
Arch Virol (2001) 146: 99–115

Bovine viral diarrhoea virus genotype 1 can be separated
into at least eleven genetic groups∗
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Summary. Seventy-eight bovine viral diarrhoea viruses (BVDV) recently col-
lected in Austria, France, Hungary, Italy, Slovakia, Spain and UK were geneti-
cally typed in the 5′-untranslated (5′UTR) and autoprotease (Npro) regions of the
pestivirus genome. Seventy-six of the isolates were BVDV-1 and two French iso-
lates were of the BVDV-2 genotype. Phylogenetic analysis of the 5′UTR (245 nt),
including additional BVDV-1 sequences from USA, Canada, Germany, New
Zealand, Mozambique and Sweden, taken from GenBank and from our previous
works, indicated that these viruses were clustered not only into the two gener-
ally accepted groups (BVDV-1a – “NADL like” and BVDV-1b – “Osloss like”),
but altogether into 11 phylogenetic groups. Similar clustering was observed with
Npro region sequences (385 nt) and the highest bootstrap values (over 95%) were
obtained by phylogeny combining 5′UTR and Npro sequences. Some associations
between the genetic grouping and the origin of the isolates were apparent, prob-
ably reflecting historical trade contacts. Considering the variability of isolates it
is recommended that diagnostic PCR primers should be re-examined to ensure

∗Sequence data from this article have been deposited with the GenBank Data Library
under Accession Nos. AF287278-AF287290, AF298054-AF298073.
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coverage of all BVDV-1 groups. The genogroups were less clearly differen-
tiated by monoclonal antibody typing, suggesting significant antigenic simi-
larities within the BVDV-1 genotype.

Introduction

Bovine viral diarrhoea virus (BVDV), a member of the genusPestivirusof the
family Flaviviridae, causes significant losses in cattle farming worldwide [7, 19].
The virus contains a single-stranded RNA genome of positive polarity, which is
approximately 12.3 kb in length, and is flanked at either end by 5′ and 3′ un-
translated regions (5′UTR, 3′UTR). The single intervening open reading frame
(ORF) encodes a polyprotein of approximately 4000 amino acids, which is pos-
translationally cleaved by viral and cellular proteases to 11–12 structural and
nonstructural proteins (see review [17]). The first protein encoded by the viral
ORF is the autoprotease Npro, which cleaves itself from the downstream viral
structural proteins [28, 36].

Two genotypes of BVDV are recognised (BVDV-1 and BVDV-2), causing
acute and persistent infections and a similar range of disease manifestations,
except that acute infection with certain strains of BVDV-2 has been particularly
associated with a severe haemorrhagic syndrome [8]. While BVDV-1 has been
recognised for many years and is widely spread in the world, BVDV-2 was first
identified in the 1990’s in North America [22, 24] and has been only sporadically
detected in other countries such as Japan [18], Germany [37] and Belgium [16].

Pestiviruses are highly variable both antigenically and genetically [20]. Nev-
ertheless, despite the clinical significance of BVDV infections, not many BVDV
isolates have so far been typed and analysed at the genetic level. Early studies
mostly involved American strains [6, 22–24]. Recently, isolates from Japan [18],
Mozambique [2] and Germany [4, 37] have been genetically typed. We have also
typed BVDV strains from New Zealand [32], Sweden [31] and Great Britain [33].
Genetic typing of pestiviruses has been mostly based on sequence comparisons
of the 5′-UTR [2, 6, 13, 18, 22–24, 35, 37], Npro [3, 35] and E2 regions [4, 30].
Within BVDV-1, two major groups, named BVDV-1a and BVDV-1b were ini-
tially described [22, 24]. However, later reports have suggested that BVDV-1 is
clustered into 3–5 groups [2, 4, 12].

To better define the genetic variability of BVDV, which is important for clas-
sification, and in the fields of diagnosis and vaccination, we studied a broad range
of BVD viruses originating from cattle in seven European countries. Our genetic
study has been based on the 5′UTR, supported by selected comparisons within
the Npro coding region.

Materials and methods

Viral isolates

Seventy-eight BVDV isolates were studied: 23 from Austria, 25 from France, 8 from each of
Spain and UK, 6 from Italy, 5 from Hungary and 3 from Slovakia. The viruses had mostly been
collected in the 1990’s (except three isolates from Hungary) and were supplied as infected
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blood, plasma, serum, tissue homogenates or in growth medium after low level passage in
cell cultures. Details on isolates are given in Table 1.

Isolation of RNA

Total RNA was isolated using QIAamp Viral RNA kits (QIAGEN Ltd, UK) or a TRIzol
method (Gibco) according to the manufacturers’ procedures. The precipitated RNA was
dissolved in 50 or 20ml ddH2O. Synthesis of cDNA in a total volume of 25ml was carried
out using random hexamers [34].

PCR amplification and sequencing

A 288 bp DNA product was amplified by PCR from the 5′UTR using primers 324 and 326
[34]. To amplify a 428 bp part of the Npro region, the BD1 (5′-TCT CTG CTG TAC ATG
GCA CAT G-3′; position in BVDV NADL: 367–388) and BD3 (5′-CCA TCT ATR CAC
ACA TAA ATG TGG T-3′; position in BVDV NADL: 795–771) primers were used. The
BD1 and BD4 (5′-CCA TCC ACG CAT ACG TAG ATG TG-3′; position in BVDV NADL:
795–773) primer pairs were employed to obtain the same DNA fragment from the isolates
23/13-UK and 23/15-UK. For selected viruses, the whole Npro gene was amplified using
a nested PCR. In the first PCR, the outer primers 0I 100 and 1400R [4] amplified a part
of the 5′UTR, the genes for Npro and C and a part of the Ems gene in a thermal profile of
94◦C for 1 min, 52◦C for 1 min and 72◦C for 1 min for 36 cycles. In the second PCR, 3ml
of the first-round PCR product was amplified with primers BD1/BD2 [35] using the same
number of cycles and the same thermal profile to obtain a 738 bp DNA fragment. Where
multiple fragments were obtained a 738 bp fragment was cut from the gel and purified using
a QIAquick gel extaction Kit (QIAGEN, Germany). All other PCR products were purified
using Wizard PCR Preps DNA purification kits (Promega, USA). DNA was sequenced in both
directions using the above described PCR primers and an ABI PRISM sequencing device,
based on the incorporation of fluorescent labelled dideoxynucleotide terminators.

Computer-assisted analysis

Sequences were proof read using the SeqMan II program from the DNASTAR multiple
program package (DNASTAR Inc., USA) and compared using the ClustalW program. Evo-
lutionary distances were calculated using the program DNADIST, employing the Kimura two
parameter method [14] or alternatively using the MegAlign program (employing the Clustal
method) of DNASTAR. The transition/transversion ratio was calculated using the Puzzle4
program. Phylogenetic analysis was performed using the NEIGHBOR program based on
the Neighbor-joining method [25], DNAML and DNAPARS from PHYLIP inference pack-
age programs [10, 11]. Statistical analysis of phylogenetic trees was determined by bootstrap
analysis carried out on 100 replicates using PHYLIP programs SEQBOOT and CONSENCE.
The tree was drawn using the DRAWTREE program from PHYLIP. A hydropathy profile
was obtained using the PROTEAN program (from DNASTAR) which employed the method
described by Kyte and Doolittle [15].

Antigenic analysis

Twenty-eight BVDV-1 and two BVDV-2 isolates (see Table 1) were grown in microtitre
plates in bovine turbinate cells which were fixed and probed with a panel of 15 monoclonal
antibodies (mAbs). The BVDV-1 isolates, which had not been biologically cloned, repre-
sented eight of the genetically defined groups, whilst the mAbs had been raised against one
of four laboratory strains of BVDV-1a. An account of the pestivirus strain specificity of the
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Table 1. Description of 78 BVDV isolates used in this study

Isolatea Origin Year Abbrev- Grouping Grouping Grouping in Sequencing Antigenic

iation in 5′UTRb in Nprob
5′UTR+Nprob

of entire Npro analysis

A (blood) Austria 1998 A-Au g g g + +
D (blood) (23 viruses) 1998 D-Au b − − − −
E (blood) 1998 E-Au b − − − −
F (blood) 1998 F-Au d d d + −
G (blood) 1998 G-Au h h h + +
H (blood) 1998 H-Au d d d + +
I (blood) 1998 I-Au f − − − −
J (blood) 1998 J-Au f f f + +
L (blood) 1998 L-Au g g g + +
M (blood) 1998 M-Au g g g − +
P (blood) 1998 P-Au b b b + +
Q (blood) 1998 Q-Au b b b − +
R (blood) 1998 R-Au f − − − −
S (blood) 1998 S-Au f f f − +
T (blood) 1998 T-Au b b b + −
U (blood) 1998 U-Au b b b − +
V (blood) 1998 V-Au f − − − −
W (blood) 1998 W-Au f f f + +
4 (blood) 1997 R4-Au f − − − −
5 (blood) 1997 R5-Au f − − − −
7 (blood) 1997 R7-Au f − − − −
8 (blood) 1997 R8-Au f − − − −
23 (blood) 1998 R23-Au b − − − −
1-44 (cc) France 1993 1-Fr e − − − −
2-54 (cc) (25 viruses) 1993 2-Fr b − − − −
3-57 (cc) 1994 3-Fr e e e − +
4-5174 (cc) 1994 4-Fr BVDV-2 − − − +
5-65 (cc) 1994 5-Fr b − − − −
6-68 (cc) 1994 6-Fr b − − − −
7-70 (cc) 1994 7-Fr e − − − −
8-72 (cc) 1994 8-Fr e − − − −
9-77 (cc) 1994 9-Fr e e e − +
10-84 (cc) 1994 10-Fr e e e − +
11-88 (cc) 1994 11-Fr e − − − −
12-90 (cc) 1994 12-Fr a − − − −
13-101 (cc) 1994 13-Fr b − − − −
14-102 (cc) 1994 14-Fr e − − − −
15-103 (cc) 1994 15-Fr BVDV-2 − − − +
16-111 (cc) 1994 16-Fr d − − − −
17-112 (cc) 1994 17-Fr a − − + +
18-113 (cc) 1994 18-Fr a − − − −
19-117 (cc) 1995 19-Fr b − − − −
20-V661-2 (blood) 1996 20-Fr e e e − −
21-V798 (blood) 1996 21-Fr e − − − −
22-35 (cc) 1997 22-Fr b − − − −
23-6294 (cc) 1997 23-Fr e − − − −
24-2186 (cc) 1997 24-Fr e e e − +
26-V639 (cc) 1998 26-Fr e e e + −
3141 (lung) Hungary 1971 3-Hu f f f − −
38887/3 (lung) (5 viruses) 1972 9-Hu f − − − −
VD M (intestine) 1982 14-Hu b − − − −
9908/5 (leukocyte) 1998 20-Hu f − − − −
BV (kidney) 1997 22-Hu b b b − −
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Table 1. continued

Isolatea Origin Year Abbrev- Grouping Grouping Grouping in Sequencing Antigenic

iation in 5′UTRb in Nprob
5′UTR+Nprob

of entire Npro analysis

453V2 (serum) Italy 1995 1-It b − − − −
3186V6 (serum) (6 viruses) 1995 3-It e e e + +
4207V (serum) 1996 4-It b − − − −
5446PS14 (serum) 1997 5-It f − − − −
1190V97 (serum) 1998 6-It b − − − +
3161V2 (serum) 1998 8-It b − − − −
Pavl (cc) Slovakia 1996 1-SK f − − − −
Vkl (blood) (3 viruses) 1997 2-SK d − − − −
KM (milk) 1999 3-SK h − − − −
3186V6 (cc) Spain 1995 3-Sp b − − − −
4207V (cc) (8 viruses) 1996 4-Sp b − − − −
5446PS14 (cc) 1997 5-Sp b − − − −
1190V97 (cc) 1998 6-Sp b − − − −
2816V28 (cc) 1998 7-Sp b − − − −
3161V2 (cc) 1998 8-Sp b − − − −
3188V (cc) 1998 9-Sp b − − − −
3187V (cc) 1998 10-Sp a − − − −
15/3 (plasma) UK 1996 15/3-UK a a a − +
16/2 (blood) (8 viruses) 1996 16/2-UK a a a − +
23/13 (blood) 1997 23/13-UK i i i − +
23/15 (blood) 1997 23/15-UK i i i + +
24/15 (serum) 1996 24/15-UK b b b + +
26/3 (blood) 1996 26/3-UK a a a − +
28/1 (blood) 1996 28/1-UK a a a − +
28/3 (blood) 1996 28/3-UK a a a − +

accCell culture derived
bBVDV-1 unless stated otherwise

mAbs and of the indirect immunoperoxidase staining method used to determine mAb/virus
recognition has been given elsewhere [21]. The panel of mAbs was selected, excluding pan-
pestivirus reactive antibodies and those that recognize only a very small minority of BVDV
isolates. Most react with epitopes on the E2 glycoprotein. Positive staining of more than 50%
of the infected cell sheet with a particular mAb was scored as 1, whilst staining of less than
50% of the infected sheet, including isolated plaques, was scored as 0.5.

Results

Amplification of viral RNA by RT-PCR

A single RT-PCR method employing the panpestivirus reactive 324/326 primers
amplified a 288 bp DNA fragment from all of the analyzed viruses. However,
two pairs of PCR primers (BD1/BD2, 0I 100/14000R) said to be panpestivirus
reactive, did not always give the desired amplicons of 738 bp or around 1350 bp
after a single round of RT-PCR. A nested RT-PCR employing these primers (outer
primers – 0I 100/1400R and inner primers – BD1/BD2) was more successful, but
in some cases, it still provided only low levels of DNA of the correct size. To
obtain a better quality of PCR fragment for sequencing of BVDV-1, we designed
a new primer, BD3, which in combination with the BD1 primer amplified 428 bp
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from the Npro region in a single RT-PCR. Even then, two viruses 23/13-UK and
23/15-UK could not be amplified satisfactorily until a new primer, BD4 was
substituted for BD3.

Genetic typing of BVD viruses in the 5′UTR

All 78 viruses were sequenced in the 5′UTR. The alignment of the 245 bp long
DNA fragments revealed that mutations were mostly located in two variable
regions (regions II and III – [9, 35]). Some additional nucleotide mutations were
located throughout the DNA fragment analysed (data not shown).

Genetic typing of 78 cattle pestivirus isolates collected from 7 European coun-
tries revealed that 76 were BVDV-1. Two cell culture derived isolates originating
from France were identified as BVDV-2 (Fig. 1A). The topology of the tree indi-
cates that BVDV-1 isolates were clustered into 8 main phylogenetic groups. For
consistency with previously adopted nomenclature for BVDV-1 subtypes [22, 24]
as well as accepting further more recently identified groups [4], we labelled them
as groups 1a–1i. Bootstrap analysis confirmed a high confidence (over 96%) in the
virus groupings, except group 1e (65%), which contained more variable viruses.

Analysis of BVDV 1 in the Npro region

Due to the small number of BVDV-2s, only BVDV-1 isolates were further com-
pared. To confirm the grouping found in the 5′UTR, we analysed a selection of
30 representative viruses in the Npro region. The phylogenetic tree presented in
Fig. 2 shows the relationship between viruses based on sequence comparison of
a 385 bp long DNA fragment. Viruses classified in a recently published paper as
BVDV groups 1a–1d are also included [4]. This new analysis demonstrated 10
distinct grous of BVDV1 (1a–1i, Deer). All viruses were clustered in the same
phylogenetic branches as for the tree based on the 5′UTR, with similar bootstrap
values (over 90%, except group 1e – 64%). Viruses taken from Becher et al. [4]
were divided together with some viruses of our collection into four groups as
previously described (for consistency with the labeling of cattle BVDV isolates,
the group containing only the GB1 Deer isolate was renamed in this study from
1e to Deer). The same grouping of viruses, with similar statistical evaluation was
achieved when instead of the 385 bp fragment, the whole 504 bp of the Npro region
was analysed for 13 BVDV-1 isolates representative of each genetic group (data
not shown). A phylogenetic tree prepared from a comparison of the amino acid
composition of the whole of Npro was also similar, except that the bootstrap values
were less (data not shown). Analysis of the deduced Npro amino acid composi-
tion of these viruses as well as additional viruses of other pestivirus genotypes
(BVDV-2, CSFV, BDV, giraffe, reindeer and bison pestiviruses) revealed sim-
ilar proportions of charged, acidic, basic, polar and hydrophobic amino acids,
and a similar hydropathy profile with mostly positive values (data not shown).
Highly hydrophobic amino acids were mainly found at the C terminal part of the
molecule. Five cysteine residues (Cys at positions 69, 112, 134, 138 and 168, but
not at 161) were also conserved in all pestiviruses.
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Fig. 1. Phylogenetic trees prepared from the 5′UTR of: A 245 nt of all isolates sequenced
in this study, plus reference strains of BVDV-1 (NADL, SD1 and Osloss) and BVDV-2
(890);B 240 nt of BVDV-1 isolates and strains originating from 13 countries including all
isolates used in this work, plus others from Canada [22], Germany [37], Mozambique [2],
New Zealand [32], Sweden [31], UK [33] and USA [24]. The trees were prepared using
the Neighbor-joining method (distances calculated using Kimura 2-parameter method, with
transition/transversion ratios of 3.26 (A) and 2.0 (B), and using BVDV-2 strain 890 as the
outgroup member). Numbers inA indicate the percentage of 100 bootstrap replicates that

support each group. Phylogenetic groups within BVDV-1 are labelled asa–j
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Fig. 2. Phylogenetic tree showing the genetic relationship between BVDV-1 isolates in the
Npro region. The tree contains 30 selected isolates representative of those analysed using
sequences from the 5′UTR. Also included are the reference strains used in Fig. 1A, as well
as sequences taken from the article published by Becher et al. [4]. The tree was based on
analysis of the first 385 nt of the gene for the nonstructural Npro protein, flanked by primers
BD1/BD3 (for isolates 23/13-UK and 23/15-UK by primers BD1/BD4). It was prepared
using the Neighbor-joining method (Kimura 2-parameter method, transition/transversion
3.92, bootstrap analysis – 100 replicates, outgroup member – strain 890). Genetic groups

within BVDV-1 are labelleda–i and Deer

Grouping of viruses in a composite phylogenetic tree

To increase the resolution in phylogenetic analysis, we prepared a tree from
combined nucleotide sequences from the 5′UTR and a part of the Npro region.
The viruses were distributed to the same groups as in previous trees but bootstrap
analysis was significant (over 95%) for all viral groups (data not shown). This
confirms that BVDV-1 isolates from our collection represent 8 distinct genetic
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Table 2. Percentage of similarity of pairwise distances within and between genetic groups (a–i, Deer)
BVDV-1

a b c d e f g h i Deer

87.8–100 79.3–91.8 – 83.3–92.6 79.9–91.8 77.0–88.8 77.0–88.8 78.8–86.1 82.8–90.6 –
87.3–100 75.6–82.1 79.0–83.4 74.8–79.2 75.1–80.8 78.4–84.7 78.2–88.1 78.7–82.1 81.0–84.2 79.0–83.1a
89.7–100 77.8–84.8 – 79.2–82.4 77.6–84.3 78.0–82.5 81.1–83.9 79.7–82.1 82.0–84.9–

88.8–100 – 79.8–89.8 81.1–90.2 77.4–86.7 82.6–87.7 78.6–84.0 80.2–86.5 –
82.6–100 74.5–79.2 73.8–80.3 74.3–81.6 77.1–84.2 77.1–81.3 76.6–78.2 75.1–80.8 75.5–79.2b
88.1–100 – 78.1–80.4 77.9–82.5 77.1–82.5 80.1–82.5 77.3–79.2 77.3–81.2–

– – – – – – – –
99.9–100 71.9–76.1 73.5–79.7 74.3–79.7 79.5–81.0 74.5–76.6 77.1–81.3 76.6–78.4c
– – – – – – – –

93.4–100 76.6–90.2 76.6–85.9 84.8–89.3 83.7–87.3 79.9–84.0 –
99.5–100 73.8–79.2 73.0–78.7 76.1–78.2 74.0–77.4 73.5–79.5 76.1–77.7d
99.5–100 77.1–80.1 77.2–77.7 80.4–81.6 78.8–78.9 78.3–78.7–

85.2–100 77.0–88.4 82.4–88.9 79.6–86.5 78.7–86.9 –
80.0–100 75.3–80.5 75.1–78.4 75.3–76.6 76.9–80.5 76.9–78.7e
81.9–100 76.9–80.7 78.7–81.4 77.0–79.0 78.2–81.8–

90.1–100 83.6–90.9 82.8–86.3 79.0–83.0 –
88.8–100 76.6–84.7 81.0–82.9 77.7–83.1 77.4–80.3f
90.4–100 83.0–85.8 82.6–83.6 79.0–81.5–

96.3–100 86.5–86.9 82.0–82.8 –
95.3–100 79.2–80.0 82.3–83.4 82.1–82.1g
95.7–100 82.2–82.7 82.0–82.8–

97.6–100 81.6–83.6 –
100 81.0–81.6 79.2 h
100 82.2–82.3 –

100 –
97.9–100 81.6–81.8 i
97.1–100 –

–
100 Deer
–

Values for 5-′UTR region are given in normal letters, Npro – in italic, 5-′UTR+Npro – in bold, – sequences
were not available

groups, making a total of 10 groups considering additional previously described
clusters [4].

Analysis of pairwise distances between isolates and groups

The percentage of similarity of pairwise evolutionary distances within and be-
tween groups is shown in Table 2. Regardless of which region was analyzed, there
was an overlap between the within and between group ranges. In the 5′-UTR, the
within group range was 85.2–100%, compared to 76.6–92.6% between groups. In
the other regions the equivalent figures were 80.0–100% and 71.9–88.1% (385 bp
fragment of Npro) and 81.9–100 and 76.9–85.8% (combined 5′UTR and Npro re-
gions).

Grouping of viruses with regard to their origins

In a further genetic analysis we involved not only the sequences generated during
this study but also sequences from our previous studies and selected sequences
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Table 3. Distribution of BVDV-1 cattle isolates and strains originating from 13
countries into 10 genetic groups

Country No. of viruses Number of viruses in each genetic group
of origin

a b c d e f g h i j

Austria 23 – 7 – 2 – 10 3 1 – –
Canada 10 5 5 – – – – – – – –
France 23 3 6 – 1 13 – – – – –
Germany 7 1 1 – 2 – – – 1 – –
Hungary 5 – 2 – – – 3 – – – –
Italy 6 – 4 – – 1 1 – – – –
New Zealand 6 6 – – – – – – – –
Mozambique 23 8 2 – – – 6 1 3 – 3
Slovakia 3 – – – 1 – 1 – 1 – –
Spain 8 1 7 – – – – – – – –
Sweden 17 1 6 – 10 – – – – – –
UK 20 17 1 – – – – – – 2 –
USA 17 7 10 – – – – – – – –

The viruses analyzed in the 5′ UTR did not include representatives of the 1c group.
The two viruses (DeerNZ1 and cattle 519) so far found in this group have only been
typed in the Npro region [4]

Only some representative BVDV viruses from Canada [22], Germany [37], New
Zealand [32], Mozambique [2], Sweden [31], UK [33] and USA [24] were taken for
this genetic typing

published by other groups. This collection represented the viruses originating
from countries given in Table 1 and from Sweden, Germany, USA, Canada, New
Zealand and Mozambique (Table 3). The resulting phylogenetic tree revealed nine
subgroups as shown in Fig. 1B.

Some associations between the genetic grouping and the origin of the isolates
were apparent. The viruses of 1a and 1b groups originated from many different
countries around the world. Viruses from UK, USA, Canada and New Zealand
typically belonged to these two groups. A high diversity was observed amongst
viruses originating from Austria, which fell into five groups (1b, 1d, 1f, 1g, 1h).
Some French isolates and the Italian 3-It isolate formed the 1e group. The Italian
herd of origin for this isolate had imported heifers from Germany. German viruses
fell into subtypes 1a, 1b, 1d and 1h. BVDV isolates from Mozambique, originally
described as belonging to 4 groups (1a–1d; [2]) could now be divided between six
groups. Those from groups 1a and 1b were confirmed in the same groups by our
study. However, those from group 1d were in our study clearly divided into three
additional groups 1f, 1g and 1h. The group 1c of Baule et al. [2] also formed an
additional eleventh separate cluster labelled in this work as group 1j. The Swedish
BVDV isolates were clustered into the 1b (multinational group), and 1d groups,
along with Austrian and German isolates. One Swedish isolate was located in
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group 1a. Only two viruses were placed in group 1i, both originating from the
UK. The first pestivirus described as being of human origin, strain Europa [12],
was located in group 1d.

Antigenic analysis

The mAb WB166 recognised all of the 30 isolates examined and demonstrated
that all of the cell sheets had been fully infected. Several mAb/virus combinations
resulted in immunostaining of only a proportion of the infected cells, indicating
that some isolates contained a mixture of epitopic variants. The recognition of the
genetically defined BVDV groups by the panel of BVDV-1a mAbs is summarized
in Table 4. On average 76% of the studied epitopes were present on the different
BVDV-1a isolates examined, whilst nearly all were absent from BVDV-2. Simi-
lar results have been reported previously with additional BVDV-2 isolates [22].
With respect to the other genetic subgroups of BVDV-1 the average of epitope
conservation was between 39% and 70%. Every epitope studied was present on
representatives of at least two and usually several other BVDV-1 groups apart
from BVDV-1a, and all of the BVDV-1 isolates bore at least three of the studied
epitopes. None of the mAbs recognized all isolates of BVDV-1 but not BVDV-2
and none recognized only BVDV-1a isolates.

Discussion

The aim of this work was to study the genetic variability of BVD viruses cir-
culating in European cattle farms. Of 78 cattle isolates, only two, originating
from France were typed as BVDV-2; other isolates being BVDV-1. BVDV-2 was
first identified in North America several years ago [22, 24]. Vaccines and diag-
nostic tests designed for BVDV-1 may be sub-optimal for protection against or
detection of BVDV-2 and therefore, it is important to know which genotypes are
present. BVDV-2 has recently been identified in Japan and sporadically in Eu-
rope, including Germany [37] and Belgium [16]. Although this limited survey
provided no evidence for the presence of BVDV-2 outside France, further and
more comprehensive monitoring for the virus is clearly warranted.

The shape of the phylogenetic trees produced in this study suggest that cur-
rent BVDV-1 isolates have evolved from a common ancestor in at least 11 genetic
directions, and at a similar evolutionary rate in each direction. Nucleotide muta-
tions during evolution are restrained by the need to maintain enzymatic or other
biological functions necessary for viral survival and this phenomenon can be ob-
served in both of the genetic regions analysed in this study. The mutations in the
5′UTR are mostly concentrated in two variable regions, with a smaller number
of randomly dispersed changes. The likely explanation is that only mutations
which do not destroy the biologically significant secondary structure of the 5′-
UTR [9] are tolerated. Analysis of the entire Npro coding region also shows that
the hydropathy profile of the deduced amino acid sequence is very similar for
all pestiviruses despite many mutations that allow for the phylogenetic typing of
different genogroups. The Npro virus autoprotease is unique to the genusPestivirus
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within the family Flaviridae [28, 36], but its function is unknown. Although a
part of it was needed for the replication of BVDV DI articles, it was found that
it could be replaced by ubiquitin without preventing the replication of CSFV
[5, 29].

Our results extend earlier work [2, 4] showing that the BVDV-1 genotype is
divided into more genetic groups than only BVDV-1a and BVDV-1b. Although
the grouping of isolates was the same in the 5′UTR and Npro, the highest statistical
support by bootstrap analysis was found for the phylogenetic tree prepared from
a dataset of combined 5′UTR and Npro sequences. We confirmed 6 previously
recognised groups and revealed 5 new ones, making a total of 11 BVDV-1 groups
(1a–1j and Deer). It is liley that further groups would be revealed by analysing
viruses from different parts of the world, or in more detail from a given location.
For example, in our analysis of 70 UK isolates [33], 67 were typed as 1a, with
only a single 1b isolate and two unusual isolates (not found in other countries
so far) which were typed in this study as the 1i group. Non-bovine isolates may
also reveal additional genetic groups [4], although it is still an open question
whether or not these viruses are all recently derived from cattle. This study also
provides some indication for additional groups. The viruses of group 1e contain
a number of outliers that would probably be confirmed as new groups if more
representatives were available.

Comparisons of the variability of pairwise nucleotide sequence distances
within and between groups are only meaningful if a reasonably representative
collection of viruses have been studied. The numbers in this study are rather
small, but even so, the values within and between genetic groups partially over-
lapped, regardless of which genetic region was used. Therefore the method is not
reliable for virus classification at this level. The same phenomenon was also de-
scribed by other investigators [4] and it is generally considered that phylogenetic
comparisons are more useful [26].

Our observations on the geographical distribution of BVDV variants must be
considered preliminary until larger numbers of viruses have been typed. However,
some groups appear more widely dispersed than others. Viruses of the 1a and
1b groups were most common and originated from many different countries.
Nevertheless, they were not universally present, none being found amonst 40
diverse isolates from Austria (23 reported on this study). On the other hand,
viruses of the 1g, 1h, 1i and 1j groups were uncommon. No bovine counterpart to
the deer isolate (Deer GB1) was found. Considering that little is done to prevent the
international spread of BVDV, it might be anticipated that neighbouring countries
and those that share strong trade links in cattle or bovine semen would have similar
strains of the virus circulating. This study tends to support this supposition. USA,
Canada, UK and New Zealand have had historical trade contacts for many years,
and in all of these countries BVDV1a or 1b predominate. Neighbourhood trade
with cattle between Austria and Germany and Austria and Slovakia would explain
the common occurrence of various genetic groups. The Slovakian isolate 3-SK,
which belongs to the group 1h together with Austrian strain G-Au suggests a link
to Austrian cattle, and in fact epizootiological investigation revealed that cattle in



112 Š. Viľcek et al.

the Slovakian herd where the isolate was found were bought from Austria. Most
BVDV1 groups identified in Mozambique cattle farms are very similar to those
identified in Europe, especially in Austria, and this is consistent with a known
history of cattle trade between Mozambique and Austria.

So far, the clinical significance of different phylogenetic groupings is unclear.
Although some acute BVDV-2 infections may lead to a high incidence of severe
disease, viruses of both types may be more or less virulent and can induce very
similar disease. No association has been made between particular disease symp-
toms and infection with BVDV-1a compared to 1b, even though these genogroups
have been recognised for some time. We did not observe any differences in clin-
ical signs of Swedish cattle herds naturally infected with viruses belonging to
1a, 1b and 1d groups [33]. Experimental infection of cattle with two BVDV-1
originating from Mozambique (belonging to groups 1f and 1h) revealed that they
cause similar mild disease to other strains of BVDV [1].

The control of this largely unregulated disease, contrasts with that of classical
swine fever, caused by a closely related pestivirus. In the case of CSF, much
less mixing of infected animals has occurred and phylogenetics is therefore a
very useful tool to trace the origin of new outbreaks [27]. For BVD, the same
approach may be useful in countries that regulate cattle movements and attempt
BVD eradication [31].

Our findings also have implications for the diagnosis of pestivirus infections.
All PCR primers selected so far for the detection of BVDV-1 have been designed
on the basis of alignments of BVDV-1a and BVDV-1b and representative strains
of other pestivirus genotypes. It is now clear that the BVDV-1 genotype is much
more diverse and some primers selected for specific detection of BVDV-1 may not
amplify all of the genogroups. For example, we observed during this study that the
BD1/BD3 primers selected for amplification of BVDV-1 isolates could not recog-
nise two isolates of the 1i group. Considering the high variability of BVDV isolates
circulating in Europe it is strongly recommended that PCR primers used for diag-
nosis should be re-examined to ensure coverage of all BVDV-1 genogroups. This
is especially important when RT-PCR diagnosis is used in eradication programs
against BVD.

Antigenic differences between the different genogroups of BVDV-1 were in-
consistent and not always greater than that within a genogroup. This suggests that
for the limited epitopes studied, the basic antigenic structures are probably simi-
lar, with particular epitopes being affected by minor local changes. The sharing of
many epitopes on the major envelope glycoprotein (E2) suggests that these viruses
are likely to induce a fair proportion of immunologically cross-reactive antibod-
ies and significant cross-protection. This requires confirmation, using monoclonal
and polyclonal antibodies raised against each of the genogroups. It is an impor-
tant consideration for vaccine development, since most BVDV vaccines have been
prepared from a strain belonging to BVDV-1a or BVDV-1b.

In conclusion, the results presented in this work revealed that BVDV-1 isolates
are grouped by phylogenetic analysis into at least 11 genetic groups. To recognise
all BVDV-1 groups and to reveal BVDV-2 in farms of domestic animals, more
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systematic studies have to be done on isolates from different countries. It is
not excluded that in future further genetic groups of BVDV-1 will be revealed
confirming even greater genetic diversity of this virus.
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