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Evaluation of five screening tests licensed in Argentina for
detection of hepatitis C virus antibodies
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This study was conducted to compare among the most recent generation of five screening tests licensed in
Argentina, in order to evaluate which of the tests has the best sensitivity for detection of antibodies against hepatitis
C virus (HCV).

The tests analyzed were: Detect-HCVTM (3.0) Biochem ImmunoSystems, Canada; Hepatitis C EIA Wiener Lab.,
Argentina; Equipar HCV Ab, Italy; Murex HCV 4.0, UK and Serodia-HCV particles agglutination test, Japan.

The results obtained showed high discrepancy between the different kits used and show that some of the tests
assessed have a low sensitivity for anti-HCV detection in both chronic infections and early seroconversion, and
indicate that among the commercially available kits in Argentina, Murex HCV 4.0 (UK) and Serodia-HCV particles
agglutination test (Japan) have the best sensitivity for HCV screening.

Although the sensitivity of the assays is the first parameter to be considered for blood screening, more studies
should be carried out to assess the specificity of such assays.
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Hepatitis C virus (HCV) produces a persistent infec-
tion in humans and a high proportion of infected subjects
develop a chronic liver disease. This virus is strongly
associated with progressive liver pathology, including
cirrhosis, hepatic failure, and hepatocellular carcinoma.
The main route of transmission is parenteral and most of
the individuals infected with HCV are either intravenous
drug users or recipients of blood products (Van der Poel
et al. 1991, Weber et al. 1995).

The laboratory diagnosis of HCV infection depends
primarily on detecting HCV antibodies (anti-HCV) by en-
zyme immunoassays (EIAs) or particle agglutination as-
say (PA). The sensitivity of a diagnostic test is defined as
its ability to detect the infection in subjects who actually
have the infection. Subjects with or without infection must
be defined using most sensitive and specific assays pre-
viously validated as gold standard. Although there is no
consensus about a reference assay for diagnosis of HCV
infection, detection of HCV RNA is recommended (Lunel
et al.1996, Colin et al. 2001).

Similar to other viral infections, the window period in
HCV infection is still a major problem for blood safety.
During the window period, specific antibodies are not
detectable but the virus is present in blood. For this rea-
son, antibodies tests are unable to identify the subjects
in this early stage of infection. The stage prior to sero-
conversion may last up to 2 months in immunocompetent
subjects and as long as 6 to 12 months in immunodefi-
cient patients (Van der Poel et al. 1994, Schreiber et al.
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1996, Stramer et al. 1998, Muerhoff et al. 2002).
Since the risk of virus transmission by blood during

the “window period” is high, the most sensitive assay
must be used for screening of HCV among blood donors
to reduce false negative results.

The first serological assay for HCV detection was
marketed in 1989 and consisted on an indirect EIA proce-
dure using recombinant C100-3 protein originated from a
non-structural 4 (NS4) genomic region. This first genera-
tion test was extremely useful in reducing the risk of post-
transfusion HCV infection. However, the length of the
seronegative window period in some donors resulted in
HCV transmission in antibody-screened blood (Aach et
al. 1991).

The second-generation assay marketed in 1991 in-
cluded capsid antigens and non-structural region anti-
gens (NS3 and NS4) and had increased sensitivity and
specificity (Janot et al. 1992, Kleinman et al. 1992). The
long negative antibody period associated with the first
generation test was reduced by an average of five weeks
(Majid & Gretch  2002).

In 1993, third-generation assays became available.
Most of them use recombinant proteins or synthetic pep-
tides allowing the detection of antibodies against the core,
NS3, NS4, and NS5 viral proteins. In the third-generation
assays, reconfigured core antigen has lead to a very mod-
est increase in sensitivity, although in the majority of cases,
no differences in the time to seroconversion were found
using third-generation compared to second-generation
assays (Morishima 1999).

The aim of the present study was to compare among
the most recent generation of five screening tests licensed
in Argentina, in order to evaluate which of the tests has
the best sensitivity for detection of antibodies against
HCV.
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MATERIALS AND METHODS

Serum samples - Twenty two serum samples from pa-
tients infected with HCV were analyzed for the presence
of anti-HCV antibodies. All samples were obtained from
patients with confirmed HCV infection and studied by
qualitative RT-Nested PCR (Mendes de Oliveira et al. 2001).
The levels of HCV-RNA were quantitatively determined
with Amplicor HCV 2.0 test (Roche Diagnostics,
Branchburg, NJ, US).

Serological tests - The presence of anti-HCV antibod-
ies was investigated by using the most recent generation
of different HCV antibody screening tests licensed in Ar-
gentina: 1) Detect-HCVTM (3.0) Biochem ImmunoSystems
Inc., Montreal, Quebec, Canada; 2) Hepatitis C (anti-HCV)
EIA Wiener Lab., 2000 Rosario, Argentina; 3) Equipar HCV
Ab, Saronno (Va), Italy; 4) Murex HCV 4.0, Dartford, UK,
and 5) Serodia-HCV particles agglutination test, Fujirebio
Inc., Tokio, Japan.

All the antibodies assays were carried out and inter-
preted according to manufacturers’ instructions. The
samples were tested in triplicate using each assay.

The results of EIA tests were expressed as the ratio
between the mean of the optical densities (OD) of each
serum sample and the cut-off value (CO). Sera with ratios
> 1.1 were considered positive.

RESULTS

The results of the HCV antibodies detection by the
different screening tests are shown in Table I.

All the positive serum samples tested (n = 22) were
positive by EIA Wiener (anti-HCV), Murex HCV and
Serodia-HCV PA assays. Twenty out of the 22 positive
samples were positive by Detect-HCVTM and 21 resulted
reactive by Equipar HCV Ab. Although, the two samples
not detected by Detect-HCVTM kit resulted positive by
EIA Wiener (anti-HCV) kit; the OD/CO values were low
using this last assay (Table I). The sensitivity was: 100%
for EIA Wiener (anti-HCV), Murex HCV (v 4.0) and Serodia-
HCV PA, 90.9% for Detect-HCVTM and 95.4% for Equipar
HCV Ab.

The comparison between the OD/CO values of each
sample with the corresponding viral load in plasma showed
that there was not a direct relationship between these
parameters. This is supported by the fact that the OD/CO
values of the samples with higher viral load were similar
or lower than the OD/CO values of some samples with
lower viral load (Table I). Furthermore, one of the samples
with HCV viral load of 13,700 IU/ml resulted negative for
anti-HCV antibodies using some of the serological kits
(Table I).

Due to the false negative results found in two of the
positive samples, we evaluated the sensitivity of the same
serological kits for detection of anti-HCV in five retro-
spective and prospective serum samples from a subject
infected with HCV through a blood transfusion. These
results are shown in Table II.

Our results showed a high discrepancy between the
serological kits evaluated for the early detection of anti-
bodies against HCV. Murex HCV and Serodia-HCV PA

TABLE I
Detection of antibodies against hepatitis C virus (HCV) using five different screening tests

  Antibodies against HCV   Viral load (IU/ml)

Detect EIA Wiener Equipar Serodia Amplicor HCV 2.0
Sample HCVTM (anti-HCV) HCV Ab Murex HCV HCV PA  (Roche)

01R 6.8 13.05 > 8.13    5.30 Reactive  2,100
02B 5.8 12.75 > 8.13    5.37 Reactive  3,900
03F 6.7 12.87    7.06    5.38 Reactive 13,200
04C 5.0 12.82 > 8.13    5.41 Reactive  8,200
06T 4.4 13.22    7.76    5.48 Reactive  < 600
07B 6.9 13.12 > 8.13 > 5.59 Reactive  < 600
08T 6.8 13.32 > 8.13 > 5.59 Reactive  < 600
09A 3.7 13.05    7.95 > 5.59 Reactive  < 600
10G 5.6 13.18    7.98 > 5.70 Reactive  < 600
11R 4.1 12.99    6.63 > 5.70 Reactive  < 600
13G 2.7 13.26    8.06 > 5.70 Reactive  < 600
14O 6.0 13.26    6.82 > 5.55 Reactive  < 600
15P 0.5   1.97    0.33 > 5.45 Reactive 13,700
17V 7.2 13.34 > 8.36    5.16 Reactive  < 600
18P 4.4 13.14 > 8.36    5.21 Reactive  < 600
19J 6.3 13.17 > 8.36 > 5.33 Reactive  < 600
20V 7.1 13.05 > 8.36 > 5.33 Reactive 53,500
21L 5.5 13.21 > 8.36 > 5.33 Reactive 15,300
22R 6.1 13.23 > 8.36 > 5.33 Reactive  < 600
24C 5.9 13.14 > 8.36 > 5.55 Reactive  < 600
26A 0.4   1.20    2.45 > 5.55 Reactive  < 600
27R 7.1 13.09 > 8.36 > 5.55 Reactive  2,000

EIA results are expressed as a ratio between the mean of the optical density of each sample and the cut-off value. Ratio > 1.1 was
considered positive.
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detected specific antibodies after 60 days post transfu-
sion (1st sample taken). At that time, the subject had el-
evated levels of alanine amino-transferase (ALT) and as-
partate amino-transferase (AST), as a consequence of viral
infection (Table II). At day 60 after transfusion, the sample
tested negative by Detect-HCVTM, Equipar HCV Ab and
EIA Wiener (anti-HCV) tests (Table II). The EIA Wiener
(anti-HCV) began to detect the antibodies 81 days post
transfusion with a low OD/CO value (Table II). Moreover,
the antibodies were detected by Detect-HCV and Equipar
HCV after 100 days postransfusion. At that time the pa-
tient had a viral load of 13 700 UI/ml (Table II).

Thus, the sensitivity of these assays in the follow-up
of a subject with HCV infection was of 100% for Murex
HCV and Serodia-HCV PA, 83.3% for EIA Wiener (anti-
HCV) and 62.5% for Detect-HCVTM and Equipar HCV Ab.

DISCUSSION

Anti-HCV assays are useful in diagnosing exposure
to virus but provide no evidence in infected individuals
during the antibody-negative phase. The long “serologi-
cal window” refers to the period between HCV infection
and detection of specific antibodies. With current assays,
seroconversion occurs on an average of 70 to 80 days
after the onset of infection (Schreiber et al. 1996, Muerhoff
et al. 2002).

Over the last two decades, the risk of virus transmis-
sion through blood transfusions has been dramatically
reduced. A study carried out by Donahue et al. (1992)
demonstrated that before the introduction of the first as-
say for anti-HCV detection in 1990, the risk of transmis-
sion for each unit of blood transfused was 0.45%, while
the implementation of this technique lowered the risk to
0.03%. The risk of transmission was further reduced fol-
lowing the introduction of second and third generation
assays in 1992 and 1996, respectively (Kleiman et al. 1997,
Stramer et al. 1998).

In spite of the introduction of third generation assays,
the residual risk of transmission of HCV is estimated in
8:1,000,000 in the US, 1:100,000 in Germany and 1:370,000
in France (Koemer et al. 1998, Holland 2000, Pillonel et al.
2002).

In Argentina, the estimated risk of transmission of HCV
by transfusion was 23.17 in 10,000 donations in 1995. This
risk decreased to 4.93 and 4.48 in 1996 and 1997, respec-
tively (Schmuñis et al. 2000).

Currently, the screening of HCV in Argentina is based
on anti-HCV detection using second or third generation
assays.

In the present study, the sensitivity of different as-
says commercially available in Argentina for anti-HCV
detection was evaluated. The objective of the study was
to determine which of the assays has the best sensitivity
to be used for detection of anti-HCV antibodies.

We assessed the sensitivity of five screening tests
for the detection of anti-HCV antibodies in 22 serum
samples of Argentinean subjects with HCV infection con-
firmed by PCR. Our results demonstrate a great variability
in the sensitivity of the assays evaluated. The higher sen-
sitivity values corresponded to Murex HCV and Serodia-
HCV PA (100%), the EIA test Wiener (anti-HCV) showed
intermediate sensitivity (83.3%) and lower values were
observed with Detect-HCVTM and Equipar HCV Ab
(62.5%) (Table I).

In addition, greater discrepancies in screening tests
were observed in serum samples of early stage of infec-
tion. Detect-HCVTM and Equipar HCV failed to detect
antibodies in a subject with post-transfusional HCV in-
fection at 60, 81, and 100 days after transfusion (Table II).

Since screening assays for HCV antibodies were first
introduced around 10 years ago, major efforts have been
made to increase both sensitivity and specificity. It has
been postulated that this could be done including a greater
number of HCV-encoded antigens in subsequent assays,
thus favoring specific over non-specific antibody detec-
tion. Considering this inconvenience, the manufacturers
have attempted to improve specificity by eliminating false-
positive reactions that may result in an increased risk for
false-negative interpretations.

The tests analyzed in this study have different anti-
genic configuration: Equipar HCV Ab has synthetic pep-
tides, Murex HCV and Serodia-HCV PA have recombinant
proteins and Detect-HCVTM and EIA Wiener anti-HCV
have a combination of both antigens.

The tests that demonstrated the best sensitivity in
this study used an antigenic configuration composed by
recombinant proteins. It has been reported that differ-
ences in sensitivity do not depend on the nature of the
antigens used by the kit. Leon et al. (1994), did not find
significant differences between the sensitivity of the as-
says that used recombinant or synthetic peptides as anti-
gens.

TABLE II
Detection of antibodies against hepatitis C virus in a follow-up of a patient infected through blood transfusion

Days after Detect EIA Wiener Equipar Murex Serodia Viral load
transfusion AST ALT HCVTM (anti-HCV) HCV Ab HCV HCV PA IU/ml

  60 882 1392 0.69  0.22 0.12    5.28 + NT
  81 118 215 0.65  1.52 0.26    5.33 + NT
100 NT NT 0.54  1.97 0.33 > 5.54 + 13,700
144 48 46 1.20  9.90 1.95 > 5.54 + NT
204 42 58 4.30 13.44 4.07 > 5.55 +   NT a

ALT: alanine amino-transferase; AST: aspartate amino-transferase; NT: not tested; a: positive result by qualitative in house RT-
nested PCR; EIA results are expressed as a ratio between the mean of  the optical density of each sample and the cut-off value. Ratio
> 1.1 was considered positive.
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In order to avoid HCV transmission from donors, who
may be at the window period, blood banks of the United
States and the European Union require HCV RNA testing
for blood screening. Testing is based on detection of RNA
by nucleic acid amplification technology (NAT) (Paul-
Ehrlich-Institut 1998, Stramer et al. 2000).

Even though the introduction of NAT has clearly re-
duced the infectivity of blood products and narrowed the
window period by 59 days, it is an expensive and time
consuming assay (Schreiber et al. 1996, Busch et al. 1997,
Jackson et al. 2003). Due to the high cost of this tech-
nique, blood banks of Argentina are still not able to use
NAT as a screening tool.

A new test has recently been developed to detect the
HCV core protein [HCV antigen (Ag)], which is coded for
one of the most conserved region of the virus genome.
This test reduces the window period for detection of po-
tentially infected blood donors and represents an avail-
able alternative to HCV RNA testing at a lower cost. Addi-
tionally, HCV-Ag kits have demonstrated similar sensitiv-
ity compared with NAT (Courouce et al. 2000, Icardi et al.
2001, Muerhoff et al. 2002). These tests are still not avail-
able in Argentina.

On the other hand, our results show that the serum
samples that were anti-HCV negative at 60 and 81 days
using Detect-HCVTM and Equipar HCV Ab assays had
increased levels of serum transaminase (ALT) (Table II).
In this case, the detection of an elevated ALT could have
been helpful as a subrogate marker of viral infection. How-
ever, several studies have demonstrated that the discard
of blood units due to high levels of ALT is controversial
due to the lack of specificity of the test. (Lozano et al.
1998, Delle Monache et al. 1999).

In Argentina, the use of the most sensitive available
techniques for HCV screening is one of the most impor-
tant factors that affect blood quality, since repetitive al-
truist donations are exceptional and the majority of them
are replacement donations. It has been demonstrated that
first time donors have higher prevalences of infectious
diseases than repetitive donors (Glynn et al. 2000).

Finally, the results of this study indicate that of the
commercially available kits in Argentina, Murex HCV and
Serodia HCV PA show the best sensitivity for HCV screen-
ing. However, more studies should be carried out to as-
sess the specificity of these assays. Moreover, it is nec-
essary to carry out continuous studies of quality control
of antibody screening techniques in order to improve the
HCV screening until the NAT assays or viral antigen de-
tection assays become available in the country.
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