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Summary. - A phylogenetic tree of pesti viruses constructed by  analyzing their 5-untranslated region (UTR) 
indicated that the genetic relatedness between border disease virus and hog cholera virus is much closer than that 
between genotypes of  various bovine diarrhoea viruses. This suggests that these viruses are host variants within 
a single species, which can be distinguished by  comparison of secondary structures at three variable loci in the 5'-
UTR. 
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The pestiviruses are small enveloped viruses containing 
a single-stranded, positive-sense RNA genome of about 
12.5 kb in length, which are classified as the Pestivirus 
genus of the Flaviviridae family (Wengler et al., 1995). 
Although the genus Pestivirus includes currently three spe­
cies, border disease virus (BDV) of sheep and goats, bovine 
diarrhoea virus (formerly bovine viral diarrhoea virus, 
BVDV) of cattle, and hog cholera virus (HCV) of swine, 
serological surveys indicate that the host range of pestivi­
ruses includes most even-toed ungulates (Nettleton, 1990). 
In addition, pestivirus infections of humans have been fre­
quently suspected (Wilks et al., 1989; Yolken et al., 1989), 
and a pestivirus has been isolated from a patient (Gian-
gaspero et al., 1993). A non-cytopathic pestivirus has been 
known not  only as a veterinary pathogen but also as 
a common contaminant in animal cell cultures or foetal 
bovine sera (Bolin et al., 1994). 

The pestivirus genome has a relatively long 5'-UTR 
ups t ream the  polypro te in  open  read ing  f r ame .  T h e  
nucleotide sequence of the 5'-UTR is well conserved among 
the members of the Pestivirus genus (Qi et al., 1993). In 
general, the 5'-UTR of positive-sense RNA viruses includes 
regulatory motifs for RNA transcription or translation, which 

Abbreviations: BDV = border disease virus; BVDV = bovine 
diarrhoea virus; HCV = hog cholera virus; RT-PCR = reverse tran-
scription-polymerase chain reaction; U T R  = untranslated region 

are usually composed of a combination of primary, sec­
ondary and tertiary structures. A prokaryotic-like motif 
called the box A-box B tandem and assigned in the 5'-UTR 
of pestivirus genome (Brown et al., 1992) has been pro­
posed to be a potential 18 S ribosomal RNA binding site 
contributing to the translational strategy such as cap-inde­
pendent translation initiation mechanism (Le et al., 1995) 
or internal translation through the internal ribosome entry 
site (Deng and Brock, 1993). A reverse transcription 
- polymerase chain reaction (RT-PCR) allows a direct de­
tection of pestivirus RNA in clinical specimens. The RT-PCR 
products can be subsequently directly sequenced (Hofmann 
et al., 1994). In this article we  searched for consensus struc­
ture in the 5 -UTR of genomic RNA of various pestiviruses 
with the aim to define pestivirus species and/or genotypes. 

Nucleotide sequences in the 5 -UTR of pestiviruses BDV, 
BVDV and HCV were obtained from previous publications 
of the author's laboratory and from the DNA databases, and 
were aligned by the method of Higgins et al. (1992). The 
sequence alignment indicated that the pestivirus genome 
includes at least three variable loci in the 5'-UTR (Fig. 1). 
A phylogenetic tree of pestiviruses was constructed from 
the nucleotide sequences in the 5'-UTR by the neighbor-
joining method of Saitou and Nei (1987). The phylogenet­
ic tree indicated that the genetic relatedness between BDV 
and HCV is much closer than that between the genotypes II 
and la or lb of BVDV (Fig. 2). This may remove the species 
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T h e  nucleot ide n u m b e r s  arc  g i v e n  b y  the consensus  a l ignment.  Nucleotides  that arc  identical in t w o  out  o f  three s e q u e n c e s  a r c  s h o w n  in w h i t e  on b lack .  
T h e  nucleot ide  s e q u e n c e s  o f  H V I )  V s trains  N A D I .  (( 'ollctt  el til., 1989),  O s l o s s  (Dc Mocrloozc  el til., 1 9 9 3 )  and  SD-1 ( D e n g  and  B r o c k ,  1992),  o f  B D V  
strains  1,83/84 (Bcchcr  el til., 1995), Morcdun (Bechcr  el til., 1995), X8IK (Bcchcr  el al., 1995)  and  nc (Dc Mocr loozc  el at., 1993),  and H C V  strains  
A l f o r t  ( M e y e r s  el til,, 1989)  and  Bresc ia  (Moormann  el til., 1990) w e r e  taken f r o m  the indicated publications.  T h e  nucleot ide s c q u c n c c s  o f  other  s trains  
w e r e  taken f r o m  publ icat ions  b y  the present  author and h i s  c o l l e a g u e s  (I l a r a s a w a ,  1994; I l a rasawa,  1995; H a r a s a w a  and  M i z u s a w a ,  1995;  H a r a s a w a  and 
Sasak i ,  1995;  I l a r a s a w a  and  T o m i y a m a ,  1994).  Dashes  represent s p a c e  be tween  ad jacent  nucleotides  introduced f o r  m a x i m u m  al ignment .  Three  v a r i a b l e  
region loci,  V I ,  V 2  and  V 3 ,  a r c  underlined, 

barier between BDV and HCV in terms of  nucleotide ho­
mology. If not, this may indicate that the genotype II of 
I3VDV is a novel species of the genus  Pestivirus. Thiel and 
his coworkers have recognized this new group as  pestivirus 
type 4 in their phylogenetic tree, and they also have locat­

ed BDV closer to HCV than to BVDV (Bechereŕ  al., 1994; 
Becher etal.. 1995). 

They have proposed to designate classical BVDV strains 
pestivirus type 1, HCV strains pestivirus type 2, and "true" 
BDV strains pestivirus type  3 (Bcchcr et a!., 1995). The 



SHORT COMMUNICATIONS 51 

B V D V ( N A D L )  
B V D V ( S D - l )  
B V D V ( M M R - K )  
B V D V ( H H )  

i BVDV(JE) 
' B V D V ( N o . l 2 )  

BVDV(FU411) 
BVDV(C009T) 
BVDV(2L91) 
BVDV(IQ19A)  
B V D V ( O s l o s s )  
BVDV(U937)  
BVDV(MOLT-4) 
B V D V ( M u m p s )  
BVDV(FS720)  
B V D V ( C P A )  
BVDV(EBTr)  

r BVDV(MMR-T) 
_ P  B V D V ( P a r v o )  

BVDV(HE727) 
p B D V ( M o r e d u n )  

~l-BDV(nc) 
BDV(ChlEs)  
BDV(L83/84) 
BDV(X818) 
H C V ( A l f o r t )  
HCV(Brescia) 

VI 

H E  

H i  

III 

IV 

0 . 6  0 . 7  0 . 8  0 . 9  

N u c l e o t i d e  R e l a t e d n e s s  

Fig .  2 

1.0 
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D e n d r o g r a m  s h o w i n g  d e g r e e  o f  n u c l e o t i d e  s e q u e n c e  re la tedness  

a m o n g  2 7  p e s t i v i r u s e s  d e t e r m i n e d  b y  t h e  n e i g h b o r - j o i n i n g  m e t h o d  

BDV strain BD-87 which has been reported to be closer to 
BVDV than to HCV (Sullivan et al., 1994) does not seem to 
be a "true" BDV strain because its 5-UTR was identical to 
the BVDV group II of Pellerineŕ al. (1994) or to the BVDV 
genotype II in the present article (Fig. 2). 

The secondary structure of the 5'-UTR was predicted 
according to the algorithm of Zuker and Stiegler (1981) 
using the DNASIS program package (Hitachi Software 
Engineering, Co., Yokohama, Japan). The three variable 
loci V I ,  V 2  and V 3  in the 5'-UTR of pestiviruses were 
capable to form a stable stem-loop structure (Fig. 3). Stem-
loop structures in the 5'-UTR presented in this article may 
serve as a useful reference for the genotype identification 
of a pestivirus, and may provide an additional procedure 
for identification and classification of pestivirus isolates. 

Typical stem-loop structures at the V I  locus are shown 
on the top of Fig. 3. Although the loop regions are variable 
both in size and sequence among the pestivirus species or 
genotypes, several nucleotides of the loop region are strict­
ly conserved within a species or  genotype. The C:C pair­
ing that forms a bulge in the helix region was defined as an 
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Typical  secondary  structures  predicted f o r  the  var iable  region loci 

V I ,  V 2  a n d  V 3  in the  5 ' - U T R  o f  R N A  o f  pest ivirus  genotypes  

T h e  Watson-Cr ick  base  pair ing i s  indicated b y  a dash a n d  t he  G : U  pa i r ing  

tolerated in secondary  structures b y  asterisk.  

obligatory consensus feature which divides the helix into 
top and bottom helices. Four or five base pairs form the 
top helix which is mandatory. The bottom helix includes 
four base pairs. The bottom helix in the genotypes la, 
lb and II is strictly conserved and is distinct from that of 
BDV (genotype III) or HCV (genotype IV). Another bulge 
caused by the A: C pairing is conserved in genotype IV. 
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p e s t i v i r u s e s  

The Watson-Crick base  pairing is indicated b y  a dash, and thcT:G pairing 
tolerated in secondary structures b y  asterisk. Accession numbers o f  the 
nucleotide sequences arc  g iven  in parentheses. 

Typical stem-loop structures at the V2 locus are shown in 
the middle of Fig. 3.The sequence 5-GGGGU-3' of the loop 
region was defined as a consensus motif in this GC-rich 
secondary structure among all the members of the genus 
Pestivirus. Nucleotides of the stem region are variable and 
covariant to support stable secondary structures in differ­
ent types of pestiviruses. Similar secondary structures with 
a nucleotide sequence 5'-GGGGT-3' of the loop region were 
found in the internal long repeats in herpesviruses (Fig. 4). 
Biological significance of this particular type of structure 
is currently unknown. 

Typical stem-loop structures at the V3 locus are shown in 
the bottom of Fig. 3. The helix structures were well sup­
ported by covariant substitutions, even though nucleotide 
sequences were variable in the stem and loop regions in 
different genotypes. 

Four independent schemes for the BVDV genotyping 
have been proposed on the basis of comparison of the 
5'-UTR (Becheretal., 1995; Harasawa, 1994; Pellerin e/a/., 
1994; Ridpath et al., 1994). Three of them depend exclu­
sively on the comparison of primary structure of the 
5'-UTR (Becher et al., 1995; Pellerin et al., 1994; Ridpath 
et al., 1994). It is certainly reasonable to compare the nu­
cleotide sequences of the structural genes or translated re­
gions in viruses to determine their genetic relatedness (Her-
tig et al., 1995). However, in comparing the control regions 
such as the 5-UTR it is more meaningful to examine their 
secondary or tertiary structure. The hypothetical stem-loop 
structures at the three variable loci in the 5-UTR were char­
acteristic for each genotype, and were not shared by any of 
other genotypes. This may represent a key feature for the 
classification and identification of pestiviruses. We have 
previously proposed a scheme which consists of three gen­
otypes of BVDV according to the comparison of the sec­
ondary structures of their 5'-UTR (Harasawa, 1994). BVDV 
genotypes I, II and III in that scheme corresponded to the 
subgroups la and lb and group II, respectively, proposed 
by Pellerin et al. (1994). In the genotype systems of Rid­
path et al. (1994) and Becher et al. (1995), the sub­
groups la and lb proposed by Pellerin et al. (1994) have 
been united into a single type. In the present article, to 
avoid confusion of various genotyp nomenclatures, we pro­
pose five groups of pestiviruses consisting of geno­
types la and lb for BVDV genotype IV for HCV, geno­
type III for BDV, and genotype II for the new type of BVDV 

T a h l e  1. Nomenclature  o f  pestiviruses 

Pestivirus 

s t ra ins '  

I lurasawa 

(litis article) 

N A D L , S D - l , N o . l 2  

O r c g o n ( C 2 4 V ) , V M  

Onions,NY-1 .Draper  

Sande r s ,TGAN 

8 9 0 , C D 8 7 , E B T r  

M o r c d u n , L 8 3 / 8 4 , C h l E s  

AI fort, Brescia 

l b  

II ( new  lypc)  

III 

IV 

Pestivirus genotypes  

Pellerin etal. 
(1994 )  

Ridpath  et al. 

(1994 )  

la 

lb  

II 
N A  

N A  

I 

II 

N A  

N A  

Becher  el al. 

( 1 9 9 5 )  

Pest ivirus type  1 

Pestivirus t ype  1 

Pest ivirus type  4 

Pest ivirus type  3 

Pestivirus type  2 

'S t ra ins  N A D L  (Collell  et al.. 1989), Os loss  ( D c  Moer looze  el al., 1993), SD- I  ( D e n g  a n d  Brock,  1992), N o . 1 2  (Harasawa,  1994), Orcgon(C24V)  

(Pellerin etal., 1994; Ridpath  etal., 1994), V M  (Qi etal., 1993; Ridpath  el al.. 1994), NY-1 (Pellerin el al., 1994; Ridpath  etal., 1994), Draper  

(Pellerin el al, 1994), Sanders  (Q i  el al, 1993; Ridpath  el al., 1994), T G A N  (Qi etal., 1993; Ridpath  el al, 1994), 8 9 0  (Pellerin el al, 1994; 

Ridpath  et al., 1994),  C D 8 7  (Pel ler in  et a!., 1994),  E B T r  ( H a r a s a w a  a n d  M i z u s a w a ,  1995),  M o r e d u n  ( B c c h c r  et al., 1995) ,  L 8 3 / 8 4  ( B e c h e r  

et a!., 1995),  C h i l i s  (Harasawa  a n d  Mizusawa,  1995), Al fo r t  (Meyers  et al, 1989), a n d  Bresc ia  (Moorman  et al., 1990).  N A  = no t  appl icable .  
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(Table 1). T h e s e  g r o u p s  are d e f i n e d  b y  comparing the  sec ­

o n d a r y  s t ruc tures  o f  the i r  5 ' - U T R  (Fig .  3) .  

A l t h o u g h  t h e  p e s t i v i r u s  s p e c i e s  a r e  c l a s s i f i e d  p r e ­

dominan t ly  accord ing  t o  t he  an ima l  hos t  species  from wh ich  

t h e y  w e r e  isola ted,  t he re  is a n  ex tens ive  an t igenic  c ross -

react iv i ty  a m o n g  t h e m ,  a n d  t h e y  c a n  c ross  t h e  hos t  spec ies  

b a r r i e r  a n d  i n f e c t  d i f f e r e n t  a n i m a l  s p e c i e s  w i t h i n  t h e  

c loven- foo ted  ungu la tes  ( E d w a r d s  et al., 1995; Pa ton  et 

al., 1992 ;  T e r p s a t a  a n d  W e n s v o r t ,  1988) .  S u c h  c r o s s -

infec t ions  m a y  o b s c u r e  t h e  ra t iona le  f o r  t h e  def in i t ion  o f  

t h e  pes t iv i rus  spec ies  acco rd ing  t o  their  host .  The re fo re  it 

i s  e s s e n t i a l  t o  e s t a b l i s h  a s a t i s f a c t o r y  c r i t e r i on  f o r  t h e  

d e f i n i t i o n  o f  p e s t i v i r u s  s p e c i e s  ( H o r z i n e k ,  1995) .  T h e  

* phy logene t i c  t r ee  cons t ruc ted  i n  t h e  p resen t  s tudy  sugges ts  

tha t  B D  V ,  B V D V  a n d  H C V  a re  hos t  var iants  wi th in  a s ingle  

species,  t h o u g h  the i r  h o s t  specif ic i ty  i s  no t  s o  determinative.  
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