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ABSTRACT

Background: The genus Pestivirus in the family Flaviviridae comprises the members bovine viral diarrhea virus type 1 
(BVDV-1), classical swine fever virus and border disease virus. The BVDV enveloped and the genome is a single-strand 
positive sense RNA molecule of approximately 12.3 kilobases in length. The genome is transcribed as a single open reading 
frame, fl anked by 5’ and 3’ untranslated regions. Genetic typing of BVDV has usually been performed using sequences from 
the 5’-UTR, Npro and E2 regions. BVDV is an RNA virus with a high genome variability having practical consequences on 
epidemiology, diagnosis and disease control. Genetic monitoring was suggested as the fi rst step in BVDV control because 
genetic typing of BVDV shows evidence of an increasing number of variants. For this reason circulating genetic typing 
of BVDV is important update these data. Circulating BVDV in the fi eld shows genetic and antigenic diversity. 5’-UTR 
nucleotide sequence analysis has been widely used for pestivirus genotype identifi cation. To further characterize the BVDV, 
the nucleotide sequence of the 5’-UTR that represents a conserved region of the virus genome was analyzed in many 
studies. The purpose of the current study was to investigate genotypes of pestivirus were circulating in cattle populations 
in Central Anatolia Region of Turkey. 
Materials, Methods & Results: Blood samples from 160 animals in randomly selected seven cattle dairy farms that lives 
with more than 1100 cattle, were collected between November 2009 and March 2010 from Kirikkale (n = 57), Corum (n 
= 50), Ankara (n = 21), Yozgat (n = 17), Kirsehir (n = 15) cities where are located in Central Anatolia region of Turkey. 
To detect BVDV in cattle, viral RNA was extracted from whole blood samples using QIAamp Viral RNA Kit and the 5’-
UTR were targeted using RT-nested PCR accomplished with fi rst round primers pair panpestivirus and with second round 
BVDV-1a, BVDV-1b and, BVDV-2 pooled blood samples, respectively. It was detected in second round of RT-nested PCR 
that BVDV-1a and, BVDV-2 rate are 0.625%, 7.5% in the cattle respectively but not BVDV-1b. Positive PCR amplicons 
were purifi ed from agarose gel by using commercial DNA purifi cation kit GeneClean III. Two panpestivirus positive PCR 
amplicons were sequenced using 326 primer. To determine genetic typing of circulating BVDV in the cities, two panpes-
tivirus positive PCR amplicons were sequenced to found genetic diversity and all data were deposited in GenBank under 
accession numbers; BVDV/Turkey/Kirikkale/01 (HQ393488.2) and BVDV/Turkey/Kirikkale/02 (HQ393489.2). Gene 
sequences were compared to Mega 4.1 and ClustalW analyzing software. 
Discussion: The BVDV has a world-wide distribution and causes signifi cant economical losses especially on cattle farms. 
In this study, it was investigated genetic variability of BVDV subtypes by identifying the 5’-UTR nucleotide sequences of 
two panpestivirus amplicons from fi eld samples. It was found that BVDV-1a and BVDV-2 in terms of BVDV epidemiol-
ogy is genotyping, 0.625% and 7.5% using RT-nested PCR respectively. Genetic typing is important for the precise clas-
sifi cation and molecular epidemiology of BVDV-1 and epidemiological information on currently epidemic viruses is also 
important for BVDV prevention and control. We suggest that vaccines should contain at least one strain of both species in 
Turkey. The study of genetic diversity of BVDV is useful for the understanding of pestivirus fi eld locations as well as for 
epidemiological studies and planning future BVDV control and vaccination programs in Turkey.
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INTRODUCTION

The genus Pestivirus in the family Flavivi-
ridae comprises the members bovine viral diarrhea 
virus type 1, 2 (BVDV-1,2) and border disease virus 
[4]. Pestiviruses can infect a wide range of animal 
species of the order artiodactyla. These viruses main-
ly infect cattle, sheep and pigs, but pestiviruses and 
anti-pestivirus antibodies have been identifi ed in many 
other ungulate species [2,3,11,27]. BVDV causes also 
economic losses through decreased weight gains and 
milk production and abortion [11]. BVDV is present 
worldwide [10]. BVDV infection is widely spread 
among Turkey cattle with a serological prevalence 
ranging from 14.3% to 100% in unvaccinated animals 
[7,16]. There is no report about BVDV from Corum, 
Kirikkale, Yozgat and Kirsehir. 

The BVDV enveloped and the genome is a 
single-strand positive RNA that is 12.3 kilobases in 
length. Genetic typing of BVDV has usually been 
performed using sequences from the 5’-UTR, Npro 
and E2 regions and, many of these sequences are 
available from GenBank [3,6,25]. Genetic monito-
ring was suggested as the fi rst step in BVDV control 
because genetic typing of BVDV shows evidence of 
an increasing number of variants [5]. For this reason 
circulating genetic typing of BVDV is important 
update these data. Circulating BVDV in the fi eld 
shows genetic and antigenic diversity. On the basis 
of nucleotide sequence analysis the four pestivirus 
genotypes have been further subdivided into several 
subgroups [6,12]. To further characterize the BVDV, 
the nucleotide sequence of the 5’-UTR that represents a 
conserved region of the virus genome was analyzed in 
many studies [4,15,18,29]. The purpose of the current 
study was to investigate genotypes of pestivirus were 
circulating in cattle populations in Central Anatolia 
Region of Turkey. 

MATERIALS AND METHODS

Sampling

Blood samples from 160 animals in randomly 
selected se ven cattle dairy farms that lives with more 
than 1100 cattle, were collected between November 
2009 and March 2010 from Kirikkkale (two farms/n 
= 57), Corum (one farm/n = 50), Ankara (two farms/n 
= 21), Yozgat (one farm/n = 17), Kirsehir (one farm/n 
= 15) cities where are located in Central Anatolia 
region of Turkey. There aren’t any clinical symptoms 

on cattle’s and there haven’t any vaccination against 
BVDV (data collected from farmers). All blood sam-
ples were obtained from left or right jugular vein of 
cattle by using vacutainer tubes with anticoagulant1 

and transported to the laboratory at ambient tempe-
rature. Total of 160 whole blood samples randomly 
pooled into 80 pools for testing and kept at -20ºC 
until analyzed.

RT-Nested PCR 

Viral RNA was extracted from whole blood 
samples using QIAamp Viral RNA Kit2 according to 
the manufacturer’s instructions. RNA samples were 
treated with RNase-free DNase2. Random primer 
(1.25 mM random primer)3 was used in the fi rst step 
of cDNA synthesis. For this purpose, 10 µL total RNA 
was combined with 1 µL (0.5 µg) random primer and 
preheated at 70°C for 10 min to denature secondary 
structures. The mixture was cooled rapidly, and 2 µL 
(100 mM) dNTPs, 5 µl 5X RT buffer, 1 µL l MMLV 
RT (200 IU/µl Promega)4, and 6 µL H2O were added 
reaching to the total volume of 25 µL. The RT mix was 
incubated at 37°C for 90 min and stopped by heating 
at 94°C for 2 min. To optimize and accuracy for the 
detection of viral RNA extraction and cDNA synthesis, 
amplifi cation of cDNA was performed with bovine 
cDNA encoding GAPDH primers by PCR. After PCR 
products were detected with 346 base pairs, on 1.5% 
agarose (Figure 1A). Amplifi cation of cDNA was car-
ried out in a total volume of 50 µL, under the following 
conditions: 5 µL cDNA, 25 mM Tris–HCl pH 8.9, 50 
mM KCl, 3 mM MgCl

2
, 2 mM of dNTP mix, 10 pmol 

of primers 324/326 and 3U Taq DNA polymerase3. 
The thermal profi le used consisted of 32 cycles of the 
following; 94ºC for 45s, annealing at 56ºC for 45s 
and extension at 72ºC for 45s; and a fi nal extension 
at 72ºC for 5 min. Second round RT- nested PCR was 
performed under same conditions with 1AF/1ABR, 
1BF/1ABR and B5/B6 primer sets for 28 cycles (Table 
1). Total of 160 whole blood samples randomly pooled 
into 80 pools before RT-nested PCR. Each pool was 
carried out fi rst round RT-nested PCR with 324 and 
326 primers. PCR amplicons from this stage were used 
as a new template in the second round RT-nested PCR 
that was performed using different primers pairs for 
each reaction (1AF/1ABR, 1BF/1ABR and B5/B6). 
When a pool showed positive signal for any primers 
pairs, both samples were carried out RT-nested PCR 
separately to type of BVDV. NADL (reference virus 
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strain) was using as positive control provided kindly 
by Central Veterinary Control and Research Institute 
(Etlik, Turkey). The PCR products were visualized 
using electrophoresis on 1.5% agarose gel containing 
ethidium bromide. Primers used for amplifi cation of 
the 5’-UTR region of the pestivirus genome have been 
described previously (Table 1) [18,23,26].

DNA sequence comparisons and phylogenetic analysis

Positive PCR amplicons were purifi ed from 
0.75% agarose gel by using commercial DNA purifi ca-
tion kit GeneClean III5 according to the manufacturer’s 
instructions. Two panpestivirus positive PCR ampli-
cons were sequenced using 326 primer [30]. Gene 
sequences were compared to Mega 4.1 and ClustalW 
analyzing software. The phylogenetic tree generated 
by using Multiple Sequence Alignment using the T-
Coffee program and treewiew software. Sequences 
analyzing were carried out in the commercial company 
(Iontek, Istanbul, Turkey).

RESULTS

To detect BVDV in cattle, the 5’-UTR were 
targeted using RT-nested PCR accomplished with 
fi rst round primers pair panpestivirus and with second 
round BVDV-1a, BVDV-1b and, BVDV-2 pooled 
blood samples, respectively. In fi rst round RT-nested 
PCR expected PCR amplicons size as 288 base pairs 
were detected in two samples (Figure 1B). Second 
round PCR was carried out for each sample via type 
specifi c primers (Table 1). To detect subtype of BVDV, 
second round RT-nested PCR was carried out for each 
sample via type specifi c primers. Expected PCR am-
plicons size as 169 bp and 91 bp PCR amplicons were 
detected in blood samples (Figure 1B). It was detected 
in second round of RT-nested PCR that BVDV-1a and, 
BVDV-2 rate are 0.625% (1 positive sample in 160 
samples), 7.5% (12 positive samples in 160 samples) 
in the cattle respectively but not BVDV-1b. BVDV1a 
positive samples comes from Kirikkale, BVDV-2 po-
sitive samples come from Corum (n = 8), Kirsehir (n 
= 2), Kirikkale (n = 2) cities.  

To determine genetic typing of circulating 
BVDV in the cities, two panpestivirus positive PCR 
amplicons were sequenced to found genetic diver-
sity and all data were deposited in GenBank under 
accession numbers; BVDV/Turkey/Kirikkale/01 
(HQ393488.2) and BVDV/Turkey/Kirikkale/02 
(HQ393489.2) that were taken from Kirsehir city. 

HQ393488.2 and HQ393489.2 were compared with 
some BVDV sequences that are available from Gen-
Bank to generate phylogenetic tree (Figure 2). The 
results of the phylogenetic tree with bootstrap trials 
comparing the sequences with other pestivirus se-
quences for the 5’-UTR region are shown in Figure 2. 

Figure 1. To detect BVDV subtypes, RT-nested PCR was used for ampli-
fi cation of the 5’-UTR.
A: RT performed with GAPDH primer (346 bp). Lane M; DNA marker 
(100 bp, Fermentas, Lithuania), Lane 1; NADL, positive control, reference 
virus, Lane 2; negative control, Lane 3; Panpesti positive, Lane 4; BVDV-
1a positive, Lane 5; BVDV-2 positive blood samples. B: PCR performed 
with 324/326 primer (288 bp), 1AF, 1BF/1ABR primer (169 bp) and B5/ 
B6 primer (91 bp). Lane M; DNA marker (100 bp, Fermentas, Lithuania), 
Lane 1; NADL, positive control, reference virus, Lane 2; negative control, 
Lane 3; Panpesti positive, Lane 4; BVDV-1a positive, Lane 5; BVDV-2 
positive blood samples. 
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AF298069 
AY158154 

Z79781 
AF298071 

AB000898.1 
AF298056 

AF298065 
AY159529 

AB042704 
AF298060 
AJ293608 

FJ387327 
HQ393488.2

HQ393489.2
EU716132 
EU716118 

EU716138 
AB042713 

AB019670 
EF210347 

U17142 
AY081182 
U65022 
AM418427 

AM418428 
AY761194 

AJ605590 
EU117550 
AY775140 

AY972477 
FJ493487 

GU979819 
GU979818 
GU979820 

EU051826 
EU542421 

EF683554 
AY379547 

EU034175 
AB003620 

AB042676 
AF298063 
AJ304381 

Primers Genotype Sequence (5'-3') Product (bp) References

324 PanPestivirus ATGCCCWTAGTAGGACTAGCA 288 26

326 PanPestivirus TCAACTCCATGTGCCATGTAC 288

1AF BVDV-1a TCGACGCCTTRRCATGAAGGT 169 23

1BF BVDV-1b TCGACGCTTTGGAGGACAAGC 169

1ABR BVDV 1a and b CCATGTGCCATGTACAG 169

B5 BVDV-2 ACTAGCGGTAGCAGTGAG 91 18

B6 BVDV-2 CTAGCGGAATAGCAGGTC 91

DISCUSSION

The BVDV has a world-wide distribution and 
causes signifi cant economical losses especially on cat-
tle farms [9,16]. BVDV infection risk was reduced by 
year eradication program in all herds participating in 
the program [20]. It was reported that BVDV infection 

plays a master role in abortions problems when its 
incidence of abortion compared with other infections 
such as Neospora caninum, mycosis Bacillus liche-
niformis [1]. 

Accurately determining the prevalence of 
BVDV infection in individual cattle or herds is proble-
matic for a number of reasons. Herd sizes are relatively 

Figure 2. The phylogenetic tree for 5’-UTR of the pestivirus genome 
was generated by using Multiple Sequence Alignment using the T-Coffee 
program in Clustal W software and treewiew software. Sequences not 
generated by this study are derived from genbank excepted for sequences 
are HQ393488.2, HQ393489.2 (Arrow was shown these sequences). 
BDV; AM418428, AM418427, U17142, U65022, FJ493487, AY081182, 
GU979820, GU979818, GU979819. BVDV-1; AB019670, AB042713, 
EU716138, EU716118, EU716132, AF298060, FJ387327, AB042704, 
AY159529, AJ293608, EF210347, AF298056, AF298065, AB000898.1, 
Z79781, AY158154, AF298069, AF298071. BVDV-2; AB042676, 
AB003620, AF298063, AY379547, AJ304381, EU034175, EF683554, 
EU051826, EU542421 CSFV; AJ605590, AY972477, EU117550, 
AY761194, AY7751.

Table 1. In this study, for reverse transcriptase nested polymerase chain reaction (RT-nested PCR) primers used for amplifi cation of the 5’-UTR region 
of the pestivirus genome have been described previously.
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large and testing every individual animal is neither 
logistically nor economically feasible. Therefore we 
did not prefer also to work each samples separately. 
Although testing strategies for pooled samples have 
been developed, they do not replace the need to obtain 
samples from each animal [17]. Therefore in the pre-
sent study testing strategies for pooled samples have 
been used. In this study, it was investigated genetic 
variability of BVDV subtypes by identifying the 5’-
UTR nucleotide sequences of two panpestivirus am-
plicons from fi eld samples. It was found that BVDV-
1a and BVDV-2 in terms of BVDV epidemiology is 
genotyping, 0.625% and 7.5% using RT-nested PCR 
respectively. However we got just two positive signal 
using panpesti primers. One should speculate why we 
found just two positive signal using fi rst round RT-
nested PCR. Clinical samples might be very low viral 
load and other we took all samples from cattle healthy 
appearance. It was reported that the PCR assay had a 
detection limit of 10 TCID50/0.025 mL of virus. For 
this reason second step RT-PCR assay would be useful 
for the typing of ruminant pestiviruses, particularly 
BVDV isolates from the diagnostic laboratory [8]. 
It was mentioned that when three techniques for the 
extraction of viral RNA from fetal fl uids were com-
pared to detect BVDV. The Qiagen kit was the most 
sensitive and reproducible and therefore adopted [13]. 
In the present study the Qiagen kit was preferred to 
use too. Although live BVDV can be detected using 
a virus isolation technique in which cultured cells are 
inoculated with test specimens, and then subjected to 
immunofl uorescence or immunoperoxidase staining 
3-5 days later. However, if the samples are subopti-
mal (e.g., attributable to autolysis), it is not the most 
sensitive test [11,16]. It was reported that the nested 
RT-PCR detected BVDV RNA in eight of the hundred 
fetal fl uids screened, whereas BVD virus was isolated 
from only one sample [13]. The use of the nested RT-
PCR may provide a more accurate picture of BVDV 
infection. Our fi ndings from RT-nested PCR compa-
tible with all of these reports too. 

The 5’-UTR has highly conserved regions 
intercalated by three variable regions where nucleo-
tide substitutions accounting for differences among 
pestivirus types are located. The 5’-UTR has been 
used widely in studies of evolution, epidemiology 
and taxonomy. Thus, 5’-UTR nucleotide sequence 
analysis has been widely used for pestivirus genotype 
identifi cation [4,6,15,18,29]. 

In recent studies geographical distribution 
reported for BVDV subgroups in some European 
countries [27,28]. BVDV-1l reported was independen-
tly placed in different clusters and distinct from the 
Japanese subgenotypes [14,19,30]. It was reported that 
samples used were collected from seven provinces in 
western Turkey to detect different genetically typing 
came from all over Turkey with only fi ve isolates ori-
ginating from three western provinces (Bursa, Izmir 
and Edirne) included in the serological survey [30] . 
They also reported that the main subgroups of BVDV-
1l circulating in Europe can also be found in Turkey. 
BVDV-2 infections have previously been detected 
in different European countries. The circulation of 
BVDV-2 has been reported in Turkey as well [20-
22,30]. This widespread prevalence of virus variants 
may be explained by the intensive movements of cattle 
between farms within the same or different regions 
and by poor BVDV control procedures. In recent ye-
ars, BVDV eradication programs have been used in a 
lot of countries [21]. These fi ndings have important 
implications for vaccine development and immuni-
zation strategies. For the prevention of cattle from 
two genotypes of BVDV infection, it is necessary to 
develop effective BVDV vaccine using both BVDV-1 
and BVDV-2 strains. Distinct patterns of geographical 
distribution have been reported for BVDV subgroups. 
Although BVDV-1a, 1b, 1c, 1d, 1f and 1h were found 
in some European countries, BVDV-1g is restricted 
to an area of middle Europe [24,28,30]. Our result 
showed that there is similar to genetic type of virus in 
the Central Anatolia.

Genetic typing is important for the precise 
classifi cation and molecular epidemiology of BVDV-1 
and epidemiological information on currently epide-
mic viruses is also important for BVDV prevention 
and control [10]. For this reason the study of genetic 
diversity of BVDV is useful for the understanding of 
pestivirus fi eld locations as well as for epidemiological 
studies and planning future development of effective 
strategies of BVDV control and vaccination programs 
in Turkey. The available inactivated vaccines are safe, 
but their effi cacy is not satisfactory. Eventhough to 
control BVDV infections, there is a need for better, 
safer vaccines [31]. We suggest that vaccines should 
contain at least one strain of both species in Turkey. 
The study of genetic diversity of BVDV is useful for 
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