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1. Background

ABSTRACT

Background: According to previous data, the antibodies produced during natural hepatitis C virus (HCV)
infection frequently recognize amino acids 10-43 in the core protein and 1689-1740 or 1921-1940 in
the non-structural 4B (NS4B) protein. The reactivity of these peptides with the corresponding antibodies
has mainly been evaluated using serum samples from Western countries where HCV genotype 1 (HCV-1)
is predominant, and no information is available concerning samples from sub-Saharan countries where
high HCV variability has been reported.
Objective of this study: To evaluate the performance of HCV core and NS4B peptide-based immunoassays
in the serodiagnosis of HCV infection in Cameroon subjects.
Study design: Three core and four NS4B-based synthetic peptides derived from HCV genotypes 1b and 2a
were designed and tested against a panel of 151 serum samples from Cameroon (40 positive for HCV-1,
32 for HCV-2, 39 HCV-4, and 40 HCV-negative).
Results: The three core peptides all demonstrated strong immunoreactivity, regardless of the HCV geno-
type from which they were derived, with greater than 90% and 92% sensitivity and specificity. In contrast,
the NS4B-derived peptides exhibited lower sensitivities (24.3-65.8% depending on the HCV genotype)
but higher specificities (100% for all four peptides tested).
Conclusions: Our findings indicate that an HCV core peptide could be used for the diagnosis of chronic
HCV infection. Among the NS4B peptides tested, a chimeric NS4B peptide encompassing both N- and
C-terminal portions of the NS4B protein gave a much better performance than the two component N-
and C-terminal peptides used individually.

© 2010 Elsevier B.V. All rights reserved.

have suggested that despite significant improvements of serolog-
ical screening assays, HCV genome variability may play a major

Currently, the identification of HCV-infected individuals relies
on the detection of antibodies directed against virus-encoded pro-
teins, and of the presence of viral genomic RNA in serum. Serological
tests for the detection of HCV antibodies use recombinant anti-
gens or synthetic peptides. It is noteworthy that several reports
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role in the control of HCV infection in countries outside Europe
and the United States.! Indeed, the presence of different HCV geno-
types and/or subtypes appears to alter the effectiveness of current
serological diagnostic tests. These tests are based upon HCV type
1 antigens that prevail in Europe and Northern America. However,
a number of studies suggest that current commercially available
serological assays are sub-optimal for screening populations in
which the predominant HCV genotype is not type 1.2 Importantly,
these studies include HCV types 1-3 and a few samples of HCV type
4, This raises serious concerns about blood safety, diagnosis and
screening procedures for HCV.2-> Therefore, commercially avail-
able kits, although validated in Europe and in the USA, may have
serious limitations when used in other parts of the world, including
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Table 1
Amino acid sequences of HCV core and NS4B peptides.
Name Peptide position® Amino acid sequence®
HCV-21 Core 3-75/1b TNPKPQRKTKRNTNRRPQDVKFPGGGQIVGGVYLL
PRRGPRLGVRATRKTSERSQPRGRRQPIPKARRPEGRT
HCV-26¢ Core 11-45/1b TKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLG
HCV-34¢ Core 11-45/2a CTKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLG
HCV-45 NS4 1689-1738/1b SGRPAVIPDREVLYQEFDEMEEAASHLPYIEQGMQLAEQF
KQKALGLLQT
HCV-452 NS4 1693-1742/2a NQRAVVAPDKEVLYEAFDEMEEAASRAALIEEGQR
IAEMLKSKIQGLLQQ
HCV-6 NS4 1921-1940/1b AFASRGNHVSPTHYVPESDA
HCV-645 NS4 1689-1738/1b+1921-1940/1b SGRPAVIPDREVLYQEFDEMEEAASHLPYIEQGMQLAEQFKQ

KALGLLQTAFASRGNHVSPTHYVPESDA

2 Numbers represent the amino acid positions according to the subtype 1b isolate BK (GenBank Accession number M58335) and subtype 2a isolate HC-J6

(GenBank Accession number D00944).
b Amino acids are represented by the single-letter code.

¢ The core-specific peptides HCV-26 and the HCV-34 have no differences in this region between 1b and 2a subtypes. The only difference between HCV-26 and
HCV-34 is a cysteine residue attached to C-terminus of HCV-34. It leads to dimerization of the peptides during solubilization and coating, and determines a slight

difference in immunoreactivity of these antigens.

Cameroon where a high HCV genetic diversity has been reported,
and a circulation of different HCV subtypes from those described for
developed countries.® Furthermore, commercial anti-HCV screen-
ing tests are not readily accessible to poor countries because of their
cost. According to previous data, HCV core and NS4B proteins are
frequent antibody targets in infected subjects.”

2. Objectives

The objectives of the present study were to evaluate the perfor-
mance of HCV core and NS4B peptide-based immunoassays in the
serodiagnosis of HCV infection in Cameroon subjects, where type 4
HCV is highly prevalent.

3. Study design
3.1. Synthetic peptides and enzyme immunoassay

Synthetic peptides were obtained by solid phase synthesis using
F-MOC-protected amino acids according to the method of Mer-
rifield, as modified by Atherton et al.8 Seven synthetic peptides
(three core-specific and four NS4B-specific) derived from genotype
1b and 2a HCV sequences were designed. Details of these peptides
are presented in Table 1.

Seven different enzyme immunoassays (EIA) were developed for
the detection of antibodies, using one synthetic peptide at a time
(see figure legend of Fig. 1 for details).

Fig. 1. Reactivity of HCV core and NS4B peptides with the 111 HCV-positive serum samples from Cameroon patients. Peptides are designated by their amino acid position
(numbers) and the genotype from which they were derived (genotype 1, black bars; genotype 2, vertical lines; genotype 4, stippled bars). The enzyme immunoassays were
performed as followed. The wells of polystyrene microtiter plates (Nunc, Denmark) were coated overnight at 4°C with 100 wl of the relevant peptide at a concentration of
1 pg/ml in phosphate buffer saline (PBS). Then the wells were washed with PBS containing 0.05% Tween-20 (PBS/T), to remove the excess of the unbound peptides. After
blocking for 2 h at 37 °C with 3% bovine serum albumin (BSA) and 0.1% Tween-20 in PBS, the plates were washed with PBS/T. One hundred microliter of serum diluted to
1/200 in diluting buffer (3% BSA, 0.1% Tween-20, and 10% calf serum in PBS) was added to each well and plates were incubated at 37 °C for 2 h. Plates were washed with
PBS/T, and 100 .l of horseradish peroxidase-labeled goat anti-human IgG (Sigma®) in the diluting buffer was added to each well. Plates were then incubated for 1h at 37°C
and washed with PBS/T. Then, 100 pl of ortho-phenylenediamine (Sigma®) was added, and plates were incubated for 30 min at room temperature. The reaction was stopped
by the addition of 100 wl of 1 N sulfuric acid. The absorbance was measured at 492 nm in a Biorad 96-well plate reader.
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Sera from eight healthy subjects who were negative for anti-
HCV, anti-HIV and hepatitis B surface antigen (HBsAg) antibodies,
as assessed by commercial tests, were used as negative con-
trols. The cut-off value for each test was calculated as the mean
absorbance of the eight anti-HCV negative sera that were included
in each plate. A serum was considered to be positive for anti-HCV
by EIA if its absorbance value was at least 2.1-fold greater than the
cut-off value.

3.2. Serum specimens

A set of well-characterized serum specimens obtained from
patients attending the Cameroon Pasteur Centre for the diagnosis
of HCV infection was used for this study. Anti-HCV antibodies and
HCV RNA were determined using a commercial third-generation
enzyme immunoassay (AxSYM® HCV version 3, Abbott Laborato-
ries, Rungis, France) and the Cobas Amplicor™ HCV Version 2.0
(Roche Diagnostics Systems, Meylan, France), respectively. HCV
genotypes were determined by sequencing and phylogenetic anal-
ysis of the NS5b gene as was previously described.®

A total of 151 serum specimens were selected for this study.
These included 111 samples positive for both anti-HCV antibody
and HCV RNA (40 of these were genotype 1, 32 were genotype 2,
and 39 were genotype 4), and 40 samples that were negative for
anti-HCV antibody. The samples were all negative for anti-HIV and
HBs Ag.

3.3. Statistical analysis

Statistical analysis was carried out using the Epi-info version
6 statistical program (Centers for Disease Control and Preven-
tion, Atlanta, GA). Sensitivities and specificities of the different
peptide-based EIA were calculated using the commercial third-
generation enzyme immunoassay as the gold-standard test. To
examine the reproducibility of the different peptide-based EIA,
samples were tested in triplicate in each experiment and ana-
lyzed twice using distinct EIA plates coated with the corresponding
peptide. Mean values of absorbance in each experiment and each
test were compared, and correlation coefficient values (r) were
determined. Comparisons of reactivity rates were determined for
different genotypes using a specific peptide (internal p-values) and
between different peptides (external p-values), using the Fisher’s
exact test. p-Values of 0.05 or lower were considered to be signifi-
cant.

4. Results

Fig. 1 shows the HCV core and NS4B peptide antibody reac-
tivity rates for the 111 HCV-positive specimens. The three core
peptides all demonstrated strong immunoreactivity, regardless of
the HCV genotype from which they were derived, with greater
than 90% sensitivity (p >0.05). This is in accordance with the high
sequence homology for HCV core protein of various genotypes.
In contrast, the NS4B-derived peptides exhibited lower sensi-
tivities (24.3-65.8% depending on the HCV genotype). Notably,
a chimeric NS4B peptide encompassing both N- and C-terminal
portions of the NS4B protein gave a much better performance
than the two component N- and C-terminal peptides used
individually.

The 40 anti-HCV negative samples were also negative with the
NS4B HCV-45, -452, -6, and -645 peptide EIA, giving a specificity
of 100.0%. The specificity was of 92.5%, 97.5%, and 95.0% for core
HCV-21, -26, and -34 peptide EIA, respectively.

The mean absorbance values in the 111 HCV-positive and the
40 HCV-negative serum specimens in intra and inter-assays for all
seven peptide-based assays were not statistically different (data

not shown). The correlation coefficient (r) values were >0.8 in either
group, thus confirming the reproducibility of these assays.

5. Discussion

In arecent report Muerhoff et al.? examined a set of 13 genotype
la-derived core peptides and found that the peptide corresponding
to amino acids 10-43 reacted with all of the 254 serum specimens
tested, independently of the HCV genotype. This peptide was thus
identified as a highly immunogenic region in the HCV core pro-
tein, as compared to the C-terminal part of core that exhibited
low reactivity. This report is comparable to our results and those
of several studies'®!! reporting that synthetic core peptide-based
immunoassay could be used as an alternative test in the diagnosis
of HCV infection.

The NS4B has previously been reported to be the most immuno-
genic among HCV non-structural proteins.'? Our results indicate
that the chimeric NS4B peptide that contains both the N- and
C-terminal fragments of the NS4B protein could improve the
performance of NS4B-based ELISA. In our study, there was no
difference in the reactivity of the N-terminal NS4B peptide with
serum samples of genotype 1 and genotype 4, although this part
of the genome shows extreme genotypic variability, up to 60%, and
can be used for the serological determination of HCV genotypes.
The peptide aa1693-1742/2a was poorly recognized by antibod-
ies from sera of patients infected with genotypes 1 and 4. Our
results are consistent with those reported by Chang et al.!? indi-
cating that the aa region called epitope 5-1-1 (corresponding to an
NS4B aa1689-1738), is conserved for genotypes 1 and 4. We also
found, as previously reported,'4 that an NS4B aa1921-1940 peptide
could contain genotype-independent antigenic epitopes.

In conclusion, the above findings suggest that N-terminal-core
peptides could be excellent candidate products for developing an
alternative test for the diagnosis of HCV infection. Our study also
indicates that HCV genetic variability affects the immunoreactiv-
ity of N-terminal NS4B peptides, but not that of C-terminal NS4B
peptides. However, HCV-4 and HCV-1 serum samples exhibit simi-
lar reactivity with the N-terminal NS4B peptides. Among the NS4B
peptides tested, the chimeric NS4B peptide encompassing both the
N- and C-terminal parts of the NS4B protein had a much better
performance than the same peptides used individually.
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