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Determination of the prevalence of liver disease caused by hepatitis C virus (HCV) of various genotypes
helps provide an understanding of the virulences of these genotypes. Differences in the prevalences of these
genotypes are known to exist in the various geographical regions of the world. Hence, we performed seroepi-
demiological and molecular epidemiological analyses of HCV in Surabaya, Indonesia. The prevalences of
anti-HCV antibodies were 2.3, 76.3 and 64.7% in healthy blood donors, patients on maintenance hemodialysis,
and patients with hepatocellular carcinoma (HCC), respectively. HCV-2a was the most common (52%) among
the HCV clones obtained from blood donors; this was followed by HCV-1b (15%), HCV-1a (7%), and HCV-1d
(7%), a unique Indonesian subtype. The high prevalence of HCV-2a in blood donors was further supported by
serotyping analysis that could discriminate HCV type 2 (HCV-2a and -2b) from HCV type 1 (HCV-1a, -1b, and
-1d). HCV-1a, -1b, and -1d were strongly associated with elevated serum alanine aminotransferase (ALT) levels
in blood donors, suggesting a possibly more pathogenic feature of those subtypes than HCV-2a. In patients on
maintenance hemodialysis, HCV-1a and -1b (each 31%) were among the most common subtypes, and in
contrast to the case with blood donors, HCV-1a, -1b, and -1d were found in those with normal ALT as well as
those with elevated ALT levels. Impaired immune responses of hemodialyzed patients might be responsible for
the apparently decreased hepatocytic injury caused by infection with HCV type 1. In patients with HCC,
HCV-1b (57%) was the most common; this was followed by HCV-1d (19%) and HCV-2a (5%). Subtype
prevalence was not different between HCC patients with advanced liver cirrhosis and those without advanced
cirrhosis.

Hepatitis C virus (HCV) has been known to be a major
causative agent of chronic liver disease such as chronic hepa-
titis and liver cirrhosis, which often leads to hepatocellular
carcinoma (HCC) (14). The genomic structure of HCV resem-
bles, to some extent, that of flaviviruses and pestiviruses, and
therefore, the virus is considered to represent a new genus of
the family Flaviviridae (14). On the other hand, it was recently
proposed that HCV should be classified into a new virus fam-
ily, named Hepciviridae, because of its comparatively large se-
quence diversity from other members of the family Flaviviridae
(24). The HCV genome of about 9.5 kb has a long open
reading frame, flanked with 59 and 39 untranslated regions
(UTRs), which encodes a polyprotein precursor consisting of
about 3,010 to 3,030 amino acid residues. The polyprotein is
cleaved by the host signal peptidase and two other virally
encoded proteases to generate at least 10 viral proteins: 4
structural proteins such as the core protein, the E1 envelope
glycoprotein, and two types of E2 envelope glycoproteins
(types A and B), and 6 nonstructural proteins (NS2, NS3,
NS4A, NS4B, NS5A, and NS5B) (6, 9, 19).
Considerable sequence variation has been observed with

different HCV clones. On the basis of the sequence diversity,
HCV is now classified into at least six major genotypes, each of
which can be further divided into a number of subtypes (3, 4,
18, 25). The prevalence of each HCV subtype has been re-
ported to vary in different geographical areas (3–5, 18, 25). It
is still possible to identify sequence variants that could repre-
sent novel types or subtypes of HCV by performing extensive
surveillance in previously overlooked areas. Viral pathogenic-
ity and sensitivity to interferon treatment have been reported
to vary with different subtypes (15, 21, 23).
We previously reported the prevalence of each subtype, in-

cluding two novel subtypes, among HCV isolates obtained
from patients with chronic hepatitis and liver cirrhosis in
Surabaya, Indonesia (11–13). In order to better understand
HCV infection in the same area and also to look into a possible
association of certain subtypes with disease severity, we per-
formed seroepidemiological and molecular epidemiological
analyses of the virus for other groups. Here we report the
differential prevalence of HCV subtypes in healthy blood do-
nors, patients on maintenance hemodialysis, and patients with
HCC in Surabaya. In addition, the significance of the differ-
ential prevalence is discussed.

MATERIALS AND METHODS

Serum samples. Sera were obtained from 2,234 healthy blood donors at the
Red Cross Blood Transfusion Center, Surabaya, 76 patients on maintenance
hemodialysis, and 34 patients with HCC at the Dr. Soetomo Hospital, Faculty of
Medicine, Airlangga University, Surabaya. The sera were tested for antibodies
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against HCV by second-generation enzyme-linked immunosorbent assays
(ELISAs; UBI HCV EIA, United Biologicals, Inc.; Ortho HCV Ab ELISA Test
II, Ortho Diagnostics, Inc.). Serum alanine aminotransferase (ALT) levels were
determined by using the Granutest ALAT (Merck, Darmstadt, Germany) ac-
cording to the manufacturer’s instructions. Normal ALT levels were #23 U/liter
for men and #19 U/liter for women when tested at 258C.
RT-PCR to detect HCV RNA in serum samples. Anti-HCV-positive sera were

subjected to reverse transcription-PCR (RT-PCR) to detect HCV RNA, as
described previously (1, 4, 5, 13, 16). Briefly, we performed RT-PCR for portions
of NS5B region sequences using different sets of primers so that we could amplify
the corresponding sequences from as many serum samples as possible. When
NS5B region sequences could not be amplified by the RT-PCR described above,
we then tried to amplify 59 UTR sequences in order to check for the presence or
absence of HCV RNA in the samples. These methods have been shown to be
highly sensitive for the detection of HCV RNA in 90 to 100% of anti-HCV-
positive sera from patients with chronic liver disease in Japan (5) and Indonesia
(13) and in 80 to 90% of anti-HCV-positive sera from blood donors in Thailand
(1) and the Philippines (16). The PCR products were electrophoresed in a 2%
agarose gel containing ethidium bromide and were visualized by UV illumina-
tion.
Subtype analysis. The nucleotide sequences of the amplified NS5B regions

were determined by the direct sequencing method with the Taq Dye Deoxy
Terminator Cycle Sequencing kit (Applied Biosystems, Inc.) and the ABI 373A
DNA Sequencer (Applied Biosystems, Inc.). The sequences were compared with
those of known HCV types or subtypes by using a computer program (GENE-
TYX-MAC, version 7.3; Software Development Co., Ltd., Tokyo, Japan). By
following the criteria suggested by Simmonds et al. (25), HCV clones showing at
the nucleotide level sequence homology with any of the reported subtypes of
more than 88% were assigned the corresponding subtype. We found a sequence
variant in a blood donor sample (see below) which showed 98% homology with
other Indonesian variants, Td-3/93 and Td-35/93 (13). Those variants have sub-
sequently been classified into a new subtype of HCV type 3 by detailed phylo-
genetic analysis (see the phylogenetic trees in the report by Doi et al. [4]). In this
study we have therefore tentatively assigned those variants a new subtype, sub-
type HCV-3g, named so that it follows subtype HCV-3f (29).
When a subtype assignment could not be done because of the lack of NS5B

amplification, the nucleotide sequences of the 59 UTR were determined and
compared with the consensus sequence motifs for each of the major genotypes
reported previously (17). When the sequence of an HCV clone completely
matched the consensus motifs of a major genotype, the HCV clone was assigned
the genotype, e.g., HCV type 1.
Serotype analysis. The serotypes of the HCV clones were determined on the

basis of the serum antibody responses of the infected individuals against C14-1
and C14-2 recombinant peptides, which carry antigenic determinants specific for
serotype 1 (corresponding to HCV type 1) and serotype 2 (corresponding to
HCV type 2), respectively (26). ELISA kits for the detection of antibodies
against those peptides were a product of International Reagents Corp. (Kobe,
Japan) and were kindly supplied by M. Kohara, The Tokyo Metropolitan Insti-
tute of Medical Sciences. Serotype determination was done as described previ-
ously (26). A cutoff index value of more than 1.0 was considered a positive
reaction. Samples with a C14-1/C14-2 cutoff index ratio higher than 2:1 were
judged to be serotype 1, and those with a C14-2/C14-1 cutoff index ratio higher
than 2:1 were judged to be serotype 2.

RESULTS

Prevalence of anti-HCV antibodies among healthy blood
donors, patients on maintenance hemodialysis, and patients
with HCC in Indonesia. Sera obtained from 2,234 healthy
blood donors were divided into two groups on the basis of their
ALT titers. Two hundred sixty serum samples showed elevated
ALT titers (.23 U/liter), and the remaining 1,974 serum sam-
ples showed normal ALT titers (#23 U/liter). Twenty-three
(8.8%) of the 260 serum samples with elevated ALT titers were
positive for anti-HCV antibodies, whereas 9 (1.4%) of the 646
serum samples randomly picked from the normal ALT group
were positive by the same test (Table 1). It was estimated by
calculation that a total of 28 serum samples would have been
positive for anti-HCV antibodies among the 1,974 serum sam-
ples with normal ALT titers. Therefore, the total number of
anti-HCV-positive individuals among the 2,234 blood donors
was estimated to be 51, with the overall anti-HCV prevalence
being 2.3%. The prevalence of anti-HCV positivity in blood
donors with elevated ALT titers was significantly higher than
that in those with normal ALT titers (P , 0.05), but it was
significantly lower than that in patients on maintenance hemo-

dialysis and patients with HCC (P , 0.001). The prevalence of
anti-HCV antibodies among patients on maintenance hemo-
dialysis was 76.3%, and in contrast to blood donors, there was
no significant difference in anti-HCV prevalence between
those with normal ALT titers and those with elevated ALT
titers. A high prevalence of anti-HCV antibodies was also
observed with HCC patients, whether or not the patients had
advanced liver cirrhosis as diagnosed by ultrasonography.
Detection of HCV RNA by RT-PCR for the NS5B and 5*

UTR in sera obtained from healthy blood donors, patients on
maintenance hemodialysis, and patients with HCC. Anti-
HCV-positive sera from 32 blood donors (31 males and 1
female; mean age, 42.3 years), 33 patients on maintenance
hemodialysis (28 males and 5 females; mean age, 48.1 years),
and 22 patients with HCC (16 males and 6 females; mean age,
59.3 years) were further analyzed for HCV RNA. Twenty-four
(75%) of the 32 serum samples obtained from blood donors
were positive for NS5B amplification with one or more of the
different primer sets (Table 2). We did not retest the negative
samples for NS5B amplification. The 8 serum samples that had
been negative for NS5B amplification were subjected to RT-
PCR for the 59 UTR. Three of them became positive for the 59
UTR, but the other five serum samples remained negative
after two independent amplifications. In total, 27 (84%) of the
32 blood donor samples were positive for HCV RNA. Of the

TABLE 1. Prevalence of anti-HCV antibodies among blood donors,
patients on maintenance hemodialysis, and patients with HCC

in Surabaya

Group No. positive/no. tested (%)

Blood donorsa ....................................................
Normal ALT level .......................................... 9/646 (1.4) (28/1,974)b

Elevated ALT level ........................................23/260 (8.8)c

Totalb................................................................51/2,234 (2.3)

Hemodialysis patients .......................................
Normal ALT level ..........................................31/40 (77.5)
Elevated ALT level ........................................27/36 (75.0)
Total .................................................................58/76 (76.3)

HCC patients .....................................................
Without advanced liver cirrhosisd.................14/22 (63.6)
With advanced liver cirrhosis ........................ 8/12 (66.7)
Total .................................................................22/34 (64.7)
a A total of 646 serum samples randomly picked from the 1,974 serum sample

with normal ALT levels and all of the 260 serum samples with elevated ALT
levels were tested.
b Estimated values obtained by calculation.
c P , 0.05 (x2 test with Yates’ correction) compared with blood donors with

normal ALT levels. P , 0.001 (x2 test with Yates’ correction) compared with
patients on maintenance hemodialysis or patients with HCC.
d Diagnosed by ultrasonography.

TABLE 2. Positivity of HCV RNA in anti-HCV-positive sera from
blood donors, patients on maintenance hemodialysis, and patients

with HCC in Surabaya

Target
region

No. positive/no. tested (%)

Blood donors Hemodialysis
patients HCC patients

NS5B 24/32 (75) 25/33 (76) 18/22 (82)
59 UTR 3/8a 7/8a 3/4a

Total 27/32 (84) 32/33 (97) 21/22 (95)

a Samples negative for the NS5B amplification were examined.
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33 serum samples from patients on maintenance hemodialysis,
25 (76%) were positive for NS5B amplification and 7 others
were positive for the 59 UTR. In total, 32 (97%) of the 33
serum samples were determined to be positive for HCV RNA.
Similarly, 18 (82%) of the 22 serum samples from HCC pa-
tients were positive for NS5B and 3 others were positive for the
59 UTR, resulting in positive detection of HCV RNA in 21
(95%) of the 22 serum samples.
Prevalence of each subtype among HCV isolates obtained

from healthy blood donors, patients on maintenance hemodi-
alysis, and patients with HCC. Among 27 healthy blood do-
nors, HCV-2a (52%) was found to be the most common and
HCV-1b (15%) was the second most common on the basis of
NS5B sequences; these were followed by HCV-1a (7%) and
HCV-1d (7%) (Table 3). The prevalence of HCV-2a was sig-
nificantly higher in blood donors than in patients on mainte-
nance hemodialysis and patients with HCC (P, 0.001 and P,
0.005, respectively). In blood donors, 8 of 19 serum samples
with elevated ALT titers but none of 8 serum samples with
normal ALT titers were positive for either HCV-1a, -1b, or -1d.
The difference between the two groups was statistically signif-
icant (P , 0.05). Thus, HCV-1a, -1b, and -1d were likely to be
associated with elevations in serum ALT levels. An HCV vari-
ant was classified into HCV-3g. Three other clones (11%) were
classified into HCV type 1 on the basis of the 59 UTR se-
quences (17).
Among 32 patients on maintenance hemodialysis, HCV-1a

and -1b (each 31%) were the most common. It should be noted
that HCV-1a was significantly more common in patients on
maintenance hemodialysis than in blood donors (P, 0.05) and
patients with HCC (P , 0.05). However, the prevalence of
HCV-1b was not significantly different between patients on
maintenance hemodialysis and blood donors (P 5 0.120; Fish-
er’s exact test). Also, there was no significant difference in the
subtype prevalence between hemodialyzed patients with nor-
mal ALT titers and those with elevated ALT titers (for HCV-
1a, P 5 0.352; for HCV-1b, P 5 0.126; Fisher’s exact test).
Analysis of 59 UTR sequences identified eight other clones
(25%) of HCV type 1 in this group.

Among 21 patients with HCC, HCV-1b (57%) was the most
common; this was followed by HCV-1d (19%) and HCV-2a
(5%). The prevalence of HCV-1b was significantly higher in
patients with HCC than in blood donors (P, 0.01). Analysis of
59 UTR sequences identified three clones (14%) of HCV type
1 and a clone (5%) of HCV type 4.
Serotype analysis of HCV in blood donor samples. Nine of

14 serum samples that were found to contain HCV-2a by
sequence analysis reacted to the C14-2 antigen, whereas 1
serum sample reacted very weakly to the C14-1 antigen and the
remaining 4 serum samples reacted to neither antigen (Table
4). The latter four serum samples were shown to contain only
low titers of anti-HCV antibodies, as determined by titration
with a commercially available second-generation ELISA (data
not shown). All of the sera containing HCV-1b and -1d were
found to be serotype 1. The serotypes of two serum samples
containing HCV-1a and two of three serum samples containing
HCV type 1 (subtype unknown) were undetermined because of
the lack of reactivity to the antigens. HCV-3g was classified

TABLE 3. Prevalence of each subtype among HCV clones obtained from anti-HCV-positive blood donors, patients on maintenance
hemodialysis, and patients with HCC in Surabaya

Patient group No. of samples
No. of HCV clones (%) with each subtype:

1a 1b 1d 2a 3g Type 1a Type 4a UCb

Blood donors
Normal ALT levels 8 0 (0)c 0 (0)c 0 (0)c 6 (75) 0 (0) 2 (25) 0 (0) 0 (0)
Elevated ALT levels 19 2 (11)c 4 (21)c 2 (11)c 8 (42) 1 (5) 1 (5) 0 (0) 1 (5)
Total 27 2 (7) 4 (15) 2 (7) 14 (52)d 1 (4) 3 (11) 0 (0) 1 (4)

Hemodialysis patients
Normal ALT levels 16 6 (38) 3 (19) 1 (6) 1 (6) 0 (0) 5 (31) 0 (0) 0 (0)
Elevated ALT levels 16 4 (25) 7 (44) 0 (0) 2 (13) 0 (0) 3 (19) 0 (0) 0 (0)
Total 32 10 (31)e 10 (31) 1 (3) 3 (9) 0 (0) 8 (25) 0 (0) 0 (0)

HCC patients
Without advanced cirrhosisf 13 0 (0) 8 (62) 2 (15) 0 (0) 0 (0) 3 (23) 0 (0) 0 (0)
With advanced cirrhosis 8 0 (0) 4 (50) 2 (25) 1 (13) 0 (0) 0 (0) 1 (13) 0 (0)
Total 21 0 (0) 12 (57)g 4 (19) 1 (5) 0 (0) 3 (14) 1 (5) 0 (0)

a On the basis of the 59 UTR sequences.
b UC, unclassifiable because of ambiguous sequence results.
c Zero of 8 versus 8/19, P, 0.05 (Fisher’s exact test; this test is more sensitive in demonstrating a significant difference when the number of the test samples is small).
d P , 0.001 and P , 0.005 (x2 test with Yates’ correction) compared with patients on maintenance hemodialysis and patients with HCC, respectively.
e P , 0.05 (Fisher’s exact test) and P , 0.05 (x2 test with Yates’ correction) compared with blood donors and patients with HCC, respectively.
f Diagnosed by ultrasonography.
g P , 0.01 (x2 test with Yates’ correction) compared with blood donors.

TABLE 4. Comparative study between subtypes and serotypes of
HCV in sera obtained from blood donors in Surabaya

Subtype Total no.
No. of samples determined to be:

Serotype 1 Serotype 2 UDa

1a 2 2
1b 4 4
1d 2 2
2a 14 1b 9 4
3g 1 1b

Type 1c 3 1 2
UCd 1 1

Total 27 9 9 9

a UD, undetermined because of the lack of ELISA reactivity.
b Very weak reactivity.
c On the basis of the 59 UTR sequences.
d UC, unclassifiable because of an ambiguous sequence result.
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into serotype 1, but the reactivity was very weak. Overall, the
concordance between the serotyping and the genotyping re-
sults was about 60% for the blood donors.

DISCUSSION

We have previously reported that HCV-1d is a unique sub-
type found only in Indonesia (11–13, 20). We also reported
that HCV-1b and HCV-1d were prevalent in patients with
chronic hepatitis and liver cirrhosis in Surabaya, Indonesia,
representing more than 60% of the HCV clones obtained from
the patients (13). Other investigators also observed a high
prevalence of HCV-1b among chronic hepatitis patients in
other areas of Indonesia (7, 8, 31). In the present study, we
determined the subtype prevalence among HCV clones from
healthy blood donors, patients on maintenance hemodialysis,
and patients with HCC in Surabaya in order to better under-
stand HCV infection in those patient groups and also to look
into the possible association of certain subtypes with disease
severity.
Unexpectedly, HCV-2a was the most common subtype

among HCV clones from blood donors, representing 52% of
the total (Table 3). Serotype analysis also showed a high prev-
alence of HCV type 2 in this group (Table 4), supporting the
result of genotype analysis. One of the possible explanations
for the high prevalence of HCV-2a in blood donors is that
HCV-2a is less likely to cause clinical disease, which results
from liver cell injury mediated either directly by a cytopathic
effect or indirectly through immune mechanisms. The idea that
HCV-2a is less pathogenic than other subtypes is in agreement
with the observation that HCV-1b and -1d are associated with
more severe liver damage than HCV-2a and -2b (13, 21, 23).
We also observed in the present study that HCV-1a, -1b, and
-1d are more strongly associated with elevations in serum ALT
levels among blood donors and that the prevalence of HCV-2a
is, accordingly, higher in blood donors with normal ALT levels
than in those with elevated ALT levels (Table 3). Another
possible explanation for the high prevalence of HCV-2a is that
it has recently become more common among blood donors in
this area than before, whereas HCV-1b was prevalent a few
decades ago, when current patients with chronic liver disease
had first contracted the virus infection. Such a changing pat-
tern of HCV subtype prevalence over time has been reported
for patients on maintenance hemodialysis and kidney recipi-
ents (22). If this is the case, the prevalence of HCV-2a among
patients with chronic liver disease in this area will become
higher in the future. In this connection, it should be noted that
HCV-2a (35%) was prevalent in chronic liver disease patients
in Yogyakarta, Indonesia, ranking as the second most preva-
lent subtype after HCV-1b (8). A possibility thus still remains
that HCV-1b may not necessarily be more pathogenic than
HCV-2a. Therefore, continued surveillance of the genotype
prevalence among various populations over time as well as a
long-term follow-up study of HCV-infected blood donors, es-
pecially those infected with HCV-2a, is needed to better elu-
cidate the issue.
In patients on maintenance hemodialysis, HCV-1a and -1b

were among the most common subtypes, each representing
31% of the total. Another 25% were identified as HCV type 1
on the basis of the 59 UTR sequences. The high prevalence of
HCV-1a in patients on maintenance hemodialysis is in sharp
contrast to the subtype prevalence of other groups such as
blood donors, patients with HCC (Table 3), and patients with
chronic hepatitis or liver cirrhosis (13). This result is compat-
ible with that observed with hemodialyzed patients in Yogy-
akarta (8) and suggests a possible increased risk for intraunit

transmission of HCV infection among patients on mainte-
nance hemodialysis. In this connection, it was reported that
HCV-1a, which was uncommon among patients in Italy with
community-acquired hepatitis, was highly prevalent in the
same area among patients with hemophilia who apparently had
contracted the virus infection through contaminated coagula-
tion factor concentrates (21).
In contrast to the case with blood donors, HCV-1a, -1b, and

-1d were frequently found in hemodialyzed patients with nor-
mal ALT levels, as well as in those with elevated ALT levels. It
has been suggested that hepatocytic injury is mediated by cy-
totoxic T lymphocytes through an interaction with the Fas
antigen expressed on HCV-infected hepatocytes (10). In gen-
eral, patients on maintenance hemodialysis show impaired im-
mune responses. It is reasonable, therefore, to assume that
impaired cytotoxic T-lymphocyte responses fail to cause hepa-
tocytic injury in some of the hemodialyzed patients infected
with HCV-1a, -1b, or -1d, which otherwise could induce stron-
ger cytotoxic T-lymphocyte responses to cause hepatocytic in-
jury, as evidenced by elevated ALT levels. Further study of this
matter is needed.
In patients with HCC, HCV-1b was the most common sub-

type; this was followed by HCV-1d (Table 3). These results are
consistent with the previous results for patients with chronic
hepatitis and liver cirrhosis (13). Subtype prevalence was not
significantly different between HCC patients with advanced
liver cirrhosis and those without advanced cirrhosis. However,
the limitation in classifying the HCC patients into those with
and those without advanced liver cirrhosis should be taken into
consideration when interpreting the results, since the diagnosis
of advanced liver cirrhosis was made on the basis of ultra-
sonography rather than liver biopsy. HCC is a consequence of
the long-term persistence of HCV, and we do not know which
subtype(s) was prevalent when the HCC patients were initially
infected with the virus. Large-scale follow-up study of current
blood donors in this area, among whom HCV-2a was the most
prevalent, may give us a clue when looking into a possible
relationship between HCC and a certain subtype(s) of HCV.
The NS5B sequence of an HCV variant obtained from a

blood donor was 98% homologous at the nucleotide level with
previously reported variants Td-3/93 and Td-35/93 (13). Those
variants showed 70 to 74% homology with known subtypes of
HCV type 3 (HCV-3a to -3f) (29). A sequence variant closely
related to Td-3/93 and Td-35/93 was also found in India and
was proposed to be a member of HCV type 3 (30). Our de-
tailed phylogenetic analysis has confirmed this proposition,
classifying the variants into a new subtype of HCV type 3 (4).
Therefore, we assigned those variants HCV-3g in this study.
The geographical distribution of this subtype needs to be de-
termined by more extended surveillance. In this connection,
Tokita et al. (27) reported the presence of HCV variants in
Jakarta, Indonesia, which they assigned the 10th genetic group
(HCV-10a) on the basis of phylogenetic analysis using the
unweighted pair-wise grouping method. However, partial E1
and NS5B sequences of their variants showed.90% homology
at the nucleotide level with those of Td-3/93 and Td-35/93,
which have been assigned subtype HCV-3g, as described
above. Similarly, previously proposed new HCV types 7, 8, and
9 (28) are considered to be new subtypes of HCV type 6 (4, 18).
Thus, it has recently been suggested that HCV types 3 and 6
exhibit larger degrees of sequence diversity compared with
other HCV types and that a more detailed phylogenetic anal-
ysis, like ours by the six-parameter neighbor-joining method,
would be needed to determine the exact phylogenetic posi-
tion(s) of newly identified sequence variants (4, 18). An inter-
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national standard for HCV type or subtype classification is
needed to avoid such confusion.
Serotype analysis with the C14-1 and C14-2 antigens is much

cheaper and easier to perform than genotype analysis by RT-
PCR and has been shown to be useful in discriminating be-
tween infections with HCV type 1 and those with HCV type 2
(26). Although it cannot discriminate subtypes of HCV type 1
or type 2 and also may not be applicable to infections with
HCV type 3 or type 6 (2, 4), this serotyping method might still
be advantageous in a large-scale epidemiological surveillance
in areas where a vast majority of circulating HCV is either type
1 or type 2. Also, from the clinical point of view, it is important
to discriminate HCV type 1 from type 2, since the former has
been reported to be more pathogenic and more resistant to
interferon treatment than the latter (15, 21, 23). In order to
evaluate the efficacy of this serotyping method in Indonesia, we
tried to determine the serotypes of HCV in Indonesian blood
donors and to compare the results with those obtained by
genotype analysis. The concordance between serotyping and
genotyping results for blood donors was not very high, with the
value being only about 60% (Table 4). In our previous exper-
iments (2), we observed a much higher concordance with se-
rum samples from chronic liver disease patients infected with
HCV-1b, -1d, -2a, or -2b (data not shown). In general, the
titers of anti-HCV antibodies are higher in patients with
chronic liver disease than in blood donors. Therefore, the
difference in the serotype/genotype concordance ratios be-
tween blood donors and liver disease patients given above is
probably due to the sensitivity of the serotyping method. Im-
provement of the sensitivity is required to apply this serotyping
system to epidemiological surveillance for blood donors.
In conclusion, we have shown the differential prevalence of

HCV genotypes in blood donors with or without elevated ALT
titers, patients on maintenance hemodialysis with or without
elevated ALT titers, and patients with HCC with or without
advanced liver cirrhosis. Although the number of samples
tested was rather small, the results have raised a number of
interesting implications regarding the HCV genotypes and the
clinicopathological features of this virus infection and have
given a rationale for the larger-scale study of the genotype
prevalence in various populations.
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