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The prevalence of hepatitis C virus (HCV) infection was evaluated in 227 hemodialysis patients from four
units in Caracas, Venezuela, by using different second- and third-generation enzyme immunoassays (EIAs) and
immunoblot assays. HCV antibodies were detected in 162 patients (71%) by the recombinant-based second-
generation assays (Abbott and Ortho) and in 161 patients by the synthetic peptide-based EIA (UBI). Of the 162
HCV antibody-positive serum samples, 161 were confirmed to be positive by RIBA 3. HCV RNA was detected
in 49 of 68 (72%) of the seropositive patients and in 5 of 21 (24%) of the seronegative ones. HCV RNA was not
always correlated with an increase in alanine aminotransferase (ALT) levels. Among 20 patients positive for
HCV RNA and for HCV antibodies (without any hepatitis B virus [HBV] marker), only 10 had elevated ALT
levels. The possible interference of HBV for HCV replication was evaluated. No significant difference was found
between the presence of HCV RNA and the presence of any HBV serological markers. The possible routes of
transmission of HCV in hemodialysis patients are multiple, and some of them are still controversial. Of the
HCV-positive patients, 30% received a blood transfusion, significantly more than the 15% found for the
HCV-negative group. However, blood transfusions alone could not account for the high incidence observed in
this group of patients (38% from 1994 to 1995). In conclusion, about one-quarter of the apparently non-HCV-
infected patients were probably seroconverting, ALT may not be a useful indicator of HCV infection in
hemodialysis patients, and nosocomial transmission of HCV may play a role in the spread of HCV in this
group.

Dialysis patients have an increased risk of exposure to par-
enterally transmitted hepatitis viruses (7, 8, 14). The develop-
ment of control measures, especially vaccination, has signifi-
cantly reduced the spread of hepatitis B virus (HBV) among
this population. The risk of hepatitis C virus (HCV) infection
has now been assessed with the use of screening assays for the
detection of antibodies against this new member of the family
Flaviviridae.
The prevalence of HCV among hemodialysis patients is

highly variable between different countries and between differ-
ent centers in the same locality (8); in Venezuela, a 39%
prevalence of HCV infection was found in 1990 in eight he-
modialysis units at different hospitals in Caracas by using first-
generation tests (17). More recently, a lower prevalence of
HCV infection (29%) has been reported in a unit from a
private clinic that uses highly stringent precautions for prevent-
ing hepatitis virus transmission (22).
The aim of the study described here was to evaluate the

prevalence of viral hepatitis markers in some hemodialysis
units in Caracas where a high incidence of HCV infection
appeared to occur. The objectives of the present work were to
evaluate the proficiencies of different tests or serological mark-
ers for the detection of HCV infection in hemodialysis patients
and to assess some possible routes of transmission of HCV in
these patients in a developing country.

MATERIALS AND METHODS

Sera were collected in April 1994 from patients undergoing hemodialysis at
four different units in Caracas, Venezuela. Serum samples were obtained from a
total of 227 patients (129 men and 98 women), which represented 89% of the
total population attending these units at the time. Sera from some of the anti-
HCV-negative patients (40 of 65) were obtained 1 year later. Alanine amino-
transferase (ALT) levels were determined in a period of less than 3 months from
the time of collection of the sera. ALT values were considered elevated when
they were found to be over the normal upper limit (40 IU/liter). HBV surface
antigen (HBsAg) was detected by HBsAg Uni-Form II (Organon Teknika,
Beerse, Belgium) and AUSZYME (Abbott Diagnostics, North Chicago, Ill.). A
sample was considered HBsAg positive when it was reactive by both immuno-
assays. Antibody to the HBV core antigen (anti-HBc) and HBV e antigen
(HBeAg) were detected with the Corzyme (Abbott) and Hepanostika HBeAg/
anti-HBe (Organon Teknika) systems, respectively. Antibodies to delta hepatitis
virus (HDV) in HBV-positive patients were tested with the anti-HDV EIA
(Abbott) and Hepanostika HDV (Organon) systems.
HCV antibodies were tested with the Abbott HCV EIA 2 (Abbott) and the

Ortho EIA 2.0 (Ortho Diagnostic Systems, Raritan, N.J.) systems, both of which
are based on the use of recombinant proteins, and by the UBI HCV EIA
(Organon), which is based on synthetic peptides. Confirmatory assays for anti-
HCV were performed with HCV-positive and -negative specimens by RIBA 3
(Ortho). The performance of these tests in terms of sensitivity was found to be
equal in a previous study with blood donor sera (23). A specimen was considered
seropositive for HCV if it was reactive by all enzyme immunoassays (EIAs) or
was confirmed to be positive by RIBA 3. A subset of sera from patients distrib-
uted almost equally between the four hemodialysis units and chosen consecu-
tively from the patient lists was evaluated for the presence of HCV RNA by
reverse transcription and single-tube nested PCR with primers in the 59 noncod-
ing region (23). To avoid false-positive results, each test was run in duplicate and
two negative controls were added in each step (RNA extraction, cDNA synthesis,
and PCR).
Human immunodeficiency virus (HIV) antibodies were detected by HIV-1/

HIV-2 recombinant EIA 3 (Abbott). Human T lymphotropic virus type 1
(HTLV-1) antibodies were detected with the Vironostika HTLV-I Microelisa
system (Organon) and by an HTLV-1 EIA (Abbott); reactive samples were
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tested by confirmatory assays (Organon). Immunoglobulin M antibodies to cy-
tomegalovirus (CMV) were tested by the Abbott CMV-M EIA.
Statistical differences were evaluated by the chi-square test with Yates’ cor-

rection, according to a computerized Epi Info program, version 5.01b (Centers
for Disease Control and Prevention, Atlanta, Ga., and by the Student t test.

RESULTS

A total of 227 patients from four different hemodialysis units
in Caracas were analyzed for viral hepatitis serologic markers.
A high prevalence of HCV infection was observed among the
patients in the four units (162 seropositive patients [71%]),
while a high rate of HBV infection was restricted to only one
unit, where one patient positive for HDV antibodies was also
found (Table 1). No patient was found to be positive for
HTLV-1 or HIV antibodies. A high prevalence of immuno-
globulin M antibodies to CMV was found in the four units,
with a significantly higher prevalence in unit D (Table 1).
A good correlation was found between the three second-

generation tests used to detect HCV antibodies. Seropositivity
in all 162 seropositive patients was detected by all of the re-
combinant-based immunoassays and in 161 patients by the
synthetic peptide-based assay. The serum specimen that was
not recognized by the latter test was reactive by RIBA 3, with
an evident reaction with the NS3 antigen and a moderate one
with the core antigen. Of these 162 serum specimens, 161 were
confirmed to be positive by RIBA 3, while the remaining serum
specimen gave an indeterminate pattern.
HCV RNA was detected in 49 of 68 (72%) of the seropos-

itive samples and in 5 of 21 (24%) of the seronegative ones
(Table 2). Interestingly, the ALT levels in the sera of these
seronegative patients were all normal (data not shown). Like-
wise, the presence of HCV RNA was not always correlated
with an increase in ALT levels. Among 20 patients positive
for HCV RNA and HCV antibodies (without any HBV mark-
er), only 10 presented with elevated ALT levels (data not
shown), suggesting that ALT levels may not be a useful indi-
cator of HCV infection in these patients. On the other hand,
ALT levels were similar in anti-HCV-positive patients and in
HBsAg-positive patients, while no significant increase in ALT
levels was observed in patients coinfected with HCV and HBV
(data not shown). The average ALT level among anti-HCV-
positive patients was higher than that among the HBV- and
HCV-negative ones. However, only 29 of 162 anti-HCV-posi-
tive patients presented with ALT levels more than twofold over
the upper limit of normal and 6 of 162 presented with ALT
levels more than fivefold over the upper limit of normal. More-
over, 19 of these 29 patients presented with at least one HBV
marker.
The possible interference of HBV on HCV replication was

evaluated. HCV RNA was more frequently found in the HCV-
positive, HBV-negative patients (Table 2) than in patients with
any HBV marker, although this difference was not significant
(P 5 0.1). Among the HBsAg-positive patients (Table 1), 53

were tested for HBeAg. This replication marker was found in
similar proportions of anti-HCV-positive (22 of 41) and anti-
HCV-negative (6 of 12) patients. Preliminary results suggest
that HBV DNA was also present among HCV-positive and
HCV-negative patients (data not shown).
Of the HCV-seropositive patients, 30% received blood

transfusions (23% were polytransfused), significantly more
than the 15% of the transfused and 10% of the polytransfused
patients found in the HCV-seronegative group (Table 3); how-
ever, 70% of the HCV-positive patients did not receive a trans-
fusion. The average time on hemodialysis for the HCV-positive
patients was also significantly longer than that for the HCV-
negative ones (Table 3). A total of 40 initially HCV-negative
patients were retested 1 year later; 15 of 40 were found to be
positive for HCV antibodies, implying a high incidence of
infection (38%).

DISCUSSION

Viral hepatitis serologic markers were evaluated in the sera
of patients from different hemodialysis units in Caracas. A high
prevalence of HCV was observed among the four units, while
a high rate of HBsAg prevalence was restricted to only one
unit, probably because of HBV infection prior to admission to
this unit. Because of vaccination against HBV and the segre-
gation of infected patients in one unit, the spread of HBV
seems to be controlled in these hemodialysis units.
A good correlation was found between the three second-

generation tests used to detect HCV antibodies. Interestingly,
all but one specimen could be confirmed to be positive by
RIBA 3, which seems to indicate that some unreliability ob-
served previously with RIBA 2 in hemodialysis patients (3, 18,
26) has been corrected with RIBA 3. However, approximately
24% of the seronegative patients were already infected with

TABLE 1. Viral hepatitis serological markers among hemodialyzed patients in Caracas

Unit
No. (%) of patients No. of CMV (IgM)-

positive patients/total
no. tested (%)Total HBsAg Anti-HBc Anti-HCV Anti-HDV

A 54 7 (13) 20 (37) 40 (74) 0 3/25 (12)
B 51 1 (2) 16 (31) 35 (69) 0 4/24 (17)
C 58 0 (0) 22 (38) 42 (72) 0 5/24 (21)
D 64 49 (74) 57 (89) 45 (70) 1 (2) 15/26 (58)

Total 227 57 (25) 115 (51) 162 (71) 1 (0.4) 27/99 (27)

TABLE 2. Presence of HCV RNA and correlation
with other serologic markers

Category and
no. of patients

Presence of marker No. (%) of
patients
HCV RNA
positiveAnti-HBc HBsAg HBeAg

HCV EIA positive
23 2 2 NDa 20 (87)
18 1 2 ND 12 (67)
15 1b 1 2 10 (67)
12 1 1 1 7 (58)
Total (68) 49 (72)

HCV EIA negative, 21 NSc NS NS 5 (24)

a ND, not determined.
b Some HBsAg-positive specimens were anti-HBcAg negative.
c NS, not shown.
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HCV, as indicated by the presence of RNA in their sera.
Because of the increased risk of HCV acquisition, the presence
of seroconverting specimens is frequently found in groups of
patients undergoing hemodialysis. The immunosuppression
found in these patients (9) may also account for a delayed or
disturbed anti-HCV response (3, 11). Seronegative and prob-
ably seroconverting patients have already been described
among this group of patients; Bukh et al. (3) found HCV RNA
in 5% of anti-HCV-negative patients, and Huang et al. (12)
found HCV RNA in 4% of anti-HCV-negative patients among
groups of individuals with anti-HCV prevalences of 8 and 59%,
respectively. In our study, HCV RNA was found in the sero-
negative patients at a frequency higher than that described
previously (12), even among groups with a high prevalence of
HCV seropositivity. In fact, a high incidence of infection was
found in our group of patients, which is compatible with the
high frequency of seronegative or seroconverting specimens
(Table 2). Of the seropositive samples tested by PCR, only
72% were found to be positive for HCV RNA. This frequency
is low if compared with the frequency among hemodialysis
patients obtained by others (3), although it is similar to the one
obtained among Venezuelan anti-HCV-positive blood donors
(23) and is in agreement with the chronicity rate reported for
HCV infection. On the other hand, we cannot exclude an
intermittent viremic status for some of these patients.
The present study also corroborates previous ones that show

that the ALT level is not a reliable marker of HCV infection in
hemodialysis patients (10, 21, 24, 26). Only half of the HCV
RNA-positive, HBV-negative patients had elevated ALT lev-
els. Likewise, none of the HCV RNA-positive, HCV antibody-
negative patients had hypertransaminemia. Thus, even in se-
roconverting patients, the ALT level does not seem to be a
good indicator of HCV infection. It has been reported that
ALT levels correlate better with HBV replication than with
HCV viremia (19, 21). As stated above, elevations in ALT
levels in the sera of these patients are usually not high, prob-
ably because of the intrinsic immunosuppression found in
these patients (11, 26). It has been proposed that the isolation
of patients with elevated transaminase levels could be benefi-
cial for preventing the dissemination of HCV among hemodi-
alysis patients (22). Simon et al. (26) have found a better
correlation between long-term HCV infection and elevations
in g-glutamyltranspeptidase (GGT) levels. More studies are
needed to evaluate the superior reliability of using GGT levels
rather than ALT levels.
Viral interference has been described in patients with dual

HBV and HCV infections (15). In the present study, a higher
frequency of HCV PCR positivity was found among HBV-
negative patients than HBV-positive ones, although this dif-
ference was not significant. More precise studies, such as quan-
titation of both viral genomes, are needed to evaluate the

interference of replication between these two viruses (1, 19).
The mechanism(s) of viral interference is not known, but the
host immune response could be involved in mediating the
suppressive effect of one virus on the other (15). If this is the
case, viral interference between HBV and HCV might not
occur in immunocompromised hosts like hemodialyzed pa-
tients.
The possible routes of transmission of HCV in hemodialysis

patients are multiple and some of them are still controversial.
The frequent blood transfusions in this group of patients have
been an important route of infection before blood testing be-
came available. There is, however, increasing evidence of the
nosocomial transmission of HCV, as described previously for
HBV. The sharing of equipment as a mode of HCV transmis-
sion is still controversial. Recent studies argue against HCV
transmission through the hemodialysis ultrafiltrate (4). Others
have shown the spread of virus between patients not sharing
equipment (2). On the other hand, the beneficial effect of
isolating equipment for HCV-positive patients has been de-
scribed (5, 8, 22). In fact, lower prevalences of HCV positivity
have been found in other Venezuelan hemodialysis units
where more strict aseptic norms, such as isolation of equip-
ment, are enforced (22).
The significantly higher frequency of blood recipients among

HCV-positive patients compared with that among the unin-
fected group (Table 3) suggests that blood transfusion remains
an important mode of exposure to HCV (6). However, blood
transfusions alone cannot account for the high prevalence and
incidence of HCV infection that was observed, and nosocomial
transmission of HCV may play a role in the spread of HCV in
this group. As described by others (12, 13, 17), we found that
the duration of hemodialysis correlates with HCV positivity
(Table 3). Nosocomial transmission among hemodialysis pa-
tients has recently been documented by molecular analysis (25,
27).
The hemodialysis machine used in the units studied might

also play a role in HCV dissemination because of accidental
contamination of the membrane on the device for pressure
testing and inadequate subsequent disinfection. On the other
hand, even if no disposable equipment or syringes were shared
in these units, the multiple parenteral exposures and the shar-
ing of drugs (heparin) among different patients could be in-
volved in HCV transmission.
In conclusion, a high prevalence of HCV infection was ob-

served by each second-generation assay. Despite a good cor-
relation between the different tests, a high frequency of HCV-
infected patients determined by the available tests can still be
misleading, especially among immunocompromised patients
undergoing hemodialysis. Although third-generation tests were
not available in Venezuela for use in the present study, RIBA
3 did not, however, detect any seroconverting patient, and only
inconsistent indeterminate results were observed (data not
shown). ALT levels also are not useful for identifying these
seronegative patients. Other serum markers, such as GGT,
might be needed to monitor patients for HCV infection more
efficiently. On the other hand, even if transfusion has been the
main mode of HCV transmission in the past (testing for HCV
in blood banks was implemented in Venezuela in 1992), nos-
ocomial transmission now seems to play a role in the dissem-
ination of HCV among these patients. Recent studies have
shown that strict aseptic measures can virtually eliminate HCV
contamination, even in units with a high prevalence of HCV
infection (20), preventing the consequences of infection not
only by HCV but by other non-A, non-B, and non-C viruses
that could be circulating in these renally compromised patients
(14, 16).

TABLE 3. Transfusion and HCV infection

HCV serology
(total no. of patients)

No. (%) of infected patients with
the indicated no. of transfusionsa

Time on
hemodialysis
(mo.),5 .5 Total

Positive (162) 12 (7) 37 (23) 49 (30) 48
Negative (62) 3 (5) 6 (10) 9 (15) 19

Significanceb .0.05 ,0.05 ,0.05 ,0.001

a Transfused patients were divided into two categories, depending on whether
they received fewer than five transfusions or more than five transfusions in their
lifetimes; the total is the sum of the two categories.
b Statistical differences were evaluated by the Student t test.
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