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Abstract. – OBJECTIVE: Hepatitis C virus
(HCV) core antigen (Ag) quantification by en-
zyme-immunoassays has been proposed as an
economic and simpler alternative to HCV RNA
detection. The current study was undertaken to
assess the significance of HCV core antigen as-
say for the diagnosis of chronic HCV infection
and monitoring response to antiviral therapy in
Egyptian patients.

PATIENTS AND METHODS: Sixty three HCV
antibody positive patients and ten interferon-
treated patients were included in the current
study. The included patients were divided ac-
cording to their viral load into four groups as fol-
lows; group I (n=10): HCV RNA loads ≤≤ 10000
IU/ml, group II (n=20): HCV RNA loads > 10000 ≤≤
100000 IU/ml, group III (n=33): HCV RNA loads
>100000 IU/ml and group IV (n=10): interferon-
treated HCV patients with a negative HCV RNA.
Serum HCV core Ag and RNA loads were as-
sayed and their correlations, including linear re-
gression lines, were calculated.

RESULTS: HCV core Ag exhibited a non-signif-
icant (p > 0.05) difference between all the stud-
ied groups. Concerning, group I patients, HCV
core Ag levels and HCV RNA loads were posi-
tively correlated, with a correlation coefficient of
0.73 (p < 0.05). Group II and III showed stronger
correlations; the recorded values were 0.81 (p <
0.0001) and 0.94 (p < 0.0001) for group II and III,
respectively.

CONCLUSIONS: HCV core Ag test can be
used as an alternative to HCV RNA tests to eval-
uate chronic infection when the HCV RNA test is
unavailable, but is not reliable enough for treat-
ment monitoring.
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Introduction

Hepatitis C is a major global health burden
and Egypt has the highest prevalence of hepatitis
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C virus (HCV) worldwide1. A high prevalence of
chronic HCV infection has been reported in
African and Eastern Mediterranean countries,
with a prevalence of 14.7% in the general popu-
lation of Egypt, whereas the HCV prevalence
varies from 0.4-0.8% in Sweden, Germany, the
Netherlands and France to over 1.9% in the
Unites States, and over 5% in some communities
in Italy2-4.

Detection of anti-hepatitis C virus antibodies
has limited sensitivity during acute phase: the
pre-seroconversion window period. HCV RNA
detection techniques are used to overcome this
shortfall, but are costly and unavailable widely in
developing countries5. Although HCV diagnosis
through RNA testing has high sensitivity and
specificity, and low detection limits such as 15 to
30 IU/ml and can give quantitative results, it has
major limitations such as liability of RNA mole-
cules, higher costs, and longer turn-around time
as compared with commercially-available HCV
core antigen (Ag) testing6. In addition, these tests
require special technical and laboratory facilities
and carry a risk of contamination7-9.

Considering the complexity of HCV infection
diagnosis and the significant cost and turn-
around time burden it imposes on clinical labora-
tories, HCV core Ag testing seems an attractive
adjunct to the current battery of laboratory diag-
nosis that demands more attention6. Moreover,
Chakravarti et al5 reported that the estimation of
hepatitis C virus core Ag, a protein with highly
conserved sequence, by enzyme-immunoassays
is an economic and simpler alternative to RNA
detection. Therefore, the current study was un-
dertaken to evaluate the significance of HCV
core Ag assay for the diagnosis of chronic HCV
infection in Egyptian patients. In addition, the
study aimed to test the usefulness of HCV core
Ag test for monitoring the disease prognosis and
response to antiviral therapy.
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Patients and Methods

Patients
The current study was conducted at the Gas-

troenterology Department of Beni-Suef Universi-
ty Hospital (Egypt) following an approval by the
Ethical Committee of Faculty of Medicine, Beni-
Suef University which conformed to the ethical
guidelines of the 1975 Declaration of Helsinki.
In addition, informed consents were signed by all
volunteers.

Seventy three HCV patients (mean age ≥ 30 -
≤ 60 years old) were included in the current
study. Inclusion criteria included all patients who
have proven HCV infection and were negative
for Hepatitis B virus (HBV), human immunode-
ficiency virus (HIV) and Schistosomiasis. Pa-
tients with renal failure, congestive heart failure,
leukopenia, thrombocytopenia or autoimmune
diseases were excluded.

The studied population was divided into 4
groups as follows:

Group I (n=10): HCV patients with HCV RNA
loads ≤ 10000 IU/ml. 

Group II (n=20): HCV patients with HCV RNA
loads > 10000 ≤ 100000 IU/ml. 

Group III (n=33): HCV patients with HCV
RNA loads > 100000 IU/ml. 

Group IV (n=10): Interferon-treated HCV pa-
tients with a negative serum HCV RNA. 

Laboratory Assays

Liver Function Markers
Serum aspartate aminotransferase (AST) and

alanine aminotransferase (ALT) were assayed us-
ing reagent kit purchased from Spinreact
(Girona, Spain) according to the method of Schu-
mann and Klauke10. Alkaline phosphatase (ALP)
was assayed according to the International Feder-
ation of Clinical Chemistry (IFCC)11 using
BioSystem (Barcelona, Spain) commercial kit.
Serum albumin and total bilirubin were assayed
using kits of Diamond Diagnostic (Egypt) ac-
cording to the methods of Webster12 and
Kaplan13, respectively.

HCV core Ag Assay
HCV core antigen was detected with HCV Ag

ELISA assay (Monolisa Ultra, Bio-Rad, Marnes
la Coquette, France) by strictly following the
manufacturer’s instructions. Briefly, murine

monoclonal antibodies against the hepatitis C
capsid were coated on microwells of the solid
phase and were conjugated with horseradish per-
oxidase. Fifty microliters of serum samples were
added to the microwells. Antigen was bound by
the monoclonal antibodies coated on microplate
and by the biotinylated monoclonal antibodies
against the capsid hepatitis C antigen. After incu-
bation at 37°C during 90 minutes and a washing
step, the peroxidase-labelled antibodies to human
IgG and streptavidine-peroxidase were added.
Following 30 minutes incubation at 37°C, the un-
bound enzymatic conjugate was removed by
washing step and the antigen-antibody complex
was revealed by addition of substrate. The reac-
tion has been stopped after 30 minutes and the
absorbance values were read using a spectropho-
tometer at 450 nm. The absorbance measured for
a sample allows to detect the presence or absence
of capsid antigen to HCV. The colour intensity is
proportional to the quantity of antigen to HCV
bound on the solid phase. The results were ex-
pressed as the ratio of the absorbance to the cut
off; a ratio above 1 is considered a positive result.

Quantitative Assay of HCV RNA Load
HCV RNA levels were determined using the

Roche Light Cycler Taqman Master Kit on
Roche Light Cycler Real-Time PCR System
(Roche Diagnostics GmbH, Mannheim, Ger-
many). Quantitative detection of HCV RNA by
real-time polymerase chain reaction (RT-PCR)
was performed with a 0.2 ml serum sample ac-
cording to the manufacturer’s instructions. An in-
ternal quality control serum was included during
RT-PCR.

Statistical Analysis
The data were analyzed using SPSS v.20

(SPSS Inc., Chicago, IL, USA). The one-way
analysis of variance (ANOVA) test was used for
comparisons and results were expressed mean ±
standard error (SE). A p value of < 0.05 was con-
sidered statistically significant. The correlation
coefficients for serum levels of HCV RNA load
and HCV core Ag were calculated using Pear-
son’s test.

Results

Epidemiological and biochemical data of the
studied population were represented in Table I.
The recorded data denoted a non-significant dif-
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Group I Group II Group III Group IV F-Prob.

Gender Male: 4 Male: 12 Male: 24 Male: 8 –
Female: 6 Female: 8 Female: 9 Female: 2

HCV RNA x103 (IU/ml) 4.63 ± 0.85b 51.71 ± 5.90b 659.11 ± 156.88a – p < 0.01
AST (U/L) 66.70 ± 16.30a 52.24 ± 2.30a,b 50.82 ± 3.00a,b 43.10 ± 3.12b p > 0.05
ALT (U/L) 54.78 ± 5.51a 51.68 ± 3.63a 63.41 ± 4.78a 45.30 ± 2.22a p > 0.05
ALP (U/L) 109.50 ± 12.28a 139.38 ± 15.21a 149.41 ± 13.14a 116.90 ± 18.81a p > 0.05
Albumin (g/dl) 4.01 ± 0.22b 4.47 ± 0.09a 4.30 ± 0.07a,b 4.24 ± 0.09a,b p > 0.05
Total bilirubin(mg/dl) 0.83 ± 0.05a,b 0.79 ± 0.02a,b 0.93 ± 0.05a 0.72 ± 0.07b p < 0.05

Table I. Characteristics of the HCV patients.

Data are expressed as mean ± SE, means which share the same superscript symbol(s) are not significantly different.

Figure 1. Serum HCV core Ag. Data are expressed as
mean ± SE, means which share the same superscript sym-
bol(s) are not significantly different, p > 0.05.

Figure 2. Correlation analysis between HCV RNA and
HCV core antigen measurement in group I patients.

Figure 3. Correlation analysis between HCV RNA and
HCV core antigen measurement in group II patients.

Discussion

Hepatitis C virus, a single stranded enveloped
RNA virus belonging to the Flaviviridae family,
is a globally significant pathogen, infecting over
170 million individuals worldwide with about
one million new cases being reported annual-
ly14,15. The Egyptian Demographic Health Survey

ference (p > 0.05) in serum AST, ALT, ALP and
albumin between all studied groups. On the other
hand, group IV serum total bilirubin showed a
significant difference (p < 0.05) when compared
to group III patients, however it showed a non-
significant difference on comparison with group I
and II patients. Regarding serum HCV core Ag,
it exhibited a non-significant (p > 0.05) differ-
ence between all the four groups as represented
in Figure 1.

The correlations of HCV RNA loads (log10

IU/ml) with HCV core Ag levels (log10), includ-
ing linear regression lines, were depicted in Fig-
ures 2-4. Concerning group I (HCV RNA load ≤
10000 IU/ml), HCV core Ag levels and HCV
RNA loads were strongly correlated, with a cor-
relation coefficient of 0.73 (p < 0.05).

Compared with group I, the correlations be-
tween HCV core Ag and HCV RNA loads in
group II (HCV RNA load > 10000 ≤ 100000
IU/ml) and group III (HCV RNA load > 100000
IU/ml) were stronger; the recorded correlations
were 0.81 (p < 0.0001) and 0.94 (p < 0.0001) for
group II and III, respectively.



recorded correlation coefficients were 0.73, 0.81
and 0.94, respectively. The results in the present
study are consistent with that recorded by Kesli
et al30 who determined HCV RNA levels using
the Qiagen HCV RNA test (Qiagen, Hilden, Ger-
many) and identified a correlation with the Archi-
tect HCV core antigen test as 0.864 and Ergünay
et al31 who assayed HCV RNA levels with
COBAS Ampliprep/COBAS Taqman HCV Real-
time PCR (Roche Diagnostics, Germany) and
calculated a correlation coefficient as 0.915. In
the same context, a correlation coefficient as 0.75
was reported by Mederacke et al32 who deter-
mined HCV RNA levels using Cobas Taqman or
Amplicor HCV Monitor (Roche Diagnostics,
Mannheim, Germany). By using different HCV
RNA kits, Medici et al33 determined a correlation
coefficient ranging from 0.713 to 0.870 for the
HCV core antigen test. Data recorded in our
study and the results from other studies reveal
that HCV RNA tests and the HCV core antigen
test give quite compatible results.

An important finding of the present study is
the increased correlation between the two tests
with increased HCV RNA levels and the record-
ed non-significant difference in HCV core Ag be-
tween the interferon-treated patients, with nega-
tive HCV RNA, and patients with positive HCV
RNA. Such findings may be attributed to the fact
that HCV virions harbour a single copy of the
RNA genome whereas HCV core antigen could
be found in both complete virions and RNA free
core protein structures as revealed by Schuttler et
al34. Hence, HCV core antigen test is not of sig-
nificance for monitoring interferon treatment in
HCV patients. Accordingly, a recent study by
Kadkhoda and Smart6 revealed that HCV core Ag
test is not deemed reliable enough for treatment
monitoring as it could be found singly, in aggre-
gates, associated with disrupted membranes, and
complexed with antibodies which may lead to the
observed suboptimal coefficient of determina-
tion. In contrast, the studies of Bouvier-Alias et
al27 and Maynard et al35 recommended that HCV
core Ag assays could be used to monitor the re-
sponse to antiviral therapy with comparable re-
sults to those of HCV RNA PCR.

Conclusions

HCV RNA testing is more sensitive than HCV
core Ag assay, despite the higher stability of the
HCV core antigen after freezing or heating than
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(EDHS) estimated HCV prevalence among the
15-59 years age group to be 14.7%16. According-
ly, Egypt has the highest HCV prevalence in the
world17-19. It has been postulated that the epidem-
ic has been caused by extensive iatrogenic trans-
mission during the era of parenteral-antischisto-
somal-therapy mass-treatment campaigns20,21. To-
day, HCV infection and its complications are
among the leading public health challenges in
Egypt22. More recently, Mohamoud et al23 con-
cluded that Egypt is confronted with an HCV
disease burden of historical proportions that dis-
tinguishes this nation from others.

Recently, Kurtulus et al24 revealed that quanti-
tative tests for the detection of hepatitis C virus
RNA levels and HCV core Ag have been mainly
used for the management of patients with HCV
infection. However, detection of HCV RNA by
nucleic acid amplification techniques (NAT) is
expensive, time consuming, requires technical
expertise and dedicated laboratory area. These
reasons restrict the availability or wide scale us-
age of HCV RNA detection in many laboratories
of developing countries25,26. Therefore, HCV core
Ag quantification has been proposed as a surro-
gate marker of HCV RNA levels in patients with
chronic HCV infection27-29. Thus, to reduce the
incurred costs and labour associated with HCV
RNA testing and also to shorten the turnaround
time, the current study aimed to evaluate the clin-
ical diagnostic significance of HCV core Ag as
an alternate test for HCV RNA.

When the correlation between HCV RNA and
HCV core Ag levels was analyzed, the correla-
tion coefficient (r) between the two tests was
quite high in group I, group II and group III; the

Figure 4. Correlation analysis between HCV RNA and
HCV core antigen measurement in group III patients.



HCV RNA36 and its appearance in serum before
the appearance of HCV RNA37. Therefore, we
recommend that the HCV core Ag test can be
used as an alternative to HCV RNA tests to eval-
uate chronic infection when the HCV RNA test is
unavailable, but not for clinical management of
patients under treatment with antiviral therapy.
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