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Bovine viral diarrhea (BVD) is a viral disease of cattle with a high economic impact. To
estimate the seroprevalence of Bovine viral diarrhea virus (BVDV) infection of cattle
on smallholder farms we included 78 smallholder farms in the Belgrade epizootiological
area where 318 blood serum samples from cattle were collected, and subsequently
tested. The samples were analyzed using a commercially available competitive enzyme
immunoassay (ELISA) for the detection of antibodies against BVDV. The obtained
results showed an overall seroprevalence of 3.8% whereas the seroprevalence on herd
level varied from 0% to 80%. The obtained results showed a relatively low seroprevalence
of BVD infection on smallholder farms on the territory of Belgrade city.
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INTRODUCTION
Bovine viral diarrhea (BVD) is a highly contagious viral disease of cattle with a high
economic impact due to decreased performance and milk production, reproductive
disorders and increased mortality. Based on the International Committee on Taxonomy
of Viruses (ICTV), Bovine viral diarrhea virus (BVDV) is classified as a member of
the family Flaviviridae, genus Pestivirus [1]. According to the new clasification BVDV is
divided into Pestivirus A (previously named genotype 1) and Pestivirus B (previously
named genotype 2). BVDV causes digestive, reproductive, and respiratory disorders
that range from mild to severe ones [2]. Although BVDV primarily affects cattle, some
other species like small ruminants and pigs can be infected, as well. The disease is also
present in wildlife affecting wild boars and other wild ruminants [3]. The infection
is endemic worldwide and produces significant financial losses [4]. Presently, some
EU countries are free or almost free from BVD [5], while others, before launching
eradication programs, had reported relatively high BVD seroprevalance, in Croatia
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at 7.,9% [6] and Hungary at 43.4 % [7]. Losses from BVD associated with other
diseases can be more than €340 per cow in a herd outbreak [4]. Though indirect
losses are substantial, the greatest economic losses due to BVDV infection are a direct
consequence of the virus passing through the placenta of infected, gestating cows,
making reproductive losses due to abortion, early embryonic death, malformations of
the fetus, and reduced conception rate [8].
There are numerous ways of introducing BVDV into a herd, such as acquisition
of animals and movement of animals between the herds, via semen, embryos, and
vaccines (live and attenuated) [2]. Persistently infected cattle are the major reservoir of
the virus thus providing the continuous circulation of the virus in the herd [8].
BVD can be diagnosed through direct virus detection or indirectly by detection of
antibodies. The most used methods are ELISAs, RT-PCR assays, immunohistochemistry
(IHC), and virus isolation [9]. The most often used serological method for laboratory
diagnostics of BVD through detection of specific antibodies is blocking ELISA [10].
Serological methods are useful for screening of whole herds and estimation of BVD
antibody levels, as well as identification of infected animals that are responsible for
the spread of the disease [11]. Identification of persistently infected individuals, is
an important tool to eradicate BVDV [12]. Although ELISA is the most frequently
applied method, RT-PCR assay is more sensitive and specific, being also very reliable
for the estimation of a herd BVD status [13].
Previously published studies, although limited and outdated, confirmed the existence
of the virus on the territory of Serbia, consequently suggesting the considerable
prevalence of BVD, particularly on big cattle farms [14–16]. Considering the relatively
poor data available, besides the time gap and insufficient exact and updated knowledge
regarding BVD seroprevalence with emphasis on smallholder farms, epizootiologically
attractive due to the specific way of farming, we aimed to distinctly determine the
seroprevalence of BVD on smallholders farms on the territory of Belgrade city.
MATERIAL AND METHODS
In this research, 78 smallholder farms with a total of 463 animals, both cows and
heifers were included. Only adult cows, above the age of 24 months were sampled,
resulting with 318 blood serum samples collected individually and subsequently
tested. The enrolled animals were apparently healthy and have never been vaccinated
against BVDV. The collected samples originated from animals residing on different
smallholder farms within seven municipalities of the city Belgrade (Mladenovac,
Lazarevac, Sopot, Barajevo, Grocka, Stepojevac, Surčin). The average herd size was
5.94 individuals (herd size varied from 1 to 17), while sample size from each sampled
herd varied from 1 to 14. Although the exact definition of smallholder farms varies
widely worldwide depending on location and the farming system, regarding the law
regulation of the Republic of Serbia smallholder farms are defined as holdings were
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less than 20 ruminants are raised, typically under the control of one owner [17]. Also,
this indicates that the implemented biosecurity measures on smallholder farms are
usually low.
Blood samples were collected during the summer 2019. by puncture of the Vena coccigea
in a sterile tube containing a clot activator (10 ml). After spontaneous coagulation
and centrifugation (3000 rpm for 10 minutes), the serum samples were decanted and
stored at the temperature of -20 °C until the analyses were performed.
The samples were analyzed using competitive enzyme immunoassay (ELISA) for the
detection of antibodies against BVDV infection (PrioCHECK™ Rum. BVD p80
Ab Serum & Milk, Prionics, Zurich, Switzerland), according to the manufacturer’s
instructions. The optical density (OD) was measured with the ELISA reader (Multiscan,
Labsystem) at a single wavelength of 450 nm. Samples were considered as positive
when S/P (sample to positive) ratio was above the cut-off value of 0.5. According to
the manufacturer, the diagnostic sensitivity and specificity values of the used ELISA
kit for BVDV antibodies detection were 96.9% and 97.8%, respectively.
The required sample size and true seroprevalence estimation due to imperfections
of the test used (BlakerCL) with a confidence level of 0.95 were calculated using
the Sergeant, ESG, 2018. Epitools Epidemiological Calculators. Ausvet. [18]. The
required sample size for relevant BVD seroprevalence estimation concerning the 78
smallholder farms included in this study was calculated at minimum of 209 cattle,
(population size 463, confidence limits 5%, design prevalence 1.0, and clusters 1).
Pearson’s Chi-Squared Test together with the Fisher’s Exact Test were used to estimate
the significance of the divergence between the obtained results.
Results are presented as seroprevalence at herd level, the overall seroprevalence, and
true seroprevalence within each mentioned municipality.
RESULTS
In total, out of 318 tested cows for the presence of antibodies against BVDV, 12
cows were found to be seropositive, indicating that the overall seroprevalence of
BVD infection within the mentioned Belgrade municipalities was 3.8%. The most
BVD seropositive cows were located in the municipality Surčin (7 cows), following
Barajevo (3 cows) and Sopot (2 cows), while the highest seroprevalence at herd level
was observed precisely in the municipality Surčin (80%).
The true seroprevalence of BVDV on smallholder farms within the implied Belgrade
municipalities ranges from 0% to 76.9%.
Pearson’s Chi-Squared Test has shown a statistically significant divergence between
the results obtained from municipalities Barajevo, Surčin and Sopot (P<0.05).
Furthermore, when comparing the results obtained from the mentioned municipalities
with each other mutually, using Fisher’s Exact Test the divergence between the obtained
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results from Barajevo versus Surčin, and Surčin versus Sopot has shown to be statistically
significant (P<0.05). Nevertheless, the divergence between the results obtained from
Barajevo versus Sopot was not statistically significant (P> 0.05).
Data of the seroprevalence study of BVDV on the observed farms on the territory of
Belgrade city are presented in Table 1.
Table 1. Seroprevalence of Bovine viral diarrhea on smallholders’ farms on the territory
of Belgrade
Results of the seroprevalence study
No of
No
No of
Municipality
smallholders’ analyzed positive Seroprevalence
The overall
True
of Belgrade
farms
animals animals at herd level
seroprevalence seroprevalence
Mladenovac

11

57

0

0

0

0

Lazarevac

10

26

0

0

0

0

Sopot

11

63

2

18.2 % (2/11)

3.2% (2/63)

0-32.9%

Barajevo

33

125

3

9.1% (3/33)

2.4% (3/125)

0-32.9%

Grocka

4

23

0

0

0

0

Stepojevac

4

8

0

0

0

0

Surčin

5

16

7

80% (4/5)

43.7% (7/16)

0-76.9%

Total:

78

318

12

11.5% (9/78)

3.8% (12/318)

1.7%

DISCUSSION
With its worldwide high negative economic impact on agriculture and animal welfare,
BVD represents an important disease which should be monitored and controlled very
thoughtfully. On the territory of our country, the first serologically confirmed cases of
BVDV infection were published in 1968 [19]. Since then, not many authors have dealt
with this disease, hence data regarding the seroprevalence of BVD on the territory of
Serbia are insufficient and outdated, and seek further surveys.
According to official data of the Statistical Office of the Republic of Serbia total
number of cattle population in 2019. in Serbia was 898.178, of those 45.721 (5.1%)
were kept in the region of city Belgrade at the time of sampling [20].
The situation in the dairy sector in our country has changed over the past decades.
With a herd less than 20 cows, smallholder farms used to be considered as the biggest
producers of milk in Serbia [21]. Along with the development of agriculture, a new
trend is noticed, where the dominance in the dairy sector is increasingly taken over by
large farming systems. As previously mentioned, opposite to large farming systems,
implemented biosecurity measures on smallholders farms are commonly low.
As there is neither a BVDV control program in Serbia nor a mandatory vaccination
program, the observed results reflect the natural course of the infection in the
ruminant population in our country. Previously published studies have shown that
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the seroprevalence of BVD on large cattle farms was in a wide range from 3.80% to
81.58% [16]. Petrović (2006) has published the results of an extensive research where
within animals farmed on smallholder farms, the obtained seroprevalence ranged from
18.53% to 31.30%, depending on the epizootiological area. Contrary to this, regarding
cattle farmed on large farms, this value was from 55.13% to 81.58%. The highest
seroprevalence of BVD was obtained precisely in the Belgrade epizootiological area
[16] . Contrary to this, in the present study the overall seroprevalence of BVD on the
territory of Belgrade on smallholder farms was 3.8%. This result is in accordance
with data published by Milošević et al. (2004), where the seroprevalence of BVD
among animals in small herds on the territory of the Belgrade district was 4.24%
[15]. The seroprevalence of BVD in the neighboring countries varies. A study that
covered several European countries between 1974-1995 revealed that the overall
seroprevalence of BVD varied between 60 and 85% [22]. Since then the situation
has certainly changed, but the course of the change dependends on a number of
factors. A meta-analysis of BVDV prevalence in the global cattle population that
covered 73 different countries for the period 1961-2016 revealed that seroprevalence
of BVD remained relatively constant at both animal (48.73% - 46.26%) and herd level
(67.01% - 66.08%) [23]. A decrease of BVD seroprevalence was predicted for Europe,
while an increase in North America [23]. In the surrounding countries, Hungary has
reported an overall seroprevalence of BVD 43.4% with 70.4% seropositive farms
[7]. Our results revealed far lower (11.5% BVD seropositive farms) on the territory
of Belgrade city. The difference between the results obtained from municipalities
Barajevo, Surčin and Sopot, considered as statistically significant, may come from the
divergence concerning the density of the sampled population.
As presented, there is an obvious difference between the seroprevalence of BVDV
infection on large cattle farms compared to smallholder cattle farms. The difference
in the seroprevalence of BVDV infection between large farms and smallholder farms
could be explained by the limited animal movements since females usually stay within
the herd with a rare introduction of new animals. Human traffic on smallholder
farms is lower than on large farms, and the animals are tended only by the people
living on the farm thus reducing the chance for the introduction of BVDV into the
herd by workers. In addition, livestock feed is mostly homemade, excluding the need
for procurement of industrial feed that could be potentially the source of the virus.
Persistently infected animals (virus-positive, but antibody-negative animals) are a
major source of the virus within the herd, continuously shedding enormous amounts
of the virus via all body secretions and hence sustain the mechanism for maintaining
BVDV in the cattle population [24].
Another concern in light of spreading BVDV is cattle kept on pastures which easily
become a reservoir of the virus for the wildlife, thus feedback is established and
the possibility for the re-infection of cattle remains open. As BVDV is confirmed
in wild boars in Serbia, these species along with other wild ruminants represent the
constant risk and could jeopardize BVDV eradication programs in domestic cattle [3].
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Furthermore, BVD is a transient and self-limiting infection, the virus spreads laterally
but in the lack of a naïve population, the possibility of further dissemination is highly
reduced [25].
Attempts to eradicate BVDV were limited for a long time due to prophylactic
vaccination, however, nowadays there are strategies that have shown to be very
successful and are underway in several European countries. Scandinavian countries
have been one of the first that have applied BVDV eradication programs and could
serve as a model that could be applied in our country, as well. On the example of the
lumpy skin disease outbreak in 2016., where due to mass vaccination the epizootic in
Serbia was successfully stopped in a short term, there are reasonable bases that provide
arguments for the effectual implementation of BVDV eradication programs involving
vaccination [26]. Biosecurity measures together with their strict implementation would
be extremely helpful besides for the request for BVDV-free animals that are introduced
into the herds.
In summary, BVD is considered sporadic in Serbia on smallholder farms in the region
of the city Belgrade. Our study has shown that the overall seroprevalence of BVD
infection on the territory of Belgrade is 3.8%. The seroprevalence of BVD at the
herd level varies from 0% to 80%. Consequently, while choosing an appropriate BVD
control program and/or vaccination protocols all relevant data and existing conditions
should be taken into concern. So far no BVD eradication programs are ongoing in
Serbia, nevertheless, this remains to be implemented in the future.
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SEROPREVALENCIJA VIRUSNE DIJAREJE GOVEDA NA MALIM
GAZDINSTVIMA NA TERITORIJI GRADA BEOGRADA
Zorana ZUROVAC SAPUNDŽIĆ, Milan NINKOVIĆ, Dimitrije GLIŠIĆ,
Bojan MILOVANOVIĆ, Jadranka ŽUTIĆ, Branislav KURELJUŠIĆ,
Vesna MILIĆEVIĆ
Virusna dijareja goveda (BVD) je virusno oboljenje, značajnog ekonomskog uticaja.
Radi procene seroprevalencije virusne dijareje goveda na malim gazdinstvima, u istraživanje je uključeno 78 malih gazdinstava na beogradskom epizootiološkom područiju
gde je 318 uzoraka krvnih seruma goveda sakupljeno i docnije ispitano. Uzorci su
ispitani korišćenjem kompetitivnog enzimskog imunoeseja za detekciju antitela protiv
virusa BVD (komercijalno dostupan ELISA kit). Utvrđena seroprevalencija BVD na
malim vlasničkim gazdinstvima iznosi 3,8 %, odnosno kreće se od 0 do 80% na nivou
stada. Dobijeni rezultati su pokazali relativno nisku seroprevalenciju BVD infekcije na
malim gazdinstvima na teritoriji grada Beograda.
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