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Abstract

AIM: To evaluate the efficacy of a new hepatitis C virus
(HCV) core antigen assay developed in China.

METHODS: After the determination of HCV infection,
49 serial samples were selected from 11 regular plasma
donors in 5 different plasma stations. To compare the
performance of HCV core antigen detection and HCV
PCR, these samples were genotyped, and each specimen
was analyzed by ELISA for the detection of HCV core
antigen and by qualitative HCV PCR.

RESULTS: Among all of the sequential samples, the
original 13 specimens were HCV RNA-negative, and 36
samples were HCV RNA-positive. Twenty-seven samples
(75%) were HCV core antigen-positive from these HCV
RNA-positive specimens. Conversely, 27 samples (93.1%)
were found HCV RNA-positive in HCV core antigen-
positive samples. Intervals between HCV RNA and HCV
core antigen-positive, as well as between HCV core
antigen-positive and HCV antibody-positive were 36.0
and 32.8 d, respectively.

CONCLUSION: This HCV core antigen assay, developed
in China, is able to detect much of anti-HCV-negative,

HCV RNA-positive preseroconversion window period
(PWP) plasma donations.
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INTRODUCTION

Before the introduction of detecting antibodies against
recombinant and/or synthetic hepatitis C virus (HCV)
antigens in blood centers, plasma stations, and hospitals
post-transfusional non-A, non-B hepatitis, subsequently
named after hepatitis C, was the major problem caused by
HCV contamination of blood and blood products' .

A sharp drop in post-transfusional hepatitis C was
observed since the state-of-the-art screening assays
of HCV antibodies were applied to blood donors™”.
However, patients of post-transfusion and sporadic
hepatitis C infection were still reported for the presence
of preseroconversion window period (PWP), in which
antibody detection was not able to identify subjects in
the eatly stage of infection. To date, specific antibodies
against HCV have not been in spite of besides the
existence of large numbers of HCV virus in the plasma
of HCV-infected people. This phase may last up to 2 mo
in immunocompetent subjects, and as long as 6 to 12 mo
in immunodeficient patients'”. The risk to a recipient of
receiving a blood donation collected during the PWP
for HCV has been estimated at 1/103 000 with a 95%
confidence interval of 1/28000 to 1/280000 in USA from
1991 to 1993, 1/222000 in France from 1993 to 1995, and
1/375000 from 1996 to 1998,

To decrease the risk of HCV transmission from donors
who ate in the PWP at the time of their blood or plasma
donation, nucleic acid amplification technology (NAT)-
based tests have been applied to the detection of HCV
RNA. Because NAT technology is a highly sensitive and
specific technique, it is possible to identify viremic samples
in which antibodies are not yet present and therefore
reduce the window period to 15 to 20 d™" However,
NAT tests require considerable skills, dedicated laboratory
spaces, expensive reagents and long execution time.
Taking into account the cost-efficacy ratio, the cost of

NAT is too high to be used in most developing countries
[11,12]
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Recently, a new serologic test for the detection of
the HCV core antigen in anti-HCV-negative serum or
plasma has been developed and is commercially available
in China. This ELISA assay can be used as a screening
assay for blood or plasma donations during PWP as an
alternative to NAT. The aim of the present study was to
compare the efficacy of this assay with a qualitative HCV
RNA detection, and estimate the reduction in the PWP
from that observed with HCV antibody assay by using a
set of serial plasma samples collected in Hunan Province,
Southern China.

MATERIALS AND METHODS

Plasma samples

Plasma samples were collected from 5 plasma stations
located in different counties of Hunan Province, Southern
China (Huaihua, Xinhua, Liling, Junshan, and Quyuan).
These 5 plasma stations have been operating plasma
collection for more than 5 years. During this period, 48 000
plasma donors have been registered, and among them

27500 plasma donors have been continuously donating
plasma for more than 2 years and donated at least 15 times
during this period. Two milliliters plasma aliquots for each
donation were preserved in a freezer in the plasma station.
Before collection, each plasma donor was tested with two
different third-generation HCV Ab ELISA assays. The
first one is domestic third-generation HCV Ab ELISA
assay (Wantai Biological Pharmacy, Beijing, PR China), and
positive samples [sample-to-cut-off ratio (S/CO) is higher
than 1] were also tested by the other imported third-
generation ELISA assay (Abbott, USA). Double-positive
plasma samples were selected and determined as HCV Ab-
positive, that means HCV Ab is present in the plasma by
that time. According to the availability of the specimens
that were kept frozen since their collection, a total of 49
serial plasma specimens (3-6 per patient) from 11 plasma
donors were selected for the determination of HCV Ab-
positive specimen.

Qualitative detection of HCV RNA

For qualitative detection of HCV RNA, viral RNA was
extracted from 50 pL of serum or plasma by using the
QiaAmp viral RNA kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Subsequently,
the nested cDNA RT-PCR assay was used for detecting the
presence of HCV RNA (Sino-American Biotechnology,
Luoyang, Henan Province, China) following the
manufacturer’s instructions. The conservative sequence in
the end of the 5-noncoding region (NCR) of the HCV
genome was amplified and analyzed using the two pairs
of nested primers supplied with the kit. The sensitivity
and specificity of the qualitative detection of HCV RNA
detection (Sino-American Biotechnology) were 99% and
95%, respectively.

Determination of HCV genotype

The HCV genotype was determined by the method
reported by Du ez a/'”'. A 257-bp fragment from 5’
noncoding region (5-NCR) of cDNA was amplified by

RT-PCR. The product was digested using a combination
of three restriction endonuclease BHH’ (Bs/B 1, Hea 11
and Hinf'1), using restriction endonuclease BstU I, and
using restriction endonuclease Hae Ill, respectively. The
test results were interpreted according to the algorithm
described by the authors!”,

HCV core antigen assay

HCV core antigen was detected with an HCV Ag ELISA
assay (Kinda Gene, Changsha, Hunan Province, China)
by strictly following the manufacturer’s instructions. This
assay is based on a two-step sandwich principle. Briefly,
murine monoclonal antibodies recognizing different
epitopes of HCV core antigen were coated on microwells
of the solid phase and were conjugated with horseradish
peroxidase. One hundred microliters of serum or plasma
specimen was added to the microwells combined with
the same value of specimen diluent, the microplate was
incubated at 37°C in waterbath with vibration for 90 min.
After washing 5 times, 200 pl. of conjugate (monoclonal
anti-HCV core protein conjugated with HRP) was added
and the microplate was incubated at 37°C in waterbath
for 30 min. After washing as described above, 100 pL
of substrate solution A (350 mmol/L sodium acetate,
10 mmol/L sodium citrate, 300 mL/T. H202) and 100 pl
of substrate solution B (1.3 mmol/L. TMB, 1 mmol/L
EDTA-Naz, 10 mmol/L citric acid, 105 mL/L glycerol)
were added into microwells, the microplate was placed at
37°C in dark for 10-15 min, then 50 pL of stop solution
(1 mol/L H2SO4) was added. The absorbance (A4s0) of the
microwells was determined at ultraviolet wavelength 450
nm within 10 min. The test was considered valid if the
A450 of positive control was greater than 0.6 and negative
control was less than 0.1. The results were expressed by
using the S/CO ratios: the Ass0 of specimen was divided
by the cutoff value. The cutoff value was determined
based on the distribution of absorbance values of the
specimens from healthy subjects. In present study, the
cutoff value was tentatively calculated by adding 0.05 (3 X
SD) to the mean Asso of healthy subjects’ sera (0.068, # =
400), i.e. the cutoff value was 0.118. S/CO ratios = 1.0
were interpreted as positive.

Statistical analysis

The correlations between HCV core antigen ELISA
assay and qualitative HCV RNA assay were analyzed by
McNemar y? test and kappa test. The statistical package
SAS8.0 (SAS Institute, Cary, NC) was used for data
analysis. Two-sided P < 0.05 was considered statistically
significant.

RESULTS
Individual plasmas and HCV genotypes

Forty-nine sequential samples from 11 anti-HCV-positive
plasma donors (§1-S11) were selected and kept in frozen
without thawing, Of them, the earliest 11 specimens were
negative for both HCV RNA and HCV core antigen
and defined as d 0 for plasma donation. For the other
38 plasma samples, 29 and 36 specimens are positive for
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Table 1 Days of the first detection for HCV RNA, HCV core
antigen and HCV Ab and the intervals between them

Table 2 Comparative results of HCV RNA and HCV core

antigen detection in 49 serial samples from 11 plasma donors

Case Genotype HCV  HCV HCV HCV core HCV HCV

number RNA core Ab antigento RNA to RNA to
antigen HCV Abs HCV Abs HCV core

antigen
S1 1b 29 29 74 45 45 0
S2 2a 20 20 39 19 19 0
S3 1b 18 18 50 32 32 0
S4 1b 29 88 66 o) 37 4
55 1b 18 85 69 34 51 17
S6 1b 14 14 55 41 41 0
S7 1b 16 16 59 43 43 0
S8 1b 25 40 54 14 29 15
S9 1b 15 15 ) 18 18 0
S10 1b/2a 25 25 55 30 30 0
S11 1b 16 16 67 51 51 0
Average 204 237 565 32.7 36 33
days

HCV core antigen and HCV RNA, respectively. Twenty-
seven of 36 (75%) HCV RNA-positive specimens were
HCV core antigen-positive. Twenty-seven (93.1%) of
29 HCV core antigen-positive samples were found to be
HCV RNA-positive. The average time for HCV RNA to
be became detectable was 20.4 d (range, 14-29 d), for HCV
core antigen was 23.7 d (range, 14-40 d) and for HCV Ab
was 50.5 d (range, 33-74 d). Genotyping results showed
that HCV genotype of these plasma samples mainly was
1b (9/11) or 1a (2/11) and basically covered the major
prevalent genotype in China (Table 1).

Qualitative analysis of HCV RNA and HCV core antigen
According to our results, the mean times from the first
detection of HCV RNA and HCV core antigen to HCV
Abs were evaluated in 11 plasma donors (Table 1). Times
from the first HCV RNA and HCV core antigen-positive
to HCV Ab-positive ranged from 19 to 51 (mean, 36.0) d
and 14 to 51 (mean 32.7) d, respectively. The times from
HCV RNA-positive to HCV core antigen-positive were 4,
17, and 15 d in donors $4, S5, and S8, respectively. HCV
RNA and HCV core antigen were both detected on the
same specimens from the other 8 donors, so the average
interval was 3.3 d. Table 2 shows the comparative results
of qualitative HCV RNA and HCV core antigen detection.
Statistic analysis showed no significant difference (P =
0.07) between HCV RINA detection and HCV core antigen
assay, and a good coherence was found (K = 0.51) between
them. The evolution of three HCV markers-HCV RNA,
HCV core antigen, and HCV Ab-in 11 plasma donors is
illustrated in Figure 1.

DISCUSSION

HCV belongs to the Flaviviridae family, and its genome
is packaged into an icosahedral capsid (or core)". The
capsid is composed of the HCV core protein, a structural
viral protein encoded by the 5’ end of the HCV open
reading frame. The HCV core protein is highly conserved
and antigenic. So, HCV core protein can induce strong
specific cellular and humoral responses, and probably plays

www.wjgnet.com

HCV RNA
HCV core antigen Negative Positive Total
Negative 11 9 20
Positive 2 27 29
Total 13 36 49

a pivotal role in the pathogenesis of HCV infection!™"".

An ELISA assay to detect HCV core antigen in
peripheral blood of patients with HCV has been
developed after the anti-HCV core antigen monoclonal
antibody is available!""'*. Qualitative and quantitative
ELISA kit (Ortho-Clinical Diagnostics, Johnson &
Johnson Company) have been successively developed
for assessment of HCV core antigen and commercially
available out of China, such as in Thailand and Italy, to
detect HCV core antigenm’zm. A number of reports have
suggested that these assays could be used to reduce the
serological preseroconversion window period, measure
HCV replication, and monitor the response to antiviral
therapy” .

In this study, a new commercially available ELISA
assay for the detection of “free” HCV core antigen
developed by Kinda Gene Company (Changsha, Hunan
Province, PR China) was evaluated. Good correlation
(75%) was observed between assays of HCV core antigen
and qualitative HCV RNA, in accordance with 71% in the
early infection phase[zz], but the positive rate of the HCV
core antigen BELISA was lower than previously reported
rates of 87%, 88%, or 94% for other PWP specimens[24’25].
The discrepancy is likely due to the selection of early PWP
plasma samples with lower HCV titers, or to the use of
a highly sensitive qualitative RT-PCR method for single
donations under well-controlled conditions®***”,

Detection of HCV antibodies is commonly used
in blood centers and plasma stations to reduce the
transmission of HCV in China. To reduce the risk of PWP
donation, the European Medicinal Evaluation Agency
(EMEA) has introduced NAT-based test for detection of
plasma pools in the manufacture of blood products for
HCV RNA since 1999, The highest sensitivity of NAT
technique may also enable it to be applied to pools of
sera. Except of the advantage of the highest sensitivity,
current limits of NAT technique which are the lack of
automation, a high cost-efficacy ratio, and the risk of false-
positive result have led it not to be broadly used in most
of under-developed region, such as Africa, Asia, and Latin
America. On the other hand, serological detection of HCV
core antigen may be an alternative to NAT-based methods.
The NAT-based method involve expensive reagents and
long execution times, aspects that have a significant effect
on the final cost of each test, which is around US$10 per
test when the test is performed in diagnostic laboratories.
Therefore, a quick, inexpensive, sensitive, and specific test
is clearly needed to identify potentially infective blood
units that have not been identified by specific antibody
tests. The new serologic test for the detection of the
HCV core antigen in anti-HCV-negative serum or plasma
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Figure 1 Evaluations of HCV core antigen (m), and HCV antibody ( A ) in eleven donations (S1-S11) within preseroconversion window period. HCV core antigen assay
and HCV antibody S/CO values are plotted versus the time of sample acquisition. (First samples = d 0).

developed and commercially available in China appears to
decrease the cost of the test, which is around one-tenth
of the NAT-based method. So, the HCV core antigen
ELISA can be easily performed in clinical laboratories, it is
simple, reliable, rapid and non-expensive. Our data showed
that the total window period estimated at 56.5 d could be
reduced to 23.7 d by testing for HCV core antigen. Hence,
HCV core antigen ELISA is able to detect most anti-HCV-
negative, HCV RNA-positive PWP donations. Because of
the limitation of sample numbers, no difference of the
variables studied, such as S/CO ratio, size of PWP, was
found between HCV two genotypes prevailed in China.

In conclusion, our study shows that the HCV core
antigen assay is cheap, easily performed, and compatible to
equipments now used in blood centers and plasma stations;
its application would lead to a significant improvement
in transfusion safety and would save more money and
time in comparison to the current NAT. Moreover, the
development of the newer, more-sensitive, quantitative
second version of the assay will greatly improve the
performance of HCV core antigen assay which may be the
good alternative of NAT-based assay in most countries of
the world, including China.
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