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ABSTRACT
The paper presents results of comprehensive studies of the bovine viral diarrhea virus circulating in cattle populations in the Sverdlovsk Oblast. In 2018–2024, 
113 biological samples were tested using polymerase chain reaction, the viral RNA specific regions were detected in 15.9% of cases. The BVDV RNA was isolated from 
biological samples collected from aborted cows (61.1%) and calves under one month of age (38.9%). Based on typing results, the virus isolates detected in four 
samples (nasopharyngeal swabs of calves, suspension prepared from aborted fetus organs and placenta) were classified as BVDV-1 virulent genotypes. The BVDV 
RNA, Mycoplasma bovis and Chlamydophila pecorum DNAs were detected simultaneously in 44% of vaginal swab samples from aborted cows and, in single cases, 
in the placenta and parenchymatous organs of dead calves; BVDV RNA and Bovine herpesvirus type 1 DNA were detected in 16% of pathological samples from 
dead calves. In some cases, the BVDV RNA, Chlamydophila pecorum and Mycoplasma bovigenitalium DNA were detected in nasopharyngeal swabs of calves. The 
“Comprehensive Programme for Biosecurity and Bovine Viral Diarrhea Situation Improvement in Agricultural Organizations” implemented in the Sverdlovsk Oblast 
in 2018 resulted in decreased number of agricultural establishments affected by bovine viral diarrhea. Acute and persistent infection forms among young animals 
were recorded 4 and 3.5 times less frequently, respectively, but at the same time, a 2.5-fold increase in the diagnosed latent form of the disease was observed in 
adult livestock, which is associated with an increase in the number of laboratory tests performed.
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Комплексные исследования и видовая идентификация 
вируса вирусной диареи крупного рогатого скота 
в популяциях высокопродуктивных животных  
на территории Свердловской области
Н. А. Безбородова, В. В. Кожуховская, Е. В. Печура, Н. А. Мартынов, О. Г. Томских, А. Н. Васильева
ФГБНУ «Уральский федеральный аграрный научно-исследовательский центр Уральского отделения Российской академии наук» (ФГБНУ УрФАНИЦ УрО РАН), 
ул. Белинского, 112а, г. Екатеринбург, 620142, Россия

РЕЗЮМЕ
Представлены результаты комплексных исследований вируса диареи крупного рогатого скота, циркулирующего в популяциях крупного рогатого скота 
на территории Свердловской области. В период с 2018 по 2024 г. с помощью полимеразной цепной реакции было исследовано 113 проб биологического 
материала, при этом специфические участки РНК вируса были обнаружены в 15,9% случаев. Геном возбудителя вирусной диареи крупного рогатого 
скота был выделен из биологических проб, полученных от абортировавших коров (61,1%) и молодняка до 1 месяца (38,9%). В результате типирования 
обнаруженные в 4 пробах (смывы из носоглотки телят, суспензия из органов абортированных плодов и плаценты) изоляты вируса были отнесены 
к вирулентным генотипам BVDV-1. В 44% проб влагалищных смывов от абортировавших коров и единично в плаценте и паренхиматозных органах 
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duce different cytopathological effects (CPE) in the host 
cell systems: cytoplasmic vacuolization and cell death, that 
are not observed for NCP biotypes of the virus [15]. Since 
the fetal immune system is immature, NCP BVDVs (BVDV-1, 
BVDV-2) inhibit the induction of type I interferon. Thus, 
NCP BVDV-1 or BVDV-2 may cause abortion or stillbirth in 
cows at early pregnancy stage [13, 14, 15, 16].

Pestivirus type 1 (BVDV-1) is considered predominant 
among widespread cattle pathogens worldwide, while 
type 2 (BVDV-2) is more frequently reported in the USA 
and Canada, less frequently in Japan, India, South Ameri-
ca and occasionally in European countries [17]. The emer-
gence of new strains as well as BVDV strains with higher 
virulence, such as those causing haemorrhagic disease 
in animals (North America, genotype  2), emphasizes 
the need for diagnostic tests associated with virus geno-
typing [18]. The dose and virulence of the pathogen strains, 
the animal age and immunocompetence are the factors 
determining the pathogenicity level [19].

Faeces and excreta of animals containing a large num-
ber of  viral particles are one of the important sources 
of infection [13]. The intestinal form of BVD is manifested 
by high fever, anorexia, diarrhea, severe dehydration, and 
blood in the faeces. The disease is usually sporadic, the in-
cubation period lasts 1–2 weeks, and the mortality rate 
is extremely high [14]. The typical clinical signs in cows 
with mucosal disease are haemorrhagic, necrotic and ul-
cerative lesions. In addition, BVD can be manifested by loss 
of  intestinal crypts, erosions, ulcers and large-scale mu-
cosal necrosis, partially or throughout the gastrointestinal 
tract [16]. Animals that are immunotolerant to BVDV, once 
infected, become life-time carriers of the virus constantly 
shedding it, and a source of infection in the animal popu-
lation, complicating the eradication of the disease [20, 21].

In addition, BVDV-1 is  detected in semen, posing 
a  great threat of  vertical transmission and indicating 
the need for continuous testing of servicing bulls for virus 
carriage [22, 23, 24].

INTRODUCTION
Bovine viral diarrhea (BVD) is classified as Сlass B in-

fectious disease according to the World Organisation for 
Animal Health (WOAH). Official programmes aimed at 
BVD epizootological control and cattle population health 
improvement are implemented in the USA, UK and most 
European countries [1].

Establishing high-yielding dairy cattle herds is consi
dered one of top priorities in the livestock industry of our 
country within achieving key objectives of the Strategy 
for Scientific and Technological Development of the Rus-
sian Federation (point 21g) [2]. However, viral infectious 
diseases negatively impact livestock industry develop-
ment in the Russian Federation, same as in foreign coun-
tries [3, 4, 5].

Bovine viral diarrhea-induced economic losses for com-
mercial and breeding farms include abortions, birth of 
weak and non-viable progeny, emergency slaughter 
of calves, reduced milk yields and shorter life expectan-
cy  of livestock  [6]. The mortality level in BDV-infected 
farms  is high (up  to  10%). Asymptomatic occurrence 
of BVD in herds aggravates the situation at agricultural 
establishments, leading to total herd infection, decreased 
productivity and reproduction, and increased costs on 
treatment measures [6, 7].

According to both Russian and foreign researchers, it 
is possible to reduce economic losses by regular activi-
ties on livestock health improvement and viral infection 
prevention [8, 9, 10]. The process of improving the BVD 
situation in livestock establishments takes a very long time 
and is not always successful due to the pathogenetic pro
perties of the agent [8].

Bovine viral diarrhea virus (BVDV) is classified into the 
following species: BVDV-1, BVDV-2, HoBi-like (atypical) 
ruminant pestivirus, which are subdivided into subgeno-
types based on phylogenetic analysis [11, 12]. BVDV can 
be divided into cytopathic (CP) and non-cytopathic (NCP) 
biotypes [13, 14]. The cytopathic biotype of BVDV can in-

от павших телят одновременно выявляли РНК BVDV, ДНК Mycoplasma bovis и Chlamydophila pecorum; в 16% проб патматериала от павших телят – РНК 
BVDV и ДНК Bovine herpesvirus 1-го типа. В единичных случаях в смывах из носоглотки телят обнаруживали РНК BVDV, ДНК Chlamydophila pecorum и Myco­
plasma bovigenitalium. Внедренная в 2018 г. на территории Свердловской области «Комплексная программа биологической защиты и оздоровления 
сельскохозяйственных организаций от вирусной диареи крупного рогатого скота» привела к снижению количества сельскохозяйственных предприятий, 
неблагополучных по вирусной диарее крупного рогатого скота. Острая и персистентная форма инфекций среди молодняка регистрировалась в 4 и 3,5 раза 
реже соответственно, но при этом отмечали увеличение в 2,5 раза диагностируемой латентной формы течения болезни у взрослого поголовья, что 
связано с увеличением количества проводимых лабораторных исследований. 

Ключевые слова: вирусная диарея крупного рогатого скота, BVDV, генотипирование, вирусно-бактериальные инфекции, смешанные инфекции, 
оздоровительные мероприятия
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The following biological material samples collected 
from Holstein cattle were used for testing: blood and 
blood sera; cervical and vaginal swabs of cows; naso
pharyngeal swabs of calves; semen of servicing bulls; pla-
centa samples; pieces of internal organs from dead calves 
(liver, kidneys, lungs) and aborted fetuses (n = 113).

Real-time polymerase chain reaction (PCR) was per-
formed according to the manufacturer’s instructions for 
the use of test-kits. Test-kits for detection of BVDV RNA 
(Izogen Laboratory LLC, Russia), Mycoplasma spp., Myco-
plasma bovis and Mycoplasma bovigenitalium DNAs (Rus-
sia), BHV1 DNA (GenPak PCR Test BHV1), Chlamydophila 
abortus and Chlamydophila pecorum DNAs (VectorBest 
LLC, Russia) were used. Amplification was performed us-
ing QuantStudio 5 unit (Thermo Fisher Scientific Inc., USA).

Additionally, 16 biological samples tested positive for 
BVDV RNA were placed for ultra-low temperature storage 
(–70 °C) for further virus typing with PCR. Sample types: 
pooled samples of nasopharyngeal swabs of 20-day-old 
calves, blood sera, aborted fetuses, placenta.

For BVDV genotyping, the following was performed: RNA 
isolation from samples using the AmpliPrime® RIBO-Prep 
VET kit (NextBio LLC, Russia), reverse transcription PCR 
(RT-PCR), real-time amplification and electrophoresis. Syn-
thetic oligonucleotides previously developed by C. Letel
lier and P. Kerkhofs were used in this study [18] (Table 1).

These primer pairs are specific for highly conserved 
regions of the 5’ UTR. The sequences of probes labelled 
with FAM and ROX dyes with a three nucleotide-difference 
allowed differentiation between BVDV genotypes I and II.

The cDNA was generated using a commercial reagent 
kit for reverse transcription with MMLV-RH (Diaem LLC, 
Russia) according to the  provided amplification pro-
gramme in compliance with the instructions for use.

After RT-PCR and cDNA generation, real-time PCR was 
performed using BioMaster HS-Taq PCR (2×) master mix 
reagents (LLC Diaem, Russia); 100  mM Tris-HCl, pH  8.5 
(at  25  °C), 100  mM KCl, 0.4  mM each deoxynucleoside 
triphosphate, 4 mM MgCl2, 0.06 active units/µL Taq DNA 
polymerase, 0.2% Tween  20, HS-Taq DNA polymerase 
stabilisers. For optimisation, different concentrations of 
the primers were selected. Amplification was performed 
using CFX  96 Touch system (Bio-Rad Laboratories, Inc., 
USA), parameters are shown in Table 2.

The RNAs isolated from the veterinary medicinal pro
duct Bovi-shield Gold FP5 L5 (Zoetis Inc., USA) that con-
tained attenuated viruses of infectious bovine rhinotra-
cheitis (Bovine herpesvirus, type 1), diarrhea (BVDV, types 1 
and 2), parainfluenza-3 (PIV-3), respiratory syncytial infec-
tion (BRSV) were used as controls.

The PCR product was separated by gel electrophoresis 
using agarose gel and Mini-Sub Cell GT with visualisation 
in the ChemiDoc XRS+ camera and interpretation of re-
sults using Gel Doc XR+ (Bio-Rad Laboratories, Inc., USA). 
A 100 bp size standard (SibEnzyme, Russia) was used.

The obtained data were processed using Microsoft 
Excel within the Microsoft OfficePro 19 software package.

RESULTS AND DISCUSSION
The implementation of the  “Comprehensive Pro-

gramme for Biosecurity and Bovine Viral Diarrhea Situa-
tion Improvement in Agricultural Organizations” began in 
the Sverdlovsk Oblast in 2018. The results of studies on 
the  BVD transmission dynamics in the establishments 

Since the  BVD clinical manifestations are similar 
to those of other diseases such as mycoplasmosis, chla-
mydia, paratuberculosis, parainfluenza-3, infectious bo-
vine rhinotracheitis, laboratory tests play a crucial role for 
diagnosis [1].

Recently, a large number of respiratory and intestinal 
disease cases detected in cattle reared in the Sverdlovsk 
Oblast, have occurred in the  form of  mixed infections, 
when the pathogenic agents are at the same time viruses, 
bacteria and fungi [1]. Due to that, the disease is characte
rized by a pronounced severe course and a clinical picture 
not typical of monoinfections, and most often bacterial 
infection predominates, which complicates the diagnostic 
process. Herpesvirus type 1 (BHV-1), BVDV, as well as chla-
mydia (Chlamydophila abortus, Chlamydophila pecorum), 
pathogenic mycoplasma species (Mycoplasma bovis, Myco
plasma bovigenitalium, Mycoplasma spp.), various bacte-
ria and their associations are recognized as prevailing 
pathogens in the development of the above-mentioned 
pathological forms in cattle [5, 25, 26].

The aim of the work was to conduct a comprehensive 
study of circulating bovine viral diarrhea virus and associ-
ated pathogens, and perform BVDV species identification 
in cattle populations in the Sverdlovsk Oblast.

MATERIALS AND METHODS
The study was carried out in the Department of Moni-

toring and Forecasting of Infectious Animal Diseases and 
in the Laboratory for Microbiological and Molecular Gene
tic Test Methods of the Ural Veterinary Research Institute 
being the structural subdivision of the Ural Federal Agra
rian Research Centre, Ural Branch of the Russian Academy 
of Sciences within the framework of Federal Assignment 
No. 0532-2021-0007 “Study of the structure of the antigen 
pattern of livestock emergent infectious pathogens, and 
biological features of the mechanisms of their interaction 
with the macroorganism”.

Comprehensive laboratory tests were conducted 
in 21 livestock breeding establishments in the Sverdlovsk 
Oblast, where BVD health improvement programmes were 
implemented in 2018–2024.

Table 1
Primer nucleotide sequences

Target Sequence 5’-3’ Product length

BVDV_F CTCGAGATGCCATGTGGAC

172 bp
BVDV_PESTER5 CTCCATGTGCCATGTACAGCA

BVDV_I FAM-CAGCCTGATAGGGTGCTGCAGAGGC-BHQ1

BVDV_II ROX-CACAGCCTGATAGGGTGTAGCAGAGACCTG-BHQ2

Table 2
Amplification programme

Temperature Time Number of cycles

95 °С 5 min 1

94 °С 20 sec
40

(FAM/ROX)56 °С 20 sec

72 °С 20 sec
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As for the establishments where incompliances with 
vaccination schedules and inconsistent vaccination of 
physiological groups were detected, the latent BVD 
in adult cattle was registered in 67% cases of all tested 
samples.

Testing of 113 biological samples from cattle with di
seases of the reproductive system, respiratory and gastro-
intestinal tract of unclear etiology received from 21 agri-
cultural organizations in 2018–2024 showed that specific 
BVDV RNA sites were detected in 15.9% of cases: mixed 
infection – 10.6%, BVDV – 5.3% (Fig. 3).

Bovine viral diarrhea virus RNA was detected in 61.1% 
of biological samples from cows aborted at different sta
ges of gestation, as well as in 38.9% of samples from calves.

As for samples of adult cows aborted at different stages 
of gestation, BVDV genetic material was more frequent-
ly detected in the homogenate of organs of aborted 

of  the Sverdlovsk Oblast previously published by 
O. V. Sokolova [15] have been supplemented with new 
data and are presented in Figure 1.

During the health improvement programme imple-
mentation a trend for decrease in the number of BVD-in-
fected cattle farms was observed. In young animals, acute 
and persistent forms of infection were registered 4 and 
3.5 times less frequently, respectively. It should be noted 
that there was a 2.5-fold increase in the diagnosed latent 
form of the disease in adult stock, which is associated with 
an increase in the level of laboratory diagnostic testing 
at agricultural establishments. At the same time, there 
were incompliances with the vaccination requirements 
detected. Thus, the analysis of the step-by-step imple-
mentation of the health improvement programme in 
farms showed that 47.7% of deficiencies occurred due to 
the human factor (Fig. 2).
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Fig. 2. Assessment of Animal Health Improvement Programme implementation

Fig. 1. BVD transmission dynamics in establishments in the Sverdlovsk Oblast (2015–2024)
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The results of BVDV typing with RT-PCR are presented 
in Figure 4.

In 10.6% of samples, other infectious agents besides 
BVDV were detected. BVDV RNA, Mycoplasma bovis and 
Chlamydophila pecorum DNA were simultaneously de-
tected in 44.0% of vaginal swabs from aborted cows and 
in single cases in placenta and parenchymatous organs 
from dead calves. Several pathogens were also detected 
in 16.0% of the samples from dead calves: BVDV + Bovine 
herpesvirus type 1. In single cases, BVDV RNA, Chlamydo
phila pecorum and Mycoplasma bovigenitalium DNA were 
detected in nasopharyngeal swabs of calves.

Thus, all measures to be implemented, including 
monitoring tests, diagnostic testing in  “sentinel” ani-
mal groups, establishment of “closed-type herds”, animal 
vaccination and biosecurity, detection of latent infection 
carriers and timely treatment measures, are considered 

fetuses  (38.8%), in vaginal swabs and in the placen-
ta (11.2%). Also, the BVDV genome was detected in 27.7% 
cases in nasal swabs of calves with signs of acute respirato-
ry and gastrointestinal diseases of unclear etiology, and in 
11.1% of cases – in parenchymatous organs (suspensions 
of liver, heart, spleen, kidney and small intestine) of dead 
calves.

Additional BVDV typing tests using a primer system re-
vealed the presence of genotype I virus in 4 out of 16 bio-
logical samples (nasopharyngeal swabs from 20-day-old 
calves, suspension of organs of aborted fetuses and pla-
centa). Genotype II virus was not detected in the tested 
samples. It can be assumed that the BVDV-1 isolate (naso-
pharyngeal swabs of calves, aborted fetuses and placen-
tas) is highly virulent, since the mortality of young animals 
was up to 20% and the number/frequency of abortions 
in dairy cattle was up to 5%.
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Fig. 3. PCR results for biological samples tested for presence of BVDV RNA 
and agents of mixed co-infections (2018–2024), n = 113

Fig. 4. Typing of BVDV detected in pooled samples of nasopharyngeal swabs from calves using RT-PCR, n = 6. 
Fluorescence curves: 1, 2 – control plus (FAM channel – BVDV-1; ROX channel – BVDV-2);  
3, 4 – positive samples (FAM channel – BVDV-1)
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effective, and  further monitoring of their implementa-
tion quality and removal of deficiencies will ensure BVD 
health improvement in the conditions of commercial  
establishments.

CONCLUSION
Polymerase chain reaction tests of  113  biological 

samples collected from cows and calves in 2018–2024 
demonstrated presence of BVDV RNA in 15.9% of cases. 
The BVDV genome was detected in samples from cows 
aborted at different gestation stages in 61.1% of cases and 
from calves in 38.9% of cases. The virus typing showed 
its belonging to  type  1 (in  4  samples: nasopharyngeal 
swabs from calves, suspension from organs of aborted fe-
tuses and placenta). In addition to BVDV, other infectious 
agents were detected in 10.6% of samples, indicating the 
presence of mixed infection. Combinations of BVDV with 
such pathogens as Mycoplasma bovis, Mycoplasma bovi-
genitalium, Chlamydophila pecorum, Bovine herpesvirus 
(type 1) were detected.

Monitoring diagnostic tests indicate positive dyna
mics in reduction of BVD cases in the establishments of 
the Sverdlovsk Oblast, as well as demonstrate successful 
implementation of the “Comprehensive Programme for 
Biosecurity and Bovine Viral Diarrhea Situation Improve-
ment in Agricultural Organizations”. Currently, there is 
a 2-fold decrease in the number of BVD-infected farms, 
while the share of detected latent infection cases in adult 
stock increased by 2.5 times, which is due to the extension 
of the diagnostic test panel, regular monitoring of herds, 
as well as incompliances with vaccination procedure 
during this programme implementation.

Further monitoring of the quality of the programme 
implementation, including clinical and laboratory tests 
aimed at detecting BVDV circulation and eliminating in-
compliances with vaccination regulations, will ensure 
health improvement of herds at commercial establishments.

Work is to be continued on BVDV typing, which will in-
clude quantification of the virus genomes and sequenc-
ing of BVDV circulating in animal herds in the Sverdlovsk 
Oblast for subsequent genetic analysis (subtyping, tests 
for virulence of isolates).
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