patients in the course of antiviral
therapy.

SUMMARY

II test per l’identificazione dell’RNA genomico co-
stituisce l’unico strumento utilizzabile per dimo-
strare in maniera diretta Ia presenza del virus
dell’epatite C (HCV) nei soggetti infetti. In questa
rassegna sono presi in esame i metodi più comu-
nemente usati per la ricerca qualitativa e quanti-
tativa dell’HCV-RNA nel siero o nel plasma, in
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maniera particolare quelli disponibili in commer-
cio. Inoltre sono riportate le situazioni cliniche nel-
le quali il test di viremia HCV è ritenuto utile o
addirittura indispensabile ai fini diagnostici, ed è
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toraggio dei pazienti in corso di terapia con anti-
virali.
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