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SUMMARY: The distribution of hepatitis C viral (HCV) genotypes in Singapore has not
been previously determined. We studied the sera of 40 Singapore patients which were PCR-
positive for HCV. The HCV genotypes were determined by direct sequencing of amplified
sequences of the 5' non-coding region, after reverse transcription. Of the 40 samples, 35/40
(87.5%) were of HCV type 1, 2/40 (5.0%) were of type 2 and 3/40 (7.5%) were of type 3.
The most common HCV genotype in this study was the type 1 genotype. Our results confirm
the wide geographical distribution of HCV genotypes. o 1994 acagemic press, Inc.

The hepatitis C virus (HCV) is a positive-stranded RNA virus with a large open reading
frame that encodes a polyprotein of 3011 aminoacids. It is the major causative agent of post-
transfusion non-A non-B hepatitis (1).

The HCV genome consists of the 5’ non-coding region, the open reading frame encoding the
core protein (C), the glycoproteins envelope 1 (E1) and the nonstructural protein 1/envelope
2 (NS1/E2), the nonstructural proteins 2 to 5 (NS2 to NS5) and the 3' untranslated region.
The 5' non-coding region is the most conserved region, while the NSS region is highly
variable (2).

There have been several different terminology used to distinguish the different HCV
genotypes. Recently, a new classification has been proposed with sequences classified into
four major types (3,4,5). The type 1 group has been subdivided into type 1a (prototype HCV-
1) and type 1b (HCV-J, HCV-BK, K1), the type 2 group comprises the type 2a (K2a and HC-
J6) and type 2b (K2b and HC-J8) while the type 3 group is subdivided into type 3a (E-b1l,
HCV-Ta) and 3b (HCV-Tb). HCV type 4 is widespread in Africa but is absent or rare in
Europe and the Far East (3, 5).
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Although there have been numerous reports on the distribution of HCV genotypes in the
United States, Japan and Europe, little is known about the HCV nucleotide sequence present
in South East Asia. We report here the HCV genotypes in 40 Singapore patients.

MATERIALS AND METHODS

Serum samples

Serum samples were obtained from Singapore patients tested positive for anti-HCV
antibodies using a second-generation HCV enzyme immunoassy (EIA, Abbott, Germany).
HCV RNA isolation

HCV RNA was extracted from 0.2 ml of serum using the guanidinium thiocyanate/phenol-
chloroform method (6), and dissolved in 20l of DEPC treated water.

Synthetic oligonucleotides

Oligonucleotide primers for cCDNA synthesis and PCR were synthesised with a 7500
Milligen/Biosearch DNA synthesiser (Millipore, USA). The primers 939 and 209 for first
round PCR and pnmers 940 and 211 for second round PCR are described elsewhere (4).

Rev and n lymerase chain reaction (PCR

Reverse transcnpnon was carried out at 42°C for 60min using 1.5uM of the antisense primer
209, 10units of avian myeloblastosis virus reverse transcriptase (Promega), 40 units of
RNasin (Promega, USA), 600uM each of dATP, dCTP, dGTP, and dTTP and 3l of purified
RNA in a 20pl reaction volume.

Nested PCR was as described previously (4). The reaction mixture contained 0.5uM of each
of the outer nested primers, 939 and 209, 1 unit of Tag DNA polymerase, 1.5SmM of
magnesium chloride, SOuM each of dATP, dCTP, dGTP and dTTP. The first PCR was
carried out for 25 cycles of 94°C for 1min, 50°C for 1min and 68°C for 1min. This was
followed by a final 7min elongation at 72°C. The second round PCR was done using 4% of
the first PCR product under the same conditions as before, but using the primers 940 and
211, The amplified products were electrophoresed on a 2% agarose gel stained with ethidium
bromide.

Precautions were taken to prevent the contamination of samples: aerosol resistant tips were
used, the areas for pre-PCR were physically separated from the post -PCR areas, and negative
controls (water and serum) were used.

DNA sequencing

PCR products were purified using the DEAE paper method. Primers used for PCR were also
used as sequencing primers to sequence both strands. The primers were end-labelled with
33(P)(Dupont, USA) using T4 polynucleotide kinase (GIBCO/BRL, USA). Dideoxy chain
termination reactions were performed with the DNA cycle sequencing kit (GIBCO/BRL,
USA).

RESULTS

The HCV genome was extracted from the sera of 40 Singapore patients, reverse transcribed
and amplified by nested-PCR using primers to the 5' non-coding region. Six of these patients
were on haemodialysis and 15 were post renal transplant patients previously on
haemodialysis.

The HCV genotypes of the 40 patients studied were determined by comparison of the
sequences obtained with known nucleotide sequences of HCV genotypes (7-12).

Thirty-five of 40 samples (87.5%) were of the type 1 genotype, 2/40 (5.0%) was of the type 2
genotype and 3/40 (7.5%) were of the type 3 genotype. The most prevalent HCV genotype
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observed was the type 1. HCV while type 4 was not observed in any of the Singapore
patients.

A single base insertion of adenosine between nucleotides -138 and -137 was observed in one
patient. Insertions at this position have also been observed in other type 1 isolates (3, 5).

All 6 haemodialysis patients and 15 renal transplant patients were infected with the type 1
genotype.

DISCUSSION

The hepatitis C virus may be genotyped by using type-specific primers for PCR (13, 14), by
restriction fragment length polymorphism (15-16), by reverse-hybridisation of amplified
sequences with oligonucleotides specific for the different genotypes (3) or by DNA
sequencing of the amplified region.By using DNA sequencing, one is able to detect small
differences in the nucleotide sequence which may be undetectable by the other methods
mentioned.

When using the polymerase chain reaction to amplify the viral sequence, it is important that
the primer sequence is selected in a highly conserved region. Mismatches between the primer
and the viral sequence would prevent amplification. The 5' non-coding region was selected
for analysis since it has been reported to be highly conserved (17). However, within this
region, there are sequence variations which allow discrimination between HCV types (3, 4,
16, 17, 18, 19).

In Singapore, the HCV seroprevalence in patients with liver disease (3.6%-14.9%) and in the
random population (0.08%) is lower compared to figures reported in developed countries (20,
unpublished observations).

The most common genotype in Singapore is type 1 (87.5% of our cases). The HCV type 1b
genotype is the most prevalent genotype in Japan, accounting for approximately 70% of
cases (14, 21). In Japan, the next most prevalent type is type 2 (K2) comprising 31.6% (21)
and 24.2% (14) of cases. Although blood transfusion has been strongly associated with HCV
transmission, many of our patients have had a history of dialysis of transfusion locally and
had not been treated overseas. This would suggest that this HCV type 1 is of a local origin
and not due to overseas exposure.

In Thailand, 4 of 10 samples studied were of type 3 (11). This is in contrast to the low
incidence of type 3 observed in Singapore (7.5%). Since the distribution of HCV genotype in
other countries in South East Asia has not been characterised, the geographical distribution of
these subtypes and their disease association remain unknown.

Furthermore, recent studies have also shown that better responses to alpha-interferon therapy
is associated with HCV genotype 2 than other types, hence emphasising the importance of
HCV genotyping.
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