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A national survey of hepatitis C virus (HCV) infections among dialysis patients in The Netherlands was
performed. The study involved 2,653 patients (2,108 hemodialysis patients and 545 chronic ambulatory
peritoneal dialysis [CAPD] patients) from 39 of the 49 dialysis centers in the country. Patient sera were
analyzed by both serological and molecular methods. Screening by a third-generation enzyme immunoassay
(EIA) yielded 79 reactive sera. The presence of anti-HCV antibodies was confirmed in 70 patients by a line
immunoassay. All seropositive samples were tested by reverse transcriptase PCR, and 57 samples were found
to contain HCV RNA. Of the nine EIA-positive and line immunoassay-negative or indeterminate samples, four
were HCV RNA positive. All seronegative samples were screened for the presence of HCV RNA in pools of five
sera. Of 2,576 antibody-negative samples, 6 contained HCV RNA. All antibody-positive and RNA-positive
samples were also tested by a second serological assay. The prevalence of HCV infections among Dutch dialysis
patients as determined by serology or the presence of HCV RNA was 3% (80 of 2,653), i.e., 3.5% (73 of 2,108)
in patients treated on hemodialysis and 1.3% (7 of 545) in patients on CAPD. Of these 80 HCV-infected dialysis
patients, 67 (84%) were HCV RNA positive. Serological screening alone would have diagnosed only 70 infected
patients. Therefore, antibody screening combined with detection of HCV RNA should be considered as the
“gold standard” for diagnosing HCV infection in dialysis patients. The prevalence of HCV-infected patients in
Dutch dialysis centers ranged from 0 to 8%, suggesting the existence of local risk factors for acquiring HCV
infection. Genotyping analysis by reverse hybridization line probe assay revealed the presence of genotypes 1a
(23%), 1b (46%), 2 (3%), 2a (13%), 2b (1%), 3a (7%), and 4a (4%). In four (6%) samples multiple genotypes
were detected. The genotype distribution of HCV isolates among Dutch dialysis patients was similar to the
distribution among nondialysis patients from the Benelux, except for subtype 1a, which was significantly more
prevalent among dialysis patients. In only one center, a high prevalence of an uncommon genotype was
suggestive of infection from a common source.

Hepatitis C virus (HCV) is the major cause of posttransfu-
sion hepatitis (16). Among blood donors the prevalence of
HCV infection varies from less than 1% in western Europe and
the United States to approximately 1% in Japan and more than
5% in selected blood donor populations in some African and
Asian countries (2, 7, 9, 23, 25). In The Netherlands 0.03 to
0.1% of the healthy donor population has antibodies to HCV
(23, 29).

In addition to recipients of blood products, other groups that
are frequently exposed to blood, such as hemophiliacs, intra-
venous drug users, and hemodialysis patients, are at risk (16,
29).

Studies performed in a selected group of dialysis centers
showed that the prevalence of HCV infections among hemo-
dialysis patients in various countries is much higher than that
among healthy blood donors, ranging from 2 to 6% in north-
western Europe to more than 20% in Japan and over 60% in

Saudi Arabia (9, 11, 13, 29). However, these figures may not be
representative for a whole country due to selection bias (14).

In the past multiple blood transfusions seemed to be an
important risk factor for hemodialysis patients in the acquisi-
tion of HCV infection (26). However, it is unlikely that blood
transfusions are the only source for recently acquired infec-
tions, since screening of blood donors for anti-HCV antibodies
has been shown to be highly effective in preventing transmis-
sion of HCV (1). A considerable number of HCV-infected
hemodialysis patients did not receive blood at all (26).

Hemodialysis can be a risk for transmission of HCV. The
length of the period during which patients have been dialyzed
appears to be a risk factor for HCV infection independent of
blood transfusion (12, 23). Moreover, molecular epidemiolog-
ical studies have revealed convincing evidence for transmission
of HCV between dialysis patients in the same center (3, 21).
The frequent sharing of facilities over a prolonged period may
result in an accumulated risk (3, 13). Whatever the precise
transmission route may be, standard infection control practices
reduce the risk of transmission of HCV in dialysis units (13).

Several studies have indicated that serological assays alone
are not sufficient for the diagnosis of HCV infection in dialysis
patients and that detection of HCV RNA is required to iden-
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tify all infected patients (5, 13). Partial immunosuppression in
dialysis patients, resulting in a poor antibody response, may
play a role in this observation (10). Epidemiological studies of
dialysis patients which rely on serological screening could
therefore underestimate the prevalence of HCV infections
considerably (5, 15, 24).

The present study describes a nationwide survey among di-
alysis patients in The Netherlands by serological as well as
molecular methods to screen for HCV infection. The study had
three aims: (i) to assess the prevalence of HCV infection
among dialysis patients in the different centers in The Nether-
lands, (ii) to compare serological and molecular methods for
detection of HCV infection, and (iii) to study the genotype
distribution of HCV isolates.

MATERIALS AND METHODS

Patients. Of the 49 dialysis centers in The Netherlands, 39 participated in the
study. A total of 2,653 patients, 2,108 on hemodialysis and 545 on chronic
ambulatory peritoneal dialysis (CAPD), were treated in these centers (range, 22
to 165 patients per center; mean, 68.0; standard deviation, 29.4).

The study protocol was approved by the medical ethical committees of the
participating centers, and all patients gave their informed consent. Serum sam-
ples were collected between September 1995 and July 1996. Serum was prepared
within 2 h after blood sampling, stored at 220°C, and transported on dry ice. All
samples were divided into 0.5-ml aliquots in a separate location to prevent
contamination and unnecessary thawing and freezing.

Serology. All serum samples were tested by the INNO-test HCV Ab III
enzyme immunoassay (EIA) (Innogenetics, Antwerp, Belgium) for the presence
of antibodies to HCV. Positive samples were examined by the INNO-LIA HCV
Ab III (Innogenetics) confirmation assay. All seropositive or RNA-positive sam-
ples were also tested by the Ortho HCV 3.0 EIA (Ortho Diagnostic Systems,
Neckargemund, Germany). The tests were performed according to the instruc-
tions of the manufacturers.

Molecular screening. All seropositive samples were tested individually for the
presence of HCV RNA. To permit the molecular analysis of the large number of
seronegative samples, a pooling strategy was developed, similar to the method
described by Corcoran et al. (6). This involved the pooling of three to five
seronegative serum samples and the analysis of the mixture for the presence of
HCV RNA. Twenty-five microliters of each of the five samples were mixed
together, and the entire 125-ml pool was used for the assay. For all samples or
pools, 125 ml was tested.

In order to monitor the efficacy of the HCV RNA test, an internal control
RNA was used in all assays. A PCR fragment, comprising nucleotides 2341 to
1410 of the HCV RNA genome, obtained from a genotype 1b isolate, was
cloned into the pGEM-T plasmid (Promega, Leiden, The Netherlands). A 51-bp
insert was introduced into the SphI site at position 263 in the 59 untranslated
region (UTR). RNA transcripts were synthesized from purified recombinant
plasmid with the Riboprobe kit and T7 RNA polymerase (Promega) and serially
diluted in diethyl pyrocarbonate-treated water containing 1 mg of poly(A)/ml as
a carrier. Tenfold dilutions were tested by reverse transcriptase (RT)-PCR, and
the detection limit was reproducibly established at 10210 dilution. A 1029 dilu-
tion (2.5 ml) was used in each assay as an internal control.

HCV RNA was isolated from 125 ml of individual or pooled serum by mixing
with 500 ml of lysis buffer (5 M thiocyanate, 0.125 M Tris-HCl [pH 7.4] 0.3 M
sodium acetate), freshly supplemented with 100 mg of poly(A)/ml and 1.25%
(vol/vol) 2-mercaptoethanol, and 5 ml of 1029 internal control/ml. After vigorous
mixing and incubation at 65°C for 10 min, the samples were cooled on ice and 625
ml of cold isopropanol was added to each sample. The mixtures were centrifuged
at 14,000 3 g for 20 min at 4°C. Pellets were washed once with 500 ml of cold 80%
ethanol. Each pellet was dissolved in 30 ml of RNase-free water. Ten microliters
of this solution was used immediately for cDNA synthesis by adding the antisense
cDNA primer (20 pmol) and deoxynucleoside triphosphates (1 mM final con-
centration) followed by denaturation for 2 min at 80°C and cooling on ice. Buffer
(final concentrations, 50 mM Tris-HCl [pH 8.0], 3 mM MgCl2, 75 mM KCl, 0.01
M dithiothreitol), 200 U of Moloney murine leukemia virus RT (Gibco-BRL,
Breda, The Netherlands), 30 U of RNasin (Promega), and water (RNase free)
were added to a final volume of 25 ml. After incubation at 37°C for 60 min, the
RT was inactivated at 95°C for 10 min and 75 ml of PCR mixture containing the
sense primer, 0.25 U of Taq DNA polymerase (SuperTaq; SphaeroQ, Leiden,
The Netherlands), and the appropriate buffer (final concentrations, 10 mM
Tris-HCl [pH 9.0], 50 mM KCl, and 2.5 mM MgCl2) were added. The PCR
program consisted of a preincubation at 95°C for 1 min followed by 40 cycles of
1 min at 95°C, 1 min at 52°C, and 1 min at 74°C. Nested PCR was performed by
the transfer of 1 ml of the first-round PCR product into a new PCR reaction
mixture containing nested primers. The PCR products were examined on 2%
agarose gels.

For PCR aimed at the 59 UTR, antisense primer HCV19 (GTGCACGGTC
TACGAGACCT; positions 21 to 220) and sense primer HCV35 (TTGGCGG

CCGCACTCCACCATRRATCACTCCCC; positions 2319 to 2297) (under-
lined sequences are not HCV specific) were used in the first round. Primers
NCR3 (GGGGCGGCCGCCACCATRRATCACTCCCCTGTGAGG; posi-
tions 2315 to 2289) and NCR4 (CACTCTCGAGCACCCTATCAGGCAGTA
CC; positions 266 to 247) were used in the nested PCR reaction. All positive
HCV RNA results were confirmed on fresh aliquots. The HCV RNA method
was evaluated by testing the proficiency panel as described by Zaaijer et al. (33).

If the internal control RNA was not amplified, the sample was spiked with a
10-fold-higher amount of internal control RNA. If the internal control RNA
remained undetectable, the sample was considered to be inhibitory for RT-PCR
and was excluded from further analysis.

Genotyping analysis. For genotyping analysis, the reverse hybridization line
probe assay (INNO-LiPA HCV; Innogenetics) was used. This method allows
discrimination between the major types and subtypes of HCV based on sequence
heterogeneity within the 59 UTR (27). The efficacy of this method for genotyping
HCV isolates in western Europe has been reported earlier (30).

Statistical analysis. The significance of differences was analyzed by the chi-
square test and Fisher’s exact test.

RESULTS

Serum samples were collected from a total of 2,653 dialysis
patients from 39 dialysis centers distributed evenly over The
Netherlands. These patients represent 68% of all Dutch dial-
ysis patients registered at the beginning of this study. Ten
centers did not participate for logistic reasons. The collected
sera were subjected to serological screening and confirmation
as well as molecular analysis to determine the presence of
HCV. The results are summarized in Table 1. A total of 79 sera
reacted positively in the INNO-test EIA. Seventy of 79 (89%)
EIA-positive results could be confirmed by line immunoassay
(LIA). Thus, 70 (2.6% of 2,653) confirmed seropositive dialysis
patients were identified. In 57 (81.4%) of the confirmed sero-
positive samples, HCV RNA was detected. For nine patients,
EIA was positive but LIA was either negative (four of nine) or
indeterminate (five of nine). HCV RNA was detected in four
of these nine EIA-positive patients whose results were not
confirmed by LIA. In two samples LIA was negative, and in
two LIA was indeterminate.

All 2,574 anti-HCV antibody-negative sera were tested by
RT-PCR divided among 533 pools. The pooling strategy was
evaluated by testing serum samples from one of the dialysis
centers. The sera were tested in pools and individually, and all
HCV-infected patients were identified by both methods.
Among the 533 pools of seronegative sera, 6 yielded positive
signals, and testing of the individual sera resulted in 6 HCV
RNA-positive, seronegative samples. In 10 seronegative pools
the internal control could not be amplified, indicating the pres-
ence of inhibitory substances. Based on HCV RNA detection
alone, a total of 67 HCV-infected dialysis patients were iden-
tified. The presence of HCV RNA was confirmed in all cases
by independent retesting of a fresh aliquot from each serum.

With the combined strategy of serology and HCV RNA
detection, a total of 80 HCV-positive dialysis patients were
identified, 73 of 2,108 (3.5%) hemodialysis patients and 7 of
545 (1.3%) CAPD patients (odds ratio, 2.76; 95% confidence

TABLE 1. Detection of HCV infection among 2,653 Dutch
dialysis patients

Test results No. of patients

EIA LIA Total PCR positive

Positive Positive 70 57
Positive Indeterminate 5 2
Positive Negative 4 2
Negative 2,574 6

Total no. 2,653 67
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interval, 1.26 to 6.02). Serum samples from 72 of the INNO-
test-positive patients and from the 6 seronegative, RNA-posi-
tive patients were also tested by the Ortho EIA. The results are
shown in Table 2. Of the six RNA-positive, INNO-test-nega-
tive samples, one was positive by the Ortho EIA. Of the 72
INNO-test-positive sera, 64 were also positive by the Ortho
EIA and 8 were negative. Of these eight INNO-test-positive,
Ortho EIA-negative samples, four contained HCV RNA.
Among 62 HCV RNA-positive samples that were tested by
both EIAs, INNO-test and Ortho EIA detected 56 and 52,
respectively.

The distribution of HCV-infected patients among the dial-
ysis centers is shown in Fig. 1. The prevalence of HCV infec-
tion was 7 to 8% in three centers. In six dialysis units no
HCV-positive patients were found. There was no significant
relationship between the population size (total number of
treated patients) and the prevalence of HCV-infected patients
in the dialysis centers (r 5 0.53).

For HCV RNA-positive samples genotyping by the reverse
hybridization line probe assay was performed. The results are
summarized in Table 3. Genotype 1b is the most prevalent
genotype (46%), but genotypes 1a (24%), 2a (13%), 2b (1%),
3a (7%), and 4a (4%) were also found. One HCV RNA-
positive sample could not be genotyped. Multiple genotypes
were detected in four patients (1a plus 1b, twice; 2 plus 4a,
once; and 1a plus 2, once).

The majority of the centers with HCV-infected patients
showed no obvious cluster of identical genotypes. In one center
(50 patients) genotype 1a was observed in three patients. In
two other centers, with 100 and 165 patients, respectively,
genotype 1b was observed in four patients. In one center (128
patients) four patients had genotype 2a, and preliminary re-

sults of phylogenetic analysis of these four isolates suggested
infection from a single source (data not shown).

DISCUSSION

The prevalence of HCV infections among dialysis patients is
generally much higher than that among healthy blood donors
(9, 23). Studies in selected dialysis centers from different coun-
tries all over the world revealed that prevalences range from 2
to 3% to 60% (11, 23, 29). To a certain extent this may reflect
the different prevalences of HCV-infected individuals among
the general population in these countries. However, the dial-
ysis process itself and the level of hygienic standards may
influence the risk of HCV infection (23, 26). This may explain
differences found between dialysis centers in one country (14).
In order to assess the prevalence of HCV infection among
dialysis patients in The Netherlands, we conducted a nation-
wide epidemiological survey. Serum samples were obtained
from 2,653 patients, 68% of all Dutch dialysis patients, who
were treated in 39 dialysis centers.

Diagnosis of HCV infections is usually based on detection of
specific HCV antibodies by EIA followed by a confirmation
assay such as the LIA (17). This approach is convenient for
large-scale screening. Using an antibody-screening assay that
combines antigens from the core and the NS3 region as well as
from the NS5 region along with the confirmation assay, we
found 70 of 2,653 (2.6%) dialysis patients were seropositive.
There was a good correlation between the INNO-test and the
Ortho serological tests. The Ortho EIA detected one of six
HCV RNA-positive samples that were negative by the INNO-
test. On the other hand, the INNO-test detected eight samples
that were negative by the Ortho test, and four of these con-
tained HCV RNA. The INNO-test detected more HCV RNA-
positive sera than the Ortho test.

Antibody testing may prove useful to measure present or
past infections, irrespective of the actual infectivity of the pa-
tients (32). However, patients who have cleared the virus may
gradually lose their antibodies, and consequently, antibody
screening will not detect all past infections (26, 28). Detection
of HCV RNA permits direct detection of the presence of the
virus and also permits detection of infectivity during the sero-
negative window, immediately after infection (13, 19, 32). De-
tection of HCV RNA may be more reliable than serology in
detecting ongoing HCV infections in dialysis patients, who may
not mount an adequate antibody response (5, 10, 13). How-

FIG. 1. Distribution of HCV-positive sera among 39 dialysis centers in The
Netherlands.

TABLE 2. Comparison of INNO-test HCV Ab III EIA, Ortho
HCV 3.0 EIA, and RT-PCR results

INNO-test

Ortho

Positive Negative

TotalPCR
positive

PCR
negative

PCR
positive

PCR
negative

Positive 52 12 4 4 72
Negative 1 0 5 0 6

Total 53 12 9 4 78

TABLE 3. Distribution of HCV genotypes among Dutch
dialysis patients

Genotype

No. (%) of isolates

Present study
(n 5 71)

Beneluxa

(n 5 311)

1a 17 (24)c 32 (10.1)
1b 33 (46) 187 (59.4)
2a 9 (13) 20 (6.3)
2b 1 (1) 3 (0.9)
2 2 (3) 1 (0.3)
3a 5 (7) 45 (14.3)
4a 3 (4) 15 (4.8)
5a 7 (2.2)
Unknownb 1 (1) 1 (0.3)
Multipled 4 (6)c 4 (1.3)

a van Doorn et al. (31).
b No subtype determined.
c P , 0.05 (Fisher’s exact test).
d n 5 67.
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ever, detection of HCV RNA by PCR is still laborious, re-
quires specific expertise and facilities, and is usually only used
to confirm positive serology (33).

In the present study RT-PCR was used to screen for the
presence of HCV RNA in all 2,653 serum samples by using a
pooling strategy. HCV RNA was detected in 67 (2.5%) sam-
ples. Of these, 57 were confirmed as seropositive. In six sam-
ples HCV RNA was detected by RT-PCR in the absence of
antibodies. These cases may be considered either as patients
with recent infections, where the sample was obtained during
the seronegative-window phase, or as patients with impaired
immune responses (4, 13). In one of these six cases, antibodies
were detected by the Ortho test but not by the INNO-test. In
four of the six cases, HCV RNA could also be detected by
RT-PCR, aimed at the hypervariable part of the E2 region
(data not shown), indicating that these patients were truly
HCV infected.

In conclusion, by using both serology and PCR, 80 HCV-
positive patients (3% of a total of 2,653 patients) could be
identified. The combination of serological and molecular
methods resulted in the most accurate estimation of the num-
ber of HCV infections among Dutch dialysis patients. Using
only antibody assays in this population, 10 of 80 (12.5%) HCV-
positive patients would have been missed.

The confirmation blot assay (LIA) could not confirm the
result of the screening EIA in nine cases, yielding an indeter-
minate result five times and a negative result four times. Since
four of the unconfirmed serological results were HCV RNA
positive, this shows the need for molecular diagnostic methods,
but also the limitations of this confirmation assay. The confir-
mation assay alone adds little to solve the problem of incon-
clusive results of antibody assays, especially for immunocom-
promised patients (18).

This is the first study in which large-scale pooled screening
was employed, and we have shown that in this way it is feasible
to use PCR with a large patient population. Pooling of sera has
reduced the cost considerably and allowed us to identify six
HCV RNA-positive but seronegative patients. We designed a
system with pools of three to five sera spiked with an internal
control to detect inhibition of amplification. The use of an
internal RNA control not only permits control of sensitivity in
every test but also reveals the presence of inhibitory factors.

The seroprevalence of 2.6% found in the present study is
higher than the 2% observed for Dutch dialysis patients stud-
ied in a period just before universal screening of blood donors
was introduced in 1991 (29). However, these data cannot be
compared directly, and the observed difference may be ex-
plained by the use of more sensitive antibody assays in the
present study (20). Since the number of transfusions to dialysis
patients has been decreased by the use of erythropoietin, and
routine screening of blood donors for HCV infection has been
used in The Netherlands since 1991, the risk of HCV trans-
mission to dialysis patients through blood transfusion has de-
creased significantly. Consequently, nosocomial transmission
of HCV in the dialysis center may remain the most important
risk factor for HCV infection in the future (22, 23).

For follow-up analysis all dialysis patients will be sampled
again in 1998 and tested by serological and molecular assays.
This will permit an estimation of the incidence of HCV infec-
tions in Dutch dialysis centers.

The prevalence of HCV infection among hemodialysis pa-
tients was 3.5%, compared to 1.3% in CAPD patients. The
statistically significant difference between these patient groups
indicates the increased risk of nosocomial transmission of
HCV for hemodialysis patients compared to that for CAPD
patients.

We have found six centers (15%), with an average of 60
dialysis patients, without any HCV-infected patients. Three
centers, with an average of 93 patients, had a prevalence of
HCV-positive patients of more than 6% (range, 7 to 8%). The
nonrandom distribution of HCV-infected individuals among
the centers indicates that local factors may play a role in the
epidemiology of HCV. This is in accordance with the finding
that the size of a dialysis center (i.e., the total number of
patients treated) was not related to the prevalence of HCV
infections.

To further analyze the relatedness of HCV isolates in dial-
ysis units, all HCV RNA-positive samples were genotyped. The
prevalences of the different genotypes among dialysis patients
were compared to genotyping data from 315 nondialysis pa-
tients in the Benelux (Belgium, Netherlands, and Luxem-
bourg) that were obtained earlier (Table 3) (31). The genotype
distributions appear to be similar, except for the prevalences of
subtype 1a (P 5 0.005) and patients with multiple genotypes
(P 5 0.03), which were more prevalent among dialysis patients.
Genotype 5a was not found in our study group.

HCV isolates belonging to the same genotype found within
one center can be studied for molecular relatedness by se-
quence analysis. We have found four centers with more than
two patients with the same genotype. In one center four pa-
tients were infected with genotype 2a strains. Since the prev-
alence of this genotype in The Netherlands is relatively low,
this could suggest infection from a common source (8). Pre-
liminary results from sequence analysis further supported this
finding (data not shown).

Data presented in this study indicate that the prevalence of
HCV infections in Dutch dialysis centers is relatively low com-
pared with those shown by data from other countries. The
genotype distribution is comparable to that for nondialysis
patients. However, the differences among centers indicate that
local factors could play a role in causing HCV infection. Since
new HCV infections still occur in dialysis patients and routes of
transmission are unknown, screening by both serological and
molecular methods at regular intervals is necessary to identify
infected patients and to study HCV transmission among dial-
ysis patients. Pooling sera for HCV RNA detection as de-
scribed in our study may facilitate this screening regimen.
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