
Acta virologica 46: 179 - 182, 2002 179 

HEPATITIS C VIRUS PHYLOGENY: A USEFUL CLINICAL TOOL 
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Summary.  - In order to type 45 recent isolates of Hepatitis C virus (HCV) originating from four different 
geographic regions of the world, we  performed phylogenetic analysis of a 192 nucleotides (nts) long sequence 
from the 5'non-coding region (5'-NCR) of the virus genome and compared them with 55 HCV isolates/strains 
of known type. The results of this study showed that phylogenetic studies can assign an HCV isolate to the 
correct type in 100% and to the correct subtype in 98%. A comparison of this method with other methods using 
commercial kits revealed that it is appropriate for clinical use and is cost effective. 

Key words:  Hepatitis C virus; genotypes; genetic variability; virus typing; phylogenetic tree analysis 

HCV i s  a major  cause o f  post-transfusion sporadic non-
A ,  non-B hepatitis throughout the wor ld  (Manzin  et al., 
1998). A b o u t  a hal f  o f  a l l  patients w i t h  acute hepatitis 
C progress  to chronic disease (Farci et al., 1991) and many 
of  them eventually develop hepatocellular carcinoma (Saito 
et al., 1990).  H C V s  can  b e  c l a s s i f i e d  into s i x  m a j o r  
genotypes, many o f  which contain a number o f  more closely 
related subtypes (Simmonds  et al., 1993). 

S e v e r a l  m e t h o d o l o g i e s  h a v e  b e e n  d e v e l o p e d  f o r  
identification o f  H C V  types  and subtypes.  These include 
InnoLipa H C V  II (Innogenetics, Belgium) (Shobokshi et al., 
1999; Sandres  etal., 2001), the Murex serotyping 1-6 assay 
(Murex, UK) (Sandres  etal., 2001), Chiron RIB A H C V  3.0 
Strip Immunoblot (Chiron Corporation, U S A )  (Sandres  et 
al., 2001;  Fabrizi et al., 2000),  and the Trugene Hepatitis 
C assay  (Visible Genetics, U S A )  (Ansaldi  et al., 2001).  
However, such assay kits are expensive and are beyond the 
economic means o f  most developing countries o f  the world. 

*E-mail: cristina@cinl.cin.edu.uy; fax: +5982-5250895. 
Abbreviations: HCV = Hepatitis C virus; 5'-NCR = 5'-non-coding 
region; nt = nucleotide; PCR = polymerase chain reaction 

In order to test the capacity of phylogenetic analysis to assign 
HCV isolates to the correct type and subtype, w e  analyzed 45 re­
cent HCV isolates originating from Russia, the United Kingdom, 
Greece and Uruguay. Nucleotide sequences from the 5-NCR were 
obtained by polymerase chain reaction (PCR) (Chan et al, 1992) 
and either manual (Sequenase version 2.0, Amersham Bioscien­
ces, UK) or automated sequencing in an ABI Prism 377 version 
3.0 automated DNA sequencer. In addition, the genotype and sub­
type of these isolates was also determined by restriction fragment 
length polymorphism analysis of the 5'-NCR (Davidson et al., 1995; 
Okamoto et al., 1992) (data not shown). 

The results of these studies are shown in Table 1. To determi­
ne the reliability of the phylogenetic analysis in accurately assig­
ning HCV type and subtype, the sequences obtained from the 5'-
NCR (nts 121-313) of the genomes of the isolates were aligned 
with the corresponding ones from 55 strains of known type/subty­
pe reported by others using the Clustal W Program (Higgins et al., 
1996). Then, using the MEGA Program Version 2.0 (Kumar et 
al., 1984), a matrix of distances was created for the Kimura-two 
parameters model (Felsenstein, 1993) showing that the differen­
ces in distances ranged from 0 to 16.30%, with an average distan­
ce difference of 3.8% among all isolates. Using this matrix and the 
neighbour-joining method, phylogenetic trees were created and 
their reliability was assessed by bootstrap resampling (1000 pseudo-
replicas). These methods were implemented with the software from 
the MEGA2 Program. 
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Table 1. Genotype, designation and origin of the HCV isolates included in this study 

Genotype Name Origin 

l a  HCVG7A,  HCV99,  HCV, HCV60,  H C V 6 4  Montevideo, Uruguay 
HCVG8, H C V  123, HCV41,  HCVG1, HCV-CV18 

Montevideo, Uruguay 

l b  HCVG7,  HCV40,HCV72,  HCV75,  H C V 1 2 2  Montevideo, Uruguay 
2 a  H C V 2 0  Montevideo, Uruguay 
3 a  HCVG2, HCVG3, HCV65,  HCV66.HCV93 Montevideo, Uruguay 
l b  SP01, SP02, SP03, SP04, SP06 Saint Petersburg, Russia  

Moscow, M o s c o w  17 Moscow, Russia 
3 a  SP05, SP07, SP08, SP09, SP10 Saint Petersburg, Russia  
l a  U K 5 n c r l 6 ,  U K 5 n c r l 7 ,  U K 5 n c r l 8  United Kingdom 
l b  UKncr l5 ,  U K 5 n c r l l ,  UK5ncr3 United Kingdom 
3 a  UK5ncr l  United Kingdom 
l b  UKHC6NC, UKHC10NC, UKHC11NC, 

UKHC33NC, UKHC32NC 
Greece 

2 a  UKHC9NC Greece 
4 a  UKHC7NC Greece 

T h e  resu l t s  o f  t h e s e  s tud ies  a r e  s h o w n  in F i g .  1. T h e  
m a j o r i t y  o f  t h e  i solates  included in th is  study, w h i c h  a r e  
k n o w n  t o  b e l o n g  t o  t y p e  1, c lustered together.  T h e  i so la tes  
b e l o n g i n g  t o  t h e  other  f i v e  H C V  t y p e s  c lustered separately.  
Ins ide  o f  t h e  m a i n  cluster  o f  t y p e  1 i solates,  t w o  b r a n c h e s  
c o u l d  b e  o b s e r v e d ,  o n e  represent ing  s u b t y p e  b (Fig.  1, t o p  
and  Table  1), and  t h e  other  represent ing  s u b t y p e  a (Fig.  1, 
middle) .  T h u s ,  a l l  t y p e  1 i solates  ( 6 4 %  o f  t h e  total) c o u l d  b e  
c lear ly  a s s i g n e d  t o  a s p e c i f i c  subtype .  In t h e  c a s e  o f  t y p e  
2 i so la tes  a c l o s e  genet ic  relat ionship w a s  o b s e r v e d  a m o n g  
a l l  o f  them,  t h e s e  b e i n g  m o r e  distant ly  re lated w i t h  t h e  r e s t  
o f  H C V  t y p e s  (Fig.  1, bottom).  T w o  t y p e  2 A  i solates  f r o m  
this  s t u d y  ( H C V 2 0  a n d  U K H C 9 N C )  w e r e  pos i t ioned o n  t h e  
s a m e  branch o f  t y p e  2 isolates  and  a l s o  s h o w  a c loser  genet ic  
relat ionship a m o n g  t h e m s e l v e s  i n  c o m p a r i s o n  w i t h  t y p e  2 C  
a n d  other  t y p e  2 isolates .  

A c luster  o f  t y p e  3 A i so la tes  w i t h  a h i g h  boots t rap  v a l u e  
c o u l d  a l s o  b e  c lear ly  s e e n  (Fig.  1, bottom).  Nevertheless ,  
the  g e n e t i c  dis tances  a m o n g  this  g r o u p  o f  i solates  a n d  other  
t y p e  3 i solates  w e r e  h i g h e r  in  compar i son  w i t h  t h o s e  a m o n g  
d i f fe rent  s u b t y p e s  wi th in  a g i v e n  H C V  type.  For  this  reason,  
u s i n g  this  approach, it i s  not  clear  w h e t h e r  t h e  strain D 6 3  8 2 1  
( p r e v i o u s l y  d e s c r i b e d )  i s  t y p e  3 b  o r  b e l o n g s  t o  another  
s u b t y p e .  T h e  s a m e  i s  t rue  f o r  the  strain U K H C 7 N C ,  w h i c h  
i s  genet ica l ly  c l o s e  t o  t h e  prototype  4 a  s train a n d  h a s  b e e n  
prev ious ly  typed  b y  u s  a s  4 a  b y  another approach. T h e  current 
phy logenet ic  a n a l y s i s  d o e s  not  p e r m i t  a c lear  a s s i g n m e n t  t o  
t y p e  4 a .  P r o b a b l y  m o r e  t y p e  4 a  s t ra ins  n e e d  b e  inc luded t o  
e s tab l i sh  a d e f i n i t i v e  picture.  T y p e s  5 and  6 are  represented  
a s  separate  c lusters  w i t h  o n l y  the prototype  strains,  s ince  n o  
s u c h  i solates  b e l o n g i n g  t o  t h e s e  g e n o t y p e s  w e r e  obta ined 
from o u r  patients.  In spi te  o f  the  short  length o f  the  ampl icon 
( 1 9 2  n t s )  a n d  re la t ive ly  f e w  nucleot ide  d i f f e r e n c e s  b e t w e e n  
s u b t y p e s  ( l a  a n d  l b ,  a s  w e l l  a s  s u b t y p e s  o f  t y p e  2),  s u b t y p e  
a s s i g n m e n t  w a s  accurate  in  9 8 %  o f  c a s e s .  

To c o n f i r m  t h e s e  findings p h y l o g e n e t i c  a n a l y s e s  w e r e  
d o n e  u s i n g  the Tamura-Nei matr ix  o f  dis tances  (Tamura a n d  
Nei,  1 9 9 3 )  a n d  t h e  neighbor- jo ining  method.  In  this  w a y  
a phy logenet ic  t ree  w a s  generated,  t h e  re l iabi l i ty  o f  w h i c h  
w a s  a l s o  t e s t e d  b y  b o o t s t r a p  r e s a m p l i n g  ( 1 0 0 0  p s e u d o -
repl icas) .  T h e  resu l t s  w e r e  t h e  s a m e  a s  those  obta ined w i t h  
t h e  Kimura- two  parameter  m o d e l  (Fig.  2) .  A s  t h e  n e e d  f o r  
m o r e  H C V  g e n o t y p i n g  increases,  rapid  and  re l iable  methods  
a r e  n e e d e d  f o r  accurate  a s s i g n m e n t  o f  a l a r g e  n u m b e r  o f  
i s o l a t e s .  P h y l o g e n e t i c  a n a l y s i s  h a s  t h e  a d v a n t a g e  t h a t  
statist ical  a s  w e l l  a s  p h y l o g e n e t i c  m e a s u r e s  c a n  b e  u s e d  f o r  
a m o r e  a p p r o p r i a t e  d e s c r i p t i o n  o f  g e n e t i c  r e l a t i o n s h i p s  
a m o n g  d i f f e r e n t  H C V  i s o l a t e s / s t r a i n s ,  a s  w e l l  a s  f o r  
determinat ion o f  their  e v o l u t i o n a r y  a n d  e p i d e m i o l o g i c a l  
history.  It i s  c o s t  e f f e c t i v e ,  and  there fore  w i t h i n  reach o f  
laboratories  i n  the  d e v e l o p i n g  w o r l d ,  a s  t h e  a v a i l a b l e  k i t s  
are  currently too expens ive .  U s i n g  this approach, a l l  4 5  H C V  
i s o l a t e s  i n v e s t i g a t e d  i n  t h i s  s t u d y  c o u l d  b e  a s s i g n e d  t o  
a cor rec t  g e n o t y p e ,  w h i l s t  9 8 %  o f  t h e m  w e r e  c o r r e c t l y  
subtyped.  

In  a recent  s tudy,  c o m p a r i s o n  o f  t h e  r e s u l t s  o b t a i n e d  b y  
s e q u e n c i n g  t h e  N S 5 b  g e n e  w i t h  t h o s e  o b t a i n e d  b y  t h e  
T r u g e n e  a n d  I n n o L i p a  a s s a y s  s h o w e d  c o n c o r d a n c e  f o r  
H C V  t y p e s  i n  1 0 0 %  o f  c a s e s ,  w h i l s t  t h e  a b i l i t y  o f  t h e s e  
m e t h o d s  t o  d i s c r i m i n a t e  at  t h e  s u b t y p e  l e v e l  w a s  7 6 %  a n d  
7 4 %  f o r  t h e  T r u g e n e  a n d  I n n o l i p a  a s s a y s ,  r e s p e c t i v e l y  
( H a l f o n  et al., 2 0 0 1 ) .  T a k i n g  t h e s e  r e s u l t s  into  account,  
t h e  p h y l o g e n e t i c  m e t h o d  e m p l o y e d  h e r e  t u r n e d  o u t  t o  b e  
s e n s i t i v e ,  rapid,  l o w  c o s t  a n d  s u i t a b l e  f o r  accurate  l a r g e -
s c a l e  g e n o t y p i n g  o f  H C V .  
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