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Hepatitis C virus (HCV) isolates obtained from 25 anti-HCV antibody-positive healthy blood donors and 29
drug addicts in Chiang Mai, Thailand, were analyzed. HCV RNA was detected in 23 blood donor samples (92%)
and 24 drug addict blood samples (83%) by PCR for a portion of the NS5 region. Subtype analysis revealed that
HCV type 3a (HCV-3a) was the prevailing subtype (30%), which was followed in prevalence by HCV-la (21%),
-lb (13%), -3b (13%), and -6a (2%). Six (13%) of the 47 isolates showed low sequence similarities with known
types and subtypes. The sequence variants could be grouped into four branches in a molecular evolutionary
phylogenetic tree.

The genome of hepatitis C virus (HCV) exhibits consider-
able degrees of sequence variation among different isolates (2,
3, 8, 11, 15, 17, 18). On the basis of this variation, Simmonds et
al. (22) have proposed that HCV can be classified into at least
six major types (HCV-1 to -6), each of which may be further
divided into a few subtypes. The prevalence of HCV subtypes
differs in different geographical areas. For example, HCV-lb is
the most prevailing subtype in the Far East (19) and in some
European countries (20), while HCV-la and HCV-4a are the
most prevailing subtypes in the United States (8) and in the
Middle East (22, 23), respectively. Likewise, HCV-5a has been
reported to be confined to South Africa, and HCV-6a has been
found so far only in Hong Kong (22). HCV-3a was first
identified in Thailand (15) and was later reported to be
common in Europe (22, 23) and Brazil (24). Besides the
differences in geographical distribution, some differences in
clinicopathological features of HCV infection have been ob-
served among different types and subtypes. For example,
HCV-lb is reported to be more resistant to interferon treat-
ment (10, 21) and more closely associated with severe liver
damage than other subtypes (20, 21). Recently, we and other
investigators have independently identified the presence of a
new subtype of HCV (HCV-ld) in Indonesia (5-7, 16), which
may be closely associated with severe liver damage (7). Fol-
lowing the strategy that was applied in Indonesia, we have been
analyzing HCV prevalence in Thailand. In the present study,
we analyzed nonstructural (NS5) region sequences of the HCV
genome obtained from healthy blood donors and drug addicts
to determine the prevalence of each type and subtype in
Chiang Mai, Thailand. We also report that sequence variants
that have not yet been reported are circulating in this area.

Sera were collected from healthy volunteer blood donors at
Blood Bank Section, Maharaj Nakorn Chiang Mai Hospital,
and from drug addicts, either intravenous drug users (IVDU)
or opium or heroin (OP/HE) smokers, at Northern Drug
Dependent Treatment Center, Chiang Mai, Thailand, and they
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were tested for anti-HCV antibodies by a second-generation
enzyme-linked immunosorbent assay (Abbott Diagnostics,
Wiesbaden-Delkenheim, Germany). HCV RNA extracted
from anti-HCV antibody-positive sera was reverse transcribed
using Rous-associated virus 2 reverse transcriptase (Takara
Shuzo, Kyoto, Japan) and the primer no. 167R (4, 12), and the
resultant cDNA was subjected to reverse transcription and
PCR to amplify a portion of the NS5 region of HCV. Positions
and sequences of the primers used in the present study are
shown in Fig. 1. The first-round PCR was performed over 35
cycles with a thermal reactor (Hybaid, Teddington, Middlesex,
United Kingdom), each consisting of 1 min at 94°C, 1.5 min at
40°C, and 2 min at 72°C using outer primers (no. 166 and no.
167R) (4, 12), and Tth DNA polymerase (Toyobo, Osaka,
Japan) in a buffer supplied with the enzyme. With 5 ,lI of
first-round PCR products, the second-round PCR was carried
out with the same program. We used different sets of primers
in the second round so that we could amplify the HCV genome
from as many serum samples as possible, including the follow-
ing mixtures of primers: (i) HC23, HC24, and HC26 (4, 7); (ii)
HC15 and HC16 (4, 7); (iii) HC23 and HC28 (7); (iv) HC23
and HC32; and (v) HC23 and HC34. The PCR products were
electrophoresed in a 2% agarose gel containing ethidium
bromide and were visualized by UV illumination. Amplified
DNA fragments were sequenced by a direct sequencing
method with the Taq DyeDeoxy Terminator Cycle Sequencing
kit and an ABI 373A Autosequencer (Applied Biosystems,
Foster City, Calif.). Each sequence result was compared with
those of the reported types and/or subtypes (3, 11, 15-18, 22,
25), and sequence results were also compared with each other.
A phylogenetic tree was constructed by the unweighed pairwise
grouping method (13).

Twenty-five anti-HCV antibody-positive serum samples ob-
tained from healthy blood donors and 29 serum samples from
drug addicts (20 from IVDU and 9 from OP/HE smokers)
were analyzed by the nested PCR. HCV RNA was detected in
7 (28%) of the 25 blood donor samples with HC23-HC24-
HC26 and in 11 serum samples (44%) with HC15-HC16. Of
the remaining 7 serum samples that were negative with the
above primer sets, 1 became positive by using HC23-HC32 and
4 became positive by using HC23-HC34, most of which gave
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IS2 NS3 NS4 NS5 3 '

8230 8630

#166

1st PCR

#166
#167R

2nd PCR

HC23
HC24
HC26
HC15
HC16
HC28
HC32
HC34

#167R

5 '-TGGGGATCCCGTATGATACCCGCTGCTTTGA-3' (8230-8260, +)
5'-GGCGGAATTCCTGGTCATAGCCTCCGTGAA-3' (8601-8630, -)

5 '-TTTGACTCAACCGTCACTGA-3'
5 '-CTCAGGCTCGCCGCATCCTC-3'
5' -CTCAGGTTCCGCTCGTCCTC-3'
5'-ACTGTCACTGAACAGGACAT-3'
5' -GCTCTATCCTCATCGACGCC-3'
5' -CACGAGCATGGTGCAGTCCCGGAGC-3'
5' -AGGTAGCACGTCAGCGTGTTTCC-3'
5' -TAGCACGTCATGGTGTTTCCCAT-3'

(8256-8275, +)
(8577-8596, -)
(8577-8596, -)
(8265-8284, +)
(8568-8587, -)
(8507-8531, -)
(8454-8476, -)
(8451-8473, -)

FIG. 1. Positions, sequences, and polarities of the primers for
reverse transcription and PCR. All of the primer sequences except that
for HC32 and HC34 have been reported elsewhere (4, 7, 12).
Sequences are numbered as described by Kato et al. (11). +, sense; -,

antisense.

only faint bands. In total, 23 (92%) of the anti-HCV antibody-
positive blood donor samples were positive for the NS5 PCR.
As for the 29 samples from drug addicts, 13 (45%) and 8 (28%)
serum samples showed positive amplification with HC23-
HC24-HC26 and HC15-HC16, respectively. Of the 8 remain-
ders, 1 and 2 serum samples became positive with HC23-HC32
and HC23-HC34, respectively. In total, 24 (83%) of the drug
addict samples were positive for amplification. The nucleotide
sequences of the amplified fragments were determined and
compared with those of the reported types and subtypes of
HCV. According to the criteria suggested by Simmonds et al.
(22), HCV isolates showing sequence similarities of more than
88% at the nucleotide level to any of the reported subtype
sequences were assigned to the corresponding subtype. Sixteen
(70%) of the 23 isolates obtained from healthy blood donors
and 21 (88%) of the 24 isolates from drug addicts were

assigned to known subtypes. Six (13%) of the total of 47
isolates showed low sequence similarities (60 to 74%) with
known types and subtypes (data not shown) and, therefore, are

referred to as new sequence variants. Four isolates from the
blood donors gave ambiguous sequence results, probably be-
cause of very faint amplification, and, with no more serum
samples remaining, they were not analyzed further in this
study. Mixed infections with two or more subtypes, if any, were
not detected with the present PCR system.

Table 1 summarizes the prevalence of each subtype.
HCV-3a was the most common subtype in healthy blood

No. of nucleotide substitutions per site

04 0.3 O.- 0.1 0

BB9

D86/93
D97/93
B4/92

D10/93
BB7
LD47/93

FIG. 2. Phylogenetic analysis of NS5 region sequences of HCV
variants in Thailand. On the basis of the sequence alignment, the
number of nucleotide substitutions per site was estimated and a

phylogenetic tree was constructed by the unweighed pairwise grouping
method (13). BB9, B4/92, and BB7 were isolated from blood donors;
D86/93, D97/93, and D10/93 were isolated from drug addicts; and
LD47/93 was isolated from a patient with chronic hepatitis.

donors and showed a high prevalence also among IVDU. Of
the total of 47 isolates, 14 (30%) were HCV-3a; this was

followed in prevalence by HCV-la (21%), HCV-lb (13%),
HCV-3b (13%), a group of new sequence variants (13%), and
HCV-6a (2%). A similar sequence variant was isolated from
the serum of a Thai patient with chronic hepatitis and was

analyzed together with those of the variants described above.
On the basis of the sequences determined, a phylogenetic tree
was constructed to observe the relationship among these
variants. The results revealed that the variants could be
grouped into four branches (Fig. 2). The amino acid sequences
of the variants were predicted and compared with those of the
reported subtypes (Fig. 3). Residues conserved among all viral
RNA-dependent RNA polymerases (3, 9, 17, 18) are also
conserved in the variants. In addition to the residues described
above, several conserved sequences, which may be necessary
for this protein to exert the polymerase activity, were noticed.

Seven serum samples that were negative for the NS5 by PCR
were further analyzed by PCR for a portion of the 5'-
untranslated region, and five serum samples were determined
to be positive. Sequence analysis of this region, which was
reported to be successfully used for classification of HCV
isolates into major types but not particular subtypes (14),
provisionally classified an isolate into major type 3 and another
one into type 1 (data not shown). The remaining three isolates
were unclassifiable by this method, two of which shared unique
sequence motifs with the variants D86/93, D97/93, and B4/92,
and the last one of which shared sequence motifs with LD47/
93.

Prevalence ratios of anti-HCV antibodies among healthy
blood donors, IVDU, and OP/HE smokers in Chiang Mai were
2.4, 97, and 23%, respectively (data not shown). The preva-
lence ratio among blood donors is comparable with results

TABLE 1. Prevalence of HCV subtypes in healthy blood donors and drug addicts in Thailand

No. of samples (%) assigned to the following subtypes:
Group No. of samples

HCV-la HCV-lb HCV-3a HCV-3b HCV-6a New' Uh

Blood donor 23 3 (13) 2 (9) 8 (35)' 3 (13) 0 (0) 3 (13) 4 (17)
IVDU 17 5(29) 2(12) 5(29) 3(18) 1(6) 1(6) 0(0)
OP/HE smoker 7 2 (29) 2 (29) 1 (14) 0 (0) 0 (0) 2 (29) 0 (0)

Total 47 10 (21) 6 (13) 14 (30)d 6 (13) 1 (2) 6 (13) 4 (9)

"New sequence variants.
^ U, unclassifiable because of ambiguous sequence results.
P < 0.05, compared with HCV-lb (Fischer's direct probability test).

d p < 0.05, compared with HCV-lb or HCV-3b (Fischer's direct probability test).
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NS5

HCV-D86/93
HCV-BB9
HCV-D97/93
HCV-B4/92
HCV-D10/93
HCV-BB7
HCV-LD47 /93
HCV-l
HCV-J
HCV-4TY4
HCV-Td-34/92
HCV-J6
HCV-J8
HCV-ARG6
HCV-T-1
HCV-T-10
NCV-NE048
HCV-NE274
HCV-NE145
HCV-NE125
HCV-EG-1 3
HCV-SA183
HCV-NK-2

(Type) *** 2748

na EHDIYQSCQLEPEARKAITSLTERLYCGGPMYNSRGQLCGIRRCRASGVLPTSLGNTMTCYIKAQAACRAAGLTNFDMLVCGDDLVVVAESVGV
na ------------------------------------------------------------------------------------------_-__
na _____________
na ------C---N---K-----------L----F--------T------------M---L---L-------------S-----------IT--A--
na -Q---L----D---QQ- -------V-------K---Q------------
na -ES---C---D----------N---------F---N-S--Y---------T--
na -ES---C---D----------NA--------F---N-S--Y---------T--
la -EA---C-D-D-Q--V--K ---V---VLT----EN--Y---------T--C---L------R--------QDCT---------- IC--A--
lb -ES---C-D-A----Q--R-------V---LT--K--N--Y-------- T--C---L---L--T-K----K-QDCT---N------IC--A-T
lc ---C-D-H-D--A--KRN------V---LT--K-EN--Y--------- T--C---L -----L------- QDCT
ld -E-L----D-A--G-V--K-------I---LT--K--N--Y-------- T--C---I---L--S------K-RDCT--------
2a -ES--RA-S-PE--HT--B---V-----F--K--T--Y-------- T--M---I---V--L---K---IIAPT----------IS--Q-T
2b -ES---A-S-PQ---TV-H-------V----T--K--S--Y--------FT--M---------- L---K--- IVDPV----------IS--Q-N
2c --L--S-PE---T--H-------V----T--K--S--Y------- T--M---L---V--K---N---IVAPT
3a -EE---C-N------RV-S-----------F--K-AQ--Y------------F---I ------T--AK----R-P-F-------------D--
3b -EE---C-D---------SA------I-------K-LQ--Y------------F---I------T--S-----KDPSF----------S--C--
3c -EE---C-D-------V-S---------------K-LC--Y------------F---V------T--AK----R-P-F-------------C--
3d -AE---C-D ---------N--------------- K-----Y------------ F---I------M--SK----QKP-F------------ --
3e -A---LC-D-----K-V-G-----------F--K-LS--Y------------F---V------M--S---N-R-P-F-------------G--
3f -EE---C-D----- Q--K-------V---- F--K-LK--Y------------ F---I------R--A----QDPSF------------- C--
4a V--C-N----------A- V----8--K-D---Y--------FT--F---L---L--T--I-----RDCT
5a -----D-Q----V--R---Q-----------K--Q--Y--------FT--M----------L-S----K-QDCT
6a -------D-V--R-VS-------V----V--K--S--Y------------M---I---L--H-/----NIKDC-

FIG. 3. Alignment of deduced amino acid sequences of a portion of the NS5 protein among various HCV subtypes. The amino acid sequences
of HCV-1 (3), HCV-J (11), HCV-Td-34/92 (7), HCV-J6 (18), HCV-J8 (17), HCV-T-1 (15), and HCV-T-10 (15) have been reported elsewhere,
and those of HCV-4TY4, HCV-ARG6, HCV-NE048, HCV-NE274, HCV-NE145, HCV-NE125, HCV-EG-13, HCV-SA183, and HCV-HK-2 have
been deduced from the nucleotide sequences deposited in the GSDB/DDBJ/EMBL/NCBI DNA databases under the accession numbers, L23447,
L23457, D16613, D16621, D16619, D16615, L23469, L23472, and L23475, respectively. Residues identical to those of HCV-D86/93 are indicated
by hyphens. A slash in the HCV-HK-2 sequence represents a gap introduced to preserve sequence alignment. Asterisks indicate residues conserved
among all viral RNA-dependent polymerases (3, 9, 17, 18). The numeral in the top right corner indicates the position of the most carboxy-terminal
residue. na, not assigned.

from a previous report (1). We determined the subtype of
HCV obtained from the groups listed above. HCV-3a was the
most common subtype in healthy blood donors, which was
followed in prevalence by HCV-la, HCV-3b, a group of new
sequence variants, and HCV-lb and which was also frequently
found in IVDU. In this connection, it was reported previously
that 2, 2, and 1 of 10 anti-HCV antibody-positive patients were
infected with HCV-3a, with HCV-3b, and with HCV-la,
respectively, and that the infections in the remaining 5 patients
could not be determined because of unsuccessful amplification
(15). The high prevalence of HCV-3a in Thailand makes a
sharp contrast to the situation in Indonesia, another Southeast
Asian country, where HCV-3a is barely found (5-7). Another
interesting finding is that 6 (13%) of the 47 HCV isolates had
NS5 region sequences that were significantly different from
those of hitherto recognized types and subtypes (60 to 74%
homologies at the nucleotide level). Phylogenetic analysis of
these 6 variants and another variant obtained from a Thai
patient with chronic hepatitis revealed that these variants
could be further divided into four groups (Fig. 2). At this
moment, we are unable to draw a conclusion as to whether the
variants reported here represent new types or new subtypes of
known types. We are currently analyzing the core and El
envelope regions of the variants. More detailed phylogenetic
analysis based on the sequences not only of the NS5 but also of
the regions described above will clarify the relationship among
these variants and the hitherto recognized types and subtypes.
The nucleotide sequence data reported in this paper will

appear in the GSDB/DDBJ/EMBL/NCBI DNA databases
under the accession numbers D28541 to D28547.
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