Hepatitis C Virus
Diagnosis and Testing
Mel Krajden, MD, FRCPC
Development of serological and nucleic acid testing (NAT) has revolutionized hepatitis C virus
(HCV) diagnosis. Although third generation anti-HCV enzyme immunoassays (EIAs) are very
effective for testing high prevalence populations, confirmatory testing is still necessary when these
tests are applied to populations with a low HCV prevalence to exclude false positive results.
Limitations of third generation anti-HCV EIAs include: the relatively prolonged time between
acute infection and detection of seroconversion (which typically requires at least 5-6 weeks);
delayed seroconversions in immunocompromised hosts (requiring months to years); and the
inability of serological tests to confirm active HCV infection. In contrast, nucleic acid testing
(NAT) can directly detect HCV RNA in serum, plasma or tissue and thereby confirm active
infection as well as narrow the window between infection and HCV detection to as little as 1-2
weeks. Commercial NAT assays are now highly sensitive, specific, and reproducible and have
largely replaced unreliable home brew nucleic acid amplification assays. Qualitative commercial NAT are typically more sensitive than quantitative assays and therefore the method of
choice to confirm active infection. Given the efficacy of combination therapy with
interferon/ribavirin and newer antiviral agents under development, HCV infection may become
curable, which will likely impact future disease transmission. As the therapeutic costs are currently very high, there is clearly a need to assess the utility of quantitative NAT and to further
evaluate the role of HCV genotyping to optimize antiviral therapy. Thus for the foreseeable
future, a combination of both serological tests and NAT will be required for cost-effective HCV
diagnosis and monitoring.
Public health and clinical care management of hepatitis C virus (HCV) infection
depends on accurate laboratory diagnosis.
Unfortunately clinicians and public health
officials are faced with a confusing array of
serological and nucleic acid detection tests.
This manuscript will explain the strengths
and weaknesses of the available diagnostic
tests and illustrate how a combination of
serological and nucleic acid testing (NAT)
is now required for accurate HCV diagnosis and antiviral monitoring.
HCV antibody detection by enzyme
immunoassay (EIA)
HCV is typically diagnosed by measuring an immune response to infection by
detecting anti-HCV antibody in serum or
plasma by enzyme immunoassay (EIA).
Modern EIAs use recombinant or synthetic
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HCV antibodies to microtitre plate wells
or microparticle beads. These antibodies
are then detected by anti-IgG labelled with
enzymes which catalyze the transformation
of substrates to generate colour or light.
The generated signals are compared with
controls and the signal intensity is usually
proportional to the amount of anti-HCV
in the specimen.1
HCV EIA sensitivity and specificity
Current third generation EIAs are substantially more sensitive and specific than
the older first and second generation
assays.2,3 However, their overall sensitivity
is still highly dependent on the clinical status of the population tested. In chronically
infected non-immunocompromised persons, EIA sensitivity approaches 97-99%.3,4
In contrast, in acutely infected nonimmunocompromised individuals, EIA
sensitivity is much lower. For example,
only 50-70% of acutely infected individuals will be antibody positive at the onset of
symptoms,5 since after acute HCV infection it takes approximately 5-6 weeks to
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generate a detectable amount of antiHCV. Figure 1 illustrates the approximate
time interval between acute infection and
detection by various generation EIAs and
NAT in non-immunosuppressed individuals. As can be seen in Figure 1, both NAT
and a new HCV antigen test which is
under development, can narrow the time
between infection and detection to 1-2
weeks. In immunosuppressed individuals,
however, the time between infection and
detection of an antibody response may be
many months to years, or may never
occur.6-8 For these individuals, NAT (or
HCV antigen testing if it becomes commercially available) may be required to
diagnose infection prior to seroconversion
(Table I).6-8
The specificity of third generation EIAs
is also affected by the population prevalence. For individuals with clinical evidence
of HCV infection, i.e., abnormal liver function tests in the absence of other causes of
liver disease, third generation assays are 9598% specific.3,4 However, in low prevalence
populations such as blood donors, the
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specificity is 50-60%. 2-4,9 Thus for low
prevalence populations, supplemental EIA,
immunoblot or NAT is required to correctly identify infected individuals.
Despite the relatively low specificity of
anti-HCV EIAs in blood donors who are at
low risk of infection, serological screening is
very effective and has virtually eliminated
post-transfusion HCV infection.10 This is
because the presence of anti-HCV is
strongly correlated with active viral replication/infectivity and the fact that most infections (50-85%) will become chronic in the
absence of therapeutic intervention.11-16
HCV immunoblot assays
Immunoblots were developed as supplemental or confirmatory tests to enhance
HCV EIA specificity. They consist of
recombinant or synthetic HCV proteins
coated onto plastic strips that are then
exposed to the patient’s serum. True antiHCV positives specifically bind to HCV
antigens on the strip and generate a colour
reaction. These strips may also contain
non-viral antigens that may be coexpressed during the synthetic process used
to make the antigens to capture the antiHCV in the EIA. Including these non-viral
antigens on the immunoblot can control
for false positive EIA results due to antibody reactivity to these non-viral antigens.
Based on the number of specific HCV
antigens to which antibody in the specimen reacts on the immunoblot, EIA specimens are confirmed as HCV antibody positive, negative or indeterminate.3,17-20
Although immunoblot assays are still
available – e.g., Third-Generation
Recombinant Immunoblot Assay or Strip
Immunoblot Assay (SIA), (RIBA™-3,
Chiron), INNO™-LIA Ab III
(Innogenetics, NV), DECISCAN™ HCV
(Sanofi Pasteur), and LiaTek ® HCV
(Organon) – given the advances in modern
EIAs and NAT discussed below, their
value for clinical diagnosis is limited.
Figure 2 illustrates EIA signals generated
from HCV antibody negative and positive
individuals (n=989) tested at the British
Columbia Centre for Disease Control
(BCCDC) by third generation Abbott
AxSYM™ HCV EIA (Abbott). While most
specimens are strongly antibody positive or
clearly negative based on their signal intensiJULY – AUGUST 2000

Figure 1.

Time between acute HCV infection and detection using different
analytical tests

Figure 2.

Abbot AxSYM™ third generation anti-HCV EIA signal to cut-off results

ty, a substantial number of specimens display weak signals above the assay cut-off. Of
the approximately 70,000 clinical specimens
tested each year at the BCCDC, 8-10% will
have some degree of antibody reactivity by
AxSYM™ third generation EIA on initial
testing. The majority, 82-85%, yield strong
antibody positive signals (typically 2-3 times
or more of the assay cut-off) and 15-18%
will yield weak signals.
Strongly positive third generation EIA
specimens are typically immunoblot positive. When initial strong HCV EIA reactive specimens are confirmed as anti-HCV
positive by a second manufacturer’s EIA
that uses different recombinant or synthetic proteins, approximately 99% are
immunoblot
positive. 20-23
Thus
immunoblot testing of strongly EIA positive specimens is generally not necessary
for confirmation of reactivity.

For individuals with very high levels of
anti-HCV, the major clinical question is
whether they remain actively infected or
have resolved their HCV infection but
remain antibody positive. Approximately
95-99% of individuals with abnormal
serum transaminases and no other cause of
the liver disease who are third generation
anti-HCV EIA positive are confirmed as
being actively infected by NAT. 3,4
Unfortunately, 25-40% of HCV-infected
individuals will have consistently elevated
serum transaminases. In these individuals,
detection of HCV RNA by NAT or HCV
antigen (if available) is the only way to
confirm active infection other than performing a liver biopsy (see NAT section).
While immunoblots clearly enhance EIA
test specificity by confirming the presence
of specific anti-HCV reactivity, their most
important limitation is that they are typi-
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TABLE I
Test
Third Generation
Anti-HCV Enzyme
Immunoassay

Immunoblot Assay

Qualitative HCV NAT

Quantitative HCV NAT

Genotyping Assay

HCV Antigen Test

Comments
➤ Very effective screening test.
➤ In high prevalence populations, sensitivity >97% and specificity
>95%.
➤ In low prevalence populations (e.g., blood donors), sensitivity >97%,
specificity 50-60%; therefore confirmatory testing is required.
➤ During acute infection, sensitivity is about 50-70%, as detection of
seroconversion requires at least 5-6 weeks. Early antibody levels may
be insufficient for immunoblot confirmation. NAT should be used to
confirm acute infection where appropriate.
➤ The time to seroconversion may be prolonged in immunocompromised individuals (months to years).
➤ The presence of antibody does not confirm active infection, however, 85-95% of individuals who have strongly positive EIA reactivity
are NAT positive.
➤ Can confirm specific HCV antibody.
➤ Are typically less sensitive than EIAs and are therefore poor at confirming acute infection or infection in immunocompromised individuals.
➤ Cannot determine if infection is active and therefore provides limited
diagnostic information. NAT should be performed to confirm active
infection where appropriate.
➤ Most sensitive NAT, provides a yes or no answer.
➤ Sensitivity 95-99%, specificity 98-99% but requires meticulous laboratory procedures.
➤ Confirms active infection and end of treatment response.
➤ NAT is positive within 1-2 weeks after HCV infection.
➤ Can be used to detect mother-infant transmission as passively transferred maternal antibody can be detected in infants for at least 12-18
months.
➤ May be useful to predict interferon/ribavirin therapeutic outcome,
but the predictive value needs to be validated using standardized
commercial assays.
➤ May be used to monitor therapy by early assessment of non-responders. Further studies are necessary to document clinical utility of
viral load testing.
➤ Typically less sensitive than qualitative assays.
➤ Differentiates the major HCV genotypes based on sequence differences.
➤ HCV genotype I is typically more difficult to treat but it remains controversial whether it is correlated with more severe clinical illness.
➤ Most common commercial method of genotyping involves specific
hybridization of the AMPLICOR PCR product to genotype-specific
immobilized probes (reverse-hybridization line probe assay (LiPA)
INNO-LIPA, INNOGENETICS).
➤ Under development.
➤ Can detect acute infection within approximately 2 weeks.
➤ May be helpful for serological confirmation or to monitor treatment
response.

cally less sensitive than EIAs. This lack of
sensitivity is important when trying to
determine if a weakly reactive or indeterminate EIA result is due to small amounts
of anti-HCV or non-specific cross-reacting
antibody. For example, small amounts of
anti-HCV can occur when testing during
acute infection prior to complete seroconversion, testing immunocompromised
hosts who may have blunted antibody
responses6-8 or they may reflect a resolved
infection with waning anti-HCV.4 Given
that immunoblots are less sensitive than
EIAs, weakly EIA reactive or indeterminate
specimens are also typically immunoblot
negative or indeterminate. Thus for the
specimens where it is most important to
distinguish true anti-HCV from nonspecific reactions, neither EIA nor
immunoblot testing provide a definitive
S36

diagnosis of active infection. Diagnosis in
weakly reactive individuals typically
requires NAT or follow-up testing to confirm seroconversion.3,4,24,25
NAT principles
NAT allows direct detection of specific
HCV RNA in serum, plasma or tissues
independent of the host’s immune
response. Viral nucleic acid detected in the
plasma or serum reflects active HCV replication in the liver26 which can generate as
many as 1010-13 virions per day in chronically infected individuals. 13 NAT-based
detection of HCV RNA is performed in
two major ways. The most familiar to the
reader is target amplification. This technique involves in vitro synthesis of HCVspecific nucleic acid followed by detection
of the amplified product. Examples of tar-
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get amplification assays include the polymerase chain reaction (COBAS
AMPLICOR HCV PCR Test (qualitative), COBAS AMPLICOR HCV
Monitor PCR (quantitative) (Roche)),27
Transcription-Mediated Amplification
(TMA, Bayer)2 and Nucleic Acid Sequence
Based Amplification (NASBA, Organon).28
The other major approach involves signal
amplification. For signal amplification the
HCV RNA is hybridized to a specific
probe which undergoes extensive enzymatic amplification with the output signal corresponding to the amount of input HCV
RNA target in the specimen. Branched
chain DNA or bDNA (Quantiplex HCV
RNA 2.0, and a newer version 3.0 under
development, Bayer) are examples of this
type of analytical technique.
NAT will play an increasingly important
role in clinical diagnosis because direct
detection of HCV RNA can (a) narrow the
interval between acute infection and detection of anti-HCV from the current 5-6
weeks by third generation EIAs to 1-2
weeks (Figure 1);29-31 (b) detect infection in
immunocompromised individuals with
blunted antibody responses; (c) differentiate active from resolved infection in
seropositive individuals; (d) determine
perinatal infection independent of the
presence of passively transferred maternal
antibody, and (e) be used to monitor treatment response.14-16,32
Although NAT tests have certain advantages over serological tests, high quality
NAT is still not widely available, in part
because of a number of technical issues that
will be resolved in the coming years and the
fact that the cost remains prohibitive
(approximately six times that of EIA tests).
Technical factors affecting NAT accuracy
Widespread application of NAT for
HCV diagnosis has been slow due to technical limitations. To get accurate and
reproducible NAT results requires meticulous standardization of the entire analytic
process. In the past only in-house or homebrew NATs were available. These tended to
be poorly reproducible between centres and
often yielded false positive test results.33
These home-brew assays were largely
replaced with commercial assays which
were reproducible but varied in their sensiVOLUME 91, SUPPLEMENT 1
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tivity. In addition, quantitative results from
the same specimen tested by different manufacturers’ assays varied by about 10
fold.4,26,34 These early commercial assays
also had difficulty accurately detecting and
quantifying certain HCV genotypes.27
Within the last year commercial assays
have been adjusted to detect and quantify
all the known genotypes and/or HCV
strains, 27 and have been standardized
against a new International HCV
standard. 35 One IU/ml corresponds to
about 2-8 copies/ml of HCV.36,37 This is
expected to dramatically improve the interand intra-assay reproducibility and accuracy of detection. Assay standardization,
availability of semi-automated highthroughput instrumentation and use of
internal controls to monitor for inhibition
of nucleic acid amplification, have
increased test capacity, accuracy and reliability.38,39 A list of various qualitative and
quantitative HCV RNA detection assays
are listed in Figure 3.
Combining serology and NAT to document active HCV infection
As discussed above, at the present time
serology alone cannot determine if an individual is actively infected with HCV.
Individuals can be grouped into those who
demonstrate (Figure 2): 1) strong antiHCV antibody responses by third generation EIA (e.g., 2-3 times or more than the
cut-off of the assay), the vast majority of
whom are immunoblot positive and NAT
positive; and, 2) weak serological responses, who are generally immunoblot negative
or indeterminate and are usually NAT negative.
Of the approximately 70,000 specimens
tested by third generation HCV EIA at the
BCCDC in 1999, 7,700 (11%) demonstrated some degree of seroreactivity. Of
these individuals, 82-85% demonstrated
strong EIA signals confirmed by testing on
a second manufacturers’ third generation
EIA. When individuals with strong third
generation anti-HCV EIA seroreactivity
are tested by NAT, e.g., AMPLICOR
(qualitative), 85-95% are NAT positive
(Figure 3).3,18-20
In contrast, for individuals with weak
anti-HCV responses (which represent 1518% of seroreactive specimens tested at the
JULY – AUGUST 2000

Figure 3.

Approximate HCV NAT Detection Ranges

* Strongly positive specimens require dilution for accurate quantitation
† estimated range

BCCDC in 1999), immunoblot testing
was typically negative or indeterminate and
therefore was of limited diagnostic value.
When these individuals are tested by
AMPLICOR (qualitative), using specimens collected and handled appropriately
for NAT, approximately 5-10% are positive. Most of the NAT positive antibody
weakly reactive or indeterminate specimens
were either undergoing acute seroconversion or had a blunted antibody response
from immunosuppression.
Which NAT assay should be used for
clinical diagnosis?
As discussed previously, the literature
regarding the sensitivity, specificity, reproducibility and standardization of the various commercial NAT is very confusing.
Given the adoption of the International
HCV Standard (IU), it is expected that
manufacturers will soon be able to agree on
the relative amount of HCV RNA in a
given specimen and the relative sensitivity
of their assays.36,37 Figure 3 demonstrates
the relative sensitivities and range of detection of available NATs as well as those
under development.
As can be seen in Figure 3, qualitative
NAT (AMPLICOR & TMA) are more
sensitive than the quantitative assays. The
AmpliScreen (Roche) and TMA (Bayer)

assays that have been developed for blood
donor screening are the most sensitive.40
Qualitative tests are currently 10-100 fold
more sensitive than quantitative assays and
can reliably detect 5-50 IU/ml (approximately 10-100 copies/ml). Qualitative
assays are able to provide a yes or no
answer regarding the presence of HCV
RNA in the specimen and, as outlined
in Table I, should be used to: 1) detect
acute infection prior to seroconversion,
2) resolve weakly reactive or indeterminate
serological results and, 3) determine if an
individual is actively infected and/or has
responded to therapy.
It is difficult to assess the clinical sensitivity and specificity of qualitative NATs given
the lack of a clinical “gold standard” of
HCV infection. Based on well-characterized
HCV-infected and control populations,
the sensitivity and specificity of commercial qualitative NAT approach 95-99%
and 98-99% respectively.4 These figures
are dependent, however, on meticulous
laboratory procedures.
HCV genotyping
The term genotype refers to the
sequence-based phylogenetic clustering of
HCV types and subtypes found in
patients. At present, there are at least 11
types and greater than 90 subtypes. 2,41
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HCV genotypes are typically differentiated
by the commercially available reversehybridization line probe assay (INNOLIPA HCV II, Innogenetics, Belgium).
This involves specific hybridization of the
AMPLICOR PCR product to genotypespecific immobilized probes on the line
probe assay which generate a colour reaction (a nucleic acid equivalent of an
immunoblot). Alternative techniques to
determine the genotype include restriction
fragment-length polymorphism of PCR
products and direct sequencing.42
Although infection with certain genotypes (e.g., genotype I) appear to be more
difficult to treat,14,15,32 whether this represents an intrinsic feature of genotype I virulence remains controversial.2,43

strong surrogate marker of treatment
response, this is not the case for HCV viral
load. In general, outcome for HCV infection is most strongly correlated with the
degree of hepatic fibrosis.2,43,44 A number
of studies are currently underway to determine if monitoring HCV load during
combination therapy can be used to rapidly identify non-responders early so that
ineffective therapy can be stopped early to
reduce the overall therapeutic costs. The
results of these studies should be available
within the next year. Because commercial
quantitative assays are less sensitive than
qualitative assays, they should only be used
for therapeutic monitoring and not to confirm active infection or to determine if the
therapy has been effective.

Quantitative NAT for antiviral monitoring
Combination therapy with interferon and
ribavirin has revolutionized the treatment of
HCV infection. Treatment for 24-48 weeks
can eliminate detectable HCV RNA from
blood and improve hepatic histopathology
in approximately 40% of HCV-infected
individuals who have elevated serum
transaminases.14,15,32 Of particular importance is the fact that most virologic responders remain serum HCV RNA negative for
at least two years after therapy is stopped.16
Correlates of therapeutic response include:
sex, age, degree of hepatic fibrosis, the
amount of detectable HCV RNA in the
serum (viral load) and the genotype of the
virus. Approximately 30% of individuals
infected with genotype I will respond to
combination therapy after 48 weeks of treatment. In contrast, 60% of individuals with
non-genotype I will respond with 24 weeks
of combination therapy. Although response
to combination therapy correlates with low
pretreatment viral loads (< 2,000,000
copies/ml as measured by the National
Genetics Institute assay) for genotype Iinfected individuals, that correlation was
based on viral load measurements using a
non-commercially available assay which is
not directly comparable to currently available commercial assays.4 In addition, the
predictive value of HCV load determinations was less important than the infecting
viral genotype.2,14,15,32,43
Unlike HIV infection where HIV viral
load predicts outcome and serves as a

HCV antigen detection
Another method of HCV detection that
is under commercial development, involves
detection of HCV antigens in plasma or
serum.45 One version of this test detects
free HCV antigen in the specimen. This
may be of particular benefit in detecting
acute seroconversions. Based on studies in
blood donors, HCV antigen can be detected within the first 2 weeks of acute infection, which is quite similar to NAT
(Figure 1).29 However, given the greater
sensitivity of NAT and its general availability, the role of HCV antigen testing for
routine clinical diagnosis remains unclear.
Other versions of the HCV antigen test are
designed to detect HCV antigen in the
presence of HCV antibody, which may be
useful to confirm active infection in chronically infected individuals or to monitor
response to antiviral therapy if the test performance proves satisfactory.

Although clinical therapeutics is not typically considered the domain of public
health officials, it is important to understand that a number of new therapeutic
agents are currently under development for
the treatment of HCV. These include
Pegylated and Consensus Interferon which
are more potent than the current interferon alpha used in combination with ribavirin.46 Given the promising data from the
current interferon alpha and ribavirin combination and preliminary data from these
new antiviral agents, HCV may well
become a curable illness where both prevention and treatment are required to minimize the risk of transmission and reduce
the burden of illness in the population.47,48
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SUMMARY
HCV diagnosis and testing is clearly a
rapidly evolving field. This paper outlines
how anti-HCV serology and NAT can be
combined to provide a definitive answer as
to whether or not an individual has been or
is actively infected. The strengths and weaknesses of the various tests are outlined in
Table I. In the future, one can expect more
accurate and reproducible NAT which will
increase diagnostic accuracy and guide therapeutic intervention on an individual basis.
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