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Abstract: Pestiviruses cause important infections in
ruminants worldwide. Pestivirus infections are
economically important due to their direct effects on
reproduction  in  the  sheep  and  goat  breeding  sector. 
The  pestivirus  genus  of  the  Flaviviridae  family is
single-stranded, icosahedral symmetrical, membranous
RNA viruses, among which there are also Bovine Viral
Diarrhea Virus (BVDV type 1 and 2), Border Disease
Virus (BDV) and Classical Swine Fever (CSFV) virus.
BDV is the main cause of congenital infections in sheep
and it can cause acute, fetal and persistent infections.
BDV infections are common in countries where BVDV
infections are endemic in cattle worldwide. Clinical
disease is rarely reported in goats. Persistently Infected
(PI) offspring in goats are less common compared to
sheep or cattle. Vertical transmission plays an important
role in the epidemiology of the infection. Serological
studies have demonstrated that natural pestivirus
infections in goats are common in many countries. In this
study, 274 blood samples were collected via. random
sampling from goats in 34 livestock enterprises in
agroecological sub-regions of Denizli Province, since,
there is no sufficient information on the seroprevalence of
pestiviruses in goats in Denizli Province of Turkey. The
samples were centrifuged at 3000 rpm and serum was
obtained. Blood serum was inactivated at 56°C for 30 min
and then stored at -20°C in a deep freezer until being
tested. Serum samples were investigated in terms of the
presence of antibodies by the Serum Neutralization Test
(SNT) using the BVDV reference strain NADL as a virus
strain. The Madin-Darby Bovine Kidney (MDBK) cell
culture  was  used  for  testing.  The  infectious  power  of
the BVDV-NADL strain was determined as the Tissue
Culture Infective Dose (TCID50/0.1 mL) value of 105.
According to the test results, the individual
seroprevalence was 10.58% (29/274) and the flock-based

144



J. Anim. Vet. Adv., 19 (11): 144-149, 2020

seroprevalence was 14.71% (5/34). When the
seropositivity rates of the animals were evaluated
according  to  their  sex,  12.85%  of  the  female  goats
and  3.12%  of  the  male  goats  were  found  to  be
antibody-positive.  According  to  the  sex  of  the  goats,
the   seropositivity   rates   of   the   female   and   male
animals  were  found  to  be  statistically  significant 
(χ2:4.90;  p:0.02).  A   significant   difference   was   found

in terms of age groups (6-24, 24-48 and 48 months<)
(χ2:11.77;  p:0.002).  As  a  result,  pestivirus  infection
was  detected  in  goats  in  livestock  enterprises  in
Denizli Province, although, it was not common.
Therefore, large-scale studies are important for the
economy of the region and the country to prevent the
spread of the infection in question and to determine its
prevalence rates.

INTRODUCTION

Pestiviruses are pathogens with a worldwide
distribution in which signs of infection in ruminants can
range from subclinical to severe clinical manifestations.
Pestiviruses  causing  infections  in  small  ruminant
(sheep and goat) species characterized by the findings of
the reproductive system have been classified in the
pestivirus genus of the Flaviviridae family. There are
generally four viruses in the pestivirus genus including
Border Disease Virus (BDV), Bovine Viral Diarrhoea
Virus 1 (BVDV-1), Bovine Viral Diarrhoea Virus 2
(BVDV-2) and Classical Swine Fever Virus (CSFV).
These viruses are antigenically  and  genetically  closely 
related  to  each other[1, 2].

Viruses in the pestivirus genus contain a single-
stranded, positive-polar RNA molecule with a length
varying between 12.3-12.5 kb. The virion is enclosed in
an envelope of nucleocapsid lipid structure with an Open
Reading Frame (ORF), approximately 40-60 nm in
diameter and surrounded by untranslated regions (5’ and
3’, untranslated region) from both ends[3-5].

Acute pestivirus infections in adult sheep and goats
usually do not show any clinical findings other than mild
fever. The infection generally shows a subclinical course
in non-pregnant goats. Abortion cases occurring in sheep
are shaped more than persistent offspring birth[6].
However, persistent goats are not common in natural
infection. However, the studies conducted show that goats
are susceptible to BVDV infection[7, 8]. Especially in
sheep, PI offspring births may occur following fetal
infection. PI animals are of great importance in the
epidemiology of the infection. PI sheep and especially
cattle play the role of the suppliers of pestivirus infections
in goats[9]. Pestiviruses have been obtained from only a
few naturally infected goats[10, 11].

Serological studies in many parts of the world
demonstrate that natural pestivirus infection is common in
sheep and goats[7, 9]. Since, PI is not very common in goats
and acute infection is temporary, seroepidemiological
studies are the most beneficial approach to evaluate
pestiviruses spreading among ruminants. In the studies,
conducted on the presence of pestiviruses in Turkey, it
was determined that pestiviruses cause economic losses in
small ruminants and the presence  of  factors  at  rates 

varying  between  0.7-3% was  identified  in  flocks 
where  abortion  also  took part[12-15]. Within this
framework, the diagnosis of viral diseases and the
investigation of their epidemiology are an important
criterion for eradication and control strategies. In this
study, the seroepidemiology of pestivirus infection in
livestock enterprises dealing with goat breeding in Denizli
Province was investigated.

MATERIALS AND METHODS

Sample collection and serum processing: Within the
scope of this study performed in Denizli Province located
in the Inner Aegean Region of Turkey, between 28°30’-
29°30’ Eastern meridians and 37°12’-38°12’ Northern
parallels, none of the goats investigated was vaccinated
against pestivirus infection. Blood samples were taken
into tubes to obtain serum from the vena jugularis of 274
clinically healthy goats by random sampling from goats in
34 livestock enterprises in the agroecological sub-regions
of Denizli Province. The samples were centrifuged at
3000 rpm and serum was obtained. Blood serum was
inactivated at 56°C for 30 min and then stored at -20°C in
a deep freezer until being tested.

Virus and cell culture: In the study, NADL, the
reference strain of the BVD virus was used to detect
antibodies formed against pestivirus. The Madin-Darby
Bovine Kidney (MDBK) cell culture was used for the
production of BVD virus, calculation of infectious power,
calculation of the SN50 value and virus neutralization test.
In the production of cell cultures, Eagle’s Minimal
Essential Medium (EMEM) was used by adding 10% fetal
calf serum and Dulbecco’s Modified Minimal Essential
Medium (DMEM) was used for the production of the
virus, the calculation of the infectious power of the virus
and the calculation of the VNT and SN50 values.

Virus neutralization and Serum Neutralization50 (SN50)
test: To this end, the method reported by Frey and
Liess[16]  was  used.  The  infectious  power  of  the
BVDV-NADL strains produced in the cell culture was
determined as the Tissue Culture Infective Dose
(TCID50/0.1 mL) by the microtitration method according
to the method of Kaerber. The serum obtained from 274
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blood samples collected in the study was tested according
to the microneutralization method, following the
previously reported procedure for the presence of specific
antibodies responsible for neutralization for BVDV[16]. To
determine the antibody titer, serum dilutions of 1:5, 1:10,
1:20, ..., 1:320 were prepared for BVDV, starting from a
titer of 1:5[17]. After the samples were diluted in medium
at  a  ratio  of  1:5,  50  μL  was  placed  in  two  wells  of
the 96-well microplate. It was diluted with an infectious
power  of  100TCID50  and  placed  in  equal  proportions
(50 μL serum+50 μL virus). After incubation for 1 h in
the oven (5% CO2, 37°C), MDBK cell suspension
(300.000 h mLG1) was added to all wells and removed to
the oven. One day later, positive samples evaluated under
the microscope were subjected to the SN50 test. The
neutralization test was accepted as positive and was
evaluated as seropositive since antibodies in serum
samples in the wells of the microplate in which CPE
could not be detected were homologous for virus strains
and blocked virus growth. Since, antibodies and virus
strains were not specific for each other in the wells with
CPE, virus growth was not blocked and the result was
evaluated as seronegative.

Statistical analysis: Data processing was performed
using the SPSS (Statistical Package for Social Sciences)
package program. Chi-square tests were used to analyze
age, sex and sub-regions. The value of p<0.05 was
accepted to be statistically significant.

RESULTS AND DISCUSSION

According to the test result in this study, the
TCID50/0.01 mL value of the BVDV virus was found to
be 105. It was determined that the antibody titers of the
blood serum with BVDV specific antibodies had
antibodies at the titers varying between 1:5 and 1:160. For
BVDV,   the   intensity   was   found   to   be   between 
1:5-1:20.

As a result of the serum neutralization test applied to
274 goat blood serum samples in the study area, specific
antibodies against BVDV were detected in 29 samples
(10.58%). The lowest and highest values  for BVDV
infection were found to be 8.54% (7/82-sub-region I) and
15.91% (7/44-sub-region IV), respectively. Flock-based
BVDV infection rates varied between 10.00-25.00%,
respectively. No statistically significant difference was
found between the sub-regions (sub-region I-IV) (p>0.05).

Table 1 shows in detail the number and prevalence rates
of antibody-positive animals against pestivirus in goats.
According to the test results, the individual
seroprevalence was 10.58% (29/274) and the flock-based
seroprevalence was 14.71% (5/34). Of a total of 274
seropositive serum samples, SN50 values were determined
as 1:5 in 34.48% as 1:10 in 27.59% as 1:20 in 17.24% as
1:40 in 10.34% as 1:80 in 6.9% and as 1:160 in 3.45%
(Fig. 1). When the seropositivity rates of the animals were
evaluated according to their sex, 12.85% (27/210) of the
female goats and 3.12% (2/64) of the male goats were
detected to be antibody-positive. According to the sex of
the goats, the difference between the seropositivity rates
of the female and male animals was found to be
statistically significant (χ2: 4.90; p:0.02) (Table 2). A
significant difference was found in terms of age groups
(6-24 months, 24-48 months, 48 months<) (χ2:11.77;
p:0.002) (Table 3).

Pestivirus infections are quite common in Turkey as
in many countries in the world and cause economic
losses. Due to the antigenic affinity of BVDV and BDV
isolates, their physical and biological similarities, both
viruses are identified as the same species within the
Pestivirus genus[18]. In this study, the detection of BVDV
antibodies in goat flocks shows the presence of pestivirus
infections in the sampled flocks. Pestiviruses were added
to the World Organization for Animal Health (OIE) list of
priority diseases for international trade. Furthermore, the
identification of pestiviruses in goats and sheep
necessitates regular serological studies for pestivirus in
small ruminants[19-21]. Pestivirus infections in ruminants
involve a complex scenario, since, subclinical, genetically
related and cross-species transmission is possible[22].

Studies conducted around the world show that the
prevalence  of  pestivirus  infections  varies  between  and 

Fig. 1: Pestiviruses antibody titre values of seropositive
animals

Table 1: Seropositivity rates of pestiviruses in goat populations and flocks
Agroecological sub-region No. of samples Positive Negative Percentage Flock Positive Negative Percentage
1 82 7 75 8.54 10 1 9 10.00
11 78 9 69 11.54 12 2 10 16.67
111 70 6 64 8.57 8 1 7 12.50
1V 44 7 37 15.91 4 1 3 25.00
Total 274 29 245 10.58 34 5 29 14.71
χ2 = 5.70; p = 0.02<0.05
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Table 2: Positivity distribution of pestiviruses according to goat sex
Sex No. of samples Positive Negative Percentage
Male 64 2 62 3.13
Female 210 27 183 12.86
Total 274 29 245 10.58
χ2 = 4.90; p = 0.026<0.05

Table 3: Positivity distribution of pestiviruses according to goat age
Age No. of samples Positive Negative Percentage
06-24 monthly 83 2 81 2.41
24-48 monthly 138 23 115 16.66
48 monthly< 53 4 49 7.55
Total 274 29 245 10.58
χ2 = 11.77; p = 0.002<0.05

within countries from region to region. It was reported as
4.5% in Norway, 5.6% in Ireland, 27% in the
Netherlands, 29.4% in Australia and 67% in
Switzerland[23-29].

There is currently no vaccination and eradication
program for pestiviruses in Turkey. Numerous studies on
pestivirus infection in Turkey have shown that the
infection is common in sheep populations. Fewer studies
have been carried out in goat flocks than in sheep flocks.
These studies, studies on the seroprevalence of
pestivirusin Turkey have reported that it varies between
4.08-63.6%  in  goats  and  between  18.94-79%  in
sheep[14, 30-38].

This study is the first one to determine the
seroprevalence of pestiviruses in different randomly
sampled goat flocks in Denizli Province of Turkey. The
individual seroprevalence in this study was found to be
10.58%. The seropositivity varies between 8.54% and
15.91% among the sub-regions. A significant correlation
was found between seropositivity and the sex and age of
animals (p<0.05). The study findings are similar to the
findings of other researchers[37, 38]. These are the antibody
titer ratios determined in seropositive animals in terms of
the presence of specific antibodies. The majority of
antibody titers were determined to be 34.48% (1:5) in
goats. It is known that the results of seroepidemiological
studies are affected by many factors such as the number
of animals sampled, age, study time, care and feeding
conditions of animals. Factors that lead to an increase in
virus resistance such as overcrowding and inadequate
nutrition  and  breeding  of  sheep,  goats  and  cattle  and
the  lack  of  knowledge  of  animal  owners  about
preventive medicine, may cause the prevalence of the
disease to increase.

CONCLUSION

As a result, due to the high prevalence trend in the
pestivirus infections of small ruminants in Turkey, the
training of enterprise owners and suggestions to breeders
about the measures to be taken against the said infection, 

study results and other infections were provided.
Although, abortions and births with anomalies due to the
presence of ruminant pestivirus have not been reported in
the sampled livestock enterprises, it would be useful to
consider  that  it  may  cause  economic  losses  in  the
future. 
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