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Sera from 2,148 patients were tested with a third-generation microparticle enzyme immunoassay (MEIA), a
confirmatory assay, and a reverse transcription-PCR. Overall, 85.6% of reactivities were confirmed, 13.2% were
shown to be unspecifically reactive, and 1.2% were indeterminate. The rate of confirmed MEIA reactivities
clearly depended on the strength of the reactivity.

Earlier, a high rate of false-positive enzyme immunoassay
(EIA) results measured by a commercially available second-
generation hepatitis C virus (HCV) EIA, as compared to an
in-house confirmatory assay (Universitäts-Krankenhaus Ep-
pendorf strip immunoblot assay [UKE SIA]), was described
(14). To assess whether inclusion of the NS5 protein in screen-
ing assays of the third generation enhanced sensitivity and
specificity, we compared the reactivity measured by a third-
generation microparticle EIA (MEIA) to that measured by our
confirmatory assay and reverse transcription-PCR (RT-PCR).
Additionally, we wanted to assess whether breakpoints could
be defined to differ between reactivities which can usually be
confirmed and those which are most often not specific.

(Parts of this study were presented at the 39th Interscience
Conference on Antimicrobial Agents and Chemotherapy, San
Francisco, Calif. [abstr. H-87].)

Included in this study were patients whose sera were tested
for HCV antibodies by MEIA and immunoblotting and for
viral RNA by RT-PCR. Between April 1998 and March 1999,
sera drawn from 2,148 patients with suspected HCV infection
were included in the study. Patients’ ages varied from 1 to 90
years (mean, 40.9 years). From 1,587 patients, additional
serum samples were available which had been taken before
or after the study. In the case of discrepant results between
MEIA, immunoblotting, and/or HCV PCR, test results ob-
tained on other occasions were used to classify patients as
infected or not infected.

The AxSYM MEIA (HCV version 3.0; Abbott GmbH Diag-
nostika, Wiesbaden-Delkenheim, Germany) used as a screen-
ing assay contains four recombinant proteins: HCr43, a fusion
protein consisting of parts of the structural core region and the
NS3 region; c200, containing parts of the NS3 and NS4 regions;
c100-3, containing a shorter sequence of the NS3 region and
the same part of the NS4 region; and NS5, using parts of the
NS5 region (HCV version 3.0, manufacturers’ instructions;
Abbott GmbH Diagnostika). Tests were conducted according
to the manufacturers’ instructions. Sera were considered reac-

tive if their optical value (S/CO) was greater than or equal to
the cutoff value (S/CO $ 1.0). In the case of an S/CO value
between 0.8 and 0.99, the serum was classified as borderline
reactive and the MEIA was repeated.

As a confirmatory assay we used the previously described (6,
14) UKE SIA, which used four recombinant proteins derived
from the NS5, NS4, NS3, and core regions of HCV which were
different from those used in commercially available tests (6).
As described earlier, UKE SIA was considered positive if there
were at least two positive bands and at least one band showed
an intermediate or high reactivity (6). If a reactivity against
only two proteins with an intensity of less than intermediate or
against only one antigen was observed, the result was rated
indeterminate. PCR was performed as described previously
(12) using primers of the 59 nontranslated region. In October
1998 we changed the amplification technique by using the
LightCycler (Roche-Boehringer Mannheim, Mannheim, Ger-
many) (16). The lower detection limit of both techniques is 102

copies/ml. Genotypes were determined serologically or by nu-
cleotide sequencing of the NS5 region as described previously
(15).

Of 2,148 patients tested, 101 were negative by MEIA, 16 had
borderline reactivity, and 2,031 were positive. Ninety-seven of
the 101 patients who had negative MEIA results were also
negative by UKE SIA and PCR, confirming that they were not
infected with HCV. In two cases, UKE SIA was also negative
but PCR showed a clearly positive result (1 3 106 copies/ml
and 2 3 107 copies/ml). One of the patients was a 61-year-old
female from Russia with myelodysplastic syndrome. She had
not received blood products recently and had no other risk
factors for the acquisition of HCV, but she had histologically
confirmed liver cirrhosis. She was not infected with the hepa-
titis B virus and had no markers of autoimmune hepatitis or
primary biliary cirrhosis. Her HCV infection was confirmed in
a second serum sample drawn 2 weeks later when she still had
no antibodies to HCV, as tested by MEIA or UKE SIA, but
PCR was clearly positive (5 3 105 copies/ml). The HCV ge-
notype was 1b. The other patient was a 25-year-old male med-
ical student who started intravenous drug use in September
1998. In December 1998, both antibody assays were negative
but PCR revealed 107 copies/ml. In a second serum sample
drawn 12 days later, antibody reactivity was absent in the
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screening assay and UKE SIA but PCR was positive with 2 3
107 copies/ml. Four weeks later, UKE SIA was still negative
but MEIA was weakly reactive, with an S/CO ratio of 3.9, and
PCR was positive (106 copies/ml), confirming an acute HCV
infection. The genotype was 3a.

Two additional MEIA-negative serum samples were positive
in the confirmatory assay, but we could not detect HCV RNA
by RT-PCR. No further serum samples were available in these
cases to confirm the reactivity in UKE SIA.

None of the 16 patients with borderline reactivities was
positive by RT-PCR or had any band in UKE SIA; therefore,
we found no evidence of ongoing HCV infection.

Overall, 2,031 serum samples were reactive for HCV anti-
bodies in the screening assay. The distribution of S/CO values
is shown in Table 1. Positive MEIA results were confirmed in
1,723 cases: in 29 PCR was positive, in 596 UKE SIA was
positive, and in 1,098 both PCR and UKE SIA were positive.
For 1,428 of these patients, further serum samples were ob-
tained over a period of 1 month to 16 years; HCV infection was
confirmed in all of them.

For 35 patients, PCR was negative and the blot revealed an
indeterminate result, so a classification of “infected” or “not
infected” based on this serum alone could not be made. Nine
of these patients had tested positive by PCR or UKE SIA in a
serum sample drawn earlier (0.5 to 7 years) and were classified
as infected. Four of these patients became PCR negative with
a decline in antibody reactivity as shown by UKE SIA during
therapy with interferon (IFN), which might have led to a de-
crease in antibody response. One of them was also positive for
human immunodeficiency virus type 1 (HIV-1), which may
have contributed to the weak antibody reactivity, and one pa-
tient was treated shortly after she acquired HCV. Another
patient was a 7-year-old girl with perinatally acquired HCV
infection who tested positive for viral RNA during her first

year of life and whose serum remained reactive with HCV
antibodies throughout follow-up but was only weakly reactive
by UKE SIA. In two other cases, HCV infection was confirmed
by a positive UKE SIA result in another serum sample drawn
4 months to 4 years earlier. The remaining two patients had
confirmed HCV infection as shown by positive PCR results 2
and 4 years earlier. One additional patient had only a tran-
siently positive antibody assay, reacted solely with the core
antigen of the UKE SIA, and due to negative results in all tests
5 months earlier and 2 months later was classified as not
infected. For 25 patients a further classification could not be
made since we did not obtain further samples (n 5 10) or their
results remained indeterminate during follow-up for 4 months
to 4 years (median, 11 months) (n 5 15).

The MEIA reactivities of the remaining 273 sera (13.4%)
were not confirmed by PCR or blotting. In four of these cases,
the S/CO values were low, between 1.6 and 5.4. In sera drawn
1, 3, 4, and 5 years earlier, EIA reactivities were confirmed by
both positive UKE SIA and positive PCR results; three of
these patients were drug addicts. The decrease in antibody
reactivity and the subsequently negative PCR suggest that the
patients were HCV infected but cleared the infection, leaving
a weakly reactive MEIA result. However, spontaneous loss of
HCV is a very rare event (7) and thus probably does not
explain the majority of low reactivities. Two further samples
with S/CO values of 12 and 17 were derived from drug-ad-
dicted patients; one had been positive by blotting and PCR 5
years earlier, before he was started on IFN. The other was an
HIV-1-infected female who had acute HCV infection with
negative results by all assays 3 months earlier. She became
PCR positive 14 months later, confirming ongoing HCV infec-
tion, but due to her immunosuppressed condition she showed
no reactivity by UKE SIA.

Thus, 1,738 positive MEIA results (85.6%) were found in

TABLE 1. PCR and UKE SIA results for MEIA-reactive sera

MEIA result
(S/CO) n

No. (%) of patients with indicated UKE SIA result

PCR-positive sera PCR-negative sera

Positive Indeterminate Negative Positive Indeterminate Negative

1–10 311 12 (3.9) 4 (1.3) 1 (0.3) 17 (5.5) 21 (6.8)a 256 (82.3)b

11–20 89 19 (21.3) 5 (5.6) 46 (51.7) 5 (5.6)c 14 (15.7)d

21–30 85 34 (40.0) 4 (4.7) 1 (1.2) 43 (50.6) 2 (2.4) 1 (1.2)
31–40 100 53 (53.0) 3 (3.0) 1 (1.0) 41 (41.0) 2 (2.0)e

41–50 110 59 (53.6) 4 (3.6) 44 (40.0) 2 (1.8)f 1 (0.9)
51–60 153 94 (61.4) 4 (2.6) 54 (35.3) 1 (0.7)
61–70 208 133 (63.9) 1 (0.5) 73 (35.1) 1 (0.5)
71–80 249 182 (73.1) 66 (26.5) 1 (0.4)
81–90 281 193 (68.7) 88 (31.3)
91–100 241 173 (71.8) 1 (0.4) 66 (27.4) 1 (0.4)g

.100 204 146 (71.6) 58 (28.4)

Total 2,031 1,098 (54.1) 26 (1.3) 3 (0.1) 596 (29.3) 35 (1.7) 273 (13.4)

a Three of these patients had a positive PCR result earlier (two of them were treated with IFN) and were considered infected. One other patient was only transiently
positive by MEIA but negative in all tests 5 months earlier and 2 months later and was thus considered not infected.

b Four of these patients had positive PCR and antibody results earlier and lost these during recovery; one of them was coinfected with HIV-1.
c Two of these patients were considered infected. One of them was tested during treatment with IFN, and one had strong antibody reactivities earlier.
d Two of these patients were considered infected. One of them had positive PCR results before IFN treatment, and one had an acute infection and became highly

reactive in the antibody assays later.
e One of these patients was proven to be infected due to highly positive PCR results prior to treatment with IFN.
f Both patients were HCV infected. One was a child with perinatally acquired HCV infection with earlier positive PCR results, and the other was a drug-addicted

female patient with earlier positive PCR results.
g This patient was HCV infected; he had highly positive PCR results prior to treatment with IFN.
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patients with ongoing or former HCV infection (Table 2). A
total of 268 sera (13.2%) could be classified as falsely reactive,
which is unacceptably high. For 107 of these patients we had
follow-up sera over a period of 1 month to 8 years (median, 9
months); 16 were only transiently reactive by MEIA, and the
others always had positive MEIA results which could not be
confirmed by another test. The incidence of this false reactivity
clearly depended on the S/CO value. While 81.4% of reactiv-
ities with an S/CO value of less than 10 were shown to be false,
only 0.9% of those between 41 and 50 could not be confirmed
by PCR or blotting, and a false-positive result was not detected
in any sera with S/CO values of more than 60 (Table 2).

In 25 cases (1.2%) a final classification was not possible. The
number of indeterminate test results (i.e., a single band in the
confirmatory assay and a negative PCR) also varied with the
S/CO values. Only 5.5% of sera with S/CO values of less than
10 could not be classified, and this number declined with stron-
ger MEIA reactivities. However, even with S/CO values of
more than 61 there were two patients for whom a final classi-
fication was not possible. These patients are especially hard to
advise. Immunological disorders may contribute to a low or
absent antibody response, as has been described for patients
on chronic hemodialysis (2, 13). However, we have no evidence
that underlying immunosuppression was the cause of a weak
immune response in those 35 patients with indeterminate test
results. Single bands in confirmatory assays using recombinant
proteins or unconfirmed low MEIA reactivities may be caused
by antibodies against the microorganism used for cloning and
expression (10). Thus, synthetic peptides have been described
to be more specific, but unfortunately they have proven to be
less sensitive (3, 10). High levels of immunoglobulin G may
lead to nonspecific binding of the Fc fragment to the solid
phase, resulting in false reactivity in a screening assay. There-
fore, high rates of unconfirmed reactivities can be found in
patients with rheumatoid arthritis, Sjögren’s disease, autoim-
mune hepatitis, primary biliary cirrhosis, or mixed cryoglobu-
linemia (8).

The inclusion of an antigen from the NS5 region in third-
generation HCV screening assays led to enhanced sensitivity,
but this was achieved by modification of the c33 protein (4, 9).
Our study shows that these screening assays have a propensity
for false reactivities. In blood donors for whom the positive
predictive value of a positive HCV screening assay is described

to be low (1), an unspecific reactivity would lead to rejection of
an otherwise healthy blood donor. But in patients with clinical
signs of ongoing hepatitis, weak antibody reactivity without
confirmation might lead to an incorrect diagnosis of HCV
infection and unjustified treatment, which is both expensive
and marked with side effects.

In conclusion, diagnosis of HCV infection should never be
based on a positive result in a screening assay alone. To
achieve a more reliable diagnosis, sera with positive results in
an EIA should always be retested by a confirmatory assay
based on immunodominant antigens clearly different from
those used in screening assays to exclude both assays from
detecting the same false reactivity (11). Second, HCV diagno-
sis is hampered by the restriction of antigens used in commer-
cially available tests to genotype 1a, which is predominantly
found in the United States; these antigens do not necessarily
represent viral genotypes found in other parts of the world (3,
5, 8). Thus, our confirmatory assay based on local isolates
proved to be superior to commercial assays (6) and led to a
very low number of patients for whom a final diagnosis was not
possible (1.7%). Patients with indeterminate results and im-
munosuppressed patients should always be tested by PCR.
Thus, PCR not only is necessary to estimate the infectivity of
an infected patient but often serves as a confirmatory assay.
However, low-level viremia is found in chronically infected
patients; a negative PCR result in a serum sample does not
exclude ongoing HCV infection nor does it prove spontaneous
recovery from HCV (7). A laboratory should carefully evaluate
the screening assay and establish cutoff values below which a
positive result can most often be considered unspecific. In
MEIA, this breakpoint is 10, while S/CO values of more than
30 can normally be confirmed.
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