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SUMMARY

According to current concepts, ruminal and metabolic acidosis occur due to feeding cattle mainly with preserved acidic feeds such as silage and haylage. However,
errorsin feeding are not the only etiological factor leading to acidosis. In some cases, metabolic acidosis in cattle can develop along with respiratory infection caused
by viral and bacterial agents. The main pathological processes resulting from acute respiratory diseases of cattle are bronchitises, tracheites and pneumonias. When
the respiratory tract is affected in cattle, hypoxia occurs, causing intoxication and, thus, leading to ruminal acidosis. As a result, vasoactive substances (bacterial
endotoxins, histamine, lactate) enter the bloodstream, the vascular endothelium is damaged due to the simultaneous expansion of arterioles and compression
of venules, blood fluid is perfused from the vessels into the surrounding tissues, the blood flow in the microcirculatory bed is disrupted. An important role in the
disturbance of blood circulation in small blood vessels is played by circulating immune complexes representing the «antigen-antibody» complex. Low molecular
weight circulating immune complexes settle in various organs and tissues of the body, lead to inflammation and damage the normal tissue structure. Most
frequently, immune complexes affect the endothelium of blood vessels, renal glomeruli and joints. Distal limb vessels are primarily affected in cattle, leading to
disturbance of skin trophism of the limbs and hooves, development of laminitis, while the hoof horn is weakly keratinized and cannot resist aggressive mechanical
and chemical environmental factors. Damaged hooves are the gateway of infection for the agents of necrobacteriosis (Fusobacterium necrophorum), staphylococcosis
(Staphylococcus spp.), streptococcosis (Streptococcus spp.) and other pathogens. In addition, favorable conditions evolve for the development of mixed infection
due to reduction in the overall organism resistance, which is observed for both respiratory and distal limb infections.
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PE3IOME

Mo coBpemeHHbIM NpeACTaBAeHNAM aLma03 pyoLa 1 MeTabonMueckuii aLuao3 ABNAIOTCA CNleACTBIEM KOPMAEHNSA KPYMHOT0 POraToro CkoTa npeumyLLecTBeHHO
KOHCEPBUPOBAHHBIMI KUCIbIMIA KOPMAMIA, TaKIIMU KaK CUI0C 1 ceHax. BMecTe ¢ Tem NOTpeLLHOCTI B KOPMAIEHUI He eIMHCTBEHHbIiA STHONOrYecKuii GakTop,
NpUBOAALLMI K auupo3y. B pade ciyyaes y KpynHoro poratoro ckota MeTabonnueckuii anao3 MOXeT pa3BuBaTbCA Ha hOHe PecnpaTopHOii NaTonoriy, Bbi3bl-
BaeMOii BUPYCHbIMY 1 6aKTepUanbHbIMY areHTamu. OCHOBHBIMI NATOAOTUYECKIMIU POLIECCaMY, BbI3bIBAEMbIMI OCTPbIMY PECINPATOPHbIMM 3a60neBaHUAMM
KpYMHOro poratoro cKoTa, ABNAKTCA OPOHXUTDI, TpaxeuTbl ¥ IHeBMOHUK. [1py nOpaxeHun pecnupaTopHOro TpakTa B OPraHin3Me KUBOTHBIX BOSHUKAET FUMOKCHA,
yTO BEZIET K Pa3BUTII0 SH0TEHHOIA IHTOKCUKALMY, NPUBOAALLENi K aLngo3y pyoua, B pe3ynbTaTe Yero B KpOBb MOCTYNAKT COCYANCTO-aKTUBHbIE BELLECTBA (IHZ0-
TOKCMHbI GaKTepHil, TMCTaMUH, NAKTAT), 33 CYeT OAHOBPEMEHHOTO PACLUMPEHINA apTEPUON U OKATUA BeHYN NOBPEXAeTcA SHAOTENMI cocynoB, HabnaaeTca
nepdy3us U3 COCYAOB B OKPYKaloLLMe TKaHW XIAKOCTU KPOBM, HapYLLAeTcA KPOBOTOK B MUKPOLIMPKYNATOPHOM pyciie. HemanoBaxHyio pofib B HapyLeHuu
LIMPKYNALMY KOBM B MENKUX KPOBEHOCHbIX COCYAAX UTPaIoT LPKYAMPYIOLLIMe IMMYHHbIE KOMNAEKCbI, NpeACcTaBnAioLLye 060 KOMNIEKC aHTUTeH — aHTUTeNo.
HuskomonekynapHble LUPKyNUpyloLLne IMMYHHbIE KOMAEKCbI, 0cefiad B Pa3HO0OPa3HbIX OpraHax v TKaHAX OpraH13Ma, NPUBOAAT K BOCMANEHMH0 1 MOBPeXx-
Jal0T HOpManbHYl0 CTPYKTYpY TKaHeil. Hanbonee yacto nMMyHHble KOMMNEKCbI NOPaXaloT SHAOTENNI KPOBEHOCHBIX COCY/I0B, MOYEUHble KITy6O0UKM U CYCTaBbl.
Y KpynHoro poratoro cKoTa B nepByto ouepesb NOPaXakTca COCYAbl ANCTANbHOTO OT/AENA KOHEUHOCTEN, UTo BeMIET K HapyLLeHo TPOUKM KO KOHEUHOCTeil
11 KOMbITEL,, Pa3BUBAETCA NAMUHWT, PU 3TOM KOMbITHBIiA POT CN1abo KepaTUHU3MPOBAH U He MOXET NPOTUBOCTOATb arpecCBHbIM MeXaHInUeCKIM 1 XUMUYECKIM
(akTopam BHeLuHeil cpeabl. loBpex ieHHble KoMbITL ABNATCA BOPOTaMU MHDeKL MM Ana Bo3byauTeneil HekpobakTtepuosa (Fusobacterium necrophorum), cragu-
NOKOKK03a (Staphylococcus spp.), CTpenToKoKKo3a (Streptococcus spp.) U Apyrux natoreHoB. Kpome Toro, 6naronpuaTHble ycnoBuA Ans pa3BuTUA MUKCT-IHGEKLMN
€0371310TCA 33 CYeT CHIKEHA 06LLe /i PE3UCTEHTHOCTY OPraHI3Ma, YTO 0TMEYAETCA Kak NPy PecnpaTopHOil MaToN0ruy, Tak U MY MaTonoruy AMCTaNnbHoro oTAeNa
KOHeuHoCTell.

KnioueBbie cnosa: ocTpble pecnupatopHble 3a60n1eBaHNA KPYMHOMO PoraToro CKoTa, MHEKLMN AUCTANbHOTO 0TAeNa KOHEYHOCTEI! KpYMHOTO POraToro CKoTa,
HeKpobaKTepuo3, CTadunoKokKo3, CTPenToKOKKO3, mactepennes, MHPeKLoHHbIi punotpaxent KPC, Bupycqaa anapesa KPC, naparpunn-3 KPC, pecnupatopHo-
CuHumTVanbHaa ukdekuna KPC

bnaropapHocTb: OuHaHcpoBaHue paboTbl NPOBOANNOCH 3@ CYET X03ANCTBEHHDIX JOTOBOPOB B PaMKaX NPOrpamMMbl «YCOBEpLUEHCTBOBaHME CUCTEMbI NPO-
QUNAKTUKM MHPEKLMOHHBIX 60Ne3HEN KIUBOTHBIX».
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INTRODUCTION

Bovine extremity diseases under the conditions of in-
tensive animal farming are quite common and sometimes
become widespread. Their main causes are gross viola-
tions of animal feeding and keeping, as well as infectious
respiratory diseases.

According to our observations, 25.4% of cases of respi-
ratory pathology in cattle are associated with infections
of the distal extremities, primarily with necrobacteriosis,
streptococcosis and staphylococcosis, which cause eco-
nomic losses due to reduced performance and culling up
to 30% of highly productive animals [1, 2].

One of the factors influencing the development of
distal extremity infections in cattle is acute respiratory
infections, such as infectious bovine rhinotracheitis (IBR),
bovine viral diarrhea (BVD), bovine parainfluenza-3 (BPI-3),
bovine respiratory syncytial virus (BRSV) infection, pas-
teurellosis, chlamydiosis and salmonellosis. Farms, which
reported necrobacteriosis outbreaks were infected with
bovine respiratory infections.
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The aim of the research was the theoretical and
practical substantiation of the pathogenic role of acute
respiratory disease in infections of bovine distal extre-
mities.

MATERIALS AND METHODS

The research was conducted at the Department of In-
fectious and Non-Infectious Pathology of the Ural State
Agrarian University and farms of the Ural Region in the pe-
riod from 2014 to 2021. Epizootological, pathomorpholog-
ical,immunological and bacteriological research methods
were used in the work.

The epidemic situation related to acute respiratory dis-
eases was assessed by the statistical method; the annual
reports of the Information and Analytical Center of the
Rosselkhoznadzor Veterinary Surveillance Department
(FGBI “Federal Center for Animal Health”), the Bl Udmurt
Veterinary Diagnostic Center, the FSBI “Chelyabinsk Inter-
oblast Veterinary Laboratory”, the GBI “Sverdlovsk Oblast
Veterinary Laboratory” were studied.

191



192

ORIGINAL ARTICLES | BOVINE DISEASES OPUTHANIbHbBIE CTATBY | BONE3HU KPC

The objects of the study were commercially raised
cattle (tethered), blood, serum, hoof scrapes as well as
pathological material collected from a 14-day-old calf
killed due to pneumonia signs (pieces of lung and bron-
chial lymph nodes).

The pathological material from the killed calf was fixed
in a 10% neutral buffered formalin, embedded in paraffin
and histological preparations were prepared according to
the generally accepted method. The sections were stained
with hematoxylin and eosin, as well as using Van Gieson
method, then examined by light microscopy according to
the generally accepted method.

The blood of cows and calves was used forimmunologi-
cal studies. The amount of circulating immune comple-
xes (CICs) in the serum was calculated by immunoprecip-
itation in 4% polyethylene glycol (PEG-6000), followed by
photometry using SF-2000 spectrophotometer (OKB Spec-
trum LLC, Russia).

Bacteriological studies were carried out according to
generally accepted methods.

The digital data of epizootological and laboratory studies
are processed using mathematical statistics methods adop-
ted in biology and medicine. The reliability of the results was
determined by statistical processing using the Student’s
paired t-test. The results were considered reliable at p < 0.05.

The obtained statistical and experimental data were
processed using the Microsoft Excel software, which is
included in the Microsoft Office package.

RESULTS AND DISCUSSION

Acute respiratory diseases (ARDs) in the bovine infec-
tious pathology in the Ural region rank second after infec-
tious gastrointestinal diseases [1]. The infectious respira-
tory diseases are mostly spread in animals on the farms of
the Udmurt Republic, where the following diseases take a
lead in the nosological picture of infectious respiratory pa-
thologies by the number of infected sites: pasteurellosis —
41.5%, BPI-3 - 16.7%, chlamydiosis — 14.1%, BVD - 11.8%,
IBR - 10.6%, BRSV infection - 5.3% [2, 3].

In the livestock farms of the Chelyabinsk Oblast, the
following diseases were registered: pasteurellosis — 46.3%,
IBR-21.9%, BVD - 12.3%, chlamydiosis — 7.3%, BPI-3 - 7.3%,
BRSV infection — 4.9%. In the Sverdlovsk Oblast, pasteurel-
losis — 63.7%, BPI-3 - 14.9%, BVD - 8.5%, IBR - 7.4%, chla-
mydiosis - 5.5% were detected on cattle farms (Table 1).

Table 1

Rate of acute respiratory infections in cattle at livestock establishments

When assessing the BRSV infection prevalence on farms
of the Ural Economic region, it was found that among all
bovine infectious respiratory pathologies, the frequency
of this disease detection in the Udmurt Republic is 5.3%,
in the Chelyabinsk Oblast is 4.9%. In the Sverdlovsk Oblast,
according to the data of the GBI “Sverdlovsk Regional Vet-
erinary Laboratory’, BRSV infection was not reported [4, 5].

Serological, molecular biological, microbiological
and immunological tests suggest a great involvement of
pathogens of different taxonomic groups in respiratory
pathology. The most frequently detected associations of
BRSV infection are with IBR, pasteurellosis and other infec-
tious agents (Tables 2, 3).

In large dairy farms, the detection of BRSV antibodies
in cattle depended on the level of the infection with IBRV
and pasteurellosis agent, as well as the presence in herds
of individuals latently infected with bovine respiratory syn-
cytial virus. Herewith, the level of infection of animals with
the IBRV ranged from 10.6 to 21.9%, with pasteurellosis —
from 41.5 to 46.3% [5].

No differences in the geographical spread of the dis-
ease among cattle of different ages were established. The
greatest number of positive serological reactions to IBR,
BVD, BRSV viruses and wound infections of cattle distal
extremities were detected in large dairy farms with a
herd high density and milk yield. The infection rate of
cattle in medium and small livestock farms was lower, but
the higher the milk yield was, the higher was the risk of
the above mentioned respiratory diseases occurring. The
spread of diseases was facilitated by the crowding of ani-
mals and the presence of latent virus carriers in the herd [4].

The results of various studies have proved that the
range of infectious agents that cause infectious respi-
ratory diseases and wound infections of bovine distal
extremities is quite wide. Infections of bacterial etiology
are often secondary, but can be concomitant or inde-
pendent. This depends on the animal density in facilities,
the presence or absence of specific vaccination against
viral and bacterial infections, as well as on-farm factors.
In this regard, when planning anti-epidemic measures,
it is essential to conduct a full range of laboratory diag-
nostic tests (virological, bacteriological) in order to de-
termine the nosological structure of a concrete outbreak
of respiratory infections and the etiological role of each
infectious pathogen.

Udmurt Republic, % Chelyabinsk Oblast, % Sverdlovsk Oblast, %
415 46.3 63.7

Pasteurellosis
Chlamydiosis 141 73 55
BPI-3 16.7 73 14.9
BVD 11.8 123 8.5
IBR 10.6 219 74
BRSV infection 53 4.9 -

The difference is reliable p < 0.05
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Table 2

Viral and bacterial associations of BRSV in livestock establishments of the Republic of Udmurtia

Viral-bacterial associations BRSV in the Udmurt Republic

As % of the total ARD affected farms, %

BRSV infection + pasteurellosis + chlamydiosis 1.8

BRSV infection + IBR + pasteurellosis 1.6

BRSV infection + pasteurellosis 1.6

BRSV infection + IBR + BVD + pasteurellosis 15

BRSV infection + IBR + pasteurellosis + chlamydiosis 14
BRSV infection + IBR + BVD + pasteurellosis + chlamydiosis 0.8
BRSV infection + IBR + BVD -+ chlamydiosis 0.8

BRSV infection + IBR + BVD 15

BRSV infection + BVD + pasteurellosis 0.5

BRSV infection + IBR + BPI-3 + pasteurellosis 0.4

The difference is reliable p < 0.05.

Histological examination of the pathological material
(lung and bronchial lymph nodes), collected in a livestock
farm of the Chelyabinsk Oblast from a 14-day-old calf
killed due to signs of respiratory disease, revealed signs of
pneumonia characteristic of pasteurellosis (Fig. 1, 2), syn-
cytia were found in the lung tissues, which is consistent
with BRSV infection (Fig. 3, 4) [3-5].

Based on the results of the histological examination, it
was concluded that the nature of the processes detected
in the tested preparations corresponds to an associated
viral-bacterial infection (BRSV infection + pasteurello-
sis) [3-5]. This diagnosis was confirmed by laboratory re-
search methods (materials are not covered by this paper).

In addition to respiratory infections, an infectious pa-
thology of the distal extremities was registered in the
animals on the farm where the studies were conducted.
The bacteriological test of hoof scrapings revealed the
causative agent of necrobacteriosis — Fusobacterium necro-
phorum.

Thus, in this farm, a mixed infection was registered —
acute infectious respiratory diseases in association with
wound infections of the distal extremities (BRSV infec-
tion + pasteurellosis + necrobacteriosis).

At the next stage of the work, the concentration of CICs
was calculated in the blood of pregnant cows two months
before calving and of calves aged 1 month (Table 4). As it
can be seen, the concentration of CICs in cows and calves

Table 3

was higher than the physiological norm, which is a sign
of their insufficient elimination out of the body. This in-
creases the risk of deposition of these complexes in normal
tissues. An important pathogenetic factor in the develop-
ment of wound infections of the bovine distal extremities
in some cases are acute respiratory infections.

According to modern concepts, rumen acidosis and,
as a consequence, metabolic acidosis are the result of
feeding cattle mainly with preserved acidic feeds, such
as silage and haylage [6-10]. Cellulolytic bacteria (Rumi-
nococcus, etc.), as well as fungi of the Neocallimastigaceae
family are sensitive to the pH of the environment: the
acidic environment inhibits their growth, and therefore
the cellulase activity of the rumen contents decreases.
The bovine gastrointestinal tract stops digesting fiber,
the digestibility of the diet decreases sharply. The acidic
environment also suppresses the growth of Streptococcus
bovis bacteria, which are representatives of the rumen
microbiome, participate in the breakdown of pectin, pro-
tein and starch and thereby contribute to the acidifica-
tion of the environment. Streptococcus bovis is replaced
by lactic acid bacteria of the Lactobacillus genus, which
are more resistant to acidic environments. Such condi-
tions are favorable for the reproduction of Fusobacterium
necrophorum bacteria in the rumen, which can enter the
bloodstream, as well as of other microorganisms that can
produce toxins.

Viral and bacterial associations of BRSV in livestock establishments of the Chelyabinsk Oblast

Viral-bacterial associations BRSV in the Chelyabinsk Oblast

As % of the total ARD affected farms, %

BRSV infection + IBR + pasteurellosis

49

BRSV infection + IBR + BVD + BPI-3 + pasteurellosis + chlamydiosis 2.4

The difference is reliable p < 0.05.
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Fig. 1. Foci of purulent pneumonia
(hematoxylin - eosin staining, magnification 200x)

Fig. 3. Macrophages in the lung and syncytia (A),
characteristic of respiratory syncytial infection
(hematoxylin - eosin staining, magnification 630x)

However, errors in feeding are not the only etiological
factor leading to acidosis. For example, several authors
have found that in parallel to respiratory pathology
caused by viral and bacterial agents, acidosis develops in
cattle [8,9, 11, 12].

The main pathological processes in the respiratory tract
caused by bovine acute respiratory infections are bron-
chites, tracheites and pneumonias. When the respiratory
tract is affected, hypoxia occurs in the body of animals,
which leads to the development of endogenous intoxica-
tion, resulting in rumen acidosis [11, 12], followed by in-
troduction of vasoactive substances (bacterial endotoxins,
histamine, lactate) into blood [7-10]. Due to the simulta-
neous expansion of arterioles and compression of venules,
the vascular endothelium is damaged, perfusion of blood

Table 4

Fig. 2. Focal hemorrhagic pneumonia
(staining according to Van Gieson, magnification 200x)

Fig. 4. Macrophages, erythrocytes and syncytia (A)
in the lumen of the alveoli, typical of respiratory syncytial
infection (hematoxylin — eosin staining, magnification 400x)

fluid from the vessels into the surrounding tissues occurs,
blood flow in the microcirculatory bed is disrupted [7].
An important role in poor blood circulation in small
blood vessels is played by CICs, which are antigen - anti-
body complexes. The CICs formation is one of the normal
responses of the body’s immune system to the introduc-
tion of a pathogen. At the same time, CICs increased con-
centration, which occurs during a high antigenic load or
malfunction of their elimination mechanisms out of the
body, leads to pathological changes in the tissues and
organs of animals, which is caused by high biological ac-
tivity of immune complexes. Most of the CICs are quickly
removed from the bloodstream of the body due to the
reticulohistiocytic system, which combines various het-
erogeneous groups of the body cells, in particular Kupfer

Concentration of circulating immune complexes in the blood of cows and calves

Indicator

(G, cu. 212.400 £ 0.645

Calves (n=10)

234.460 + 5.905
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cells capable of active phagocytosis. CICs have both im-
munostimulating and immunosuppressive properties. The
greatest pathogenic effect is exerted by complexes capa-
ble of activating the complement system and reacting
with blood cells that have receptors for binding immuno-
globulins or complement. The main CICs damaging effect
is complement and neutrophil-dependent mechanism.
Complement associated CICs exhibit chemotactic proper-
ties, resulting in the accumulation of neutrophils in the af-
fected areas and to the release of hydrolytic enzymes from
them that destroy the body tissues. At the same time, CICs
can cause pathology regardless of the presence of neu-
trophils and complement [13]. Low-molecular-weight CICs,
settling in various organs and tissues of the body, lead to
inflammation and damage the normal tissue structures.
The blood vessel endothelium, renal glomeruli and joints
are most often damaged by immune complexes [14].

In cattle, the vessels of the distal extremities are primar-
ily affected, which leads to trophism disorder of hoof and
limb skin. That's why laminitis develops, while the hoof horn
tissue is weakly keratinized and cannot resist aggressive me-
chanical and chemical environmental factors [7, 10]. Dam-
aged hooves are the gateway of infection for the agents
of necrobacteriosis (Fusobacterium necrophorum), staphy-
lococcosis (Staphylococcus spp.), streptococcosis (Strepto-
coccus spp.) and other pathogens [7, 10, 12, 15]. In addition,
favorable conditions for the development of mixed infec-
tion are created by reduced organism resistance, which is
observed both during respiratory pathology and during
pathologies of the distal extremities [15].

CONCLUSION

Studies have shown that one of the pathogenic fac-
tors contributing to the development of infections of bo-
vine distal extremities is respiratory diseases, leading to
reduced natural resistance of the body and subsequent
metabolic acidosis.

Comprehensive prophylaxis of infections of bovine
distal extremities should include mandatory laboratory
diagnostics for acute respiratory diseases.

REFERENCES

1. Petrova O. G., Barachkin M. I., Drozdova L. I., Alec-
seev A. D. Respiratory syncytial infection. Dissemination,
relevance, problems. Advances in Agricultural and Biologi-
cal Sciences. 2017; 3 (4): 25-34. DOI: 10.22406/aabs-17-3.4-
25-34.

2.Krasnoperov A.S., Maryin E. M., Zabrodin E. A., Barash-
kin M. I., Milshtein I. M., Pryanichnikov V. P, Teterev N. N.
Diseases of the hoof in cattle [Zabolevaniya kopytec
u krupnogo rogatogo skotal. B/O. 2020; 7 (238): 26-33.
eLIBRARY ID: 44074061. (in Russian)

3. Alexeev A. D., Petrova O. G., Drozdova L. |. The partic-
ular manifestations of acute respiratory viral infections of
cattle in modern conditions. Agrarian Bulletin of the Urals.
2015; 6 (136): 38-40. eLIBRARY ID: 24000590. (in Russian)

4. Alekseev A. D., Petrova O. G., Drozdova L. I. Respi-
ratory syncitial infection and its role in pathogenesis of
acute respiratory diseases of cattle stock. Medicus. 2016;
3(9): 31-33. eLIBRARY ID: 25957400. (in Russian)

5. Alexeev A. D., Petrova O. G., Drozdova L. |. Bovine
respiratory syncytial infection and its importance in
the epidemiology of acute respiratory disease. Bulletin
of Omsk State Agrarian University. 2015; 4 (20): 39-44.
eLIBRARY ID: 25108641. (in Russian)

6. Balash A., Batiz G., Bridl E., Chaki T., Gombosh Sh.,
Kurtfalvi A. Maintenance, feeding and the mostimportant
veterinary issues in the breeding of the Holstein-Friesian
cattle breed. Ed. by E. Bridle; translated by Ya. Zakhar. Bu-
dapest: Agrota; 1994. 238 p. (in Russian)

7.Samolovov A. A, Lopatin S.V. Lameness - reflection of
system metabolic diseases of the dairy cattle. Innovations
and Food Safety. 2013; 2 (2): 76-80. Available at: https://
innfoodsecr.elpub.ru/jour/article/view/29. (in Russian)

8. Evglevsky A. A., Skhira V. N., Evglevskaya E. P, Vani-
na N. V., Mikhailova I. I., Suleimanova T. A., Pereverze-
va J. A. Metabolic acidosis of high yielding cows: causes,
consequences, prophylaxes. Veterinariya. 2017; 5: 45-48.
eLIBRARY ID: 29155246. (in Russian)

9.Evglevsky A. A, Evglevskaya E. P,, Mikhailova . 1., Vani-
na N.V., Erizhenskaya N. F,, SuleymanovaT. A. Disturbance
of acid-base balance in the cow: causes, consequences and
treatment. Veterinarnaya patologiya. 2017; 1 (59): 53-58.
eLIBRARY ID: 29737143. (in Russian)

10. Melnik N. V., Samuylenko A. Ya., Melnik R. N.,
Grin S. A, Klyukina V. I, Nikitin A. ., et al. Necrobacteriosis
in animals. Treatment and prevention. Ed. by RAS Acade-
mician A. Ya. Samuylenko. Krasnodar: Kuban SAU; 2018;
279 p. Available at: https://www.elibrary.ru/download/
elibrary_36686875_13270852.pdf. (in Russian)

11. Alekhin Yu. N., Zhukov M. S., Lebedeva A. Yu. Func-
tional state of proventriculi at different stages of bron-
chopneumonia development and during post-treatment
period in calves. Veterinariya, zootekhniya i biotekhnologiya.
2016; 11: 13-19. eLIBRARY ID: 27257704. (in Russian)

12.Zolotarev A. 1., Chernitskiy A. E., Retsky M. I. Acid-base
status and blood gas composition in calves with bronchi-
tis. Veterinariya. 2013; 7: 47-52. eLIBRARY ID: 19403634.
(in Russian)

13.Mager S.N., Dementieva E. S. Physiology of immune
system: the study book. Saint Petersburg: Lan’; 2014. 192 p.
(in Russian)

14. Male D., Brostoff J., Roth D., Roitt I. Immunology.
7" ed. Elsivier Ltd; 2006. 564 p.

15. Barashkin M. I, Petrova O. G. Features of the epizoo-
tiology of infectious diseases of the distal extremities of
cattle in industrial technology of content. Agrarian Bulletin
of the Urals. 2016; 3 (145): 27-31. eLIBRARY ID: 25797139.
(in Russian)

Received on 30.04.2021
Approved for publication on 26.07.2021

INFORMATION ABOUT THE AUTHORS / UHOOPMALIUA 0B ABTOPAX

Anatoliy D. Alekseev, Candidate of Sciences (Veterinary Medicine),
Associate Professor, Department of Infectious and Non-Infectious

Pathology, FSBEI HE Ural SAU, Ekaterinburg, Russia.

VETERINARY SCIENCE TODAY. 2021;10 (3) | BETEPUHAPUA CETOHA. 2021;10 (3)

Anekcees AHaTonuint iIMUTpresny, KaHANLAT BETEPUHAPHbIX
HayK, JoLeHT Kadeapbl MHOEKLVOHHON 1 He3apa3HOW NaToNorm
OrbOY BO Ypanbckuii [AY, . EkatepuH6ypr, Poccus.



196

ORIGINAL ARTICLES | BOVINE DISEASES OPUTHANIbHbBIE CTATBY | BONE3HU KPC

Olga G. Petrova, Doctor of Science (Veterinary Medicine),
Professor, Professor of the Department of Infectious and Non-
Infectious Pathology, FSBEI HE Ural SAU, Ekaterinburg, Russia.

Mikhail 1. Barashkin, Doctor of Science (Veterinary Medicine),
Professor, Head of the Department of Surgery, Obstetrics and
Microbiology, FSBEI HE Ural SAU, Ekaterinburg, Russia.

Igor M. Milshtein, Candidate of Sciences (Veterinary Medicine),
Associate Professor, Department of Surgery, Obstetrics and
Microbiology, FSBEI HE Ural SAU, Ekaterinburg, Russia.

Vladislav D. Moskvin, Post-Graduate Student, Department of
Infectious and Non-Infectious Pathology, FSBEI HE Ural SAU,
Ekaterinburg, Russia.

Metpoea Onbra MpuropbesHa, AOKTOP BeTEPUHAPHBIX HayK,
npodeccop, npopeccop Kapeapbl UHPEKLVIOHHON 1 He3apa3HOW
natonoruv ®rbOY BO Ypanbckuii FAY, . Ekatepunbypr, Poccus.

bapawkux Muxaun ViBaHOBUY, JOKTOP BETEPMHAPHBIX HayK,
npodeccop, 3aBeayLWmnin Kabeapon xnupyprum, akylepctaa
n mukpobuonorun OrbOY BO Ypanbckui TAY, r. Ekatepunbypr,
Poccus.

MunbwrtenH Miropb MapkoBuY, KaHANAAT BETEPUHAPHDIX HayK,
[oueHT Kadeapbl XMPYpruum, akywepcTsa U MMKpobuonorum
OreOY BO Ypanbckuii AY, r. Ekatepunbypr, Poccus.

MockBuH BnagucnaB [ilMutpueBuy, acnupaHt Kadeapbl

NHPEKLMOHHOM 1 Hesapa3Hon natonorun Or0Y BO Ypanbckuii
TAY, r. EkaTepuHbypr, Poccus.

VETERINARY SCIENCE TODAY. 2021;10 (3) | BETEPUHAPUA CETOAHA. 2021; 10 (3)



