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Abstract
Hepatitis C virus (HCV) infection represents a ma-
jor public health issue. Hepatitis C can be cured by 
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therapy, but many infected individuals are unaware of 
their status. Effective HCV screening, fast diagnosis and 
characterization, and hepatic fibrosis staging are highly 
relevant for controlling transmission, treating infected 
patients and, consequently, avoiding end-stage liver 
disease. Exposure to HCV can be determined with high 
sensitivity and specificity with currently available third 
generation serology assays. Additionally, the use of 
point-of-care tests can increase HCV screening opportu-
nities. However, active HCV infection must be confirmed 
by direct diagnosis methods. Additionally, HCV genotyp-
ing is required prior to starting any treatment. Increas-
ingly, high-volume clinical laboratories use different 
types of automated platforms, which have simplified 
sample processing, reduced hands-on-time, minimized 
contamination risks and human error and ensured full 
traceability of results. Significant advances have also 
been made in the field of fibrosis stage assessment 
with the development of non-invasive methods, such 
as imaging techniques and serum-based tests. How-
ever, no single test is currently available that is able 
to completely replace liver biopsy. This review focuses 
on approved commercial tools used to diagnose HCV 
infection and the recommended hepatic fibrosis staging 
tests.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: About 150 million people are chronically in-
fected with hepatitis C virus (HCV) worldwide, making 
them at risk for cirrhosis, hepatocellular carcinoma and 
end-stage liver disease. Recent advances in hepatitis C 
therapy may bring the opportunity of eradicating this 
infection. However, ongoing HCV transmission, under-



patients have higher response rates to antiviral treatment 
than those with an established chronic infection. Thus, 
effective screening and fast diagnosis of  HCV are highly 
relevant steps in preventing disease progression and virus 
spread, since they allow infected persons to be identified 
and treated. We discuss the assays approved for in vitro 
diagnostics in the following sections.

TOOLS FOR THE DIAGNOSIS AND 
MANAGEMENT OF HCV INFECTION
Two major types of  assays have been developed to diag-
nose and manage HCV infection: those that detect HCV-
specific antibodies that are used to indirectly diagnose 
infection, and those that detect viral components (e.g., the 
core antigen or the viral genome) that are used to directly 
diagnose hepatitis C and manage HCV infected patients.

Indirect diagnosis
Serologic assays detect HCV-specific total antibodies 
(IgM and IgG) and are used to screen and diagnose HCV 
exposure. However, these assays do not discriminate be-
tween active and resolved infections.

Screening assays: Since 1989, when HCV was discov-
ered and its immunodominant epitopes were identified, 
HCV infection has been mainly diagnosed by detect-
ing HCV antibodies from serum samples using enzyme 
immunoassays (EIA). Over time, serologic assays have 
evolved, and current third-generation assays now include 
multiple recombinant HCV antigens from the core, NS3, 
NS4 and NS5 regions. This has resulted in the reduction 
of  the window period and in an overall improved detec-
tion of  patients exposed to HCV (with excellent sensitivity 
and specificity)[8]. 

Currently, immunoassays can be fully automated us-
ing high-throughput, random access instruments that are 
widely used in clinical laboratories. Characteristics of  the 
most commonly used assays are summarized in Table 1. 
Most of  these are chemiluminescence immunoassays, 
which have improved the specificity and positive predic-
tive value (PPV) of  conventional EIAs[9]. Briefly, HCV 
antigens are immobilized on different types of  solid 
phases (microwell, magnetic and paramagnetic particles). 
The presence of  HCV-specific antibodies in the clini-
cal specimen is then detected with a conjugate antibody 
(anti-human IgG labeled with acridinium or horseradish 
peroxidase) that catalyzes the oxidation of  a luminol, pro-
ducing light. The light signal is measured by the system 
and then normalized relative to the cut-off  value [signal/
cut-off  (S/CO)] or as relative lights units[9,10]. 

Anti-HCV assays have several disadvantages, includ-
ing: (1) the prolonged duration of  the window period 
between the time of  infection and the detection of  HCV 
antibodies (approximately 45-68 d)[11]; (2) the low PPV 
in low-risk populations (as false-positive results may 
result from the presence of  multiple circulating immu-
noglobulins that can interact non-specifically with HCV 
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diagnosis of HCV-infected persons, and difficulties in ac-
cessing treatment remain great challenges that require 
public health responses. In this review, we focus on di-
agnostic methods used to control HCV infection, includ-
ing laboratory and point-of-care tests. We also discuss 
available non-invasive methods to assess liver fibrosis, 
as the severity of liver disease has important implica-
tions in the prognosis and treatment of hepatitis C.
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INTRODUCTION
HCV is an enveloped, single-strand RNA virus that be-
longs to the Flaviviridae family. Its genome of  approxi-
mately 9.6 kb contains a single open reading frame that 
encodes for three structural (core, E1 and E2) and seven 
non-structural proteins (p7, NS2, NS3, NS4A, NS4B, 
NS5A and NS5B) and is flanked by untranslated regions 
(UTR)[1]. The HCV genome exhibits significant genetic 
variability, which has lead to its classification into seven 
genotypes and multiple subtypes within each genotype[2,3]. 
While genotypes 1, 2 and 3 are distributed worldwide, the 
prevalence of  HCV genotypes and subtypes varies geo-
graphically according to transmission route and ethnicity[4]. 

Hepatitis C virus (HCV) has a seroprevalence of  2.8% 
(over 185 million people) worldwide, making it the major 
causative agent of  chronic liver disease, cirrhosis and 
hepatocellular carcinoma[5,6]. Although acute HCV infec-
tion can be spontaneously cleared, it leads to a chronic 
infection in the majority of  persons. Given the asymp-
tomatic nature of  a high proportion of  acute and chronic 
HCV infections, unrecognized infection is a global public 
health problem that should be promptly addressed using 
appropriate screening strategies and diagnostic assays. 
Serological and molecular markers of  HCV infection are 
key to correctly diagnose past exposure versus active in-
fection, and acute versus chronic infection, as well as to 
assess treatment indication.

Pegylated-interferon alpha (PegIFN-α) and ribavirin 
(RBV) combination therapy is the current standard of  
care for treating chronic hepatitis C by non-1 genotypes. 
A triple therapy that also contains an HCV-specific prote-
ase inhibitor has recently been approved to treat chronic 
infection by HCV genotype 1 in many countries around 
the world[7]. Over the past decade, HCV genotyping as-
says have been improved and ultrasensitive quantitative 
molecular assays have been developed. These technical 
improvements are mainly due to changes in the treatment 
algorithms and the use of  response-guided therapy, which 
is based on how rapidly HCV responds to treatment 
(“on-treatment virologic response”). Acutely infected 



antigens); and (3) the possibility of  false-negative results 
in immune-compromised persons or in those who are 
undergoing haemodialysis due to an inadequate antibody 
response. Furthermore, all available assays have a gray 
zone from which results are not interpretable. In cases 
with uninterpretable results, the sample should be centri-
fuged to completely remove all cells, cellular debris and 
fibrin, and the assay should be repeated in duplicate to 
verify its status. If  the results of  the duplicated repeti-
tion are below the assay cut-off  for both replicates, the 
sample should be considered negative. If  either duplicate 
retest result is above or equal to the cut-off, the sample 
should be tested by supplementary assays to confirm the 
result. 

Confirmatory assays: Recombinant immunoblot assays 
(RIBA) can be used to confirm the presence of  HCV-
specific antibodies for individuals who have tested posi-
tive by EIA, especially when screening populations with 
a low prevalence of  HCV infection. This assay is highly 
specific, as the presence of  antibodies against each of  
several HCV proteins is assessed as individual bands on a 
membrane strip. 

The CHIRON® RIBA® HCV 3.0 SIA assay, which 
was previously cleared by the United States Food and 
Drug Administration (FDA), has been recently discon-
tinued. The INNO-LIA™ HCV Score (Fujirebio) assay 
is CE-marked and can be automated on the Auto-LIA 48 
instrument. This assay includes recombinant proteins and 
synthetic peptides from the E2 hypervariable region, the 
helicase (NS3), and the NS4A, NS4B and NS5A regions.

However, a main problem of  RIBA is the occurrence 
of  indeterminate results, especially in those specimens 
with grey-zone results in the screening assays. Currently, 
this assay has been substituted as a confirmatory test by 
widely-used molecular techniques, which can additionally 
distinguish between active and resolved infections.  

Rapid, point-of-care screening tests: Both serologic 

and molecular assays to detect HCV infection have to be 
carried out in a laboratory, which forces patients to return 
for their results. Improving this by obtaining the results 
during the patient’s visit has lead to the development of  
simple, rapid and non-instrumented point-of-care tests 
(POCTs). POCTs also make it possible to test for HCV 
outside of  clinical settings in hard-to-reach, high-risk 
populations, such as injecting drug users (IDU), which 
are unlikely to be screened following conventional test-
ing[12]. POCT technologies have been successfully used to 
detect human immunodeficiency virus (HIV) infections[13] 
and may be useful in addressing the problem of  under-
diagnosis of  HCV infection.

Several POCTs have been developed to detect HCV-
specific antibodies with a relatively high sensitivity and 
specificity[14]. However, results from such tests should 
be interpreted with caution, as population-selection bi-
ases and the use of  different reference standards used to 
ascertain true disease status could influence test perfor-
mances. The only test currently approved by the FDA 
is the OraQuick HCV Rapid assay (OraSure). This test 
detects HCV antibodies in fingerstick and venipuncture 
whole blood, serum, plasma, or oral fluid specimens by 
an indirect lateral flow immunoassay. Core, NS3 and NS4 
antigens are immobilized on a nitrocellulose membrane, 
and the results are directly visualized using colloidal gold 
labeled with protein A, which generates a reddish-purple 
line within 20 min in the presence of  HCV-specific an-
tibodies. This test showed a sensitivity of  97.8%-99.3%, 
and a specificity of  99.5%-99.6%, in serum specimens 
from a population of  IDU, depending on the reference 
standard used[15]. A sensitivity of  83.3% was observed 
from oral fluids[16]. In another study, the sensitivity varied 
between 98.1% (oral fluid) and 99.9% (plasma or serum), 
with a specificity between 99.6% (oral fluid) and 99.9% 
(blood, plasma or serum), in a population of  individuals 
who were symptomatic for hepatitis or asymptomatic for 
hepatitis but with risk factors for HCV infection (mostly 
IDU and their sex partners, incarcerated individuals and 
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Table 1  Main commercial immunoassays to detect anti-hepatitis C virus antibodies approved for in vitro  diagnostics

Analyzer and manufacturer Assay 
principle

Solid phase HCV antigens Reaction sample 
volume (μL)

Time of 
reaction (min)

IVD 
registration

Architect i2000SR, Abbott 
Laboratories

CMIA Paramagnetic 
particles

HCr43 (Core and NS3), c100-3 
(NS4A)

20 20 FDA, CE

AxSYM, Abbott Laboratories MEIA Paramagnetic 
particles

HCr43 (Core), c200 (NS3), 
c100-3 (NS4A)

33 30 FDA, CE

LiaisonXL, DiaSorin CLIA Paramagnetic 
particles

Core, NS3, NS4 25 46 CE

VITROS ECi, VITROS 3600, 
Ortho-Clinical Diagnostics

CLIA Microwell c22-3 (Core), c200 (NS3 and 
NS4), NS5

20 55 FDA, CE

Elecsys, Roche Diagnostics ECLIA Paramagnetic 
particles

Core, NS3, NS4 40 18 FDA, CE

ADVIA Centaur, Siemens CLIA Magnetic 
particles

c22-3 (Core), NS3, c200, NS5 10 58 FDA, CE

IVD: Certified as in vitro diagnostic test or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States 
of America); ECLIA: Electrochemiluminescence immunoassay; CMIA: Chemiluminescent microparticle immunoassay; CLIA: Chemiluminescence 
immunoassay; HCV: Hepatitis C viru; MEIA: Microparticle capture enzyme immunoassay.
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antibody window period[24]; and (3) to identify HCV in-
fection in seronegative individuals at high risk for HCV 
infection, such as in hemodialysis patients[25]. Several 
studies have suggested that quantification of  the Core 
antigen could be used to monitor the response to IFN-α 
plus RBV therapy in chronically infected patients[26-28]. 
Currently, Core antigen detection can be fully automated 
in the Architect HCV Core antigen test (Abbott Labo-
ratories)[22]. Although this assay is not sensitive enough 
to replace HCR-RNA testing for treatment monitoring 
according to the current clinical practice guidelines, it 
could be used as a supplemental test in resource-con-
strained settings[28].

Several combination assays that detect both HCV 
antibodies and Core antigen have been developed. Cur-
rently, the MONOLISA™ HCV Ag-Ab ULTRA (Bio-
Rad) is a CE-marked microtiter-based assay that, despite 
not being as sensitive as the HCV antigen-specific assays, 
improves the detection of  HCV infection within the win-
dow period of  antibody assays[29]. 

Molecular HCV assays: Molecular assays to detect the 
HCV genome are used for several purposes in the clini-
cal setting. First, the presence of  circulating HCV-RNA 
reflects viral replication, such that sensitive molecular 
assays (with a lower limit of  detection < 50 IU/mL) are 
used to diagnose active HCV infection in patients with 
a positive antibody test. Second, molecular testing is re-
quired for an early diagnosis of  acute HCV infection, as 
the HCV-RNA can be detected before specific antibodies 
become detectable (within 1-3 wk after exposure). Finally, 
the diagnosis of  a chronic HCV infection is confirmed 
by the presence of  both HCV antibodies (with the excep-
tion of  severely immunosuppressed patients) and HCV-
RNA over 6 mo[7,30-32].

Commercially available assays that have been ap-
proved for in vitro diagnostics are listed in Tables 2 and 3. 

individuals with other sexually-transmitted diseases, in-
cluding HIV)[17]. Additional studies would be required to 
assess: (1) the performance of  this test in populations 
with a lower HCV prevalence; (2) the effect of  the HCV 
genotype on the test results; and (3) the influence of  HIV 
coinfection on the test accuracy. Further studies are also 
required to determine the cost-effectiveness of  POCT 
testing in resource-limited countries with high HCV 
prevalence.

Recently, the Home Access® Hepatitis C test system 
(Home Access Health Corporation) has been cleared by 
the FDA. The kit can be purchased online, by fax, or by 
mail and is based on collecting a blood sample on a blood 
specimen card using a fingerstick at home, shipping the 
sample anonymously to an accredited laboratory and call-
ing back for test results. Pre- and post-test counseling and 
referrals are also provided. 

The use of  POCTs may lead to low proportions of  
false-negative results (i.e., in immunosuppressed individu-
als) and false-positive results that may require additional 
confirmatory tests. Even so, by reaching more at-risk 
populations, POCTs could allow more cases to be identi-
fied and treated than laboratory-based tests[18].

Direct diagnosis
The detection of  viral components is needed to diagnose 
an active HCV infection.

HCV Core antigen detection and quantification: 
The HCV Core antigen can be detected in the serum of  
HCV-infected patients, and its levels are significantly re-
lated to those of  HCV-RNA[19-21]. HCV Core assays cost 
less than molecular assays and can be easily performed 
in an immunoassay format. Therefore, they could be 
used as an alternative to HCV-RNA assays for three dif-
ferent situations: (1) to distinguish active from resolved 
HCV infections[22,23]; (2) to identify HCV infection in the 

Table 2  Hepatitis C virus-RNA qualitative assays approved for in vitro  diagnostics

Assay and manufacturer Method Reaction sample 
volume (μL)

Lower limit of 
detection (IU/mL)

Instrumentation for automated processing IVD 
registration

COBAS® AMPLICOR HCV Test 
v2.0, Roche Molecular Systems

RT-PCR 500 50 (plasma) 
60 (serum)

COBAS® AMPLICOR® Analyzer (amplification and 
detection)

CE, FDA, 
Japan, 

Canada
COBAS® AmpliPrep/COBAS®

 AMPLICOR HCV Test v2.0, 
Roche Molecular Systems

RT-PCR 250 50 (plasma) 
60 (serum)

COBAS® AmpliPrep (extraction), COBAS® AMPLICOR® 
Analyzer (amplification and detection)

CE, FDA, 
Canada

COBAS® AmpliPrep/COBAS®

 TaqMan® HCV Qualitative 
Test v2.0, Roche Molecular 
Systems

Real-time 
RT-PCR

650 15 Fully automated: cobas p 630 Instrument (primary tube 
handling), COBAS® AmpliPrep (extraction and MM 
setup), COBAS® TaqMan® Analyzer or the COBAS® 
TaqMan® 48 Analyzer (amplification and detection)

CE, FDA

APTIMA HCV RNA 
Qualitative Assay1, 
Hologic - Gen-Probe

TMA 500     5.3 Not automated. PANTHER System’s functionality 
currently in development

FDA

VERSANT® HCV RNA 
Qualitative Assay, Siemens

TMA   50     5.3 TMA modules (TCS, luminometer HC+, etc.) CE, FDA

1The performance of this assay has not been demonstrated for monitoring hepatitis C virus (HCV) infected patients. IVD: Certified as in vitro diagnostic test 
or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States of America); RT-PCR: Reverse transcription-
polymerase chain reaction; MM: Master mix.
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The highly conserved HCV 5’UTR region is the target of  
choice for HCV genome detection across different geno-
types. For this, several laboratory processes are necessary, 
including nucleic acid extraction from clinical specimens 
(serum or plasma), nucleic acid or signal amplification, 
and detection. These steps may be fully or partly auto-
mated with commercial platforms. However, these assays 
are time-consuming and require sophisticated technical 
equipment, trained personnel, dedicated laboratory areas 
and expensive reagents. Historically, qualitative assays 
were more sensitive than quantitative tests. Nowadays, 
most quantitative assays are highly sensitive and could 
replace qualitative tests.

Real-time reverse-transcription PCR (RT-PCR) is 
the method of  reference for the quantification of  HCV-
RNA levels in clinical practice according to European 
and American guidelines[7,30], given its high sensitivity 
and wide dynamic range of  quantification. Reverse tran-
scription of  the HCV-RNA as well as PCR amplification 
and real-time detection is performed in a closed system, 
thus avoiding carryover contamination with amplified 
products. The COBAS TaqMan assays (Roche Molecular 
Systems) are the most widely used worldwide. Although 
the first version of  the assay performed worse with HCV 

genotype 4 than with the other genotypes, this has been 
improved in version 2.0[33,34]. Abbott Molecular[35], Sie-
mens and Qiagen[36,37] also offer real-time RT-PCR assays.

Alternatively, Siemens offers an assay based on the 
branched-DNA (bDNA) signal-amplification technol-
ogy[38,39]. No nucleic acid extraction is needed, and the 
process can be fully automated in the VERSANT™ 440 
Molecular System. Although both the 5’UTR and core 
regions are targeted, the lower limit of  detection of  this 
assay limits its applicability.

Quantitative tests are also used to monitor antiviral 
therapy. In order to minimize side-effects, emergence 
of  resistance and costs, HCV-RNA must be periodically 
quantified to strictly follow treatment stopping rules. 
With the advent of  new treatment regimens that include 
a protease inhibitor and the response-guided treatment 
algorithms, only assays with a lower limit of  quantifica-
tion of  ≤ 25 IU/mL and a lower limit of  detection of  
approximately 10-15 IU/mL, should be used[31]. Addi-
tionally, the presence of  detectable but not quantifiable 
HCV-RNA below those levels is clinically relevant, as it 
reflects true viremia[40,41].

HCV genotyping assays: Since the HCV genotype is 

Table 3  Hepatitis C virus-RNA quantitative assays approved for in vitro  diagnostics

Assay and manufacturer Method Reaction sample 
volume (μL)

Lower limit of 
detection (IU/mL)

Linear range of 
quantification (IU/mL)

Instrumentation for automated 
processing

IVD 
registration

Abbott RealTime HCV, 
Abbott Molecular

Real-time 
RT-PCR

  500   12 12 - (1 × 108) m2000sp (extraction and assay setup), 
m2000rt (amplification and detection)

CE, FDA

artus HCV RG RT-PCR 
Kit, Qiagen

Real-time 
RT-PCR

  500   34 65 - (1 × 106) Manual extraction (QIAamp DSP Virus 
Kit) and assay setup, Rotor-Gene Q 

(amplification and detection)

CE

artus HCV QS-RGQ Kit, 
Qiagen

Real-time 
RT-PCR

1000   21 35 - (1.77 × 107) QIAsymphony RGQ: QIAsymphony SP 
(extraction), QIAsymphony AS (assay 

setup), Rotor-Gene Q (amplification and 
detection)

CE

COBAS® AmpliPrep/
COBAS® TaqMan® HCV 
Test, Roche Molecular 
Systems

Real-time 
RT-PCR

  850   15 43 - (6.9 × 107) COBAS® AmpliPrep (extraction), 
COBAS® TaqMan® Analyzer or COBAS® 
TaqMan® 48 Analyzer (amplification and 

detection)

CE, FDA, 
Canada, 

Japan

COBAS® AmpliPrep/
COBAS® TaqMan® HCV 
Quantitative Test v2.0, 
Roche Molecular Systems

Real-time 
RT-PCR

  650   15 15 - (1 × 108) Fully automated: cobas p 630 (primary 
tube handling), COBAS® AmpliPrep 

(extraction), COBAS® TaqMan® Analyzer 
or COBAS® TaqMan® 48 Analyzer 

(amplification and detection)

CE, FDA

COBAS® TaqMan® HCV 
Test v2.0 for use with the 
High Pure System, Roche 
Molecular Systems

Real-time 
RT-PCR

  500   10 25 - (3.9 × 108) (CE) Manual extraction (High Pure System 
Viral Nucleic Acid Kit), COBAS® 

TaqMan® Analyzer (amplification and 
detection)

CE, FDA
25 - (3.0 × 108) (FDA)

VERSANT® HCV RNA 1.0 
Assay (kPCR), Siemens

Real-time 
RT-PCR

  500   15 15 - (1.0 × 108) VERSANT® kPCR Molecular System 
Sample

CE

Preparation (SP) Module and 
Amplification/Detection (AD) Module

VERSANT® HCV RNA 3.0 
Assay, Siemens

bDNA     50 6151 615 - (7.7 × 106) No nucleic acid extraction needed. 
System 340 bDNA Analyzer (S340) (US) 
or VERSANT™ 440 Molecular System 

(CE)

CE, FDA

1The intended use of this assay is limited to the measurement of hepatitis C virus (HCV) viral loads at baseline and after 12 wk of therapy. IVD: Certified as 
in vitro diagnostic test or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States of America); kPCR: 
Real-time kinetic polymerase chain reaction; bDNA: Branched DNA; RT-PCR: Reverse transcription-polymerase chain reaction.
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predictive of  the response to IFN-α-based therapy, geno-
typing is mandatory to tailor dose and duration of  treat-
ment[42]. Furthermore, it is necessary for deciding on triple 
therapy eligibility with currently approved protease inhibi-
tors, which are effective against HCV genotype 1[7,43,44]. 

The reference method for HCV genotyping is ge-
nome sequencing of  the core/E1 or the NS5B regions 
and subsequent phylogenetic analysis[45]. However, this 
in-house method is restricted to reference centers. Similar 
to diagnostic assays, the target of  choice for commer-
cially available genotyping assays has classically been the 
highly conserved 5’UTR. However, discrimination among 
subtypes and the genotypes 1 and 6 is not always reliable 
using this region[2]. HCV subtyping is important for epi-
demiological studies, especially in the case of  outbreaks. 
While subtyping is not considered to be clinically relevant 
for PegIFN-α and RBV treatment regimens, it may be 
clinically relevant in the era of  directly acting antivirals. 
For instance, subtypes 1a and 1b have been described to 
have subtype-specific resistance profiles to linear protease 
inhibitors[46,47], and subtype 1g has been reported to natu-
rally harbor the resistance mutation T54S[48].

Commercialized HCV genotyping assays approved 
for in vitro diagnostic use are summarized in Table 4. As-
says targeting other regions in addition to the 5′UTR have 
been recently developed to better discriminate between 
subtypes 1a and 1b within HCV genotype 1. The Versant 
HCV genotype 2.0 assay (Siemens) targets the 5’UTR 
and core regions[49,50]. This colorimetric assay is based 
on conventional PCR amplification followed by reverse 
hybridization onto membrane strips containing specific 
probes. The obtained band pattern can be either visually 
interpreted or read by a scanner. On the other hand, the 
Abbott RealTime HCV Genotype Ⅱ (Abbott Molecular) 
targets the 5’UTR and NS5B regions[51-53]. This assay is 
based on a single-step real-time RT-PCR with labeled 
genotype-/subtype-specific probes that minimizes con-
tamination with amplified products. Finally, the Linear 
Array Hepatitis C Virus Genotyping Test (Roche Mo-
lecular Systems) is also based on reverse hybridization but 
targets the 5’UTR only[54]. Unlike direct sequencing, these 
three assays facilitate the detection of  mixed genotype 
infections, which can be found especially in IDUs. Ad-

ditionally, assays targeting two different genomic regions 
could help to detect recombinant variants; the frequency 
of  recombinants may have been underestimated by the 
wide use of  assays targeting only the 5’UTR in the clini-
cal practice before assays were developed that additionally 
target the core or NS5B regions. 

Commercialized genotyping assays may result in < 
5% of  indeterminate results[42,55,56] due to the high genetic 
variability of  HCV. Clinicians are forced to treat patients 
with an indeterminate result as if  they were infected with 
genotypes 1 or 4 (resulting in longer treatment duration 
and higher RBV doses than for genotypes 2 and 3) and 
cannot decide on triple therapy eligibility. Therefore, pa-
tients with an indeterminate genotype result should be 
retested either using an alternative commercial assay or 
the reference method.

TOOLS FOR HEPATIC FIBROSIS STAGING
Chronic hepatitis C is characterized by a continuous 
process of  liver inflammation that progresses to liver 
fibrosis. Liver fibrosis leads to cirrhosis over the decades 
in 10%-40% of  the cases. The most important end stages 
of  liver cirrhosis are esophageal varices, ascites, hepatic 
encephalopathy, hepatocellular carcinoma and, finally, 
liver failure. Importantly, cirrhosis can progress to he-
patocellular carcinoma with an incidence of  1%-5% per 
year, and death associated to complications of  cirrhosis 
has an incidence of  4% per year[30,57]. 

Liver fibrosis results from the accumulation of  an 
extracellular matrix mainly composed of  collagens, pro-
teoglycans, fibronectin and hyaluronic acid (HA). Hepatic 
stellate cells are the main producers of  this matrix after 
its transdifferentiation from a quiescent to a myofibro-
blast phenotype in the setting of  chronic liver injury. 
Unfortunately, a specific therapy against liver fibrogenesis 
does not currently exist because, among other reasons, 
the exact mechanisms involved in this process are not 
completely understood yet[58-60]. This is especially prob-
lematic for patients who do not respond to current anti-
viral therapies.

The management of  chronic hepatitis C strongly de-
pends on hepatic fibrosis staging, since this is important 

Table 4  Hepatitis C virus genotyping assays approved for in vitro  diagnostics

Assay and manufacturer Method Reaction sample 
volume (μL)

Lower limit of 
detection (IU/mL)

Target Instrumentation IVD 
registration

Abbott HCV Genotype Ⅱ, 
Abbott Molecular

Real-time RT-
PCR

500 500 5'UTR m2000sp (extraction and assay setup), m2000rt 
(amplification and detection)

CE, FDA
NS5B

LINEAR ARRAY Hepatitis 
C Virus Genotyping Test, 
Roche Molecular Systems

RT-PCR and 
hybridization

200 500 5'UTR AMPLICOR® and COBAS® AMPLICOR HCV 
Test v2.0 (amplification and detection). Manual 

hybridization.

CE

VERSANT HCV Genotype 
2.0 Assay Line Probe Assay 
(LiPA), Siemens

RT-PCR and 
hybridization

500–1000 2000 5'UTR 
core

Conventional PCR instrument, Auto-LiPA 
48 or AutoBlot 3000H automated Systems 
(hybridization), LiPA Scan Software CD 

(reading)

CE

IVD: Certified as in vitro diagnostic test or device; CE: Conformité Européenne (European Union); FDA: Food and Drug Administration (United States of 
America); RT-PCR: Reverse transcription-polymerase chain reaction.
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for treatment decision making and disease prognosis. The 
presence of  an advanced (METAVIR score F3-F4) or 
moderate (METAVIR score F2) stage of  liver fibrosis is 
an indication for antiviral therapy[30,61], as these patients 
are at high risk for disease progression. Additionally, liver 
fibrosis progression is mostly reverted in successfully-
treated patients[62,63]. Thus, fibrosis staging methods ideal-
ly should be able to differentiate between non-significant 
(METAVIR scores F0-F1) and significant (score ≥ F2) 
fibrosis. Furthermore, hepatic fibrosis staging helps in 
the early detection of  cirrhosis, which allows clinicians 
to monitor the appearance of  related decompensation 
events and hepatocellular carcinoma.  

Liver biopsy
Liver biopsy remains the best accepted standard method 
for fibrosis staging[30]. Typically, liver fibrosis is classified 
semi-quantitatively in several stages by different scoring 
methods[64]. METAVIR is the best evaluated system in 
patients with chronic hepatitis C; fibrosis is scored as F0 
(no fibrosis), F1 (portal fibrosis without septa), F2 (portal 
fibrosis with few septa), F3 (numerous septa without cir-
rhosis) or F4 (cirrhosis)[65]. However, liver biopsy presents 
several limitations: this procedure is expensive, time con-
suming and invasive with possible complications, and its 
interpretation is associated with sampling error and intra- 
and inter-observer variability. As a result, liver biopsy of-
ten does not accurately assess the fibrosis stage and is not 
useful for monitoring the disease progression[64].

  Due to the limitations of  liver biopsy, an extensive 
number of  alternative non-invasive tests have been de-
veloped, including both imaging and serum-based tests. 
However, only some of  these have been validated and 
accepted for chronic hepatitis C management[30,66], as re-
viewed below. These alternative tests are useful for estab-
lishing the two ends of  the fibrosis spectrum (of  minimal 
fibrosis and cirrhosis) but are less helpful in assessing the 
mid-ranges of  fibrosis. 

Transient elastography
Transient elastography (FibroScan®, Echosens) is so far 
the most common, accurate and validated alternative 
method[67]. It is an ultrasound-based imaging technology 
that measures liver stiffness, which directly correlates 
with the degree of  fibrosis[68]. FibroScan® is painless, 
fast (5-10 min) and easy to analyze and has low intra- 
and inter-observer variability[69]. Consequently, it can be 
performed periodically, allowing monitoring of  either 
fibrosis progression during its natural course[70] or regres-
sion while on treatment[63]. In addition, it predicts 5-year 
clinical outcomes in chronic hepatitis C[71]. FibroScan® 
reports the liver stiffness measurements (LSM) as the me-
dian expressed in kilopascals (kPa), the interquartile range 
(IQR) and the percentage of  valid measurements. Ac-
cording to the manufacturer’s instructions, results are not 
reliable when the number of  valid measurements is < 10, 
the IQR of  the median LSM value is ≥ 30% and/or the 
percentage of  successful measurements is ≤ 60%. This 

situation takes place in about 16% of  all cases, mainly due 
to factors such as obesity and inadequate operator experi-
ence[72]. More recently, the introduction of  the XL probe 
has increased the reliability of  liver stiffness results as 
compared to the M probe when used in obese patients[73]. 
Several meta-analyses have evaluated the diagnostic ac-
curacy of  transient elastography in the staging of  liver 
fibrosis. Those meta-analyses that evaluated accuracy by 
means of  the AUROC concluded that FibroScan® is able 
to diagnose the presence of  cirrhosis with excellent ac-
curacy (AUROC ≥ 0.90) and the presence of  significant 
fibrosis with moderate accuracy (AUROC from 0.80 to < 
0.90)[74,75]. Similar conclusions were obtained from meta-
analyses that evaluated FibroScan® accuracy by calculating 
sensitivity and specificity values: sensitivity and specificity 
were 70%-72% and 82%-84%, respectively, for the diag-
nosis of  significant fibrosis, and 83%-87% and 89%-95% 
for cirrhosis[76-78]. Thus, transient elastography is now 
recommended in the clinical practice for assessing liver 
fibrosis in patients with chronic hepatitis C, and especially 
for detecting cirrhosis when other clinical manifestations 
are not present[30,66]. However, different stiffness cut-off  
values have been proposed to discriminate among stages 
of  liver fibrosis, and a general consensus is still needed. 
In Spain, the use of  FibroScan® instead of  liver biopsy is 
accepted in patients with chronic hepatitis C in order to 
identify significant fibrosis (cut-off  ≥ 7.6 kPa) and cir-
rhosis (cut-off  ≥ 14.6 kPa)[79,80]. 

Serum-based tests and scores
Certain cytokines involved in fibrosis and factors associ-
ated with extracellular matrix deposition or degradation 
may be used as individual biomarkers of  liver fibrosis. 
Additionally, numerous serum-based tests combining 
direct and/or indirect markers of  fibrosis have been pro-
posed as alternatives to liver biopsy. Direct biomarkers 
reflect the deposition of  extracellular matrix in the liver 
by fibrogenesis/fibrolysis and include HA, pro-collagen 
Ⅲ amino-terminal peptide, tissue inhibitor of  matrix 
metalloproteinase-1, alpha 2-macroglobulin, haptoglo-
bin and matrix metalloproteinase-1. Indirect biomarkers 
include routine laboratory data on the levels of  alanine 
aminotransferase, aspartate aminotransferase, gamma-
glutamyltransferase, apolipoprotein A1, cholesterol, 
bilirubin and urea as well as the platelet count and the 
prothrombin index. Nonetheless, only some serum-based 
tests have been widely validated in chronic hepatitis C 
and are recommended in the clinical practice for detect-
ing significant fibrosis[30,66] (Table 5). However, these tests 
are not helpful for tracking fibrosis progression. ELF™, 
Fibrospect Ⅱ™, Hepascore™, Fibrometer™ and Fi-
broTest™ are patented and commercially available tests.

Although abundant studies have been performed 
to assess the different tests, we have only included con-
trasted results of  meta-analysis studies in this review. 
Meta-analyses aimed to assess the diagnostic accuracy of  
serum-based tests to identify significant fibrosis/cirrho-
sis in comparison with liver biopsy have shown moderate 
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accuracies in patients with chronic hepatitis C. The most 
widely validated tests are APRI and FibroTest™. A com-
prehensive meta-analysis on the APRI index performed 
by Lin et al[81] revealed an AUROC of  0.77 for the di-
agnosis of  significant fibrosis and of  0.83 for cirrhosis. 
The authors concluded that the APRI index is a good 
alternative for its use in clinical practice for confirming 
the presence of  severe fibrosis/cirrhosis when other tests 
or symptoms are non-conclusive. The main strengths 
of  the APRI index are its low cost and wide availability, 
which make this simple test an excellent first-line screen-
ing in developing countries. Poynard et al[82] analyzed 
the diagnostic accuracy of  FibroTest™ for significant 
fibrosis and showed a mean standardized AUROC of  
0.85 in patients with chronic hepatitis C. However, the 
disadvantage of  FibroTest™, similar to the other patented 
tests, is that it is relatively expensive and is not readily 
available in all centers. In addition, co-morbidities such as 
hemolysis, inflammation or Gilbert’s syndrome can lead to 
potential mistakes by changing the levels of  some of  the 
serum markers included in the test. In a later meta-analysis 
performed by Leroy et al[83], Fibrometer™ had a higher 
AUROC (0.84) than FibroTest™ (0.80), APRI (0.79) or 
Hepascore™ (0.78) for significant fibrosis. In a recent 
meta-analysis assessing tests that combine direct and/or 
indirect markers, a moderate accuracy for the identifi-
cation of  significant fibrosis was described for ELF™ 
(median AUROC, 0.81), Fibrometer™ (0.82) and Fi-
brospectII™ (0.86), and for the identification of  cirrho-
sis in the case of  APRI (0.84), Fibrotest™ (0.86), Forns 
Index (0.87), ELF™ (0.88) and Hepascore™ (0.89). 
Fibrometer™ showed an excellent accuracy for diagnos-
ing cirrhosis (0.91)[84]. Thus, in patients with chronic 
hepatitis C, both transient elastography and serum-based 

markers have a similar moderate accuracy for diagnosing 
significant fibrosis. Nevertheless, transient elastography 
is the most accurate non-invasive method for cirrhosis 
diagnosis. 

To increase the accuracy of  diagnosing significant 
fibrosis and to decrease the number of  liver biopsies 
needed, several algorithms based on a combination of  
serum-based tests or a combination of  transient elastog-
raphy and a serum-based test have been recommended 
for use in clinical practice[30]. The sequential algorithm for 
fibrosis evaluation (SAFE) first uses the APRI index and 
then the FibroTest™. When a final diagnosis cannot be 
reached, liver biopsy is needed[85]. The Castéra algorithm 
uses transient elastography and FibroTest™ and relies on 
liver biopsy to resolve discrepancies[86]. Both SAFE and 
Castéra algorithms have shown an excellent accuracy in 
diagnosing significant fibrosis, but a higher number of  
liver biopsies could be avoided using the second algo-
rithm (of  72% with Castéra vs 48% with SAFE).

CONCLUSION
Despite great advances in HCV treatment, the lack of  
recognition of  infection will hamper the control of  
hepatitis C. The World Health Organization announced 
in 2012 a framework for global action to prevent and 
control viral hepatitis infections[87]. Early diagnosis pro-
vides the best opportunity for effective medical support 
and prevention of  further spread of  the infection. Ex-
panded HCV testing is required, and diagnostic tests with 
high sensitivity and specificity are available. Additionally, 
POCT tests could improve the number of  diagnosed in-
dividuals and their access to care.

Despite significant advances in the field of  fibrosis 
stage assessment, a single non-invasive method that is 
able to completely replace the liver biopsy does not exist 
at the current time. Liver biopsy should be performed 
when non-invasive methods or algorithms cannot be 
used or when inconclusive results are obtained, but it is 
not needed when clinical manifestations of  cirrhosis are 
present.
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