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nonstructural protein 4 (NS4) gene, has been expressed, purified, and incorpora-
ted into ELISA that is useful for dwtecting antibodies to HCV in infected blood
(Kuo er al., 1989: Miyvamura ef al., 1990). It has bu‘:(;)me clear that this assay was
neither sensitive nor specific (Hw et al., 1991; Van der Poel er al., 1990; Weiner
et al., 1990). As with zm first generation tests, the second generation ELISA-2
could yield false positive reactions, and specificity was improved by the
development of RIBA (Boudart er al., 1992; Follett er al., 1991; Van der Poel et
al., 1991). This assay rep ted a preliminary approach but it does not provide
duhmtwm confirmation of HCV infection because of the p wcn(:e of uninterpre-
table, undetermined results. A new four antigen RIBA- 3 which 5.1.1 antigen
is replaced by NS5 antigen, and recombinant C100-3 md (C22-3 antigens are
replaced by synthetic C100-3 and C22-3 peptides, has been developed by Chiron-
Ortho Diagnostic System to differentiate undetermined RIBA-2.

Purpose of our study was to compare, among HCV ELISA-2-positive transfu-
sion samples, results obtained with second generation RIBA, ALAT levels and
viremia using PCR. Then, sensitivity and specificity of second and third
generation RIBA was checked, and the utility of RIBA-3 to discriminate
undetermined RIBA-2 samples was examined.

Materials and Methods

Anti-HCV testing, Serum samples of 95 ELISA-Z-positive donors were retested using RIBA-2 and
RIBA-3 (Chiron-Ortho Diagnostic System, Roissy, France), according o manulacturer's instruc-
tions,

Oligonucleotides. PCR wais performed as a two step reaction with a pair ol “nested” primers (Féray
et al., l‘)‘l,?) Im.lli/wl in the 5" non-coding region and consisting of an outer primer pair, H-72 (5-
o GTASTOGA-GT-3Y), starting at map position 72 and H-327 (S TGC-ACG-
CT-F0), starting at map position 327, and an inner primer pair, H-93 (5-GTG-
SGOGA-CCC-CC-37, starting at map position 93 and H-304 (5-GGG-CAC-TCG-
CAA-GCA-CCC-TAT-3), starting al map position 304 (Kato o al., 1990).

RNA purification, reverse transcription, and PCR,RNA was prepared according to the ngmdinium-
phenol-chloroform method (Chomezynski and Sacchi, 1987) with slight modilications. Briefly,
200 g of the plasma sample was mixed with 500 @b of extraction >uﬂcr (4 mol/l guanidium
thiocyanate, 25 mmol/l sodium citrate pH 7.0, 0.5 % sarkosy! and 7% mercaptoethanal), 90 ul
sodium acctate 2 mot/l pH 4.0, 500 uf phenol and 100 g0 chloroform-isoamytacohol (24:1). Lysate
was centrifugated, the water phase isopropanol precipitated and washed using 70 % cthanol. Dricd
pellets were resuspended in 40 gl DEPC-treated water and heated at 65 ©C for 10 min to denature the
RNA.

Synthesis of ¢DNA was carried out in o volume ol 20 ul containing 12 gl ol RNA, 20 units of
ribonuclense inhibitor (Boehringer-Mannheim), 0.2 pg of rundom hexanucleotides (Bochringer-
Mannhcim), 1 mmol/l of cuch dNTPs (Pharmacia), 1 mmol/l MgCly, 2 gl of 10 % PCR bufler
(Bochringer-Mannheim), and 10 units of M-MLV reverse transcriptase (Bochringer-Mannheim).
The reaction proceeded at 20 0C for 10 min, followed by 45 min at 42 oC, boiling lor § min and
chilling on ice.

cONA product was amplified ina 50 b reaction containing 0.2 mol/l dNTP, 1.25 unil Tag
polymerase (Amershamy, 0.0 g of coch primer, and then overlaid with 50 g0 of I[gwhl mincral oil
(Signmu). The reaction was performed Tor 30 cycles, including denaturation at 94 0C Tor 45 sec, primer
anncaling al 45 0C Tor 45 see and primer extension at 72 0C for | min in o programmable Thermal
Cycler (Perkin-Ehner Cetusy, After the firstCamplification, § gl ol the PCR product was amplificd
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with the corresponding inner primer pair and reaction was performed as above. After the second
amplification, 10 ul of the PCR product was analyzed by electrophoresis in ethidium bromide stained
Nusieve-agarose gel (FMC Bioproducts-TEBU) and visualized under ultraviolet light.

Controls. We use the contamination prevention measures of Kwok and Higuchi (1989). A result
was considered as positive when a base pair product corresponding to the segment amplified by the
inner primer pair (211 bp) was clearly visualized. Negative and positive controls were added during
each step, and a result was considered valid if these controls were correct.

Results

HCV confirmatory PCR of RIBA-2-positive and ELISA-2-positive blood donors

HCV ELISA-2-positive plasma resulted from 95 volunteer blood donors in the
Blood Transfusion Center in Marseille. We have used PCR to detect HCV RNA
and have compared our results with positive-, undetermined-, and negative-
RIBA-2 samples. HCV RNA detection was done using the reverse transcriptase-
“nested” PCR (Garson et al., 1990) with primers derived from the highly
conserved 5’ non-coding region (Féray er al., 1992; Han er al., 1991). The
presence of HCV RNA was evaluated after 2-3 independent assays. In a popula-
tion with ALAT <n (n = 35 for women, and n = 45 for men), we found a good
correlation between viremia and RIBA-2 reactivity; all RIBA positive samples
were positive (25/25) for HCV RNA (Table 1) while, in the population with
ALAT <n, only 73.5 % (25/34) of RIBA reactive samples were viremic (Table 1).
All C33-c non-reactive samples were negative (3/3) for HCV RNA.

20 of 21 (95.2 %) undetermined RIBA-2 samples did not react with PCR. The
one that did exhibited a single band of the core protein (C22) and became
positive with the RIBA-3. In our study, all RIBA-2 non-reactive samples were
negative for HCV RNA.,

RIBA-2 and RIBA-3 reactivity

RIBA-2 and RIBA-3 comparison, according to the viremia, showed on one
hand that all PCR-reactive samples were found positive in RIBA-3 and that the
number of undetermined samples decreased (21 to 8) (Table 2). On the other
hand, we found that three negative RIBA-2 samples became undetermined and
that the number of RIBA-3-reactive and PCR-negative samples increased (9 to
15). One RIBA-2-positive sample was RIBA-3-indeterminate, because of the
substitution of the 5.1.1 antigen by NS5 antigen and, another RIBA-2-positive
sample was RIBA-3-negative because of the substitution of the 5.1.1 antigen and
a better specificity of C100-3 antigen.

Then, we have studied sensitivity and specificity of the RIBA-3 antigens
concerning to RIBA-2 antigens on ELISA-2-positive blood samples (Table 3).
We have found that C100-3 antigen provided in RIBA-3 was more sensitive and
specific than the one from RIBA-2 (45 compared with 24 in the viremic
population; 13 compared with 16 in the non-viremic population). C33-c RIBA-3
antigen seems more sensitive (100 % compared with 98 % reactivity in the
viremic population) but less specific (13.6 % compared with 22.7 % reactivity in
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the nonviremic population), whereas NS5 and 5.1.1 antigens possess equal
sensitivity and specificity. We have also found an increased intensity of signals
with all RIBA-3 antigens (data not shown). On the other hand, only C22-3 and
chiefly C33-¢ antigen (y2, p < 0.01) correlated well with viremia (Table 3), 84 %
to 89 % and 74 % to 75 % of samples with C33-c and (C22-3 being viremic,
respectively.

Confirmation of undetermined RIBA-2 by RIBA-3

Among 21 undetermined RIBA-2 samples, RIBA-3 were positive for 8,
undetermined for 5 and negative for § mmplm {Table 4). Interestingly, 91.6 %
(11712) of RIBA-? undetermined samples that became RIBA-3-positive or
undetermined, were anti-C22-3 antigen reactive (2, p <<0.01); whereas 87.5%
(7/8) of undetermined RIBA-2 samples that became RIBA-3 negative were anti-
C100-3 reactive (2, p < 0.01). The single anti-C33-c reactive, RIBA-2 indetermi-
nate sample was RIBA-3-positive. PCR-positive, undetermi ned RIBA-2 sample
was (L122w3 antigen reactive -and became positive with RIBA-3. In our study,
RIBA-3 allowed the discrimination of 75 % of RIBA-2 undetermined samples.

Discussion

HCV ELISAs have a limited role in the diagnosis of infected patients due to
signi ﬁumt false positivity rate in low risk blood donor population (Hsu et af.,
1991: Van der Poel er al., 1990; Weiner er al., 1990), and supplementary tests,
such as RIBA-1 and R}U/\ 2 were purchased to aid in discriminating between the
true and false positive results. Now, a new four antigens RIBA-3 has been
developed by Chiron-Ortho Diagnostic System to characterize undetermined
RIBA-2, using synthetic C100 and C22 peptides and by replacing 5.1.1 antigen
(NS4 antigen) by NS5 antigen. Another approach to confirmation is the
detection of circulating HCV RNA by PCR applied to HCV ¢cDNA obtained by
reverse transcription. This method is technically difficult but allows direct
detection of the viral genome in clinical samples and is very useful in cases of
prmurm,d HCV infection where antibodies against HCV antigens are not
detected (Alter er af., 1989), for undetermined RIBA (Follett er af., 1991), and for
monitoring HCV viremia (Farci er al., 1991} or interferon treatment (Chayama et
al., 1991).

Purposes of this study were, first, to evaluate, in 95 ELISA-2-positive plasma
samples the correlation between RIBA-2 and PCR in comparison with ALAT
levels and, then, to evaluate the sensitivity and the specificity of RIBA-2 and
RIBA-3, Our PCR results suggest that almost all RIBA-2-positive donors have
HCV infection. All samples with ALAT > n are viremic ummam} with 73 % of
samples with ALAT <In. The 9 PCR- ncw ive, RIBA-2-positive donors are
present in the population with ALAT <Un and may reflect a rcxolvcd hemtit i$ or

an absence of replicating virus, as M,mgmmwd by previous PCR studies (Farci et
al., 1991).
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