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Abstract
Hepatitis C virus (HCV) infects approximately 170 million 
individuals worldwide. Prevention of HCV infection 
complications is based on antiviral therapy with the 
combination of pegylated interferon alfa and ribavirin. 
The use of serological and virological tests has become 
essential in the management of HCV infection in order 
to diagnose infection, guide treatment decisions and 
assess the virological response to antiviral therapy. Anti-
HCV antibody testing and HCV RNA testing are used to 
diagnose acute and chronic hepatitis C. The HCV genotype 
should be systematically determined before treatment, as 
it determines the indication, the duration of treatment, 
the dose of ribavirin and the virological monitoring 
procedure. HCV RNA monitoring during therapy is used to 
tailor treatment duration in HCV genotype 1 infection, and 
molecular assays are used to assess the end-of-treatment 
and, most importantly the sustained virological response, 
i.e. the endpoint of therapy.
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INTRODUCTION
Hepatitis C virus (HCV) infects approximately 170 

million individuals worldwide. Chronic HCV infection 
has been estimated to be responsible for approximately 
250 000 to 350 000 deaths per year, essentially related to 
decompensation of  cirrhosis, end-stage liver disease and 
hepatocellular carcinoma. Prevention of  HCV infection 
complications can be achieved by antiviral therapy based 
on the use of  a combination of  pegylated interferon 
(IFN) alfa and ribavirin, that yields a sustained eradication 
of  infection in 40% to 50% of  cases[1]. The use of  
serological and virological tests has become essential in 
the management of  HCV infection in order to diagnose 
infection, and most importantly guide treatment decisions 
and assess the virological response to antiviral therapy.

HEPATITIS C VIRUS VIROLOGY
Hepatitis C virus and its genotypes
HCV is a member of  the Flaviviridae family, genus 
Hepacivirus[2]. Six HCV genotypes[1-6] and a large number 
of  subtypes (1a, 1b, 1c, etc.) have been identified so far[2]. 
HCV only natural host is man. All HCV genotypes have 
a common ancestor virus. However, HCV genotypes 1, 
2, and 4 emerged and diversified in Central and Western 
Africa, genotype 5 in South Africa, and genotypes 3 and 
6 in China, South-East Asia and the Indian subcontinent. 
In these areas, a large number of  subtypes of  these 
genotypes are found[2]. The rest of  the world, in particular 
industrialized areas, harbor a small number of  HCV 
subtypes that could widely spread because they met an 
efficient route of  transmission, such as blood transfusion 
or the intravenous use of  drugs. They include genotypes 
1a, 1b, 2a, 2b, 2c, 3a, 4a and 5a[2].

HCV virion and lifecycle
The HCV virion is made of  a single-stranded positive 
RNA genome, contained into an icosahedral capsid, itself  
enveloped by a lipid bilayer within which two different 
glycoproteins are anchored[3]. The genome contains three 
distinct regions: (1) a short 5′ non-coding region that 
contains two domains, a stem-loop structure involved 
in positive-strand priming during HCV replication 
and the internal ribosome entry site (IRES), the RNA 
structure responsible for attachment of  the ribosome and 
polyprotein translation; (2) a long, unique open reading 
frame (ORF) of  more than 9000 nucleotides which is 
translated into a precursor polyprotein, secondarily cleaved 
to give birth to the structural proteins (the capsid protein 
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C and the two envelope glycoproteins E1 and E2) and to 
the non-structural proteins (p7, NS2, NS3, NS4A, NS4B, 
NS5A, and NS5B). The functions of  the non-structural 
proteins have been elucidated by a large number of  studies 
and by analogy to related viruses; only NS4B and NS5A 
have no well-defined functions to date; (3) a short 3′ non-
coding region principally involved in minus-strand priming 
during HCV replication[3]. The 3' UTR has been divided 
into three regions: a variable sequence of  approximately 
40 bases, a variable length poly-UC rich tract, and a highly 
conserved 98 base region.

The HCV lifecycle starts with virion attachment to its 
specific receptor[3]. Several candidate molecules have been 
suggested to play a role in the receptor complex, including 
tetraspanin CD81, the scavenger receptor BI (SR-BI), the 
adhesion molecules DC-SIGN and L-SIGN and the low-
density lipoprotein (LDL) receptor. The HCV lifecyle is 
poorly known because of  the lack, until very recently, of  
a productive culture system. It is supposed, by analogy 
with the Flaviviridae, that the virus linked to its receptor 
complex is internalized, and that the nucleocapsid is 
released into the cytoplasm. The virus is decapsidated, 
and the genomic HCV RNA is used both for polyprotein 
translation and replication in the cytoplasm. Replication 
and post-translational processing appear to take place in 
a membranous web made of  the non-structural proteins 
and host cell proteins called "replication complex", located 
in close contact with perinuclear membranes. Genome 
encapsidation appears to take place in the endoplasmic 
reticulum and nucleocapsids are enveloped and matured 
into the Golgi apparatus before newly produced virions 
are released in the pericellular space by exocytosis[3].

VIROLOGICAL TOOLS
Serological assays
Anti-HCV antibody detection: The detection of  anti-
HCV antibodies in plasma or serum is based on the use 
of  third-generation enzyme immunoassays (EIAs), that 
detect antibodies directed against various HCV epitopes. 
Recombinant antigens are used to capture circulating 
anti-HCV antibodies onto the wells of  microtiter plates, 
microbeads, or specific holders adapted to closed auto-
mated devices. The presence of  anti-HCV antibodies is 
revealed by anti-antibodies labeled with an enzyme that 
catalyzes the transformation of  a substrate into a colored 
compound. The optical density (OD) ratio of  the reaction 
(sample OD/internal control OD) is proportional to the 
amount of  antibodies in the serum or plasma sample[4]. 
The specificity of  third-generation EIAs for anti-HCV is 
greater than 99%[5]. Their sensitivity is more difficult to 
determine, given the lack of  a gold standard method, but 
it is excellent in HCV-infected immunocompetent patients. 
EIAs can be fully automated and are well adapted to large 
volume testing. Immunoblot tests are nowadays clinically 
obsolete given the good performance of  third-generation 
anti-HCV EIAs[6].

Serological determination of  the HCV genotype: 
The HCV genotype can be determined by seeking for 
antibodies directed to genotype-specific HCV epitopes 

with a competitive EIA. The currently available assay 
(Murex HCV serotyping 1-6 HC02, Abbott Laboratories, 
North Chicago, Illinois) identifies the type (1 to 6), but 
does not discriminate among the subtypes, and provides 
interpretable results in approximately 90% of  chronically 
infected immunocompetent patients[7]. Mixed serological 
reactivities can be observed that could be related to mixed 
infection although cross-reactivity or recovery from one 
genotype infection and persistence of  viremia with another 
genotype cannot be ruled out.

Detection and quantification of HCV RNA
For many years, the HCV RNA quantitative units used 
in the various assays did not represent the same amount 
of  HCV RNA in a clinical sample. The World Health 
Organization (WHO) has established an international 
standard for universal standardization of  HCV RNA 
quantification units. An HCV RNA international unit (IU) 
has been defined, which is currently used in all of  the 
commercial HCV RNA quantitative assays and should be 
preferred to any other quantitative unit. Indeed, the use 
of  standardized IUs for HCV RNA quantification allows 
deriving recommendations and guidelines from clinical 
trials and applying them in clinical practice with any HCV 
RNA assay.
Qualitative, non-quantitative HCV RNA detection: 
Qualitative detection assays are based on the principle of  
target amplification using either "classic" polymerase chain 
reaction (PCR), "real-time" PCR or "transcription-mediated 
amplification"(TMA)[8]. HCV RNA is extracted and 
reverse transcribed into a single-stranded complementary 
DNA (cDNA), which is subsequently processed into a 
cyclic enzymatic reaction leading to the generation of  a 
large number of  detectable copies. Double-stranded DNA 
copies of  HCV genome are synthesized in PCR-based 
assays, whereas single-stranded RNA copies are generated 
in TMA. Detection of  amplified products is achieved by 
hybridizing the produced amplicons onto specific probes 
after the reaction in "classic" PCR or TMA techniques[8]. 
In "real-time" PCR, each round of  amplification leads to 
the emission of  a fluorescent signal and the number of  
signals per cycle is proportional to the amount of  HCV 
RNA in the starting sample[8-10]. Qualitative detection 
assays must detect 50 HCV RNA IU/mL or less, and 
have equal sensitivity for the detection of  all HCV 
genotypes. The lower limit of  detection of  the qualitative, 
nonquantitative reverse-transcriptase PCR-based assay 
Amplicor® HCV v2.0, or of  its semi-automated version 
Cobas® Amplicor® HCV v2.0 (Roche Molecular Systems, 
Pleasanton, California) is 50 IU/mL, whereas that of  the 
TMA-based assay Versant® HCV RNA Qualitative Assay 
(Siemens, Tarrytown, New York) is 10 IU/mL. Real-
time PCR assays, which are also able to quantify HCV 
RNA, have lower limits of  detection of  15 IU/mL (Cobas 
Ampliprep®-Cobas Taqman® (CAP-CTM) HCV Test, 
Roche Molecular Systems) and of  12-30 IU/mL according 
to the amount of  blood tested (Abbott RealTimeTM HCV 
Assay, Abbott Diagnostic) when they are used as purely 
qualitative, nonquantitative assays.
HCV RNA quantification: HCV RNA can be quantified 
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by means of  target amplification techniques (competitive 
PCR or real-time PCR) or signal amplification techniques 
[branched DNA (bDNA) assay][8]. Five standardized assays 
are commercially available. Two of  them are based on 
competitive PCR: Amplicor HCV Monitor® v2.0 and its 
semi-automated version Cobas® Amplicor HCV Monitor®  
v2.0 (Roche Molecular Systems) , and LCx® HCV 
RNA Quantitative Assay (Abbott Laboratories); one is 
based on bDNA technology, Versant® HCV RNA 3.0 
Assay (Siemens); and two are based on real-time PCR 
amplification, Cobas® TaqMan HCV Test, which can be 
coupled with automated extraction in Cobas Ampliprep®  
(CAP-CTM, Roche Molecular Systems), and Abbott 
RealTimeTM HCV assay (Abbott Diagnostics), which 
uses the Abbott m2000RT system and can also be coupled 
with an automated extraction procedure in m2000SP 
(m2000 Real-Time PCR System). HCV RNA levels falling 
above the upper limit of  quantification of  the assay are 
underestimated and the samples must be retested after 
1/10 to 1/100 dilution in order to achieve accurate 
quantification. The Cobas® TaqMan HCV Test has been 
shown to underquantify some HCV genotype 4 and, less 
often, HCV genotype 2 samples[11]. In addition, differences 
in calibration of  the assays relative to the primary WHO 
HCV RNA standard lead to slight differences between 
the results given in the same samples by different assays in 
spite of  the use of  international units as a quantification 
unit[11]. However, the most promising approach for the 
future is fully automated real-time PCR assays.

Molecular determination of the HCV genotype (genotyping)
The reference method for HCV genotype determination 
is direct sequencing of  the NS5B or E1 regions of  HCV 
genome by means of  "in-house" techniques, followed 
by sequence alignment with prototype sequences and 
phylogenetic analysis[2,12]. In clinical practice, HCV 
genotype can be determined by various commercial kits, 
using direct sequence analysis of  the 5' noncoding region 
(Trugene® 5' NC HCV Genotyping Kit, Bayer HealthCare) 
or reverse hybridization analysis using genotype-specific 
probes located in the 5' noncoding region (commercialized 
as INNO-LiPA HCV  II, Innogenetics, Ghent, Belgium, or 
Versant® HCV Genotyping Assay, Bayer HealthCare)[13-16]. 
Mistyping is rare with these techniques, but mis-subtyping 
may occur in 10% to 25% of  cases, related to the studied 
region (5' noncoding region) rather than the technique 
used. These errors have no clinical consequences, because 
only the type is used for therapeutic decision-making. 
An assay based on direct sequencing of  the NS5B region 
is currently in development (Trugene® NS5B HCV 
Genotyping Kit, Bayer HealthCare).

DIAGNOSIS OF HCV INFECTION
Acute hepatitis C
Patients with a suspicion of  acute hepatitis C should be 
tested for both anti-HCV antibodies by EIA and HCV 
RNA with a sensitive technique, i.e. an HCV RNA assay 
with a lower limit of  detection of  50 IU/mL or less[4]. 
Four marker profiles can be observed according to the 

presence or absence of  either marker. The presence of  
HCV RNA in the absence of  anti-HCV antibodies is 
strongly indicative of  acute HCV infection, which will 
be confirmed by seroconversion (i.e. the appearance of  
anti-HCV antibodies) a few days to week later. Acutely 
infected patients can also have both HCV RNA and anti-
HCV antibodies at the time of  diagnosis. It is difficult, in 
this case, to distinguish acute hepatitis C from an acute 
exacerbation of  chronic hepatitis C or an acute hepatitis 
of  another cause in a patient with chronic hepatitis C.

Acute hepatitis C is very unlikely if  both anti-HCV 
antibodies and HCV RNA are absent or if  anti-HCV 
antibodies are present without HCV RNA. The latter 
patients should however be retested after a few week 
because HCV RNA can be temporarily undetectable, due 
to transient, partial control of  viral replication before 
infection becomes chronic[17]. Apart from such cases, the 
presence of  anti-HCV antibodies in the absence of  HCV 
RNA is generally seen in patients who have recovered 
from a past HCV infection. Nevertheless, this pattern 
cannot be differentiated from a false positive EIA result, 
the exact prevalence of  which is unknown.

Chronic hepatitis C
In patients with clinical or biological signs of  chronic liver 
disease, chronic hepatitis C is certain when both anti-HCV 
antibodies and HCV RNA are present[6,18]. Detectable 
HCV replication in the absence of  anti-HCV antibodies is 
exceptional with the current enzyme immunoassays, almost 
exclusively observed in profoundly immunodepressed 
patients, hemodialysis patients or agammaglobulinemic 
subjects[19,20].

In patients who have no indication for therapy or have 
a contra-indication to the use of  antiviral drugs, virological 
tests have no prognostic value. Thus, they cannot be used 
to predict the natural course of  infection or the onset 
of  extrahepatic manifestations. In untreated patients, 
the severity of  liver inflammation and fibrosis must be 
evaluated every three to five years by means of  a liver 
biopsy or non-invasive serological or ultrasound-based 
testing[1].

MANAGEMENT OF ANTIVIRAL THERAPY
The current standard treatment for chronic hepatitis C is 
the combination of  pegylated interferon (IFN) alfa and 
ribavirin[1]. The efficacy endpoint of  hepatitis C treatment 
is the "sustained virological response" (SVR), defined by 
the absence of  detectable HCV RNA in serum as assessed 
by an HCV RNA assay with a lower limit of  detection of  
50 IU/mL or less 24 wk after the end of  treatment[1]. The 
advent of  new, more sensitive assays with different lower 
limits of  HCV RNA detection may create some confusion 
as to whether patients have "undetectable" HCV RNA 
during therapy. 

Initiation of therapy
Only pat ients with detectable HCV RNA should 
be considered for pegylated IFN alfa and ribavirin 
combination therapy[1]. The decision to treat patients 
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with chronic hepatitis C depends on multiple parameters, 
including a precise assessment of  the severity of  liver 
disease and of  its foreseeable outcome, the presence of  
absolute or relative contra-indications to therapy, and the 
patient's willingness to be treated.

The HCV genotype should be systematically deter-
mined before treatment, as it determines the indication, 
the duration of  treatment, the dose of  ribavirin and the 
virological monitoring procedure[21].

HCV genotype 1
Given the likelihood of  a sustained virological response, 
of  the order of  40% to 50%, a precise assessment of  liver 
disease prognosis by means of  a liver biopsy or a non-
invasive method based on serological markers of  fibrosis 
or ultrasound-based testing[22,23] must be performed in 
order to help with the treatment decision (Figure 1A). It 
is recommended not to treat patients with mild lesions 
and to re-assess their liver disease after 3 to 5 years. The 
patients with inflammation and/or fibrosis (Metavir score 
A ≥ 2 and/or F ≥ 2) have an indication for therapy[1].

The approved dose of  pegylated IFN alfa-2a is 180 µg 
per week, independent of  body weight, whereas that of  
pegylated IFN alfa-2b is weight-adjusted at 1.5 µg/kg per 
week, identical for all HCV genotypes. Patients infected 
with HCV genotype 1 should receive a high dose of  
ribavirin, i.e. 1000 to 1200 mg daily, based on body weight 
less than or greater than 75 kg. The heaviest patients 
could benefit from a higher ribavirin dose, up to 1600 mg 
daily. Genotype 1-infected patients theoretically require 
48 wk of  treatment (Figure 1A)[1]. Monitoring of  HCV 

RNA load decrease during therapy must be performed 
in order to avoid treating patients with no likelihood of  
a subsequent SVR[24,25]. For this purpose, HCV RNA 
quantification must be performed at baseline and after 
12 wk of  treatment (Figure 1A) with the same technique 
in order to ensure comparability of  the results at the two 
time points[1]. Treatment must be continued when there 
is a 2-log drop in HCV RNA level, i.e. when baseline 
HCV RNA level is divided by 100 or more, or when HCV 
RNA is undetectable at wk 12[1]. In these patients, it is 
recommended to assess the presence of  HCV RNA with 
a sensitive technique (lower limit of  detection: 50 IU/mL 
or less) at wk 24. If  HCV RNA is undetectable at wk 
24, treatment must be continued until wk 48, with a high 
likelihood of  an SVR. It was recently suggested that 24 
wk of  therapy might be sufficient for patients with a low 
baseline viral load, a 2-log or more decline at wk 12 and 
undetectable HCV RNA at wk 24[26]. Rapid virological 
responders, defined as patients with no detectable HCV 
RNA at wk 4 of  therapy could also benefit from shorter 
therapy. Ongoing trials will feed future guidelines.

In contrast, if  HCV RNA is still detectable at wk 24, 
the likelihood of  an SVR is virtually nil and treatment can 
be stopped or continued with the only aim to slow liver 
disease progression in patients with a severe prognosis, 
without any hope to eradicate infection (Figure 1A)[1,24]. 
Ongoing trials are studying whether a prolonged antiviral 
treatment or maintenance therapy with pegylated IFN alfa 
monotherapy could be beneficial in these patients. When 
treatment is continued until wk 48, the end-of-treatment 
and sustained virological responses should be assessed by 
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Figure 1  Current algorithms for the use of HCV virological tools in the treatment of chronic hepatitis C, according to the HCV genotype: genotype 1 (A), genotypes 2 and 3 (B), 
and genotypes 4, 5 and 6 (C). Adapted from[32], with permission.
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means of  a sensitive HCV RNA assay, with a lower limit 
of  detection of  50 IU/mL or less[1]. HCV RNA detection 
at the end of  therapy is highly predictive of  a post-
treatment relapse (the more sensitive assays allow earlier 
identification of  relapser patients), whereas the absence of  
HCV RNA at the end of  treatment indicates a virological 
response. The latter patients must be retested for HCV 
RNA with a sensitive method 24 wk later in order to assess 
the SVR, i.e. the endpoint of  therapy[1,4]. HCV infection 
appears to be definitively cured in the vast majority of  
sustained virological responders.

The lack of  a 12-wk virological response (no change 
or an HCV RNA decrease of  less than 2 logs at wk 12) is 
associated with a virtually nil probability of  a subsequent 
sustained virological response[24,25]. Treatment can thus 
be stopped at wk 12 in these patients, or continued to 
slow liver disease progression without clearing the virus 
(Figure 1A). The benefits of  maintenance therapy on the 
outcome of  HCV-associated liver disease are currently 
under investi-gation. This "stopping rule", based on 
monitoring of  HCV RNA load reduction at wk 12, was 
recently shown to also apply to patients co-infected with 
HCV and human immunodeficiency virus[27-29].

HCV genotypes 2 and 3
Patients infected with HCV genotypes 2 or 3 have a 
70%-80% likelihood of  an SVR with a low dose of  
ribavirin and only 24 wk of  treatment[21,25,30]. Thus, in the 
absence of  contra-indications, these patients should be 
treated regardless of  the severity of  their liver disease 
(Figure 1B). The recommended dose of  pegylated IFN 
alfa-2a or alfa-2b is the same as for HCV genotype 1. 
The fixed recommended dose of  ribavirin is 800 mg 
per day (Figure 1B)[1]. It is possible that lower doses of  
ribavirin and/or shorter duration of  treatment could 
be sufficient to achieve an SVR in certain subgroups of  
patients with genotype 2 or 3 infection, such as those 
with a low baseline viral load and no extensive fibrosis or 
cirrhosis, as suggested by recent preliminary data[31]. One 
should be careful in patients who combine several baseline 
parameters of  non-response, such as extensive fibrosis, 
an old age and a male gender, who might need 48 wk of  
therapy to clear infection.

No monitoring of  HCV RNA level changes during 
therapy is recommended in the patients with genotype 2 
or 3 infection, because the vast majority of  them become 
HCV RNA-negative early during treatment. Like in HCV 
genotype 1-infected patients, the virological response must 
be assessed by means of  a sensitive HCV RNA assay at 
the end of  therapy and 24 wk later in order to determine 
whether the virological response is sustained (Figure 1B)[1,4].

HCV genotypes 4, 5 and 6
In the absence of  any clinical trial including a sufficient 
number of  patients, the likelihood of  an SVR and the 
optimal treatment schedule remain unknown for the 
patients infected with HCV genotypes 4, 5 or 6. It is thus 
recommended to treat them like those infected with HCV 
genotype 1, i.e. with pegylated IFN alfa at the usual dose, 
combined with a high dose of  ribavirin (1000-1200 mg 

per day, according to body weight less or greater than 
75 kg) (Figure 1C). In the absence of  published data, no 
stopping rules have been defined and it is recommended 
to treat these patients for a total of  48 wk. The virological 
response must be assessed by means of  a sensitive HCV 
RNA assay (lower limit of  detection of  50 IU/mL or less) 
at the end of  therapy and 24 wk later[1,4].

CONCLUSION
Virological tools have nowadays become mandatory at 
every step of  HCV infection treatment. Algorithms have 
been derived that allow the clinician to tailor treatment 
schedules to the individual patient and his/her virological 
response to therapy, in order to optimize the results of  
pegylated IFN-ribavirin therapy. This approach is cost-
effective, because treatment dose and duration are adapted 
to the patient's needs and administration can be stopped 
when the likelihood of  a sustained virological response is 
nil.

In the future, more sensitive HCV RNA assays will be 
available. They will better differentiate responder patients 
who will subsequently relapse from those who will not. 
They will also detect the virological relapse earlier after the 
end of  therapy. A number of  ongoing studies are currently 
assessing the capacity of  viral load measurements at earlier 
time points to predict the sustained virological response 
or non-response. New algorithms will be developed soon, 
based on the assessment of  viral load reductions at wk 4 of  
therapy, or eventually earlier. Too complicated algorithms 
applied to a too high number of  patient subgroups may 
however make therapy more and more difficult on an every 
day basis. In addition, early predictions based on frequent 
viral load measurements may not always be easily feasible 
in the clinical setting. Overall, it will be important to keep 
treatment algorithms as simple and feasible as possible in 
order to offer the best chance of  success to the individual 
patients.
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