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Recent advances in
laboraftory diagnosis of
hepatitis C virus infection

RK CHAUDHARY PhD Dip Bact

THE DISCOVERY OF HEPATITIS C VIRUS (HCV) (1) HAS LED TO
the development of serological tests (2) for the
detection of antibody to this newly discovered virus. HCV
is the primary etiological agent of the parenterally
transmitted non-A, non-B hepatitis (3). In Canada,
groups at greater risk of acquiring Hcv infection include
intravenous drug users, hemodialysis patients, hemo-
philiacs and blood transfusion recipients (4). The
screening of blood donors for anti-icv has greatly re-
duced the incidence of post-transfusion hepatitis (5).
One of the major problems with HCv infection is the
development of chronic hepatitis in 50 to 60% of cases,
which could lead to cirrhosis and hepatocellular carci-
noma (6).

HCV is a single-stranded RNA virus (9400 nucleotides)
related to the family Flaviviridae (7). The 5 end codes
for core and envelope proteins followed by nonstructu-
ral proteins NS2, NS3, NS4 and NS5. There is also a
noncoding region at the 5" end (Figure 1).

This paper briefly reviews the available serological
and molecular diagnostic tests for the detection of Hcv
antibody and viral RNA.

Serological assays for detection of HCV infection:
The first-generation enzyme immunoassay (ElA) was
developed by Chiron Corporation (California) to detect
antibody against HCv in 1989 (2). Later, Abbott Labora-
tories (Illinois) also developed a first-generation Ela test
for the detection of anti-Hcv under licence from Chiron
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Corporation. Chiron developed a recombinant immuno-
blot assay (riBa 1.0) as a supplemental test.

The first-generation tests have become obsolete (8)
because they lacked sensitivity and specificity, and
were soon replaced by second- and third-generation
tests. The details of the different Eias are given in Table 1
and of immunoblot assays in Table 2.

Third-generation assays are more sensitive and spe-
cific for the detection of anti-Hcv, and they should be the
test of choice. In Canada anti-HcV test Kits are available
mainly from Ortho Diagnostics (New Jersey), Abbott
Laboratories and Organon Teknika (The Netherlands).

The diagnosis of HcV infection depends mainly on
detecting circulating antibodies to this virus. Ela 2.0
detects anti-Hcv in approximately 90% of cases (9). The
third-generation Ela 3.0 is more sensitive than Eia 2.0
and the predictive positive values are 0.52 versus 0.23
(10). E1A 3.0 detects antibody earlier in the course of
infection (11), five to six weeks after the onset of hepa-
titis in 80% of patients.

Some limitations have been observed with EIA tests
in that they could not differentiate among acute,
chronic and past infection. In some acute cases there
could be a long interval before seroconversion. In low
risk groups such as blood donors, even the third-gen-
eration Eias produce false positive results.

Most of the false positive EIA results could be resolved
by supplemental testing with immunoblot assays. RiBA
3.0 is more sensitive and specific than riBa 2.0, and 60
to 95% of the indeterminates could be resolved by the
later test (10,12-14). riBA 3.0 contains two recombinant
(c33[NS3], NS5) and two synthetic (c22[core], c100[NS4])
antigens. The concentration of antigens was optimized
to improve sensitivity and specificity. Improvement was
observed with rRiBA 3.0 and was obtained mostly by the
synthetic peptides but was not due to NS5 antigen (10).
A comparative study (12) of immunoblot assays (RIBA
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Proposed hepatitis C virus genome
C S NS1 NS2 NS3 NS4 NSS
5-1-1
D PNT PCT
c22-3 gp33 gp70 c33 c100-3 NS5
c200

Figure 1) The entire genome is about 10.000 bases, coding for about 3000 amino acids. Only the translated portions of the genome
are shown. Not shown is a 5 conserved noncoding region of approximately 300 bases, which is located to the left of core (c) region,
and a 3" noncoding region of about 50 bases. which is at the end of NS5 region. gp Glycoprotein; PCT Polymerase carboxy terminus:

PNT Polymerase amino terminus. Modified from reference 8

TABLE 1

Antigenic composition of second- and third-generation enzyme immunoassay tests

Tests Source Date released in Canada Antigenic composition
EIA2.0 Ortho April 1991 R; ¢100-3 (NS4), c200 (NS3 + NS4), c22 (core)
EIA 3.0 Ortho July 1993 R; c200 (NS3 + NS4), c22 (core), NS5
EIA2.0 Abboftt April 1991 R; c100 (NS4), 33c (NS3), HC34 (core)
EIA 3.0 Abbott September 1994 R; ¢100 (NS4), HC43 (core + NS3), H34 (core), NS5
IMx HCV Abbott September 1994 R; Microparticles; c200 (NS3 + NS4), HC34 (core)
EIA R: Probe; HC31 (NS3 + NS4), c200 (NS3 + NS4), c22 (core)
UBIHCV Organon 1993 Core (P), NS3 (R), NS4 (P), NS5 (P)

EIA 2.1
UBIHCV Organon July 1994 Core (P), NS3 (P), NS4 (P), NS5 (P)

EIA 4.0

P Synthetic peptides; R Recombinant antigen

3.0, Matrix 1, LiaTek III) showed a poor correlation
among the three tests.

Molecular assays for the detection of HCV infection:
The diagnosis of chronic or acute infection is still re-
stricted due to the lack of a test for the detection of viral
antigen. However, recent developments in the polymer-
ase chain reaction (PCR) technique have made it possible
to detect HCV RNA in serum or plasma (15-17).

Primers specific for 5" untranslated region (UTR) are
the most sensitive because this region is highly con-
served (15). HCV RNA could be detected many weeks
before the appearance of anti-Hcv (6) and in some cases
this may be the only evidence of Hcv infection. Nested
PCR is the most sensitive technique for the detection of
HCV RNA. In our study (17) 67% of the RIBA reactive
samples were positive for HCV RNA by nested PCrR with
primers from the 5" UTR. On the other hand, 100% of
RIBA reactive samples from high risk groups such as
transfused patients, hemodialysis patients and intra-
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venous drug users were PCR positive. A commercial PCR
kit is available for the fast detection of HCV RNA (Amplicor
Hev) from Roche Diagnostic Systems (New Jersey). The
Amplicor HCV test uses 5" UTR specific primers, the
antisense primer is biotinylated at the 5 end, and a
thermostable polymerase from Thermus thermophilus is
used for both reverse transcription and PCR steps. The
amplified product is detected by hybridization to a
specific nucleic acid probe (18). We have tried this kit
and our prelimary data indicate that it is a useful assay
for the detection of HCV RNA.

The other assay that is commercially available for the
detection of HCV RNA is called ‘branched-DNA signal am-
plification assay’ (Chiron). In this case, HCV RNA is hy-
bridized directly to synthetic oligonucleotides from the
highly conserved 5" UTR and core gene of HCV immobi-
lized on a microwell plate. Synthetic bbNA amplifier
molecules and multiple copies of an alkaline-phos-
phatase linked probe are hybridized to the immobilized
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Antigenic composition of second- and third-generation immunoblot assays

Tests Source Date released in Canada Antigenic composition o
RIBA 2.0 Ortho April 1994 R; 5-1-1 (NS4), c100 (NS4), c22 (core), c33 (NS3)

RIBA 3.0 Ortho June 1994 R: ¢33 (NS3), NS5 (P); c100 (NS4), c22 (core)

Matrix 1.0 Abbott April 1993 R: H34 (core), NS3, NS4 (yeast), NS4 (Escherichia col)

Matrix 2.0 Abbott Noft released R: H34 (core), NS3, NS4 (yeast), NS4 (E col), NS5

Liatek lIl Organon 1993 C1(P), C2 (P), E2/NS1 (P), NS3 (R). NS4 (P), NS5 (P)

P Synthetic peptides; R Recombinant antigen

complex. The complex is then incubated with a chemi-
luminescent substance (dioxetane) and the light emis-
sion is measured. This technique has an added
advantage that it can quantitate HCV RNA (19). The
disadvantage of this technique is that it is less sensitive
than pcRr (limitation 300,000 RNA molecules).
Quantitation of HCV RNA: In of HCVRNA positive cases,
quantitation may provide prognostic information; lower
HCV RNA levels appear to be associated with less symp-
tomatic disease and with improved response to inter-
feron therapy. Higher viral titres are associated with
prolonged infection and are less responsive to treat-
ment. Clinical studies indicate a long term response rate
of about 25%.

Genotyping of HCV isolates: Several distinct HCV geno-
types have been described on the basis of complete or
partial sequence analysis (20,21). Recently, a direct PCR
for HCV genotyping was introduced (22,23) that elimi-
nates the time consuming procedure of sequencing. The
genotyping of HCv is important for the epidemiological
study of Hcv infection and for interferon treatment.
Patients infected with different genotypes of HCV re-
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Handbook of infectious diseases

Infections of the Central Nervous System, edited
by Harold P Lambert (1991). BC Decker Inc, 320
Walnut Street, Suite 400, Philadelphia, Pennsylva-

This is the first volume in an ambitious project initially
promoted and developed by Ed Kass. His vision was
for a multivolume series to encompass all infectious
agents and describe major clinical complexes. The initial
series was to deal with infection processes affecting organ
systems, with plans for periodic revisions in the form of
updated or new additions. This first volume, which
discusses central nervous system infections, is edited
by Harold P Lambert with many contributors, almost

In 28 chapters the contributors cover in extraordi-
nary detail aspects of infections that may affect the
central nervous system. The goals of breadth and
depth have generally been met, and the editors and
contributors should be commended. This is a very
useful and complete text, with most chapters exhaus-
tively referenced. Of particular value are the full de-
scriptions of some uncommon infections, including
slow viruses, amoebic meningoencephalitis and proto-
zoan and helminthic infections, as well as uncommon
bacterial meningitides. In most areas this text pro-
vides more complete coverage than that in the current
encyclopedic infectious diseases textbooks. An enter-
taining aspect is the historical perspective introducing
each chapter which provides background and insight
into these infections. Many chapters are entertaining
reading, in particular, the chapter ‘Meningococcal
meningitis: Treatment’ by Harold P Lambert and

Some aspects of the text can be criticized. The most
problematic is that references beyond 1988 are not
included. This reflects the prolonged incubation pe-
riod for the ‘Handbook of Infectious Diseases’ series,
with a great delay between completion of manuscripts
and publication. Some deficits from this delay are the
limited information with respect to conjugate vaccines
for Hemophilus influenzae and clinical studies of the
new azole antifungals in the treatment of meningitis.
It is remarkable, however, how current and complete
the volume remains despite this almost five-year lapse
in citations. A second issue is why H influenzae and
Neissera meningitidis each warrant three chapters,
while other infectious agents are dealt with in one
chapter or less. The multichapter approach for these
two agents, of necessity, leads to repetition among
chapters and it is not clear what benefits it provides.
Finally, the exceptionally complete and valuable chap-
ter ‘Penetration of antimicrobial agents into the cen-
tral nervous system’ by James W Stone and Richard
Wise could benefit by the use of summary tables, and
‘Neonatal meningitis” is not as completely referenced
as other chapters. These, however, are minor prob-
lems in what is otherwise a useful and complete text.

This book is recommended for all infectious disease
clinicians. It provides a complete, accessible review of
these important infections, and can be used for de-
tailed reference or day to day patient management
issues. It would likely also be useful for general inter-
nists, pediatricians and neurologists. It is hoped that
other volumes of the ‘Handbook of Infectious Diseases’
series will meet the high standard set by this initial
volume.

LE Nicoile MD FRCPC
Winnipeg. Manitoba
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