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Introduction

Bovine pestiviruses, namely the Bovine virus diarrhoea
virus (BVDV), a ubiquitous major pathogen of cattle, are
enveloped, positive-strand RNA viruses that belongs to
the Pestivirus genus within the family Flaviviridae (Heinz
et al., 2000).

Two genotypes of BVDV, BVDV 1 and BVDV 2, have
been recognized based on genomic sequence differences,
especially in the 5 untranslated region (UTR) (Pellerin
et al., 1994; Ridpath et al., 1994). Bovine virus diarrhoea
virus 1 has been classified into 11 subgroups (Vilcek et al.,
2001). In recent years, several novel species and genetic
groups of BVDVs have been defined by genetic typing
(Yamamoto et al., 2008; Yesilbag et al., 2008; Robesova
et al., 2009; Xue et al., 2010). Bovine virus diarrhoea virus
1-a and 1-b have been reported in North American, South
American and European countries (Vilcek et al., 2001; Ful-
ton et al., 2005). Bovine virus diarrhoea virus 1-c is a local
strain in Australia (Mahony et al., 2005) and has also been
isolated from cattle in Japan (Nagai et al.,, 2008) and in
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) gene sequences. The sampling of Bovine virus diarrhoea
viruses (BVDVs) from 15 farms in five different regions indicated that BVDV
1-1 (18/40, 45%) was the predominant genotype in Turkey; the samples also
contained the genotypes 1-f (10/40, 25%), 1-b (7/40, 17.5%), 1-d (3/40, 7.5%),
and 1-a (2/40, 5%), respectively.

China (Zhong et al., 2011). Subtypes 1-d, 1-e, 1-f, 1-g, 1-h,
1-i, 1-k are circulating in European countries (Hornberg
et al., 2009; Robesova et al., 2009). Recently, 1-m and 1-p
were detected in China (Xue et al., 2010), as was 1-n in
Japan (Nagai et al., 2008); 1-o was found as a subgenotype
in both Japan and China (Yamamoto et al., 2008).

Bovine virus diarrhoea virus infection can cause impor-
tant economic losses to the cattle industry. Therefore,
molecular genetic typing of BVDV isolates is important
for designing and constructing effective eradication strate-
gies involving vaccination. For a vaccine to be effective in
an entire country, major antigenic components from field
viruses must be included.

In this study, bovine pestivirus isolates (some of which
may be vaccine candidates) circulating in Turkish cattle
were collected from 2002 to 2007 and typed for 5° UTR
(n =37). Some selected isolates (n =8, three of them
were not typed for 5UTR) were also typed in the auto-
protease (NP™) coding region. The results of this study
will allow better understanding of the genetic variability
of BVDV 1 field isolates in Turkey and will contribute
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towards development of more effective vaccines that may
provide adequate protection against BVDV infection in
Turkish cattle and improve currently existing programmes
to nationally eradicate BVDV.

Materials and Methods

Some clinical signs consistent with BVDV infection were
reported in the cattle herds sampled, including abortions,
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births with congenital anomalies (Arthrogryposa and Hy-
dranencephaly-AH syndrome), reproductive failure (infer-
tility), oral lesions, diarrhoea, and early calf mortality
(that is, death in the second week after birth). In this
study, BVDV isolates representing different herds/geo-
graphical origin from blood samples collected between
2002 and 2007 and their cell culture supernatants (which
were obtained from foetal bovine turbinata cells) were
used (Table 1 and Fig. 1).

Table 1. The characteristics of Turkish bovine virus diarrhoea virus 1 isolates were feature in this study

BVDV 1
No Isolate names Accession no Origin subgroup Remarks
1 TR-2004-1-SS EU716117 SIVAS / r.d.m.
2 TR-2004-2-SH-3895 EU716118 KAYSERI / Abortions, infertility, high mortality rate
3 TR-2004-3-SH-3586 EU716119 KAYSERI b on calfs
4 TR-2004-4-SH-3304 EU716120 KAYSERI /
5 TR-2004-6-SH-3586-2 EU716121 KAYSERI b
6 TR-2004-7-SH-3914 EU716122 KAYSERI /
7 TR-2004-8-SH-3626** EU716160 KAYSERI b
8 TR-2004-9-SH-3926 EU716123 KAYSERI b
9 TR-2004-10-Ist-137663 EU716124 ISTANBUL f r.d.m.
10 TR-2004-19-Y EU716125 YOZGAT /
1M TR-2004-20-Af EU716126 AFYON f
12 TR-2004-22-Es EU716127 ESKISEHIR /
13 TR-2005-A141896 EU716128 ANKARA/MERKEZ b
14 TR-2005-AG152316 EU716129 ANKARA/GOLBASI / Abortions, stillbirths
15 TR-2005-AG152318 EU716130 ANKARA/GOLBASI /
16 TR-2006-AK171449* EU716131 ANKARA/KIRKLARELI f Abortions, stillbirths
17 TR-2006-AK171450* EU716132 ANKARA/KIRKLARELI /
18 TR-2006-AB166970 EU716133 ANKARA / Infertility
19 TR-2006-LK 168241 EU716134 KIRKLARELI f Abortions, stillbirths, AH syndrome
20 TR-2006-LK168242** EU716163 KIRKLARELI a
21 TR-2006-LK168243 EU716135 KIRKLARELI f
22 TR-2006-LK168244 EU716136 KIRKLARELI f
23 TR-2007-B-3870** EU716164 BURSA f Abortions, infertility, high mortality on early
24 TR-2007-B-AG2 EU716137 BURSA f weeks after birth
25 TR-2007-B-AG3 EU716138 BURSA /
26 TR-2007-B-AG4 EU716139 BURSA f
27 TR-2007-B-AG5 EU716140 BURSA f
28 TR-2007-B-AG6 EU716141 BURSA /
29 TR-2007-B-AG7 EU716142 BURSA a
30 TR-2007-B-AG8 EU716143 BURSA /
31 TR-2007-B-AG9 EU716144 BURSA b
32 TR-2007-A-1500MS EU716145 ANKARA / Abortions, stillbirths, AH syndrome,
33 TR-2007-A-8500MS EU716146 ANKARA / diarrhoea, high mortality rate on calfs
34 TR-2007-A-2361MS-175475 EU716147 ANKARA /
35 TR-2007-A-2368MS EU716148 ANKARA /
36 TR-2007-A-1493MS EU716149 ANKARA b
37 TR-2007-Gu-175454-4695 EU716150 GUMUSHANE / Abortions, diarrhoea
38 TR-2007-CP-270712 EU716151 SANLIURFA d r.d.m.
39 TR-2007-CP-271254 EU716152 SANLIURFA d
40 TR-2007-CP-271016 EU716153 SANLIURFA d

r.d.m., the isolate was acquired from routine diagnostic materials. Clinical symptom was not notified.
*Two isolates (AK171449 and AK171450) which achieved from a herd in Ankara belong to imported animals from Kirklareli.

**Three isolates were typed only for NP™.
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Fig. 1. The geographical origin of Turkish bovine virus diarrhoea virus 1 isolates characterized in this study.

RNA extraction and reverse transcription- polymerase
chain reaction (RT-PCR)

RNA was extracted from field samples (serum or EDTA
blood) or cell culture supernatants using the High Pure
Viral RNA Kit (Roche, Mannheim, Germany) according to
the manufacturer’s recommendations. Complementary
DNA (cDNA) synthesis was carried out using a first-strand
cDNA synthesis kit (Fermentas, Vilnius, Lithuania) as
described in manufacturer’s protocol. The 5’UTR amplifi-
cations from cDNA were performed by RT-PCR using the
primer pairs 324 and 326 (Vilcek et al., 1994). A semi-
nested PCR with primers BD1, BD2 and BD3 was used for
the NP™ region as described by Vilcek et al. (2001).

DNA purification, sequencing, alignment and phylogeny

The primers generated amplicons of 288 bp for 5’UTR and
of 428 bp for the NP gene. The PCR products were puri-
fied using the DNA Purification Kit (Roche) according to
manufacturer’s description. The nucleotide sequences were
performed on Beckman Coulter CEQ 8000 (Beckman
Coulter, Brea, CA, USA) and aligned by Bioedit with Clu-
stalW algorithm (Hall, 1999). Phylogenetic and bootstrap
analysis (Figs 2 and 3) was performed using the Molecular
Evolutionary Genetics Analysis (MEGA) software program
version 4.0 (Tamura et al., 2007).

Results
For molecular typing of Turkish pestiviruses from cattle,

5" UTR and NP PCR products were used. Turkish
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BVDV isolate sequences were deposited in GenBank with
the following accession numbers: EU716117-EU716153
for 5 UTR and EU716157-EU716164 for NP,

All virus isolates were non-cytopathic on the cell cul-
ture passages.

The results of phylogenetic analysis (Figs 2 and 3) indi-
cated that the predominant subgenotypes in Turkey are
BVDV 1-1 (18/40), 1-f (10/40), 1-b (7/40), 1-d (3/40) and
1-a (2/40). When pylogenetic results were evaluated geo-
graphically, BVDV 1-] was detected in cattle from Ankara
for the years 2005 through 2007; BVDV 1-f (8/10) was
frequently present in the Marmara region, and BVDV 1-b
(6/7) dominated in the central Anatolian region. Of the
subgenotypes that were less frequently detected, BVDV 1-d
(3/3) was only detected in samples obtained from
Sanlurfa and BVDV 1-a (2/2) only appeared in cattle in
the Marmara region.

Discussion

Turkey, a large (814.578 km®) country situated between
Asia and Europe that is bordered by Iran, Armenia and
Georgia in the East, Iraq and Syria in the South, and
Greece and Bulgaria in the West, has an animal hus-
bandry industry with about 11 million cattle in seven
major regions. In recent years, Turkey has imported
animals from other countries in large numbers due to
a decrease in the number of domestic cattle. Bovine
virus diarrhoea virus strains likely to be seen in other
countries are now being seen in Turkey due to the
importation of animals. In support of this concept, we
found that BVDV 1c (which is a local Australian
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Fig. 2. The phylogenetic tree based on NP™ sequences.
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Fig. 3. Phylogenetic tree based on the 5" untranslated region sequences.
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strain) was detected from a herd that imported animals
from Australia; this is one of several previously unde-
tectable strains of BVDV that have now been reported
in Turkey (Oguzoglu et al., 2010a). The subtypes usu-
ally remain limited to a geographical region in Turkey;
however, the 1-f subtype (isolate name TR-2006-
AK171449), which is seen with particular regularity in
the Marmara region, was detected from a herd in the
central Anatolian region, indicating that different geno-
types can be transmitted between regions/countries by
animal transport/trade. In addition, a remarkable associ-
ation exists between clinical symptoms and BVDV 1
subtypes. In particular, BVDV 1-I subtypes from herds
in the central Anatolian region were clinically related to
persistent infection, congenital AH syndrome, diarrhoea
and mucosal lesions in the mouths of infected animals
(Table 1).

Use of mostly 5UTR sequences was preferred for
molecular characterization of pestiviruses, because it is
easy to obtain by RT-PCR and provides greater possibil-
ity for comparison with other reference sequences avail-
able in GenBank. At present at least eleven genetic
groups of BVDV 1 are recognized based on 5UTR
sequences, indicating the genetic diversity of BVDV. In
this study, identification of BVDV 1 subtypes in Turkey
was achieved using both 5'UTR (n =37) and some
selected NP™ (n = 8) sequences. The isolates from 5'UTR
and NP™ sequence analysis were characterized and deter-
mined for the same subtype. With reference to
sequences, we detected five subgroups of BVDV in Tur-
key (1-a, 1-b, 1-d, 1-f and 1-I). Bovine virus diarrhoea
virus 1-I has been reported to date by Yesilbag et al.
(2008) in Turkey, and by Jackova et al. (2008) in France.
Also, Giammarioli et al. (2009) presented one isolate
from Italy that was identified as BVDV 1-/ after compar-
ison in the phylogenetic tree with 71-03 and 71-15 from
France (Jackova et al,, 2008). However, Minami et al.
(2011) reported that these BVDV 1-I subtypes which
reported by Yesilbag et al. (2008) and by Jackova et al.
(2008) were placed in different clusters. Turkish 1-/ field
pestiviruses identified in this study were clustered in the
same branch as reported by Yesilbag et al. (2008) in the
phylogenetic tree shown in Figs 2 and 3. These results
show that Turkish BVDV 1-I subtype might be geo-
graphically restricted.

Bovine virus diarrhoea virus infection has a worldwide
distribution and continues to have an adverse economic
impact on the cattle industry. Prevention and control of
this infection occurs by screening the herds, detecting
persistent infection and removing cattle that are persis-
tently infected from herds. In addition, female cattle
should be vaccinated for foetal protection (Frey et al.,
2002); this vaccination may not be necessary if large-
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scale herds do not have many persistently infected ani-
mals, as with the Scandinavian BVDV eradication model;
Houe et al., 2006). In 2005, a programme was started in
many European countries for the purpose of BVDV
control, and it is known to date that several of these
countries have accomplished the goals set out in BVDV
eradication campaigns. Bovine virus diarrhoea virus cir-
culation in Turkish cattle has been reported several
times (Alkan et al,, 1997, 2000; Oguzoglu et al., 2004,
2010b; Yesilbag et al., 2008), but there is no effective
national eradication programme. However, a pilot pro-
ject on the control and eradication of BVDV infection
depends on the strategy of detecting persistently infected
animals and removing them from herds, and then the
use of the BVDV vaccine for the protection of herds
where infection has been detected (Alkan et al., 2011). It
is clear that, to improve the control and eradication
programme in Turkey, the subgenotypes common in
Turkey must be known, as must the role of persistently
infected animals in transmission and the prevalence of
infection. The introduction of new animals to herds
with imports (and the probable introduction of new
strains) due to international trade provides another risk
factor.

Given the data that has been obtained in recent years
in Turkey, one might say that the implementation of an
eradication programme including vaccine use should have
started at the national level in Turkey. The vaccines were
based on different combinations of identified variations
among BVDV isolates in the country. Most BVDV vac-
cines on the market in many countries, including in Tur-
key, contained BVDV 1-a and 1-b strains, some of them
in combination with a BVDV 2 strain (Ridpath, 2005).
Ideally, a pestivirus control programme for Turkey should
use a vaccine that contains not only BVDV 1 strains but
also BVDV2 (Oguzoglu et al., 2010b). For efficacious
BVDV immunization and protection in Turkey, predomi-
nant BVDV 1 subgenotypes (1-/ and 1-f) are clear vaccine
candidates. The results of the present study identify a
selection of vaccine strains for supporting a BVDV eradi-
cation programme in Turkey. We hope that the molecular
studies will be expanded for the purpose of starting such
an eradication programme.
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