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Summary.  - In order to investigate the distribution of Hepatitis C virus (HCV) genotypes in Thailand, w e  
performed phylogenetic analysis based on the virus core region and in this way w e  identified and reliably 
distinguished HCV genotypes 1-6 as well as subtypes. Among 100 plasma samples randomly selected from 
blood donors positive for antibodies to HCV (anti-HCV) 90 (90%) were found positive for HCV RNA and 77 
of them were subjected to nucleotide sequencing. The following types and subtypes were identified in this 
group: la  in 16 samples (20.8%), l b  in 14 samples (18.2%), 3a in 29 samples (37.7%), 3b in 5 samples (6.5%), 
and 6a in 13 samples (16.9%). Although this study allowed identification and characterization of HCV among 
blood donors, more extensive studies are needed to explore the HCV distribution in other population groups 
and m other geographical regions and to exploit the virus core-based characterization of HCV for evaluation of 
treatment and clinical outcome and epidemiological purposes. 
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I n t r o d u c t i o n  

H C V  infection, which can cause chronic liver diseases, 
cirrhosis and hepatocellular carcinoma, is still a major world­

w i d e  p rob lem wi th  approximately 170 mil l ion (3%)  people  

already infected and 3 - 4  mil l ion d e  novo  infected each year. 

(World Heal th  Organization, 1997) 

HCV, a positive single-stranded R N A  virus o f  approxima­

tely 9.4 k b  showing structural similarities wi th  flaviviruses 

and pestiviruses, and hence closely related to  Dengue, Japanese 

B encephalitis and  Yellow fever  viruses, has  been  identified 

as  the  m a j o r  etiological agent  o f  the parenterally transmitted 

non-A,  non-B hepatitis (NANB,  Choo  et al., 1989). 

'Corresponding author. E-mail: Yong.P@chula.ac.th; fax: +662-
2564929. 
Abbreviations: HCV = Hepatitis C virus; NANB = non-A, non-
B hepatitis; RFLP = restriction fragment length polymorphism; 
PCR = polymerase chain reaction; RT-PCR = reverse transcription 
- PCR; IVDU = intravenous drug user; LiPA = line probe assay 

U p o n  comparing the  sequences o f  its variants collected 

from different geographical areas, at  least six ma jo r  genotypes 

h a v e  b e e n  identif ied a n d  classified.  A m o n g  these,  m a n y  

conta in  a var iety o f  m o r e  c losely  re la ted b u t  dist inctive 

subtypes o f  the virus (Simmonds  et al., 1993). Attention h a s  

been focused on  clinically relevant differences in  liver disease 

caused b y  HCV, which  m a y  b e  attributable to  infection with  

different genotypes, fo r  example, leading t o  patients' different 

responses to  the interferon therapy (Martinot-Peignoux  et al., 

1998). Virus classification into genotypes m a y  b e  achieved 

b y  phylogenetic analysis o f  complete  genomic  sequences 

(Okamoto  et al., 1992) o r  genomic regions such as  core, E l ,  

N S 4  or  N S 5 .  Yet, as  the  respective genotypes are  apparently 

crucial  f o r  pat ient  managemen t  a n d  a s  invest igat ing the  

distribution o f  these sequences in  Southeast Asia is imperative, 

sequences i n  the  core region have  been  amplified which  led 

t o  a reliable distinction o f  types 1 - 6  (Mellor  et al., 1996). 

T h e  core region is  relatively well  conserved wi th  nucleotide 

sequence similarity ranging from 81  t o  8 8 %  in  isolates o f  

different genotypes (Simmond  et al., 1994). D u e  t o  t he  high 

degree o f  conservation these regions have  been  chosen for  
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the des ign  o f  generic  primer sequences  to a l low direct 
p o l y m e r a s e  cha in  r e a c t i o n  (PCR)  a m p l i f i c a t i o n  a n d  
sequencing and hence, HCV characterization. Our objective 
has been to examine the genotype prevalence among blood 
donors using as  a reliable method characterization o f  the HCV 
core region and to compare the genotype distribution with 
that reviewed in previous studies. 

Mater ia l s  a n d  M e t h o d s  

Population study. Plasma specimens were collected from new 
blood donors, who had screened positive for HCV antibodies at 
the National Blood Centre, Thai Red Cross, Bangkok, conducted 
between June 2001 and January 2002 for the purpose of basic 
immunology research on HCV infection. The project was appro­
ved by the Ethics Committee, Ministry of Public Health and Fa­
culty of Medicine, Chulalongkorn University, Bangkok. The anti-
HCV positive plasma samples were collected by code number and 
kept at the Viral Hepatitis Research Unit, Chulalongkorn Univer­
sity and Hospital, Bangkok, Thailand. All samples were stored at 
-70°C until tested. 

Serological test. Anti-HCV serology was performed using 
a commercially available third generation ELISA test kit (Abbott 
Laboratory) according to the manufacturer's instructions. 

HCV RNA detection. Anti-HCV-positive plasma samples were 
randomly selected for detection of HCV RNA by reverse trans-
cription-PCR (RT-PCR) of the virus core region. Total RNA was 
extracted from plasma samples by a guanidinium method and re­
versely transcribed into cDNA using the primer 410 targeting the 
core region. RT-PCR was performed as described earlier (Theam-
boonlers et al., 1995, 2000). 

For amplification, the nested primer pairs 954 (an outer sense 
primer, 5'-ACTGCCTGATAGGGTGCTTGCGAC-3', nt (-30H-51) 
and 410  (an outer anti-sense primer, 5'-GCCG-ATCTCAT 
GGGGTATAT-3', nt 350-332), and 953 (an inner sense primer, 
5'-AGGTCTCGTAGACCGTGCACCATG-3', nt ( -16H3) and 951 
(an inner anti-sense primer, 5'-TCAT-CGATACCCTTACATG-3', 
nt 324—306), respectively, were used (Mellor et al., 1995). The 
amplification protocol described earlier (Theamboonlers et al., 
1995) was used; just the annealing temperature was changed to 
48°C. The PCR product of 405 bp (nt (-21)—(383)) was analyzed 
by electrophoresis in a 1.5% agarose gel, staining with ethidium 
bromide and visualization by UV light. 

Sequencing. The target PCR product in the agarose gel was 
purified for sequencing using the Perfectprep Gel Cleanup Kit 
(Eppendorf) according to the manufacturer's instructions, and sub­
jected to agarose gel (1.5%) electrophoresis in order to ascertain 
its purity. The concentration of the purified PCR products was 
determined in a Shimadzu UV 160 A spectrophotometer (A260= 1.0 
for 50 mg of double-stranded DNA per ml). Between 10 and 30 ng 
of DNA per jj.1 (3-6 |il) was used in cycle sequencing with 8 nl of 
a dye terminator from a DNA sequencing kit (Big Dye Terminator 
V.3.0 Cycle Sequencing Ready Reaction (Foster City, CA) and 
3.2 pmoles of a specific primer in a final reaction volume of 20 |̂ 1 
in a 9600 Perkin Elmer Cetus thermocycler. This round of ampli­
fication was performed according to the manufacturer's instruc­

tions using the primer 953 and was confirmed by using the primer 
951 to amplify the particular DNA strand for further sequencing. 
The extension products were subsequently purified by removing 
the unincorporated dye terminator by ethanol precipitation accor­
ding to the manufacturer's instructions (ABI Sequencing Kit, ABI) 
and subjected to sequence analysis by an ABI Prism 310 Genetic 
Analyzer. The rest of the analysis was performed according to the 
manufacturer's instructions. 

Phylogenetic analysis. In order to determine the genotype of 
HCV isolates we generated the multiply aligned Clustal X Prog­
ram Version 1.4. Bootstrap analysis was performed for values re­
presenting 1000 replicates using the SEQBOOT Program. Distan­
ces between pairs of sequences were estimated using the DNA-
DIST Program of the PHYLIP Package Version 3.5c obtained from 
Dr. J. Felsenstein, Department of Genetics, University of Wash­
ington, Washington. The distances served for phylogenetic cluste­
ring by means of the NEIGHBOR and CONSENSE Software from 
the PHYLIP Package. Equivalent phylogenetic relationships were 
also found in the maximum likelihood analysis. The TREEVIEW 
Program Version 1.5 was run for phylogenetic tree construction 
based on nucleotide sequences of the core region. The genomic 
sequences of 11 different HCV strains/isolates obtained from the 
GenBank database served as reference for the phylogenetic tree 
analysis. The HCV sequences clustering in the same node were 
considered of the same genotype. 

Results  a n d  Discuss ion 

I n  2001  there  w e r e  66,340 n e w  b lood  donors  recorded at  

t he  Nat ional  B lood  Centre  o f  t he  Tha i  R e d  Cross  Society. 

Six hundred  a n d  forty-nine (0 .98%) p lasma samples  w e r e  

posit ive f o r  an t i -HCV (National B lood  Centre,  T h a i  R e d  

Cross,  2002,  personal  communication).  Be tween  June,  2001  

a n d  January, 2002,  100 ant i -HCV posi t ive samples  w e r e  

randomly selected f o r  detection o f  H C V  R N A  a n d  9 0  (90%)  

o f  them were  H C V  RNA-positive.  O f  those, 7 7  samples were  

selected fo r  direct sequencing. T h e  obtained sequences we re  

submitted to  the  GenBank which  m a d e  them accessible under  

Acc .  N o s .  A F  484969-74,  A F  484976-83,  A F  484985-90,  

A F  5 2 5 8 8 3 - 9 0 5 ,  A F  5 2 5 9 0 7 - 0 8 ,  A F  5 2 8 3 2 3 - 2 6 ,  A Y  

089747-51,  A Y  089754-63,  A Y  089765-66 and  A Y  089772-

82. T h e  obtained H C V  core region sequences  w e r e  al igned 

wi th  those o f  the  isolates o f  k n o w n  genotype  a n d  subjected 

to  phylogenet ic  analysis  (Fig. 1). 

T h e  largest survey conducted t o  ident ify H C V  genotypes 

in  1995 (Davidson  et al., 1995) h a s  revealed that  throughout  

Europe genotypes 1 , 2  and  3 were  predominant among  b lood 

donors. In  North America,  the genotype l a  w a s  mos t  frequent 

i n  b lood  donors  in  Pittsburgh; and  varying proport ions o f  

type  1 a to  l b  we re  found  in  N A N B  patients elsewhere in the  

U S A  (Lau  et al., 1994). F o r  t he  Far-East  a n d  South-East  

As ia  m a j o r  intra-region differences in  genotype distribution 

w e r e  apparent  in  Japan  and  Taiwan, the  genotypes  l b ,  2 a  

a n d  2 b  were  the  on ly  variants detected, a n d  i n  H o n g k o n g  
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(3b) 

F i g . l  

Phylogenetic analysis of 77 HCV isolates from Thai blood donors and reference HCV isolates on the basis of the sequence of HCV , 
region 

la,  lb ,  3a, 3b and 6a represent genotypes clustering on the tree. 

a h i g h  frequency o f  t y p e  6 a  infection w a s  reported (McOmish  
et al., 1994) .  T h e  g e n o t y p e  3 a  h a s  b e e n  f o u n d  in M a l a y s i a ,  
Singapore and  Thailand (Davidson  et al., 1995;  Theamboon-
l e r s  et al., 2 0 0 0 )  a n d  t h e  g e n o t y p e  3 p r e d o m i n a t e d  i n  
B a n g l a d e s h ,  P a k i s t a n  a n d  I n d i a .  In  S o u t h  A f r i c a ,  t h e  
g e n o t y p e  5 a  w a s  predominant  i n  b l o o d  donors.  N o w  i t  h a s  
b e e n  es tabl i shed  w i t h  reasonable  certainty that the  g e n o t y p e  
4 is  predominant in  Zaire  a n d  e l s e w h e r e  in Central and  North 
A f r i c a  ( B u k h  et al., 1 9 9 3 ;  S t u y v e r  et al., 1993;  S i m m o n d  et 

al., 1993;  M c O m i s h  et al., 1994).  
T h e  var iat ion in A f r i c a n  a n d  South-East  A s i a n  r e g i o n s  

appears  t o  b e  d i f fe rent  from that in  Europe and  other Western  
countries.  T h e  g e n o t y p e s  l a ,  l b ,  a n d  3 a  a r e  m o s t  f requent ,  

t h e  o c c u r r e n c e  o f  o t h e r s  i n  t h e s e  c o u n t r i e s  i s  o f t e n  
a t t r i b u t a b l e  t o  r e c e n t  t r a v e l l i n g  o r  i m m i g r a t i o n ;  e . g . ,  
a Canadian  b l o o d  donor  in fected  w i t h  the g e n o t y p e  6 w a s  
f o u n d  t o  b e  a recent  immigrant  from V i e t n a m  ( M u r p h y  et 
al., 1994).  

B a s e d  o n  o u r  p r e v i o u s  s t u d y  o f  I V D U s  u s i n g  RT-PCR 
a n d  RFLP, the H C V  g e n o t y p e  distr ibution cons i s ted  o f  3 a  
(73 .5%),  l b  (17 .  9 % ) ,  6 a  (3 .55%),  3 b  (1 .44%),  l a  (1 .0%),  
c o i n f e c t i o n  3 a  a n d  6 a  ( 2 . 1 % )  a n d  n o n - t y p a b l e  ( 0 . 6 % )  
(Hansurabhanon  et al., 2 0 0 2 ) .  In th is  study, i n f e c t e d  Thai  
b l o o d  d o n o r s  h a r b o r e d  t h e  g e n o t y p e s  l a  ( 2 0 . 8 % ) ,  l b  
(18 .2%),  3 a  (37.7%),  3 b  (6.5%),  a n d  6 a ( 1 6 . 9 % ) .  T h e  resul ts  
s h o w e d  that the sporadic genotypes  1 a, 1 b and 3 a  w e r e  near ly  
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equally distributed in the blood donor group. A m o n g  IVDUs 
the genotype 3 a  (73.5%) w a s  m o s t  frequent in contrary to 
the  b l o o d  donor group,  w h i c h  m i g h t  b e  associated w i t h  
sharing needles/syringes and/or d r u g  paraphernalia a m o n g  
IVDUs.  T h e  genotype patterns among  dif ferent  population 
groups  in Thailand are s h o w n  in Table 1. 

The purpose o f  the present study w a s  to investigate the 
H C V  g e n o t y p e  dis t r ibut ion a m o n g  T h a i  b l o o d  d o n o r s  
confirmed anti-HCV-positive b y  a third generation ELISA and 
H C V  RNA-positive b y  RT-PCR. There are numerous methods 
available to determine H C V  genotypes such a s  RFLP, INNO 
LiPA and nucleotide sequencing o f  different regions o f  core, 
NS5,  and 5'-NCR regions. A s  f o r  the distribution o f  H C V  
genotypes in south-east As ia ,  most  data h a v e  b e e n  obtained 
b y  RFLP (Davidson  et al., 1995), INNO LiPA (Stuyver  et al, 
1993), and assays  us ing  genotype-specific primers (Okamoto 
et al., 1993). These analyses could identify only 5 0 %  o f  all  
the 6 known genotype/subtype variants. However,  the INNO 
LiPA f o r  H C V  (Innogenetics, Ghent, Belg ium) could not 
dis t inguish al l  v i r u s  s u b t y p e s  o r  s o m e  n o v e l  g e n o t y p e s  
discovered in Thailand and Vietnam, the 5'-NCR sequences 
o f  which were  identical to type 1 viruses so that all 6 a  genotype 
samples obtained from sequencing were  l b  b y  the INNO LiPA 
f o r  H C V  (Chinchai et al., unpublished data). 

Developing n e w  genotype a s says  based  on the sequences 
ampli f ied f r o m  the more  var iable  v i rus  core region w i l l  he lp  
investigating H C V  genotype distribution in south-east A s i a .  
The  m o s t  rel iable method m i g h t  b e  the direct nucleotide 
sequencing. Hence, this study aimed at  determination o f  the 
prevalence o f  H C V  infection a s  w e l l  a s  the H C V  genotype  
distribution among  b lood donors in Thailand in order to 
dev i se  preventive measures  w i t h  special  consideration a s  to  
the t y p e  and severi ty  o f  the disease.  The  main problem w i t h  
a n y  H C V  g e n o t y p e / s u b t y p e  a s s a y  i s  t h e  n e e d  o f  i t s  
continuous modifications a s  n e w  H C V  genotypes  e v o l v e .  

In conclusion, our data s h o w e d  the prevalence o f  certain 
H C V  genotypes  a m o n g  b lood donors in Thailand b y  u s i n g  
a rel iable molecular method characterizing the H C V  core 
region o f  the genome.  These  data w i l l  facilitate diagnosis,  
development, treatment, and outcome and epidemiological  

study. 
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