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The prevalence of hepatitis C virus (HCV) infection among the patients of a hemodialysis unit in Taiwan was
determined by an immunoblot and reverse transcriptase-polymerase chain reaction algorithm to be 58.8% (67
of 114 patients) after serological surveys with two advanced-generation enzyme-linked immunosorbent assays
(ELISAs) for anti-HCV and a C 100-3 single-antigen test. The results of the second-generation ELISAs, the
supplementary immunoblot test, and the test for HCVRNA were in good agreement with each other, from 86.0
to 98.2%. The first-generation C 100-3 test lacked the sensitivity of the four other systems. The two
advanced-generation screening ELISAs for anti-HCV, a multiple-recombinant-antigen test, the Abbott
second-generation ELISA, and a synthetic peptide multiple-antigen test, the UBI HCV EIA, provided reliable
and virtually equivalent detection of potentially infected blood. Antibodies to capsid 1 and capsid 2
determinants of the Liatek immunoblot system were the most frequently detected reactivities to HCV in the
HCV-infected hemodialysis patients. The percentage of HCV-infected patients with abnormal liver function
(alanine aminotransferase level, greater than 100 IU/liter) was higher than that of the uninfected patients. The
prevalence ofHCV infection was correlated to the duration of hemodialysis treatment and the amount of blood
transfused, and the most common transmission mode was thought to be patient-to-patient transmission through
the dialysis equipment. Several means of reducing the frequency of transmission between hemodialysis patients
are suggested.

Hepatitis C virus (HCV) has been recorded as the major
cause of posttransfusion non-A, non-B hepatitis throughout
the world (4, 12, 20, 22, 32, 33). Hemodialysis patients are at
high risk for HCV infection, as was shown by serological
surveys using the commercially available immunoassays (3,
5, 6, 9, 14, 15, 17, 26, 27, 29, 30, 36, 37). The prevalence of
anti-HCV among hemodialysis patients may have been un-
derestimated by the first-generation enzyme-linked immu-
nosorbent assay (ELISA) for HCV which employed anti-
body to protein C 100-3 as the marker for HCV infection,
and the serologic reactivities of these patients to structural
and other nonstructural (NS) proteins of HCV were not
characterized. Although the actual HCV antigen may not yet
have been determined, the testing of HCV RNA is a useful
technique for the detection of viremia (18). We have now
reexamined the prevalence of HCV infection among the
patients attending our hemodialysis facility in Taiwan with
advanced-generation multiple-antigen immunoassays and a
powerful technique for testing for HCV RNA. The fre-
quency of markers for HCV infection was surveyed by using
two ELISA kits based on multiple HCV antigens, by one
first-generation ELISA, by Liatek HCV immunoblot for
confirmation of anti-HCV antibodies, and by testing for
HCV RNA by reverse transcriptase-polymerase chain reac-
tion (RT-PCR). The frequency of HCV markers in this
at-risk patient group was consistently and significantly
higher when determined by the newer assays than by the C
100-3 test. The relationship of markers for HCV infection to
disease and the possible routes of transmission are dis-
cussed.

* Corresponding author.

MATERLUS AND METHODS

The subjects consisted of 114 patients (65 male, 49 female)
undergoing maintenance hemodialysis at Cathay General
Hospital. The mean age of the patients was 52.9 + 12.3
(range, 28 to 82) years. The mean duration of dialysis was
37.6 ± 24.3 (range, 1 to 144) months. Patient charts indicated
that 103 patients received transfusions (2 to 181 U), no
patient had a history of intravenous drug abuse, 5 patients
had suffered from cardiac failure, 24 patients were positive
for hepatitis B surface antigen (HBsAg), and 63 patients had
elevated alanine aminotransferase (ALT) activity (>100 IU/
liter). All of the HBsAg-positive patients were negative for
hepatitis D virus (HDV) antigen, immunoglobulin M anti-
HDV, and anti-HDV at the time of study. (Antibody markers
for hepatitis B virus are not reported because they are
commonly positive in Taiwan.)
For detection of the HCV markers, five different tests

were used. Anti-HCV was measured by three ELISA kits: a
first-generation ELISA (ELISA Al) based on the C 100-3
antigen (20) (Abbott Laboratories, North Chicago, Ill.), a
recombinant second-generation ELISA (ELISA A2) based
on the combination of proteins HC 31 (encompassing, more
or less, C 100-3 and C33c HCV epitopes) and HC 34 (core
protein) (1) (Abbott HCV second generation; Abbott Labo-
ratories), and a synthetic second-generation ELISA (ELISA
B) based on synthetic peptides for capsid and NS proteins
(16) (United Biomedical, Inc., Hauppauge, N.Y.). Anti-
HCV reactivity was expressed by the ratio of optical density
of individual tests to the cutoff value (signal/co), and results
were interpreted as described in the manufacturer's instruc-
tions. Supplementary tests for anti-HCV were performed
with Liatek HCV immunoblot strips (Innogenetics-Organon)
(8). Antigens representing NS4, NS5, and four capsids (Cl to
C4) had been coated as discrete lines on each strip along with
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No. of cases

C1 1-3 3-5 46
Signal/CO

FIG. 1. Distribution of signal/co ratio values of the 114 subjects
by the ELISAs Al, A2, and B. Details of the ELISAs can be found
in Materials and Methods.

four control lines (human immunoglobulin G). The sequence
of amino acids was IIPDREVLYREFDEMEE?SQ in NS4,
ETWKKPDYEPPVVHG????? in NS5, PQRKTKRNTNRR
PQDVKEPG in Cl, RNTNRRPQDVKFPGGGQIVG in C2,
and TRKTSERSQPPGR??????? in C4, respectively. The
results were interpreted by the instructions provided by the
manufacturer and expressed as negative (no reactive bands),
indeterminate (having only one band less than a 2-plus
reactive band), and positive (having two or more reactive
bands or one band greater than a 2-plus reactive band).
The HCV RNA was extracted from serum by a method

described previously (10). The first-strand cDNA of the
highly conserved 5'-end noncoding region (28) was synthe-
sized by RT with an antisense primer (CCGGTCGTCCTG
GCAATTCCGG) and amplified by PCR with the same
antisense primer and another sense primer (GGCGACACT
CCACCATAGATCAC). The PCR product was detected by
hybridization with an end-labelled oligonucleotide as the
internal probe (GAGGAACTAATGTClTCACGC). All oli-
gonucleotides were synthesized by an automated synthe-
sizer (Applied Biosystems, Inc.). The conditions for 35
thermal cycles were 1 min at 94°C, 2 min at 42°C, and 2 min
at 72°C, respectively. Precautions such as the use of a
laminar-flow hood for all operations, the separation of pre-

and post-PCR rooms, and the utilization of positive-displace-
ment pipette tips were taken to prevent contamination.
For the convenience of dividing the study subjects into

two groups, patients with either a positive supplementary
test for anti-HCV or a positive result for HCV RNA were
scored as HCV infected; the remaining subjects were clas-
sified as uninfected patients. Clinical data on HCV-infected
patients and uninfected patients were compared by Mann-
Whitney, Fisher's exact probability, and chi-square tests. A
P value of less than 0.05 was considered statistically signif-
icant.

RESULTS

Figure 1 represents the distribution of the signal/co ratios
of the 114 subjects by the three ELISAs. The ratios of 70
subjects by ELISA Al, 50 subjects by ELISA A2, and 50
subjects by ELISA B were less than 1.0 (negative for
anti-HCV). Of the subjects with positive determinations for
anti-HCV, 7 subjects by ELISA Al, 5 subjects by ELISA
A2, and 3 subjects by ELISA B had signal/co values of
between 1.0 and 3.0; 4 subjects by ELISA Al, 1 subject by
ELISA A2, and 3 subjects by ELISA B had signal/co values
of between 3.0 and 5.0; and 33 subjects by ELISA Al, 58
subjects by ELISA A2, and 58 subjects by ELISA B had
signal/co values of >5.0.

Results for all five HCV test systems are compared in
Table 1. Forty-nine patients were negative for anti-HCV in
all three ELISAs. The immunoblot supplementary test indi-
cated that 46 of the 49 nonreactive patients were negative
and 3 were indeterminate. Forty-seven of the seronegative
subjects were negative for HCV RNA, and the remaining
two were positive for viremia by the presence ofHCV RNA.
Forty-three subjects were positive in all three ELISAs; and
all 43 were confirmed to be positive by immunoblot. RT-PCR
for HCV RNA revealed that 39 of the 43 seropositive
subjects had viremia. Of the 20 subjects positive in both
ELISA A2 and ELISA B, anti-HCV positivity was con-
firmed for 17 by immunoblot and 18 subjects were proven to
be positive for HCV RNA. One subject was positive in only
ELISA Al and ELISA B. Another serum sample was
positive in ELISA A2 only. The seropositivity of these two
patients was not confirmed (immunoblot results were nega-
tive), but they were positive for HCV RNA. The prevalence
of HCV markers in the five systems was 38.6% in ELISA
Al, 56.1% in ELISA A2, 56.1% in ELISA B, 52.6% in the
supplementary test, and 53.5% in the test for HCV RNA,

TABLE 1. Results of five tests of HCV markersa

Immunoblot test results RT-PCR for

ELISA results No. of No. positive for antibodies tob: HCV RNAELISAresults subjects Total no. No. indeter- No.
positive NS4 NS5 Cl C2 C3 C4 minate negative No. No.

positive negative

Negative for Al, A2, and B 49 3 46 2 47
Positive for:
A1, A2, and B 43 43 35 18 30 28 18 12 39 4
A2 and B only 20 17 1 6 14 15 9 7 3 18 2
Al and B only 1 1 1
A2 only 1 1 1
a The prevalence of HCV markers in the five tests was as follows: ELISA Al, 38.6%; ELISA A2, 56.1%; ELISA A3, 56.1%; iinmunoblot, 52.6%; RT-PCR for

HCV RNA, 53.5%.
b The frequency of anti-HCV antibodies in the patients with positive immunoblots was as follows: NS4, 60%; NS5, 40%; Cl, 73.3%; C2, 71.7%; C3, 45%; C4,

31.7%.
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TABLE 2. Test-by-test correlation among the 5 systemsa

ELISA Al ELISA A2 ELISA B Immunoblot

Positive Negative Positive Negative Positive Negative Positive Indeterminate Negative

ELISA A2
Positive 43 21
Negative 1 49

(80.7)b

ELISA B
Positive 44 20 63 1
Negative 0 50 1 49

(82.4) (98.2)

Immunoblot
Positive 43 17 60 0 60 0
Indeterminate 0 6 3 3 3 3
Negative 1 47 1 47 1 47

(78.9) (93.8) (93.8)

HCV RNA
Positive 40 21 58 3 58 3 54 3 4
Negative 4 49 6 47 6 47 6 3 44

(78.1) (92.1) (92.1) (86.0)

a The number of patients with positive negative, and indeterminate results are shown.
b The values in parentheses indicate percentages of agreement.

individually. In the 60 patients with reactive immunoblots,
73.3% had detectable antibodies (Ab) to Cl, 71.7% had Ab to
C2, 60.0% had Ab to NS4, 45.0% had Ab to C3, 40.0% had
Ab to NS5, and 31.7% had Ab to C4, respectively.
A test-by-test correlation of the systems is shown by the

comparison in Table 2. The degree of agreement was 78.1%
between ELISA Al and the test for HCV RNA, 78.9%
between ELISA Al and immunoblot, 80.7% between
ELISA Al and ELISA A2, 82.4% between ELISA Al and
ELISA B, 86.0% between the test for HCV RNA and
immunoblot, 92.1% between ELISA A2 and the test for
HCV RNA and between ELISA B and the test for HCV
RNA, 93.8% between ELISA A2 and immunoblot and
between ELISA B and immunoblot, and 98.2% between
ELISA A2 and ELISA B.
There were six indeterminate results on the confirmatory

test (Table 3). The reactive band of the three subjects with
positive results in ELISA A2, ELISA B, and the test for
HCV RNA was located on Cl or C2, whereas that of the
other three subjects with a negative result in the three
ELISAs and the test for HCV RNA was located on NS4 and
NS5.

All six subjects with a positive result in the immunoblot
test but a negative result for HCV RNA (Table 4) had ALT

TABLE 3. Results of six subjects with indeterminate
immunoblots

Results on:
Sub-Reciebn
ject ELISA ELISA ELISA Test for Reactive band

Al A2 B HCV RNA

1 - + + + C1(+)
2 - + + + Cl (trace), C2 (trace)
3 - + + + C1 (trace), C2(+)
4 - _ _ - NS4(+)
5 - _ _ - NS5(+)
6 - - _ - NS4 (trace), NS5 (trace)

activity of over 100 IU/liter at some time, and four of them
were positive in all three ELISAs, while the remaining two
were positive by ELISA A2 and B. All of the ELISA-
positive subjects had signal/co values higher than 5.0. On the
other hand, four subjects were confirmed to be negative for
detectable anti-HCV by immunoblot but were positive on
the PCR test for HCV RNA. Only one of these four subjects
had ever displayed elevated ALT activity (119 IU/liter). Two
of the four subjects were negative in all three ELISAs. One
subject was positive in ELISA Al (signal/co, 1.38) and
ELISA B (signal/co, 1.99); the other subject was positive in
ELISA A2 only (signal/co, 4.46).

Sixty-seven patients (58.8% of the study subjects) were
either seropositive by immunoblot or positive for the pres-
ence of HCV RNA by PCR and considered to be infected
with HCV. The other 47 subjects were classified as unin-
fected patients. As shown in Table 5, the sex, age, and HBs
antigenemia of the group had no association with the prev-
alence of HCV infection. However, in the HCV-infected
patient group, the duration of dialysis treatment was longer
(medium duration, 45 versus 23 months; P < 0.001), the
amount of blood transfused was greater (medium amount, 24
versus 10 U, P < 0.001), and the percentage of subjects with
ALT activity greater than 100 IU/liter (74.6 versus 27.7%; P
< 0.001) was significantly higher than that in the uninfected
patient group.
The relationships between duration of dialysis treatment

and prevalence of HCV infection and between amount of
blood transfused and prevalence of HCV infection are pre-
sented in Tables 6 and 7. All of the data showed that the
prevalence paralleled the length of dialysis and the amount
of blood transfused.

DISCUSSION
The results of the two multiple-antigen anti-HCV ELISAs,

the HCV immunoblot supplementary test, and the RT-PCR
test for HCV RNA were in agreement for prevalence of
HCV infection among the hemodialysis patients of the clinic
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TABLE 4. Results of 10 subjects with discordant data in test for HCV RNA and immunoblot

ELISA

Discordant results Peak ALT Al A2 B
(lU/liter)

Test result Signal/co Test result Signal/co Test result Signal/co

HCV RNA (-), immunoblot (+) 225 - + >5.0 + >5.0
205 + >5.0 + >5.0 + >5.0
477 + >5.0 + >5.0 + >5.0
204 + >5.0 + >5.0 + >5.0

1,432 - + >5.0 + >5.0
117 + >5.0 + >5.0 + >5.0

HCV RNA (+), immunoblot (-) <100 + 1.38 - + 1.99
119 -

<100 - + 4.46
<100 -

in Taipei. The frequency of seropositive samples from the immunoassays as has been demonstrated for other patient
patients by either of the advanced-generation ELISAs was populations at high and low risk of infection (1, 16, 19, 21,
56.1%, and by immunoblot alone it was 52.6%. The fre- 23, 25, 34).
quency of samples positive for HCV RNA was 53.5%. By HCV capsid antibodies were found to be detected more
using our test algorithm for HCV infection of either positiv- frequently in chronic HCV infection, to appear earlier in
ity for anti-HCV by Liatek immunoblot or positivity for acute HCV infection, and to remain positive for a longer
HCV RNA by RT-PCR test, 67 of the 114 patients were time than C 100-3 (NS4) antibodies (2, 25). HCV capsid
infected for an overall prevalence of 58.8% of the patients. In antibodies also appeared to be extremely specific in distin-
contrast, the prevalence of anti-HCV was only 38.6% with guishing false from true positive for HCV infection (11). Our
the first-generation single-antigen ELISA. Of the 64 patients data also show that hemodialysis patients have antibodies to
reactive with the multiple-antigen ELISAs, 58 (90.6%) had both the structural and NS proteins of HCV and that
signal/co ratios greater than 5.0, while only 75% (33 of 44) of antibodies to the Liatek Cl and C2 determinants from HCV
the serum samples reactive with the single-antigen ELISA capsid protein occur more frequently than do antibodies to
showed ratio values greater than 5.0 (P < 0.05). The agree- C3, C4, NS4, and NS5. Of six patients with indeterminate
ment (78.9%) between the first-generation ELISA and the results on immunoblot, three with reactivity for Cl and C2
immunoblot used in our study for confirmation of anti-HCV were positive for HCV RNA and on both multiple-antigen
(8) was significantly lower than the 93.8% correlation be- ELISAs, while the three with reactivity to NS4 or NS5 were
tween the second-generation ELISAs and the immunoblot negative for HCV RNA and negative on all three ELISAs.
test (P < 0.05). The agreement (78.1%) between the first- These observations are most consistent with cross-reactivity
generation ELISA and the test for HCV RNA was also of other antibodies to immunoblot bands NS4 and NS5 being
significantly lower than that (92.1%) between the second- the cause of the discrepancies among immunoblot indeter-
generation ELISAs and the test for HCV-RNA (P < 0.05). minates and with samples reactive to antigens Cl or C2 being
Therefore, the higher sensitivity of the second-generation considered positive for anti-HCV.
immunoassays among the hemodialysis patients did not In 10 patients whose immunoblot and RT-PCR results
seem to be a false-positive reaction. These data substantiate were discrepant, 4 were positive for HCV RNA and negative
that the second-generation ELISAs offer the same improved on the immunoblot test. One of these four immunoblot-
sensitivity of detection of anti-HCV over the earlier C 100-3 negative patients displayed a mild elevation of ALT activity

TABLE 5. Comparison of clinical data of infected and uninfected patients

Patients
Patient Characteristic P value

Infected with HCV Uninfected

No. of patients 67 47
Male/female 39/28 26/21 NSa
Median age (yr) 50 53 NS
Age range (yr) 28-52 29-77
Median duration of dialysis (mo) 45 23 <0.001
Range of duration of dialysis (mo) 2-144 1-77
Never transfused/transfused 5/62 6/41 NS
Median amt of blood transfused (units) 24 10 <0.001
Range in amt of blood transfused (units) 0-149 0-181
No. of cardiac failures 3 2 NS
No. HBsAg positive 14 10 NS
No. (%) with ALT ever >100 IU/liter 50 (74.6) (13)b 13 (27.7) (5)b <0.001

a NS, nonsignificant.
b Second value in parentheses indicates the number of HBsAg-positive patients.
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TABLE 6. Relationship between duration of dialysis and
prevalence of HCV infection

Prevalence Amt of blood
Duration of transfused (U)

dialysis No. of HCV-
(mo) infected patients/ % Range Median

total no.

<12 6/17 35.3 0-80 4
13-24 11/24 45.8 0-128 10
25-36 12/20 60.0 18-86 28
37-48 7/11 63.6 0-181 24
49-60 13/17 76.5 0-72 36

>61 18/25 72.0 0-175 62

(119 IU/liter), two of the four (including the case with mild
liver dysfunction) had no detectable anti-HCV, and the other
two had low- or intermediate-level signal/co reactivities on
ELISAs. These four patients may have been in the early
phase of infection because, prior to the onset of hepatitis,
antibodies to HCV are at a low concentration and HCV
RNA is the only reliable diagnostic marker (13). In a
follow-up study, we found that three of the four patients
were immunoblot positive 3, 7, and 10 months later, respec-
tively (the remaining patient expired 1 month later). The
above explanation can be confirmed by this finding. In the
six individuals who were immunoblot positive and negative
for HCV RNA, all had high anti-HCV reactivity and had
shown abnormal liver function at some period. These six
patients appear to be at a stage in which HCV infection has
been resolved, at which time anti-HCV remains while viri-
ons have been cleared (13).
The 58.8% prevalence of HCV infection in our hemodial-

ysis patients is 36 times higher than the 1.6% prevalence in
voluntary blood donors in Taiwan (31). It is clear from this
study and others (5, 6) that HCV infection is the major risk
factor for liver disease in hemodialysis patients. The preva-
lence (24 of 114 patients; 21.0%) of HBsAg in the study
population is not higher than that of the general population of
Taiwan, 19.5% (35), and all of the HBsAg-positive subjects
were negative for markers of HDV infection. Therefore, the
route of transmission in hemodialysis patients needs to
become known. The duration of the course of dialysis
treatments and amounts of blood transfused in the HCV-
infected group were approximately double those of the 47
uninfected patients (Table 5), and these two risk factors
paralleled the prevalence of HCV infection (Tables 6 and 7).
However, because prevalence of HCV in our patients who
have never been transfused is high (5 of 11; 45.5%), patient-
to-patient transmission due to the diffusion of HCV or its

TABLE 7. Relationship between amount of blood transfused
and prevalence of HCV infection

Prevalence Duration of dialysis
Amt of blood (mo)
transfused No. of HCV-

(units) infected patients/ % Range Median
total no.

0 5/11 45.5 1-144 13
1-10 15/29 51.7 2-84 19
11-20 13/22 59.1 2-65 26
21-40 11/17 64.7 19-72 34
>41 23/35 65.7 7-77 57

persistence in equipment is more common than transfusion
as the route of transmission (5, 7, 9, 24). Practical ways to
reduce HCV infection in hemodialysis patients is to replace
blood transfusion with erythropoietin for treatment of ure-
mic anemia, to treat materials in hemodialysis areas as
potentially infectious (6, 24), and to treat HCV-positive
patients on hemodialysis in isolation (7, 9, 24).

This study confirms that HCV infection is a serious
problem in our hemodialysis unit. The 67 of 114 patients
(58.8%) with serological markers for HCV infection is con-
sistent with the 50 who have histories of abnormal liver
function. In addition, the two advanced-generation screen-
ing ELISAs for anti-HCV, a multiple-recombinant-antigen
test, the Abbott second-generation ELISA, and a synthetic
peptide multiple-antigen test, the UBI HCV EIA, provide
reliable and virtually equivalent detection of potentially
infected blood.
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