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Описана вспышка инфекции, вызванной Pestivirus H (вирус вирусной диареи – болезни 

слизистых оболочек третьего вида, BVDV-3), в молочном хозяйстве, сопровождающаяся вы-
сокой заболеваемостью и летальностью животных разных возрастов. У части больных жи-
вотных зарегистрировали полный комплекс ярко выраженных симптомов, характерных для 
«классической» болезни слизистых оболочек крупного рогатого скота: эрозии и язвы на но-
совом зеркальце и языке, выделение пены из ротовой полости, серозные выделения из носа, 
геморрагическое воспаление и выраженные продольные эрозии на слизистой пищевода, сы-
чуга и кишечника. Коровы абортировали на разных стадиях стельности. Коэффициент пло-
дотворного осеменения снизился до 20%. Течение болезни осложнилось вовлечением в ин-
фекционный процесс вируса герпеса крупного рогатого скота 4-го типа, бактерий семейства 
Pasteurellaceae и Clostridium spp. Геном BVDV-3 обнаружили в широком спектре внутренних 
органов абортированных плодов, телят и взрослых животных. По данным секвенирования 
возбудитель отнесли к субтипу 3а. Филогенетический анализ участка 5'-нетранслируемой об-
ласти генома вируса (5'-UTR) показал близкое его родство со штаммами, выделенными в Ита-
лии и Бразилии, большинство из которых ранее идентифицированы как контаминанты эмб-
риональной сыворотки и живых вакцин против вирусных инфекций крупного рогатого ско-
та. В настоящее время средства специфической профилактики против инфекции, вызванной 
BVDV-3, не разработаны, поэтому необходимы обновление и совершенствование методов 
диагностики, оптимизация противоэпизоотических мероприятий для недопущения распро-
странения вирулентных штаммов возбудителя, контроль безопасности используемых вакцин.
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An outbreak of infection caused by Pestivirus H (virus of bovine viral diarrhea – mucosal disease 

of the third kind, BVDV-3) in a dairy farm with high morbidity and mortality in animals of different 
ages is described. In some sick animals a full complex of pronounced symptoms characteristic 
of "classical" bovine mucosal disease was registered: erosions and ulcers on the nasal mirror and 
tongue, foaming from the mouth, serous discharge from the nose, hemorrhagic inflammation and 
pronounced longitudinal erosions on the mucosa of the esophagus, rennet stomach and intestine. 
Cows miscarried at different stages of pregnancy. The coefficient of effective insemination decreased 
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to 20%. The course of the disease was complicated by the involvement of the bovine herpes virus 
type 4, bacteria of the family Pasteurellaceae and Clostridium spp. in the infectious process. The 
BVDV-3 genome was found in a wide range of internal organs of aborted fetuses, calves, and adult 
animals. According to sequencing data, the pathogen was classified as subtype 3a. Phylogenetic 
analysis of the 5'-untranslated region of the virus genome (5'-UTR) showed its close relationship 
to the strains isolated in Italy and Brazil, most of which were previously identified as contaminants 
of fetal bovine serum and live vaccines against viral infections of cattle. No specific prophylaxis 
against BVDV-3 infection has been developed at this time, therefore, it is necessary to update and 
improve diagnostic methods, optimize control measures to prevent the spread of virulent strains of 
the pathogen, and control the safety of the vaccines used.
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INTRODUCTION

Pestiviruses of cattle are the causative agents 
of bovine viral diarrhea, a disease of the mu-
cous membranes (BVD-MD), which is charac-
terized by a variety of clinical manifestations 
including immunosuppression, respiratory and 
reproductive pathologies, erosive-ulcerative 
lesions of the mucous membranes of the oral 
cavity and gastrointestinal tract, enteritis, acute 
infections with hemorrhagic syndrome, and 
mucous membrane disease1–3 [1, 2]. 

The disease is widespread worldwide. The 
economic consequences of the infection are 
mainly associated with the impact of the patho-
gen on the reproductive system of animals, re-

sulting in reduced fertility rates, abortions, the 
birth of persistently infected calves, or young 
animals with developmental defects4 [3]. 

Since 2017, representatives of the genus 
Pestivirus in the family Flaviviridae have been 
classified into 11 genetically distinct types. 
Three antigenically and genetically distinct 
species infect cattle: Pestivirus A (bovine viral 
diarrhea virus type 1, BVDV-1), Pestivirus B 
(bovine viral diarrhea virus type 2, BVDV-2), 
and Pestivirus H (Hobi-like pestivirus, bovine 
viral diarrhea virus type 3, BVDV-3). Each of 
them is further subdivided into subgenotypes: 
Pestivirus A has 23 subtypes (1a to 1w), and 
Pestivirus B and Pestivirus H have four sub-

1 Glotov A.G., Glotova T.I. Atypical pestiviruses of cattle // Agricultural Biology. 2015. Vol. 50. N 4. pp. 399–408. DOI: 
10.15389/agrobiology.2015.4.rus.

2Ridpath J. The contribution of infections with bovine viral diarrhea viruses to bovine respiratory disease // Veterinary Clinics. 
North Am Food Anim. Pract. 2010. Vol. 26. pp. 335–348. DOI: 10.1016/j.cvfa.2010.04.003.

3Brock K.V. The many faces of bovine viral diarrhea virus // Veterinary Clinics. North Am Food Anim. Pract. 2004. Vol. 20. 
pp. 1–3. DOI: 10.1016/j.cvfa.2003.12.002.

4Shilova E.N., Ryaposova M.V., Shkuratova I.A., Vyalykh E.V. Viral diarrhea - a disease of mucous membranes of cattle in the 
Ural region // Veterinary. 2014. N 5. pp. 19–21.
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types5 each (a to d) [4]. All BVDV types cause 
similar pathologies in animals. The forms of in-
fection vary from subclinical to severe, acute 
cases with hemorrhagic syndrome and high 
mortality. The course of the disease depends on 
the immune status and age of the animal, viru-
lence of the strain, as well as the conditions of 
housing and feeding 6–13 [2, 5–8]. BVD-MD in 
cattle is often enzootic, which hinders efforts to 
eradicate it. 

Pestivirus A is widespread worldwide, while 
Pestivirus B is more virulent and less common. 
These two types are typical representatives of 
their genus and have been well studied. Pestivi-
rus H, on the other hand, was identified relative-
ly recently and classified as an atypical bovine 
pestivirus. Until now, its role as an etiological 
agent of BVD-MD in cattle has been poorly un-
derstood. It was first discovered in Germany in 
2004 in a batch of embryonic bovine blood se-
rum for the biological industry manufactured in 
Brazil (see footnote 11) [8]. A year later, it was 
detected in South America in an infected cell 
culture and buffalo blood14. In 2010, the virus 
was isolated from calves during a respiratory 
disease outbreak and in cases of persistent in-

fection in Italy (see footnote 9).  Subsequently, 
cases of respiratory disease in calves caused 
by Pestivirus H [9] were reported in Brazil and 
China, accompanied by gastrointestinal symp-
toms and high mortality rates [10]. 

BVDV-3 can be transmitted through air-
borne droplets, fecal-oral route, and vertical 
transmission from dam to fetus. In addition 
to infected animals, live vaccines made using 
virus-contaminated embryonic bovine blood 
serum for cell culture cultivation can serve as a 
source of the virus15 [10, 11]. 

Italian researchers have conducted in vitro 
studies showing that BVDV-3 can replicate in 
the same cell cultures as typical bovine pesti-
viruses without showing cytopathic effects [7].

On the territory of the Russian Federation, 
infection of animals caused by Pestivirus H 
was first registered in 2022 [11].

The purpose of this study is to describe a 
case of an outbreak of mucous membrane dis-
ease in cattle caused by Pestivirus H in a dairy 
farm, examine the characteristics of the infec-
tion, and provide a phylogenetic analysis of the 
pathogen. 

5ICTV – International Committee on Taxonomy of Viruses // Genus: Pestivirus. 2019. Available at: http://talk.ictvonline.org/ 
ictv reports/ictv_online_report/positive-sense-rna-viruses/w/flaviviridae/361/genus-pestivirus.

6Decaro N., Lucente M.S., Losurdo M., Larocca V., Elia G., Occhiogrosso L., Marino P.A., Cirone F., Buonavoglia C. HoBiLike 
Pestivirus and Its Impact on Cattle Productivity // Transboundary and Emerging Diseases. 2016. Vol. 63. pp. 469–473. DOI: 
10.1111/tbed.12529.

7Decaro N., Lanave G., Lucente M.S., Mari V., Varello K., Losurdo M., Larocca V., Bozzetta E., Cavaliere N., Martella V., 
Buonavoglia C. Mucosal disease-like syndrome in a calf persistently infected by Hobi-like Pestivirus // Journal of Clinical 
Microbiology 2014. Vol. 52 (8). pp. 2946–2954. DOI: 10.1128/JCM.00986-14.

8Decaro N., Lucente M.S., Mari V., Cirone F., Cordioli P., Camero M., Sciarretta R., Losurdo M., Lorusso E., Buonavoglia 
C. Atypical pestivirus and severe respiratory disease in calves, Europe // Emerging and Infectious Disease. 2011. Vol. 17 (8). pp. 
1549– 1552. DOI: 10.3201/eid1708.

9Weber M.N., Mosena A.C., Simoes S.V., Almeida L.L., Pessoa C.R., Budaszewski R.F., Silva T.R., Ridpath J.F., Riet-Correa 
F., Driemeier D., Canal C.W. Clinical presentation resembling mucosal disease associated with ‘HoBi’-like pestivirus in a field 
outbreak // Transboundary and Emerging Diseases. 2016. Vol. 63 (1). pp. 92–100. DOI: 10.1111/tbed.12223.

10Haider N., Rahman M.S., Khan S.U., Mikolon A., Gurley E.S., Osmani M.G., Shanta I.S., Paul S.K., Macfarlane-Berry L., 
Islam A., Desmond J., Epstein J.H., Daszak P., Azim T., Luby S.P., Zeidner N., Rahman M.Z. Identification and epidemiology of 
a r are HoBi-like Pestivirus strain in Bangladesh // Transboundary and Emerging Diseases. 2014. Vol. 61 (3). pp. 193–198. DOI: 
10.1111/tbed.12218.

11Schirrmeier H., Strebelow G., Depner K., Hoffmann B., Beer M. Genetic and antigenic characterization of an atypical 
Pestivirus isolate, a putative member of a novel Pestivirus species // Journal of General Virology. 2004. Vol. 85. pp. 3647–3652. 
DOI: 10.1099/vir.0.80238-0.

12Mishra N., Rajukumar K., Pateriya A., Kumar M., Dubey P., Behera S.P., Verma A., Bhardwaj P., Kulkarni D.D., Vijaykrishna 
D., Reddy N.D. Identification and molecular characterization of novel and divergent HoBi-like pestiviruses from naturally infected 
cattle in India // Veterinary Microbiology. 2014. Vol. 174 (1-2). pp. 239–246. DOI: 10.1016/j.vetmic.2014.09.017.

13Ridpath J.F. Bovine viral diarrhea virus: global status // Vet. Clin.North Am. Food Anim. Pract. 2010. Vol. 26 (1). pp. 105– 
121. DOI: 10.1016/j.cvfa.2009.10.007.

14Stalder H. Meier P., Pfaffen G., Wageck-Canal C., Rüfenacht J., Schaller P. Genetic heterogeneity of pestiviruses, of 
ruminants in Switzerland // Preventive Veterinary Medicine. 2005. Vol. 72. pp. 37–41. DOI: 10.1016/j.prevetmed.2005.

15Bauermann F.V., Ridpath J.F., Weiblen R., Flores E.F. HoBi-like viruses: an emerging group of Pestiviruses // Journal of 
Veterinary Diagnostic Investigation. 2013. Vol. 25 (1). pp. 6–15. DOI: 10.1177/1040638712473103.
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MATERIAL AND METHODS 

The research was conducted in a livestock 
farm with a total population of 1750 cattle, in-
cluding 740 cows. Samples of biomaterial were 
collected from diseased, deceased, and eutha-
nized animals of different age and sex groups 
exhibiting characteristic clinical signs. They 
were tested for the presence of infectious bo-
vine rhinotracheitis virus (IBR), viral diarrhea-
mucosal disease (VD-MD) of three types, re-
spiratory syncytial virus (RSV), bovine her-
pesvirus type 4 (BHV-4), and bacteria of the 
Clostridium genus, as well as Salmonella dub-
lin, Pasteurella multocida, and Mannheimia 
haemolytica, using PCR-based real-time assay 
systems developed by us [12].

Pestivirus H was detected using primers 
and probe sequences: PVspF-5-ccatrcccttag-
taggackagc-3; PVHR-5-tccttgatgcgtcgaacca-3; 
PVHZ-5-(FAM) tagtggtagca-gtgagctccttggat 
(BHQ1)-3, targeting a 110 bp fragment. The 
reaction mixture consisted of PCR buffer (60 
mM Tris-HCl, pH 8.5; 1.5 mM MgCl2; 25 mM 
KCl; 10 mM 2-mercaptoethanol; 0.1% Triton 
X-100), 0.2 mM dNTPs, 0.2 μg of each primer, 
0.1 μg of the probe, 1.25 U of Taq DNA poly-
merase, and 5 μl of DNA template. The PCR 
temperature profile was as follows: 95 °C for 
5 min - 1 cycle; 95 °C for 10 sec, 55 °C for 15 
sec, 72 °C for 30 sec - 45 cycles. The experi-
ments were performed using the CFX96 ampli-
fication system (Bio-Rad, USA). Fluorescence 
was measured at 55 °C using the FAM channel. 
Samples with a Ct value not exceeding 40 were 
considered positive. 

The target fragments were purified from 
non-specific reaction products and reagents 
using Agencourt AMPure XP magnetic beads 
(Beckman Coulter, USA). Subsequently, the 
concentration of the samples was assessed us-
ing the NanoDrop One/OneC Microvolume UV 
Spectrophotometer (Thermo Scientific, USA). 
For sequencing, 10 ng of the purified product 
was used in the reaction with BrilliantDye™ 
Terminator v1.1 Kit (NimaGen, Netherlands) 

following the manufacturer's instructions on 
the Applied Biosystems 310 Genetic Analyzer 
(Applied Biosystems, USA). Nucleotide se-
quences were determined for both DNA strands. 
The primary sequencing data were analyzed us-
ing the Sequencer 4.0.5 software (Gene Codes, 
USA).

The nucleotide sequences of the synthe-
sized fragments were aligned with published 
sequences of other pestivirus strains using the 
BioEdit 7.0.0 program. The maximum evolu-
tion method in MEGA v.7 software was used to 
construct a dendrogram. The reliability of the 
topology was assessed by a bootstrap test (1000 
replicates)16, 17.

RESULTS AND DISCUSSION 

The outbreak of BVD-MD in cattle in the 
farm began in February 2020. The first affected 
animals were 18-month-old calves housed in 
the same facility. They showed signs of feed 
refusal, foamy oral discharge, hyperemia and 
ulcers on the oral mucosa, excessive salivation, 
white plaque and erosions on the tongue (see 
Fig. 1a), erosions on the nasal tapetum (see Fig-
ure 1b), conjunctivitis, and diarrhea.

Respiratory symptoms then appeared, in-
cluding serous nasal discharge (see Figure 2a), 
rhinitis, and frothy discharge from the oral cav-
ity (see Figure 2b), accompanied by a dry and 
wet cough. Later, erosive lesions were observed 
on the skin of the neck and the inner surface of 
the thighs.

During post-mortem examination, hemor-
rhagic inflammation of the esophageal and in-
testinal mucosa was observed, and in some ani-
mals, well-defined longitudinal erosions were 
found on the abomasum mucosa (see Figure 3).

Within 6 months, the morbidity rate reached 
90% among the animals, with a 100% fatality 
rate based on the number of clinically affected 
individuals. Treatment was ineffective, so all 
the calves were culled over several months. 
From 2021 to 2022, animals of various ages 
(from a few days to several years) housed in 

16Kumar S., Stecher G., Tamura K. MEGA 7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger datasets // 
Molecular Biology and Evolution. 2016. Vol. 33. pp. 1870–1874. DOI: 10.1093/molbev/msw054.

17Felsenstein J. Phylogenies and the Comparative Method // The American Naturalist. 1985. Vol. 125 (1). pp. 1–15.
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different facilities also became ill. They showed 
symptoms such as feed refusal, conjunctivitis, 
prolonged diarrhea, and weight loss. Cows 
aborted at various stages of gestation. 

Using PCR, genomes of BVDV-3, herpes-
virus type 4, and DNA of Pasteurella multo-
cida and Clostridium spp. were detected in the 
samples of pathological material collected from 
the animals. The table presents the results of the 
examination of samples from internal organs of 
deceased and culled animals, as well as from 
aborted fetuses. 

Pestivirus H was detected in a wide range 
of internal organs (spleen, lymph nodes, lungs, 
intestines, brain) of the animals of different age 
groups, including aborted fetuses.

Analyzing the data of the epizootiology, clin-
ical manifestations of the disease, pathological 
autopsy, and laboratory research results, it was 
concluded that the primary etiological agent of 
the disease in the farm was Pestivirus H. Its role 
in the occurrence of abortions, reduced fertility 
rate, manifestation of systemic infection and 
enteritis in calves and adult animals, as well as 
mucosal diseases, was identified.

The characteristic feature of all pestiviruses 
is their immunosuppressive effect on the ani-
mal's body, which increases susceptibility to 
secondary infections (see footnotes 2, 3) [2]. In 
this farm, the course of the disease was compli-
cated by the involvement of bovine herpesvirus 
type 4, bacteria of the Pasteurellaceae family, 
and Clostridium spp. in the infectious process.

Based on the sequencing results, the investi-
gated strain of BVDV-3 was classified as sub-
type 3a. Phylogenetic analysis showed that it 
is most closely related to strains of the Italian-
Brazilian group (see Figure 4). It is known that 
the severe manifestation of mucosal diseases 
with a fatal outcome in animals occurs as a re-
sult of the mutation of the circulating non-cy-
topathic variant of the virus into a cytopathic 
variant, which further superinfects virus carri-
ers, creating a so-called "viral pair"18. Another 
cause may be the introduction of a virulent 
strain of the virus into a non-immune herd from 
an external source, resulting in infected animals 
exhibiting the full spectrum of clinical symp-
toms described in the literature. Regarding the 
investigated farm, animals from other sources 

а                                                                        б

Рис. 1. Клинические признаки заболевания, вызванного BVDV3 у телят: 
а – эрозии на языке; б – эрозии на носовом зеркальце
Fig. 1. Clinical signs of the disease caused by BVDV3 in calves: 
a – erosions on the tongue; б – erosions on the nasal speculum

18Goens S.D. The evolution of bovine viral diarrhea: a review // Canadian Veterinary Journal. 2002. Vol. 43 (12). pp. 946–954.
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have not been introduced there in the past five 
years, and clinical signs of BVD-MD in cattle 
have not been previously recorded. It is pos-
sible that the introduction of the virulent strain 
of BVDV-3 could be associated with the use of 
contaminated live vaccines19 [13]. Previously, 
we detected Pestivirus H in the samples of im-
ported embryonic serum used for cell culture 

Рис. 3. Эрозии на слизистой оболочке сычуга 
теленка
Fig. 3. Erosions on the mucous membrane of the 
abomasum of a calf

Выявление инфекционных агентов во внутренних 
органах животных при вспышке заболевания 
Detection of infectious agents in the internal 
organs of animals during a disease outbreak

Organ 

Viruses Bacteria 

Pestivi-
rus H ВГ-4 P. mul-

tocida
Clos-

tridium  

Calves and cows
Spleen + + – +

Lymphatic nodes + + + +

Lungs + + + –

Kidney – + – +

Liver – – + +

Intestine + – – +

Aborted fetuses

Visceral organs + _ _ _

Brain + _ _ _

Note: Pestivirus H - viral diarrhea virus type 3 (BVDV-3); 
VH-4 - cattle herpesvirus type 4.

а                                                                        б

Рис. 2. Клинические признаки респираторного заболевания у телят:
а – серозные выделения из носа; б – ринит и выделение пены из ротовой полости
Fig. 2. Clinical signs of respiratory disease in calves:  
a – serous nasal discharge; б – rhinitis and foaming from the mouth

19Yurov K.P., Anoyatbekova A.M., Alekseenkova S.V. New pestivirus-hobi virus - contaminant of vaccines against plague of 
small ruminants // Veterinary. 2016. N 10. pp. 8–11.
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cultivation. Based on phylogenetic research 
results, the isolates were classified as subtype 
3a of the Italian-Brazilian group, similar to the 
strain of BVDV-3 identified in this study [13, 
14]. Similar reports exist in the international 
literature regarding contamination of biological 
preparations with this virus (embryonic serum, 
continuous cell culture lines, vaccines for hu-
man and veterinary medicine, interferons, tryp-
sin, biotechnological preparations, embryos, 
stem cells, semen of bull sires, etc.) (see foot-
notes 12, 15)20. Confirmed cases of BVDV-3 
spread have been described in relation to the 
mass use of live vaccines manufactured using 
contaminated embryonic serum (see footnote 
15) [10]. Italian researchers, based on the data 
on the low frequency of Pestivirus H detection 
in Italy and its absence in circulation in other 

European countries, concluded that the source 
of the pathogen was indeed contaminated live 
vaccines rather than infected animals. More-
over, the isolated BVDV-3 strains belonged to 
subtype 3a [15]. 

In Russia, as well as worldwide, specific 
prophylactic measures against BVDV-3 have 
not yet been developed, and the use of contami-
nated biological products may contribute to the 
spread of the pathogen to different regions of 
the country. Therefore, strict systematic control 
of the safety of biological products produced 
for veterinary purposes is necessary, as well 
as the updating and improvement of methods 
for diagnosing and preventing pestivirus infec-
tions. The spread of this strain of BVDV-3 in 
Russia may have significant economic conse-
quences for the domestic livestock industry. 

Рис. 4. Филогенетическое дерево, построенное на основе нуклеотидной последовательности об-
ласти генома 5´UTR Pestivirus H; матрица генетических расстояний рассчитана методом макси-
мальной эволюции; указаны индексы статистической поддержки узлов; бутстреп-тест рассчитан 
для 1000 реплик
Fig. 4. Phylogenetic tree built on the basis of the nucleotide sequence of the 5´UTR Pestivirus H genome 
region, the genetic distance matrix was calculated by the maximum evolution method; indexes of 
statistical node support are indicated, bootstrap test is calculated for 1000 replicas

20Giangaspero M. Pestivirus Species Potential Adventitious Contaminants of Biological Products // Tropical Medicine & 
Surgery. 2013. Vol. 1. p. 6. DOI: 10.4172/2329-9088.1000153.
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CONCLUSION

The outbreak of viral diarrhea caused by the 
virulent strain of Pestivirus H, belonging to 
subtype 3a, with characteristic manifestations 
of "classical" bovine mucosal disease, has been 
described. According to phylogenetic analysis 
of the 5'-UTR genome sequence segment, the 
isolated virus strain was found to be most close-
ly related to the strains from Italy and Brazil, the 
majority of which were previously detected in 
biological preparations for vaccine production. 
Considering the severe course of the infection, 
it is necessary to update and improve diagnostic 
methods, optimize preventive measures to pre-
vent the spread of virulent BVDV-3 strains, and 
ensure the safety of the vaccines used.
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