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SUMMARY

Bovine respiratory syncytial virus (BRSV) is one of the etiological agents of respiratory diseases. The agent spreads widely in all the countries with intensive livestock
farming and can cause pathologic changes in respiratory system either alone or in combination with other viruses and bacteria. It is a matter of crucial importance
to study spread of the agent on large milk farms, to detect it in the internal organs of infected animals, and to quantify virus accumulation in them. The purpose of
the research was to study peculiarities of RS infection spread, frequency of the virus detection in biomaterial samples (both alone and in associations with infectious
bovine rhinotracheitis (IBR) and bovine viral diarrhea/mucosal disease viruses (BVDV) and with Pasteurellaceae bacteria) on large milk farms affected by respiratory
animal diseases; and to determine virus concentration in the respiratory organs. BRSV alone was reported in 9.2% of the tested biomaterial samples, as associated
with IBR and BVDV it was reported in 1.4% and 5.2% of samples, correspondingly. The number of samples containing simultaneously BRSV and Pasteurellaceae
bacteria was 10.8%. The virus was reported in a maximum of 26.6% of the tested samples. With the help of real-time PCR the virus genome was detected in lungs
(13.1%), in exudate from trachea, bronchi and nasal sinuses (6.0%), in nasal discharge (4.0%) and in bronchi (1.7%). The virus was seldom detected in trachea
and bronchial mucosa (1.1%) and in pulmonary lymph nodes (0.8%). Quantification of BRSV RNA demonstrated that maximum virus accumulation was observed
in lungs and nasal charges and it confirms data on its tropism to pulmonary interstitium.
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PE3IOME

(OnHUM 113 5TUONOTMYECKIX aTeHTOB PECMPaTOPHbIX 6oNne3Heil ABNAETCA pecpaTopHO-CUHLMTMANBHBIN BUPYC KpynHoro poratoro ckota (PCB KPC). BosbyawTens
LUMPOKO PacnpoCcTpaHeH BO BCeX CTPaHaX MIPa C MHTEHCUBHBIM TUMOM BeJieHUs XIUBOTHOBOACTBA 1 MOXKET BbI3bIBaTb NaTONON0 PECNMPATOPHOTO TPaKTa camo-
CTOATENbHO UK B3aUMOZENCTBYA CAPYTUMI BUPYCami v 6akTepuaMU. AKTyanbHbIM ABAAETCA M3yueH1e pacnpocTpaHeHna Bo30yAUTeNA Ha KpYMHbIX MONOYHbIX
KOMMAeKcax, BbABIIEHME ero BO BHYTPEHHUX OpraHaX MHGULMPOBAHHDBIX KUBOTHbIX, B TOM UNCIE C KONMYECTBEHHOIA OLeHKOI HakonneHuA B HUX. Lienbto paboTbl
6bIn0 U3yyeHme 0cobeHHOCTelt pacNpoCTpaHeHA pecUpaTopHO-CUHLMTUANBHON MHEKLUK, YaCTOTbI BbIABNEHNA BUPYCa B Npobax buonoruyeckoro matepuana
KaK B MOHOBApVaHTe, TaK 1 B accoLMaLiuax ¢ Bupycamin ukdekumoHHoro purotpaxenta (UPTKPC) u Bupycoii auapen — 6onestu ciusnctbix obonouek (BfI-bCKPC)
KpyMHOro poraToro ckoTa, 6akTepuamu cemeiictsa Pasteurellaceae Ha KpynHbIX MONOUHbIX KOMMNEKCAX, HeONaronoyyHbIX N0 Pecn1paTopHbIM GoNe3HAM Xu-
BOTHbIX, C ONPeeneHnem KOHLIEHTpaLK BUpYCa B OpraHax pecnupatopHoro TpakTa. B moxosapuatte PCB KPC npucytcteoBan B 9,2% uccnefoBaHHbIx npo6
bromarepuana, B accounaumax ¢ supycamu UPT n BA-BC KPC — B 1,4 n 5,2% npob cootBeTcTBEHHO. KonuuectBo npob, conepxatumx ogHoBpemenHo PCB KPC
1 6akTepum cemelicTa Pasteurellaceae, coctauno 10,8%. MakcumanbHo BUpYC npucyTcTBoBan B 26,6% Npob oT uncna nccnenoBaHbIx. Metogom noavmepasHoii
LienHoli peakLm B peanbHOM BpemMeH! reHoM BUpyca BbIABAANY B Nerkux (13,1%), B 3KccyaaTe Tpaxeu, GPOHXOB 1 HOCOBBIX CUHYCOB (6,0%), HOCOBbIX Bblaene-
HUAX (4,0%), 6ponxax (1,7%). Pexe BUpyC npucyTcTBOBanN B Npobax cu3ucToi 060n0uKm Tpaxeu u 6poHxoB (1,1%) u neroubix numdatuueckux ynax (0,8%).
KonnyectsenHas ouenka PHK PCB KPC nokasana, uto MmakcumanbHoe HakonneHue Bupyca Npoucxoamio B IeTKiX 11 HOCOBbIX BbIAENEHNAX, YT0 MOATBepX/aeT
[JaHHble 06 ero TPONM3me K MHTEPCTULINI0 NETOYHOI TKaHM.

Kniouesbie cnoBa: KpynHblii poraTblii CKoT, pecnipatopHble 601e3HH, pecnnpatopHo-CUHLIUTUANbHBIA BUPYC, NONMMEpa3Has LienHas peakLma, CAHEPTi3M.

bnaropapHoctb: Pabota BbinonHeHa 3a cuer bropxeTHbix cpeacts COHLIA PAH B pamKax BbinofiHeHna rocyAapcTBeHHOr0 3ajaHna no eme: «/3yyexue
COBPEMEHHBIX 0COOEHHOCTEN IMN300TUUECKOrO MPOABIIEHNA BUPYCHO-0aKTepUanbHbIX 60Ne3Hel XIUBOTHBIX, Pa3paboTka COBPEMEHHBIX CPEACTB U METOZ0B
ZMArHOCTUKI Ha OCHOBE METO/0B MONEKYNAPHOI 611070 1 OLieHK UX SGdEKTUBHOCTI.

[insa untuposanus: Kotenesa C. B., Hepepuerko A. B., [notosa T. 1., [notos A. I. Ponb pecnunpatopHO-CUHLMTUANBHOMO BUPYCa KPYMHOTO POraToro ckota
B 3TVONOTMYN PeCnUpaTopHbIX BonesHeil Ha MONIOYHbIX KOMNAeKcax. BemepuHapus ce200ua. 2021; 1 (36): 38—43. DOI: 10.29326/2304-196X-2021-1-36-38-43.

KoHdnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnoHpeHumnn: Motoa TatbAHa /BaHOBHa, JOKTOP 61ONOTIYECKIX HayK, Npodeccop, IMaBHbIil HayuHblii COTPYAHUK nabopatopuu GuotexHono-
riv — puarHoctnyeckmit ueHtp COHLIA PAH, UHcTuTyT SKCcnepumenTanbHoii Betepuxapuu Cubupy v anbero Boctoka, 630501, Poccus, HoBocubupckas o6s.,

HoBocubupckuit paiton, noc. Kpactoobck, e-mail: t-glotova@mail.ru.

INTRODUCTION

Respiratory diseases of calves take one of the leading
places among bovine pathologies in the Russian Fede-
ration. They cause death or a decrease in the growth rate
of animals, result in additional expenditure on treatment,
diagnostic and preventive measures [1, 2]. Bovine respi-
ratory syncytial virus (BRSV) plays an important role in
the structure of infectious respiratory diseases and this
infection is widespread in all the countries with intensive
animal husbandry [3, 4].

The causative agent of bovine respiratory syncytial vi-
rus infection (BRSV infection) is an enveloped RNA virus
belonging to the Pneumoviridae family, the Orthopneu-
movirus genus, which mainly replicates in the cells of the
respiratory epithelium.

Calves under 6 months of age are most susceptible to
infection; however, adult animals can also get sick. The
incubation period of BRSV infection is 2-5 days. At the
beginning of the disease, animals may demonstrate the
following symptoms: depression, fever, cough, rhinitis,
rhinopharyngitis. In severe cases, a secondary infection
can occur resulting in bronchitis, bronchiolitis, and pneu-
monia. The main complications of the infection may in-
clude emphysema, respiratory failure and acute fibrinous
pneumonia. Post-mortem lesions are observed only in
lungs.

Laboratory diagnosis of BRSV infection includes detec-
tion of the virus antigen in the pathological material from

infected animals using immunofluorescence assay (IFA);
or of the virus ribonucleic acid (RNA) using polymerase
chain reaction (PCR), isolation of the virus in cell culture
and determination of seroconversion to the virus in con-
valescent animals [5]. Due to great instability and weak
ability of the pathogen to replicate in cell cultures, viro-
logical studies are not effective enough and require a lot
of time and effort [6].

At present, it is crucial to study the BRSV infection
epizootic situation in large dairy establishments (where
imported cattle are held), as well as to study the tropism
of the virus to respiratory tract with a quantitative assess-
ment of its accumulation in them. The disease can occur
independently or in association with other viral infections.
Initial infection with BRSV in epithelial cells reduces the
level of protection of the respiratory tract of animals and
facilitates colonization and secondary infection of the
lower respiratory tract by bacteria. The synergistic inter-
action between the virus and Pasteurellaceae bacteria is
described [7, 8].

The aim of the research was to study BRSV infection
spread, the frequency of the pathogen detection in
samples of biological material alone and in associations
with the viruses of infectious bovine rhinotracheitis (IBR)
and bovine viral diarrhea/mucosal disease (BVDV), as well
as with Pasteurellaceae bacteria in large dairy establish-
ments affected by animal respiratory diseases; as well as
to determine BRSV concentration in the respiratory tract.
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MATERIALS AND METHODS

The studies were carried out in 2010-2020 in 7 large
dairy establishments in Siberia, where specific prevention
of BRSV infection was not carried out or only inactivated
vaccines were used. The following samples of biological
material were tested: nasal discharge, tracheal and bron-
chial exudates, pieces of bronchi and lungs, taken from
dead animals or animal subject to emergency slaughter
due to signs of respiratory failure. The samples were de-
livered frozen to the laboratory within 24 hours. Totally,
1,040 samples were tested; they were first ground in sep-
arate porcelain mortars with sterile sand, homogenized;
then 10% suspensions were prepared on saline solution,
centrifuged at 3,000 rpm for 15 minutes, then 100 ul of
clarified supernatant was used to isolate RNA.

The virus RNA was isolated using the “RIBOsorb” kit
(the Federal Budget Institution of Science of the Cen-
tral Scientific Research Institute of Epidemiology of the
Rospotrebnadzor) in accordance with the manufacturer’s
recommendations. Reverse transcription to obtain cDNA
was performed using the “REVERTA-L"kit of the same man-
ufacturer.

PCR with electrophoretic detection of results was used
to detect genomes of three viruses in biomaterial samples,
and real - time PCR was used to quantify BRSV RNA [6, 9].
The concentration of viral RNA in samples of biological
material from sick animals was quantified relative to the
mMRNA level of the bovine GAPDH gene and expressed
in log,, copies of viral RNA per 10° copies of GAPDH
(log,, BRSV/GAPDH) [10].

Serological methods were used to study 6,000 sera
samples. Antibodies to IBR and BVD viruses were detected
using microneutralization assay in the continuous MDBK
cell line according to the World Animal Health Organiza-
tion (OIE, 2019) standard using “TK-A”" strain and the cyto-

Table

pathogenic NADL strain as an antigen, and to BRSV - in the
indirect hemagglutination test. For the purposes of sero-
logical screening, sera samples were taken from animals
once, and to determine seroconversion they were taken
twice with a 30-day interval. Persistent infection with BVDV
was diagnosed when the viral RNA was detected in paired
sera samples taken with a 30-day interval.

Pasteurellaceae bacteria were isolated in artificial cul-
ture media according to the guidelines for laboratory
diagnosis of pasteurellosis in animals and birds, and their
genotyping was performed using PCR[11].

RESULTS AND DISCUSSION

In order to determine how frequently BRSV is detected
alone and in associations with IBR and BVD viruses and
Pasteurellaceae bacteria (using PCR), we tested 1,040 bio-
material samples taken from dead and emergently slaugh-
tered calves under 6 months of age with the signs of respi-
ratory damage. In all animals post-mortem examination
revealed acute fibrinous or catarrhal bronchopneumonia,
and sometimes interstitial and pulmonary emphysema
and signs of lung parenchyma destruction. The results of
the study are presented in the Table.

The table shows that BRSV alone was present in 9.2% of
the studied biomaterial samples, and in the associations
with IBR and BVD viruses it was detected in 1.4 and 5.2%
of the samples, respectively. The maximum number of
samples (10.8%) contained both BRSV and Pasteurellaceae
bacteria. In total, BRSV was detected in 26.6% of the tested
samples [12, 13].

Respiratory syncytial virus alone was more often de-
tected in lungs and bronchi, and in association with the
IBR - in trachea and nasal mucosa, less often — in bovine
lungs. Together with BVDV and Pasteurellaceae bacteria,
BRSV was detected in lungs.

Frequency of BRSV detection: alone and in association with IBR, BVDV and Pasteurellaceae bacteria

using PCR with electrophoretic detection [12, 13]

Tabnuua
Yacrora BbisBnenus PCB KPC 8 moHoBapuaHnTe u B accoumanuax ¢ supycamu UPT,
BA-6C KPC n 6akTepuamu cemeiictsa Pasteurellaceae npu nomowyn MLP csnexkrpodopetnyeckoii aetekuyueii [12, 13]

n=1,040
Pathogen, Number Percent of positive samples

association of pathogens of positive samples from the number of samples tested
BRSV alone 9 9.2
BRSV + IBR 15 14
BRSV + BVDV 54 5.2
BRSV + Pasteurellaceae 12 10.8

Including bacteria:

Pasteurella multocida Y] 4.0
Mannheimia haemolytica 70 6.7
Total 277 26.6
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Many authors assign a special role in the synergism
of infectious agents to BVDV, which, due to its immu-
nosuppressive effect, can increase the susceptibility of
animals to infection with other viral and bacterial patho-
gens (7,8, 14,15].

According to our data, the level of infection of animals
with BVDV is 90% and above in large dairy establishments,
where about 3% of calves are persistently infected. The
percentage of animals (of all sex and age groups) sero-
positive to BRSV in such herds is 67.5% on average, and
the virus genome is detected more often than in herds
without persistently infected animals [9].

Thus, large dairy establishments demonstrate a mixed
presence of BVDV and BRSV. A correlation was revealed
between the level of BVDV in animals, i.e. between the
presence of animals persistently infected with this patho-
gen in the examined establishments, and the frequency
of clinical signs of respiratory diseases in calves that occur
due to BRSV [12].

Often, after a predisposing viral infection, secondary
bacterial bronchopneumonia develops, since damage to
the epithelium of the respiratory tract leads to a violation
of mucociliary clearance and facilitates the movement of
bacteria to the lower respiratory tract. In addition, respi-
ratory viruses suppress the phagocytic activity of alveolar
macrophages and disrupt intracellular bactericidal pro-
cesses. Also, respiratory viruses can promote bacterial ad-
hesion, enhance the expression of surface proteins of host
cells, which can then be joined by bacteria [7, 16].

Basically, secondary bacterial bronchopneumonia
develops due to the presence of Pasteurellaceae bacteria,
namely Mannheimia haemolytica and Pasteurella multoci-
da (8,9, 15].

An important aspect of the BRSV infection pathogen-
esis is that it suppresses non-specific mechanisms of the
respiratory immune defense, and it initiates and enhances
bacterial colonization of the lungs after its primary rep-
lication. The virus can independently cause bronchitis,
pneumonia and emphysema, but its main feature is im-
munosuppression and an ability to provide preconditions
for bacterial pneumonia, in particular, pulmonary pasteu-
rellosis [5, 8].

The results of the conducted research show that
BRSV infection is common in large dairy establishments
in Siberia and can occur both alone and in various associa-
tions [17].The synergistic interaction of microorganisms of
different classes plays a significant role in the occurrence
of mass bronchopneumonia in cattle under natural con-
ditions. When developing effective measures of specific
prophylaxis for this bovine disease, especially when im-
porting animals from different sources, it is important to
understand and decipher the mechanisms that contribute
to the development of mixed forms of infections.

Previously, we studied BRSV distribution in the respi-
ratory tract of calves with respiratory syncytial infection
using PCR with electrophoretic detection of amplification
products, but the concentration of the virus RNA could not
be determined due to the limitations of the method [3].

To study the virus distribution in the upper and lower
respiratory tract, positive samples of biomaterial were
additionally tested in real-time PCR and it was found that
the BRSV genome was more often present in lungs (13.1%
of the number of tested samples). In addition, the virus
was detected in the exudate from trachea, bronchi and
nasal sinuses, which accounted for 6.0% of the samples.

The percentage of virus detection in nasal discharge was
4.04%, and in the bronchi - 1.7%. The virus was less often
detected on the tracheal and bronchial mucosa (1.1%)
and in pulmonary lymph nodes (0.8%). The data obtained
demonstrate a wide distribution of the virus in the organs
of the upper and lower respiratory tract.

Virus quantification in different parts of the respiratory
tract of infected animals was of great interest. The maxi-
mum concentrations of the virus genome were detected
in lungs (1.3 + 0.5 - 4.8 + 0.47 log, , copies of BRSV RNA/
GAPDH), nasal discharge (1.5 + 0.75 - 2.1 + 0.25 log,,
copies of BRSV RNA/GAPDH) and exudates from trachea,
bronchi, and nasal sinuses (0.3 £0.21 - 2.8 £0.15 log, , co-
pies of BRSV RNA/GAPDH). Different virus concentrations
detected during the research in the biomaterial samples
may indicate that animals were sampled at different stages
of the infectious process.

The above facts show how important respiratory syn-
cytial virus is among bovine respiratory diseases and
demonstrate its role in the pathogenesis of mixed respi-
ratory diseases.

CONCLUSION

The results of the conducted research improve under-
standing of respiratory syncytial infection in animals in
large dairy establishments and of its role in the pathogene-
sis of mono- and mixed infections of the bovine respiratory
tract. BRSV was detected in 26.6% of biomaterial samples
from sick and dead calves under 6 months of age; samples
were taken during mass outbreaks of respiratory diseases,
in particular during acute fibrinous bronchopneumonia.
The virus alone was detected in 9.2% of cases, and in asso-
ciations with IBR and BVDV in 1.4 and 5.2% of biomaterial
samples, respectively. The number of samples containing
BRSV and Pasteurellaceae bacteria was 10.8%, which con-
firms the synergistic interaction between infectious agents
of different nosological groups.

In some establishments, the frequency of BRSV infec-
tion directly depended on the level of animal infection
with BVDV, as well as on the presence of animals per-
sistently infected with this virus in herds [12].

Quantitative analysis of BRSV RNA in the tested bioma-
terial samples showed its maximum accumulation in lungs
and nasal discharge, and it confirms the data on the virus
tropism to the pulmonary interstitium, and this contri-
butes to the occurrence of acute fibrinous bronchopneu-
monia. Quantification of viruses and bacteria with the help
of real-time PCR can be a useful tool to study pathogenesis
of mixed viral-bacterial infections in the wild.
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