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The Immunoreactivity Profile of Dif-
ferent HCV Genotypes on Immuno-
blot Assay and Its Implications in the
Development of Diagnostic Assays

Duangjit Kanistanon, Montana Neelamek, Tararaj Dharakul and Sirirurg Songsivilai

Hepatitis C virus (HCV)
causes transfusion associated hepa-
titis in patients receiving HCV con-
taminated blood or blood products.
The consequences of HCV infec-
tion include chronic hepatitis which
occurs in more than half of the in-
fected individuals and leads to the
development of cirrhosis and hepa-
tocellular carcinoma in some cases.
Genetic heterogeneity of this virus
was demonstrated from the analysis
of the nucleotide sequences of HCV
isolated around the world and HCV
was classified into at least 6 major
genotypes (1-6) with a series of
several sylgtypcs, designated as a,
b, c.etc.” Genotypes 1, 2 and 3
are distributed in several regions
around the world (America, Europe
and Asia). Genotype 4 is found re-
stnictedly in Africa continent
whereas genotypes 5 and 6 are pre-
dominant in the Middle east and
Southeast Asia regions, respective-

ly.

The current method for di-
agnosis of HCV infection 1s based
on the detection of antibodies

SUMMARY The immunoreactivity profiles of plasma samples obtained
from patients infected with different hepatitis C virus (HCV) genotypes
were studied using immunoblot assay containing multiple HCV anti-
gens. The immunoblot assay was found to be positive in 81.5% of 195
blood donors who had anti-HCV antibodies as detected by second
generation enzyme immunoassays. The samples reacted preferentially
with the viral core, NS3-1 and NS5 antigens, and these reactivities
were not influenced by HCV genotype. However, the reactivities with
NS3-2 and NS4 antigens varied depending on HCV genotypes. The
samples from patients infected with HCV genotype 1 reacted well with
NS3-2 and NS4 antigens whereas those with other genotypes did not.
In addition, samples with the unclassified HCV genotype reacted poorly
with all antigens, except NS3-1. This study demonstrates the impor-
tance of the core, NS3-1 and NS5 antigens in the detection of anti-
bodies against HCV, especially in areas where more than one geno-.
types of HCV are present. It also demonstrates that there is a need for
further improvement of the currently used assays as new HCV geno-
types are recently discovered.

against HCV in serum or plasma
using enzyme immunoassays
(EIA). The first generation EIA
included only the C100-3 antigen of
the nonstructural 4 (NS4) protein
of HCV and further studies found
that this test gave false negative
results isg a large number of
samples. The second and third
generation EIA were later devel-
oped by including more antigens
from both structural (core protein)

and nonstructural (NS3, NS4 and
NS5) proteins in the assays, great:
ly improving their sensitivity.
However, some samples still gave
false negative results in tl%g:
detection of anti-HCV antibodies.
The most reasonable cause for this
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false negative result was the genetic
variation of the virus since the as-
says were developed based on the
available information on HCV gen-
otype 1. Therefore, antibodies eli-
cited against the infecting viral gen-
otype may have limited ability to
crossreact to antigens used in the
assays. In addition to HCV EIA,
HCV immunoblot assays were also
developed using both the structural
and nonstructural antigens, and
provided the confirmatory tests for
the presence of anti-HCV antibo-
dies. The reactivities of sera from
patients infected with each HCV
genotype to each antigen could be
analysed in the immunoblot. Sev-
eral studies showed that samples
containing other genotypes such as
2a and 2b gave lower reactivities in
these assays compajregi to the sam-
ples of genotype 1.~ At present,
no gold standard method for diag-
nosis of HCV viremia is available.
HCV RNA assay may not be able
to detect low levels of HCV viremia
and HCV EIA also misses some
samples of HCV viremia detected
by RT-PCR.

The distribution pattern of
HCV genotypes found in Thailand
is significantly different from that
in some other regions of the world.
HCV genotype 3a is the most com-
mon genotype in this country, fol-
lowed by genotypes 1b, 6 group
variants, la and 3b.  Since the pre-
valence of HCV infection in Thai
blood donors ranges from 1.5% to
as high as 5% depending on the
region v}/lhere the samples are
obtained, assays that could ef-
ficiently detect the presence of anti-
HCV antibodies in blood donors
would be very valuable in the pre-
vention of HCV transmission.
However, the effects of the com-
mon HCV genotypes in this coun-

try, especially genotypes 3 and 6
group variants, on the immunoreac-
tivities to viral antigens has not
been documented. We therefore
analyzed the pattern of the immu-
noreactivities in samples with dif-
ferent HCV genotypes with a panel
of HCV antigens. The results from
this study could be useful as the
basis for the development of diag-
nostic assays in the future.

MATERIALS AND METHODS
Specimens

A total of 195 anti-HCV-
positive plasma samples were col-
lected from healthy blood donors
attending Blood Transfusion
Centers at Siriraj Hospital, Bang-
kok, and Khonkaen Regional Hos-
pital, Khonkaen, Thailand. Self-
exclusion criteria had been applied
to these donors prior to blood dona-
tion, and none had a previous his-
tory of hepatitis.  Antibodies to
HCV were assayed by second gen-
eration enzyme immunoassays
(EIA, Organon, United Biomedical,
USA; Murex, England and Diag-
nostic Biotechnology, Singapore).
Seropositivity was confirmed by
using EIA from other manufactures
which differed from that used in the
imtial screening. In addition, sam-
ples from Khonkaen were also
tested for anti-HCV antibodies
using particle agglutination assay
(Serodia, Japan) and were con-
firmed by EIA (Organon). Plasma
were aliquoted into 1.5 ml vials and
immediately stored at -70°C.

HCV immunoblot assay
The reactivities of immu-

noblot assay were determined by
using HCV BLOT 3.0 assay

(Genelabs Diagnostics, Singapore)
which consisted of core, NS3-1,
NS3-2, NS4 and NS5 antigens.
The procedures and interpretation
of the assay were performed ac-
cording to the manufacturer's in-
struction. The reactivities of anti-
bodies in the plasma samples to
individual antigens blotted onto the
nitrocellulose membrane were re-
corded. Positive results in the im-
munoblot assay were documented
when antibodies in the sample
reacted to at least 2 antigens. The
results were interpreted as in-
determinate if antibodies reacted to
only one of the antigens. Negative
results meant that the plasma could
not react with any of the antigens.

HCV RNA assay

HCV RNA was detected in
plasma samples using a reverse
transcription-nested polymerase
chain reaction (RT-PCR) ampli-
fication elsosentially as previously
described.  In brief, RNA was ex-
tracted from plasma using a
modified guanidium thiocyanate
phenol chloroform extraction
method. RNA was converted into
cDNA by reverse transcriptase en-
zyme at 42°C for 30 minutes, and
then subjected to first round of
PCR amplification using primers
covering the 5’-noncoding region
(5’-NCR). The PCR profile con-
sisted of 35 cycles of 94°C 1
minute, 40°C 1 minute and 72°C 2
minutes. The final extension step
was carried out at 72°C for 10
minutes. One-tenth of the primary
PCR-amplified product was taken
to second round amplification using
the same thermal cycling profile.
The final PCR-amplified product
was analyzed by agarose gel elec-
trophoresis and visualized under
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UV light after staining with ethi-
dium bromide.

HCYV genotype determination

HCV genotypes in samples
containing HCV RNA were deter-
mined by 2 reverse hybridizatiolr(l)
assays as previously described.
Briefly, genotype/subtype-specific
oligonucleotide probes immobilized
on nitrocellulose membranes were
allowed to react with biotin-labeled
PCR product amplified from either
HCV-positive or -negative speci-
mens. The PCR product of a cer-
tain genotype/subtype would hybri-
dize only with the corresponding
genotype/subtype-specific probes.
The binding was visualized by
streptavidin-mediated enzymatic
reaction. One assay was based on
the nucleotide sequence within 5'-
NCR and the other on a nucleotide
sequence within the core gene. The
5'-NCR-based genotyping assay
consisted of oligonucleotide probes
specific to genotype 1, la, 1b/6
group variants, 3a and 3b. A uni-
versal probe specific for every
genotype known to date, as well as
positive and negative control
probes were also included in the
assay. Since the 5'-NCR-based
genotyping assay could not dif-
ferentiate between genotype 1b and
6 group variants, the core-based
genotyping assay was applied to
discriminate these two genotypes.
This assay contained two probes,
one could bind to genotype 1b
whereas the other could bind to
genotype 6 group variants. Posi-
tive and negative control probes
were also included in this assay.

RESULTS

HCYV immunoblot assay

Immunoblot assay was per-

Table 1 Results of the HCV RNA detection and immunoblot assay
Number of samples with immunoblot resuit as
HCV RNA Total

Positive Indeterminate Negative

Positive 136 14 - 137

Negative 23 10 25 58

Total 159 11 25 185
(81.5%) (5.7%) (12.8%)

£ sample of genotype 1a which reacted to the core antigen only

formed on 195 anti-HCV-positive
samples and was found to be pos-
itive in 81.5%, indeterminate in
5.7% and negative in 12.8% of the
samples (Table 1). Almost all of
the samples in the immunoblot-pos-
itive group reacted to the core anti-
gen, compared with only 72% in
the 1mmunoblot-indeterminate
group (Fig. 1). Reactivities with
NS3-1, NS3-2, NS4 and NS5
antigens of the immunoblot-positive
group were found in 88.7%,
51.6%, 45.3% and 86.6% of the
samples, respectively.  However,
only 18.2% and 9.1% of the im-
munoblot-indeterminate samples
reacted with NS3-1 and NS4 anti-
gens, respectively, and none reacted
with NS3-2 and NS5 antigens (data
not shown). An example of the re-
sults 1s shown 1n Fig. 2.

HCYV RNA assay

HCV RNA was detected in
70.3% of anti-HCV-positive plas-
ma samples. HCV RNA was found
in 85.5% of the immunoblot-pos-
itive samples, and also in one
(9.1%) sample of the immunoblot-
indeterminate group (Table 1). The

viral RNA could not be detected in
any of the samples with immu-
noblot-negative results.

Genotyping of HCV

Reverse hybridization
assays were performed on samples
containing HCV RNA and the re-
sults are shown in Table 2. In ad-
dition, one sample of the immu-
noblot-indeterminate group con-
tained HCV genotype la.

Immunoblot assay reactivities in
different HCV genotypes

The reactivity profiles of
immunoblot assay of each HCV
genotype are shown in Table 2 and
Fig. 3. The samples of every gen-
otype reacted well with core, NS3-
1 and NS5 antigens, with average
positive rates of 97%, 90% and
85%, respectively. The reactivities
to NS3-2 and NS4 antigens were
dependent on the HCV genotype,
and antibodies were frequently de-
tected in samples of genotype 1, but
poorly detected in the samples of
the other genotypes.
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Fig. 1. Percentage. of the immunoblot-positive and immunoblot-indeterminate
samples which reacted with individual antigens in the immunoblot assay
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Table 2  Genotyping distribution and the immunoreactivity with individual

HCV antigens in the immunoblot-positive plasma samples

containing different HCV genotypes

% of samples reactive with individual antigens

HCV genotype n

Core NS3-1 NS3-2 NS4 NS5
1a 15 93 100 93 86 93
1b 25 96 96 60 92 84
3a 56 100 82 42 28 87
3b 5 100 80 60 25 78
6 group variants 28 100 92 67 25 78
Unclassified 7 71 100 28 42 A
HCV RNA positive 136 97 90 57 48 85
HCV RNA negative 23 95 82 21 30 95
otal 159 97 89 52 45 87
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U, unclassified genotype; N, HCV RNA negative
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DISCUSSION

We have studied the profile
of immunoblot reactivities of plas-
ma samples from blood donors
infected with different HCV
genotypes and found that the reac-
tivity on immunoblot assay was
influenced by the type of antigen
used as well as by the viral gen-
otype. Approximately 81% of plas-
ma samples with repeated HCV
EIA positive results were con-
firmed as positive by immunoblot
assay and the result was com-
parable to the results of the other

. 12

studies.  Notably, all except one
of the HCV RNA containing sam-
ples also tested positive by im-
munoblot assay and all of the
immunoblot-negative samples were
also negative by HCV RNA assay
Thus, the immunoblot positivity
suggested the presence of a viremic
stage. However, about 9% of the
immunoblot-indeterminate samples
had HCV virions and this sug-
gested that the immunoblot assay
alone was not sufficient as the sur-
rogate marker for HCV RNA and
HCV RNA assay based on PCR
technique should be applied to the
samples with either positive or
indeterminate immunoblot results
to confirm the viremic state. More-
over, long term follow up of EIA-
positive blood donors with immu-
noblot-negative results may be
needed to confirm the true status of
the non-viremic state.

The HCV antigens used in
commercial immunoblot assays
such as the HCV BLOT 3.0 assay
used 1in this study are denved from
both structural (core) and non-
structural (NS3-1, NS3-2, NS4 and
NS5) genes. The incorporation of
the core antigen in the EIA and the
immunoblot assay significantly in-

creased the sensitivity of the tests
because the core gene was highly
conserved among different HCV
genotypes and the antibodies
against the core antigen could be
rapidly3 1gietected after exposure to
HCV. " In this study, reactivity
to core antigen was detected in al-
most all of the immunoblot-positive
samples. The reactivity to core an-
tigen could be detected in all of the
samples of genotype 3 and 6 group
variants (n=89) and i 95% of
genotype 1 samples. There was no
different in the reactivity to the core
antigen among previously known
genotypes (p >0.05). This finding
strongly supported the need to mn-
corporate the core antigen into the
anti-HCV antibody detection assay
due to its high reactivity with
samples of any known genotypes.
However, only 71% of the samples
of the unclassified genotype could
react with the core antigen (p<0.05
when compared to genotype 1b, 3a
and 6 group variants). It may be
hypothesized that the lower reac-
tivity to core antigen of the unclas-
sified genotype compared to the
other genotypes resulted from dif-
ferences in the nucleotide sequences
in the core gene and the antibodies
against the unclassified genotype
might not be able to crossreact with
the core antigen used in the immu-
noblot assay. However, the sample
size in the unclassified genotype
was too small to draw a conclusion.
Further study of the nucleotide
sequences of this genotype would
provide important information for
the improvement of the anti-HCV
antibody detection assay.

Other nonstructural anti-
gens also contributed to a certain
degree to the increase in the sen-
sitivity of the tests. Reactivities
with NS3-1 and NS5 antigens were

found in 89% and 87% of the
immunoblot-positive samples, res-
pectively; and in 90% and 85% of
the immunoblot-positive and the
HCV RNA positive samples, res-
pectively. The lower rate of immu-
noreactivities with NS3-1 and NS5
antigens than with the core antigen
is due to the lower degree of con-
servation in the genes encoded the
NS3-1 and NS5 antigens. Another
possibility is that antibodies against
NS3-1 and NS5 antigens may not
be well developed in some cases.
The immunoreactivities to NS3-1
and NS5 antigens also showed a
slight, although not statistically sig-
nificant, variation among the viral
genotypes (p>0.05). The immuno-
reactivities were slightly higher in
the samples of genotype 1 than in
the samples of non-genotype 1
(Table 2). Interestingly, the sam-
ples of genotype 6 group vanants
reacted well with the NS3-1 (92%)
and NS5 (78%) antigens as well as
with core antigen (100%), with
comparable rates as samples of
genotypes 1 and 3. Thus, the de-
tection of antibodies in patients
infected with HCV genotype 6
group vanants would likely be as
efficient as for the other genotypes.
The reactivity with NS5 antigen of
the samples of the unclassified
genotype was, however, rather low
compared to genotypes 1, 3 and 6
group variants. The most likely
explanation for this low reactivity
would be variation in the viral
genome.

The reactivities to the
NS3-2 and NS4 antigens were
significantly affected by HCV gen-
otype as shown in Table 2 (p <
0.001 and < 0.0001 for NS3-2 and
NS4, respectively). Only 52% and
45% of the immunoblot positive
samples reacted with NS3-2 and
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NS4 antigens, respectively. The
reactivity ‘with NS4 antigens was
much higher in samples containing
HCV genotype 1 (90%) than the
non-genotype 1 (32%). This was
because the NS4 gene contained
regions that were genotype-specific
so that samples of the same gen-
otype reacted with this antigen, but
the samples of different genotypes
could not. ©  The NS3-2 antigen
could react with 93% of the sam-
ples of genotype la, but only with
52% of the remaining genotypes.
The reactivity with NS3-2 antigen
was lowest (28%) in samples of the
unclassified genotype.

The reactivities with core,
NS3-1 and NS5 were detected in
about 90-100%, 94-100% and 57-
90%, respectively, of the samples
from European patients usin
RIBA 3.0 (Ortho Diagnostics).
This finding was similar to our
finding that 97%, 90% and 85% of
the Thai samples reacted with the
core, NS3-1 and NS5 antigens,
respectively. The immunoreactivi-
ties to these 3 antigens were also
independent on the viral genotype
found in Thailand and these
antigens were very good as agents
for the detection of HCV infection.
This study and others also showed
that reactivity to NS4 antigen was
markedly influenced by the gen-
otype of the virus. As most of the
commercial tests including the one
used in this study were developed
based on the nucleotide sequence of
HCV genotype 1, mainly found in
North America, samples containing
genotype 1 therefore reacted very
well with this antigen. However,
samples of the other genotypes,
such as genotype 3, 6 group
vanants and the unclassified gen-
otype as shown in this study, did
not react well with some of the

antigens. Therefore, the incorpora-
tion of the NS4 and NS3-2 antigens
into the tests may not be beneficial.

The results in this study
also showed that the samples of the
unclassified genotype reacted rather
poorly with most of the antigens
except NS3-1 (Table 2). Only 71%
of the samples of the unclassified
genotype reacted to the core anti-
gen, lower than that of samples of
other genotypes (93-100%). This
indicates the need to improve the
efficiency of the available anti-

HCV antibody detection assays, es-
pecially in areas where multiple
genotypes of HCV are present.
Thus, as new or unclassified HCV
genotypes are being discovered, the
evaluation of the available anti-
HCV antibody assays should be
performed to ascertain the effi-
ciency of the assays for all HCV

genotypes.

In conclusion, this study
demonstrated that the assays using
the core, NS3-1 and NS5 antigens
of HCV could efficiently detect the
presence of anti-HCV antibodies in
Thai blood donors regardless of the
viral genotypes. The samples con-
taining HCV genotype 6 group
variants which clustered only in
Southeast Asia also reacted well
with the core, NS3-1 and NS5 anti-
gens. Therefore, the detection of
infection with genotype 6 group
variants should not be affected by
the current tests. Since the core
and NS3-1 and NS5 antigens
reacted well to samples from all
genotypes found in Thailand, fur-
ther development of the immuno-
diagnostic assays should include
these antigens. It may not be nec-
essary to incorporate antigens from
NS3-2 and NS4 into the diagnostic
tests due to their low reactivities

with plasma samples from HCV-
infected patients in Thailand. The
inclusion of NS3-2 and NS4 anti-
gens did not provide any benefits in
the detection of anti-HCV antibo-
dies due to variations in the genes
among different HCV genotypes.
In addition, since the currently
available immunoblot assays do not
work well on the samples of the
unclassified genotypes as shown in
this study, further characterization
of these genotypes is required for
the future improvement of the cur-
rent anti-HCV antibody assay.
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