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ABSTRACT

Background: End-stage renal disease patients on chronic hemodialysis are among high risk groups for hepatitis C virus (HCV) infection for
whom routine HCV screening is recommended. Anti-HCV antibody (ab) testing may not be reliable to detect all infected cases because of the
blunted ab response due to depressed immune state in these patients. Using a more reliable, cost-effective and non-complex HCV screening
test may be necessary in this group of patients for case finding and management, and also for prevention of infection spread.

Objectives: The aim of this study was to find the prevalence of HCV infection in HCV ab negative hemodialysis patients by Real time PCR and
total HCV core antigen (ag) test and comparing the results of the two tests.

Patients and Methods: From a single hemodialysis center, 181anti- HCV ab negative patients were screened by total HCV core ag using an ELISA
kit. Real time PCR was used for determination of the virus and viral load quantity.

Results: Among the 181 anti-HCV ab negative patients, 13 (7.2%) were positive for HCV core ag and 11 (6%) had detectable HCV RNA with a range
of 40-336543 IU/ml by PCR. The two tests had a high measurement agreement (Kappa=0.82, P&It;0.001). Of the 13 patients with positive HCV
core ag test results, 3 were negative for HCV RNA. Considering real time PCR for HCVRNA as the gold standard for HCV infection determination
in this patient population, HCV core ag assay yielded a sensitivity of 90.9%, specificity of 98.2%, positive predictive value of 76.9% and negative
predictive value of 99.4%.

Discussion: The rate of HCV infection among HCV ab negative hemodialysis patients was high. HCV core ag testing could be used as a sensitive
method for HCV infection screening in this group of patients.
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Antibody Negative HCV Infection in Hemodialysis Patients

1. Background

Patients on chronic hemodialysis are at increased risk
of hepatitis C virus (HCV) infection (1). Chronic kidney
disease patients ever treated by hemodialysis are recom-
mended to be screened for HCV infection (2). The preva-
lence of infection has decreased but still remains high
despite the decreased risk of transfusion related to viral
transmission by effective blood screening (3). The rate of
HCV infection in hemodialysis patients varies among dif-
ferent countries. The usual screening tests used for HCV
infection are based on antibody (ab) detection using en-
zyme immunoassay (EIA). These tests are easily usable
with a relatively low cost; however, despite the improved
sensitivity of higher generations, there are some limita-
tions for their use, especially for this particular popula-
tion of patients. The window period between acute in-
fection and ab production may be more prolonged in
end-stage renal disease (ESRD) patients due to the immu-
nodeficiency state (4). Another weak point for ab detec-
tion tests is their inability to differentiate the concurrent
infection from the resolved past infection. This is while
methods for direct viral detection such as polymerase
chain reaction (PCR) and nucleic acid amplification tech-
nology (NAT) have their own limitations for mass screen-
ing, including their expense, high technical skill require-
ment and long incubation time (for NAT). There are also
reports on the value of HCV core antigen (ag) assay for
infection detection and its special application for hemo-
dialysis patients in the literature (5-9).

In Iran, the rate of HCV infection in hemodialysis pa-
tients has been reported to be about 13.7% by HCV ab assay
(10). However, determination of the prevalence of infec-
tion in hemodialysis units would not be real without con-
sidering the infection rate in the HCV ab negative group.
In the present study anti-HCV negative hemodialysis pa-
tients in one of the largest hemodialysis centers in Iran
were screened using two methods: PCR and HCV core ag
EIA with the purpose of detecting the infection rate in
this population of patients and also to compare the abil-
ity of HCV core ag test for infection detection with PCR as
a screening tool.

2. Objectives

The present study was designed to determine the rate
of HCV infection in a group of hemodialysis patients who
are usually underdiagnosed due to their negative HCV
ab results. In the purpose to suggest a simple reliable
screening test, HCV core ag test results were compared
with Real time PCR results in these patients.

3. Patients and Methods

This study was done during screening for viral hepatitis
which is routinely done every 6 months at Haj Ebrahimi
Hemodialysis Center of Shiraz University of Medical Sci-
ences in March 2009. All patients on chronic hemodialy-

sis with durations of more than 6 months were included
in this study. Patients’ charts and documents were re-
viewed by the investigator. The demographic data and
characteristics for each patient were written down in a
data form in addition to other data, including, the cause
of renal disease and duration of hemodialysis. Every pa-
tient was also interviewed by the investigator and ques-
tioned about the other possible risk factors for viral hepa-
titis; history of drug use, blood transfusion and previous
solid organ transplantation. All patients were specifically
asked about the history of acute hepatitis, jaundice or liv-
er disease at any time during their life. Patients who were
known to be seropositive for hepatitis C ab and/or hepati-
tis B surface ag (HBs Ag) were excluded from the study. At
the beginning of the hemodialysis session, 10 ml of blood
was collected in a tube by venipuncture from each pa-
tient, immediately centrifuged for serum separation and
transferred to the research lab. All serum samples were
stored at-700 °C for further testing. All 185 samples were
tested for HBs Ag (Diapro, Milano, Italy) and anti-HCV ab
using third generation Enzyme-linked immunosorbent
assay (ELISA) kit (Diapro, Milano, Italy). Samples which
were positive for anti-HCV ab (4 samples) were excluded
from further testing. None of the samples was positive
for HBs Ag. All 181 anti-HCV ab negative samples were test-
ed for HCV RNA and HCV core ag.

3.1. HCV Core Ag Test

For the HCV core ag assay, a 3-stage test was done using
an ELISA kit (Johnson and Johnson, Ortho Clinical Diag-
nostic, New Jersey, USA) according to the instructions
provided by the manufacturer. This test was carried out
in microwells coated with monoclonal antibodies that
recognize HCV core ag. The results were interpreted as
positive or negative according to the standard curve.

3.2. RNA Extraction (Nucleic Acid Extraction)

Total RNA extraction was performed using the hand-
made RNA extraction method as follows:

Briefly, 200 pl of the serum was mixed with 800 pl of the
RNX reagent and 200 pl of chloroform was added. Follow-
ing centrifugation at 800 g, the upper layer containing
RNA was precipitated by ethanol and the pellets were
washed and dissolved in 30 ul nuclease free water and
stored at -70° C for a maximum duration of 3 days to be
used for reverse transcriptase PCR (RT-PCR) for HCV virus.

3.3. Reverse Transcriptase Real Time PCR

To detect HCV RNA, Tagman Real Time PCR was per-
formed with the Hepatitis C Virus quantification Kit (Ge-
nome Diagnostics, Australia) according to the manufac-
turer’s instructions and by the Rotor Gene 2000/3000
Real-time PCR machine (Applied Biosystem Sequence
Detector 7500 machine, USA). The threshold cycle values
from the clinical samples were plotted on the standard
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curve and the numbers of copies were automatically cal-
culated. For each run, positive and negative controls were
included.

3.4. Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS, Chicago, IL, USA))
release 16 for Windows. Non-parametric Mann-Whitney
test was used for comparing the means of age, duration
of hemodialysis, transfusion history, previous kidney
transplantation and history of jaundice. A two-sided P
value < 0.05 was considered significant. The sensitivity
and specificity of the HCV core Ag test were calculated
according to the standard formula. Cross tabulation was
done for the positive and negative results of HCV core Ag
and RT-PCR tests to measure the agreement for the two
tests. Prior approval for the experimental procedure was
obtained from the ethical committee of Shiraz Univer-
sity of Medical Sciences, Shiraz, Iran. All volunteers were

informed about the method of the study and potential
risks. Every subject signed the informed consent and
then enrolled in the study.

4. Results

One hundred eighty one patients with ESRD on chronic
hemodialysis with mean age of 52.86 +18.33 (mean + SD)
were enrolled in this study. Seven pediatric patients were
also included in the study group. The majority of patients
were male (65.2% vs. 34.8%). Duration of hemodialysis
was 20.32 + 7.41 (mean * SD) months on average with a
range of 11 to 100 months. Ninety three (51.4%) patients
had a history of blood transfusion at least once. Fifteen
patients had previously received kidney transplantation,
complicated by graft dysfunction. None of the patients
had a history of intravenous substance abuse. Patients’
demographic data and characteristics have been present-
edin Table1.

Table 1. Demographic Data and Characteristics of all Hemodialysis Patients Included in This Study

Age, y, Mean, (range)

Gender, male, %

Duration of Hemodialysis, min, Mean (range)
History of Transfusion, No. (%)

History of Previous Renal Transplant, No. (%)
History of Jaundice, No. (%)

Etiology of ESRD

Diabetes Mellitus, %

Hypertension, %

Failed transplanted kidney, %
Glomerulonephritis, %

Polycystic kidney disease, %

Others?,%

Unknown, %

52.7(7-86)
65.2

20.3 (11-100)
93 (51.4)
15(8.3)
1(0.6)

27.6
25.4
8.3
5.0
3.9
1.6
18.2

4 Other etiologies include: drug induced nephropathy, unresolved acute kidney injury, pyelonephritis and urinary stone disease.

Table 2. Comparison Between RT-PCR and EIA Results of all
Hemodialysis Patients Included in This Study

HCV-Core Ag
Positive 10 3 13(7.2)
Negative 1 167 168
Total, No. (%) 1(6) 170 181

Of all the 181anti-HCV Ab negative serum samples, 11 (6%)
turned out positive for HCV RNA by the RT-PCR test. Pa-
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tients had an average age of 57.63 £26.06 (mean £+ SD) and
sex distribution of 5 males and 6 females. The range of
HCV RNA level varied from 40 to 336543 IU/ml. This group
of patients had been on hemodialysis with a mean dura-
tion of 21.27 £ 4.67 (mean * SD) months. Thirteen (7.2%)
out of the 181 patients with an average age of 59 + 24.09
(mean + SD) were positive for total HCV core ag. There
were 6 males and 7 females. Duration of hemodialysis
was 20.38 £ 4.75 (mean + SD) months on average, in this
group of patients. There was no history of jaundice. Nine
patients had a history of blood transfusion but none of
them had previous kidney transplantation (Table 2). The
measured agreement for the two tests was high (Kappa =
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0.82, P &amp;lt; 0.001). Three patients with positive serol-
ogy for HCV core ag were negative for HCV RNA and only
one patient with a positive result for HCV PCR had a nega-
tive serology for HCV core ag. This patient had a low viral
load by the PCR method (100 IU/ml). Out of 181 screened
patients, 167 were negative for both HCV RNA and HCV
core ag (Table 2). As a result, HCV core ag assay yielded a
sensitivity of 90.9% and specificity of 98.2%, regarding RT-
PCR for HCV RNA as the gold standard test for infection
detection in this patient population. The positive predic-
tive value for HVC core test was 76.9% in this study and
the negative predictive value was calculated as 99.4%. The
group of patients who were positive for HCV either with
HCV core EIA or RT-PCR, were not different from patients
who were negative in mean age, duration of hemodialy-
sis, history of transfusion, previous transplant history or
history of jaundice (P < 0.05).

5. Discussion

HCV infection has a negative impact on the survival of
hemodialysis patients, attributed mostly to HCV-related
liver disease and its complications (11). There is also con-
cern about some adverse outcomes after kidney trans-
plantation in HCV-infected patients. Reduced long term
patient and graft survival have been observed in HCV-
infected kidney recipients (12, 13). Liver related compli-
cations such as cirrhosis and hepatocellular carcinoma
are among the major causes of increased mortality in
this population of patients, and in patients who are the
candidates for antiviral treatment, increased risk of renal
allograft dysfunction would be a major issue for safety of
interferonbased treatmentregimens,interferingwith op-
timal management of post kidney transplant HCV infec-
tion (14). Treatment of Hepatitis C infected ESRD patients
before kidney transplantation would be a reasonable
strategy to decrease post-transplant liver related com-
plications and prevent the potential risk of kidney rejec-
tion during HCV treatment in post-transplant course (15).
Therefore, through evaluation of the patient’s candidates
for kidney transplantation, using sensitive tests is neces-
sary to detect any evidence of hepatitis C infection in the
pre transplant era. Prompt diagnosis of HCV infection in
patients on chronic hemodialysis is important not only
to offer the appropriate treatment for those who require
it, but also to decrease the rate of infection transmission
in hemodialysis units. The risk of HCV transmission from
infected patients may be significant, even in the window
period before ab production which was historically no-
tified first after the outbreak of acute hepatitis C in the
recipients of ab screened intravenous immunoglobu-
lin in 1994 (16). The use of sensitive third generation ab
detection assays has not resulted complete omission of
the risk of HCV transmission from blood products do-
nated by recently infected people. In patients with ESRD
the prolonged window period and the risk of infection

spread through hemodialysis devices are among other
reasons to look for a simple, reliable diagnostic method
for HCV infection even before anti-HCV ab production, in
this population of patients, as a critical step for the con-
trol of infection spread in hemodialysis units.

Hepatitis C infection rate in hemodialysis units may be
related to the infection’s prevalence in the general popu-
lation of each region. Iran is among the low endemic ar-
eas for hepatitis C infection (17). The prevalence of HCV
infection in a large population based study was reported
to be 0.5% by Merat et al. (18) and the prevalence rate in
Iranian hemodialysis patients was reported to be 13.7% by
EIA HCV ab tests and 7.6% by immunoblot/PCR assays in a
systematic review by Alavian et al. (10) which is quite low
compared with many other countries in the Middle East
region and also in Asia, Europe and America. The rate of
HCV ab negative viremia detected by PCR in hemodialysis
patients was reported to be 0-12% globally (19). A false neg-
ative rate of 17.9% has been detected for HCV ab among
Egyptian hemodialysis patients (20) and false negative
rates of 17.1% and 25.7% were reported from Saudi Arabia
for ELISA and RIBA tests, respectively (21). In Iran most of
the published reports on HCV prevalence rate in hemo-
dialysis patients are based on HCV ab detection tests as
the screening tool. There are a limited number of studies
that have used PCR for infection detection, among which
most have used PCR only for confirmation of infection in
cases with positive samples for HCV ab, not as a screening
test in all of the studied patients. Our study was done at
the Haj Ebrahimi Hemodialysis Center, one of the largest
hemodialysis centers in Iran. Despite other studies on
the prevalence of HCV infection in Iranian hemodialysis
patients, the screening was done only on patients with
negative serums for HCV ab, using PCR and also HCV core
ag test for direct viral or viral particles detection. Our re-
sults revealed that a significant percentage of seronega-
tive hemodialysis patients had evidence of HCV infection
by these two tests, which is in contrast to the Makhlough
etal. survey which revealed positive HCV PCRresults only
in HCV ab positive samples while screening all hemodi-
alysis patients regardless of their ab status (22).

The high false negative reports for HCV ab tests in hemo-
dialysis patients according to the result of the currentand
other similar studies signify that a considerable number
of HCV infected patients who would be potential sources
for infection spread throughout the units may escape
detection by relying only on these tests as the screening
tools in hemodialysis units. For a more precise screening
in this population of patients, tests that directly measure
the virus particles are preferred. RT-PCR is the gold stan-
dard method for the diagnosis of HCV infection, allowing
serum HCV RNA determination; however, obstacles such
as technical difficulties, unavailability and expenses may
prevent it from being used as a screening test on a large
scale of patients on a regular basis. HCV core ag assay is
the other test option to detect HCV ab negative infected
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cases. HCV core protein is a structural protein whose
primary function is the formation of viral nucleocapsid.
This protein particle is immunogenic and plays a role in
host cellular and humoral responses. Core protein is the
only HCV ag that can be detected by immunologic assays
(23). The immunoassay for detection of HCV core ag was
developed in the 1990s (24-26) and its utility for detection
of HCV infection in immunocompetent individuals has
been addressed by several other studies (27-29). This high-
ly specific assay has been evaluated for detection of HCV
infection in blood donors who tested negative for HCV ab
in previous studies and was shown to be quite valuable
for this purpose (27, 30, 31). The sensitivity and specific-
ity of the test for HCV core ag for infection detection in a
population of hemodialysis patients were reported to be
84%and 89% respectively by Bouzgarrou et al (5). Theyalso
noted the ability of the test for early detection of acute
hepatitis C infection before ab detection in 3 of their pa-
tients (5). In a cohort study performed on hemodialysis
patients, Fabrizi et al. reported a significant correlation
between HCV core ag concentration and the level of HCV
RNA measured by RT-PCR (6). Medhi et al. found HCV core
ag test to be an accurate assay for early detection of in-
fection in another study on hemodialysis patients (7) and
even Cavoli et al. reported a positive predictive value of
100% for the test in this population of patients (32). De-
spite the promising reports on the ability of HCV core ag
immunoassay for early detection of infection in hemodi-
alysis patients, Reddy et al. reported a lower sensitivity
rate (60%) for the test according to their study and stated
that a single negative HCV core ag test may not be reli-
able enough to exclude early HCV infection (9). In the cur-
rent study, which was done only on those hemodialysis
patients who were serologically negative for HCV ab, the
results of HCV core ag test were well correlated with the
results from the HCV PCR test. The test especially gained
a high negative predictive value (99.4%) that shows its ap-
propriateness as a test for exclusion of infection.

In conclusion, in this study we note that the number of
HCV infected hemodialysis patients with negative serol-
ogy for HCV ab is significant. Comparing immunoassay
method (EIA) to detect HCV core ag with RT-PCR for de-
tection of HCV RNA as a gold standard test, HCV core ag
detection test could be used as a screening test in HCV ab
negative patients on hemodialysis based on its accuracy,
simplicity and low expense.

Acknowledgements

This project was done as the partial fulfillments of the
requirements for the degree of sub-specialty in adult gas-
troenterology and hepatology for Dr Shapoor Aghaei and
was approved as project number 87-4525 by the office of
vice Chancellor for research, Shiraz University of Medical
Sciences.

Hepat Mon. 2013;13(6):9147

Authors’ Contribution

Maryam Moini; Study designing, Statistical analysis,
Manuscript writing, Mazyar Ziyaeyan; Managing the lab-
oratory part of the research, Shapoor Aghaei; Managing
the clinical part of the study, data gathering; Mohammad
Mahdi Sagheb; Study designing, Seyed Alireza Taghavi;
Final revision; Mahsa Moeini: Performing the labora-
tory part and writing the results; Marzieh Jamalidous;
performing the laboratory part; Laleh Hamidpour; Final
revision.

Financial Disclosure

The authors have no financial interest to disclose.

Funding/Support

This project was done as the partial fulfillments of the
requirements for the degree of sub-specialty in adult gas-
troenterology and hepatology for Dr Shapoor Aghaei and
was approved as project number 87-4525 by the office of
vice Chancellor for research, Shiraz University of Medical
Sciences.

References

1. Fabrizi F, Lunghi G, Ganeshan SV, Martin P, Messa P. Hepatitis C vi-
rus infection and the dialysis patient. Semin Dial. 2007;20(5):416-
22.

2. Strader DB, Wright T, Thomas DL, Seeff LB. Diagnosis, manage-
ment, and treatment of hepatitis C. Hepatology. 2004;39(4):1147-
71.

3. Donahue ]G, Munoz A, Ness PM, Brown DE, Jr., Yawn DH, McAllis-
ter HA, Jr., et al. The declining risk of post-transfusion hepatitis C
virus infection. N Engl ] Med. 1992;327(6):369-73.

4. Lok AS, Chien D, Choo QL, Chan TM, Chiu EK, Cheng IK, et al. An-
tibody response to core, envelope and nonstructural hepatitis C
virus antigens: comparison of immunocompetent and immu-
nosuppressed patients. Hepatology. 1993;18(3):497-502.

5. Bouzgarrou N, Fodha I, Othman SB, Achour A, Grattard F, Trabelsi
A, et al. Evaluation of a total core antigen assay for the diagnosis
of hepatitis C virus infection in hemodialysis patients. ] Med Vi-
rol. 2005;77(4):502-8.

6. Fabrizi F, Lunghi G, Aucella F, Mangano S, Barbisoni F, Bisegna
S, et al. Novel assay using total hepatitis C virus (HCV) core an-
tigen quantification for diagnosis of HCV infection in dialysis
patients. ] Clin Microbiol. 2005;43(1):414-20.

7. Medhi S, Potukuchi SK, Polipalli SK, Swargiary SS, Deka P, Chaud-
hary A, et al. Diagnostic utility of hepatitis C virus core antigen in
hemodialysis patients. Clin Biochem. 2008;41(7-8):447-52.

8. Miedouge M, Saune K, Kamar N, Rieu M, Rostaing L, Izopet J.
Analytical evaluation of HCV core antigen and interest for HCV
screening in haemodialysis patients. J Clin Virol. 2010;48(1):18-21.

9. Reddy AK, Dakshinamurty KV, Lakshmi V. Utility of HCV core
antigen ELISA in the screening for hepatitis C virus infection in
patients on hemodialysis. Indian | Med Microbiol. 2006;24(1):55-7.

10.  Alavian SM, Kabir A, Ahmadi AB, Lankarani KB, Shahbabaie MA,
Ahmadzad-As] M. Hepatitis C infection in hemodialysis patients
in Iran: a systematic review. Hemodial Int. 2010;14(3):253-62.

11.  Fabrizi F, Takkouche B, Lunghi G, Dixit V, Messa P, Martin P. The
impact of hepatitis C virus infection on survival in dialysis pa-
tients: meta-analysis of observational studies. | Viral Hepat.
2007;14(10):697-703.



MoiniMet al.

Antibody Negative HCV Infection in Hemodialysis Patients

12.

13.

14.

16.

17.

19.

20.

21.

22,

Scott DR, Wong JK, Spicer TS, Dent H, Mensah FK, McDonald S, et
al. Adverse impact of hepatitis C virus infection on renal replace-
ment therapy and renal transplant patients in Australia and
New Zealand. Transplantation. 2010;90(11):1165-71.

Rostami Z, Nourbala MH, Alavian SM, Bieraghdar F, Jahani Y,
Einollahi B. The impact of Hepatitis C virus infection on kidney
transplantation outcomes: A systematic review of 18 observa-
tional studies: The impact of HCV on renal transplantation.
Hepat Mon. 2011;11(4):247-54.

Fabrizi F, Lunghi G, Dixit V, Martin P. Meta-analysis: anti-viral
therapy of hepatitis C virus-related liver disease in renal trans-
plant patients. Aliment Pharmacol Ther. 2006;24(10):1413-22.
Werner T, Agel B, Balan V, Byrne T, Carey E, Douglas D, et al. Treat-
ment of hepatitis C in renal transplantation candidates: a single-
center experience. Transplantation. 2010;90(4):407-11.

Healey CJ, Sabharwal NK, Daub ], Davidson F, Yap PL, Fleming KA,
etal. Outbreak of acute hepatitis C following the use of anti-hep-
atitis C virus-screened intravenous immunoglobulin therapy.
Gastroenterology. 1996;110(4):1120-6.

Zidan A, Scheuerlein H, Schule S, Settmacher U, Rauchfuss F. Epi-
demiological pattern of hepatitis B and hepatitis C as etiologi-
cal agents for hepatocellular carcinoma in iran and worldwide.
Hepat Mon. 2012;12(10 HCC).

Merat S, Rezvan H, Nouraie M, Jafari E, Abolghasemi H, Radmard
AR, etal. Seroprevalence of hepatitis C virus: the first population-
based study from Iran. Int ] Infect Dis. 2010;14 Suppl 3:e113-6.
Rahnavardi M, Hosseini Moghaddam SM, Alavian SM. Hepatitis
C in hemodialysis patients: current global magnitude, natural
history, diagnostic difficulties, and preventive measures. Am |
Nephrol. 2008;28(4):628-40.

El-Sherif A, Elbahrawy A, Aboelfotoh A, Abdelkarim M, Saied
Mohammad AG, Abdallah AM, et al. High false-negative rate of
anti-HCV among Egyptian patients on regular hemodialysis. He-
modial Int. 2012;16(3):420-7.

Hussein MM, Mooij JM, Hegazy MS, Bamaga MS. The impact of
polymerase chain reaction assays for the detection of hepatitis
Cvirus infection in a hemodialysis unit. Saudi ] Kidney Dis Transpl.
2007;18(1):107-13.

Makhlough A, Jamshidi M, Mahdavi MR. Hepatitis C prevalence
studied by polymerase chain reaction and serological methods

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

in haemodialysis patients in Mazandaran, Iran. Singapore Med J.
2008;49(11):921-3.

Maillard P, Krawczynski K, Nitkiewicz ], Bronnert C, Sidorkiewicz
M, Gounon P, et al. Nonenveloped nucleocapsids of hepatitis C vi-
rus in the serum of infected patients. ] Virol. 2001;75(17):8240-50.
Tanaka T, Lau JY, Mizokami M, Orito E, Tanaka E, Kiyosawa K, et
al. Simple fluorescent enzyme immunoassay for detection and
quantification of hepatitis C viremia. | Hepatol. 1995;23(6):742-5.
Orito E, Mizokami M, Tanaka T, Lau JY, Suzuki K, Yamauchi M, et
al. Quantification of serum hepatitis C virus core protein level
in patients chronically infected with different hepatitis C virus
genotypes. Gut.1996;39(6):876-80.

Aoyagi K, Ohue C, lida K, Kimura T, Tanaka E, Kiyosawa K, et al.
Development of a simple and highly sensitive enzyme im-
munoassay for hepatitis C virus core antigen. J Clin Microbiol.
1999;37(6):1802-8.

Widell A, Molnegren V, Pieksma F, Calmann M, Peterson J, Lee SR.
Detection of hepatitis C core antigen in serum or plasma as a
marker of hepatitis C viraemia in the serological window-phase.
Transfus Med. 2002;12(2):107-13.

Valcavi P, Medici MC, Casula F, Arcangeletti MC, De Conto F, Pinar-
di F, et al. Evaluation of a total hepatitis C virus (HCV) core anti-
gen assay for the detection of antigenaemia in anti-HCV positive
individuals. | Med Virol. 2004;73(3):397-403.

Tanaka E, Ohue C, Aoyagi K, Yamaguchi K, Yagi S, Kiyosawa K, et
al. Evaluation of a new enzyme immunoassay for hepatitis C
virus (HCV) core antigen with clinical sensitivity approximat-
ing that of genomic amplification of HCV RNA. Hepatology.
2000;32(2):388-93.

Icardi G, Ansaldi F, Bruzzone BM, Durando P, Lee S, de Luigi C, et
al. Novel approach to reduce the hepatitis C virus (HCV) window
period: clinical evaluation of a new enzyme-linked immunosor-
bent assay for HCV core antigen. ] Clin Microbiol. 2001;39(9):3110-
4.

Courouce AM, Le Marrec N, Bouchardeau F, Razer A, Maniez M,
Laperche S, et al. Efficacy of HCV core antigen detection during
the preseroconversion period. Transfusion. 2000;40(10):1198-202.
Li Cavoli G, Zagarrigo C, Schillaci O, Servillo F, Tralongo A, Cogli-
tore M, et al. Hepatitis C virus core antigen test in monitoring of
dialysis patients. Hepat Res Treat. 2012;2012:832021.

Hepat Mon. 2013;13(6):€9147



