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LLENN U OBJIACTb (TEMATUYECKNI OXBAT)
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Currently important pathogenic Listeria species
affecting animals and birds (review)

Pavel N. Shastin
Federal Scientific Centre VIEV, 24/1 Ryazansky Prospekt, Moscow 109428, Russia

ABSTRACT

Listeriosis is one of the most severe gastrointestinal diseases in the world. Listeria affect different groups of animals and birds. The pathogen has been detected
in meat, milk, fish and fish products. The disease shows spring and autumn seasonality. It has been reliably established that Listeria monocytogenes is ubiquitous
inthe environment. Listeria monocytogenes is a facultative intracellular pathogen. Infection with Listeria monocytogenes causes an invasive disease in animals and
humans, which is transmitted via the fecal-oral route from an animal to a human, from a mother to a fetus. The pathogenesis of Listeria infection has been well
studied. The gastrointestinal tract is the site of the pathogenic Listeria species transit and spread. The infection incubation period is 20—30 days in animals
and humans. The clinical course in different animal species, including birds, has a number of specific features. Listeria can cross the intestinal, placental and
blood-brain barriers. The manifestations of listeriosis include encephalitis, meningitis, gastritis, meningoencephalitis, mastitis, abortions, endometritis, etc.
Pathogenic Listeria species show hemolytic activity which non-pathogenic species (except Listeria seeligeri) lack. The review presents the up-to-date information
on the classification of Listeria, the pathogenicity factors of Listeria monocytogenes as the major pathogen, the mechanisms of Listeria infection development
in different animal species.
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AKTYyanbHble NaToreHHble BUAbI MNCTEPUU
KUBOTHbIX 11 NTUL, (0630p)

M. H. Wactuu
OIBHY «®enepanbHblit HayuHblil LieHTp — Bcepoccniicknii HayuHO-MCCNef0BaTENbCKINA MHCTUTYT IKCMEPUMEHTANbHON BETEpUHAPUM
umenn K. N. Ckpabuna u . P. Kosanerko Poccuiickoii akapemun Hayk» (OFBHY OHL| BIAIB PAH), Pasanckwit npocnekT, 24/1, 1. MockBa, 109428, Poccua

PE3IOME

Jluctepuo3 ABNAETCA OZHUM U3 Hanbonee TAXeno npoTeKatoLLyx 3a6oneBaHuil NULLEBapUTENbHOO TPaKTa BO BCeM Mipe. JIUCTepun nopaatot pasnnuHble rpyn-
Mbl XXMBOTHBIX 11 NTWL. Bo36yauTenb BbIABNEH B MACe, MOOKe, pbl6e 1 pbibonpofyKTax. 0TMeyaeTca ce30HHOCTb 3a601eBaHNA B BeCEHHUI 1 0CEHHUIA Neprofbl.
[JlocToBepHo ycTaHoBAEHO, uTo 6akTepua Listeria monocytogenes c8o6oaHo 06uTaeT B OKpyXaloLLeid cpege. Listeria monocytogenes ABNAETCA GaKyNbTaTUBHbIM
BHYTPUKNETOYHBIM NaTOreHOM, 3apaxeHue KOTOPbIM Y XXMBOTHbIX 1 Niofieil IPUBOANT K MHBA3UBHOMY 3a00N1eBaHMio, NepeaatoLLemyca dexkanbHo-0panbHbIM
MyTeMm OT XKMBOTHOIO K YenoBeKy, 0T MaTepin K nnogy. latoreHe3 nUCTepro3HON MHGEKLMN XOPOLLO U3yyeH. KenyAouHO-KILLEeYHbIN TPAKT ABAAETCA MeCTOM
TPaH3uTa 11 PacCNPOCTPAHEHNA NATOreHHbIX NCTEPUi. MIHKYOaLMOHHBI nepros NUCTepro3Hoi Hdekwm AnuTca 20—30 AHei Y XMBOTHBIX U Ntofeit. KnuHinye-
CKOE TeUeHMe y PasNnUHbIX BIAOB XMBOTHBIX, 11 B TOM UMCe NTUL, UMeeT pAf 0cobeHHoCTelA. JIucTepun ycnewHo NPeofoneBatoT KMLLEUHbII, NNaLeHTapHbli,
remato3Huedanuueckuii 6apbepbl. [pn Nucteprose 0TMeYAETCA IHLEPANNT, MEHWUHTUT, FACTPUT, MEHUHTOHLedanUT, MacTUTbI, abOPTbI, SHAOMETPUTBI U Ap.
[TatoreHHble BUAbI nnCTepuii 06NafatoT reMoanUTUYECKoil aKTUBHOCTbIO, KOTOPas OTCYTCTBYeT y HenaToreHHbIX BUAOB (Mckntouenwe — Listeria seeligeri). B 063ope
npecTaBneHa akTyanbHas HGOpMaLA 0 KnaccudukaLm aucTepuid, dakTopax natoreHHoCTw Listeria monocytogenes Kak 0CHOBHOTO NatoreHa, MexaHu3max
NpoTeKaHNA NUCTEPIUO3HOI UHEKLMM Y Pa3NIMYHBIX BIUZOB XKUBOTHBIX.

KnioueBbie cnosa: 063op, Listeria spp., NaToreHHoCTb, 6100€30MacHOCTb, KMBOTHbIE, NTULIbI, aHTUONOTUKOPE3NCTEHTHOCTD

bnaropgapHocTu: [laHHoe uccnepoBanue duHaHcupoBanocs MuHUCTepcTBOM 06pa3oBaHua  Hayku Poccuiickoit Oefepaunm, npoekt FGUG-2022-0007
Ha 2022-2024 rr.

© Shastin P.N., 2024
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Kondnukr untepecos: ABTop 3aaBnaeT 06 0TCYTCTBUM KOHGANKTA MHTEPECOB.

[ins koppecnongerumnn: Wactun Masen Hukonaesuy, KaHa. BET. HayK, CTAapLUMiA HayUHbII COTPYAHNUK 1abopaToOpUM AUArHOCTUKIN 11 KOHTPONA aHTUOMOTUKO-
Pe3UCTeHTHOCTH BO36yauTeNeil Hanbonee KNMHUYECKN 3HaUMMbIX UHdEKLMOHHbIX 6one3Heil xuBoTHbIX OTBHY OHL| BUIB PAH, Pazanckuii npocnexT, 24/1,

r. MockBa, 109428, Poccus, shastin.pasha@yandex.ru

INTRODUCTION

Microorganisms of the genus Listeria belong to the
family Listeriaceae, the order Bacillales, the class Bacilli
and the phylum Firmicutes. Listeria is a gram-positive bac-
terium genetically related to Clostridium, Enterococcus,
Staphylococcus, Streptococcus and Bacillus. Listeria spp.
are facultative anaerobic rods with a size of 0.4 X 1-1.5 um,
which do not form spores, have no capsule and are motile
at 10-25 °C [1]. Listeria spp. are isolated from various envi-
ronmental sources such as soil, water, wastewater, animal
and human feces, food products. A number of researchers
have found that the natural habitat of the bacterium is
a decaying plant substrate. Transmission occurs through
the fecal-oral route. In rural areas, ruminants are the main
vectors of Listeria [2, 3, 4]. The genus Listeria is currently
represented by the following species: L. monocytogenes,
L.innocua, L. ivanovii (formerly known as L. monocytogenes
serotype 5), L. farberi, L. seeligeri, L. welshimeri, L. ilorinensis,
L. rocourtiae, L. weihenstephanensis, L. marthii, L. grandensis,
L. riparia, L. cossartiae, L. fleischmannii, L. portnoy, L. rustica,
L. immobilis, L. booriae, L. thailandensis, L. goaensis, L. co-
staricensis, L. floridensis, L. aquatica, L. grayi, L. valentina,
L. newyorkensis, L. swaminathanii, L. cornellensis [5]. Two
species, L. ivanovii and L. monocytogenes, are pathogenic
for humans and animals [6]. The official discovery of Liste-
ria was in 1924, when a group of researchers (E. G. D. Mur-
ray, R. A. Webb, M. B. R. Swann) in Cambridge, England,
isolated L. monocytogenes as the etiological agent of
a septicemic disease affecting rabbits and guinea pigs [71.
The first case of human listeriosis was reported in Denmark
in 1929. L. ivanovii was first isolated from lambs in Bulgaria
in 1955 [8]. Cases of L. ivanovii infection are rare; the bac-
teria of this species are mainly isolated from abortions
and neonatal septicemias in sheep and cattle [9, 10, 11].
Although L. seeligeri is a non-pathogenic Listeria species,
one human case of infection with this bacterium has been
reported [12, 13].

Listeria spp. are widespread in nature, they have been
isolated from more than 90 animal species, as well as from
plants and a broad range of food products. These bacteria
can persist in the animal body for a long time. Suppressing
the growth of Listeria in the ready-to-eat products is still
a challenge. The examination of the biological and envi-
ronmental characteristics of Listeria is aimed at the preven-
tion of Listeria infection and the control of this important
food pathogen.

The novelty of the study is the systematization
of the up-to-date data on the biological properties and
classification of Listeria. The specific features of listeriosis
in livestock and poultry are presented.

The work was carried out using analytical research
methods and the RSCI, Scopus, Web of Science, Library
Genesis, Sci-Hub, Google Scholar, PubMed, Cyberleninka
databases.

The purpose of the review was to analyze and system-
atize current knowledge about pathogenic Listeria species,
the classification of Listeria, the mechanism of the disease
development and characteristic features of Listeria infec-
tion in different animal and bird species.

CLASSIFICATION AND BIOLOGICAL
PROPERTIES OF LISTERIA

The bacteria of the genus Listeria are found on all con-
tinents. Soft cheeses and milk products, sausages, pastes,
salads, smoked fish and, as a rule, ready-to-eat chilled
industrially-made products are most often contamina-
ted [14, 15, 16, 171. Listeria is well adapted to survive on
the surfaces of the food processing equipment. For exam-
ple, Listeria tolerates high salt concentrations (> 10%) and
relatively low pH values (< 5.0) and is able to reproduce
at low temperatures [18, 19]. Listeriosis shall be differen-
tiated from rabies, influenza, brucellosis, pasteurellosis,
toxoplasmosis.

Pathogenic Listeria species show hemolytic activity
which non-pathogenic species (except L. seeligeri) lack.
The hemolysin gene (hly) has a key role in cell destruc-
tion [20]. The biological characteristics of some species of
the genus Listeria are presented in Table 1 [21].

The classification of L. monocytogenes is based on
the structure of the somatic (O) and flagellar (H) antigens,
and all members of this species are divided into the fol-
lowing serovars: 1/2a, 1/2b, 1/2¢, 3a, 3b, 3¢, 4a, 4b, 4c, 4d,
4e and 7 [22].

Listeria monocytogenes is a facultative intracellular
pathogen. Infection with L. monocytogenes causes an inva-
sive disease in animals and humans, which is transmitted
via the fecal-oral route from an animal to a human, from
a mother to a fetus [23]. The pathogenicity factors of this
bacterium species are shown in Table 2 [21].

Most of the information on the pathogenesis of listeri-
osis has been obtained on the basis of the interpretation
of epidemiological, clinical and histopathological data in
experimental infections in animals. The gastrointestinal
tract is the main site of the entry and spread of patho-
genic Listeria [17]. It is reported that the increased acidity
of gastric juice can destroy a significant amount of Listeria.
Itis well known that Listeria infection incubation period in
animals and humans is 20-30 days. Listeria spp. penetrat-
ing through the intestinal barrier are carried by lymph and
blood to the mesenteric lymph nodes, liver, spleen [24].
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Table 1
Biological characteristics of some species of the genus Listeria [21]

Characteristics
B-hemolysis + - + + - _
CAMP test (Staphylococcus aureus) + - - + - _
CAMP test (Rhodococcus equi) + - + - — _
mannitol - - - - - +
a-methyl-D-mannoside + + - - + +
zir’(:i:jdafir?)rr]n L-rhamnose + d - - d +
soluble starch - - - +
D-xylose - - + + + _
Hippurate hydrolysis + + + -
Nitrate reduction - - - +
Pathogenicity for mice + - + - - -
“+"—90% or more of the strains are positive; “—"— 90% or more of the strains are negative; d — 11-89% of the strains are positive;

“+"— avariable variant; the absence of a result means that no tests for this parameter have been carried out.

An experimental study in mice (intravenous adminis-
tration) has revealed that L. monocytogenes is rapidly re-
moved from the bloodstream by resident macrophages
of the spleen and the liver [25]. The major bacterial load
is located in the liver, in which Kupffer cells are active.
These macrophages destroy most of the engulfed bac-
teria. A number of authors believe that Kupffer cells ini-
tiate the activation of anti-listerial immunity by inducing
the antigen-dependent proliferation of T lymphocytes
and cytokine secretion [26]. Also, various scientific pa-
pers note the partial survival of Listeria cells after attack
by macrophages, which actively grow over the next
2-5 days [27, 28, 29]. Listeria cells move by direct pas-
sage from hepatocyte to hepatocyte and disseminate in
the liver parenchyma without coming into contact with
the humoral immune system. The authors conclude that
this explains the levelling of the role of antibodies in
the antibody-Listeria interaction [30]. L. monocytogenes
is a multi-system pathogen that affects a wide variety
of animal and human tissues.

BOVINE LISTERIOSIS

Cattle account for a greater number of pathogenic
Listeria detections reported worldwide [31]. Bovine
listeriosis most commonly manifests itself as encepha-
litis; miscarriages, septicemia with miliary abscesses
are also noted. Foodborne transmission is the main
mode of infection in cattle, particularly as a result of
low-quality silage feeding, drinking of contaminated
water. After ingestion, Listeria cells are disseminated via
hematogenous spread to the viscera, nervous system
and reproductive organs of pregnant cows. Another
route of infection is through the abrasions of the skin
or the conjunctiva during grazing or via the teats. When
the central nervous system is affected, the pathologi-
cal process localizes in the medulla oblongata and the
pons [32, 33]. Damage to the respective nerve under-
lies the characteristic presentation: damage to the fifth
cranial nerve (CN V) and the mandibular nerve leads to

Table 2
Pathogenicity factors of Listeria monocytogenes [21]

Molecular

Protein weight, kDa Gene Function
prfA 57 prfA Regulation ofv.lrullence gene
transcription
Listeriolysin 0 58 hly Lysis of primary and secondary
phagosomes
PICA (phosphatidylinositol- .
specific phospholipase C) 36 plch Phagosome lyss
Lecithinase 33 plcB Lysis of secondary phagosome
Post-translational modification
Metalloprotease 57 mpl of lecithinase
ActA 67 actA Polymerization of actin
o inlA, ) .
Internalin, in/B 88.65 inlB Induction of phagocytosis

the inability to drink or eat and, consequently, to further
disorders [34]; the sign of damage to CN IX and CN X is
excessive salivation due to the swallowing difficulty;
CN XII - the protrusion of the tongue; CN VIII - ataxia and
circling, facial paralysis, including unilateral drooping of
the lip, eyelid, ear; CN VI - strabismus. In advanced sta-
ges of the disease, the animal lapses into a coma and
dies within a few days. Postmortem cerebral cortex le-
sions consist of the foci of necrosis infiltrated with neu-
trophils, macrophages, bacterial cells [35, 36]. Listeriosis
shall be differentiated from rabies.

The genital form of listeriosis in cows presents as abor-
tions in the last trimester of gestation. In case of fetal in-
fection, newborn animals develop meningitis and subse-
quently die [37].

The authors also note the seasonality of bovine liste-
riosis, with the number of cases increasing in winter and
spring and decreasing in summer [32].
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PORCINE LISTERIOSIS

In pigs (the young ones), listeriosis most often mani-
fests itself as septicemia and is less common than in other
animal species. Encephalitis and miscarriages are rarely
reported [38]. Hepatic necrosis is a characteristic mor-
phological feature of listerial septicemia in newborn pig-
lets [39, 40]. The first case of listeriosis in piglets was repor-
ted in Russia in 1936 by T. P. Slabospitsky, who named the
pathogen L. suis [41]. In sows, L. monocytogenes localizes in
the tonsils, from where it then enters the gastrointestinal
tract. Porcine listeriosis cases are more frequently detected
in winter and spring. The symptoms of central nervous sys-
tem disturbance in young animals with listerial encepha-
litis are incoordination, weakness and apathy, followed
by death. Meningoencephalitis in pigs is characterized
by a sudden decrease in appetite, neurological disorders
(trembling, partial paralysis, urinary incontinence, sei-
zures), elevated body temperature [42]. Histopathological
examination reveals severe monocytic infiltration, many
blood vessels show perivascular constriction [43, 44]. The
largest outbreak of listerial meningoencephalitis in pigs
was reported in India, in which 27 of 75 pigs died [45].

OVINE LISTERIOSIS

Ovine listeriosis is caused by L. monocytogenes sero-
types 1/2 and 3, as well as by L. ivanovii. Ovine listeriosis
(circling disease) was first reported in New Zealand in 1929.
The frequency of infection in sheep is higher (up to 30%)
than in cattle (up to 15%). Ovine listeriosis manifests itself
as encephalitis, gastrointestinal septicemia with hepatitis,
splenitis, pneumonitis and abortions more commonly
occurring in the last trimester of gestation. Encephali-
tis is the most common form of listeriosis diagnosed in
sheep [46]. Lambs aged 5 weeks may develop septice-
mia, older lambs develop encephalitis. Listeria infection
in adult sheep presents as a central nervous system disor-
der (meningoencephalitis), refusal to eat or drink, eleva-
ted temperature, teeth grinding, paralysis of the muscles
of mastication, excessive salivation caused by the inability
to swallow due to damage to the cranial nerve, circling
movements (circling disease). In advanced stages, muscu-
lar incoordination develops, which is followed by the ani-
mal'’s inability to walk; death occurs within 2-3 days after
the onset of the first symptoms. Histological examination
reveals microgranulomas and microabscesses in the brain-
stem. Listerial encephalitis in sheep is most common in
late autumn, winter and early spring. After hematogenous
spread to the uterus, L. monocytogenes is detected within
48 hours in the fetus and the amniotic fluid. Initially, preg-
nant ewes develop purulent metritis. The clinical symp-
toms resolve after the abortion, and the ewes begin to feel
much better. Morbidity in ewes ranges from 1 to 20%, with
mortality of lambs being high. Septicemia is most frequent
in newborn lambs and follows 2-3 days after oral infection.
It is characterized by high temperature, loss of appetite,
diarrhea. Death may occur as a result of extensive liver da-
mage, pneumonia; the mortality rate is much lower for the
septicemic form of listeriosis than for the encephalitic one.
The factors contributing to the pathogenicity of Listeria are
overcrowding, stress and feed quality [47, 48].

Listeria ivanovii is a recognized etiological agent
of abortions in sheep [48]. Ovine listeriosis cases caused
by L. ivanovii and characterized by abortions make up 8%.
Factors predisposing to infection with L. ivanovii are the

same as for L. monocytogenes and include stress, de-
creased immunity, feeding of poor-quality feed, contact
with infected animals, etc. [49, 50].

As a preventive measure, vaccination with live attenu-
ated strains of L. monocytogenes takes place. For example,
in Germany and Greece, immunization of sheep with an at-
tenuated vaccine based on serovars 1/2a and 4b reduced
the incidence of listeriosis and abortions as compared
with the control group. The results of field tests showed
that the immunized ewes delivered more lambs free
from Listeria (92.4 vs 69.7%) and of higher birth weight
(2.2 vs 1.8 kg) than lambs from the control unvaccinated
ewes. Besides, L. monocytogenes was not isolated from
the milk samples from the vaccinated ewes, in contrast to
the control group, in which Listeria was detected in 31.9%
of milk samples [47].

In the event of an outbreak, several strains of the same
or different Listeria serotypes may be isolated. DNA finger-
printing, phage typing, pyrolysis mass spectrometry are
used as additional diagnostic methods to confirm the di-
agnosis [51].

CAPRINE LISTERIOSIS

Clinical listeriosis in goats is similar to that in sheep
and manifests itself as septicemia, abortion, encepha-
litis [52]. The mechanism of the disease development is
as follows: pathogenic Listeria penetrates into the goat
body through the gastrointestinal tract, which leads to
a transient bacteremia and further spread to the central
nervous system, viscera, as well as to the placenta. Depres-
sion, decreased appetite and milk yield, diarrhea, elevated
body temperature (41 °C) are the first signs of septicemia.
In pregnant does, L. monocytogenes penetrates through
the placenta into the fetus and subsequently causes late
miscarriages [53].

A number of researchers note that meningoencepha-
litis is the most frequently reported form of listeriosis in
goats. Early signs of listerial encephalitis in goats are ex-
cessive salivation, ear droop, tongue protrusion, absence
of rumination [54]. Some researchers also point out that
goats are more susceptible to listeriosis than sheep [52].
For example, during an outbreak of listeriosis in Iraq, the
morbidity (30.0 vs 16.7%) and mortality (21.2 vs 14.9%)
were higher in goats than in sheep [55]. Listeria isolations
from goats are more frequent in winter and spring.

AVIAN LISTERIOSIS

Avian listeriosis was first reported in 1935 [56]. Wild
ducks, turkeys, pheasants, geese are asymptomatic carriers
of Listeria. Birds become Listeria-infected orally by pecking
feces, soil, carcasses. Listeriosis is much less common in
birds than in sheep, goats and cattle [57, 58, 59]. Listeriosis
in birds can also develop as a secondary infection associ-
ated with viral diseases, as well as with salmonellosis, coc-
cidiosis, worm infections, tick-borne encephalitis, lympho-
cytosis, enteritis and others that contribute to a decrease
in immunity [60]. One of the distinguishing features of avi-
an listeriosis is septicemia characterized by focal necrosis
of viscera, particularly the liver and the spleen. At the same
time, a number of authors note cardiac lesions such as
vascular occlusion, pericarditis and increased amounts
of pericardial fluid. The septicemic form of listeriosis pro-
duces the following conditions: splenomegaly, peritoni-
tis, nephritis, ulcers in the ileum and caecum, necrosis of
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the oviduct, generalized pulmonary edema, conjunctivitis,
enteritis. In acute cases of the septicemic form of listeriosis,
all internal organs are affected. Birds show practically no
overt clinical signs other than emaciation and die on days
5-9 of the disease [59, 61].

Listerial meningoencephalitis is far less common in
birds. It is characterized by the disturbances of the central
nervous system such as incoordination, tremors, torticol-
lis, dropped wings, unilateral or bilateral toe paralysis [62],
which later lead to death. Necropsy reveals congestion
and necrotic foci in the brain [63, 64].

Chicken embryos and young chickens are the most sus-
ceptible to listeriosis [61, 65, 66]. In day-old chicks, Listeria
is most frequently detected in the caecum, liver, spleen
and cloacal swab samples [63].

Thus, the incubation period of listeriosis depends on
the overall clinical picture. In animals and birds, the infec-
tion occurs in the septicemic, encephalitic, abortive forms.
Pathogenic Listeria species are important etiological
agents of animal and bird diseases that lead to severe con-
sequences and economic damage [67]. To date, listeriosis
remains an urgent issue and does not receive sufficient
coverage in the public space.

CONCLUSION

Listeria spp. are distributed globally in a wide variety
of domestic and wild animals, as well as in humans, and
possess a zoonotic potential.

The analysis of scientific publications has made it pos-
sible to summarize data on the mechanisms and routes
of transmission, pathogenicity factors of Listeria, their se-
rological diversity, localization in the body of susceptible
animals, the forms of listeriosis in cattle, pigs, sheep, goats
and birds.
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Using fecal microbiota transplantation
for animal health (review)

Heorhii Yu. Drobot, Sergei K. Shebeko, Alexey M. Ermakov
Don State Technical University, 1 Gagarina sq., Rostov-on-Don 344000, Russia

ABSTRACT

Fecal microbiota transplantation is a procedure when fecal matter from a healthy donor is administered into the intestinal tract of a recipient in order to re-
store microbial balance and strengthen immune responses. Mainly, fecal microbiota transplantation increases bacterial diversity and facilitates a growth
in beneficial microorganisms. Thus, the procedure makes it possible to stabilize and maintain a healthy gut microbiome that inhibits the pathogen growth.
In veterinary medicine, fecal microbiota transplantation is considered as a potential alternative to traditional antibiotics amid rising antibiotic resistance.
Despite the lack of commonly accepted procedures, studies show that the fecal microbiota transplantation for the purposes of veterinary medicine can be
used for a wide range of tasks: starting from disease prevention toimmunomodulation. This review is devoted to the use of fecal microbiota transplantation
for different animal species. An analysis of scientific literature suggests that most researches into the topic describe the use of fecal microbiota transplan-
tation as a method to treat diarrhea, which is a common disorder in animals. Interestingly, the technique has been successfully used to treat canine atopic
dermatitis and monitor age-related changes in fish, thus, confirming the universal nature of this procedure. There are research projects when fecal microbiota
transplantation demonstrated only partial effectiveness or no effectiveness at all. Scientific evidence suggests that the effectiveness of fecal microbiota
transplantation depends on the delivery route and the donor, and the first factor may have a different impact on the therapy effectiveness depending on
the animal species under study. The impact of the second factor on the success of transplantation has been most widely studied for calves. Further research
is needed into effects of fecal microbiota transplantation on different animals and standards need to be developed to support large-scale and safe use of
the technique for animals.
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Acnonb3oBaHue npoueaypbl
TPAHCMNAHTALUKU GeKanbHON MUKPOOUOTbI
B BeTepuHapuu (0630p)

I. 0. Apo6or, C. K. Llie6eko, A. M. EpmakoB
Orb0Y BO «[loHcKoii rocyaapcTBeHHblii TexHuueckuii yuuepeutet» (ArTY), nn. farapua, 4. 1, 1. PocToB-Ha-[loHy, 344000, Poccua

PE3IOME

TpaHcnnaHTauws dekanbHoi MUKPOOMOTbI NpeACTaBAAET 060/ NpoLeaypy, NPy KOToPoii GeKanum 350poBoro J0HOPa BBOAATCA B KMIEYHUK PELIUNUEHTA
L1151 BOCCTAHOBNEHMA MUKPOGHOro 6anaHca u yKpenneHua nMMyHHOI 3aLyTbl. [MaBHbIM 06pa3oM TpaHCMNaHTaLMA dekanbHoi MUKPoOUOTbI 06ecneunsaet
yBeNuyeHIe 6akTepuanbHoro pazHoo6bpasua 1 NOBbILLEHME YNCTEHHOCTY NONE3HBIX MIUKPOOPFaHU3MOB, UTO N03BONAET CTaOUN3NPOBATH 1 MOAAEPKMBATL
3[10pOBbIii MUKPO6UOM, MHTMOUPYIOLLMIl POCT NaTOreHOB. B BeTepuHapun TpaHcNNaHTaLuA GeKkanbHoit MUKpPOOMOTbI paccMaTpUBAETCA Kak NOTeHUMANbHasA
anbTepHaTMBa TPaAMLMOHHBIM aHTUOMOTUKAM B YCTIOBUAX HApacTatoLLeli aHTMOMOTMKOPE3UCTEHTHOCTU. HecMOTPA Ha OTCYTCTBUME eMHBIX MPOTOKOOB,
UCCNIe0BAHNS NOKA3bIBAIOT, 4TO MPOLIEAYPa TPAHCMNAHTALMI GeKanbHOI MUKPOGUOTbI B BETEPUHAPUN MOXKET NPUMEHSATBCA ANS LUNPOKOTO CNEKTPa 3a-
Jay: 0T NPoUNaKTKM 3aboneBaHuii o uMMyHoMoaynaumuu. [laHHas 0630pHad (TaTbs NOCBALIEHA aCNEKTaM NPUMEHEHNA TPAHCNAHTALNK GeKanbHOl
MUKPOBUOTBI Ha pa3HbIX BIUAAX XKIBOTHBIX. (OrNacHo aHanu3y HayuHoil TepaTypbl, GONbLIMHCTBO PaboT Mo AaHHOIT TeMe OMMCbIBAIOT HCMOb30BaHME
TPpaHCNNaHTaLum GekanbHoit MUKPOBMOTBI B KauecTBe TepaneBTUYecKoro CPeAcTBa NPOTUB TaKOro PacpoCTPaHEHHOT0 NaToNOrMyeckoro CoCToAHNA
B BETEPUHAPUH, KaK Auapes. TakxKe HHTEPECHO, YTo METOANKA YCMELHO NPUMEHANACh ANA NeYeHNs aTONNYeCKoro AepmMaTuTa y co6aK i MOHUTOPUHTa
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BO3DACTHbIX U3MEHEHNIA Y Pblb, UTO NOATBEPXAAET YHUBEPCANbHOCTb AaHHOI npoLeaypbl. ECTb nccneoBaHua, B KOTOPbIX TpaHCNAAHTALNA GeKanbHol
MUKPO6UOTBI NPoABNAET 3GEKTUBHOCTb YACTUUYHO UK He NPOABAAET BoBCe. HayuHble JaHHble CBUALTENbCTBYIOT 0 TOM, YTO Pe3ynbTaTUBHOCTb TPaHC-
nnaHTaLnu GpexanbHoii MUKpoOUOTbI 3aBUCAT OT TaKIX GaKTOPOB, Kak cnoco6 BBeaeHNA deKanbHOro MaTepuana 1 BbI6op JOHOPa, Npuyem nepBblil acnekT
MOXET M0-pa3HoMy BNUATb Ha IQHEKTUBHOCTL Tepanuu B 3aBUCUMOCTIA OT BUAA UCCIIEAYEMOTO XIUBOTHOTO. BnusHue BTOporo ¢aktopa Ha ycnelwHocTb
npoBe/ieHuA TPaHCMNAHTALMM Haubonee NoNHO 3yueHo AnA Tenat. Heobxoaumbl fanbHeiilue nccneoBaHNA MeXaHU3MOB BO3A€ICTBIUA TPAHCMNAHTALIMM
(ekanbHoit MUKPOOUOTbI Ha pa3HbIX KIBOTHBIX M pa3paboTka CTaHAAPTOB, KOTOpble MOTNW Bbl 06ecneunTb WIUpOKoe 1 be3onacHoe NpUMeHeHne MeTOANKI

B BETEpUHApUL.

KnioueBbie cnoBa: 0630p, TpaHcnnaHTauna GexanbHoil MUKPoOUOTbI, MUKpOOUOTa, JOHOP, PELIUTIMEHT

bnaropapHocTu: 0630p NoAroToBNEH B pamKax peanu3aLuy rocyAapcTBeRHoro 3afanua «MonekynapHble MexaH3Mbl B3aMopeiicTBIA CO06LLECTB KULLEUHDIX
MVKPOOPraHU3MOB in vivo 1 in vitro Ha 6a3e aBTOMaTU31poBaHHOI cuctembl uMuTaLn KT cBuHbm» (Homep ETUCY HUOKP FZNE-2024-0013).
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INTRODUCTION

In 1954, M. Bohnhoff et al. first described the well-
known fact that the gut microbiota plays a fundamen-
tal role in immune defense as revealed by the study
conducted on mice. Streptomycin-fed mice were much
more susceptible to experimentally induced Salmonel-
la infections than animals that were not administered
antibiotics. This observation is explained by the fact that
the antibiotic makes the mouse “vulnerable to the intro-
duction of contaminating microorganisms by suppress-
ing or eliminating some of its normal inhabitants” [1].
Today, scientists, particularly veterinarians, are facing
a new challenge of antibiotic resistance, so the search
is underway for alternative therapies that could replace
antimicrobials. Fecal microbiota transplantation (FMT)
may be among such new solutions.

There is no universally accepted definition of FMT [2].
The FMT technique involves introduction of fecal matter
from a healthy donor into the intestine of a sick recipient
to modulate or replace the intestinal microbiota [3]. FMT's
history dates back to the 4% century, and since 2013, it has
gained recognition, starting from the moment when the
United States Food and Drug Administration approved it
for treatment of recurrent and refractory Clostridium diffi-
cile infection in humans [4, 5].

In veterinary medicine, the transfer of gastrointesti-
nal contents for therapeutic purposes has been used for
centuries, for example in cattle (rumen transfaunation) [6].
There are reports on regurgitated cuds used for microbial
transplantation and this technique was long used in Swe-
den to treat ruminal indigestion, and the cud beneficial ef-
fect even made it possible to refer to it as a“living thing” [7].
An important difference between FMT and transfaunation
is the site where microbiota is collected from the gastroin-
testinal tract (i. e., rectum and rumen); however, concep-
tually and functionally both techniques are similar [8]. In
small animal gastroenterology, intensive use of FMT pro-
cedure has only recently begun [8, 9].

The mechanisms underlying FMT therapy are not fully
studied [8], however, it is assumed that FMT may increase
bacterial diversity, supply bacteriocins and bacterio-

phages, and stimulate nutrient metabolism, including
conversion of primary bile acids. Restoring eubiosis can
enhance intestinal barrier mechanisms and bolster immu-
nity [10]. In humane medicine, FMT is still being studied as
an option to deal with various conditions such as chronic
enteropathies (inflammatory bowel disease, irritable bow-
el syndrome), liver disease, obesity, metabolic syndrome,
and neuropsychiatric disorders. However, most widely FMT
is used to treat recurrent infection caused by Clostridium
difficile resistant to standard therapy [10, 11].

Nevertheless, despite the extensive research into FMT,
there are many issues to be clarified and for which there
is no generally accepted opinion. For example, the speci-
fic FMT mechanism is not unique, but may have different
efficacy depending on the disease and animal species [2].

There is still no universal consensus about another key
point, i.e. how FMT-based therapies should be considered
and legally regulated. Depending on the country, FMT can
be considered, for example, as a biological agent (USA),
a medicinal product (UK) or as a cell/tissue transplant
(Italy) [2]. Finally, although this procedure is considered
generally safe, the potential short-term and especially me-
dium- and long-term risks that may be associated with FMT
still need to be carefully studied [2, 12, 13].

GENERAL FMT PROCEDURE

The FMT procedure is used in veterinary medicine to
achieve the following goals: to reduce pathogens, restore
healthy microbiome and ultimately improve overall ani-
mal health condition. According to M. C. Niederwerder,
the key effect of FMT is associated with an increase in
bacterial diversity and an increase in the number of be-
neficial microorganisms, thus, stabilizing and maintaining
a healthy gastrointestinal microbiocenosis and inhibiting
the growth of pathogens [8].

It is generally accepted that commensal bacteria
in stool are the key component that ensures FMT efficacy.
However, other fecal components such as viruses, fungi,
immunoglobulins and bacterial metabolites also play an
important role in FMT. Preserving these components is
crucial during feces preparation [14].
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Fecal microbiota transplantation includes several man-
datory steps.

1. Donor selection. The donor must be healthy, free
of gastroenterological or infectious conditions and shall
not have be exposed to antibiotics within the previous
6 months. Hui Y. et al. emphasized the key role of the do-
nor for successful FMT outcome, when recipients from one
particular donor were cured of necrotizing enterocolitis
and had higher relative lactobacilli counts [15]. Some
researchers also refer to the key importance of the tho-
rough pre-FMT examination with the purpose to detect
pathogens in feces [2, 3, 12, 16]. Typically, the animal do-
nor is selected based on its medical history and following
tests for a wide range of infectious pathogens. In humane
medicine, the universal stool bank model is often applied,
since it allows using pre-selected and frozen preparations
for FMT [2]. This approach reduces costs due its large scales
and improves safety due to standardized procedures and
monitoring.

2. Preparing fecal matter solution. Donor material
is usually mixed with saline or water (sometimes glycerol
is added) and then filtered to remove large particles. This
material can be stored frozen, but freshly prepared sus-
pensions are more preferable for tests in animals because
they preserve microbial diversity and microbiota much
better. In addition, some preparations are commercial-
ly available: either for self-filling capsules and ingestion
(mainly for humans) or as microbiome tablets for small ani-
mals, which may contain fresh or freeze-dried preparations
derived from intestinal microbiota [9].

3. Transplantation procedure. Administering the
on-site prepared suspension via enema [17, 18, 19], en-
doscopy [20, 21], nasogastric tube [3, 22, 23], or oral-
ly [24, 25, 26, 27].

There is still no strictly established and approved FMT
procedure; therefore, it needs to be adapted to specific
cases and conditions.

FMT FOR ANIMALS

Nowadays FMT studies in humans are more specificand
detailed than in animals, particularly in dogs. Nevertheless,
the gut microbiota of dogs closely resembles the human
gut microbiota [28]. Accordingly, bacteria, viruses, bacte-
rial fragments, fungi, mucin, immunoglobulin A (IgA) and
bacterial metabolites may be important components of
FMT both in dogs [14] and in humans [29].

Currently, there are three main directions of FMT use
in animals. FMT in animals is currently applied in three
main directions: therapeutic, prophylactic and stimulation
of pathogen-specific immunity [8].

The FMT therapeutic use is necessary when the goal is
to treat clinical signs or eliminate chronic diseases. FMT-
based prophylaxis may be a useful part of preventive me-
dicine since it boosts beneficial bacteria before the body
is exposed to pathogens. Finally, FMT can be used as an im-
munostimulant just like vaccination, where transplant ma-
terial stimulates pathogen-specific immunity to enhance
immunoglobulin transfer.

Most scientific sources on FMT are devoted to its thera-
peutic effect on the evident clinical signs after the diagno-
sis is made, although its preventive effect and immuno-
genetic use were primarily tested in pigs and poultry.

As publicly available sources suggest, FMT has been
tested in different animal species: fish, mice, chickens, cats,

dogs, monkeys, pigs, calves, horses. It can be used as an
independent procedure, as well as in combination with
other therapeutic tools. The number of FMT iterations also
varies across different experiments, ranging from single
injections to dozens, which confirms the lack of a unified
procedure or of a standardized technique for animals.

Systematized and generalized information and literature
sources within the review scope [13, 15-19, 21-27, 30-44]
are presented in Table in the Additional Files section at:
https://doi.org/10.29326/2304-196X-2024-13-4-314-321

FMT in pets. FMT effects have been best studied in
dogs (see Table) to mainly treat gastroenterological dis-
orders together with other diseases, such as atopic der-
matitis [25]. It is noteworthy that FMT has proven to be
an effective method that makes it possible to achieve
complete cure or significantly improve the recipients
condition in all mentioned cases. The FMT procedure was
mainly performed independently, however, there were
anumber of exceptions [17, 21, 24, 44], when the tool was
applied together with other methods. The successful use
of this independent procedure in most cases indicates
the possibility of simple FMT standardization which will
require no extra costs. Notably, most pet experiments in-
volved a single FMT procedure with successful outcomes,
however, during the experiment held by C. A. Rojas et al.
the observed cats received totally 50 capsules [31]. As for
the route of FMT administration to pets, faecal material is
inserted rectally and orally, via a tube.

The key gastrointestinal metabolites that regulate
host immunity and maintain immune homeostasis are
short-chain fatty acids (SCFAs), which affect lipid metabo-
lism [37]. It is worth noting that when FMT is done orally,
SCFAs are rapidly absorbed and oxidized, therefore, ene-
mas or colonoscopy are more preferable. At the same
time, oral administration of fecal matter may allow bac-
teria to colonize the small intestine and ileum, and may
allow metabolites that are produced by enteric bacteria
(secondary bile acids), to penetrate into the small intestine
and ileum. Therefore, combining both FMT administration
routes (oral and enema/colonoscopy) is the most reason-
able approach [14].

FMT in pig farming. Tests in pigs provide extensive data
on FMT effectiveness from different perspectives which
include prevention of intestinal diseases, improved feed
conversion ratio and boosted immunity [15, 32, 33, 34, 35].
In most experiments, fecal suspension was administered
to pigs via nasogastric or rectal tubes. At the same time,
A. Brunse et al. (2019) studied the combined administra-
tion of the matter to preterm piglets, which showed that
this administration route was associated with a higher risk
of gut colonization with pathogenic bacteria ultimately
resulting in a mortality increase [32]. Whereas purely rec-
tal FMT proved to be effective in reducing the frequency
of necrotizing enterocolitis without any negative conse-
quences. This observation contrasts with the conclusion
made by K. Li et al. regarding dogs. Perhaps combined
administration is not the most effective transplantation
route for all animal species [14].

In 2021, A. Brunse et al. conducted a research, where
piglets received antibacterial drugs together with FTM.
It partially restored microbial diversity and reduced
the number of antibiotic-resistant bacteria such as En-
terobacter cloacae and Pseudomonas aeruginosa. The FMT
procedure alone (without any prior antibiotic therapy)
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proved to be more effective to restore healthy microbiota
in piglets’ large intestines. Concentrations of such cyto-
kines as IL-6 and CXCL-8 were higher in the group that
received just FMT treatment (p < 0.05), unlike the other
group that was treated using a combined approach. Thus,
the combined use of antimicrobials and FMT turned out
to be less effective, which suggests there are antagonistic
interactions between them [33].

As mentioned above, the correct choice of a donor
is one of the key factors behind the FMT success. Thus,
piglet experiments show that only the matter from a par-
ticular donor reduces the risks of necrotic enterocolitis.
PERMANOVA tests (Multivariate Analysis of Variance) con-
ducted between groups at the level of microbiota genera
and species (R? = 0.45 for 16S rRNA; p = 0.001), revealed
that the microbiome exposed to the fecal matter from this
donor differed significantly from other groups. There was
a decrease in the concentration of Enterobacter cloacae,
Staphylococcus aureus and other pathogens, and a relative
increase in Limosilactobacillus reuteri and Lactobacillus cris-
patus counts [15]. Evidence suggests that FMT is effective
in treating porcine viral diseases. Thus, M. C. Niederwer-
der et al. describe how the procedure was successfully used
to control circovirus disease and porcine reproductive re-
spiratory syndrome. It contributed to changes in the intes-
tinal microbiocenosis, reducing the count of opportunistic
bacteria such as Vibrionaceae and Spirochaetaceae, as well
asincreasing the level of antibodies in infected piglets [35].

Feed conversion ratio is a critically important economi-
cal parameter in pig farming. As demonstrated by the re-
lated research, FMT in sows increases the efficiency of their
piglets in converting food into body mass [34]. These an-
imals showed better feed conversion ratios, i.e. reduced
residual feed intake and increased microbial diversity. It
is due to an increase in bacteria involved in fiber fermen-
tation which account for improved feed digestibility. The
inulin addition also contributed to an increase in beneficial
bacteria counts and decreased levels of certain pathogens
(for example, Chlamydia), although this did not lead to sig-
nificant weight gain. Thus, FMT combined with prebiotics
can be an effective strategy to increase productivity in pig
farming.

FMT in poultry farming. There are a number of studies
on successful FMT use in chickens. Such disorders as in-
testinal infections [39], changes in circadian rhythms [36]
were studied, as well as FMT effect on growth, immune ba-
lance [38] and lipid metabolism in birds [37]. Pang J. et al.
studied FMT effectiveness for chickens infected with
Campylobacter jejuni. They got infected either by direct
introduction of bacterial suspension into the body or as
a results of housing healthy chickens together with the
infected ones. FMT turned out to be effective in reduc-
ing C. jejuni colonization during direct infection. C. jejuni
counts in this group were reduced by 2.5; 1.2 and 1.7 times
compared to the control group on day 5, 10 and 15, respec-
tively (p < 0.0001). The number of Butyricimonas, Parabac-
teroides and Parasutterella colonies grew, thus, enhancing
resistance to pathogen colonization. On the contrary, FMT
did not have a significant effect in chickens infected via
a contact with the sick poultry [39]. This result suggests
that the procedure lacks flexibility, and deeper research
is required, since the second variant of infection (through
contact with the infected poultry) is the most real in poul-
try farming.

As in pig farming, FMT can help improve economic
development of poultry farming. As shown in research
conducted by Z. Ma et al., the weight of chickens in the
group that received FMT was 10.6% higher than in the
control group (627.4 g vs 567.3 g; p < 0.0001). The FMT
importance for the recipient’s immune system was also
demonstrated: lactobacilli found in the intestine en-
hanced tryptophan metabolism, which stimulates Treg
cells and suppresses Th17, thus, boosting immune re-
sponse, reducing inflammation, and, therefore, promot-
ing chicken growth [38]. Excessive fat accumulation in
broilers adversely affects poultry farming economics.
Impact of fecal microbiota transplantation on lipid me-
tabolism has also been studied [37]. The FMT stimulated
growth of Oscillospira and Streptococcus bacteria, which
are known for their ability to produce SCFAs associated
with a decrease in fat mass. Thus, FMT contributed to re-
duction of abdominal fat deposits, confirming the im-
portance of gastrointestinal microbiocenosis in lipid
metabolism. Another research was focused on using
FMT to correct negative effects coming from the disrup-
ted circadian rhythms in chickens [36]. At the same time,
FMT significantly improved the level of mitochondrial
DNA and decreased oxidative stress, normalizing the ex-
pression of genes associated with the cell cycle. Changes
were observed in hormone- and inflammation-associa-
ted genes when circadian rhythms were disrupted, but
they returned to normal after transplantation.

FMT in cattle. Researches on calves showed that FMT
is more effective than antibiotics to restore beneficial intes-
tinal microbiota (Bacteroides and Firmicutes) which increa-
ses the SCFAs levels and reduces diarrhea symptoms [40].
FMT led to an active growth in calves, thus, confirming FMT
potential to increase livestock productivity. Islam J. et al.
conducted a large-scale analysis (metagenomic, metabo-
lomic and biochemical) to identify factors contributing
to FMT effects and to improve the donor and recipient se-
lection procedure. The procedure was successful in 70%
of cases and the success was proved to be dependant a lot
on amino acids and SCFAs [16]. Representatives of the Veil-
lonellaceae family and the Selenomonas genus in donors
and recipients were considered as key microorganisms be-
hind the FMT effectiveness, whereas sporobacteria (Sporo-
bacter) have been proposed as a marker of an optimal do-
nor.The research conducted by Y. Li et al. was not focused
on the FMT procedure itself, but it was devoted to studying
the effect of two strains of Lactobacillus reuteri L81 and
Lactobacillus johnsonii L29 isolated from cow feces after
FMT on growth, immunity and intestinal barrier function
of weaned calves. As a result, L. reuteri L81 and L. johnsonii
L29 increased calve growth rates, reduced the frequency
of diarrhea, boosted immunity and reduced markers of in-
testinal permeability [45].

FMT in horses. Research conducted by D. P. M. Dias et al.
showed that FMT is a highly effective tool to treat acute
colitis in horses, since just within one day after a single
procedure clinical symptoms completely disappeared
in all the recipients. This method turned out to be faster
and cheaper than traditional antibiotic therapy, moreover,
no side effects such as dysbiosis or antibiotic resistance
were observed [22]. In another research conducted by
Y. Kinoshita et al., the FMT application did not lead to a suc-
cessful outcome in horses with metronidazole-induced in-
testinal dysbiosis [23].
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FMT in other animal species. The overall effect of FMT
on the recipient’s gut microbiota has been studied in
a number of experiments. One of them, conducted by
C. N. Ross and K. R. Reveles, showed that FMT is safe for
common marmoset (Callithrix jacchus), which is confirmed
by the absence of side effects, although microflora chan-
ges directly depended on the basic intestinal condition of
the recipients than on the microbiota of donors. Variations
in relative abundances of bacterial taxa demonstrate FMT
potential to ensure stable changes in the intestinal micro-
biome of common marmosets [43]. For experiments in
mice, domestic and wild pigs were selected as donors. The
best effect on intestinal microbiocenosis was demonstra-
ted in the mice who had FMT from wild pigs and sticked
to a diet rich in dietary fiber. There was also an increase
in concentration of beneficial fatty acids (nicotinic) [44].

Research on fish was also conducted. Thus, Z. Han et al.
focused on FMT ability to accelerate restoration of in-
testinal microbiota in koi carp with florfenicol-induced
dysbiosis [41]. The researchers demonstrated effective-
ness of this procedure, accompanied by restored levels
of beneficial bacteria such as Lactobacillus, Bifidobacterium,
Bacteroides and Faecalibacterium. It was also determined
that such metabolites as aromatic amino acids and gluta-
thione compounds play a key role in normalizing intesti-
nal metabolism after dysbiosis. Other experiments were
devoted to the FMT effect on the life cycle and health
status of the middle-aged African fish Nothobranchius
furzeri who received FMT from the young donors [42]. As
a result, the life span of the FMT fish recipients increased
by 37% as compared to the control group (Logrank test,
p < 0.001). Such bacterial genera as Exiguobacterium, Pla-
nococcus, Propionigenium and Psychrobacter, that are typi-
cal for young fish, remained in the aging fish who received
FMT. The average distance covered by the FMT-treated ag-
ing fish within 20 minutes was 15% longer compared to
the control group, thus, suggesting that they were physi-
cally as active as the young stock.

USING FMT: CHALLENGES AND PROSPECTS

Despite promising results, many aspects of FMT effec-
tiveness and safety remain understudied, especially in
the veterinary field, where there are still no standardized
FMT procedures [9]. The lack of variety among strains in-
cluded into the fecal matter used for FMT does not allow
to classify FMT as a probiotic [2, 46]. Therefore, further FMT
development is primarily associated with the possibility
to develop targeted microbial communities that will allow
to produce “clean” products without potentially hazardous
microorganisms, which result in standardization and will
increase safety of the method [8].

Fecal microbiota transplantation has a number of un-
deniable advantages (support of the mucosal immune
system, mucosal barrier and homeostasis, colonization re-
sistance) [3], but now there are not so many peer-reviewed
scientific papers that reveal the true value of FMT in treat-
ment of gastrointestinal diseases. Although the valuable
data on FMT design, disease, choice of donor and recipient,
FMT procedure, and following observations are publicly
available, they are limited, thus, more research is needed [24].
In addition, the choice of donor and recipient in the ve-
terinary field is likely to vary greatly depending on geo-
graphical differences in infectious and non-communicable
gastrointestinal diseases, as well as other factors [8, 9].

Fecal microbiota transplantation has great prospects
in livestock sector, but there are still some challenges in
place. First, it is critically important to chose the admini-
stration route and the donor since these factor directly
impact the procedure outcome [15, 32]. Although the
FMT use for treatment of viral infections demonstrates
positive results [35], it also requires additional testing on
large samples and under different conditions. FMT may
not always be considered as a highly effective method
in real conditions. For example, as the study conducted
by J. Pang et al. shows FMT is effective only in case of di-
rect administration to recipients, and when recipients get
infected via a contact with sick individuals, clinical indica-
tors do not improve after FMT from the donor [39]. In an-
other case, the FMT in horses did not lead to a successful
outcome either [23]. This requires a detailed search for
the underlying reasons.

The good potential of further FMT use in livestock sec-
tor is confirmed by the research that demonstrates how
effectively the procedure increases livestock producti-
vity [34, 37, 38]. Experiments in fish are also interesting,
where FMT has proven to be a promising tool to treat in-
testinal diseases [41] and as an approach that promotes
the rejuvenation of aging individuals [42].

Thus, although FMT, as an independent tool, has many
times proven its high effectiveness in treating a number
of gastrointestinal diseases and other indirectly related
disorders, further research is needed to understand the ex-
act mechanisms of transplantation and to develop stan-
dard operational procedures that should both increase
FMT effects and reduce risks for recipients.

CONCLUSION

Research on FMT use for animals demonstrated its
potential as an effective preventive, therapeutic and im-
munomodulatory intervention. The results show that FMT
is capable of restoring healthy intestinal microbiota of
the recipient, which is especially important under condi-
tions of antibiotic resistance and the increasing need for al-
ternative approaches to treat animal diseases. Although
the procedure has already demonstrated positive results
for some animal species, it is still required to standardize
protocols and to study more precisely its effect on the
body, so that in future it will be possible to classify FMT as
a probiotic approach in the veterinary medicine.

The FMT success primarily depends on the folowing key
factors: a pathogen-free donor shall be carefully selected;
and the fecal material shall be properly prepared and an
adequate administration route shall be chosen depending
on the animal species. In most successful cases of FMT use,
it was a procedure applied alone, however, its combina-
tion with, for example, prebiotics, also proved to be highly
effective.

Positive FMT results are observed in treating both bac-
terial and viral animal infections. The FMT in farm animals
confirms its potential for improving feed conversion rate
and weight gain, which is of economic significance in live-
stock sector. The tests in fish have demonstrated the FTM

“anti-ageing” potential.

The published data provide confirming evidence that
FMT can be considered as a potential alternative to anti-
biotic therapy for animals, however, more extensive re-
search is required taking into account unique features of
different animal species.
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Astrovirus infection in animals
(literature review)

Vladimir A. Mischenko', Alexey V. Mischenko?, Tatiana B. Nikeshina', Olga N. Petrova’
' Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia
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ABSTRACT

Viral agents are a major cause of mass gastroenteritides in newborn calves in the countries around the world. Early postnatal diarrhea as the main reason of morbidity
and mortality in young animals leads to serious problems in the commercial livestock farming and causes a considerable economic damage. The most common viral
gastroenteritis agents in calves are rotaviruses, coronaviruses and pestiviruses, and, along with these, astroviruses are increasingly being detected. The members
of the family Astroviridae can cause various pathologies in animals: enteritis, hepatitis and nephritis in birds, gastroenteritis, neurological syndromes and enceph-
alitis in mammals. The role of these viruses in the etiology of respiratory pathology in animals has been demonstrated. The following animals are the natural hosts
of astrovirus: cattle, small ruminants, camels, deer, yaks, roe deer, buffaloes, alpacas, pigs, wild boars. The virus has been detected in bats, rodents and marine
mammals, as well as in mollusks. Presently, the list of animals susceptible to astrovirus infection has expanded to over 80 species from 22 families, including domestic,
synanthropic and wild animals, birds and mammals living in the terrestrial and aquatic environments. In recent times, there has been a lot of evidence of occurrence
of recombinant astrovirus isolates, which contributes to the emergence of new genetic variants of the pathogen. A wide variety of infected animal species, the genetic
diversity of the virus and the recombination events are indicative either of the cross-species transmission and subsequent adaptation of the virus to new hosts, or
of the coinfection of the same host with different virus genotypes, which may lead to the emergence of novel astroviruses that are capable of infecting animals
or possess a zoonotic potential. Astrovirus infection has no specific clinical features that allow for its differentiation from other intestinal infections. The presented
data highlight the necessity for taking into account astrovirus infection when testing pathological material samples from diarrhea-affected newborn calves, lambs,
goat kids and piglets on the commercial farms of the country.
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ACTpOBUMpPYCHAA MHPEKLINA XKMBOTHbIX
(0630p nuTEpaTypbi)

B. A. Muwenko', A. B. Muwienko?, T. b. Hukewnna', 0. H. lMetposa’

T OIBY «QefepanbHblil LIEHTP 0XpaHbl 300poBbA XMBOTHBIX» (OTBY «BHUN3M»), mkp. 0pbesed, . Bnagumup, 600901, Poccus

2OrBHY «(OenepanbHblii HayuHblil LeHTp — Bcepoccuiickuii HayuHo-1CCNIeloBaTENbCKMIA MHCTUTYT IKCMIEPUMEHTaNbHOI BeTepUHapUK

umenn K. . Ckpabuna n fl. P. KosaneHko Poccuitckoii akagemum Hayk» (OTBHY OHL BIU3B PAH), Pasanckuit npocneT, 24/1, r. Mocksa, 109428, Poccua

PE3IOME

Bo Bcex cTpaHax Mupa 0CHOBHOI NPUUMHOI MACCOBbIX FacTPOIHTEPUTOB HOBOPOXEHHDIX TENAT ABNAIOTCA BO3OYAUTENN BUPYCHOIA NpUpobL. napes B paHHuii
MOCTHaTanbHbIil NepUOA, Kak 0CHOBHasA NPUYIHA 3260/1EBAEMOCTY U CMEPTHOCTM MOJIOAHAKA, BbI3bIBAET CePbe3Hble NPOGIeMbl B IPOMbILLIEHHOM CKOTOBOACTBE
W PUYMHAET 3HAUNTENbHBIN SKOHOMIYECKHA yiuiep6. Hanbonee pacnpocTpaHeHHbIMI BO36YAUTENAMY BIUPYCHOTO FaCTPOIHTEPUTA Y TENIAT ABNAIOTCA POTABUPYCh,
KOPOHABUPYCbl 1 NECTUBUPYCHI, HAPSAY C KOTOPbIMM BCE YaLLle BbIABAAIOT aCTPOBUPYCH. [TpeAcTaBUTeNM CeMeiicTBa Astroviridde CNOCOBHI BbI3bIBATb Y KUBOTHBIX
Pa3NnYHbIe NATONOTUM: Y TUL, — SHTEPHT, FeNaTUT U HEQPUT, y MAEKOMUTAIOLLMX — FACTPOIHTEPUT, HEBPONOTUYECKHUE CUHAPOMBI 1 3HLedanuT. [lokazaHa ponib
JLaHHbIX BUPYCOB B 3TUONOMMN PECINPATOPHOI NATONOMMY XMBOTHbIX. ECTECTBEHHbIMYU X03A€BaMM aCTPOBYUPYCA ABNAIOTCA: KpYNHbII M MENKWIi poraTblii CKoT,
BepOtoAbl, ONEHM, AKW, KOCynM, OyilBONbI, anbnaky, CBUHbY, AMKMe Kabakbl. Bo3byauTenb 6bin BbIABAEH Y IETYUMX MbILLEH, FPbI3YHOB 1 MOPCKVX MAIEKoNI-
TaloLLYX, @ TaKXKe B MONIOCKaX. B HacToALLee BpeMA CMMCOK KUBOTHBIX, BOCTPUUMUYBLIX K aCTPOBUPYCHOIT MHeKLmm, paclumpunca 6onee yem Ao 80 BIA0B
13 22 CeMelicTB, BKIH0Yas IOMALLIHIX, CUHAHTPOMHbIX 1 AMKIAX KMBOTHBIX, MTHILL 1 MIEKONUTaKOLLIX, 0OUTAIOLLYX B Ha3eMHOIi 1 BOAHOI cpezie. B nocneaHee Bpema
YBENMUMBAETCA KONMYECTBO CBUAETENLCTB 0 NOSBAEHUM 30NIATOB ACTPOBUPYCA C PEKOMOUHALMAMY, UTO COCOGCTBYET BO3HUKHOBEHMIO HOBbIX FEHETYECKIX
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BapuaHToB B036yauTens. bonbluoe pasHoo6pasue BUZOB MHOULMPOBAHHDIX XMBOTHBIX, FeHETUYECKOE pa3Ho06pasvie BUPYCa 11 Clyyan pekoMbUHaLMK yKa-
3bIBaKOT 1160 Ha MEXBUAOBYH Nepeayy 1 NOCTeAYIoLLYIo afanTaLuio BUPYCa K HOBbIM X03A€BaM, NGO Ha KOMHGEKLIMK OHOTO U TOT0 Xe X03AUHA PasHbIMU
reHoTNamu BO30YAUTENS, UTO MOXKET MPUBOAMTD K NMOABNEHUI0 HOBBIX aCTPOBMPYCOB, CMOCOGHBIX 3apaXaTh XUBOTHbIX UM MMEIOLLYX 300HO3HbIiA NOTEHLMAN.
AcTpoBUpYCHAs MHOEKLNA He 0611a71aeT KNMHUYECKUMIU 0COBEHHOCTAMM, O3BONAIOLMMM AMGOEPEHLIMPOBATH €€ OT APYruX KULLEUHbIX UHOEKUWA. MpecTaB-
NEHHbIE JaHHble YKa3bIBAIOT Ha HEOBXOAUMOCTb yUeTa aCTPOBUPYCHON MHEKLMM NP CCNEeA0BaHNN NP6 NATONOrMYECKOTO MaTepuana oT 60MbHbIX Auapeeit
HOBOPOX/EHHbIX TENAT, ATHAT, KO3MIAT U MOPOCAT B MPOMBILLIEHHbIX X03A/ICTBAX CTPaHbI.

KnioueBbie cnoBa: 0630p, Astroviridae, Avastrovirus, Mamastrovirus, [mapes, racTpoO3HTepUTbI, pecnMpaTopHas NaTonorua, SHuedanuTbl, KpynHbii poratblii
CKOT, MeJTKMiA poraTblil CKOT
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INTRODUCTION

Gastrointestinal diseases of newborn calves and young
cattle are widespread all over the world and second only
to respiratory pathology in the extent of the econom-
ic damage caused [1, 2, 3, 4, 5]. Newborn calf diarrhea is
the main cause of morbidity, mortality and economic los-
ses in livestock farming [3, 6, 7, 8, 9, 10, 11, 12]. Vaccines
have been developed to prevent rotavirus, coronavirus
infections and bovine viral diarrhea/mucosal disease
(BVD-MD) [1, 2, 3, 13, 14]. However, diarrhea is sometimes
reported in newborn calves born to vaccinated cows. Diag-
nosis in mass viral diarrhea cases is based on the detection
of rotavirus, coronavirus and pestivirus (the causative agent
of viral diarrhea) or postinfection antibodies. There is no dif-
ference in the clinical signs demonstrated by diseased new-
born calves with diarrheas caused by bovine viral diarrhea/
mucosal disease agents, rotaviruses, coronaviruses, kobu-
viruses, toroviruses, parvoviruses, enteroviruses, neboviru-
ses, noroviruses, bopiviruses [3,8,11, 14, 15,16, 17, 18]. Also,
no differences in the postmortem lesions were detected by
the necropsy of calves that had died of rotavirus, corona-
virus, parvovirus and enterovirus infections.

The negative results of laboratory tests aimed at the de-
tection of the said pathogens prompted additional tests
of pathological material samples using other diagnostic
methods. Reports on the detection of astroviruses in the
faecal samples from diarrhea-affected calves were pub-
lished in 1977-1978 [19]. The astrovirus isolated from
the faecal samples from calves with diarrhea in England
was found to be antigenically related to the pathogen re-
covered from a diseased animal from Florida (USA). Then
the targeted testing of faecal samples for astroviruses
revealed the wide occurrence (46%) of the virus on live-
stock farms. On 88% of the tested farms, other pathogens
(rotaviruses, coronaviruses, parvoviruses, noroviruses and
enteroviruses) were detected along with astrovirus. In 8%
of cases, only astroviruses were detected [5, 19, 20, 21].
The members of the family Astroviridae can cause disea-
sesin various vertebrates, with the isolates recovered from
birds and mammals being the most well studied.

MAIN PART

Until recently, human pathology was thought to be as-
sociated with 8 serotypes of astroviruses (Human astrovirus,
HAstV). However, in the last few years, the wide use of mo-
lecular biological test methods allowed for the detection
of some more groups of the pathogen (MLB and VA) dif-
fering from conventional human astroviruses in patients
with acute diarrhea manifestations. These groups of astro-
viruses are detected quite rarely, but can cause a group
disease [22, 23, 24]. Astrovirus serotypes (genotypes) 1
and 2 are most common in children, and serotype 4 - in
older persons. Astrovirus infection has no specific clinical
features that allow for its differentiation from other intes-
tinal infections. The contribution of this infection to the
sporadic morbidity in different regions of the world varies
widely (4-17%) [25, 26].

Spherical non-enveloped virions with a size of about
28-30 nm were detected in the faecal samples from di-
arrhea-affected newborn calves born to cows immunized
with vaccines against rotavirus, coronavirus infections
and bovine viral diarrhea/mucosal disease. The surface of
the virion resembled five- or six-pointed stars. Such viri-
ons were first detected using electron microscopy in 1975
during the tests of faecal samples from children with di-
arrhea; subsequently, similar viruses were found in faecal
samples taken from diarrhea-affected animals of different
species [27, 28]. The name of the detected virus comes
from the Greek word “astron”, meaning “star”, which the vi-
rions resemble in electron micrographs (Fig. 1) [13, 26, 29].

In 1995, the International Committee on Taxonomy
of Viruses assigned all astroviruses to the new family As-
troviridae [30]. This family includes two genera: Mamastro-
virus (from the Latin word “mamma’, meaning “mammary
gland”) and Avastrovirus (from the Latin word “avis’, mean-
ing “bird”) [25, 31, 32]. Viruses belonging to the genus Ma-
mastrovirus cause pathology in humans and mammalian
animals. The representatives of the genus Avastrovirus
cause the disease in birds (Fig. 2). Methods such as elec-
tron microscopy, polymerase chain reaction and metage-
nomic analysis allowed for the detection of astroviruses
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Fig. 1. An electron micrograph of an astrovirus: A - [26]; B—[29]

in pathological material samples from domestic and wild
animals, including cattle (Bovine astrovirus, BoAstV), camels
(Dromedary camel astrovirus, DcAstV), sheep (Ovine astrovi-
rus, OAstV), goats (Caprine astrovirus, CapAstV), pigs (Por-
cine astrovirus, PoAstV), dogs (Canine astrovirus, CaAstV),
cats (Feline astrovirus, FeAstV), minks (Mink astrovirus,
MiAstV), mice (Murine astrovirus, MuAstV), rats (Rat astro-
virus, RatAstV), dolphins (Bottlenose dolphin astrovirus,
BdAstV), pinnipeds (California sea lion astroviruses, CslAstV;
Steller sea lion astroviruses, SslAstV), chickens (Chicken
astrovirus, CAstV), turkeys (Turkey astrovirus, TAstV),
ducks (Duck astrovirus, DAstV), geese (Goose astrovirus,
GAstV) and other animal species [25, 28, 33].

Avastrovirus
genogroup | |

Mamastrovirus

genogroup Il .
Avastrovirus

genogroup Il

H Stay, N\ \
MOAst, b
-4 -
HA"V‘VQ" :
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Mamastrovirus

genogroup |

Fig. 2. Phylogenetic relationships within the family Astroviridae [28]
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Astroviruses are represented by non-enveloped virions
of icosahedral symmetry with a diameter of 28-30 nm.
The nucleocapsid consists of three main capsid proteins.
The virion capsid is covered with 30 dimeric spikes pro-
truding above the virion surface at 3-8 nm. The mo-
lecular weight of the virion is 8 MDa. The astrovirus ge-
nome is represented by a single-stranded infectious RNA
(6.4-7.9) x 10° nucleobases long, containing three open
reading frames. The genomic sequence of bovine astrovi-
ruses was determined in 2011 [27, 34, 35, 36]. The buoyant
density of astrovirus in caesium chloride is 1.36-1.39 g/cm?®.
The sedimentation constant is 140S.

Astroviruses are inactivated at 50 °C for 60 minutes or at
60 °C for 5 minutes. The virus is stable at pH 3.0, as well as
resistant to various detergents and fat solvents. In faecal
samples from animals with astrovirus diarrhea, the patho-
gen was detected at a concentration of up to 10" par-
ticles/mL. The natural hosts of astrovirus are cattle, small
ruminants, camels, deer, yaks, roe deer, buffaloes, alpacas,
pigs, wild boars. The pathogen has been detected in bats,
rodents and marine mammals, as well as in mollusks.
Presently, the list of animals susceptible to astrovirus in-
fection has expanded to over 80 species from 22 families,
including domestic, synanthropic and wild animals, birds
and mammals living in the terrestrial and aquatic environ-
ments [25, 37, 38, 39, 40, 41,42, 43].

Astroviruses are transmitted via the faecal-oral route.
The RNA of this pathogen is infectious, and after the virion
enters the target cell, it serves as an mRNA for the transla-
tion of two non-structural proteins. Astroviruses replicate
in the cytoplasm of sensitive cells, they destroy intestinal
cells and release during lysis [2, 13, 27, 44].

Astrovirus infection is geographically widespread
throughout the world [6]. Genetic variability has been de-
scribed for almost all sufficiently studied species of astro-
viruses infecting mammals and birds; however, antigenic
variability has been demonstrated in human astrovirus,
but is much less studied in animal viruses. In recent times,
there has been a lot of evidence of occurrence of recom-
binant astrovirus isolates, which contributes to the higher
genetic variation in this group of viruses. A wide variety
of infected animal species, the evident genetic diversity
of the viruses and the recombination events are indicative
either of the cross-species transmission and subsequent
adaptation of the virus to new hosts, or of the coinfection
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of the same host with different astroviruses. It is believed
that the coinfection may lead to the emergence of novel
astroviruses that are capable of infecting animals or pos-
sess a zoonotic potential [25, 45, 46].

It was found that an astrovirus can be cultivated in a pri-
marily trypsinized human embryo cell culture when the se-
rum-free maintenance medium is supplemented with
10 pg/mL of trypsin to activate the replication. In the ab-
sence of trypsin, the astrovirus entry into the target cells
and their infection, as well as the release of the infectious
pathogen do not occur. All this indicates that astrovirus
replication is trypsin-dependent [1, 47, 48, 49]. Astroviru-
ses of cattle and small ruminants replicate in the primarily
trypsinized cultures of calf embryo kidney cells, as well as
in continuous cell lines (MDBK, BT, EBK, GBK). The astrovi-
rus infection incubation period is 4.5 days [50]. The studies
of the disease pathogenesis in newborn lambs showed
that two-day-old animals developed diarrhea 48 hours af-
ter experimental infection [12, 51]. In the body of newborn
calves and lambs, astrovirus replicates in the enterocytes
of the apical surface of the small intestine villi. After enter-
ing the intestines of newborn animals, the virus infects the
enterocytes of the ileum and epithelial M cells of the epi-
thelium of the dome of Peyer’s patches [34, 44, 52, 53]. De-
spite astrovirus detection in faeces, in some cases calves
had no clinical signs of the disease.

Bovine astroviruses were detected in 60% of faecal
samples taken from newborn calves with diarrhea on Bra-
zilian farms. According to the phylogenetic analysis data,
the detected isolates demonstrated a 74.3-96.5% simila-
rity based on the amino acid sequence [47].

Chinese scientists conducted polymerase chain reac-
tion tests of 211 rectal swab samples from cattle and wa-
ter buffaloes with the signs of diarrhea living in the same
ecocluster. Astrovirus RNA was detected in 46.10% of

the samples from cattle and in 36.84% of the samples from

buffaloes. The phylogenetic analysis results indicate that
the pathogens had a common ancestor [34]. In the pas-
tures of Tibet, diarrhea of newborn cattle and yak calves is

the most common disease causing significant economic
damage. The tests of the faecal samples collected from

young yaks revealed the presence of the following viruses:
rotavirus, parvovirus, astrovirus, nebovirus, enterovirus,
influenza A virus, hepatitis E virus, kobuvirus and bovine

viral diarrhea/mucosal disease virus. The astrovirus iso-
lated from the faecal samples from yaks was 46.4-66.2%
identical to the virus isolated from the faeces of diseased

cattle. The test results showed that yak astroviruses be-
long to the cluster of bovine astroviruses. However, yak
astroviruses demonstrate a more close genetic related-
ness to deer astroviruses. The researchers suggested that
interspecies recombination had occurred in the astrovirus

ORF2. All this indicates that the pathogen isolated from

the faeces of newborn yak calves with diarrhea is a novel

astrovirus [9]. In South Korea, the studies of diarrhea etio-
logy in 115 newborn calves from different farms revealed

the presence of astroviruses in 7.83% of samples [36].
Zhu J. et al. detected astrovirus both in the faecal samples

taken from clinically healthy calves and in the samples

from calves with diarrhea [54].

Astroviruses were detected in 3.15% of faecal samples
from newborn calves with diarrhea in three provinces
of Central Turkey. Based on the phylogenetic analysis data,
the detected new strains of astrovirus were 75.8-100.0%
identical [55].1n 2012-2013, faecal samples were collected
on 36 farms in Scotland to investigate the etiology of mass
diarrhea cases in newborn calves. Astroviruses were de-
tected in 80.0% of the samples from diseased calves, and
rotaviruses were detected in 77.1% of the samples. Astro-
viruses (64.4%) and rotaviruses (17.8%) were also detected

Fig. 3. Histopathological changes and detection of BoAstV RNA in the affected brain tissues of a cow
with non-suppurative encephalitis: A - gliosis and neuronal necrosis;

B — necrotic neurons (magnification of the marked area in panel A);

Cand D - dark blue labelling indicates the presence of the viral RNA [59]
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in faecal samples from clinically healthy calves. Astroviru-
ses were isolated from 15.0% of the faecal samples taken
from adult cattle from the same farms. The detected astro-
viruses belonged to three genetic lineages [21].

Polymerase chain reaction tests of faecal samples from
25 calves with diarrhea from two farms in Egypt detected
rotaviruses in 48% of the samples, noroviruses in 24% of
the samples and astroviruses in 32% of the samples. Two
pathogens were detected in 37% of the samples. The re-
sults of these studies indicate a high degree of similarity
in the nucleotide sequences of the Egyptian and Brazili-
an isolates of bovine astroviruses [56]. Astroviruses were
detected in faecal samples from diarrhea-affected sheep
from different countries [12, 51, 53]. When studying the eti-
ology of diarrhea in animals, Swiss researchers detected
astroviruses in faecal samples from 10.7% of lambs, 14.3%
of goat kids, 10.0% of alpacas and 16.7% of fawns. High
genetic similarity between ovine and caprine astroviruses
is indicative of the multiplicity of the pathogen transmis-
sion pathways [53].

Astroviruses detected in the samples collected from
marine mammals (a sea lion, dolphins) were found to
be related to the viruses detected in the samples taken
from terrestrial animals. This diversity of marine mam-
mal astroviruses and their similarity to terrestrial animal
astroviruses suggest that the marine environment plays
an important role in the ecology of the pathogen [40, 41].

Japanese researchers conducted a metagenomic ana-
lysis of 146 faecal samples collected from calves with diar-
rhea in the period from 2009 to 2015 in three prefectures
of the country. Astroviruses were detected in 15 samples.
Based on the phylogenetic analysis data, 9 astrovirus iso-
lates were found to be similar to the Chinese isolates and
were classified as belonging to lineage 1. Three strains were
classified as belonging to the group of American strains
isolated from cattle with respiratory pathology (lineage 2).
Oneisolate was classified as belonging to a separate group
along with type 5 porcine astrovirus and ovine astrovirus.
The results of these studies served as the basis for the as-
sumption of the existence of the interspecies transmission
of astroviruses [35]. The investigation of the causes of diar-
rhea in the European population (Danish population) re-
vealed the presence of astroviruses belonging to types 1
and 2 of the pathogen in faecal samples [21]. Astroviruses
were also detected in faecal samples from European roe
deer, red and white-tailed deer [42, 43, 57, 58]. The phylo-
genetic analysis results demonstrate a close genetic rela-
tedness of the strains isolated from roe deer. These patho-
gens were also related to the astroviruses isolated from
cattle, deer, water buffaloes, yaks, two-humped (Bactrian)
camels, Sichuan takins, pigs and porcupines [57].

Reverse transcription polymerase chain reaction tests
of 215 faecal samples taken from one-humped (drome-
dary) camels in the United Arab Emirates detected astro-
virus (DcAstV) in 4 of them. Camel astroviruses were found
to belong to a separate cluster of pathogens, which are
60-66% related to type 2 porcine astroviruses. These data
served as the basis for the assumption that one-humped
camels are a natural reservoir in which the astrovirus has
steadily evolved. Camel astroviruses are a novel species
of the genus Mamastrovirus of the family Astroviridae [33].

Several countries reported cattle cases with central ner-
vous system disorders. Tests of the brain samples (Fig. 3)
taken from the corpses of diseased animals detected
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an astrovirus [59, 60, 61, 62]. The role of astroviruses in
the etiology of respiratory pathology in animals was
demonstrated [35, 63, 64]. A number of researchers clas-
sify astroviruses as pathogens with a zoonotic poten-
tial [25, 28, 38, 52, 65]. All this indicates the importance
of the timely diagnosis of astrovirus infection. Currently,
all modern immunochemical and molecular biolog-
ical methods are used to diagnose this infection in ani-
mals [51, 61, 66].

CONCLUSION

Astrovirus infection is considered to be one of the most
common causes of mass gastroenteritides in various ani-
mal species in many countries of the world. The role of as-
troviruses in the etiology of respiratory pathology in cattle
has been determined. The disease cases in cattle charac-
terized by central nervous system disorders have been
reported. The results of molecular biological tests of as-
trovirus isolates recovered from pathological material sam-
ples indicate the genetic variability of the virus. There are
regular reports of recombinations detected in astroviruses.
A wide variety of infected animal species and the occur-
rence of recombinations are indicative of the cross-species
transmission and subsequent adaptation of the astrovirus
to new hosts or of the coinfection of the same host with
different viruses. This can also lead to the emergence
of novel astroviruses that infect animals and possess a zoo-
notic potential. The presented data highlight the necessity
for taking into account astrovirus infection when testing
pathological material samples from diarrhea-affected
newborn calves, lambs, goat kids and piglets on the com-
mercial farms of the country. Astrovirus infection should
also be taken into consideration when examining patho-
logical material samples collected from animals with respi-
ratory pathology. Data on recombination events occurring
between human astroviruses and animal astroviruses sug-
gest the possibility of formation of new groups of viruses
potentially capable of causing the disease in animals. Feed
and water, as well as animal care tools contaminated with
the pathogen can serve as astrovirus transmission factors.
All this indicates the need to take into account astrovirus
infection when conducting epizootiological investigations
and identifying the etiology of mass cases of gastrointesti-
nal pathology in newborn calves, piglets, lambs, goat kids,
foals, dogs and cats.

REFERENCES

1. Current Infectious Diseases of Cattle: A Manual.
Ed. by T. . Aliper. Moscow: Sel’skokhozyaistvennye tekhno-
logii; 2021. 832 p. (in Russ.)

2. Gaffarov H. Z., lvanov A. V., Nepoklonov E. A., Ravi-
lov A.Z.Mono- and Mixed Infectious Diarrhea of Neonatal
Calves and Piglets. Kazan: Fen; 2002. 592 p. (in Russ.)

3. Guidance on Virology. Human and Animal Viruses and
Viral Infections. Ed. by D. K. Lvov. Moscow: Meditsinskoe in-
formatsionnoe agentstvo; 2013; 274-276. (in Russ.)

4. Chernykh O.Yu., Shevchenko A. A., Mishchenko V. A.,
Mishchenko A. V., Shevkoplyas V. N. Astrovirus infection
of cattle. Proceedings of the Kuban State Agrarian Uni-
versity. 2015; (57): 156-166. https://elibrary.ru/whwydv
(in Russ.)

5. Yurov K. P, Gulyukin M. I., Mnikova L. A., Alexeyenko-
vaS.V., IshkovaT. A.Viruses causing frequent and emergent
gastrointestinal infections of cattle (review). Veterinaria

VETERINARY SCIENCE TODAY. 2024; 13 (4): 322-329 | BETEPUHAPUA CEFOJHA. 2024; 13 (4): 322-329



REVIEWS | EPIZOOTOLOGY 0B30PbI | 3M300TONOT A

i kormlenie. 2021; (2): 55-58. https://doi.org/10.30917/
ATT-VK-1814-9588-2021-2-15 (in Russ.)

6. Caffarena R. D., Casaux M. L., Schild C. O., Fraga M.,
Castells M., Colina R, et al. Causes of neonatal calf diarrhea
and mortality in pasture-based dairy herds in Uruguay:
A farm-matched case-control study. Brazilian Journal of Mi-
crobiology.2021; 52 (2): 977-988. https://doi.org/10.1007/
s42770-021-00440-3

7. Capozza P, Martella V., Lanave G., Catella C., Diakou-
di G., Beikpour F, et al. An outbreak of neonatal enteritis
in buffalo calves associated with astrovirus. Journal of Ve-
terinary Science. 2021; 22 (6):e84. https://doi.org/10.4142/
jvs.2021.22.e84

8. Castells M., Colina R. Viral enteritis in cattle: to
well known viruses and beyond. Microbiology Research.
2021; 12 (3): 663-682. https://doi.org/10.3390/microbio-
Ires12030048

9.Chen X,, Zhang B., Yue H., Wang Y., Zhou F,, Zhang Q.,
Tang C. A novel astrovirus species in the gut of yaks with
diarrhoea in the Qinghai-Tibetan Plateau. Journal of
General Virology. 2015; 96 (12): 3672-3680. https://doi.
org/10.1099/jgv.0.000303

10. Cho Y. I, Yoon K. J. An overview of calf diarrhea -
infectious etiology, diagnosis, and intervention. Jour-
nal of Veterinary Science. 2014; 15 (1): 1-17. https://doi.
org/10.4142/jvs.2014.15.1.1

11. Gomez D. E., Weese J. S. Viral enteritis in calves.
The Canadian Veterinary Journal. 2017; 58 (12): 1267-1274.
https://pubmed.ncbi.nlm.nih.gov/29203935

12. Herring A. J., Gray E. W., Snodgrass D. R. Purifica-
tion and characterization of ovine astrovirus. Journal
of General Virology. 1981; 53 (Pt. 1): 47-55. https://doi.
org/10.1099/0022-1317-53-1-47

13. Sergeev V. A., Nepoklonov E. A, Aliper T. I. Viruses
and Viral Vaccines. Moscow: Biblionika; 2007; 467-469.
(in Russ.)

14. Mischenko V. A., Getmanskyi O. 1., Nikeshina T. B., Du-
mova V. V., Pavlov D. K., ZhbanovaT.V,, et al. Effectiveness
of preventive vaccination against bovine neonatal viral di-
arrhea of rota- and coronavirus etiology. Veterinaria Kubani.
2008; (3): 4-6. https://elibrary.ru/kzccol (in Russ.)

15. Mischenko V. A., Mischenko A. V., Nikeshina T. B.,
Brovko Yu.V., Kushlubaeva A. I. Bovine nebovirus infection
(review). Veterinary Science Today. 2023; 12 (4): 278-283.
https://doi.org/10.29326/2304-196X-2023-12-4-278-283

16. Mischenko V. A., Mischenko A. V., Nikeshina T. B.,
Brovko Yu. V., Kushlubaeva A. I. Torovirus infection
in animals: a review. Veterinary Science Today. 2023;
12 (2): 133-139. https://doi.org/10.29326/2304-196X-
2023-12-2-133-139

17. Mishchenko V. A., Mishchenko A. V., Yashin R. V.,
Lysenko A. A., Krivonos R. A., Chernykh O. Yu. Features of
cobuvirus infection of farm animals. Veterinaria Kubani.
2021; (5): 3-6. https://doi.org/10.33861/2071-8020-2021-
5-3-6 (in Russ.)

18. Palombieri A., Fruci P, Di Profio F, Sarchese V., Robet-
to S., Martella V., Di Martino B. Detection and characteriza-
tion of bopiviruses in domestic and wild ruminants. Trans-
boundary and Emerging Diseases. 2022; 69 (6): 3972-3978.
https://doi.org/10.1111/tbed.14676

19. Woode G. N., Bridger J. C. Isolation of small viruses
resembling astroviruses and caliciviruses from acute enteri-
tis of calves. Journal of Medical Microbiology. 1978; 11 (4):
441-452. https://doi.org/10.1099/00222615-11-4-441

20. Bridger J. C,, Hall G. A., Brown J. F. Characterization
of a calici-like virus (Newbury agent) found in association
with astrovirus in bovine diarrhea. Infection and Immunity.
1984; 43 (1): 133-138. https://doi.org/10.1128/iai.43.1.133-
138.1984

21.Sharp C. P, Gregory W. F, Mason C., Bronsvoort B. M.,
Beard P. M. High prevalence and diversity of bovine astrovi-
ruses in the faeces of healthy and diarrhoeic calves in South
West Scotland. Veterinary Microbiology. 2015; 178 (1-2):
70-76. https://doi.org/10.1016/j.vetmic.2015.05.002

22. Podkolzin A. T, Konovalova T. A., Yakovenko M. L.,
Braslavskaya S. ., Shipulin G. A. Astroviral infection in Rus-
sian Federation. Problems of Virology. 2013; 58 (3): 32-37.
https://virusjour.crie.ru/jour/article/view/12229 (in Russ.)

23. Finkbeiner S. R., Allred A. F,, Tarr P. 1., Klein E. J., Kirk-
wood C. D., Wang D. Metagenomic analysis of human
diarrhea: viral detection and discovery. PLoS Pathogens.
2008; 4 (2):21000011. https://doi.org/10.1371/journal.
ppat.1000011

24. Finkbeiner S. R,, Li Y., Ruone S., Conrardy C., Grego-
ricus N., Toney D., et al. Identification of a novel astrovirus
(astrovirus VA1) associated with an outbreak of acute gas-
troenteritis. Journal of Virology. 2009; 83 (20): 10836—10839.
https://doi.org/10.1128/jvi.00998-09

25. De Benedictis P, Schultz-Cherry S., Burnham A,
Cattoli G. Astrovirus infections in humans and animals -
molecular biology, genetic diversity, and interspecies
transmissions. Infection, Genetics and Evolution. 2011;
11 (7): 1529-1544. https://doi.org/10.1016/j.meegid.
2011.07.024

26. Bosch A., Pinté R. M., Guix S. Human Astroviruses.
Clinical Microbiology Reviews. 2014; 27 (4): 1048-1074.
https://doi.org/10.1128/cmr.00013-14

27. Arias C. F, DuBois R. M. The astrovirus capsid:
A review. Viruses. 2017; 9 (1):15. https://doi.org/10.3390/
vo010015

28. Wohlgemuth N., Honce R., Schultz-Cherry S. Astro-
virus evolution and emergence. Infection, Genetics and
Evolution. 2019; 69: 30-37. https://doi.org/10.1016/j.mee-
gid.2019.01.009

29. Family Astroviridae. In: Payne S. Viruses: From
Understanding to Investigation. Academic Press; 2017;
Chapter 14: 125-128. https://doi.org/10.1016/B978-0-12-
803109-4.00014-3

30. Zaccaria G., Lorusso A., Hierweger M. M., Malates-
ta D., Defourny S.V., Ruggeri F,, et al. Detection of astrovirus
in a cow with neurological signs by nanopore technology,
Italy. Viruses. 2020; 12 (5):530. https://doi.org/10.3390/
v12050530

31. Bosch A., Guix S., Krishna N. K., Méndez E., Mon-
roe S. S., Pantin-Jackwood M., Schultz-Cherry S. Family
Astroviridae. In: Virus Taxonomy: Classification and Nomen-
clature of Viruses. Ninth report of the International Commit-
tee on Taxonomy of Viruses. Eds. A. M. Q. King, M. J. Adams,
E.B. Carstens, E. J. Lefkowitz. Academic Press; 2012; 953-959.

32.Donato C,, Vijaykrishna D.The broad host range and
genetic diversity of mammalian and avian astroviruses. Vi-
ruses. 2017; 9 (5):102. https://doi.org/10.3390/v9050102

33.Woo P.C.Y,, Lau S. K. P, Teng J. L. L., Tsang A. K. L.,
Joseph S, Xie J,, et al. A novel astrovirus from dromedaries
in the Middle East. Journal of General Virology. 2015; 96 (9):
2697-2707. https://doi.org/10.1099/jgv.0.000233

34, Alfred N., Liu H., Li M. L., Hong S. F,, Tang H. B.,
Wei Z. Z., et al. Molecular epidemiology and phylogenetic

VETERINARY SCIENCE TODAY. 2024; 13 (4): 322-329 | BETEPUHAPUA CETOAHA. 2024; 13 (4): 322-329



analysis of diverse bovine astroviruses associated with di-
arrhea in cattle and water buffalo calves in China. Journal
of Veterinary Medical Science. 2015; 77 (6): 643-651. https://
doi.org/10.1292/jvms.14-0252

35. Nagai M., Omatsu T., Aoki H., Otomaru K., Uto T,,
Koizumi M., et al. Full genome analysis of bovine astro-
virus from fecal samples of cattle in Japan: identification
of possible interspecies transmission of bovine astrovirus.
Archives of Virology. 2015; 160 (10): 2491-2501. https://doi.
org/10.1007/s00705-015-2543-7

36.0em J.K., An D. J. Phylogenetic analysis of bovine as-
trovirus in Korean cattle. Virus Genes. 2014; 48 (2): 372-375.
https://doi.org/10.1007/s11262-013-1013-0

37. Martella V., Catella C., Capozza P, Diakoudi G., Cam-
ero M., Lanave G, et al. Identification of astroviruses in bo-
vine and buffalo calves with enteritis. Research in Veteri-
nary Science. 2020; 131: 59-68. https://doi.org/10.1016/j.
rvsc.2020.04.010

38. Mendenhall I. H., Smith G. J., Vijaykrishna D. Ecolog-
ical drivers of virus evolution: Astrovirus as a case study.
Journal of Virology. 2015; 89 (14): 6978-6981. https://doi.
org/10.1128/jvi.02971-14

39. Reuter G., Nemes C., Boros A., Kapusinszky B., Del-
wart E., Pankovics P. Astrovirus in wild boars (Sus scrofa)
in Hungary. Archives of Virology. 2012; 157 (6): 1143-1147.
https://doi.org/10.1007/s00705-012-1272-4

40.RiveraR., Nollens H.H., Venn-Watson S., Gulland F. M.,
Wellehan J. F. Jr. Characterization of phylogenetically di-
verse astroviruses of marine mammals. Journal of General
Virology.2010; 91 (Pt. 1): 166-173. https://doi.org/10.1099/
vir.0.015222-0

41. Roach S. N., Langlois R. A. Intra- and cross-species
transmission of astroviruses. Viruses. 2021; 13 (6):1127.
https://doi.org/10.3390/v13061127

42.Smits S.L., van Leeuwen M., Kuiken T., Hammer A.S.,
Simon J. H., Osterhaus A. D. Identification and characte-
rization of deer astroviruses. Journal of General Virology.
2010; 91 (Pt. 11): 2719-2722. https://doi.org/10.1099/
vir.0.024067-0

43.Wang L., Shen H., Zheng Y., Schumacher L., Li G. As-
trovirus in white-tailed deer, United States, 2018. Emerg-
ing Infectious Diseases. 2020; 26 (2): 374-376. https://doi.
0rg/10.3201/eid2602.190878

44. Woode G. N., Pohlenz J. F, Gourley N. E., Fager-
land J. A. Astrovirus and Breda virus infections of dome
cell epithelium of bovine ileum. Journal of Clinical Micro-
biology. 1984; 19 (5): 623-630. https://doi.org/10.1128/
jcm.19.5.623-630.1984

45.Woode G.N., Gourley N. E., Pohlenz J.F, Liebler E. M.,
Mathews S. L., Hutchinson M. P. Serotypes of bovine astro-
virus. Journal of Clinical Microbiology. 1985; 22 (4): 668-670.
https://doi.org/10.1128/jcm.22.4.668-670.1985

46. Zhu Q,, Li B., Sun D. Bovine astrovirus — A com-
prehensive review. Viruses. 2022; 14 (6):1217. https://doi.
org/10.3390/v14061217

47. Candido M., Alencar A. L., Almeida-Queiroz S. R,,
Buzinaro M. da G., Munin F. S, de Godoy S. H., et al. Mole-
cular detection and phylogenetic analysis of bovine astro-
virus in Brazil. Archives of Virology. 2015; 160 (6): 1519-1525.
https://doi.org/10.1007/s00705-015-2400-8

48. Lee T. W,, Kurtz J. B. Serial propagation of astro-
virus in tissue culture with the aid of trypsin. Journal of
General Virology. 1981; 57 (Pt. 2): 421-424. https://doi.
org/10.1099/0022-1317-57-2-421

REVIEWS | EPIZOOTOLOGY 0B30PbI | 3M11300T0NOT A

49. Caliciviridae and Astroviridae. In: Fenner’s Veteri-
nary Virology. Ed. by N. J. MacLachlan, E. J. Dubovi. 5" ed.
Academic Press; 2017; Chapter 27: 497-510. https://doi.
org/10.1016/B978-0-12-800946-8.00027-1

50. Aroonprasert D., Fagerland J. A., Kelso N.E,, Zheng S.,
Woode G. N. Cultivation and partial characterization of bo-
vine astrovirus. Veterinary Microbiology. 1989; 19 (2): 113-
125. https://doi.org/10.1016/0378-1135(89)90077-1

51. Reuter G., Pankovics P, Delwart E., Boros A. Identifi-
cation of a novel astrovirus in domestic sheep in Hungary.
Archives of Virology. 2012; 157 (2): 323-327. https://doi.
org/10.1007/s00705-011-1151-4

52.CortezV., Meliopoulos V. A, Karlsson E. A., Hargest V.,
Johnson C., Schultz-Cherry S. Astrovirus biology and patho-
genesis. Annual Review of Virology. 2017; 4 (1): 327-348.
https://doi.org/10.1146/annurev-virology-101416-041742

53. Kauer R. V., Koch M. C,, Hierweger M. M., Werder S.,
Boujon C. L., Seuberlich T. Discovery of novel astrovirus
genotype species in small ruminants. PeerJ. 2019; 7:e7338.
https://doi.org/10.7717/peerj.7338

54.Zhu J.,, Qi M., Jiang C,, Peng Y., Peng Q,, ChenY., et al.
Prevalence of bovine astroviruses and their genotypes in
sampled Chinese calves with and without diarrhoea. Jour-
nal of General Virology. 2021; 102 (8):001640. https://doi.
0rg/10.1099/jgv.0.001640

55.Turan T, Isidan H. The first detection and phyloge-
netic analysis of bovine astrovirus from diarrheic calves
in Turkey. Etlik Veteriner Mikrobiyoloji Dergisi. 2018; 29 (2):
104-110. https://doi.org/10.35864/evmd.513442

56. Mohamed F. F., Mansour S. M. G., El-Araby |I. E.,
Mor S. K., Goyal S. M. Molecular detection of enteric vi-
ruses from diarrheic calves in Egypt. Archives of Virology.
2017; 162 (1): 129-137. https://doi.org/10.1007/s00705-
016-3088-0

57. Jamnikar-Ciglenecki U., Civnik V., Kirbis A., Kuhar U.
A molecular survey, whole genome sequencing and phy-
logenetic analysis of astroviruses from roe deer. BMC Ve-
terinary Research. 2010; 16 (1):68. https://doi.org/10.1186/
$12917-020-02289-4

58. Tzipori S., Menzies J. D., Gray E. W. Detection of as-
trovirus in the faeces of red deer. Veterinary Record. 1981;
108 (13):286. https://doi.org/10.1136/vr.108.13.286

59.Bouzalas |. G., Withrich D., Walland J., Drogemdiller C.,
Zurbriggen A., Vandevelde M., et al. Neurotropic astrovi-
rus in cattle with nonsuppurative encephalitis in Europe.
Journal of Clinical Microbiology. 2014; 52 (9): 3318-3324.
https://doi.org/10.1128/jcm.01195-14

60. Schlottau K., Schulze C,, Bilk S., Hanke D., Hoper D.,
Beer M., Hoffmann B. Detection of a novel bovine astrovi-
rus in a cow with encephalitis. Transboundary and Emerging
Diseases. 2016; 63 (3): 253-259. https://doi.org/10.1111/
tbed.12493

61. Spinato M.T., Vince A., Cai H., Ojkic D. Identification
of bovine astrovirus in cases of bovine non-suppurative
encephalitis in eastern Canada. The Canadian Veterinary
Journal. 2017; 58 (6): 607-609. https://pubmed.ncbi.nim.
nih.gov/28588335

62. Wildi N., Seuberlich T. Neurotropic astroviruses
in animals. Viruses. 2021; 13 (7):1201. https://doi.org/
10.3390/v13071201

63. Nelsen A., Knudsen D., Hause B. M. Identification
of a novel astrovirus associated with bovine respirato-
ry disease. Transboundary and Emerging Diseases. 2023;
2023:8512021. https://doi.org/10.1155/2023/8512021

VETERINARY SCIENCE TODAY. 2024; 13 (4): 322-329 | BETEPUHAPUA CEFOJHA. 2024; 13 (4): 322-329



REVIEWS | EPIZOOTOLOGY 0B30PbI | 3M300TONOT A

64.Ng T. F, Kondov N. O., Deng X., Van Eenennaam A,
Neibergs H. L., Delwart E. A metagenomics and case-con-
trol study to identify viruses associated with bovine respi-
ratory disease. Journal of Virology. 2015; 89 (10): 5340-5349.
https://doi.org/10.1128/jvi.00064-15

65.WangD.,GaoH., Zhao L, LvC, DouW., Zhang X, et al.
Detection of the dominant pathogens in diarrheal calves
of Ningxia, China in 2021-2022. Frontiers in Veterinary

Science. 2023; 10:1155061. https://doi.org/10.3389/
fvets.2023.1155061

66. Pérot P, Lecuit M., Eloit M. Astrovirus diagnostics.

Viruses. 2017;9 (1):10. https://doi.org/10.3390/v9010010

Received 11.07.2024
Revised 12.08.2024
Accepted 09.09.2024

INFORMATION ABOUT THE AUTHORS / NHOOPMALIMA Ob ABTOPAX

Vladimir A. Mischenko, Dr. Sci. (Veterinary Medicine), Professor,
Chief Researcher, Laboratory for Biotechnologies and Viral Product
Construction, Federal Centre for Animal Health, Vladimir, Russia;
https://orcid.org/0000-0003-3751-2168, mishenko@arriah.ru

Alexey V. Mischenko, Dr. Sci. (Veterinary Medicine), Chief
Researcher, Federal Scientific Centre VIEV, Moscow, Russia;
https://orcid.org/0000-0002-9752-6337, viev@admin.ru

Tatiana B. Nikeshina, Cand. Sci. (Biology), Head of Sector,
Education and Scientific Support Department, Federal Centre for
Animal Health, Vladimir, Russia;
https://orcid.org/0000-0002-0959-5915, nikeshina@arriah.ru

Olga N. Petrova, Cand. Sci. (Biology), Deputy Head of the Sector,
Information and Analysis Centre, Federal Centre for Animal Health,
Vladimir, Russia; https://orcid.org/0000-0003-3939-1929,
petrova@arriah.ru

MunweHko Bnagumup AnekcaHppoBUY, A-p BeT. Hayk,
npodeccop, rNaBHbIN HayUHbI COTPYAHUK nabopatopuu
6MOTEXHONOTNI N KOHCTPYMPOBAHMA BUPYCHbIX NpenapaTos
OrBY «BHUW3X», r. Bnagumup, Poccus;
https://orcid.org/0000-0003-3751-2168, mishenko@arriah.ru

MwuweHko Anekceil BnagumupoBuy, A-p BET. HayK, [MaBHbIN
HayuHbI coTpyaHuk OIBHY OHLL BU3B PAH, . MockBa, Poccus;
https://orcid.org/0000-0002-9752-6337, viev@admin.ru

HukewuHa TatbaHa BopucoBHa, KaHg. 610N, HayK, 3aBeAyoLMiA
ceKTOpom oTAena obpa3oBaHUA M HayuyHoN MHbOpmMauuu
OrBY «<BHUWN3X», r. Bnagnmup, Poccus;
https://orcid.org/0000-0002-0959-5915, nikeshina@arriah.ru

MeTtposa Onbra HukonaeeHa, KaHA. 6VON. HayK, 3aMecTUTENb
3aBefyloLlero CeKTopom MHGOPMALVOHHO-aHANNTUYEeCKOro
ueHTtpa OIBY «BHUW3X», r. Bnagummp, Poccus;
https://orcid.org/0000-0003-3939-1929, petrova@arriah.ru

Contribution: All authors contributed equally to this work and writing of the article at all stages.

Bknap aBTOpOB: ABTOpr BHeCn paBHbIVI BKJlag Ha BCeX oTanax pa60TbI N HanncaHuA CTaTbu.

VETERINARY SCIENCE TODAY. 2024; 13 (4): 322-329 | BETEPUHAPUA CETOAHA. 2024; 13 (4): 322-329

329



ORIGINAL ARTICLES | BOVINE DISEASES
OPUTUHANBHbIE CTATbY | BONE3HI KPYTTHOTO POTATOTO CKOTA

M) Check forupdates| [ (cc)

https://doi.org/10.29326/2304-196X-2024-13-4-330-337

BVDV comprehensive studies and species
identification in high-yielding livestock populations
in the Sverdlovsk Oblast

Natalia A. Bezborodova, Veronika V. Kozhukhovskaya, Elena V. Pechura, Nikolay A. Martynov, Oksana G. Tomskikh, Anna N. Vasilyeva
Ural Federal Agrarian Scientific Research Center, Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg 620142, Russia

ABSTRACT

The paper presents results of comprehensive studies of the bovine viral diarrhea virus circulating in cattle populations in the Sverdlovsk Oblast. In 20182024,
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 BYDV
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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KomnnekcHble nccnenoBaHuA 1 BUAOBAsA MAEHTUOUKALIUA
BUpYCa BUPYCHOI AMapen KpyMHOro poratoro CKoTa

B NONYNALMAX BbICOKONPOAYKTUBHbIX XKIBOTHBIX

Ha TeppuTopun CBepanoBCKoit obnactu

H. A. be36opopoBa, B. B. KoxyxoBckas, E. B. leuypa, H. A. MapTbiHoB, 0. I. Tomckux, A. H. BacunbeBa
OrBHY «Ypanbckuit denepanbHblil arpapHblii HayuHo-1CCIe0BATENbCKMIA LieHTp Ypanbckoro oTaeneqna Poccuitckoii akagemmn Hayk» (OTBHY Yp@AHIL, YpO PAH),
yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccus

PE3IOME

[pencTaBneHbl pe3ynbTaTbl KOMMNEKCHBIX UCCe0BaHMIA BUPYCa Aapeu KpYMHOro POraToro CKOTa, LMPKYNMpYHLLero B NONyAALMUAX KPYMHOO PoraToro ckota
Ha Tepputopun CBepanoBcKoii 06nactin. B nepuog ¢ 2018 no 2024 r. ¢ nomoLLblo NonMMepa3Hoii LienHoi peakuun bbino nccnegoBaqo 113 npob 6uonoruueckoro
matepuana, npu 31om cneuuduyeckue yuactku PHK Bupyca 6binu obHapyxeHbl B 15,9% cnyyaes. [eHom Bo36yauTens BUpycHoiA Auapen KpynHOro poratoro
CKoTa Obin BbldeneH u3 buonornyeckix npob, nonyyeHHbIX 0T abopTupoBasLLNX KopoB (61,1%) n MonoaHAKa Ao 1 mecawa (38,9%). B pesynbrate TunupoBaxua
06HapyeHHble B 4 npo6ax (CMbIBbI U3 HOCOTNIOTKI TENAT, CYCEH3UA U3 OpraHoB abopTUPOBAHHDIX MI0A0B ¥ NNALEHTbI) M30NATI BUPYCA OblN OTHECEHDI
K BUpYNeHTHbIM reHotinam BVDV-1. B 44% npo6 BnaranuLyHbiX CMbIBOB OT a60PTUPOBABLUNX KOPOB 1 €ANHUYHO B NNALEHTE U NAPEHXMMATO3HbIX OpraHax
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0T NaBLUMX TeNAT ofHoBpeMeHHo Bblagnanu PHK BVDV, IHK Mycoplasma bovis w Chlamydophila pecorum; B 16% npo6 natmatepuana ot naswwuux tenar — PHK
BVDV v [IHK Bovine herpesvirus 1-ro Tuna. B esUHNYHbIX Cyuasx B cMbIBaX 3 HOCOTNOTKM TenAT o6Hapysusanu PHK BVDV, IHK Chlamydophila pecorum v Myco-
plasma bovigenitalium. BreppexHan B 2018 r. Ha Tepputopuu (BepanoBckoit 0bnactu «KomnnekcHas nporpamma 61onoruyeckoii 3aLuuThl  0340pOBNEHNA
CeNbCKOX03ACTBEHHbIX OPraHU3aLyil OT BUPYCHO Anapen KpynHOro poratoro ckota» NpuBENa K CHUXEHNI0 KONMYECTBA CeNbCKOX03ANCTBEHHbIX NPeANPUATHIA,
HebnarononyyHbIX N0 BUPYCHOI Avapee KPynHoro poratoro ckota. OcTpas U nepcucTeHTHas Gopma MHdeKLMi Cpean MONOAHAK perncTpupoBanac B4 13,5 pasa
pexe COOTBETCTBEHHO, HO NPV 3TOM 0TMeYanu yBeanyeHue B 2,5 pasa AuarHoCTUpyeMoii NaTeHTHOI Gopmbl TeueHus 6oNe3HN y B3POCSOro NOroN0BbA, YTo
(BA3aHO C yBENMYEHNeM KOANYeCTBA MPOBOAUMbIX NaBOPATOPHbIX UCCIeA0BaHMIL.

KnioueBble cnoBa: BUPYCHas Auapes KPYMHOro poratoro ckota, BVDV, reHotunupoBatue, BUpycHo-6akTepuanbHble MHOEKLMN, CMeLLaHHbIe UHGEKLMH,
03/10pOBUTENbHbIE MEPONPUATHA

bnaropapHocTu: lccnesoBanme BbINONHEHO B paMmKax rocyAapcTBeHHoro 3afaHua N2 0532-2021-0007 «/13yueHue cTpyKTypbl aHTUreHHOrO neii3axa Bo30yau-
Teneil SMepAKEHTHbIX MHYEKLMI CeNbCKOX03ANCTBEHHbIX XKUBOTHBIX, B10NI0TMYECKIX 0COBEHHOCTEIl MeXaH3MOB 11X B3aUMOJENCTBIA C MaKPOOPraHU3MOM».

[ina uyutuposanus: besbopogosa H. A., Koxyxosckas B. B., Meuypa E. B., MaptbiHoB H. A., Tomckux 0. T, Bacunbesa A. H. KomnnekcHble nccnesoBanua
11 BUZOBAA UAEHTUPUMKALIAA BUPYCA BUPYCHOIA AMapen KpyMHOro poratoro ckota B NONynALMAX BbICOKONPOAYKTUBHDIX XUBOTHbIX Ha TeppuTopiu CBEpANOBCKOi
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INTRODUCTION

Bovine viral diarrhea (BVD) is classified as Class 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-

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 isimmature, NCP BVDVs (BVDV-1,
BVDV-2) inhibit the induction of type | 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].

VETERINARY SCIENCE TODAY. 2024; 13 (4): 330—337 | BETEPUHAPUA CETOAHA. 2024; 13 (4): 330-337

331



ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATIbHbIE CTATbY | BONE3HI KPYMHOIO POTATOTO CKOTA

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 (TCGAGATGCCATGTGGAC
BVDV_PESTERS (TCCATGTGCCATGTACAGCA
BVDV_I FAM-CAGCCTGATAGGGTGCTGCAGAGGC-BHQ1 b
BVDV_II ROX-CACAGCCTGATAGGGTGTAGCAGAGACCTG-BHQ2
Table 2
Amplification programme
Temperature Time Number of cycles
95°C 5min 1
94°C 20 sec
56 °C 20 sec F ANT/OROX)
72°C 20 sec

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 | 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 (2x) 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 MgCl,, 0.06 active units/uL Tag DNA
polymerase, 0.2% Tween 20, HS-Tag 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
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of the Sverdlovsk Oblast previously published by
0. 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).

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

% 39
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Fig. 1. BVD transmission dynamics in establishments in the Sverdlovsk Oblast (2015-2024)
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Fig. 2. Assessment of Animal Health Improvement Programme implementation
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m Mixed infection

u BVDV

m Negative samples

Fig. 3. PCR results for biological samples tested for presence of BVDV RNA

and agents of mixed co-infections (2018-2024),n =113

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 | 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 Il 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%.

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, BVYDV 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

Amplification

RFU

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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Study of possible intrauterine infection
of goat fetus with caprine arthritis-encephalitis virus
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ABSTRACT

(aprine arthritis-encephalitis is a serious challenge for the modern goat breeding both in Russia and abroad. The disease is quite widespread in our country, causing
serious economic damage to the backyard and family-operated farm owners. The etiologic agent of caprine arthritis-encephalitis (CAE) is a virus of the Retroviridae
family, which is part of the group of small ruminant lentiviruses subdivided into five genetic groups. A number of reasons prevent timely disease diagnosis, for
example, lack of a legal framework regulating preventive measures, prolonged asymptomatic virus-carrier state, and absence of pathognomonic symptoms. There
are two routes of the CAE virus spread: vertical (lactogenic), when colostrum or milk from a seropositive goat serves as a transmission factor; and horizontal — from
a diseased animal to a healthy one in case of crowded housing, feeding from common drinkers and feeders, as well as during mating. The published data on the
possibility of the intrauterine virus transmission from mother to fetus are diametrically different. The purpose of this study was to explore the possibility of intra-
uterine infection with the CAE virus. Pregnant goats with ELISA- and PCR-confirmed CAE diagnosis were used in the study. Pathological material was collected from
newborn goats obtained by sterile kidding, and the samples were PCR tested for the CAE causative agent. None of the tested samples demonstrated CAE that gives
evidence of absence of the fact of intrauterine virus transmission from the diseased mother to the fetus. Results of long-term monitoring of the goat population
kept on two backyards located in the Southern Federal District and Novosibirsk Oblast comprise an indirect evidence of that. The owners of these backyards, where
100% of the goat population were infected with CAE virus, decided to carry out a complex of the disease control measures. Sterile kidding followed by kids'feeding
with colostrum and milk pasteurized at 60 °C for 30 minutes with the subsequent use of a whole milk substitute allowed to obtain a CAE-free herd in two years
avoiding any significant economic losses and purchase of healthy animals from other farms.

Keywords: caprine arthritis-encephalitis (CAE), intrauterine infection, sterile kidding, lentiviruses, prevention
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A3yueHne BO3MOXKHOCTI BHYTPUYTPOOHOIO
3apaXKeHUA KO3NAT BUPYCOM apTpUTa-3HLedanuTa ko3

B. 0. Konteg', H. A. lWkunb', H. 10. banbi6una’, T. H. benexkoBa’
' OIBYH «Cnbupckuii pesepanbHblit HayuHblii LieHTp arpobuotexHonoruit Poccuitckoii akagemuu Hayk» (COHLIA PAH), p. n. Kpactoobck, 630501, HoBocubupckas 061., Poccua
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PE3IOME

BupycHblil apTpuT-3HLIehanuT K03 ABNAETCA Cepbe3HOii Npo6reMoii CoBpeMeHHOTo K030BOACTBA Kak B Poccun, Tak 1 3a pybexom. 3aboneBaHie JoCTaTouHo
LIMPOKO PacnpoCTpaHeHo Ha TeppUTOPUH HalLleii CTpaHbl, HAHOCA Cepbe3Hblii IKOHOMUUECKI yLep6 BnagenbLam NMYHbIX NOACOOHBIX 1 KPECTbAHCKIX hep-
MePCKMX X03AICTB. ITONOTNYECKIM GaKTOPOM apTpuTa-dHLedanuTa ko3 ABNAETCA BUPYC cemeilcTBa Retroviridae, BXOAALLWIA B rpynny NEHTUBUPYCOB MeKIX
KBAUHbIX XNBOTHbIX, Pa3ieNeHHbIX Ha NATb reHeTyeckux rpynn. (BoeBpeMeHHOI ANarHoCTUKe AaHHOro 3a60neBaHNA MeLLaeT pA NPUYNH, Hanpumep,
OTCYTCTBYE HOPMATUBHO-NPaBOBOIi 6a3bl, perynvpytoLLeit npoBeseHue NpodunakTUueckux MeponpuATHii, AnuTeNbHoe 6ecCMNTOMHOE BUPYCOHOCUTENbCTBO
B036yAuTENA NHOEKLMHN, OTCYTCTBIE NATOTHOMOHNYHOI CUMNTOMATUKIA. BbifensioT ABa nyTin pacnpocTpaHeHua BUpyca apTputa-3Huedanuta Ko3: BepTy-
KalbHblii (NaKTOreHHbIit), Npu KOTOPOM $aKTOpoM nepedauut CIyXMUT MOJIO3MBO WU MOIOKO OT CEPONO3UTUBHOIA KO3bl,  FOPU3OHTaNIbHBIiA — OT 60SIbHOMO
KUBOTHOrO 3710pOBOMY NPU CKyUeHHOM COfePKaHM, KOPMIIEHUM U3 0OLLIMX MOMTIOK U KOPMYLLIEK, a TaKXe Npy MoN0BOM KOHTaKTe. B 0THOWEHMY BO3MOX-
HOCTU BHYTPUYTPOOHOI Nepefaun BUpyca OT MaTepy nioAy MHHopMaLKA, pUBeLeHHaA B NUTEPATYPHbIX UCTOUHMKAX, ANAMETPANbHO o0TUYaeTca. Lienbio
JLaHHOTO MCCNIe0BaHNA ObIN0 U3yYUTb BO3MOXKHOCTb BHYTPUYTPOOHOTO 3apaxeHna BUPYcOM apTpuTa-3Huedanuta Ko3. B onbite Mcnonb3oBany CyKo3HbiX
K03 C MOATBEPXAEHHBIM MeTOAaMU MMMYHOGEPMEHTHOTO aHaN3a 1 NOAMMEPa3HO LIENHOI peakLmMn AUarHo30M «BUPYCHbI apTpuT-3HLedanut ko3». 0T
HOBOPOX/EHHDIX KO3NAT, NONyYeHHbIX METOZOM CTEPUIbHBIX POAOB, Opanu natonornyeckinii Matepuan 1 ¢ OMOLLbI0 NOANMEPA3HOI LieNHO peakLum nc-
(NIefl0BaNyl Ha Hanuuue Bo30yAUTENA apTpuTa-dHLepanuTa Ko3. Hu B 0IHOM U3 CCNe0BaHHBIX 06pa3L0B BIPYC apTpUTa-3HLehannTa Ko3 He 0GHapyeH,
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4TO J0KA3bIBAET OTCYTCTBYE GaKTa BHYTPUYTPOOHOI Nepesaun Bupyca ot 6onbHoil MaTepy naopy. KocBeHHbIM oka3aTenbCTBOM 3TOT0 CAyXaT pe3ynbraTbl
MHOToNeTHero HabniofleHus 3a NOrooBbeM K03, COAePKaLLMXCA B ABYX IMUHBIX NOACOOHbIX X03AIACTBAX, PacnonoxeHHbIX B l0XHOM GefepanbHOM oKkpyre
1 Hoocnbupckoii 06nacTu. BnapenbLibl AaHHbIX X03ACTB, rae 0XBaT NOT0N0BbA BUPYCHBIM apTpUTOM-3HLedanutom coctasnan 100%, NpuHANN pelleHne
MpoBECTU KOMMAIEKC 030POBUTENbHBIX MePONPUATHIA. [IpUMeHeH e TEXHONOTIM CTEPUNBHDBIX OKOTOB C MOCNEAYHLLNM BbIKaPMAMBAHUEM KO3NAT NacTepy-
30BaHHbIM npu Temnepatype 60 °C B TeyeHue 30 MUH MOAI03UBOM 1 MONIOKOM C lANbHELLIMM MCNOb30BaHNEM 3aMeHUTeNA LeNbHOro MOoKa No3B0AnN0
B TeUeHMe ABYX JIET NONYYUTb CBOOOAHOE 0T apTpuTa-dHLedanuTa ko3 NoroaoBbe 6e3 CyLLecTBEHHbIX IKOHOMUYECKMX NOTePb U NOKYMKN 340POBbIX XKUBOTHbIX

B APYruX X03AICTBaX.

KnioueBbie cnoBa: aprVIT—3HL|,e¢aJ'IVIT K03, BHyTpI/IyTpOﬁHOE 3apaXeHue, CTepuiibHbIe OKOTbI, IEHTUBUPYCbI, ﬂp0¢MﬂaKTMKa
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INTRODUCTION

Caprine arthritis-encephalitis (CAE) is one of the burn-
ing issues of the modern goat breeding in Russia and
abroad. According to the published data, the carriers of
the disease causative agent are more than 45-60% of
the entire population of the goats kept on the backyards
and family-operated farms located in all federal districts of
the Russian Federation [1].

The CAE etiological factor is a virus of the Retroviri-
dae family, which is part of the group of small ruminant
lentiviruses (SRLVs), divided into five genetic groups [2].
The disease belongs to the group of lentiviral infections
and it is characterized by prolonged asymptomatic virus
carrying with the subsequent development of a complex
of symptoms involving lesions of the musculoskeletal sys-
tem (arthritis), respiratory system and mammary gland
tissue. Young animals of 2-3 months of age demonstrate
disorders of the central nervous system, manifested
by loss of orientation, tilting of the head and incoordina-
tion [3, 4,5, 6].

There are vertical and horizontal routes of the infec-
tious agent transmission. The animals are infected lacto-
genically when newborn kids are fed with the colostrum
or milk from CAE-virus carrier goats [7, 8, 9], as well as by
airborne route in case of crowded housing, and less often
sexually [10, 11, 12].

The published opinions regarding the intrauterine
route of the virus transmission differ. Volkova I. Yu. [13]
indicates that this route of infection is possible. However,
in a number of publications the authors say that presence
of syndesmochorial type of placenta in goats prevents
the virus transmission from mother to fetus [3, 8, 14, 15].
Nevertheless, some foreign publications provide data on
the virus detection during the examination of newborn
kids using polymerase chain reaction (PCR) [16, 17].

Despite this, the World Organisation for Animal Health's
(WOAH) Terrestrial Animal Health Code does not provide
information on a possible intrauterine route of CAE virus
transmission [18].

Lack of specific therapy and disease prevention tools
hinders the implementation of highly effective mass mea-
sures to prevent the spread of this pathology in the goat

population. The main method of the disease prevention
and control on the farms involves continuous monitor-
ing of the entire population, and in case of detection
of seropositive animals - taking a set of measures to re-
place the diseased herd with the healthy one. One of such
measures involves introduction of sterile kidding, i.e. a set
of measures to prevent direct contact of a seropositive
goat with a newborn kid, followed by feeding it with dis-
infected colostrum and milk.

In view of the diametrically opposite information in
the published literature, as well as taking into account
the fact that currently CAE is included in the “List of con-
tagious animal diseases, including highly dangerous ones,
for which quarantine can be imposed”’, the purpose of
the study was formulated as follows: to study the possibili-
ty of intrauterine infection of newborn kids with CAE virus.

MATERIALS AND METHODS

The study was carried out in 2023-2024 in the Labo-
ratory of Diseases of Young Animals of the Experimental
Veterinary Medicine Institute for Siberia and Far East of
the Siberian Federal Scientific Centre of Agro-BioTech-
nologies of the Russian Academy of Sciences and on
a family-operated farm located in one of the regions of
the Ural Federal District. Eighteen pregnant CAE-seroposi-
tive Saanen goats were used in the study. The animals
were diagnosed by testing blood samples for the proviral
DNA using PCR, as well as by double testing of the sera
by the enzyme-linked immunosorbent assay (ELISA) for
the antibodies to CAE virus a week before insemination
and on day 60 of pregnancy.

The blood samples from female goats were collected in
Bodywin vacuum tubes (China) with coagulation activator
and ethylenediaminetetraacetic acid.

Presence of CAE virus antibodies in the sera was deter-
mined using the ID Screen® MVV/CAEV Indirect Screening
test kits for indirect ELISA (IDVet, France). The results were

"The list of contagious animal diseases, including highly dangerous
ones, for which quarantine can be imposed: approved by Order of the
Ministry of Agriculture of the Russian Federation No. 476 of 19 December
2011 (as amended on 25 September 2020). https://docs.cntd.ru/
document/902324591
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Newborn male kid
(n=18)

euthanasia, samples

PCR results (+)
Double ELISA tests (+)
Female goat before mating Newborn female kid
(n=50) is withdrawn
CAE diagnosis using ELISA, from experiment
PCR

Double ELISA tests (-)

~ Withdrawn from experiment

Fig. Scheme of selecting newborn animals for the experiment

recorded on a semi-automatic microplate ELISA reader
TECAN Infinite F50 (Austria).

Euthanasia of newborn animals was carried out in ac-
cordance with the requirements of the European Con-
vention for the Protection of Pet Animals (Chapter 2, Ar-
ticle 11)2. Stunning method was used for euthanasia [19].

Autopsy of the newborn kids was carried out using
the generally accepted method of G. V. Shor [20]. Blood
and internal organ samples were aseptically collected in
sterile test tubes using sterile disposable sample collecting
probes (VetGenomics, Russia), as well as biological sample
collection and storage cards “DNA Archive” (Russia).

For primary isolation of nucleic acids from the biologi-
cal material,“RealBest extraction 100" kit (Vector-Best, Rus-
sia) was used.

Caprine arthritis-encephalitis virus was detected in
the biological samples using recording amplifier manu-
factured by Bio-Rad Laboratories, Inc. (USA) and a “Kit
of reagents for detection of proviral DNA of caprine ar-
thritis encephalitis virus (CAE) using real-time polymerase
chain reaction” (Vector Best JSC, Russia). Fifty amplification
cycles were performed. Samples with Ct < 40 were consi-
dered positive.

RESULTS AND DISCUSSION

Before the study, all the goats (n = 50) housed on one
of the family-operated farms were tested for CAE virus an-
tibodies using ELISA before the insemination. Polymerase
chain reaction for proviral DNA was used as a confirma-
tion test. Goats with a seropositivity coefficient of Cs > 100
(according to ELISA results) and positive PCR test results
(n=29) were selected for further study. Then, on day 60 of
the pregnancy, a second ELISA was performed to confirm
the CAE diagnosis in the goats.

During the kidding, the newborn kids were aseptically
taken and removed, completely excluding their postpar-
tum contact with the mother. Only males were used in
the experiment, since they do not have any commercial
value. A total of 18 goats were selected for the study (Fig.).

After euthanasia, an autopsy and biological materi-
al collection were aseptically performed. The following
samples were collected: blood samples, heart tissue, liver,
lungs. The biological materials were stored and transpor-
ted at 4 °C.

2 European Convention for the Protection of Pet Animals. Strasbourg,
13.X1.1987. https://rm.coe.int/168007a67d

Further work with the biological samples was carried
out in the PCR laboratory of the Experimental Veterinary
Medicine Institute for Siberia and Far East of the Siberian
Federal Scientific Centre of Agro-BioTechnologies of the
Russian Academy of Sciences

The test results are demonstrated in Table 1.

The CAE virus (CAEV) was not detected in any of
the biological samples tested using real-time PCR. This fact
confirmed that intrauterine infection of newborn kids by
the virus-carrying mothers is impossible.

The data obtained during the experiment differ from
the information cited in a number of foreign publica-
tions. Thus, J. Furtado Araujo et al. [17] indicate that
when testing 73 newborn kids by PCR, the CAEV was de-
tected in 46.57% of the samples. One of the explanations
for the discrepancy between our results and the cited
published data can be a comment from the article
by O. L. Kolbasova et al. [2] that the quality of PCR directly
depends on the primers, which should match the gene-
tic variant of the virus circulating in the animals housed
on the farm.

During the experiment, all goats were tested using
a combination of ELISA and PCR diagnostic tests, and
the animals that demonstrated double positive results
were selected for the experiment. Therefore, the complex
of primers included in the PCR system used in the experi-
ment matched the genetic variant of the virus circulating
on the farm.

The data confirm the relevance of using the sterile kid-
ding (complete exclusion of any contact of the mother
and newborn kid immediately after parturition) as one
of the main approaches to the prevention of CAE spread
inside the farm and to the formation of the disease-free
herd.

The following examples confirm the effectiveness of
this method and, as a result, the absence of an intrauterine
route of CAEV transmission.

Table 1
Results of biological material tests for CAE virus

CAEV test results
Amount

Type of biological
mateial positive, % | negative, %
Blood samples 18 - 100
Internal organ samples 54 - 100
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Example 1. The experiment was conducted on the back-
yard located in the Southern Federal District. The number of
goats at the beginning of the experiment was 18 (Table 2).

The presented data demonstrate that in 2022, during
the initial examination of the population consisting of 18
sexually mature animals, the antibodies to the CAE virus
were detected in the sera of 11 goats. The backyard own-
ers decided to improve the health of the herd, therefore,
they put into practice mandatory sterile kidding for all
pregnant goats and feeding newborn kids with colostrum
pasteurized at 60 °C for 30 minutes, with further use of the
whole milk substitute. Four goats with obvious CAE clinical
signs were isolated from the herd, the rest were mated by
the available seropositive male goats.

In 2023, when examining the repair population formed
of the kids born by sterile kidding (13 kids), all animals
demonstrated negative results. The only seropositive
animal turned out to be a female goat, which the own-
ers wanted to use for mating again, but as soon as they
received data that all the goats were seronegative, it was
decided to send it to slaughter.

In 2024, upon repeated double ELISA testing of the
newly formed goat population, all animals demonstrated
negative results for CAE virus antibodies.

Example 2. The experiment was carried out on the back-
yard located in the Novosibirsk Oblast. At the beginning
of the monitoring, the herd consisted of 24 Nubian dairy
goats (Table 3).

During the initial ELISA testing of the animals in 2020,
it was found that the entire goat herd was infected with
the CAE virus.

The owners of the farm decided to carry out a set of
measures to improve the health of the herd. To do this, all
subsequent kiddings were carried out using sterile kidding
technology, and the resulting kids were fed with the colos-
trum pasteurized at 60 °C for 30 min and with milk derived
from mother goats.

Testing of the young animals obtained using this tech-
nology in 2021 demonstrated that 12 out of 20 animals
were the CAE virus carriers. When interviewing the owners,
it was found that after the end of the period of feeding
with milk, the animals were placed in the common herd at
the age of 3 months, which resulted in their infection with
the CAE virus from the diseased mother goats.

Given this fact, the backyard owners housed all kids de-
rived from seropositive goats in 2022 in a separate room,
completely excluding any contact with infected animals
and items of their care. As a result, during the ELISA testing
of the newly formed herd (6-7 months of age), all animals
(23 goats) demonstrated no CAEV antibodies in their sera.
The owners decided to cull all seropositive animals, dis-
infect the premises and form a new herd of seronegative
young animals.

The repeated double tests in 2023 confirmed the ab-
sence of CAE virus circulation in the entire goat herd on
this backyard. In 2024, the owners ELISA tested all animals
again at a six-month interval and the results were negative.

The data obtained during the experiment, as well as
the results of the monitoring tests given in the examples,
confirm the effectiveness of sterile kidding as the main
method of preventing the CAE spread on the goat farms.
Strict compliance with all procedures makes it possible to
obtain a healthy offspring with high breeding and eco-
nomic value from virus-carrying animals.

Table 2
Changes in the number of seropositive animals in the goat population
on backyard No. 1

Number of tested
animals

CAEV antibody test results, animals

seropositive seronegative

2022 18 1 7

2023 14 1 13

2024 13 - 13
Table 3

Changes in the number of seropositive animals in the goat population

CAEV antibody test results, animals

on backyard No. 2

Number of tested
animals seropositive seronegative

2020 24 2 -
2021 20 1 8
2022 23 - 2
203 23 - B
204 3 - B
CONCLUSION

Currently, the scientific literature provides contradicto-
ry data on the possibility of intrauterine infection of goats
with the caprine arthritis-encephalitis virus. A number
of foreign authors cite the research results indicating CAE
agent isolation from newborn kids derived from seropos-
itive animals. At the same time, there is no data in the do-
mestic literature, as well as in the WOAH Terrestrial Animal
Health Code on possible intrauterine route of CAE infection.

The results of our tests of biological materials collected
from newborn kids derived from CAE seropositive goats
indicate that the syndesmochorial type of placenta cha-
racteristic of small ruminants is a natural barrier to small ru-
minant lentiviruses, which excludes intrauterine transmis-
sion of the caprine arthritis-encephalitis causative agent.
Given this fact, as well as the fact that currently there are
no means of specific prevention and therapy of caprine
arthritis-encephalitis, the only way to prevent the disease
are technological methods, in particular sterile kidding,
which excludes the virus transmission from the mother to
the newborn kid.

This fact has been confirmed by long-term monitor-
ing of the number of goats kept on two farms located in
the Southern Federal District and in the Novosibirsk Oblast
for the presence of CAE seropositive animals in the herd.
In both cases, the owners’ transition to the use of sterile
kidding, which excludes any contact of the newborn kids
with the seropositive mothers, within two years allowed
for complete removal of the infected animals from the
herd and replacement of all population with seronegative
animals thus avoiding economic losses and purchase of
healthy animals from other farms.

The presented data confirm that the use of sterile kid-
ding followed by feeding the offspring with colostrum pas-
teurized at 60 °C for 30 minutes and milk is currently the
only way to prevent the CAE spread inside the goat herd
kept on the same farm.
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Nevertheless, given the small sample of animals used in
the experiment, as well as the fact that published opinions
on the possibility of intrauterine infection differ diametri-
cally, further research is needed, which should cover more
animals.
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African swine fever clinical scoring system
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ABSTRACT

African swine fever (ASF) is a hemorrhagic viral disease that brings serious implications for animal health and economy due to high mortality rate, quarantine mea-
sures and restrictions on international trade in pig products. Only domestic and wild species of the Suidae family of all breeds and ages are susceptible to infection
with ASF virus. To date, no safe and effective ASF vaccines have been developed, but in recent years some progress has been made in development of ASF modified
live virus first-generation vaccine candidates, which have been used only in some countries of Southeast Asia. The expansion of their use is hindered, among other
things, due to the lack of international and state recommendations (requirements) for the evaluation of purity, activity, safety and effectiveness of ASF vaccine
candidates. Clinical signs of the disease are one of the main indicators of safety and effectiveness of ASF modified live virus vaccine candidates. The purpose of this
work was to develop a clinical symptom-based scoring system to be used for characterizing of newly recovered ASFV isolates causing various forms of the disease,
as well as for the determination of safety and effectiveness of ASF modified live virus vaccine candidates. It is proposed to take into account 7 major clinical mani-
festations: an increase in body temperature, reduced liveliness, loss of appetite, skin lesions, joint swelling, laboured breathing, neurological disorders, each scored
from 0 to 3 or 4. The study of twelve ASFV strains of various virulence revealed that acute and subacute ASF produce the maximum clinical scores ranged from 13
to 22, chronic form gives 6—18 points, subclinical form is scored 0-8.
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bannbHaA cucrema oLeHKM KNMHUYECKIX NPU3HAKOB
Npu adpPUKAHCKOI Uyme CBUHEN
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noc. Bonbruxckuii, 601125, MeTywmHckuii p-H, Bnagummpckas o6n., Poccusa

PE3IOME

Adpukanckas uyma cauHeit (A4C) — 31 remopparuueckas BUpycHas 60ne3Hb, KOToPas BbI3bIBAET Cepbe3HbIe CAHUTAPHBIE U IKOHOMUYECKHE NOCNeACTBIA 3-33
BbICOKOTO YPOBHA CMEPTHOCTU XKMBOTHbIX, KAPAHTUHHbBIX MEPONPUATMIA 11 OTPaHUYEHNIN MeX AYHapPOAHON TOProBnM NPoAyKLmei cBuHoBoacTBa. Bupyc AYC no-
PaXaeT NCKNIYUTENbHO JOMALUHIX U AMKIX CBUHEIT CeMeiiCTBa Suidae Bcex NOPOZ v BO3pacTHbIX rpynn. [lo HacToALero BpemeHu 6e3onackble n 3pdeKTuBHble
peacTBa cneunduyeckoit 3awmTsl npotus AYC He pa3paboTaHbl, HO B NOCNEAHIE TOAbI ZOCTUTHYT ONPeAeNeHHbI NPorpecc B ncceoBaHNAX no pa3paboTke
BaKLVH NepBoro NoKoNeHnA Ha 0CHOBE MOAN(MLIMPOBAHHOTO XIBOTO BUPYCa, KOTOPble OrpaHUYEHHO UCMONb30BaNK B HeKOTOpbIX cTpaHax t0ro-BoctouHoit
A3un. Pacwmpenme X npumeHeHA CAePXKMBAETCA B TOM YMCNe U3-3a OTCYTCTBUA MeXAyHaPOAHbIX M FOCYAAPCTBEHHbIX peKOMeHAaLii (TpeboBaHMil) N0 OLieHKe
YNCTOTbI, aKTUBHOCTM, 6e30MacHOCTI 1 3PPEKTUBHOCTH KaHAMAATHBIX BaKLMH Npotus AYC. KnuHnueckue npuHaku 6one3Hn ABNAIOTCA OBHUM U3 OCHOBHbIX
noka3areneii 6e3omacHoCTV 1 SPYEKTUBHOCTU KaHAMAATHBIX BaKLMH npoTuB AYC Ha 0cHOBE MOANGULIMPOBAHHOTO XM1BOr0 BUpYCa. Llenbio AaHHoro nccnego-
BaHMA ABNANACb Pa3paboTka cuctembl 6annbHoil OLeHKI KNMHIYECKUX NPU3HAKOB, MPUTOAHOI ANA UCNONb30BAHMA NPU XapaKTePUCTUKE BHOBD BblJENEHHbIX
130n4708 BUpyca AYC, Bbi3bIBatoLLyX paznuyHble Gopmbl TeueHna 6one3Hu, a Take Npu onpeseneHn 6e30nacHocTv n 3GGeKTUBHOCTI KaHANAATHBIX BaKLUH,
113r0TOBAEHHDIX Ha OCHOBE MOANOULIPOBAHHOTO 1BOr0 BIpYCa. [pesnoxeHo yunThbiBaTh 7 peobnafatoLuyux KNMHNYECKUX NPU3HAKOB: NOBbILLEHKE Temnepa-
Typbl TeNa, CHIKeHe akTUBHOCTH, CHUMKEHUe anneTwTa, NopaXkeHe KOXHbIX TOKPOBOB, NOPaXeHie CyCTaBOB, HapyLUeH!e AblXaHus, NOpaXeHue LeHTPanbHol
HepBHOIA CUCTeMbI, — KaXAblil 13 KOTOPbIX oLeHnBaeTca ot 0 4o 3 uan 4 6annos. B pesynbrate nccnenoBaxna ABeHaaLath Wwrammos supyca AYC pasnnyHoit
BUPYNEHTHOCTY YCTaHOBAEHO, YTo Npy 0CTPOIA U NoAoCTPoil popmax AYC MaKcumanbHble CyMMbl 6annoB KNMHUYECKUX MPU3HaKoB cocTaBaanu ot 13 o 22,
Mpy XpoHuyeckoii hopme — ot 6 fo 18, npu cybknMHMYecKoil — ot 0 fo 8.
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INTRODUCTION

African swine fever (ASF) is an infectious disease of do-
mestic and wild pigs of all breeds and ages caused by a vi-
rus of Asfivirus genus, Asfarviridae family. Since its introduc-
tion in 2007 to Georgia ASF outbreaks have been reported
in more than 50 countries of Europe, Asia, Africa and the
Caribbean Basin region [1, 2, 3].

As regards the degree of virulence, ASFV strains can
be divided into high, moderate, low virulence or non-
virulence. Depending on the strain /isolate virulence the
clinical course of ASF can be hyperacute, acute (highly
virulent isolates/strains), subacute (highly and mode-
rately virulent strains), chronic (moderate and low viru-
lent strains), subclinical and asymptomatic (non-virulent
strains) [4]. Superacute ASF kills pigs on days 3-5 post
infection, either without clinical manifestations, or with
short-term hyperthermia (> 41.0 °C), without loss of ac-
tivity and appetite. Acute ASF is manifested by an early
increase in body temperature (> 41.0 °C), loss of appe-
tite, dullness (animals are recumbent most of time), rap-
id breathing, cyanosis of ear, underbelly, hind limbs and
perineum skin, laboured breathing, leg paresis and paral-
ysis, sometimes constipation or bloody diarrhea may be
present. Death occurs on days 6-14 post infection. Hyper-
acute and acute forms of ASF result in 100% mortality rate.
Pigs infected with subacute forms of ASF demonstrate
clinical signs similar to the acute form, but they are less
pronounced. Recurrent hyperthermia, depression, loss of
appetite are reported, joint swelling and severe respiratory
disorders occur at later stages of the disease. Most animals
(about 70%) die within 15-30 days post infection [3, 5, 6].
Chronic form lasts for more than 30 days with periodic re-
lapses. Animals demonstrate intermittent hyperthermia,
exhaustion, stunting, arthritis of varying severity, respira-
tory disorders, and necrotic skin ulcers. The mortality rate
is about 30% [7, 8]. Subclinical and asymptomatic forms
of ASF are observed in wild indigenous pigs (warthogs,
giant forest hogs, bushpig) in African endemic coun-
tries, in wild boars in Sardinia, as well as in domestic pigs
and wild boars experimentally infected with some ASFV
attenuated strains [9, 10, 11].

In recent years, some progress has been made in
the research and development of ASF modified live vi-
rus (MLV) first-generation vaccine candidates, which are
used in some Southeast Asian countries (Vietnam, Phil-
ippines) [12]. A serious obstacle to the possible use of al-

ready developed and future ASF MLV vaccine candidates
is the lack of internationally and nationally agreed para-
meters (requirements) for the evaluation of their purity,
activity, safety and efficacy. In the world’s leading labo-
ratories, various methods are used to evaluate the safe-
ty and efficacy of the vaccine candidates, which hinders
the scientific community from side-by-side comparison
and assessment of the results obtained, and government
agencies and institutions authorized to issue permits for
their use do not have such grounds.

Currently, the Biological Standards Commission of
the World Organization for Animal Health is approving
the updated Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals, which includes harmonized standards
and recommendations for ASF MLV vaccine candidates.
Similar work is being done in the Russian Federation.

The main parameters of the safety and efficacy of ASF
MLV vaccine candidates are: clinical signs, viremia, sur-
vival rate after immunization and virulent ‘/homologous’
challenge [13]. To assess the clinical signs in pigs infec-
ted with ASF virus of various pathogenicity, a number
of authors proposed using clinical scoring systems that
cover thirteen signs (Table 1). The least number of clini-
cal signs (4) was covered by the scoring system proposed
by E. B. Howey et al. [14]; the most extensive scoring sys-
tem (11) was created by A. S. Olesen et al. [15], which to-
taled 12 and 42 points, respectively.

The purpose of this work was to develop a clinical symp-
tom-based scoring system to be used for characterizing of
newly recovered ASFV isolates causing various forms of
the disease, as well as for the determination of safety and
efficacy of ASF MLV vaccine candidates.

MATERIALS AND METHODS

The results of our own experiments conducted with ASF
virus strains of various virulence were used in the study:

- highly virulent strains: Stavropol 01/08, Vladimir-Vyaz-
niki/2017, Bryansk-21 (VI serotype, Il genotype), Lis-
bon-57 (I, 1), Mozambique-78 (lll, V), France-32 (IV, I);

- moderately virulent: Novgorod-2019 (VIII, Il), PSA-1-NH
(IVimmunotype, I);

- non-virulent (attenuated): Katanga-350 (I, I),
MK-200 (lll, V), FC-32/135 (IV, ), Stavropol 71/2017 (VIII, Il)
[22, 23, 24, 25, 26, 27, 28, 29].

Twenty-five to thirty kilograms large white pigs
were received from the Unit of experimental animal
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preparation of the Federal Research Center for Virology
and Microbiology. Experiments on pigs were performed
in accordance with the “Guidelines for keeping and use
of laboratory animals” [30]. The observed ASF clinical
signs were recorded daily. Body temperature was mea-
sured rectally using mercury thermometers, other signs
were determined visually.

A detailed description of porcine leukocyte (PL) cell
culture preparation and determination of ASFV infectivity
were performed as described earlier [22, 31]. The results
were evaluated by hemadsorption or cytopathogenic
effect during 7 days. Virus titers were calculated using
Karber method, modified by I. P. Ashmarin, and expressed
as 50% hemadsorbing units (HAE_/cm®) or tissue culture
infectious doses (TCID, /cm?) [32].

RESULTS AND DISCUSSION

Based on our tests using 144 animals and the published
criteria for evaluation of ASF clinical signs, seven major
clinical signs that were observed in infected pigs were se-
lected: increased temperature, dullness, loss of appetite,
skin lesions, joint involvement, respiratory disorders, neu-
rological disorders. Each symptom, depending on the se-
verity, was scored 3 or 4 points (Table 2). Such ASF clinical
signs as eye discharges (conjunctivitis), diarrhea, bloody

Table 1
Published ASF dlinical sign scoring systems

Corresponding clinical scores

feces, bloody urine, vomiting, were not demonstrated by
most infected animals, and they were not included in the
scoring system. The system is based on the following prin-
ciples: a) inclusion of the most characteristic clinical signs;
b) increasing score representing a greater severity of clin-
ical manifestation; c) the characteristic of a specific score
does not exclude the simultaneous presence of those ra-
ted with lower scores.

Hyperthermia, loss of activity and appetite were
observed in all pigs with acute, subacute and chronic
forms of ASF, and redness and cyanotic skin were noted
in 80-95% of the animals. These signs were scored from 0
to 4 points (Table 2). Less often (60-70%) the above men-
tioned forms of ASF induced incoordination and breath-
ing problems. Joint involvement was observed in 35-50%
of pigs with subacute and chronic disease. These three
signs were scored from 0 to 3 points. Constipation, diar-
rhea, and bloody feces were reported only in some animals
with acute and sub-acute ASF.

The developed ASF clinical scoring system was evalu-
ated by the experiments on pigs infected with 12 strains
of various virulence (Table 3) [22, 23, 24, 25, 26, 27, 28, 29].

It should be noted that the minimum and maximum
total scores given in Table 3 are not the sum of the mini-
mum and maximum points for each of the seven clinical

Clinical signs
Temperature 0-4 0-5 —* 0-5 1-3 - 0-5 -
Appetite/anorexia - 0-6 0-3 1-6 1-3 1-3 1-6 0-3
Behaviour/liveliness 0-4 0-6 0-3 1-6 1-3 0-3 1-6 0-3
Skin lesions, cyanosis - 0-3 0-3 0-3 1-3 1-3 1-3 0-3
Joint swelling - 0-4 0-3 1-4 - - 1-4 0-3
Respiration - 0-3 0-3 1-3 1-3 1-3 1-3 0-3
Ocular discharges - 0-2 0-3 1-2 - 1-3 1 0-3
Defecation 0-2 0-3 1-3 1-3 1-3 1-4 0-3
0-4

Urination - - 4 — _ 4 _
Vomiting - - - 1-3 - 1-3 4 -
Neurology 0-2 - - 0-6 - 1-3 - 0-3
Posture - 0-6 - - - 1-3 -

0-3
Body condition - - - - 1-3 1-3 -
Maximum score 12 42 21 4 18 30 40 27

*(—) — the parameter was not taken into account;
clinical signs in the colored cells are considered to be one parameter.
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Table 2

African swine fever clinical sign scoring

Clinical signs

't'e‘;:‘;a:r:t'ﬂrg"dcy 38'0;:'0-0" 40.1-405 40.6-41.0 N1-015 #16-42.0
. ) recumbent, if touched after a few touches o
Decreased activity no slight dullness rises quickly rises with difficulty recumbent, can't rise
Loss of appetite about 10% of the feed about 50% of the feed F:er?j:? lﬁ:zg;i loss of interest in food
(feed consumption rate, %) no remains in the feeder remains in the feeder n(;t cat (complete refusal)
limited cyanosis extensive cyanosis
Skin lesions erythema, redness cyanosis of the ear in various parts of of the skin,
no the ear tip skin tips and tail the body with sporadic multiple necrotic skin
necrotic lesions lesions
foint swelling and joint swelling and
Joint involvement no joint swelling Jor 9 evident painful -
slight lameness
lameness
Respiratory disorders no Shortness of breath laboured b reathing, palnfgl breathmg, -
nasal discharge wheezing, coughing
paresis of one or more convulsions, paralysis, _
Neurology no unsteady walk limbs muscle tremor

signs considered; they correspond to individual scores of
the test animals in each of these groups.

Highly virulent strains (Stavropol 01/08, Vladimir-Vyaz-
niki/2017, Lisbon-57, Mozambique-78, France-32,
Bryansk-21) caused acute and less often subacute di-
sease regardless of the infection routes and doses used.
Acute ASF produced hyperthermia (41.0-42.0) °C, partial
or complete loss of activity and appetite, redness or cy-
anosis of the ear, abdominal wall, tail and perineum, se-
vere painful breathing with nasal discharge, leg paresis
and paralysis, convulsions were recorded. Bloody diar-
rhea was observed in only a few animals. Before death,
on days 6-14 post infection, the body temperature in
pigs decreased to 38.0 °C. The subacute ASF produced
the following clinical signs: hyperthermia, loss of activity
and appetite, minor redness or cyanosis (tips of the ears,
tail). Acute and subacute ASF, regardless of the infection
routes or doses, gave the clinical scores in different indi-
viduals ranging from 13 to 22.

Chronic ASF was observed in pigs infected intramus-
cularly with Novgorod-2019 or PSA-1-NH strains. The dis-
ease was characterized by intermittent hyperthermia
(40.5-41.5) °C, loss of activity and appetite. In 10-14 days,
the animals demonstrated cachexia, stunting, different
respiratory disorders and joint problems (arthritis). Some
animals demonstrated spotted skin redness, which subse-
quently could become cyanotic and sporadically necrotic
(PSA-1-NH strain). The duration of the disease could be dif-
ferent and lasted for more than 30 days. “Clinical recovery”
was recorded in some animals with subsequent recurrence,
manifested by an in increase in body temperature. The ASF
clinical scores in such animals ranged from 6 to 18.

Less pronounced signs of chronic ASF were recorded
in 40-60% of pigs after intranasal inoculation of PSA-1-NH
strain, as well as in 7% of pigs inoculated with attenuated
Katanga-350 strain. Recurrent hyperthermia was observed
(from 40.1 to 40.7 °C), a slight decrease in activity (got up
quickly when touched) and appetite (50-90% of feed con-
sumed) during 1-4 days, in some cases shortness of breath
and slight joint swelling were observed. The maximum ASF
clinical scores in these animals reached 6-10.

Most pigs infected intramuscularly with attenuated
Katanga-350 strain, attenuated but not protective Stav-
ropol 71/2017 strain, as well as intranasally with a low
dose (10° TCID, ) of naturally attenuated PSA-1-NH
strain demonstrated subclinical ASF: body tempera-
ture in 40-60% of animals not exceeded 40.5 °C during
1-4 days, 90-100% of the feed was consumed. No other
changes were recorded. The total clinical score ranged
from 0 to 5.

The asymptomatic ASF was recorded in 100% of pigs in-
oculated intramuscularly with strain FK-32/135, in 75-90%
of pigs inoculated with strain MK-200, in 40-60% with
strain Katanga-350. ASF clinical signs in such animals were
not recorded, the total scores were 0.

It should be noted that the ASF clinical scoring system
is not applicable for isolates causing peracute disease,
since the death of pigs occurs 3-5 days after infection
without most clinical signs manifested due to intramus-
cular administration of virulent virus isolates in large doses.

CONCLUSION

Over the past 5-7 years, circulation of ASF genotype Il
virus isolates of various virulence, from highly virulent
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Table 3
Clinical sign scores of pigs infected with various ASFV strains

Clinical signs and their scores

Name
of the strain

<
=
2
~
A
]
=)
=
=
=
=
vy

Infection route
Increased temperature
Decreased activity
Loss of appetite
Skin lesions
Joint involvement
Respiratory disorders
Neurology

i/m 103 0/15 4 4 4 3-4 0 2-3 2-3 19-22
Stavropol 01/08 nas. 1023 0/4 4 3-4 4 3-4 0 2-3 1-3 17-22
oral 107 0/3 3-4 3 3-4 2-3 0 2 2 15-18
i/m 1023 0/6 3-4 3-4 3 2-3 0 1-2 1-3 13-19
nas. 103 0/6 3-4 3-4 3-4 2-3 0 1-2 1-3 13-20
Vladimir-Vyazniki/2017
oral 107 0/6 3 3-4 3-4 1-2 0 1-3 1-2 12-18
cont. - 0/4 3-4 3 3-4 1-3 0 1-2 1-2 14-17
Lishon-57 i/m 10° 0/5 4 4 3-4 3-4 0 2-3 2-3 18-22
Mozambique-78 i/m 10 0/5 4 4 4 2-4 0 2-3 2-3 18-22
France-32 i/m 10° 0/5 3-4 3-4 3-4 2-3 0 1-2 1-3 13-17
Bryansk-21 i/m 10 0/4 3-4 3 3 2-3 0 1-2 1-2 13-15
3 3 3-4 1-3 0 1-2 1-3 13-18
Novgorod-2019 i/m 10° 1/5
2-3 2 1-2 0 1-2 1-2 0 -1
i/m 10° 4/5 1-4 1-4 1-4 0 0 1-3 0 1-15
i/m 10° 7115 2-4 3-4 2-4 1-4 1-3 1-3 1-2 12-18
PSA-1-NH
nas. 10° 5/5 1-3 1-2 1-2 0 0 1-2 0 1-8
nas. 10° 4/5 3-4 2-3 2-3 1 1-2 2-3 1-2 8-15
Katanga-350 i/m 10° 15/15 0-2 0-2 0-2 0 1 1 0 0-8
MK-200 i/m 10° 16/16 0-3 0-2 0-2 0 0 1 0 0-8
FK-32/135 i/m 1067 16/16 0 0 0 0 0 0 0 0
Stavropol 71/2017 i/m 10° 9/9 1 0-1 0-1 0 0 0 0 1-3

i/m — intramuscular, nas. — nasal, cont. — contact;
*TC|05O for PSA-1-NH strain, HAU,, for other strains.
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to naturally attenuated, have been evidenced in Europe
and Asia[2,3,6,9,11,33].

According to our observations, the dynamics of ASF
clinical signs varies depending on the virulence of the iso-
late/strain, to a lesser extent on the dose and method of
the virus inoculation [26, 27, 28]. The developed and tes-
ted ASF clinical scoring system is suitable both for the char-
acterization of newly recovered isolates and for the evalu-
ation of MLVs and MLV vaccine candidates. Based on our
experience, for candidate strains, the total clinical score
should not exceed 4-5 points. Ideally, when the score
is 0, as for example after vaccination of pigs with ASFV
FK-32/135 strain [26].

It should be noted that for the evaluation of MLV
vaccine safety, in addition to clinical signs, it is pro-
posed to study the levels and duration of viremia, vi-
rus shedding, post-mortem changes, persistence of the
vaccine and virulent (infecting) viruses in tissues, po-
tential transmission and reversion to virulence, safety in
the field and some others [13]. However, if, after the in-
oculation of a candidate vaccine strain to pigs, the total
clinical score exceeds 5, it is not reasonable to conduct
other studies.
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Canine adenovirus serotype 2 isolation
and determination of its cultivation parameters

Anastasia A. Klimova
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Adenovirus infection in dogs caused by canine adenovirus serotype 2 predominantly results in respiratory disease typically manifested by respiratory tract lesions.
Infectious laryngotracheitis is the most often recorded in dogs in the central part of the Russian Federation and its incidence tends to increase. Therefore, preventive
immunization against this disease remains important. Primarily, the virus strains currently important and circulating in the particular territory shall be used for
vaccine production to induce long-term and strong immunity in animals. The study was aimed at isolation of canine adenovirus type 2 remaining stable during
five or more passages from the biological samples collected from animals with adenovirus infection signs as well as at determination of its cultivation parameters.
As a result, five virus isolates were recovered, one of the recovered virus isolates had optimal properties for its use for vaccine production. Comparative analysis
of continuous Vero, MDCK (NBL-2 and NBL-9 line) cell cultures as well as primarily trypsinized cell cultures (baby dog kidney, baby dog spleen, baby cat kidney,
baby cat spleen) for their susceptibility to the recovered virus showed that MDCK (NBL-2 line) was the most susceptible. The virus cultivation parameters in this
cell culture was determined at the next step. The following optimal conditions under which the virus accumulated to the maximum titres were determined: cell
culture monolayer age for inoculation — 48 hours, multiplicity of infection — 0.01 TCIDSU/ceII, preliminary holding time — 60 min, temperature — (37.0 = 0.5) °C,
cultivation period — 120 hours.
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BbineneHue apeHoBuMpyca cobak 2-ro cepotuna
1 ONpefieNeHne NapameTpoB KyNbTUBUPOBAHMA

A. A. KnumoBa
OIBY «DeepanbHblil LLeHTp oXpaHbl 340pOBbA XMBOTHbIX» (OTBY «BHUN3XK»), Mkp. I0pbesel, . Bnagumup, 600901, Poccua

PE3IOME

AneHoBupycHan nHdekLmA cobak, BbI3BaHHaA afeHOBUPYCOM 2-0 CepoTUNa, ABNAETCA NPeUMYLLECTBEHHO PeCMPaTOPHbIM 3a60N1eBaHIeM, KOTOpoe Knaccuye-
CKIN NPOABAAETCA NOPAXKEHUEM OPraHOB AbiXaTebHOii cvicTeMbl. 3aboneBaemMocTb cobak MHGEKLIMOHHbIM NapUHToTPaxenToM Hanbosee Yacto perucTpupyetca
B LieHTpanbHoii uactu Poccuiickoii OepepaLun 1 nMeeT TeHAGHLMIO K POCTY. B CBA3M € 3TUM COXpaHAGTCA aKTYanbHOCTb NPOGUNAKTUYECKOI MMMYHU3aLMK
npoTMB AaHHOro 3a6oneBanus. B nepeyto ouepeab Ana GopmMupoBaHMA ANUTENBHOTO 1 HAMPAXEHHOTO UMMYHUTETA Y XKUBOTHBIX NPU U3TrOTOBNEHU BaKLMHbI
Heo6X0ANMO 1CMoNb30BaTb LUTAMMbl BUPYCa, PaCIpOCTPaHeHHbIe Ha KOHKPETHOI! TepPUTOPIK 1 aKTyanbHble Ha AaHHbI 0Tpe30k BpemeHu. Lienbio faHHoro
nccnefoBaHNA ABNANOCH BblAeneHune Bo30yauTena aeHoBupo3a cobak 2-ro Tuna u3 61MoN0rMUECKoro Matepuana ot XUBOTHbIX C NPU3HaKaMI1 aZieHOBUPYCHOI
UHOEKLMM, 0611aAaloLLIEr0 YCTOAYMBOCTbIO HA NPOTAXEHUM NATY 1 GoNee Naccaxeil, a Takie onpefeNneHue napaMeTpoB ero KyNbTuBMpoBaHuA. B pesynbrare sxc-
nepuMeHTa 6bn0 BbIZeNeHO NATb U30NIATOB BUPYCA, OAUH U3 KOTOPbIX 0651a/1aN ONTUMalbHbIMY CBOICTBAMY ANA UCMONb30BAHUA NPY NPOU3BOACTBE BaKLIMHHbIX
npenapatos. [Tp1 NpoBeAeHNI CPaBHUTENbHOTO aHaNk3a YyBCTBUTENbHOCTU K BblAeNeHHOMY BUPYCy nepeBuBaembix KynbTyp knetok Vero, MDCK aunnit NBL-2
1 NBL-9, a TaKkxe nepBHYHO TPUNCMHM3MPOBAHHDBIX KYNLTYP KNETOK (MOUKa LLeHKa, ceneseHka LeHKa, NoYKa KOTeHKa, Cene3eHKa KoTeHka) 6bino yCTaHOBMeHO,
yTo Hanbonee uyBCTBUTENbHOI ABNAETCA KNeTouHas Kynbrypa MDCK nunun NBL-2. Cnepyiowmm 3Tanom 6bino onpefenenie napameTpoB KyNbTUBUPOBaHUA
BIpYCa B JaHHOIT KyNbType KNeTok. B pesynbrate ycTaHoBNEHbI ONTUMANbHbIE YCI0BUA, IPU KOTOPbIX NPOMCXOAUT HAKONAEHME BIPYCA B MaKCUMATbHbIX TUTPaX:
BO3PACT MOHOCIIOA KYJIbTYPbI KNETOK A1A 3aparkeHs — 48 4, MHOXeCTBEHHOCTb 3apaxkeus — 0,01 TLJ, /kn, Bpemsa npeBapuTenbHOTO KOHTAKTa — 60 MIH,
Temnepatypa — (37,0 £ 0,5) °C, cpok KynbTumMpoBaHua — 120 u.
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INTRODUCTION

Adenovirus infection in dogs (infectious laryngotrache-
itis) caused by adenovirus serotype 2 (CAV-2) predomi-
nantly results in respiratory disease typically manifested
by respiratory tract lesions [1, 2, 3]. The infection agent
is widespread in the central part of the Russian Federation
due to the dense population of dogs and regular events
characterized by crowded animal keeping. Despite regu-
lar preventive vaccination of animals, infectious laryngo-
tracheitis incidence tends to increase.

The canine adenovirus serotype 2 belongs to Varidna-
viria realm, Bamfordvirae kingdom, Preplasmiviricota phy-
lum, Tectiliviricetes class, Rowavirales order, Adenoviridae
family, Mastadenovirus genus, Mastadenovirus canidae
species. It was included in the register of the Internatio-
nal Committee on Taxonomy of Viruses (ICTV) in 1976 [4].
The virus was first isolated in Canada in 1961 [5].

Currently, two serotypes of the causative agent of ade-
novirus infection in dogs are known: the 1 serotype
of the virus (Canine adenovirus 1, CAV-1) is character-
ized by its systemic effect on the animal’s body, affects
most of the main organs and causes infectious hepati-
tis; the 2" serotype of the virus (Canine adenovirus 2,
CAV-2), like many representatives of the Mastadenovirus
genus, is characterized by local effect and causes mainly
respiratory tract lesions, less often gastrointestinal tract
lesions [2, 6, 7, 8, 9].

Canine adenovirus serotype 1 (CAV-1) is more virulent
than CAV-2. Canine adenovirus serotype 2 (CAV-2) isa non-
enveloped DNA virus, weakened variant of CAV-1, sharing
approximately 75% nucleotide sequence identity [10].
Coinfection with other viruses increases the pathogenicity
of adenoviruses [11].

Canine adenovirus serotype 2 has been reported in
dogs, raccoons, horses, cattle, cats and wolves. It shows
subclinical circulation in the population of wild carni-
vores [11,12,13, 14].

It should be noted that canine infectious respirato-
ry disease complex called infectious laryngotracheitis
in dogs, or kennel cough, is caused by several different mi-
croorganisms, that, besides adenovirus serotype 2, include
the following pathogens: canine distemper virus, canine
herpesvirus, canine parainfluenza virus, canine influenza
virus, canine respiratory coronavirus, canine pneumovi-
rus, as well as the following bacteria: Mycoplasma cynos,
Bordetella bronchiseptica and Streptococcus equi subspe-

cies [3, 15, 16, 17, 18]. Bocavirus and canine hepacivirus
rarely cause respiratory disease symptoms and are not
considered during differentiation [19].

Various data on CAV-2 cultivation are available. Adeno-
viruses are known to demonstrate the best growth in
the cells of their natural animal hosts [6]. Dog kidney cell
cultures are the most susceptible to the virus but other
types of canine cell cultures are not susceptible to the vi-
rus. Primary or continuous other mammalian cell cultures,
such as humans, sheep, and monkeys, are also not sus-
ceptible to the virus. In world practice, Madin — Darby
canine kidney (MDCK) cell culture is considered optimal
for CAV-2 cultivation [11, 20, 21, 22]. According to other
studies, CAV-2 can be also cultivated in Vero cell culture
(continuous African green monkey kidney cell culture) [7].

The study was aimed at isolation of canine adenovirus
serotype 2 remaining stable during five or more passages,
as well as at determination of its cultivation parameters.

Cell cultures for CAV-2 virus reproduction were selected
by serial passaging from available cell lines mainly used
for cultivation of canine viruses and recommended for
the cultivation of adenoviruses.

Primary cell line derived from naturally susceptible ani-
mals that are more susceptible to the infection is common-
ly used for virus isolation. Therefore, primary trypsinized
baby dog kidney cell culture was selected for the first
passage. Also, this cell culture was of priority for the virus
isolation from pathological materials owing to high em-
bryonic cell potential for growth.

MATERIALS AND METHODS

Biological samples (nasal and oral swabs) were collected
from dogs suspected to have adenovirus infection, that
were brought to veterinary clinics and shelters in the Vladi-
mir, Vologda and Nizhny Novgorod Oblasts in 2019-2022.

Diagnosis."ADENOVIR” commercial test system Central
Research Institute for Epidemiology of the Rospotreb-
nadzor, Russia) was used to confirm CAV-2 presence in
samples and to carry out differential diagnosis using poly-
merase chain reaction (PCR).

During CAV-2 virus passaging Asan Easy Test CAV2
immunochromatographic test system (Asan Pharmaceu-
tical Co., Ltd., Korea) was used for the virus antigen detec-
tion according to the manufacturer’s instructions.

Cell cultures. The following cell cultures were selected for
testing: continuous MDCK cell cultures (NBL-2 and NBL-9
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lines) and Vero cell culture; primary trypsinized baby dog
kidney, baby dog spleen, baby cat kidney and baby cat
spleen cell cultures. The initial cell concentration in the cell
suspension for MDCK NBL-2 and NBL-9 lines was 400 ths
cells/cm?, for Vero cell culture — 200-250 ths cells/cm3, for
primary trypsinized cell cultures — 300-400 ths cells/cm?.
Completely formed monolayer without cell degeneration
signs was a criterion for cell culture selection for inocula-
tion. These cultures were subjected to stationary cultiva-
tion at a temperature of (37.0 £ 0.5) °C.

Plastic cell culture flasks (T25) with surface area 25 cm?
were used for passaging.

Nutrient media. The following nutrient media indicated
in the cell culture data sheets were used: semi-synthetic
nutrient medium supplemented by 5% bovine serum, anti-
biotics (streptomycin 100 pg/cm? and penicillin 100 U/cm?)
was used as growth medium for and serum-free semi-syn-
thetic nutrient medium was used as maintenance medium
for MDCK cell culture; synthetic nutrient medium supple-
mented by glutamine (0.584 g/L), 10% bovine serum, anti-
biotics (streptomycin 100 pg/cm?and penicillin 100 U/cm?q)
was used as growth medium for and serum-free synthetic
medium supplemented by antibiotics was used as main-
tenance medium for continuous Vero cell culture and pri-
mary trypsinized cell cultures.

Preparation of the material for inoculation into cell cul-
ture. The virus-containing suspension was filtered using
a Millipore membrane filter (MCE) 20 microns (Merck Mil-
lipore, USA), centrifuged at 3,000 rpm for 15 minutes. Then,
the supernatant was collected and antibiotics (strepto-
mycin 100 pg/cm?and penicillin 100 U/cm?) were added to
the supernatant and the supplemented supernatant was
left at a temperature of 2-8 °C for 1 hour and then used
for inoculation in cell cultures.

The virus isolation was carried out in primary trypsinized
baby dog kidney cell culture.

Inoculation of cell cultures. Three T25 culture flasks
were used for each passage of the canine adenovirus se-
rotype 2. Before virus inoculation onto the cell monolayer,
the growth nutrient medium was decanted, the monolayer
was washed three times with Hanks solution and then the
virus-containing suspension was inoculated; the multipli-
city of infection was 0.01 TCID, /cell. Cell culture flasks were
placed in a thermostat at temperature of (37.0 + 0.5) °C
for 1 hour. Maintenance nutrient medium was added af-
ter 1 hour, cell culture flasks were placed in a thermostat
at a temperature of (37.0 £ 0.5) °C and examined under
an inverted microscope every 12 hours for characteristic
morphological changes in cells: flasks showed more than
80% monolayer destruction were frozen at a temperature
of minus (45 + 5) °C until the next passage.

The following factors was also examined for their effect
on the virus infectivity titre:

— cultivation time;

- cultivation temperature;

- age of cell culture monolayer;
- multiplicity of infection;

- preliminary holding time.

The virus was titrated according to the common pro-
cedure [23, 24] in triplicate for each sample. For this
purpose, Costar® (Corning, USA) 96-well flat-bottomed
microplates were used. After adding the reaction com-
ponents, the plates were cultivated at a temperature
of (37.0 + 0.5) °C and 5% CO, concentration for 5 days
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(120 hours) and examined daily under an inverted micro-
scope. The virus titre was assessed based on the number
of wells with cytopathic effect. The titre was calculated
using the Kérber method and expressed in Ig TCID, /cm®.
Analysis of the results. The obtained examination results
were processed using Microsoft Office Excel programme.

RESULTS AND DISCUSSION

Pathological material selected for virus isolation was
previously tested with PCR for CAV-2 viral genome detec-
tion; PCR-positive samples were used for further work. Pri-
mary trypsinized baby dog kidney cell culture was used for
canine adenovirus serotype 2 isolation. Data on infectivity
titres of the virus isolated at the first passage are presented
inTable 1.

It was shown that all isolates found positive for CAV-2
genome by PCR, were infectious to different degree and
were considered suitable for further work.

Five serial passages were carried out in primary tryp-
sinized baby dog kidney cell culture to assess the virus
reproducibility and stability. Test results are presented in
Table 2.

Based on the test results, isolate No. 5 virus-contain-
ing material (later called “Yunity”) was selected for fur-
ther cultivation, since it remained stable for five passages,
the characteristic virus cytopathic effect (CPD) was ob-
served at each passage level; the virus infectivity titre was
inthe range of (3.33 £0.29) up to (4.33 £ 0.29) Ig TCID, /cm®.
Virus-containing materials of isolates No. 1, 2, 3, 4 were
not used for further testing since their titres were below
3.0 Ig TCID, /cm?. At the next stages, third passage virus-
containing material of isolate No. 5 with maximum titre
for this isolate was used for testing the virus for its cultural
properties.

At the first passage, CAV-2 caused CPE manifested
24 hours after the virus-containing suspension inocula-
tion in the cell culture; 80% monolayer destruction was
observed after 72 hours. At the second passage and sub-
sequent passages, morphological changes in cells were
detected after 24-48 hours, 80% monolayer destruction
was registered after 72-120 hours.

Five serial passages were performed to test various
cell cultures for their susceptibility to CAV-2. In suscep-
tible cell cultures, the virus-induced CPE manifestations
were similar and observed at the first passage. CAV-2 in-
fectivity titre was determined by microtitration in MDCK
cell culture. In case of cytopathic effect absence, the virus
antigen in the culture fluid was detected using immu-
nochromatographic test system. When the culture fluid

Table 1
CAV-2 infectivity in primary trypsinized baby dog kidney cell culture
when the virus was isolated at the first passage

Isolate No. Infectivity titre, Ig TCID /cm?

1 1.83+£0.14
2 1.67+0.29
3 1.92+0.38
4 2.42+0.29
5 3.33+0.29
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Table 2

Serial CAV-2 cultivation in primary trypsinized baby dog kidney cell culture

Virus passage No.

Isolate No. 1

Isolate No. 2

Isolate No. 3

Isolate No. 4

Infectivity titre, Ig TCID, /cm?

Isolate No. 5

1 1.83+0.14 1.67+0.29 1.92+0.38 242+0.29 3334029

2 0.83£0.58 1.67+0.29 225+0.25 2.50+£0.43 417£0.14

3 - 1.17£0.14 2.50+0.25 217+0.14 433+0.29

4 - - 2.58+0.14 1.75+0.25 4.08+0.14

5 - - 233+0.29 - 3.92+0.14
“~"—not tested.

Table 3

Susceptibility of different continuous and primary trypsinized cell cultures to CAV-2 Yunity isolate

Infectivity titre, g TCID, /cm?

Cell culture

1 passage

2" passage

34 passage

Continuous cell cultures

4" passage

5™ passage

MDCK NBL-2 433+0.29 4.00+0.25 4.08 +0.14 4.17+0.14 4.25+0.25
MDCK NBL-9 4.00+0.25 3.92+0.38 3.83+0.29 4.00+0.00 3.83+0.14
Vero <1.0% <10 - - -
Primary trypsinized cell cultures
BDS 242+0.14 217+0.29 1.50+£0.25 1.17+£0.29 0.92+0.14
BCK <10 <10 - - -
BCS <10 <10 - - -

* microtitration results; “—” — not tested; BDS— baby dog spleen; BCK — baby cat kidney; BCS — baby cat spleen.

was found negative during two passages, no further tests
in the cell culture were performed. The virus infectivity
titres in the selected cell cultures are given in Table 2 (for
baby dog kidney cell culture) and Table 3 (for other cell
cultures).

No CAV-2 accumulation was found in continuous Vero
cell culture, primary trypsinized baby cat kidney and baby
cat spleen cell cultures, no visible morphological changes
were detected in these cells; no CAV-2 antigen was de-
tected with immunochromatographic assay in culture
fluid staring with the second passage. The virus titre was
not determined during microtitration. The virus infecti-
vity titre gradually decreased during the virus cultivation
in the primary trypsinized baby dog spleen cell culture.
Based on the obtained results the above cell cultures were
considered non-suitable for the virus cultivation.

The virus infectivity in primary trypsinized baby dog
kidney cell culture was (4.33 + 0.29) Ig TCID, /cm’ at the
third passage; the virus titre in continuous MDCK cell cul-
ture was (4.25 + 0.25) Ig TCID, /cm? at the fifth passage.

The following most susceptible cell cultures were iden-
tified based on the test results given in Tables 2 and 3:
continuous MDCK cell cultures (NBL-2 line [22], the so-
called parent line, and NBL-9 line), as well as the primary

trypsinized baby dog kidney cell culture. However, use of
a primary trypsinized culture for subsequent virus culti-
vation for specific vaccine and diagnosticum production
is inexpedient since it is seasonal due to the use of tissue
donors. Subcultivation of primary trypsinized cell cultures
is impossible due to their low producibility.

Uneven cell distribution on the flask surface was noted
during NBL-9 line MDCK monolayer formation that could
potentially affect the virus infectivity accumulation and
result in errors in CPE detection with microscopy (Fig. 1).
The infectivity titre was slightly higher when the virus-con-
taining material was cultivated in NBL-2 MDCK cell culture.
Thus, continuous MDCK cells (NBL-2 line) was selected for
further tests aimed at determination of optimal virus cul-
tivation conditions (Fig. 2).

Intact MDCK cell culture (NBL-2 line) is shown in Fi-
gure 3. Figures 4 and 5 show the virus-induced CPE mani-
festations after 96 and 120 hours (magnification 200x
and 400x): individual rounded refractive cells gradually
detaching from the glass are clearly visible. At the be-
ginning, cells showed focal morphological changes, then
the monolayer destroyed and the cell detached from the
culture flask surface. As the virus multiplied, the number
of cells undergoing degeneration increased and voids
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Fig. 1. Monolayer formation — age: 24 hours,
MDCK cell culture NBL-9 line (200x magnification)

Fig. 3. Intact continuous MDCK cell culture NBL-2 line
(200x magnification)

formed in the monolayer. The affected cells concentrated

along the edges of the remained monolayer areas, forming

large conglomerates resembling grape bunches.
Cultivation time required for CAV-2 accumulation at

maximum titres was to be determined for further testing.

Test results are presented in Table 4.
It was found that the virus accumulated to maximum

levels (4.08 + 0.29 Ig TCID, /cm®) on day 5 of cultivation.

Fig. 5. CAV-2 CPE manifestation 120 hours after infection
of continuous MDCK cell culture NBL-2 line
(400x magnification)

Fig. 2. Monolayer formation — age: 24 hours,
MDCK cell culture NBL-2 line (200x magnification)

Fig. 4. CAV-2 CPE manifestation 96 hours after infection
of continuous MDCK cell culture NBL-2 line
(200x magnification)

The virus reproduction ranged from (1.25 + 0.25) to

(3.08 £0.29) Ig TCID, /cm? when the virus was cultivated for
48,72 and 96 hours. The virus infectivity titre decreased to

(3.42+0.14) and (3.08 £ 0.14) Ig TCID, /cm? when the virus

was cultivated for 144 and 168 hours, respectively. The de-
crease in the virus infectivity was accounted for slowdown

in the metabolic processes in cells linked with the external

environment during long-term cultivation.

Table 4
CAV-2 accumulation depending on the time of cultivation
in continuous MDCK NBL-2 line cell culture

Cultivation time, hours

Infectivity titre, Ig TCID, /em?

48 125+0.25
7 2924038
% 3.08:£0.29
120 408+0.29
144 3.42+0.14
168 3.08+0.14
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Table 5

CAV-2 infectivity titre depending on temperature of cultivation in continuous MDCK NBL-2 line cell culture

Cultivation time

Infectivity titre, g TCID, /cm?

(35.0+0.5)°C

(37.0+0.5)°C

1 day (24 hours) 0

2 days (48 hours) 0.92+0.14 1.17+0.14
3 days (72 hours) 2.67+0.14 333+0.14
4 days (96 hours) 2.75+0.25 3.58+0.14
5 days (120 hours) 2.83+0.14 433+0.29
6 days (144 hours) 2.83+0.29 3.58+0.29
7 days (168 hours) 1.75+0.00 217+0.14

Also, temperature (39.0 + 0.5) °C was preliminary exa-
mined for its effect on MDCK cell culture viability. At this
temperature, morphological changes were observed in
the cell culture after 12 hours. After 24 hours, the mono-
layer detached from the surface. Therefore, this tempera-
ture was not used for the virus cultivation.

Results presented in Table 5, show that CAV-2
activity was lower and the maximum titre was
(2.83 +£0.29) Ig TCID, /cm? after 144 hours of cultivation
at a temperature of (35.0 £ 0.5) °C. When the virus was
cultivated at temperature (37.0 £ 0.5) °C in MDCK cell
culture (NBL-2 line), the virus activity was maximum
(4.33 £ 0.14 Ig TCID, /cm’) after 120 hours of cultivation.
Then, CAV-2 infectivity titre gradually decreased.

At the next stage, the optimal age of the cell monolayer
for virus inoculation was determined. For this purpose,
monolayers formed 24, 48, 72, 96 hours after the MDCK
cells were placed into culture flask and the cell culture that
was placed into culture flask immediately before inocula-
tion of the virus-containing material were used. The results
were recorded after 120 hours (5 days) of incubation in
a thermostat at a temperature of (37.0 £ 0.5) °C.

Based on the obtained data (Table 6), the optimal time
for the cell culture monolayer formation to be used for
the virus inoculation was 48 hours, the virus titre was
(4.08 + 0.38) Ig TCID, /cm?®. When CAV-2 was inoculated
into the cell suspension before monolayer formation,
the virus titre was (2.42 + 0.14) Ig TCID, /cm?, the mono-
layer formed more slowly than in the intact cell culture,
and the trend for formation of cell clusters was more evi-
dent. Cell metabolism and virus reproduction appeared
to decrease during cultivation for 72 and 96 hours. The
infectivity titre was (3.83 + 0.14) and (3.08 £ 0.29) Ig
TCID, /cm?, respectively.

The following infection doses were used to test the ef-
fect of the multiplicity of infection on CAV-2 accumula-
tion level in MDCK cell culture (NBL-2 line): 0.1;0.01; 0.001;
0.0001 TCID, /cell. Incubation was stopped when 80% of
the cell monolayer area destroyed and the cells detached
from the surface. The obtained results are shown in Table 7.

When the infection dose was 0.1 TCID, /cell, CPE was
observed as early as 48 hours after the virus suspension
inoculation into the cell culture. However, CAV-2 titre
was (3.08 + 0.38) Ig TCID, /cm?® and was lower than that

Table 6
Correlation of MDCK NBL-2 line cell culture monolayer age
with CAV-2 infectivity titre

Monolayer formation time, hours Infectivity titre, Ig TCID /cm?’

0 2.42+0.14
24 3.17+0.14
48 4.08+0.38
72 3.83+0.14
96 3.08+0.29

Table 7
CAV-2 infectivity titre depending on infectious dose
in MDCK NBL-2 line cell culture

MOI, TCID, /cell Cultivation time, hours

Infectivity titre, Ig TCID /cm?’

0.1 48 3.08+0.38
0.01 72 433+0.29
0.001 96 217£0.14
0.0001 96 1.75+0.25

MOI — multiplicity of infection.

one (4.33 £ 0.29 Ig TCID, /cm?) when the infection dose

of 0.01 TCID, /cell was used that was accounted for
the rapid monolayer destruction and, as a result, the lack
of the possibility for the virus to accumulate to its maxi-
mum concentration. At a multiplicity of infection of 0.001

and 0.0001 TCID, /cell, the virus infectivity titre was low

and was (2.17 £ 0.14) and (1.75 £ 0.25) Ig TCID, /cm?,
respectively; CPE was observed in cell culture after
96 hours.

Duration of preliminary holding (adsorption) of the vi-
rus with the MDCK cell culture monolayer is also a factor
of interest in view of its effect on the virus accumulation.

CAV-2 infectivity titre was found to be
(2.16 + 0.14) Ig TCID, /cm® when the cultivation was
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carried out without adsorption. Preliminary hold-
ing of the virus with the monolayer enhanced CAV-2
reproduction manifested by an increase in its infectivity
titre. Preliminary holding for 60 minutes was the optimal
time for maximum virus accumulation: the infectivity ti-
tre was (4.33 £ 0.29) Ig TCID, /cm®. When preliminary ad-
sorption time was 30 and 90 minutes, the virus infectiv-
ity titre was (4.08 + 0.38) and (4.08 + 0.14) Ig TCID, /cm?,
respectively.

CONCLUSION

Canine adenovirus serotype 2 was isolated as a result of
the study, the isolated virus remained stable for five pas-
sages and had high infectivity titre.

CAV-2 isolate was tested for its cultivation parameters
in continuous and primary trypsinized cell cultures. MDCK
cell culture (NBL-2 line) was selected as the most suscep-
tible culture enabling yielding of the virus-containing ma-
terial at high titre (4.33 £0.29 g TCID, /cm?). The following
conditions facilitating CAV-2 accumulation to maximum
titres were found optimal: use of the cell culture mono-
layer formed within 48 hours for the virus inoculation;
a multiplicity of infection of 0.01 TCID, /cell; preliminary
holding time — 60 minutes; cultivation at a temperature
of (37.0 £ 0.5) °C for 120 hours.

The obtained results can be used for development of di-
agnostic test systems and vaccines for prevention of CAV-2
infection in dogs.
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ABSTRACT

The high contagiousness of staphylococcal infections and emergence of antimicrobial resistant strains call for search and development of new highly effective drugs
and vaccines against infectious animal diseases. Twenty adult pregnant black pied cows were used to form a test and a control groups (10 animals per group).
The vaccine was administered twice subcutaneously in the middle third of the neck of the test animals: the first dose in a volume of 3 mL 5570 days before calving,
the second dose in the same volume 25-30 days before the expected calving. Control animals were injected subcutaneously with the same volume of sterile saline
at the same dates. To evaluate the antigenicity of the vaccine against Staphylococcus aureus, blood was collected from animals of both groups: in the test group
14-16 days after booster vaccination, in the control group 14—16 days after second injection of the sterile saline. For bacteriological testing, milk samples from both
groups were collected during the first month of lactation after calving. According to the results of serological testing, the antibody titer against Staphylococcus aureus
in the test group ranged from 4.01 to 4.61 lg, its mean value was (4.34 + 0.06) lg. In the test group, the mean antibody titers against Staphylococcus aureus were
5.8 times lower and were equal to (0.75 % 0.09) Ig with fluctuations from 0.3 to 1.2 1. The bacteriological tests of milk in the control group revealed Staphylococcus
aureus in 5 out of 10 samples, which is 50%. In the test group, the pathogen was detected in 20% of cases, which is 2.5 times lower than in the control group.
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N3yueHne BO3AeCTBUA BaKLMHALAN
B OTHOLLeHUU Staphylococcus aureus,
BbI3bIBAIOLLET0 MACTUTbI 1 SHAOMETPUTBI Y KOPOB
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PE3IOME

BbiCoKan KOHTArno3HoCTb CTaUAOKOKKOBbIX MHQEKLMIA 1 MOABAEHIE AHTUOMOTUKOYCTORYMBBIX LUITAMMOB MUKPOOPraHU3MOB AUKTYET He06X0AMMOCTb NOMCKA
11 pa3paboTKM HOBbIX BbICOKOIDOEKTUBHBIX CPEACTB NIeYeHNA 1 MPOGUNAKTIK MHOEKLMOHHBIX Gone3Het XXUBOTHbIX. 1A ONbITHOI M KOHTPOABHOIA rpynn 0To-
6paHbl B3poC/ible CTeNbHble KOPOBbI YepHo-NecTpoii nopozbl no 10 ron. B kaxAoit. KUBOTHBIM ONbITHOI rpyNbl BaKLMHY BBOAMAM NOAKOXHO B 0611aCTb cpeHeit
TPETY LLeM IBYKPaTHO: NepBYto 103y B 0Gbeme 3 cm® — 55—70 AHeil 1o oTena, BTopyto — 3a 25—30 Heit o NpeAnonaraemoro otena B Tom e obbeme. *KUBOTHbIM
KOHTPOAbHOI rpyNMbl NOAKOXHO BBOAWAM CTEPUNbHBIN U3M0Nornyeckuii pacTBop B CONOCTABUMOM 06beME 11 C TeM e UHTePBaNoM. A U3yueHna aHTUreHHoi
AKTUBHOCTY BaKLHbI B OTHOLLEHWM Staphylococcus aureus y XUBOTHbIX 06ewx rpynn oTupanu KpoBb: B OMbITHOIA rpynne — yepe3 14—16 cyT nocne ABYKpaTHOI
UMMYH3aLK, B KOHTPONbHOI rpynne — yepe3 14—16 cyT nocie ABYKPaTHOro BBEAEHNA XUBOTHbIM CTEPUIBHOTO U31MON0rHYeCcKoro pacTBopa. [na nposese-
HIA 6aKTePUONOrNYeCKoro NccnefoBaHuA Npobbl MoNoKa B 06eux rpynnax oTéupany B NepBblil MecAL NakTaLuy KopoB nocie otena. Kak nokasany pesynbrathl
CeponoruyecKmx NCCNefoBaHuiA, B OMbITHON rpynne KOpoB TUTP aHTUTeN K Staphylococcus aureus kone6anca ot 4,01 fo0 4,611g, ero cpeHee 3HaueHve COCTaBUNO
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(4,34 % 0,06) |g. B KoHTpONbHOIA rpynne XMUBOTHBIX CpeAHIE 3HAYEHNA TUTPa aHTUTeN K Staphylococcus aureus 6binu B 5,8 pa3a Huke u coctasunu (0,75 +0,09) Ig
ckonebanuamm ot 0,3 o 1,2 Ig. B pe3ynbrate 6akTepronoruueckix uccneaoBanuii MonoKa B KOTpONbHoIA rpynne Staphylococcus aureus Bbiaenunm 8 5 u3 10 06-
pa3LioB, uTo cocTaBuno 50%. B onbiTHO rpynne Bo36yauTenb 6bin 06HapyseH B 20% Cyyaes, uTo B 2,5 pasa HIKe N0 CPaBHEHUH C KOHTPOBHON Fpynnoil.

KnioueBble cnoBa: MacTuT, SHIOMETPUT, KOPOBbI, BaKLMHALKA, Staphylococcus aureus, aHTUTENA, UMMYHOTEHHOCTb, MOJIOKO
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INTRODUCTION

Staphylococcal diseases are the most frequent patho-
logies of animals and require highly qualified, long-term
and expensive therapy [1, 2]. Staphylococci can affect
any tissue or organ and cause more than 100 different
diseases: mastitis, endometritis, dermatitis, pneumonia,
arthritis, purulent and wound infections, food poison-
ing, sepsis, etc. Enterotoxins, secreted by staphylococci
in large quantities, have a complex effect on the animal
immune system, resulting in its limited resistance. All
staphylococcal enterotoxins are proteins with a relative-
ly small molecular weight: from 26,900 to 29,600 Da. The
classic staphylococcal enterotoxins comprise five main
types: A, B, C, D and E (SEA-SEE), which are believed to
be responsible for 95% of all staphylococcal poisoning
cases. The prevention of food-borne diseases relies on
the effectiveness of early diagnosis, that is, on the detec-
tion of enterotoxigenic staphylococci in milk, dairy and
other food products [3, 4].

The main causative agent of staphylococcosis in
cattle is Staphylococcus aureus, which is isolated in 69.5%
of staphylococcosis cases [5]. In biological samples col-
lected from cows demonstrating signs of mastitis and
endometritis, S. aureus bacteria are most frequent [6, 7, 8].
According to researchers, S. aureus was isolated from
8.8% of milk samples from healthy cows; in 59.3 to 62.8%
of cases S. aureus was detected in milk samples from cows
with subclinical mastitis; it was also found in udder secre-
tions of mastitic cows and pooled milk in 28.8 and 18%
of samples, respectively [6, 9]. The bacteriological testing
of vaginal swabs showed that one of the most frequent
species responsible for postpartum endometritis was
S. aureus (15.3% of the total tested cultures) [10].

The recovery rate from diseases caused by S. aureus
is lower compared to other bacteria, which is explained
by antimicrobial resistance and biofilm formation abili-
ty[11,12].

In recent years, S. aureus isolated from animals have
become increasingly resistant to antimicrobials, in-
cluding through the production of the enzyme S-lact-
amase, capable of cleaving penicillins and cephalospo-
rins [13, 14, 15, 16, 17]. Staphylococcal mastitis caused by
resistant strains of S. aureus is reported in almost 90% of
large farms and commercial holdings where antibiotics are
used [3, 18, 19, 20]. Penicillin-resistant S. aureus are most
common strains, which are identified as the first wave of
resistance, and the second wave of resistance are methi-

cillin-resistant S. aureus. Artemyeva O. A. et al. found that
the highest resistance of S. aureus isolates in vitro was ob-
served to erythromycin (82.5%) and fusidin (75.7%). Only
seven isolated strains (6.8%) showed susceptibility to all

tested antimicrobials, whereas 96 isolates were resistant
to at least one of them [21]. According to I. S. Abdina et al.,
S. aureus antimicrobial resistance varied significantly, with

the highest resistance reported to ampicillin (up to 57%),
benzylpenicillin (up to 45%), doxycycline (up to 38%),
oxacillin (up to 48%), streptomycin (up to 55%) and tetra-
cycline (up to 45%) [22]. Other researchers established that
of the 64 isolated S. aureus strains, 60 (93.7%) showed resis-
tance to one or more antimicrobials. Multidrug resistance

was observed in the tested S. aureus strains [11].

Despite the large increase in the incidence of staphy-
lococcal infections in animals, effective drugs against
them have not yet been developed. The spread of
multidrug resistant S. aureus strains only complicates
the disease control [23]. The successful treatment of ani-
mals with antibiotics brings risks of their consumption
by humans. The high contagiousness of staphylococcal
infections and the emergence of antimicrobial-resistant
strains are the most serious problems and emerging
threats for cattle industry, leading to decreased milk
yields, impaired hygiene and quality of milk, increased
costs for veterinary medicines and services, early culling
of cows and their restricted performance. In this regard,
it is necessary to search for alternative options based
on staphylococci suppression, limiting the use of anti-
microbials and minimizing their negative effects on the
organism. One of such options is specific prevention,
i.e. vaccines that provide reliable protection of animals
from infectious diseases, contribute to the reduction in
the use of antibiotics and prevent antimicrobial resis-
tance of microorganisms [24, 25]. Scientists have proven
the effectiveness of the vaccines containing S. aureus
antigen against mastitis and endometritis of cows. The
studies revealed that immunization of animals against
mastitis has a positive effect. After 6 months after first
vaccination in the breeding facility and farm, the number
of mastitis cases decreased by 16.6 and 7.3%, respective-
ly, and somatic cell counts in the milk of high yielding
cows decreased by 26.5 and 10.7%. The immunization
remained effective even after 12 months post vaccina-
tion [26]. “Combovac-Endomast” vaccine (Vetbiochim,
Russia) decreased the number of clinical mastitis cases
by 7.8 times, of subclinical mastitis by 5.4 times, and
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endometritis by 3.7 times [27]. The experiments with the
“Mastivac” vaccine in Laboratorios Ovejero S. A. Spain es-
tablished that clinical mastitis cases decreased by 32% in
the experimental group compared to the control one [9].
The aim was to study the effect ofimmunization against

S. aureus, which causes mastitis and endometritis in cows.

MATERIALS AND METHODS

The study has been performed starting from 2021 in
a family-operated farm in the Republic of Mordovia. Twen-
ty adult pregnant black pied cows were used to form a test
and control groups (10 animals per group). The animals
were selected based on conformity principle, that is, all ani-
mals in both groups had standard parameters of the body
weight, age, health status and management conditions.
The vaccine was administered twice subcutaneously to
the middle third of the neck of test animals. The first dose
in a volume of 3 mL was administered 55-70 days before
calving, the second dose of the same volume 25-30 days
before the expected calving. In one immunizing dose the
vaccine contains the following strains: Escherichia coli
UR-10, Streptococcus agalactiae UR-7, Streptococcus dys-
galactiae UR-16, Streptococcus uberis OB-5, Streptococcus
pyogenes OB-4, Staphylococcus aureus OB-14, Klebsiella
pneumoniae K-2 (at least 3.5 x 10° CFU of each), inactivated
with formalin (0.3% solution) and adsorbed on carbomer
gel (10% by volume). The vaccine is intended to prevent
mastitis and endometritis in cows. Control animals were
injected subcutaneously with the same volume of sterile
saline at the same dates.

Before the start of the experiment, milk and blood
samples were collected from 20 cows with clinical masti-
tis, not included in any of the groups, for microbiological
testing for S. aureus and serological testing for antibodies
against S. aureus.

Blood was collected from animals of both groups
to evaluate the antigenicity of the vaccine against S. aureus

Table
S. aureus antibody titer in blood of cows from test and control groups

Antibody titer

Microorganism

and milk samples for bacteriological testing. Blood sam-
pling in the test group was performed 14-16 days after
booster immunization, in the control group 14-16 days
after second administration of sterile saline (placebo).

Animals were handled in compliance with the ethi-
cal standards adopted by the European Convention
ETS No. 123.

The vaccine antigenicity was evaluated by the increase
in the antibody titer against S. aureus measured by agglu-
tination test. For the purposes of testing serum was diluted
with sterile saline from 1:2 to 1:4096 and 0.5 mL of S. aureus
OB-14 antigen with concentration of ~5 x 10 CFU/mL was
added to 0.5 mL of each serum dilution. The serum-antigen
mixture was thoroughly mixed, placed in a thermostat and
kept for 16-18 hours at (37 £ 1) °C, and then for another
3-4 hours at room temperature. After that, they were exa-
mined for agglutination occurrence. The results were in-
terpreted with the agglutination viewer and a four-point
visual scale was used: ++++ is 100% of cells agglutinated,
complete liquid clearing; +++ means 75% of cells aggluti-
nated, slight turbidity of the liquid; ++ means 50% of cells
agglutinated, medium turbidity of the liquid; + is 25% of
cells agglutinated, heavy turbidity of the liquid; - means
no agglutination, homogeneous bacterial suspension.

Milk was pooled from all four udder lobes, but milk
samples from different animals were tested individually,
that is, they were not pooled with each other. The bacte-
riological testing of milk was performed during the first
month of lactation after calving in accordance with the

“Guidelines for the bacteriological testing of milk and udder
secretion of cows"'. S. aureus was identified in accordance
with GOST 30347-2016 “Milk and milk products. Methods
for determination of Staphylococcus aureus, and by mass
spectrometry (MALDI-ToF)3.

The results were statistically processed using generally
accepted methods with Microsoft Office Excel 2010, Stat
Plus 2009 software.

RESULTS AND DISCUSSION

According to the results of serological testing, the anti-
body titer against S. aureus in the test group ranged
from 4.01 to 4.61 lg, its mean value was (4.34 £ 0.06) Ig. In
the test group, the mean antibody titers against S. aureus
were 5.8 times lower and were equal to (0.75 £ 0.09) Ig with
fluctuations from 0.3 to 1.2 Ig (Table).

As the data obtained show, the immunization facili-
tated the increase in antibodies against S. aureus in cows
of the test group, which confirms the high potency of
the vaccine. In addition, the titer of antibodies to S. aureus
in the blood of animals during preliminary serological test-
ing was almost identical to the titer in the control group
and was equal to (0.70 + 0.05) Ig.

Loskutova I. V. et al. also found that clinically healthy
cows immunized with the Mastivac vaccine (Laborato-
rios Ovejero S. A., Spain) containing S. aureus induced

' Guidelines for the bacteriological testing of milk and udder secretion of
cows: approved by Chief Veterinary Department under the USSR Ministry
of Agriculture No. 115-69 on 30.12.1983. https://base.garant.ru/72125912
2 GOST 30347-2016 Milk and milk products. Methods for determination
of Staphylococcus aureus. https://docs.cntd.ru/document/1200142424

? Guidelines for microorganism identification using MALDI Biotyper

mass spectrometer when testing food raw materials and food products
(approved by the Rosselkhoznadzor Scientific Technical Commitees on
03.04.2014).

test group control group
(10 animals), Ig (10 animals), Ig
431 0.6
401 03
4.61 1.2
4.01 03
461 0.9
S. aureus

4.01 0.6
431 1.2
431 03
461 09
4.61 1.2

M+m 4.34+0.06 0.75£0.09
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Fig. S. aureus isolation rate in the tested milk samples

antibodies to S. aureus enterotoxins which is evident of
the vaccine ability to induce an immune response in ani-
mals against the bacterium [12]. Hadimli H. H. et al. evalu-
ated the effectiveness of the staphylococcal vaccine on
humoral immunity against S. aureus in vaccinated ani-
mals [28].

At the next stage, a bacteriological testing of milk
for S. aureus was performed.

During a preliminary testing of milk from 20 cows with
clinical mastitis, S. aureus was found in 11 samples, which
amounted to 55% of the total number of samples tes-
ted. In the control group, S. aureus was isolated in half of
the milk samples tested (the bacterium was detected in 5
out of 10 samples (50%). In the milk of cows from the test
group, S. aureus was found in 20% of samples (2 samples),
which is 2.7 and 2.5 times lower compared to the group
of cows before the experiment and the control group, res-
pectively.

The figure shows that S. aureus isolation rate from
non-vaccinated animals (the control group and the group
of cows with clinical mastitis) is almost the same; in immu-
nized cows, it was significantly lower.

The effectiveness of S. aureus vaccination against masti-
tis was also established by other researchers, who isolated
the bacterium from 73.3% of milk samples before vacci-
nation, and 6 months after the first immunization the iso-
lation rate decreased to 26.6%, that is, by 2.7 times [29].

CONCLUSION

It was found that double vaccination facilitated the in-
crease in antibodies levels against S. aureus; the mean titers
in the test group were 5.8 times higher than in the control
group. In milk samples collected from vaccinated animals,
the S. aureus isolation rate decreased by 2.7 and 2.5 times
compared with groups of non-immunized animals. The re-
sults obtained show that the vaccination induces immune
response in animals against S. aureus.
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Use of a microbial supplement
containing live bacteria Bacillus subtilis
and their metabolites in dairy farming

Olga Yu. Oparina, Alexander S. Krasnoperov, Sergey V. Malkov, Alexander I. Belousov, Anton E. Chernitskiy, Irina Yu. Vershinina
Ural Federal Agrarian Scientific Research Centre, Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg, 620142, Russia

ABSTRACT

The purpose of the research was to study parameters of immune status and milk yields in those cows that received a bacterial supplement containing live bacteria
Bacillus subtilis strains B-239906 and B-249909 and their metabolites during a transition period. Animals in the experimental groups (10 animals in each) received
the microbial supplement according to the following schemes: 14 days before calving (group 1), 14 days after calving (group 2), 14 days before and 14 after calving
(group 3). Group 4 (n = 10) was a control one. On day 14 and day 28 after calving, the relative level of T-lymphocytes in blood of control cows and experimental
group 2 did not significantly change compared with the level observed on day 1 after calving. While in groups 1and 3, this indicator increased by 1.2-1.6 times
throughout the whole experiment. In all cow groups, B-lymphocyte dynamics during the observation period was similar, i.e. an increase by day 14 and a decrease
by day 28. The phagocytic activity of neutrophils in animals of all groups changed slightly. At the same time, the phagocytic index increased by 2.5-3.2 times
throughout the experiment, which indicated an increase in nonspecific resistance of the body. Peak milk yields were recorded in cows of all experimental groups
on day 90 of lactation. The maximum level (32.17 £ 3.33 kq) was observed in group 3. Within 150 days of observations, the average daily milk yields in animals
of the experimental groups were: 24.50  4.15 kg in group 1; 25.07 + 4.38 kg in group 2; 25.33 + 2.52 kg in group 3 and 22.75 =+ 8.82 kg in the control group.
The mass fraction of milk fat i all groups had no statistically significant differences throughout the entire observation period.

Keywords: live bacteria Bacillus subtilis and their metabolites, cows, cellular immunity, humoral immunity, milk yield, milk fat
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[lpuMeHeHne KoMno3unLui, CofiepKaLlieil XuBble
baktepun Bacillus subtilis u ux metabonutbl,
B MOJIOYHOM KIIBOTHOBOACTBE

0. 10. OnapuHa, A. C. Kpacionepos, C. B. Mankos, A. U. benoycos, A. E. Yepuuukuii, U. 10. Bepumnnna
OTBHY «Ypanbckuit denepanbHblil arpapHblii HayuHO-1CCeS0BaTeNbCKNIA LieHTP Ypanbckoro oTaeneHna Poccuitckoii akagemmuu Hayk» (OTBHY YpOAHILL YpO PAH),
yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccua

PE3IOME

Llenblo nccnenoBaHuii ABUNOCH U3yyeHie NOKa3aTeneil MMMYHHOTO CTaTyca v NPOAYKTUBHOCTI Y KOPOB NPU MPUMEHeHNIN KOMNO3NLINK, CORepXaLLeli XuBble
6aktepum Bacillus subtilis wrammoB B-239906 n B-249909 v ux MeTabonuThl, B TpaH3UTHBII nepuog. KUBOTHBIM onbITHbIX rpynn (o 10 ron. B Kaxzoii) Kommno-
3ULyio NpuMeHAnK: B TeueHne 14 fHeit fo otena (1-a rpynna), 14 pHeit nocne otena (2-a rpynna), 14 pHeit 2o u 14 nocne otena (3-a rpynna). Yetseprad rpynna
(n=10) 6bIna KOHTPONLHOIA. Y KOPOB KOHTPONBHO ¥ 2-11 ONbITHOI rpyNN Ha 14-ii 1 28-i1 AHM NOCNe 0TeNa OTHOCUTENbHOE COfepXaHie T-NMMOOLUTOB B KPOBY
110 CPaBHEHMIO C yPOBHEM B NepBble CYTKI NOC/e 0TeNa JOCTOBEPHO He N3MEHANOCb, B TO BpeMa Kak y 0cobeii 1-it v 3-ii rpynn AaHHbIi noKa3atenb Bo3pacTan
Ha NpoTAXeHum Beero onbiTa B 1,2—1,6 pa3a. Bo Bcex rpynnax KopoB AUHaMIKa OTHOCUTENbHOMO Yncia B-numdowuTos 3a nepuoa HabniodeHuii Gbina aHano-
TUYHOI: yBenuyeHue K 14-my JiHIo 1 cokpaLLieHue k 28-my AHto. DarountapHas akTUBHOCTb HEiTPOGUNOB Y UBOTHBIX BCEX TPy U3MEHANACh HE3HAUUTENbHO.

© Oparina 0. Yu., Krasnoperov A. S., Malkov S. V., Belousov A. I., Chernitskiy A. E., Vershinina I. Yu., 2024
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(aroumTapHblil MHAEKC NPY 3TOM BO3pacTan B 2,5—3,2 pa3a Ha NpOTAXeHNM BCero SKCMePUMEHTa, UTo CBIAETENbCTBOBANO O MOBbILLEHUM HecneLnduueckoil
Pe3nCTeHTHOCTY OpraHn3ma. [k MONOYHOI MPOAYKTUBHOCTY PETUCTPUPOBANY Y KOPOB BCEX OMbITHBIX Py Ha 90-il AeHb NakTaumu. MakcumanbHble 3HaueHus
(32,17 £ 3,33 kr) otmeuanu B 3-ii rpynne. 3a 150 aHeil HabnloZeHWi CpeSHECYTOUHbIE YO Y KUBOTHBIX ONbITHBIX rPyNN coctasuau: 24,50 + 4,15 kr B 1-ii;
25,07 + 4,38 kr B 2-i1; 25,33 £ 2,52 Kr B 3-1111 22,75 + 8,82 Kr B KOHTPONbHON. YpOBEHb MAcCOBOIA 0N XMPa B MONOKE Y KOPOB BCeX FPYNN He MMeN CTaTUCTUYecKu
3HAUUMbIX Pa3Nnumil Ha NPOTAXKEHNIN BCEro Nepuoja HabntopeHuii.

KnioueBbie cnoBa: xusble 6aktepuu Bacillus subtilis n ux metabonuTbl, KOPOBbI, KNETOUHbIA UMMYHUTET, ryMOPasbHbIil KIMMYHUTET, MONOYHAA NPOAYKTIUB-
HOCTb, MOMIOYHbII XN1p

bnaropgapHocTy: Pabota BbinonHeHa npyu GuHaHCcoBoii nopzepxke MiHo6pHayku Poccn B pamkax MporpamMMbl yHZaMeHTanbHbIX HayuHbIX UCCTIeL0BaHMI
TOCYAAPCTBEHHbIX aKaZeMuil Hayk 1o HanpaeneHuio 4.2.1.5 «Pa3paboTka TexHoNOrii NPUKU3HEHHOTO YNPaBNeHNA KauecTBOM XMBOTHOBOAYECKOTO CbIpbA ANA
MIOTyY€HIA BbICOKOKAUECTBEHHbIX 11 6e30MacHbIX NPOAYKTOB NUTaHNA».

[ina untmposanua: Onapuna 0. 10., KpacHonepos A. C., Mankos C. B., benoycos A. ., YepHuukuii A. E., Bepwmnuna W. 10. MpumeHeHne komno3nwuum, co-
nepxaLueit xusble 6aktepun Bacillus subtilis n nx MeTabonuTbl, B MONOYHOM XUBOTHOBOACTBE. BemepuHapus ce200Ha. 2024; 13 (4): 366—372. https://doi.

0rg/10.29326/2304-196X-2024-13-4-366-372

KoHnukT MHTepecoB: ABTOpbI 3aABNAHOT 00 OTCYTCTBUYN KOHGAMKTA UHTEPECOB.

[ina koppecnonperuun: Onapuxa Onbra pbeBHa, KaHa. BeT. Hayk, cTaplunii Hayuwblil cotpygHuk OTBHY YpOAHUL YpO PAH, yn. benunckoro, 112a,

r. Ekatepunbypr, 620142, Poccus, olia91oparina@yandex.ru

INTRODUCTION

In recent years, the milk yield in Russian livestock hold-
ings has exceeded the level of 8,000 kg of milk per year [1].

These achievements undoubtedly result from good
breeding practice, appropriate conditions for realizing
genetic potential of highly productive animals and in-
troduction of physiologically and economically justified
feeding schemes and control of zoohygienic parameters
in animal housing [2, 3]. The progress became possible
because recent observations into digestion processes
(at the molecular, cellular and body levels) and biological
protein synthesis had been put into practice. In addition,
great attention was paid to the principles of adequate nu-
trition, which take into account health status of cows and
their milk yields [4, 5].

When milk yield increases, vital functions often weaken:
the immunity decreases and productive lifespan is re-
duced to 2-3 lactations. The animals are most likely re-
moved from the herd due to metabolic disorders resulting
from unbalanced diet in the pre-calving and post-calving
periods [6, 7].

Products of microbiological synthesis, their develop-
ment and use, are considered as a solution to the existing
problems in the livestock sector of the Russian Federation.
They have proved to be effective in preventing diseases, re-
ducing animal culling and improving digestibility of feed
components. Their indirect effect is associated with an in-
crease in milk yields, improved product quality, thus, en-
abling to provide people with safe food [8, 9, 10].

Live Bacillus subtilis bacteria and their metabolites that
stimulate the growth of indigenous intestinal microbiota
tend to be a promising component in new supplements.
During their production, it is required to ensure proper
conditions to maintain long-term stability during storage
of the finished products [11, 12,13, 14, 15, 16].

The objective of the research was to study the effect of
a microbial supplement containing live bacteria B. subtilis
and their metabolites during the transition period on im-
munity status and milk yields in cows.

MATERIALS AND METHODS

The experiment was carried out with the support from
the Department of Ecology and Non-Contagious animal
pathogens of the Ural Scientific Research Veterinary Insti-
tute, a structural subdivision of the Ural Branch of the Rus-
sian Academy of Sciences. The work was done within the
framework of the Basic Science Programme of the State
Academies of Sciences in the field 4.2.1.5 “Development
of technologies for lifetime quality management of live-
stock raw materials to obtain high-quality and safe food
products”.

The study was conducted in Holstein cows (n = 40), at
the age of 2-3 lactations, kept in one of the livestock hold-
ings of the Sverdlovsk Oblast.

Four groups, each consisting of 10 animals, were selec-
ted for the experiment according to the principle of equi-
valents. When forming the groups, their physiological
status, weight, age, nutrition level and milk yields from
the previous lactation were taken into account.

The cows were kept in one typical cattle house, in a tie
stall, and received a balanced feed. In addition to the ba-
sic diet, the experimental animals were administered 5 g
of a new, domestically produced supplement, containing
live bacteria B. subtilis strains B-239906 and B-249909
(at a concentration of 10° CFU/g of each species) and their
metabolites. They received the supplement at different
times: 14 days before calving (group 1), 14 days after calv-
ing (group 2), 14 days before and 14 days after calving
(group 3); group 4 was a control one.

Clinical status and behavioural responses of the ani-
mals were daily examined. Starting from day 15 after
calving, milk quality was assessed using CombiFoss FT+
(FOSS, Denmark) instrument. Milk yields were measured
for 150 days.

Hematological tests were done three times: on day 1,
14 and 28 after calving with blood sampling taken from
the tail vein.

Blood morphological composition was analyzed
in Abacus Junior Vet analyser (Diatron, Austria) using
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Functional activity of neutrophils in cows

Time after calving
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Table 1
Hematological parameters in cows

P— Red blood cells, Hemoglobin, Thrombocytes, White blood cells, Lymphocytes,
1071 o 01 L
Standard* 5.0-10 90-120 100-800 45-12 25-75

Day 1 6.41+0.50 10080+4.44 | 250.60+179.33 8.44+1.66 4894122

Control Day 14 6.75+0.69 107.33+351 | 284.00+67.95 724076 4264141

Day 28 6.30+0.68 9950+7.05 | 26560+115.70 7.54+203 3944137

Day 1 7.05+0.40 111.00£616 | 32720412191 1144314 6.13+£1.92

E"F;gumpe;‘ta' Day 14 6.87 0.6 10650 £8.89 | 42600+199.26* |  9.04%3.10 5.17£0.97
Day 28 6.05+0.76 9050+636* | 34830+11090 |  7.05+206* 3654099

Day 1 74920.10 343728 | 207.71+8671 1041+ 2.4 5524132

E"‘;ergumpe;ta' Day 14 7124091 106754978 | 405.25+14029% |  9.86+5.06 4844083

Day 28 6.74+0.86 983341002 | 3107010250 8.68+0.70 4374053

Day 1 6.67+0.52 100401064 | 301.40+81.12 9.99+2.15 5264136

E"pgergﬂ“pe;ta' Day 14 6.94 + 0.60 102004579 | 349.60+85.12 7594123 4714127

Day 28 6.20+0.50 97.50+2.38 305.60 4 80.12 8324055 417041

* differences are statistically significant at p < 0.05.

standard reagents (Diatron, Austria). Leukocytic for-
mula was calculated in blood smears stained by the
Romanovsky - Giemsa method (300 cells per smear)
using an Olympus BX 43 microscope (Olympus, Japan).
Immunological blood tests included assessment of
T-and B-lymphocytes levels, T/B index, phagocytic index,
phagocytic activity of neutrophils and monocytes using

Gro_up Parameters
of animals
PhA, % 3760841 | 39204841 | 36.00+4.55
Control
PhI, c. u. 1.84+0.19 2314019 | 585+017%
. PhA, % 48.00+837 | 5260+841 | 32.50+0.71*
Experimental
group 1 PhI, c. u. 196+022 | 438+0.19% | 625+0.07%
. PhA, % 42294655 | 47.00+841 | 3400+1.00
Experimental
group 2 PhI, c. u. 2074037 2624019 | 583+064*
. PhA, % 37.804976 | 4280+841 | 33.25+7.45
Experimental
group 3 PhI, . u. 236+085 3294019 | 592+005*

PhA — phagocytic activity;

Phl — phagocyticindex;

* differences are statistically significant at p < 0.05;
** differences are statistically significant at p < 0.01.

368

the method P.N. Smirnov et al. (2007)'. The reactions were
observed in an Olympus BX 43 binocular microscope
(Olympus, Japan).

The animals were manipulated in compliance with the
norms and ethical principles of the European Convention
ETS No. 123.

Experimental data were processed in Excel (Microsoft,
USA) and Statistica 10.0 (StatSoft Inc., USA) programmes,
arithmetic means and standard deviations were deter-
mined. Reliability of differences was calculated using Stu-
dent’s t-test (p < 0.05).

RESULTS AND DISCUSSION

The analyzed blood parameters in experimental
and control groups were within the reference range
(Table 1). Hemoglobin, red blood cell volume, leukocyte,
lymphocyte and platelet counts on days 14 and 28 post
calving insignificantly varied and did not exceed the nor-
mal range. Changes in hematological parameters sugges-
ted normalization of haemopoiesis and restoration of im-
munobiological reactivity during the experiment, which
did not contradict the works of other researchers [17].

Dynamics of neutrophils functional activity in cows
during the experiment are given in Table 2.

It was found that on day 14 after calving, phagocytic ac-
tivity and phagocytic index in all groups increased slight-
ly, if compared to day 1, thus suggesting an increase in
the absorption capacity of neutrophils. By day 28, phago-
cytic activity returned to the level reported during the first
test, while the phagocytic index continued to increase.

' Panel of the most informative tests for assessment of animal resistance:
methodological recommendations. Compiled by. P. N. Smirnov et al.
Novosibirsk; 2007. 37 p. https://elibrary.ru/gkpwdx (in Russ.)
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Table 3
Indicators of cellular and humoral immunity in cows

Absolute number of
lymphocytes, 10°/L

Group of animals | Time after calving

T-lymphocytes B-lymphocytes

10°/L %

10°/L %

Day 1 4894122 1424041 36.20+8.17 096 +0.42 2480+ 8.67
Control Day 14 4264141 0.65+0.08* 29204332 0.68+0.11 30404548
Day 28 394137 160 +039 3250+ 6.61 1214042 252541021

Day 1 6.13+1.92 162+ 041 28.40+8.02 108+0.27 18.80 + 2.68

Exgeme;‘ta' Day 14 5.17£0.97 160 +0.24 30.52 £ 2.62 136+0.17 26.00 £7.01
Day 28 3.65+0.99* 1.56 £0.69 35.00 +2.83% 109+£0.18 20342 5.6

Day 1 5524132 203073 343673 1314034 2457 +8.56

EX’;‘;&'};"QM' Day 14 4.84+0.83 156 +0.26 32204282 127 +0.11 2624 +6.31
Day 28 4374053 164+ 1.11 3200+ 18.52 0794031 2021451

Day 1 5264136 126+0.17 28.00+4.64 0.88+0.29 19.00+5.92

E"pger;it’::f;‘ta' Day 14 471127 178+0.42 37.82 £ 2,44 120019 2550 £5.23
Day 28 417041 2ME110% | 445041586 0.88+0.27 18.75+2.50

* differences are statistically significant at p < 0.05;
** differences are statistically significant at p < 0.01.

Thus, the parameter in cows increased by 2.5-3.2 times
(p < 0.01), if compared to day 1. The obtained data can
be regarded as positive and suggesting an increased body
resistance to negative factors and a reduced risk of inflam-
matory processes [10].

The absolute number of lymphocytes in all groups de-
creased in different ways during the post-calving period
(Table 3). The most significant decrease was observed on
day 28, i. e. by 40.5% (p < 0.01) in group 1, if compared
to day 1 after calving. In other groups, this parameter de-
creased by 19.4-20.8%, but did not exceed the reference
range. Probably, these changes are associated with meta-
bolic disorders and lack of energy after calving [4].

The relative content of T-lymphocytes in all groups
on day 1 after calving ranged between 28.00 + 4.64 and
36.20 + 8.17%. On day 14 of observation, a 1.2-fold de-
crease was registered in the control group, and by day 28
it returned to the level of day 1. In animals of experimental
groups 1 and 3, dynamical changes in the relative con-
tent of T-lymphocytes was opposite. Thus, throughout
the whole observation period, this parameter increased by
1.2 (p < 0.05) and 1.6 (p < 0.01) times, respectively, which
suggested the stimulation of cellular immunity.

The number of B-lymphocytes in experimental and con-
trol groups at the initial stage of the experiment (on day 1
after calving) ranged between 18.8 to 24.8%. During this
period, a repeated pattern was revealed in all groups:
an increase in B-lymphocyte synthesis by day 14 and a de-
crease by day 28.

Based on the above, we can assume that the dynamical
changes in T-and B-lymphocytes levels in the post-calving
period resulted from the indirect effect of the tested sup-
plement and had a compensatory and restorative mecha-
nism based on the regulation of intensity of biosynthetic

processes, as was confirmed by a number of other re-
searchers [4, 18].

Positive effect of the tested supplement was reported
when assessing the milk yield. Data on average milk yield
per month and milk fat mass fraction are given in Figures 1
and 2.

Analyzing the milk yield, we found a positive variation
in the average daily milk yields in animals that were given
the supplement containing live B. subtilis bacteria and their
metabolites as compared to cows from the control group.
The results obtained suggested the animals were able
to recover better after calving and were able to withstand
long physical stress due to continuous milk secretion.
Thus, by the end of the 3¢ month of lactation, peak milk
yields were registered in cows of all experimental groups
compared to the first month: month 1 - 28.70 + 5.92 kg,
month 2 - 28.94 + 6.84 kg, month 3 - 32.17 + 3.33 kg.
The opposite situation was observed in control animals -
a decrease to the level of 27.90 + 7.25 kg.

In the following months, a regular decrease in average
daily milk yields was observed in cows of all groups, but
within different ranges. For five months of observations,
we obtained the following average daily milk yields: Expe-
rimental group 1 -24.50 + 4.15 kg, Experimental group 2 -
25.07 + 4.38 kg, Experimental group 3 - 25.33 + 2.52 kg,
control group — 22.75 + 8.82 kg.

An important criterion for assessing milk quality is the
mass fraction of milk fat (Fig. 2).

The mass fraction of milk fat in all experimental
groups increased by the end of the 2" month of obser-
vation and was: month 1 -3.63 + 0.28 g/100 g, month 2 -
3.62 +0.31 g/100 g, month 3 - 3.77 £ 0.35 g/100 g (more
by 7.1; 4.9 and 4.4%, respectively). These parameters in the
control group had no significant differences.
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Fig. 1. Monthly dynamics of milk yields (kg)
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Fig. 2. Changes in the mass fraction of milk fat (g/100 g)

In experimental animals, such changes were an indirect
sign of body fat mobilization into milk. A significant in-
crease in fat level during the 2" month of lactation and its
pronounced decrease during the 39 month may be sug-
gestive of a lactational exhaustion in cows of group 1. In
the following months, insignificant variations of the pa-
rameters were observed with a return to average values.

Thus, the most pronounced effect was registered
in group 3, where the diet was supplemented in the
pre-calving and post-calving periods with the tested
supplement containing live bacteria B. subtilis and their
metabolites. The use of the supplement resulted in an in-
crease in milk quantity and quality and the observed
parameters complied with the results obtained by other
authors [2, 3, 19, 201.

CONCLUSION

The use of the supplement containing live bacteria
B. subtilis strains B-239906 and B-249909 and their me-
tabolites had a positive effect on immunohematological
parameters of cows’ blood. The revealed changes in im-
munity indicators (absolute number of lymphocytes,
T- and B-lymphocytes, phagocytic activity and phago-
cyticindex) should be regarded as a compensatory-adap-
tation mechanism aimed at maintaining and normalizing
metabolism.

Higher average daily milk yields were reported in
cows of Experimental groups 1, 2 and 3, i. e. 24.50 + 4.15;
25.07 £ 4.38 and 25.33 + 2.52 kg of milk, respectively, com-
pared to control group (22.75 + 8.82 kg).

REFERENCES

1. Doroshchuk S. V. Milk productivity and reproductive
function of cows. Dostizheniya nauki i tekhniki APK. 2012;
(11): 47-49. https://elibrary.ru/pizfoh (in Russ.)

2. Gumerov A. B., Belookov A. A,, Loretz O. G., Gore-
lik O. V., Asenova B. K. The milk yield of cows when using
probiotic enzyme preparations. Agrarian Bulletin of the
Urals. 2018; (4): 5-9. https://elibrary.ru/xucoix (in Russ.)

3. Mikolaychik I. N., Morozova L. A., Abileva G. U., Sub-
botina N. A. Biological and productive factors of dry preg-
nant cows being fed with immunobiological additions.
Vestnik Kurganskoj GSHA. 2016; (2): 44-47. https://elibrary.
ru/wiqrgp (in Russ.)

4.Belousov A. 1, Sokolova O.V., Bespamyatnykh E.N. The
use of biochemical screening in assessing the productive
health of high-yielding cows in the Sverdlovsk Region. Legal
Regulation in Veterinary Medicine. 2018; (4): 278-280. https://
doi.org/10.17238/issn2072-6023.2018.4.278 (in Russ.)

5.Eremenko V. N,, Lytkin A.V., Mishagina l.V., Sinko O.V.,
Tyupenkova G. E., Luchinina I. G. Physiology of digestion
and basis of rational nutrition. Proceedings of the Voronezh

370

VETERINARY SCIENCE TODAY. 2024; 13 (4): 366—372 | BETEPUHAPUA CETOAHA. 2024; 13 (4): 366—372



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIUKPOBUONOT WA

State University of Engineering Technologies. 2019; 81 (4):
159-165. https://doi.org/10.20914/2310-1202-2019-4-159-
165 (in Russ.)

6. Shkuratova I. A., Ryaposova M. V., Sokolova O. V.,
Belousov A. I., Vereshchak N. A. Pathogenetic aspects of
the development of the immune deficiency condition
of the cattle in the industrial territories. Legal Regulation
in Veterinary Medicine. 2018; (4): 255-258. https://doi.
0rg/10.17238/issn2072-6023.2018.4.255 (in Russ.)

7. Shkuratova I. A., Belousov A. ., Krasnoperov A. S.,
Malkov S. V. Features of the biochemical profile of highly
productive Holstein cows at primary ketosis. Veterinaria
Kubani. 2022; (4): 7-9. https://doi.org/10.33861/2071-
8020-2022-4-7-9 (in Russ.)

8. Zhukova Yu. S., Nagovitsyna E. V. Economic efficien-
cy of application of probiotics in dairy cattle. Success of
Modern Science and Education. 2017; 1 (5): 56-58. https://
elibrary.ru/yrpslj (in Russ.)

9. Subbotina N. A., Morozova L. A., Mikolaychik I. N. In-
creasing the milk yield of cows on rations enriched by feed
additive Megalac. Feeding of Agricultural Animals and Feed
Production. 2016; (8): 39-46. https://elibrary.ru/wgxzvh
(in Russ.)

10. Cheremushkina I. V., Shakhov A. G., Sashnina L. Yu.,,
Chernitsky A. E., Yerina T. A. Antagonistic activity of a pro-
biotic Prolam in point of bacterial pathogens and its influ-
ence on an intestines microbiocenosis, the immune and
clinical status of calfs. Journal of Animal and Veterinary
Advances. 2015; 14 (6): 182-191. https://doi.org/10.3923/
javaa.2015.182-191

11.Vafin I.T,, Shakirov Sh. K., Yusupova G. R., Volkov A. Ch.
The effect of experimental probiotic supplements on milk
production and milk quality of cows. Scientific notes Ka-
zan Bauman State Academy of Veterinary Medicine. 2019;
238 (2): 42-45. https://doi.org/10.31588/2413-4201-1883-
238-2-42-46 (in Russ.)

12. Isupova M. V. Rezervy povysheniya molochnoi pro-
duktivnosti = Potential for increasing milk yields. Dairy and
Beef Cattle Farming. 2020; (3): 39-40. https://elibrary.ru/
fwotbl (in Russ.)

13. Koba I, Navruzshoeva G., Gorbatova Kh., Belkina Yu.
S Batsell-M zdorovye korovy i kachestvennoe moloko =
With BACELL-M: healthy cows and high-quality milk. Ani-
mal Husbandry of Russia. 2021; (12): 48-49. https://elibrary.
ru/svrrpx (in Russ.)

14. Podobed L. I. Effectiveness of a probiotic based
on lactic acid bacteria when changing diets in dairy
cows. Agrarian science. 2020; (11-12): 15-16. https://doi.
0rg/10.32634/0869-8155-2020-343-11-15-19 (in Russ.)

15. Ruin V. A,, Kistina A. A., Prytkov Yu. N. The use of
a probiotic complex in feeding dairy cows. Agrarian Scien-
tific Journal. 2022; (4): 64-66. https://doi.org/10.28983/asj.
y2022i4pp64-66 (in Russ.)

16. Malkov S. V., Krasnoperov A.S., Poryvaeva A. P,, Opa-
rina O.Yu., Belousov A. 1., Brilliant A. N. Prospects for the use
of a Bacillus subtilis metabolites-based feed additive in dairy
farming. Veterinary Science Today. 2021; 10 (4): 342-348.
https://doi.org/10.29326/2304-196X-2021-10-4-342-348

17.Rastorguyeva S. L., Ibishov D.F, Osipov A. P. Integrated
effect of the Vitadaptin, the Guvitan-C, and the Germiviti on
the absolute level of leukocytes, lymphocytes, and neutro-
phils in the peripheral blood of dry cows. Perm Agrarian Jour-
nal. 2019; (2): 136-142. https://elibrary.ru/udsipb (in Russ.)

18. Mityashova O. S., Gusev . V., Lebedeva I. Yu. Meta-
bolism and reproductive function during the postpartum
period in first-calf cows when introducing the placenta
extract. Agricultural Biology.2017; 52 (2): 323-330. https://
doi.org/10.15389/agrobiology.2017.2.323eng

19. Shatskikh E., Barmina |. The milk productivity of cows
of Holstein black-and-white breed of American selection
under conditions of Middle Urals. Head of Animal Breeding.
2016; (11): 3-8. https://elibrary.ru/wyxtlz (in Russ.)

20. Onoprienko N. A., Onoprienko V. V. Effect of probio-
tic preparation “Bacell-M” on milk productivity. Collection
of Scientific Papers of North-Caucasus Research Institute
of Animal Husbandry. 2016; 5 (1): 95-100. https://elibrary.
ru/vwlgld (in Russ.)

Received 05.06.2024
Revised 09.07.2024
Accepted 24.09.2024

INFORMATION ABOUT THE AUTHORS / N(HOOPMALINA 06 ABTOPAX

Olga Yu. Oparina, Cand. Sci. (Veterinary Medicine), Senior
Researcher, Ural Federal Agrarian Scientific Research Centre, Ural
Branch of the Russian Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0001-6106-3003, olia91oparina@yandex.ru

Alexander S. Krasnoperov, Cand. Sci. (Veterinary Medicine),
Senior Researcher, Ural Federal Agrarian Scientific Research Centre,
Ural Branch of the Russian Academy of Sciences, Ekaterinburg,
Russia; https://orcid.org/0000-0001-5281-803X, marafon.86@list.ru

Sergey V. Malkov, Cand. Sci. (Veterinary Medicine), Senior
Researcher, Ural Federal Agrarian Scientific Research Centre, Ural
Branch of the Russian Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0002-1961-4972, aibolit_2001@mail.ru

Alexander I. Belousov, Dr. Sci. (Veterinary Medicine), Leading
Researcher, Ural Federal Agrarian Scientific Research Centre, Ural
Branch of the Russian Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0002-7838-4126, white-knight@mail.ru

Anton E. Chernitskiy, Dr. Sci. (Biology), Leading Researcher,
Ural Federal Agrarian Scientific Research Centre, Ural Branch of
the Russian Academy of Sciences, Ekaterinburg, Russia;
https://orcid.org/0000-0001-8953-687X, cherae@mail.ru

OnapuHa Onbra lOpbeBHa, KaHf. BET. HayK, CTapLUNA HayYHbIN
coTpypHuk OIBHY Yp®AHWUL| YpO PAH, r. EkatepuHbypr, Poccus;
https://orcid.org/0000-0001-6106-3003, olia91oparina@yandex.ru

KpacHonepog Anekcanap CepreeBud, KaHA. BET. HayK, CTapLUmii
HayuHbln coTpyaHuK OTBEHY YpOAHNWL, YpO PAH, r. EKatepuH6ypr,
Poccus; https://orcid.org/0000-0001-5281-803X, marafon.86@list.ru

Mankog Cepreii ButanbeBuy, KaHA. BET. HAyK, CTapLUWI HAYYHbIN
coTpyaHuk OIBHY Yp®AHWUL| YpO PAH, r. EkatepuHbypr, Poccus;
https://orcid.org/0000-0002-1961-4972, aibolit_2001@mail.ru

Benoycos Anekcanap MiBaHoBMY, A-p BeT. HayK, Beaywuii
HayuHbln coTpyaHuK OTBEHY YpOAHNWL, YpO PAH, r. EKatepuH6ypr,
Poccus; https://orcid.org/0000-0002-7838-4126,
white-knight@mail.ru

YepHuuknin AHToH EBreHbesmny, -p 6ron. HayK, Beaywwuin

HayuHbIn coTpyaHuK OTBHY Yp®AHWL, YpO PAH, r. EKkatepuHbypr,
Poccus; https://orcid.org/0000-0001-8953-687X, cherae@mail.ru

VETERINARY SCIENCE TODAY. 2024; 13 (4): 366—372 | BETEPUHAPUA CETOAHA. 2024; 13 (4): 366-372



372

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIUKPOBUONOT WA

Irina Yu. Vershinina, Researcher, Ural Federal Agrarian Scientific = BepwunHuna WpuHa lOpbeBHa, Hay4Hbli COTPYAHUK
Research Centre, Ural Branch of the Russian Academy of Sciences, ~ ®TBHY Yp®AHWL| YpO PAH, . EkatepuHbypr, Poccus;
Ekaterinburg, Russia; https://orcid.org/0009-0000-7724-0991, https://orcid.org/0009-0000-7724-0991, lotus2012@yandex.ru
lotus2012@yandex.ru

Contribution: The authors made an equal contribution to the research: definition of goals and objectives; collection of published data;
developing experiment design; laboratory tests; data collection and processing; analyzing experiments and laboratory test results;
generalization and interpretation of the test results; making conclusions; preparing an article based on the key research results.

Bknag aBTopoB: ABTOPbI BHEC/IV PaBHbI BK/aJ B NPOBEAEHVIE CC/IEA0BaHA: OnpefesieHe Lesiel 1 3aaady; c6op INTepaTypHbIX A4aHHbIX;
pa3paboTKa An3aliHa SKCNePUMEHTAIbHOTO UCCNe[0BaHNSA; NPOBeAeHe NabopaTOPHbIX NCCNefoBaHNUi; cO0p 1 cMcTeMaTM3aums
[aHHbBIX; aHaNM3 SKCNepUMEHTaNbHbBIX 1 1a6OPaTOPHbIX UCCNIEA0BAHNI; 0606LLEHNE 1 MHTEPMPeTaLVs pe3ynbTaToB MCCiefoBaHus;
bopMynMpoBKa BbIBOAOB; 0GOPMIIEHIE KITIOUEBbIX PE3YNIbTaTOB UCCIIEA0BAHA B BUAE CTaTbM.

VETERINARY SCIENCE TODAY. 2024; 13 (4): 366—372 | BETEPUHAPUA CETOJHA. 2024; 13 (4): 366-372



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIUKPOBUONOT WA

R creckorwpanes| [ ) IAR

https://doi.org/10.29326/2304-196X-2024-13-4-373-381

Metagenomic analysis of gut microbiota
diversity in poultry before and after
antibiotic administration

Olga V. Prasolova, Nina I. Malik, Irina A. Timofeeva, Natalya A. Kirsanova, Ekaterina V. Krylova,
Evgeny V. Malik, Ivan A. Rusanov, Nataliya A. Chupakhina
The All-Russian State Center for Quality and Standardization of Veterinary Drugs and Feed, 5 Zvenigorodskoye shosse, Moscow 123022, Russia

ElsiE

ABSTRACT

The diversity of gut microbiota is an important ecological resource that plays a key role in maintenance of the host homeostasis. It is extremely important to preserve
the existing gut microbiota diversity, which ensures its resistance to the negative effects of abiotic factors, while the study of the antibiotic role in the disturbance
of microbiota diversity is a fundamental basis used not only to identify aspects responsible for microbiota-associated poultry diseases, but also to learn techniques
of microbiota management. This study gives a characteristic of poultry gut microbiota diversity before and after antibiotic administration based on 165 rRNA
gene sequencing analysis. Firmicutes and Bacteroidota species were predominantly detected in the chick microbiota during antibiotic administration and after
its withdrawal. A significant increase in Patescibacteria abundance was observed on day 11 post enrofloxacin cessation. Actinobacteriota started appearing on
day 11 after antibiotic discontinuation. An increase in (yanobacteria abundance was detected on day 4 after the drug withdrawal. Taxonomic shifts in the chick
microbial community structure at the class level both during the antibiotic treatment and after its withdrawal were observed. The abundance of Clostridia and
Bacteroidia classes tended to decrease, while Bacilli class increased in its abundance, especially on day 8 after the drug withdrawal. It was found that a ten-day
course of enrofloxacin treatment at the recommended doses leads to an increase in the abundance of Bacillaceae, Gastranaerophilales, Lactobacillaceae, Bacteroi-
daceae, Bifidobacteriaceae families, while the abundance of Rikenellaceae, Erysipelatoclostridiaceae, Clostridiaceae, Ruminococcaceae decreased and did not affect
the abundance of Lachnospiraceae family. The revealed increase in the proportion of Lactobacillaceae during antibiotic treatment suggests the ability of a healthy
organism to restore the microbiota balance. The results of metagenomic data bioinformatics (without truncation) showed the presence of 158 microorganism
species in the chick microbiota, 38% of which were classified as nonculturable.
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MeTareHoMHbIV aHanu3 61opasHoobpasms
MUKPOONOMA KMLLIEYHMKA MTUL|I
110 ¥ Noc/e MeIMKaMEeHTO3HOI Harpy3Ki aHTUOMOTUKOM

0. B. Mpaconoga, H. U. Manuk, U. A. TumodeeBa, H. A. KupcanoBa, E. B. KpbinoBa, E. B. Manuk, U. A. PycanoB, H. A. Yynaxuna
OIBY «Bcepoccuitckmii rocyaapcTBeHHbIN LieHTp kauecTsa v CTaHAapTU3aLMM NeKapCTBEHHbIX CPEACTB ANA XKUBOTHBIX 1 Kopmos» (OTBY «BIHKI»),
3BeHuropogcKoe wwocce, 5, r. MockBa, 123022, Poccua

PE3IOME

Buronoruyeckoe pazHoobpasie KuLeuHoit MUKpo61oTh NpescTaBAeT co6oii BaX<HbIil 3KONOrMYECKHil pecype, KOTOPbIil UTPAET KIoYeByH Posib B NOAAEPKaHUN
TOMe0(Ta3a OpraHi3ma xo3auHa. MIckniounTenbHoO BaxkHoe 3HaueHe MEET CoXpaHeHNe CyLecTBytoLLero 61opaHoo6pasua KULLEUHOI MIKPOOUMOTBI, KoTopoe
o6ecneynBaeT ee yCTOIUNBOCTb K HEraTMBHOMY AeACTBIK abnoTuyecknx akTopos, a MccieoBaHue poan aHTMOUOTUKOB B HapyLueHun 6rnopasHoobpasua
MUKpo61OMOB ABAAETCA hYHLAMEHTaNbHOI 0CHOBOIA He TONbKO ANA BbIABEHIA aCNeKTOB BO3HUKHOBEHMA MUKPOOMOM-aCCOLMUPOBAHHbIX 6one3Heil nTuLbl,
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HO 11 0CBOEHUA METOZOB yNpaBneHna MiKpobruomamu. B ;aHHOM mccneoBaHNM NpeaCTaBEeHa XapakTepucTuka 61nopasHoobpasina Mikpobroma KueuHnka
MTULbI A0 N NOCNE MeANKAMEHTO3HOI HArpy3Ky aHTUOMOTUKOM Ha OCHOBE BIIOMH(OPMATUUECKOT0 aHaNK3a cekBeHpoBaHUA rena 165 pPHK. HanbonbLuee konu-
YeCTBO NPOYTEHMIN B MUKPOOUOME LIbINAIAT B NEPMOJ BbiNauBaHNA aHTUOMOTMKA U MOC/E €ro 0TMeHbI COCTABAANM TUNbI Firmicutes n Bacteroidota. 3HaunTenbHoe
yBenuuenue Patescibacteria 6bino oTMeueHo Ha 11-it eHb 0TMeHbl SHpodnokcauuHa. Moasnenne Actinobacteriota Habnioganu Ha 11-ii feHb nocne OTMeHbl
BbiNauBaHNA aHTOMoTMKa. YBenuueHne (yanobacteria BbiABNeHO Ha 4-ii feHb NocNe 0TMeHbI Npenaparta. TakcoHOMIMYeckie CABUMI B MUKPOOMOME LbInAAT
Ha ypOBHe KNaccoB KaK B Nepuoz BbiNanBaHNA aHTMOMOTUKA, TaK M NOCNE ero 0TMeHbl NPOABUANCH TEHAEHLMEN K CHUKEHUIO OTHOCUTENbHOI A0AN NPeACTaBy-
Teneii knacco Clostridia n Bacteroidia, a Takxe TeHAeHUMel K yBenuueHnto gonu knacca Bacilli, ocobeHHo Ha 8-i1 ieHb nocne 0TMeHbl Mpenapara. YCTaHoBNeHo,
4TO ZleCATUAHEBHbIN KypC BbINanBaHua SHPOGOKCALMHA B pekoMeHayeMOoii 103e NPUBOAUT K yBeNNUeHuio B MUKpobuome fonu cemeiicts Bacillaceae, Gastra-
naerophilales, Lactobacillaceae, Bacteroidaceae, Bifidobacteriaceae, cHxeHmio 0THOCUTENbHOIA YncneHHocTH cemeiicTs Rikenellaceae, Erysipelatoclostridiaceae,
(lostridiaceae, Ruminococcaceae n He BIMAET Ha KonebaHWA OTHOCUTENbHOI YMCNEHHOCTH ceMeiicTBa Lachnospiraceae. BbiaBneHHoe yBenuuexe gonu Lactobacil-
laceae npn CNoNb30BaHMN aHTUOMOTIKA MOXKET FOBOPUTH 0 BO3MOXKHOCTAX 3,0POBOT0 OPraHi3Ma BOCCTaHABNMBATb MUKPOBIOTY CAMOCTOATENbHO. Pe3ynbTathl
610MHGOPMATINUECKOr0 aHAN3a MeTareHOMHbIX JaHHbIX (6e3 0TceueHua) nokasanu NpucyTCTBNE B MUKpobrome UbinnAT 158 BUA0B MUKPOOPraHn3moB, 38%
13 KOTOPbIX ObINM OTHECEHDI K HEKYNbTUBIPYEMbIM.

KnioueBbie cnoa: MMKpOﬁI/IOM, MeTareHoM, TapreTHoe CEKBEHNPOBaHue, aHTUOUOTUKI

BnaropapHocty: UccnenoBatie duHaHapoBanoch OeaepanbHoil Clyx60ii no BeTEPUHAPHOMY U QUTOCAHUTAPHOMY HAA30pY, HAyuHO-UCCNEA0BATENbCKIIA
NPOEKT No Teme «IMarHoCTUKa COCTOAHINA HOPMabHOI MUKPOOUOTbI KENYAOUYHO-KULLIEYHOTO TPAKT CeNlbCKOXO3AACTBEHHOM NTULIbI M0f BO3AEIACTBIEM aHTH-
MUKDOGHBIX U MPOBMOTIYECKYX MPenapaTos Ans pa3paboTKu 1 OCYLLECTBIIEHMA Mep M0 ee COXPAHEHMI0 TN BOCCTAHOBIIEHMIO.

[ina yntuposauus: Mpaconosa 0. B., Manuk H. 1., Tamodeesa 1. A., Kupcanosa H. A., Kpbinosa E. B., Manuk E. B., Pycaro W. A., Yynaxuna H. A. MeTareHom-
Hblil aHanu3 61uopasHoobpasna MUKPoOMOMa KULLEYHIKA MTULIbI 0 U MOCTE MeAMKAMEHTO3HOI Harpy3ku aHTM6MoTKoOM. BemepuHapus ce2o0Hs. 2024; 13 (4):

373-381. https://doi.org/10.29326/2304-196X-2024-13-4-373-381

Kondnukr nutepecos: ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHNMKTA MHTEPECOB.

[ins koppecnonpenyun: Mpaconosa Onbra BnagumupoBHa, KaHA. BET. Hayk, BedyLLMii HayuHbIi COTPYAHMK oTAena monekynapHoii 6uonorun OTBY «BIHKI»,

3BeHuropoackoe wocce, 5, 1. Mocksa, 123022, Poccus, o.prasolova@vgnki.ru

INTRODUCTION

Normal intestinal flora is a quantitative and quali-
tative relationship between diverse microbial popula-
tions within individual organs and systems, maintaining
the biochemical, metabolic and immunological balance
needed to preserve the animal health [1]. In recent years,
the role of the intestinal microbiota in the disease de-
velopment has been established in various animal spe-
cies, including humans, dogs, pigs, cattle, poultry and
fur animals [2, 3, 4, 5, 6, 7, 8]. The gastrointestinal tract
of chickens is densely populated with complex micro-
bial communities (bacteria, fungi, archaea, protozoa
and viruses), dominated by bacteria [9, 10]. Historically,
selective culture techniques have been used to identi-
fy and characterize the microbial diversity of avian in-
testines. The novelty of this work is the use of bacterial
16S ribosomal RNA (rRNA) gene sequencing to study
the poultry gut microbiota diversity before and after anti-
biotic treatment. Modern high-performance sequencing
produce rapid data about microbial communities and is
a powerful tool that brought an important novel under-
standing of the biological and ecological role of the in-
testinal microbiota [11,12, 13, 14].

The use of antibiotics in veterinary medicine can
contribute to the development of antimicrobial re-
sistance [15]. According to the criteria proposed by
the World Organization for Animal Health (WOAH), anti-
microbials are classified into three categories: Veterinary
Critically Important Antimicrobial Agents (VCIA), Veteri-
nary Highly Important Antimicrobial Agents (VHIA) and
Veterinary Important Antimicrobial Agents (VIA). How-

ever, a specific antimicrobial drug/class can be considered
critically important for the treatment of a specific disease.
For a number of antimicrobials, there are no or few alter-
natives to treat a particular disease. Fluoroquinolones are
often used in veterinary practice to treat infectious animal
diseases. They are also included in the list of the WOAH
critically important antimicrobials for human and animal
health [16]. The study of the effect of fluoroquinolones
on a healthy organism, that is, a normal microbiota, is
relevant.

The aim of the work was to study the diversity of
the poultry intestinal microbiota before and after antibio-
tic treatment using 16S rRNA gene sequencing.

MATERIALS AND METHODS

The object of the study was the chick cecal microbiota.

The studies were conducted in 90 fifteen day-old Rus-
sian white layers from one batch, hatched from SPF eggs
in the Manikhino hatchery with approximately the same
live weight. The chicks were randomly divided into two
groups (test and control), each was placed in a separate
cage (5 chicks per cage). The chickens were kept in stan-
dard laboratory animal facility conditions, they were fed
a standard diet and given water ad libitum.

The samples of the cecal contents from the test and con-
trol chicks were tested. The samples were collected imme-
diately after killing by cervical dislocation on days 4, 8, 11
of antibiotic treatment and on days 4, 8, 11 after the drug
cessation. The test chicks were individually given 1.0 mL of
an antibiotic solution at a dose of 10.0 mg/kg of live weight
using a probe. The drug was administered in the morning
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Fig. 1. Phylogenetic profile of the chick microbiome at the species level

Table 1
The cecal microflora composition at the bacterial species level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Day 4 Day 8 Day 11 Day 4 Day 8 Day 11
Species Control. % of enrofloxacin | of enrofloxacin | of enrofloxacin | after enrofloxacin | after enrofloxacin | after enrofloxacin
P bed administration, | administration, | administration, withdrawal, withdrawal, withdrawal,
) % % ) % %

Firmicutes 759+4.6 721+10.6 73.6+99 859+25 786+74 874+72 80.6+4.4
Bacteroidota 241+46 27.5+10.7 257+9.5 13.1+£2.1 87+18 715+44 89+22
(yanobacteria - 0.01+0.01 0.08 +0.05 0.01+0.01 6.8+6.2 - 14+07
Patescibacteria - 04+04 - 09+0.6 19+18 14407 47+26
Verrucomicrobiota - - 0.6+0.6 - 40+2.2 37+29 33+28
Actinobacteriota - - - - - - 1.0£0.5

before feeding. Control chicks in parallel to test chicks
were given 1.0 mL of water for injection. The antibiotic
used was enrofloxacin (Enrovec 10% for injection, Vector,
Russia, batch OE011021, 1.0 mL contains 100 mg of enro-
floxacin) at the rate of 10.0 mg/kg of weight.

All procedures involving animals complied with the
ethical standards adopted by the European Convention
ETS No. 123.

DNA was isolated from the samples using QlAamp DNA
Microbiome Kit (QIAGEN, Germany) according to the manu-
facturer’s recommendations. The quality of the extracted
DNA was checked by electrophoresis in 0.8% agarose
gel, as well as using the TapeStation 4200 system (Agilent
Technologies, USA). The DNA concentration was measured
using the Quantus fluorometer (Promega, USA). The DNA
library was prepared according to the 16S Metagenomic
Sequencing Library Preparation protocol using Nextera
XT DNA Library Preparation Kit (Illumina, USA). MiSeq
Reagent Kit v3 (Illumina, USA) was used for sequencing,
which enables long read lengths (300 nucleotides).

QIIME2 software package was used to analyze
the 16S rRNA sequencing data. For the initial processing
of raw sequences, DADA2 package was used, which gives
more reproducible and accurate results due to denoising
algorithms, rather than clustering of phylotypes, in con-

trast to more classical approaches [17, 18]. The taxonomic
affiliation of phylotypes was determined using the RDP
classifier based on SILVA [19]. The data were normalised
using the rarefaction algorithm in the QIIME2 software
while analyzing alpha diversity according to major re-
commendations of the developers, and were stabilised
by variation through the Deseq?2 package [20] to compare
the relative abundances of phylotypes in the samples. For
the analysis of beta diversity, communities were compared
using the construction of their dissimilarity matrix using
the weighted UniFrac, unweighted UniFrac and Bray-Curtis
algorithms.

Statistical processing of the results was performed
by analysis of variance using Microsoft Excel 2010 soft-
ware. The results are presented as the arithmetic mean (M)
and the standard error of the mean (= SEM). The reliability
of the differences was determined by the Student’s t-test,
the differences were considered statistically significant
atp=0.95.

RESULTS AND DISCUSSION

The bioinformatic analysis showed that the highest
number of detected reads in the chick microbiome during
the drug administration and after its withdrawal was
produced by Firmicutes species. The second maximum
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observed number of OTUs (operational taxonomic unit)
was assigned to Bacteroidota species. A significant increase
in Patescibacteria number was observed on day 11 post
enrofloxacin cessation. Actinobacteriota started appearing
onday 11 after the antibiotic discontinuation. An increase
in Cyanobacteria abundance was detected on day 4 after
the drug withdrawal (Fig. 1, Table 1).

Taxonomic shifts in the chick microbial community
structure at the species level both during the antibio-
tic treatment and after its withdrawal were observed.
The abundance of Clostridia and Bacteroidia representa-
tives tended to decrease, while Bacilli species increased
in its abundance, especially on day 8 after the drug with-
drawal (Fig. 2, Table 2).

The change in the number of reads at the level of orders
is consistent with the changes at the family level (Fig. 3,
Table 3).

A ten-day course of enrofloxacin treatment at the re-
commended doses leads to an increase in the abundance
of Bacillaceae, Gastranaerophilales, Lactobacillaceae, Bac-
teroidaceae, Bifidobacteriaceae families, while the abun-
dance of Rikenellaceae, Erysipelatoclostridiaceae, Clostri-
diaceae, Ruminococcaceae decreased and did not affect
the abundance of Lachnospiraceae family.

Of the 28 genera detected in the microbiome of test
and control chicks, two genera belonging to families Os-
cillospiraceae and Ruminococcaceae could not be classified.
The abundance of Lactobacillus, Akkermansia, Blautia, Can-
didatus Saccharimonas genera was significantly greater
during the period of enrofloxacin administration and after
its withdrawal, while Faecalibacterium, Lachnoclostridium,
Ruminococcus abundance was reduced (Table 4, Fig. 4).

The results of metagenomic data bioinformatic analysis
(without truncation) showed the presence of 158 microor-
ganism species in the chick microbiota, 38% of which were
classified as nonculturable.

The analysis of the beta diversity of the metagenom-
ic community under study showed changes in the taxo-
nomic diversity of microbiomes in the test and control
chicks (Fig. 5A). The changes were expressed as an expan-
sion in the taxonomic community composition within
the groups (Fig. 5B).

Significant differences characterizing alpha diversity
were found over time only within the groups, but not
relative to each other at a specific time point. The most
significant difference in alpha diversity was demonstra-
ted for samples at point 19, corresponding to day 8 after
the antibiotic cessation (Fig. 6).

Day 11 of enrofloxacin administration
Day 8 of enrofloxacin administration

Day 4 of enrofloxacin administration

Day 11 after enrofloxacin withdrawal NGO G2 644 ——
Day 8 after enrofloxacin withdrawal GOSN 50742
Day 4 after enrofloxacin withdrawal - EEEEEEEEEEEEES0SE TGS N5 912

Control

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%
oTU

m Bacilli mBacteroidia m Clostridia = Vampirivibrionia mSaccharimonadia w\Verrucomicrobiae mActinobacteria

Fig. 2. Phylogenetic profile of the chick microbiome at the class level

Table 2
The cecal microflora composition at the bacterial class level demonstrated by 16S rRNA gene amplicon NGS-sequencing

Day 4 Day 8 DEVAN Day 4 Day 8 Day 11
Control, of enrofloxacin of enrofloxacin of enrofloxacin | after enrofloxacin | after enrofloxacin | after enrofloxacin
% administration, administration, administration, withdrawal, withdrawal, withdrawal,
% % % % % %

Bacilli 17.1+63 16.2+6.3 16.7£5.5 79.9+359 80.5+23.6 160.5+32.9 920+17.2
Bacteroidia 241146 275+10.7 29.7+10.9 213+20 16.8 4.9 15.0£6.6 16.2+£2.9
(lostridia 58.8+5.2 55.9+7.0 69.5+11.3 773+2.8 59.2+14.1 742+11.0 64.4+73
Vampirivibrionia - 0.01£0.01 0.1+0.06 0.02+0.02 10.2+8.7 - 24+12
Saccharimonadia - 04+04 - 14+1.0 45+4)2 41+20 10.0+5.6
Verrucomicrobiae - - 0.7+0.7 - 93+53 6.8+48 54+44
Actinobacteria - - - - - - 1.6+0.8
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Fig. 3. Phylogenetic profile of the chick microbiome at the family level

Table 3
The cecal microflora composition at the bacterial family level demonstrated by 165 rRNA gene amplicon NGS-sequencing

Day 4 Day 8 Day 11 Day 4 Day 8 Day 11
Control, of enrofloxacin of enrofloxacin of enrofloxacin | afterenrofloxacin | afterenrofloxacin | after enrofloxacin
% reed = SEM administration, administration, administration, withdrawal, withdrawal, withdrawal,
% reed + SEM % reed + SEM % reed + SEM % reed £SEM % reed + SEM % reed + SEM
Lactobacillaceae 1n.7+6.7 1M.7£63 10.1£4.0 354+82 35171 546+54 36.2%6.1
Bacteroidaceae 1311 14.0+8.2 21.2+80 75+20 21+06 56%£3.6 53+06
Ruminococcaceae 21.0+3.6 355+7.1 323+8.2 19.7+5.2 45+22 51+17 65+24
Rikenellaceae 22.8+5.0 13.5+3.1 46+1.8 5617 6.6+1.6 1.9+£0.9 36+20
Lachnospiraceae 268+2.7 128+ 1.1 13735 222+53 30.0+8.8 209+33 219+34
Bacillaceae 24408 25408 0.6+0.4 14+08 47+1.0 34106 9.1+3.1
Gastranaerophilales - 0.01£0.01 0.1£0.05 0.01%0.01 6.8£6.16 - 1407
Saccharimonadaceae - 04+04 - 0.9+0.6 19+£18 14£07 47+26
(lostridiaceae 7720 49+0.9 93+49 38+14 29+23 20+1.0 58+19
Akkermansiaceae - - 0.6+0.6 - 404+2.2 37429 33+28
Erysipelatoclostridiaceae 3.0+£038 20+09 29+09 1.0+04 1.1+£05 0.6+0.1 09+04
Oscillospiraceae 2010 1.6+£0.5 44+14 09+04 0.1+0.1 0.1+0.07 0.1+0.1
Monoglobaceae - 09+04 0.2+0.1 03+0.2 0.01+0.01 0.62 +0.49 0.05 +0.05
Bifidobacteriaceae - - - - - - 1.0£0.5
CONCLUSION administratopn course and on day 8 after its with-
The change in the metagenomic taxonomy of thece-  drawal.

cal microbiota of healthy chicks when using enrofloxacin The analysis of metagenome sequencing data revealed
antibiotic was analyzed. The most pronounced relative  the presence of a significant number of nonculturable mi-
changes in the metagenomic taxonomy were recor-  croorganisms that cannot be detected by microbiological
ded on day 8 after the start of the ten-day enrofloxacin  techniques.
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Table 4
The cecal microflora composition at the bacterial genus level demonstrated by 165 rRNA gene amplicon NGS-sequencing

Day 4 Day 8 Day 11 Day 4 Day 8 Day 11

Gt of enrgﬂoxacin of enrgﬂpxacin of enrgﬂpxacin after . after ‘ after .

% reed + SEM adm}nlstra— adm.|n|stra— adm}nlstra— eqroﬂoxacm eqroﬂoxacm eqroﬂoxacm

tion, tion, tion, withdrawal, withdrawal, withdrawal,
% reed = SEM | %reed = SEM | %reed +SEM | %reed + SEM | %reed + SEM | % reed £ SEM

Lactobacillus 11.7+6.7 1M.7+63 10.08+3.97 | 3539+8.19 | 35.13+£7.07 | 5459+543 | 36.16+6.08
Bacteroides 13+1.1 14.0+8.2 21.16+8.0 7.54+2.04 2.08 £ 0.64 5.58+3.56 5.32£0.61
Faecalibacterium 11.3+28 25452 2418+7.75 | 9.48+4.06 151+0.44 1.02+031 0.90+0.46

Alistipes 228+50 135+3.1 456+1.85 56117 6.59 £ 1.64 1.95+0.87 3.63+2.0

Subdoligranulum 1.0+09 0.2£0.1 175+1.25 3.62+2.46 2.26+2.09 331+£1.85 537£20
Ruminococcus 12617 36+03 3.15£0.56 529+257 415+2.16 230+0.56 2.60 £ 0.64
Blautia 04+0.2 03+03 0.41£0.25 1.12+0.68 2.05+0.68 351£1.0 6.52+£1.14
Bacillus 24+08 25+08 0.60£0.36 136 +0.80 473£0.96 3.41£0.65 9.09£3.12
Lachnospira 9.7£0.7 6.0+0.8 6.50£138 | 1274%3.76 | 1559+5.17 9.59+15 6.25+1.55
Ruminococcus 29+0.8 27+14 3.57+£1.28 2.66+0.65 0.21£0.08 0.06 +0.04 0.05+0.05
Gastranaerophilales 0.0£0.0 0.0£0.0 0.08 £0.05 0.01+0.01 6.82£6.16 0.00£0.0 143+0.74
Candidatus saccharimonas 0.0+0.0 0.4+04 0.00+0.0 0.90 +0.62 1.89+1.77 1.41+0.66 470256
Clostridium 7.7£20 49+09 9.29+4.89 379+138 294+2.28 2.03+0.95 583+£1.95
Akkermansia 0.0£0.0 0.0£0.0 0.62 +0.62 0.00£0.0 4.04+22 3.65+2.93 3.30+2.81
Erysipelatoclostridium 3.0£0.8 20£09 2.88+0.94 0.96 +0.37 1.06 + 0.46 0.59+0.1 0.93+0.37
Lachnodlostridium 21+£0.2 20+03 2.29+1.51 2.08+0.71 1.22£043 123+034 0.81+0.18
Sellimonas 1.8+0.5 0.8+03 1214033 0.77+0.29 332+£1.23 237+1.18 1.75+0.36
Ruminococcus 1.1+05 1.0+06 0.58+£0.24 2.45+0.95 0.25+0.13 0.00£0.0 0.05+0.05
Eubacterium hallii group 0.2+0.1 0.0+0.0 0.17 £0.07 0.19+0.07 352148 1.45+0.47 0.69£0.27
CHKCI001 0.0£0.0 0.0£0.0 0.02£0.01 0.02+0.02 0.20£0.1 0.48+0.27 3.28+£1.89
Undlassified Oscillospiraceae 1.0+£05 0.7+0.2 2.58+0.99 0.92 +0.45 0.13+0.06 0.08 +0.04 0.07 +£0.05
Undlassified Ruminococcaceae 2.8+0.8 3810 0.38£0.24 0.00£0.0 0.07 £0.07 0.36+0.3 0.03+0.03
S‘r’fggte’ Tum coprostanolgenes | 1006 | 03+03 | 0094006 | 135£099 | 000400 | 0014001 | 005003
DTU089 0.8+0.2 13402 0.39£0.13 1.01+034 0.24£0.09 0.38+0.17 0.15+0.07
Undlassified Ruminococcaceae 13+0.6 11£05 1.49+0.91 0.44+032 0.00+0.0 0.00+0.0 0.00+0.0
Monoglobus 03+0.2 0.9+04 0.17£0.1 032+0.25 0.01£0.01 0.62+0.49 0.05+0.05
UCG-005 1.0+05 1.0+03 1.81+132 0.00£0.0 0.00£0.0 0.03£0.03 0.00£0.0
Bifidobacterium 0.0£0.0 0.0£0.0 0.00£0.0 0.00£0.0 0.00£0.0 0.00£0.0 1.00+0.51
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Fig. 4. Phylogenetic profile of the chick microbiome at the genus level

Fig. 5. A - changes in the beta diversity of the metagenomic community in the test (red) and control (blue)
groups; B - changes in the beta diversity of the metagenomic community within the groups (red - control,
blue - test, orange - day 4 of administration, green — day 8 of administration, purple — day 11 of administration)
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Fig. 6. Changes in the alpha diversity of the metagenomic community (blue — control, orange — test)
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Change in hepatocyte nuclear-cytoplasmic
ratio at nontuberculosis mycobacteria infection
against the background of immunomodulator action

Evgeny A. Kosobokov, Tatyana S. Dudoladova
Omsk Agrarian Scientific Center, 26 Korolev avenue, Omsk 644012, Russia

ABSTRACT

The study was targeted at the examination of the effect of the specificimmunomodulator KIM-M2 on the morphostructure of liver cells of guinea pigs infected with
nontuberculosis mycobacteria. The research was carried out in 15 guinea pigs selected by gender at the Diagnostic Research and Biotechnology Laboratory of the
Department of Veterinary Medicine of the Omsk Agrarian Scientific Center. All animals were kept in a specialized animal keeping facilities according to standard
housing and feeding regime. The experimental animals were subdivided into three groups of five animals in each: group 1 — challenge group (Mycobacterium
scrofulaceum), group 2 — experimental group (Mycobacterium scrofulaceum and KIM-M2), group 3 — pure control group (saline solution). On day 30 after the start
of the experiment, the animals were removed from the experiment, liver biopsy samples were collected and histologic specimens were prepared according to the
classical method. During the experiment, it was found that KIM-M2 had a regenerative effect on the liver tissue of the guinea pigs infected with nontuberculosis
mycobacteria, which was associated with 1.5-fold increase in the number of mononuclear hepatocytes, 3-fold increase in binuclear cells and 4.3-fold decrease
in anucleate hepatocytes thus indicating the manifestation of compensatory reactions in the organ and increase in the depth of regenerative processes. As for
animals in group 1; 1.8- and 1.3-fold increase in the area of the nucleus and cytoplasm as compared with the individuals in group 2, and 2.7- and 2-fold increase
as compared with the animals in the control group, respectively, indicated the launch of the accumulation mechanisms of the potential reparative reserves and
increase in their depth in the liver tissues.

Keywords: nontuberculosis mycobacteria, Mycobacterium scrofulaceum, guinea pig, liver, hepatocytes, immunomodulator
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N3meHeHe AaepHO-LMTONNA3MATNYECKOTO COOTHOLLIEHNS
renaToLuToB NP 3apaXKeHNN HETYOEPKYNe3HbIMI
MUKobaKTepuAMM Ha GoHe AeNCTBIUA UMMYHOMOAYNATOPA

E. A. Koco6okos, T. C. lynonagosa
OTBHY «Omckui arpapHblii HayuHblil LerTp» (OTBHY «Omckuii AHLL»), npocnekt Koponéa, 26, r. Omck, 644012, Poccusa

PE3IOME

Llenbto nccnenoBanms ABUNOCH M3yyeHne BIUAHKUA cneuduueckoro ummyHomogynatopa KUM-M2 Ha MopdoCTpyKTYpy KNeTok neueHn MOpCKUX CBIHOK, 3a-
paX<eHHbIX HeTybepKynesHbIMU MiKobakTepuamu. Pabota npoBezeHa B nabopatopuy AUarHoCTUUeCKIX UCCnes0BaHuil 1 6UOTEXHONOTMI OTAEN BETEPUHAPUN
OTBHY «OMCKii arpapHblil HayUHbIN LieHTP» Ha NOr00Bbe U3 15 MOPCKIX CBUHOK, 0TOBPaHHbIX N0 reHAepHOMY Npu3HaKy. Bce uBOTHbIE HAXOAMANCH B YCNOBMAX
Cnewyanu3vupoBaHHOro BIUBAPUA CO CTaHAAPTHBIM PEXMMOM COREPKaHUA 1 KOpMEHIA. OMbITHbIX KMBOTHBIX Pa3AeNuM Ha 3 rpynnbl no 5 ron. B Kaxzaoii: 1-—
KOHTpONb 3apaxenus (Mycobacterium scrofulaceum), 2-a — skcnepumentanbHas (Mycobacterium scrofulaceum w KAM-M2), 3-a — unctblit KoHtponb (usmonoru-
yeckiii pactop). Ha 30-e cyT nocne Hayana skcnepuMeHTa KUBOTHbIX BbIBOAWMN U3 OMbITa, 0TOMPani 61onTaThbl neyeHH v roToBUIN FUCTONOrMYECKiE Npenapatbl
10 KNnaccuyeckoii Metoauke. B xofe 3kcnepumenTa yctaHoneHo, uto KIIM-M2 oka3biBaeT pereHepaTiBHOE A€/CTBIE Ha NEUEHOUHYIO TKaHb 3apaXeHHbIX He-
Ty6epKyne3HbIMI MUKoBAKTEPUAMYU MOPCKIX CBUHOK, 06yCTIOBNIEHHOE yBennueHnem B 1,5 pasa KonuuecTBa 0AHOAZEPHDIX FeNaToLuToB, yBeNnueHnem B 3 pasa
[BYXbALEPHDBIX KNETOK U yMeHbLLUeHeM B 4,3 pa3a 6e3bAfepHbIX renaToLUTOB, YT0 YKa3blBAET Ha NPOABNEHIE KOMMEHCATOPHbIX PeaKLMil B OpraHe 1 yBenuyeHme
TNy6MHbI pereHepaTUBHbIX NPOLIECCOB. Y XKMBOTHBIX 1-if rpynnbl yBenuueHue naoLLaam AApa v Lyutonnasmbl B 1,8 1 1,3 pasa B cpaBHeHU ¢ 0cobamN 2-ii rpynmbl
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11 yBeIMYeHe COOTBETCTBEHHO B 2,7 11 2 pa3a no CPaBHEHNI0 C XXUBOTHBIMU 13 K0HTp0IIbHOl7I rpynnbl CBUAETENbCTBYET 0 3anyCcKe MeXaHU3MOB HaKonieHnaA no-
TEHLMaNbHbIX penapaTUBHbLIX PE3€PBOB U YBENUYEHNN UX rny6v|H|>| B TKaHAX nevyeHn.

KnioueBble cnoBa: HeTybepkynesHble Mukobaktepum, Mycobacterium scrofulaceum, MOpcKkas CBUHKa, NeyeHb, renatowyTsl, IMMYHOMOZYNATOP

bnaropapHocTy: ABTOpbI CTaTbyt BbipaxatoT 611arofapHoCTb COTPYAHMKAM nabopaTtopui 3nu300Tonor 1 Mep 60pb6bl ¢ TybepKyne3om oTaena BeTepuHapuu
OIBHY «Omckmit AHL» 3a npesocTaBneHHyt BO3MOXHOCTb MCNONb30BaHIA aBTOPCKOrO crieLmduyeckoro ummyHomogynatopa KMM-M2 ana Hayubix uccne-
[L0BaHUi.

[insa yntuposauusa: Kocobokos E. A., lynonaposa T. C. U3meHeHMe AfepHO-LUTONNA3MATIYECKOTO COOTHOLIEHNA TenaToLMTOB NPU 3apaxeHun HeTybep-
KynesHbiMI MiKobakTepuamu Ha ¢oHe feilcTBUA UMMYyHOMOZYNATOpa. BemepuHapus cezodnsa. 2024; 13 (4): 382-386. https://doi.org/10.29326/2304-

196X-2024-13-4-382-386

KondnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnongenuun: Kocobokos EBreHmit AHApeeBnY, KaHz. BET. HayK, CTapLUKiA HayYHbI COTPYAHWK NabOpaTopUm AMArHOCTUYECKIUX UCCNeL0BaHUI 1 610-
TexHonoruit oaena setepunapun OT6HY «Omckuit AHL, yn. llepmonToBa, 93, r. Omck, 644001, Poccus, vet_nauka@mail.ru

INTRODUCTION

Currently, the role of non-tuberculosis mycobacteria
has significantly increased globally. Mycobacterioses
cause notable economic damage to animal production
holdings, which is associated with a decreased perfor-
mance, as well as with early culling of animals and their
emergency slaughter [1, 2, 3]. High financial costs and
lack of effective antiepidemic measures are a threat not
only to the holding where mycobacteriosis has been de-
tected, but also to the whole country [4, 5, 6, 7]. This issue
has not been studied in depth enough and requires in-
creased attention of the scientific and industrial organi-
zations [8, 9, 10].

Scientists from Russia and many foreign countries have
proved that nontuberculosis mycobacteria have not only
sensitizing capacities, but they can also localize inducing
specific changes in the animal body and cross-immune
reactions to the PPD-tuberculin administration [11,12, 13].

Toxins released by mycobacteria during their vital ac-
tivity in the macroorganism affect the enzymatic activity
of the liver, thus causing pathological changes in the liver
tissue, which leads to a decrease in the level of the blood-
bile barrier [14, 15,16, 17].

One of the main functions of the liver is transformation
of carbohydrates into glycogen, which is the most impor-
tant energy resource of the body as a whole [18, 19]. More-
over, stellate reticulum endotheliocytes have a phagocytic
effect that neutralizes the accumulation and transport
of toxic substances in the animal’s body [10, 20, 21].

According to the scientific data of many authors, one of
the more effective methods of infectious pathogen control
involves the use of immunoprophylaxis drugs [2, 22]. Cur-
rently, many modern immunomodulators do not demon-
strate a sufficiently high ability to stimulate the effective-
ness of the immune response to the infectious agents and
their toxins in the organism.

Development of modern immunocorrecting agents
and their use makes it possible to increase the body’s re-
sistance to the infectious pathogens. An increase in the im-
mune response with the help of a specificimmunomodu-
lator enhances the regenerative properties of the cells,
tissue and organ as a whole [23, 24, 25].

In view of the above material, the goal was set to study
the effect of a specific immunomodulator on liver tissue
under the laboratory infection with nontuberculosis my-
cobacteria.

MATERIALS AND METHODS

The research was carried out in a specialized ani-
mal keeping facility. Fifteen adult outbred guinea pigs
of tortoiseshell color were used in the study. The animals
demonstrated negative PPD test results.

A specific compleximmunomodulator KIV-M2 was pro-
duced by cultivating BCG vaccine strain in a liquid synthe-
tic Sauton medium, then the grown bacterial mass was de-
structed with an ultrasonic disperser UZDN-1 (Russia) and
the resulting suspension was centrifuged at 15,000 rpm.
The protein amount was determined in the collected
supernatant after its incubation with formalin using bro-
mophenol blue. Hereafter, the protein concentration was
brought up to 1 mg/mL with saline solution. The resulting
BCG antigen complex was conjugated with polyvinylpyr-
rolidone (PVP) and polyethylene glycol (PEG) [26].

The designed KIM-M2 series contained 320 mg of PVP
and 80 mg of PEG polyions per 1 mg/mL of the protein.
A 200 mL sample of the drug was prepared.

The animals were subdivided into three groups
of five animals in each. The animals in group 1 (infection
control) and group 2 (experimental) were inoculated
with Mycobacterium scrofulaceum into the groin area at
a dose of 0.001T mg/mL. In 2 weeks, the animals in the ex-
perimental group were subcutaneously injected with
KIM-M2 immunomodulator into the inner thigh at a dose
of 500 mg/mL of the protein. The animals in group 3 (pure
control) were injected with a sterile 0.9% saline solution.
The microorganisms of pathogenicity groups IlI-IV were
handled in accordance with the sanitary rules and regula-
tions (SanPiN 3.3686-21"). The specificimmunomodulator
is based on the antigenic complex of BCG vaccine strain.
On day 30 after the start of the experiment, the animals
were euthanized under ether anesthesia and bled. Pieces

" https://docs.cntd.ru/document/573660140?ysclid=lzck1dxy
yc979388926 (in Russ.)
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Table 1
Hepatocyte ratio in liver tissues of the experimental animals

Indicator Group 1 Group 2 Group 3
Number of mononucleate hepatocytes 41.8% 63.5% 74.5%
Number of binucleate hepatocytes 8.3% 25.0% 18.0%
Number of anucleate hepatocytes 49.9% 11.5% 7.5%

Table 2
Morphometric characteristics of the hepatocytes

of liver were extracted and fixed in 10% neutral formalin
for further work. Further preparation was carried out at
STP-120 automatic tissue processor (carousel type; Germa-
ny), paraffin blocks were embedded using EC 350 embed-
ding center (Germany). Serial semi-thin sections (5-7 um)
were made using HM-340E microtome (Germany). Histo-
logical sections were stained with hematoxylin and eosin
according to the generally accepted routine technique.

The work was carried out in compliance with the inter-
national principles set out in the Declaration of Helsinki
for animals, Directive 2010/63/EU of the European Par-
liament and of the Council on the protection of animals
used for scientific purposes, as well as in accordance with
the Guidelines for regulating the use of experimental
animals.

Computer morphometry and digital images of micro-
preparations were performed in 10 fields using Axio Ima-
ger A1 (Zeiss, Germany) light microscope (ocular lens 10X,
objective 40x), the area of hepatocytes and their nuclei
was measured in micrometers (um?) using a software pack-
age and the AxioVision version 4.8 archiving system.

Statistical processing of the digital data was carried
out using Microsoft Office 2010 and involved determi-
nation of the arithmetic averages (M) and calculation of
the errors of arithmetic averages (m). The significance was
determined by the Student’s t-test and differences were
considered significant at p < 0.05.

RESULTS AND DISCUSSION

The results of morphological examination demonstra-
ted that in animals of group 1, the liver was visually en-
larged and blood-filled, the edges did not converge along
the incision, the organ was of loose consistency, dark
brown color with large spilled gray lesions, the capsule was
edematous and thickened. Beam structure was preserved.
The hepatocytes were partially rounded. A large number
of non-nuclear hepatocytes were observed. In 50% of
the cases, nuclear karyopycnosis was reported, the cell
wall was deformed, the cytoplasm was vacuolated and in-

Hepatocyte cyt?plasm Area of hgpatozcyte Nudlear-cytaplasmic
area, gm nuclei, pm ratio
M=£m) M=£m)
1 3,526.94 + 243.200° 526.76 +28.147° 149
2 2,721.10 + 44.757° 289.83 +15.474° 10.7
3 1,77214£45.124 196.35 + 16.489 1.1

* differences are statistically significant as compared to group 3 (control), with p < 0.01
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filtrated into the intercellular space. Kupfer cells were not
differentiated due to extensive overgrowth of loose con-
nective tissue. The subendothelial space was expanded.

In KIM-M2 immunized animals in the experimental
group, the liver was slightly enlarged, red in color, the cap-
sule was within normal size, the liver lobules were clearly
visible, the beam-radial structure was preserved. The cen-
trilobular veins were varicosed. Small single focal hemor-
rhages were visible on the periphery of the hepatic lobes.
Necrotic and dystrophic foci were not detected. There
was a moderate connective tissue growth around the tri-
ads. The hepatocytes were identified, cell structure was
determined, cytoplasm did not infiltrate into the intercel-
lular space, karyopycnotic changes in the nucleus were
not detected. Kupfer cells located in the periportal zone
of the hepatic lobules were discernible in the sinusoids. No
pathological lesions were detected in the intact animals.

The histological test results demonstrated that in the
KIM-M2 immunized guinea pigs, the number of mono-
nuclear hepatocytes was 63.5% of the total number of
hepatocytes, which was 21.7% higher than in the infec-
ted control animals, and 11.0% less than in pure control
animals. The proportion of binucleated hepatocytes from
the total number of cells was 25.0%, which was 16.7%
higher than in case of infection without the use of KIM-M2,
and 7.0% higher than in the healthy animals. The number
of anucleate hepatocytes was 11.5%, which was 38.4% less
compared to infection controls and 4.0% higher compared
to pure controls (Table 1).

Based on the data obtained, it can be seen that the
specific immunomodulator of microbial origin KIM-M2
enhances the immune response owing to a significant
increase in the number of binucleate hepatocytes during
intensive mitotic division in animals of the experimental
group. The number of mononucleate hepatocytes was
lower in comparison with the pure controls, which can
be explained by the abundant formation of binucleate
hepatocytes. The number of anucleate hepatocytes in-
creased insignificantly.

According to the morphometric study results, the aver-
age total area of mononucleate hepatocytes in animals in
group 2 was established, which was 2,721.10 pm?, which
was 53.6% more than in the intact guinea pigs, and 22.8%
less than in the infected animals in group 1. The average
core area of mononucleated hepatocytes in animals in-
oculated with KIM-M2 was 289.83 um?, which was 47.6%
more than in the intact guinea pigs and 45.0% less than
in the animals in the infection control group. In animals
in group 1, the average total area of mononucleate he-
patocytes was 3,526.94 um?, the average core area of
mononucleate hepatocytes was 526.76 um?2. In intact ani-
mals, the average total area of mononucleate hepatocytes
was 1,772.14 um?, the average core area of mononucleate
hepatocytes was 196.35 um? (Table 2).

Based on the results obtained, it can be concluded that
the animals in group 2 accumulated potential restorative
reserves and polyploidization reserves when exposed to
the specific immunomodulator KIM-M2. In guinea pigs
from the infection control group, a disturbed hepatocyte
mitotic division was observed and the liver destruction
process was reported, which slows down the recovery
process.

According to the results of calculating the area of li-
ver cells and their nuclei, the intracellular regeneration
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of the organ was determined by calculating the group
nuclear-cytoplasmic ratio, which makes it possible to de-
termine the level of metabolism and compensatory reac-
tions in the body of laboratory animals.

CONCLUSION

Thus, in the animal experiment, it was established that
a specific immunomodulator of microbial origin triggers
and enhances the process of the liver cellular and intra-
cellular regeneration, which stimulates the body to resist
the mycobacterium toxins. In guinea pigs infected with
nontuberculous mycobacteria, the destructive processes
developed when KIM-M2 was not used, and the mecha-
nism of liver tissue repair was underdeveloped.
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Serum biochemical profile
in case of cardiorenal syndrome in cats
with hypertrophic cardiomyopathy

Yury A. Vatnikov', Elena D. Sotnikova’, Vladimir I. Kuznetsov', Alisa A. Razumova?, Igor V. Shchurov', Olesia A. Petrukhina’, Andrey A. Rudenko?
' Peoples’ Friendship University of Russia named after Patrice Lumumba, 6 Miklukho-Maklaya str., Moscow 117198, Russia

2 Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

3 Russian Biotechnological University, 11 Volokolamskoe highway, Moscow 125080, Russia

ABSTRACT

Veterinary specialists have lately observed comorbidity of heart and kidney diseases known as cardiorenal syndrome. Cardiorenal syndrome is typically defined as
dysfunction of a primarily intact kidney under the influence of a complex of pathogenetic damaging factors that arise against the background of an underlying cardiac
disease. The purpose of the work is to study the biochemical profile of blood serum in cats with cardiorenal syndrome arising against the background of hypertrophic
cardiomyopathy. The studies were carried out on 24 physiologically healthy (control) cats, 24 diseased cats with uncomplicated forms of pathology (first group) and
25 cats with hypertrophic cardiomyopathy complicated by cardiorenal syndrome (second group). It was shown that cardiorenal syndrome may occur as a compli-
cation of hypertrophic cardiomyopathy in animals. Biochemical tests in animals with feline cardiorenal syndrome verified cytolysis of cardiomyocytes (increased
serum activity of lactate dehydrogenase by 2.69 times, creatine phosphokinase by 2.02 times, increased serum concentration of cardiac troponin by 5.20 times
as compared to healthy animals), azotemia (increased concentration in serum creatinine by 2.72 times, urea by 2.94 times, symmetric dimethylarginine by 2.60 times
and cystatin Chy 1.90 times as compared to healthy animals), enhanced ketogenesis, systemic inflammatory process (increased serum concentration of C-reactive
protein by 1.55 times as compared to healthy animals), hypercholesterolemia, oxidative stress (decrease in serum activity of superoxide dismutase by 1.63 times,
catalase by 4.67 times and glutathione peroxidase by 1.71 times, increase in the concentration of malondialdehyde by 1.79 times, ceruloplasmin by 2.50 times
and diene conjugates by 1.85 times as compared to healthy animals), electrolyte imbalance in the form of hyperkalemia, hyponatremia, hyperphosphatemia and
hypomagnesemia. Biochemical indicators such as serum concentrations of creatinine, troponin I, cystatin C, symmetric dimethylarginine and C-reactive protein
can be considered reliable diagnostic markers for the presence of cardiorenal syndrome.

Keywords: cardiorenal syndrome, pathogenesis, biochemistry, pathochemistry, cats, hypertrophic cardiomyopathy
Acknowledgments: This work has been supported by the grants the Russian Science Foundation (project No. 24-26-00090, https://rscf.ru/project/24-26-00090).

For citation: Vatnikov Yu. A., Sotnikova E. D., Kuznetsov V. |., Razumova A. A., Shchurov I. V., Petrukhina 0. A., Rudenko A. A. Serum biochemical profile in
case of cardiorenal syndrome in cats with hypertrophic cardiomyopathy. Veterinary Science Today. 2024; 13 (4): 387-395. https://doi.org/10.29326/2304-
196X-2024-13-4-387-395

Conflict of interests: The authors declare no conflict of interests.

For correspondence: Yury A. Vatnikov, Dr. Sci. (Veterinary Medicine), Professor, Director of the Department of Veterinary Medicine, Peoples’ Friendship University
of Russia named after Patrice Lumumba, 6 Miklukho-Maklaya str., Moscow 117198, Russia, vatnikov-yua@rudn.ru

YK 619:616.12:591.111:636.8

brnoxummueckas KapTuHa CbIBOPOTKI KPOBK
NpU KapanopeHanbHOM CUHAPOME Y 6ONbHbIX
rUnepTpodUUeCKoil KapanommonaTuein KoLek
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PE3IOME

B nocnegHee Bpemsa BeTepuHapHbIMU CELUanACTaMi 0TMeYaeTcs KoMopouaHoe TeueHe 3a60NeBaHMil cepaLa 1 NoYeK — KapANOPEHANbHbIA CUHAPOM.
06bIuHO KapAUOpeHasbHbIi CUHAPOM ONpefenaeTcs Kak AUChYHKLMA NePBUYHO MHTAKTHOI MOYKIA MO BO3AEICTBIUEM KOMMIEKCA NaToreHeTYecKux no-
BpeXAaLLNX GaKTOPOB, BOSHUKAIOLLMX Ha GOHE OCHOBHOTO Kapamo3aboneBaHus. Lienb paboTbl — u3yuuTb GUoXMMUYeCKIii npodunb CbIBOPOTKM KPOBM
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¥ KOLLIeK Npy KapAnopeHanbHoM CUHAPOME, BO3HUKILEM Ha GOHe runepTpoduyeckoi Kapavomuonatuu. iccnefoBanna npoBoAuM Ha 24 Gusnonornyeckn
370POBbIX (KOHTPONb), 24 6ONBHBIX C HEOCTOXHEHHBIMM dopMamu natonioruu (I rpynna) u 25 60abHbIX FUNepTPOPUUECKOI KapAMOMUONATHEN, 0CTIOKHEHHOIA
KapanopeHanbHbIM cuiapomom (I rpynna), Kowwkax. MokasaHo, 4To KapAMOPEHANbHbII CUHAPOM Y XKUBOTHBIX MOXKET BO3HUKATb KaK 0CNOXKHEeHUe runep-
TpouuecKoil Kapanomuonatiu. bruoxummnyeckuMm nccnefoBaHNAMM Y 60NbHBIX KapAMopeHanbHbIM CUHAPOMOM KOLLeK BepudULMPOBaHbI: LLUTONN3 Kap-
ANOMMOLWMTOB (NOBbILLEHNE CHIBOPOTOYHOI aKTUBHOCTY NIaKTaTAETMAPOreHa3bl B 2,69 pa3a, kpeaTuHGocdoKMHa3bl B 2,02 pasa, yBennyeHue CbIBOPOTOYHOI
KOHLIEHTPaLMI CepAeyHOro TPOMoHIHa B 5,20 pa3a no cpaBHEHUH0 CO 340POBbIMI XUBOTHbIMI), a30TeMUA (MOBbILLIEHME KOHLIEHTPALUN B CbIBOPOTKE KPOBM
KpeaTHWHa B 2,72 pa3a, MoYeBMHbI B 2,94 pa3a, CAMMETPUYHOT0 AUMeTUNApruHiHa B 2,60 pa3a u umctatva CB 1,90 pa3a no cpaBHEHMIO CO 3[0POBLIMIA
KUBOTHBIMY), YCUNEHHDIil KETOreHe3, CUCTEMHBIN BOCAnuTeNbHbII NpoLiece (MoBbILLEHMe CbIBOPOTOUHOI KOHLeHTpauum C-peakTusHoro benka B 1,55 pasa
10 CPaBHEHMNI0 CO 30POBLIMY XMBOTHBIMI), FUNEPX0NeCTepUHEMUS, OKCUAATUBHBIA CTPECC (CHUXKEHMe CbIBOPOTOUHOI aKTUBHOCTI CYNepoKCUARNCMYTa3bl
B 1,63 pa3a, KaTanasbl B 4,67 pa3a v rnyTaTuoHnepokcuaassl B 1,71 pasa, noBbllLeHMe KOHLEHTpaLMi ManoHoBoro Ananbaeruaa 8 1,79 pasa, uepynonnas-
MUHa B 2,50 pa3a 1 AUeHOBbIX KOHbIOraToB B 1,85 pa3a no CpaBHEHMNIO CO 30POBLIMY XKMBOTHBIMY), INEKTPONUTHbIN AUcOanaHc B BUAe runepkanunemuu,
runoHaTpuemmn, runephocdatemun n runomarHuemun. HagexHbIMI AMarHoCTUYECKNMI MapKepaMu HatynA KapanopeHanbHOro CUHAPOMA MOXHO CYu-
TaTb Takue 6UOXMMUMYECKMe NOKa3aTeNH, Kak KOHLEHTPaLNA B CbIBOPOTKE KPOBU KpeaTUHMHA, TPOMOHNHA |, LucTatHa C, CUMMETPUYHOTO AMMeTURApriHIHA

n C-peakTuBHoro 6enka.

KntoueBble cnoBa: KapanopeHanbHblli CAHAPOM, NaToreHes, 6OXMMUA, NAaTOXUMUS, KOLUKM, UnepTpoduyeckas Kapanomuonatia
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INTRODUCTION

Circulatory and excretory organs are morphologically
and functionally closely related [1, 2, 3, 4, 5]. Combined
heart and kidney dysfunction has often been noted by
veterinary practitioners as a fundamentally new supra-
nosological concept which is referred to as cardiorenal
syndrome [6, 7, 8, 9]. It should be mentioned that the term

“cardiorenal syndrome” is defined as a secondary kidney
disorder occurring in the setting of the underlying heart
failure [9]. Renocardial syndrome with cardiac dysfunc-
tion occurring against the background of the chronic kid-
ney disease has also been described in the literature [6].
At the current stage of veterinary science development,
many aspects of clinical manifestation, pathophysiology,
methods of early diagnosis and highly effective treatment
of cardiorenal syndrome in animals remain understudied.
Generally, clinical symptoms appear in the late stages
of pathology development [3]. Therefore, working out
effective ways of predicting the cardiorenal syndrome de-
velopment in pedigree animals is of particular relevance.

Hypertrophic cardiomyopathy (HCM) in domestic cats
is frequently reported by veterinary practitioners. The risk
of cardiorenal complications may increase in the setting
of decompensated left ventricular heart failure in cats with
HCM [10, 11, 12]. It should be stated that the basic patho-
biochemical factors underlying the development and pro-
gression of cardiorenal syndrome in cats with HCM are not
described in the scientific literature. Obviously, there is
a high clinical demand for conducting large-scale studies
on improvement of diagnostic and therapeutic methods,
as well as giving a pathogenetic rationale for the use of ne-
phroprotectors and cardioprotectors in cats with HCM.

The aim of the work was to study the serum biochemi-
cal profile in cats with cardiorenal syndrome occurring in
the setting of HCM.

MATERIALS AND METHODS

The study was conducted in the Department of Ve-
terinary Medicine of the Peoples’ Friendship University
of Russia named after Patrice Lumumba and on the basis
of veterinary clinics in Moscow and the Moscow Oblast.
Physiologically healthy (n = 24, control group) cats with
HCM without cardiorenal complications (n = 24, group |),
and animals with HCM complicated by cardiorenal syn-
drome (n = 25, group Il) were used in the experiment.

The HCM diagnosis was verified comprehensively. Ar-
terial tonometry was performed using petMAP graphic |l
device (Cardio Command, USA) according to the standard
method [13]. Echocardiography and dopplerography
were performed using Mindray DP-60 equipment (Chi-
na) [14]. Electrocardiographic tests were performed
using MIDAS-EK1T-04 device (Russia) [15]. A PCE-90Vet
haemanalyser (High Technology Inc., USA) [16] and
a SpotChem EZ SP-4430 biochemical analyzer (ARKRAY
Factory Inc., Japan) [17] were also used. The level of azote-
mia (serum creatinine > 200 umol/L) was considered a re-
liable criterion for the presence of cardiorenal syndrome.

Blood was collected from the forearm saphenous vein
of cats on an empty stomach in the morning hours and
placed into vacuum tubes containing blood coagulation
activator. Sodium, potassium, ionised calcium, phospho-
rus, magnesium, glucose, urea, creatinine, C-reactive
protein, total protein, albumin, as well as serum activity
of aspartate transaminase, alanine transaminase, creatine
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phosphokinase, lactate dehydrogenase in feline sera were
determined according to generally accepted methods. The
concentrations of ketone bodies in blood were estima-
ted using a FreeStyle Optium Xceed ketometer (Abbott
Diabetes Care Ltd, UK) [18]. The level of symmetric di-
methylarginine and cystatin C in serum was tested with
enzyme-linked immunosorbent assay. The functional con-
dition of cardiomyocyte membranes was assessed by se-
rum concentration of troponin I [11]. The intensity of lipid
peroxidation processes and antioxidant system in blood
serum of cats with cardiorenal syndrome was assessed us-
ing test kits of Randox Laboratories Ltd. (UK) according to
the manufacturer’s instructions on a spectrophotometer
UN2CO-WFT2100 (China).

Mann - Whitney and Kruskal — Wallis methods were
used to statistically analyze the obtained numerical data
in STATISTICA 7.0 [10]. The median (Me) and interquartile
range (IQ) values were determined.

RESULTS AND DISCUSSION

The Kruskal - Wallis test performed for cats with feline
cardiorenal syndrome showed high values of the H cri-
terion and a high level of statistical significance in terms
of the following biochemical parameters typical of such
a phenomenon as cytolysis: serum activity of asparagine
and alanine aminotransferases, lactate dehydrogenase,
creatine phosphokinase, troponin | concentration (Table 1).

Thus, there was a statistically significant increase
in serum activity of alanine aminotransferase (1.17-fold;
p < 0.001), asparagine aminotransferase (1.95-fold;
p < 0.001), lactate dehydrogenase (1.51-fold; p < 0.001),
creatine phosphokinase (1.61-fold; p < 0.001) and tro-
ponin | concentration (4.00-fold; p < 0.001) in cats with
non-complicated HCM forms (group 1) as compared with
healthy cats. In the sera of cats with HCM complicated
by cardiorenal syndrome (group Il), as compared with

Table 1
Biochemical parameters of the syndrome of hepatocyte and cardiomyocyte cytolysis in cats
with feline hypertrophic cardiomyopathy depending on cardiorenal complications

Animal groups

healthy cats, there was a statistically significant increase

in activity of alanine aminotransferase (1.23-fold; p < 0.001),
asparagine aminotransferase (2.83-fold; p < 0.001), lactate

dehydrogenase (2.69-fold; p < 0.001), creatine phosphoki-
nase (2.02-fold; p < 0.001) and troponin | concentration

(5.20-fold; p < 0.001). It should also be added that a statisti-
cally significant increase in serum activity of aspartate ami-
notransferase (1.45-fold; p < 0.001), lactate dehydrogenase

(1.79-fold; p < 0.001), creatine phosphokinase (1.26-fold;

p <0.01) and serum concentrations of troponin | (1.30-fold;

p < 0.01) was found in cats with HCM complicated by car-
diorenal syndrome, as compared with diseased cats with-
out such a complication.

Statistically significant changes in serum concentra-
tions of urea, creatinine, symmetric dimethylarginine
and cystatin C in cats during the development of cardio-
renal syndrome were observed using Kruskal — Wallis test
(Table 2).

It has been revealed that a statistically significant
increase in serum concentrations of urea (1.63 times;
p < 0.001), creatinine (1.27 times; p < 0.001), symmetric
dimethylarginine (1.40 times; p < 0.001) was registered
in animals with uncomplicated forms of HCM (group ) as
compared with healthy ones. There was a statistically signi-
ficant increase in serum concentrations of urea (2.94-fold;
p < 0.001), creatinine (2.72-fold; p < 0.001), symmet-
ric dimethylarginine (2.60-fold; p < 0.001) and cysta-
tin C (1.90-fold; p < 0.001) in cats with HCM complicated
by cardiorenal syndrome (group Il), as compared with
healthy animals. A statistically significant increase in se-
rum concentrations of urea (1.80-fold; p < 0.001), creat-
inine (2.15-fold; p < 0.001), symmetric dimethylarginine
(1.86-fold; p < 0.001) and cystatin C (1.81-fold; p < 0.001)
was established in cats with HCM complicated by cardio-
renal syndrome, as compared with the diseased cats with-
out such a complication.

S—— control | Kruskal —Wallis
(n=24) (n=24) criterion
. . * —
Creatine phosphokinase, 20700 | 18300-227.00 | 33350¢ | 279.50-36000 | %00 381.00-457.00 | 1= 4940
UL # p<0.001
Aspartate aminotransferase, " 89.00* H=41.90
i 31,50 29.50-34.00 61.50 52.00-70.50 " 660010800 | 70 o
Alanine aminotransferase, 53.50 51.50-55.50 62.50* 58.00-64.50 66.00* s9.00-7300 | M=2270
UL p<0.001
Lactate dehydrogenase, 13250 | 10500-15800 | 20000 | 15200-23000 | 2790 299.00-40200 | 1=3380
UL # p<0.001
Troponin |, g " g 0.52* . H=41.60
gl 0.10 0.08-0.11 0.40 0.30-0.45 p 0.40-0.60 » <0001

Me — median; 1Q — interquartile range;

*(p < 0.001) — reliability of the difference between the indicators of groups |, Il
and clinically healthy animals according to the Mann — Whitney criterion;

#(p <0.01), ## (p < 0.001) reliability of the difference between the indicators
of groups | and Il animals according to the Mann — Whitney criterion.
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Table 2
Biochemical parameters of renal excretory function in cats with cardiorenal syndrome

Animal groups

Parameter control | Kruskal —Wallis

(n=24) (n=24) criterion

Urea, - . 3 16.00% i H=57.80

oL 5.45 5.05-6.40 8.90 6.75-9.75 » M8-1710 |70
. . % p—

Creatinine, 106.50 93.00-13650 |  135.00¢ | 121.00-147.00 | 22000 257.00-31300 | 1 =2070

pmol/L # p<0.001
H H ini % —

Symmetric dimethylarginine, | 5 4 8.00-11.00 1400+ | 1001700 | 2000 2400-3000 | H=2460

Hg/dL # p<0.001

(ystatin C, 1.90* H=24.50

mall 1.00 0.75-1.40 105 0.85-1.45 ’ 1.40-2.20 2 <0001

Me — median; 1Q — interquartile range;
*(p < 0.001) — reliability of the difference between the indicators of groups |, I1

and clinically healthy animals animals according to the Mann — Whitney criterion;

#(p < 0.007) reliability of the difference between the indicators
of groups | and Il animals animals according to the Mann — Whitney criterion.

Table 3

Biochemical parameters characterizing protein, fat, carbohydrate metabolism in cats with cardiorenal syndrome

Animal groups

control
(n=124)

Parameter

Kruskal — Wallis
criterion

Glucose, 485 450-5.60 5.50% 4.95-5.90 510 4,60-5.50 H=3.60
mmol/L p<0.50
Ketone bodies, 0.85%* H=136.60
—— 0.10 0.03-0.14 0.12 0.00-0.18 ; 0.59-0.85 2 <0001
Cholesterol, 5.60%* H=39.30
- 335 2.80-4.45 345 3.00-4.00 h 5.20-6.50 » <0001
Triglycerides, H=230
ol 0.70 0.70-0.85 0.90 0.50-1.10 0.70 0.60-0.80 2 <050
Total protein, 66.00 61.00-72.00 64.00 61.00-68.00 62.00* 57.00-64.00 H=7.90
g/L p<0.05
Albumin, 33.00 29.50-36.50 31,50 30.50-36.00 30.00* 28.00-32.00 H=9.60
g/L p<0.01

Me — median; 1Q — interquartile range;

*(p < 0.05), ** (p < 0.001) — reliability of the difference between the indicators of groups |, Il

and clinically healthy animals according to the Mann — Whitney criterion;
#(p < 0.001) — reliability of the difference between the indicators
of groups | and Il animals according to the Mann — Whitney criterion.

Statistically significant changes in the concentrations
of ketone bodies, cholesterol, total protein and albumin in
the sera of cats with cardiorenal syndrome were detected
using the Kruskal - Wallis test.

The data in Table 3 show that a statistically significant
increase in serum glucose concentrations (1.13-fold;
p < 0.05) was registered in cats with uncomplicated
forms of HCM (group ) as compared with healthy cats.
A statistically significant increase in the serum concentra-
tions of ketone bodies (8.50-fold; p < 0.001), cholesterol

(1.67-fold; p < 0.001), and a decrease in the concentra-
tions of total protein (1.06-fold; p < 0.05) and albumin
(1.10-fold; p < 0.05) were noted in the sera of cats with
HCM complicated by cardiorenal syndrome (group II),
as compared with healthy cats. A statistically signifi-
cant increase in serum concentrations of ketone bodies
(7.08-fold; p < 0.001), cholesterol (1.62-fold; p < 0.001)
was found in cats with HCM complicated by cardiorenal
syndrome, as compared with diseased cats without such
a complication.
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Statistically significant changes in pathobiochemical
parameters indicating oxidative stress were observed
in cats with cardiorenal syndrome, using the Kruskal -
Wallis method.

The numerical data presented in Table 4 show that
a statistically significant increase in serum concentra-
tions of malondialdehyde (1.63-fold; p < 0.001), diene
conjugates (1.49-fold; p < 0.001), and a decrease in activ-
ity of superoxide dismutase (1.53-fold; p < 0.001), cata-
lase (2.33-fold; p <0.001), glutathione peroxidase (1.23-fold;
p < 0.001) were observed in animals with uncomplicated
forms of HCM (group 1), as compared with healthy cats.
A statistically significant increase in the serum concentra-
tions of malondialdehyde (1.79-fold; p < 0.001), ceruloplas-
min (2.50-fold; p < 0.001), diene conjugates (1.85-fold;
p < 0.001) and simultaneous decrease of activity of super-
oxide dismutase (1.63-fold; p < 0.001), catalase (4.67-fold;
p < 0.001), glutathione peroxidase (1.71-fold; p < 0.001)
were observed in sera of cats with HCM complicated with
cardiorenal syndrome (group Il), as compared with healthy
animals. A statistically significant increase in the serum
concentrations of malondialdehyde (1.10-fold; p < 0.001),
ceruloplasmin (2.14-fold; p < 0.001), diene conjugates
(1.25-fold; p < 0.001), a decrease in activity of catalase
(2.00-fold; p < 0.001), glutathione peroxidase (1.35-fold;
p < 0.01), an increase in activity of glutathione reductase
(1.36-fold; p < 0.01) were established in cats with compli-
cated cardiorenal syndrome, as compared with diseased
cats without such a complication.

The Kruskal — Wallis test revealed statistically significant
changes in biochemical parameters of electrolyte metabo-
lism in cats with cardiorenal syndrome (Table 5).

Table 4
Oxidative stress in cats with hepatorenal syndrome

Animal groups

Hyponatremia, hyperkalemia and hyperphosphate-
mia occurred in cats with uncomplicated forms of HCM
as compared to healthy animals. A trend for development
of hyponatremia, hyperkalemia, hyperphosphatemia
and hypomagnesemia was observed in sera of cats with
HCM complicated by cardiorenal syndrome, as compared
to healthy ones. It was established that insignificant hyper-
calcaemia, as well as significant hyperphosphatemia and
hypomagnesemia were found in cats with HCM complica-
ted by cardiorenal syndrome, as compared with diseased
cats without such a complication.

The test results showing changes in C-reactive protein
concentration in cats during the development of cardio-
renal syndrome are presented in the figure.

Reliable changes in C-reactive protein concentration
in sera of cats in different experimental groups were estab-
lished (H = 50.50; p < 0.001; Kruskal — Wallis test). A statis-
tically significant increase in C-reactive protein concentra-
tion in sera (1.15-fold; p < 0.001) was registered in animals
with uncomplicated forms of HCM as compared to healthy
animals. A statistically significant increase in C-reactive
protein serum concentration (1.55-fold; p < 0.001) was
registered in sera of cats with HCM complicated by cardio-
renal syndrome as compared with healthy ones. It was also
revealed that there is a statistically significant increase in
C-reactive protein serum concentration in cats with HCM
complicated by cardiorenal syndrome, as compared with
diseased cats without such a complication.

Our study showed that the serum aminotransferase
and lactate dehydrogenase activity is increased in cats
with HCM. A significant increase in serum troponin con-
centration in HCM animals is indicative of damage to

R control | Kruskfal —‘WaIIis

(n=24) (n=24) criterion

mf]'o"l'/‘fia'dehyde' 280 2.60-3.05 4.55* 4.05-4.95 > :E 4.80-5.20 ,'j 23103?
ﬁ;‘gﬁ’/‘fasmi"’ 0.60 0.40-0.70 0.70 0.50-1.20 1;3 130-190 /Ij :3203?
3'/‘:1‘5 conjugates, 205 1.55-2.35 3.05* 270-3.55 3:: 3.60-4.00 2 23703?
a‘;pe[‘”“de dismutase, 50.50 4050-6500 | 3300 | 3050-3550 | 3100 | 23003500 | =28
m p <0.001
ﬁ‘;::'fse' 140 1.25-1.50 0.60* 0.50-0.75 0;3 0.20-0.40 /Ij 2390;?
ptathione eductase 135 110-175 110 0.80-145 0 120-160 : By
putathionepeoridase |5 99 260-3.60 230¢ 2.00-265 M 150-2.10 E ol

Me — median; 1Q — interquartile range;

*(p <0.001) — reliability of the difference between the indicators of groups |, Il

and clinically healthy animals according to the Mann — Whitney criterion;
#(p <0.01), ## (p < 0.001) reliability of the difference between the indicators
of groups | and Il animals according to the Mann — Whitney criterion.
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Table 5
Electrolyte metabolism in cats with cardiorenal syndrome

Animal groups

Indicator Control | Kruskal —Wallis
(n=24) (n=24) criterion
Sodium, 155.00 15150-15850 | 149.00% | 1460015250 | 14800% | 143.00-15400 | = 1240
mmol/L p<0.01
Potassium, 3.60 335-3.75 4.05% 3.65-4.75 44055 3.80-5.50 H=18.40
mmol/L p <0.001
lonised calcium, 10.30%** H=25.40
mg/dL 9.52 8.95-9.40 9.20 8.75-9.80 ; 9.90-10.60 2 <0001
Inorganic phosphorus, . " ~ 11.00%** . H=41.10
mg/dL 450 3.70-4.80 5.70 5.25-6.45 ; 8.10-13.80 p <0001
Magnesium, . . 1.50%** . H=120.50
ng/il 210 1.80-2.30 220 1.85-2.40 y 130-1.80 p <0001

Me — median; 1Q — interquartile range;

*(p <0.05), ** (p < 0.01), *** (p < 0.001) — reliability of the difference between the indicators of groups |, Il

and clinically healthy animals according to the Mann — Whitney criterion;

#(p <0.001) — reliability of the difference between the indicators of groups | and Il animals

according to the Mann — Whitney criterion.

the cardiomyocyte cell membranes. Similar changes were
previously described in the literature [1, 10, 12].
Azotemia developed in cats with cardiorenal syn-
drome occurring in the setting of HCM. It is obvious that
this pathological process initially develops as prerenal
azotemia, against the background of chronic circulatory
insufficiency and, as a consequence, poor renal perfusion.
However, as the pathology progresses, there is likely to

be additional damage and death of nephrons, constitut-
ing a renal component in the pathogenesis of azotemia.
Renal excretory dysfunction aggravates neuroendo-
crine shifts in the organism of diseased cats, which is
also manifested by electrolyte metabolism disturbance
(hyperkalemia, hyponatremia, hypomagnesemia, hy-
perphosphatemia). Obviously, the pathophysiological
mechanism for a marked increase in serum concentration
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Fig. C-reactive protein concentration in cats with cardiorenal syndrome
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of inorganic phosphorus in animals with cardiorenal
syndrome is secondary hyperparathyroidism, which
often complicates the course of renal failure [18]. Urae-
mic toxins accumulating in the body during cardiorenal
syndrome have an additional damaging effect on both
cardiomyocytes and nephrons, which leads to further
progression of the pathological condition.

The detection of ketosis in cats with cardiorenal syn-
drome was unexpected. It is obvious that there are pro-
found changes in metabolism of animals with cardiorenal
syndrome, that are manifested in adipose tissue mobilisa-
tion, increased protein and lipid catabolism, energy defi-
cit. In such cases ketogenic amino acids and triglycerides
may be the source of synthesis of ketone bodies. This phe-
nomenon requires further large-scale studies. In our case,
hypercholesterolemia, moderate hypoproteinemia and
hypoalbuminemia were detected in diseased cats.

Systemic inflammation is the key pathogenetic link in
the formation of cardiorenal syndrome in cats with HCM.
Proinflammatory cytokines, which are produced during
the development of the inflammatory response, have
an additional damaging effect on cardiomyocytes and
nephrons. High C-reactive protein serum concentrations
can be considered as a marker of inflammation in cats with
cardiorenal syndrome.

It is obvious that activation of the neurohumoral sys-
tem against the background of circulatory failure and
increased myocardial tissue oxygen demand can initiate
cardiac cell apoptosis and fibrosis in cardiorenal syndrome.
In this direction, further studies are required for morpho-
logical verification of the above pathological processes.
Metabolic disorder in cardiomyocytes causes the deve-
lopment of oxidative stress, which increases the alterative
effect on the myocardium.

CONCLUSION

Hypertrophic cardiomyopathy results in chronic circu-
latory failure in cats and may be complicated by cardiore-
nal syndrome. The activity of aspartate aminotransferase,
lactate dehydrogenase, creatine phosphokinase, gluta-
thione reductase significantly increases, and the concen-
trations of cardiac troponin, urea, creatinine, symmetric
dimethylarginine, cystatin C, ketone bodies, cholesterol,
malondialdehyde, ceruloplasmin, diene conjugates, po-
tassium, calcium, phosphorus, C-reactive protein increase,
the activity of superoxide dismutase, catalase and gluta-
thione peroxidase, as well as the concentrations of total
protein and albumin, sodium and magnesium decrease
in the sera of cats with cardiorenal syndrome. Cardiorenal
complications in cats with feline hypertrophic cardiomyo-
pathy are characterised by the following biochemical syn-
dromes: azotemia, cardiomyocyte cytolysis, electrolyte im-
balance, systemic inflammatory reaction, oxidative stress.
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Situational analysis on porcine diseases of priority
to pig industry: methods for biosecurity improvement
in the Russian Federation holdings
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ABSTRACT

The analysis of the situation on management of main epizootic threats significant for pig industry in the Russian Federation was carried out. The features and ef-
fectiveness of various biosecurity measures used in pig holdings and possible ways for their improvement were examined. Options forimprovement of biosecurity
measures in Russian pig holdings and development of the systems in the Russian Federation having favorable effect on the population protection were discussed
focusing on four target aspects related to infection introduction and spread routes: isolation of the population from external sources of threats (elimination of
probable environmental impact scenarios); isolation of the population from internal sources of threats (elimination of probable impact scenarios during produc-
tion process); isolation of the pig population or pig farming system from the human factor impact (elimination of possible scenarios of human factor impact
on the population); isolation of the population from the conditions under which the threat potential is manifested (changing of conditions). The analysis results
were presented graphically in the form of a schematic diagram “Sources of threats to biosecurity systems and measures aimed at these sources for the protected
population creation in pig industry”. Based on the discussion results, automation and digitalization of all processes in pig industry, generation of genetically modified
pigs not susceptible to the most significant pathogens such as African swine fever, classical swine fever, porcine reproductive and respiratory syndrome viruses
and their use for production purposes, further research and implementation of integrated technological solutions for feed sanitation have been concluded to be
the evolutionarily significant ways for effective pig farming intensification in the Russian Federation.
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CUTYaLMOHHbIN @aHaNKU3 N0 NPUOPUTETHBIM

1A NPOMBbILLIEHHOT0 CBUHOBO/CTBA 001€3HAM CBUHEN:
NyTW ynyyLleHna 61o3aLuTbl NpeAnpUATUI

B Poccuiickon Oepepaumu

A. C. Oranecan, M. A. lLin6aes, 0. H. MetpoBa, H. E. backakoBa, A. K. Kapaynos
OIBY «DeepanbHblii LieHTp 0XpaHbl 380poBbA X1BOTHBIX» (OTBY «BHUIU3XK»), mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

[IpoBezieH aHanu3 cuTyaLuy no ynpasneHto 0CHOBHBIMI 3HAUMMBbIMU AS NPOMbILLNEHHOTO (BUHOBOACTBA Poccuiickoii OepepaLm 3nM300TUYECKUMM YTpo-
3amu. PaccMOTpeHbl 0C06eHHOCTU 1 3GGEKTUBHOCTD Pa3NAUHbIX Mep, MCTIONb3yeMblX B CUCTEMaX G103aLLUTbI CBUHOBOLYECKUX NPEANPUATHIA, U BO3MOXHble
nyTh ux ynyywenus. 06cyxaeHune nyTeit pa3suTua Mep 61o3alLnTbl CBUHOBOAYECKIX NPeANPUATUI 1 cucTem B Poccuiickoil Oegepaumn, CNOCOGHbIX NOBANATL
Ha 3aLLMLLEHHOCTb NOMYNALMY, BEAW NO YETbIPEM HaNpaBNEHUAM, (BA3HHbBIM C MYTAMU 3aHOCA U PACNPOCTPaHeHUA MHGEKLHIA: U30MPOBAHHOCTb NOMYAALIM
0T BHELLHIX UCTOYHIKOB YTPO3 (YCTpaHeHwe BepOATHBIX CLieHapyeB BO3LLICTBIA U3 BHELLHEI cpefibl); U30MPOBAHHOCTL MONYNALMY OT BHYTPEHHIX UCTOYHUKOB
yrpo3 (ycTpaHeHue BepoATHbIX CLieHapueB BO3AeiCTBIA B NOTOKe NPOM3BOACTBA); U30MPOBAHHOCTL MONYNALMM UAN CCTEMbI CBIUHOBOACTBA OT BO3Ae/CTBUA
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yenoBeyeckoro GakTopa (ycTpaHeHue BepPOATHbIX CLieHapueB BO3AICTBIAA Ha MOMYNALIMIO YenoBeyeckoro GakTopa); U30AMpOBaHHOCTb MOMYNALNN OT YCIOBHI,
MpW KOTOPbIX NPOABNEH NOTEHLMaN Yrpo3 (U3MeHeHwe ycnoByii). Pe3ynbTaTbl aHanu3a NpeACTaBuyn rpaduyecki B BUAE NPUHLMNNANbHONA cxeMbl «/CTOUHIKN
yrpo3 AnA ccTem 6103aLMTbl M Mepbl, HanpaBNeHHble Ha 3TW UCTOYHUKIN ANA GOPMUPOBAHIA 3aLLALLEHHOI NONYNALMY B NPOMbILLNEHHOM CBIUHOBOACTBEY.
Mo utoram o6cyxaeHUa caienaHo 3aknioyeHue, YTo aBTOMATU3ALMA U LndPOBU3ALIMA BCEX MPOLIECCOB B CBUHOBOACTBE, CO3A1aHMe U BHeZipeHie B NPOU3BOACTBO
reHeTUYecki MoANGULIMPOBAHHBIX CBUHE, He BOCTPUMMUMBDIX K TaKIIM Hanbosiee 3HaunMbiM BO30YAUTENAM, Kak BUPYCbl aPUKAHCKOI UyMbl CBUHE, Knaccu-
YecKoii YyMbl CBUHE!, penpoayKTUBHO-PeCNUPaTOPHOro CMHAPOMA CBUHE, AANbHeiLLMe UCCNeIoBaHNA U BHEAPEHIE KOMMNEKCHBIX TEXHONOTMYHBIX pelLeHyit
110 CaHUTapuN KOPMOB NMPEACTABAAIOTCA Ha CeroAHA IBOMOLMOHHO 3HAUUMbIMU MYTAMY, KOTOPbIe N03BONAT 3GGEKTUBHO UHTEHCUPULIMPOBATL CBUHOBOACTBO
8 Poccuiickoii Oegepauum.

KnioueBbie cnosa: bonesHu (BuHelA, 3M1300TMYECKaA CUTYaLMA, CBUHOBOACTBO, G103alLnTa, BeTepUHAPHO-CaHUTapHble Mepbl
bnaropgapHocTy: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUU3M» B pamkax TemaTuki HayuHo-UCCne0BaTeNbCKux paboT «BetepuHapHoe 6narononyunes.

[insa untnpoBaunma: Oranecan A. C., lLinbaes M. A., Metposa 0. H., backakosa H. E., Kapaynos A. K. CutyawuoHHblit aHanu3 no npuoputeTHbIM A NPOMBbILL-
NIEHHOT0 CBIHOBOACTBA 60Ne3HAM CBMHeIA: NyTH ynyyLLeHna 6ro3awutbl npeanpuatuil B Poccuiickoi Oepepauun. BemepuHapus ce2o0HA. 2024; 13 (4): 396—-404.

https://doi.org/10.29326/2304-196X-2024-13-4-396-404

Koudnukr untepecos: ABTopbl 3aABAAKT 00 OTCYTCTBIM KOHGANKTA MHTEPECOB.
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INTRODUCTION

Pork remains the main source of animal protein in
the world, its output annually exceeds the production
of meat of any other type. In 2019-2020, global animal
protein production declined sharply due to large-scale
outbreaks of African swine fever (ASF) in China and South-
east Asian countries. The Russian Federation has become
self-sufficient in pork since 2020, and in 2022, commercial
holdings produced 5,275.1 thousand tons of pork (slaugh-
ter weight), and proportion of large holdings was 76%. Ac-
cording to the predictions, domestic pork consumption will
remain high and continue to grow up to 2025 in the Rus-
sian Federation [1, 2]. Pigs are susceptible to a wide range
of diseases that affect their performance and pig produc-
ers’income. The spread of porcine diseases in the Russian
Federation had a significant negative impact on pork pro-
duction in the country during the last 10 years (since 2013),
when, according to official data from the World Organiza-
tion for Animal Health (WOAH), (214,985 + 165,558) do-
mestic pigs were annually destroyed due to ASF only with
peak in 2020, when 615,239 pigs were destroyed. The ASF
epizooty has been effectively contained for all these years
owing to the coordinated joint activities of both State
Veterinary Service with Regional Administrations and in-
house veterinary staff with the holding managers as well
as all pig holding sites. At the same time, any biosecurity
system cannot be established based on template solutions
only and is developed taking into account the holding
characteristics, animal rearing practice, climatic condi-
tions, animal disease situation in the region, sources of raw
materials and feed. However, in any case, the biosecurity
system consists of two components. External biosecuri-
ty is aimed at prevention of pathogen introduction into
the herd, and internal biosecurity is aimed at prevention of
the disease spread within the herd or production system.
The study of the epizootic patterns of porcine diseases
in pig industry and prioritization of porcine diseases al-
low for development of adequate biosecurity measures
for the pig sector [3, 4].

In this context, description and assessment of options
for the biosecurity system evolution in holdings remain
an urgent task in the framework of discussion on orga-
nization of biosecurity measures and ways for their im-
provement for pig holdings and pig rearing systems in the
Russian Federation.

MATERIALS AND METHODS

Official information on measures against porcine di-
seases taken in the country, scientific literature data, data
from open official sources, special round tables and the
mass media were used. The measures were assessed
and discussed using elements of risk analysis and expert
assessment with the consensus achievement [5]. The op-
tions for biosecurity measures improvement in pig hold-
ings/pig rearing systems in the Russian Federation that
could have impact on pig population protection were
discussed taking into account four target areas related to
the infection introduction and spread routes.

1. Isolation of the population from external sources
of threats (elimination of probable environmental impact
scenarios).

2. Isolation of the population from internal sources
of threats (elimination of probable impact scenarios
during production process).

3.Isolation of the pig population or pig farming system
from the human factor impact (elimination of possible sce-
narios of human factor impact on the population).

4.1solation of the population from the conditions under
which the threat potential is manifested (changing of con-
ditions).

The analysis results were presented in the form of
a schematic diagram “Sources of threats to biosecurity
systems and measures aimed at these sources for the pro-
tected population creation in pig industry” (Fig.).

RESULTS AND DISCUSSION

There are quite a few scenarios for known transmission
routes for various porcine pathogens. Therefore, a set
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of standard potentially effective measures aimed at epi-
zootic chain breaking could be provided for the most
diseases. But there is no common universal biosecurity
system for holdings. An effective system is created with
the participation of veterinarians and other specialists
who have complete information about the holding, pro-
cesses, employees and risk factors. The biosecurity plan
is unique for each pig holding and includes prioritiza-
tion and succession of measures based on their poten-
tial effectiveness and appropriateness for the produc-
tion process [4, 6]. Quantitative data on each route or
element impact and relative importance for the trans-
mission scenario implementation are always required
for development of point-based technological solutions.
The actual effectiveness of applied biosecurity measures
is influenced by economic, sociological and even psy-
chological factors as well as their harmonization with
the governmental official disease surveillance policy [7],
that can be taken into account as negative factors or used
for development of policies for biosecurity measures cor-
rection in holdings.

Biosecurity system strengthening in holdings is
aimed at:

1. Isolation of the population from external sources
of threats. Since domestication of pigs (about 10,000 years
ago) [8] isolation of pig population from aggressive envi-
ronmental factors has been historically the first effective
measure used by humans in pig farming.

In an evolutionarily short period, the development
of technical means and methods for pig population iso-
lation from the external environment and the emergence
of more and more modern technologies in pig farming
industry (in genetics and artificial insemination; feed pro-

*ALL MEASURES AIMED AT
CONTROL OF:

* Pigs/genetic materials
+ Feed/water/medicinal products
» Humans/staff-members

s Transportation
vehicles/fomites/food

 Adjacent territory/domestic and
wild animals/birds/insects
* Air/dust/aerosols/ionizing
radiation

1. External
environment/
elimination

of external impact

v 3. Human factor

+Qualification improvement
(trainings and simulation
exercises)

sAutomation of procedures and
operations

eDigitalization of pig farming

\l'ndustry

)

duction; pharmacology and vaccinology) had enabled
development of industrial pig production strategies and
concentration of up to 84,000 sows producing over 2 mil-
lion pigs per year in megaholdings by 2020 (in the People’s
Republic of China). Industrial pig production has provoked
changes in susceptible population features (genetic ho-
mogeneity of the population, immune homogeneity); had
an effect on the prevailing pathogen transmission mecha-
nisms (increased number of direct and indirect contacts,
emerged iatrogenic risks, risks of pathogen spreading
through artificial insemination, feed-associated risks, etc.);
enabled accelerated pathogen evolution during the pro-
duction process and in large populations (reassortment,
including reassortment with vaccine strains; associated
infections; antibiotic resistance; changes in the epizoo-
tiology of many infectious and non-infectious disea-
ses, etc.).

The evolution of the epizootiological triad components
has made traditional approaches to population segrega-
tion ineffective due to globalization of pathogen spread
risks in industrial pig production systems and necessitated
development of new tools — biosecurity system and com-
partmentalization, effective against both new pathogens
and pathogens that have changed their epizootological
characteristics [9].

There are infections new to pig industry such as
the widespread porcine reproductive and respiratory syn-
drome (PRRS), ASF caused by the genotype Il virus, porcine
epidemic diarrhea (PED) and swine influenza, as well as
recurrent infections — classical swine fever (CSF) and foot-
and-mouth disease (FMD). Isolation of the population from
the external environment in pig farming systems is found
insufficient for agents of the above-mentioned infections,

+ Feed sanitation, water sanitation

+ Disease monitoring

+ In-process control of
completeness, quality and
compatibility of production
procedures and operations

( + Cleaning, washing, disinfection

2. Internal sources
of threats/
elimination

of threat impact
during production
process

4. Conditions and
scenarios required
for threat potential
manifestation

Stress factor reduction and
elimination

sImmunity development/natural
resistance development

sGeneration of resistant
population (gene editing) /

.

Fig. Schematic diagram “Sources of threats to biosecurity systems and measures against these sources

for protected population creation in pig industry”
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and, first of all, highly contagious pathogens (PRRS, FMD,
swine influenza, CSF, ASF viruses, mycoplasmosis agent)
that are transmitted by both direct and indirect routes
[10,11,12,13, 14, 15].

Considering this, population isolation methods take
the new level. For example, taking into account possible
airborne transmission of PRRS virus in indoor pig keep-
ing systems much attention is paid to use of air filters
and other air filtration technologies for the population
protection [16]. Some studies have shown that air filtration
system installation on pig farms contributed to an 80% re-
duction of the risk of PRRS virus introduction into produc-
tion systems [17, 18].

It should be noted that Chapters 5.4, 5.5, 5.7 and 7.3
of the WOAH Terrestrial Animal Health Code [19] address
to safe transportation of animals in isolated transporta-
tion vehicles preventing transboundary disease spread.
It shows that likelihood of infection and pathogen spread
during transportation shall be taken into account. There-
fore, it is recommended to take into account meteorolo-
gical risk factors associated with the presence of each of
the pathogens in the air, as well as the ability of mechani-
cal and antimicrobial filters to protect susceptible popula-
tions from RRRS virus and other pathogens for which aero-
sol spread has been proven (mycoplasma, swine influenza,
CFS) in holdings and during transportation.

Compartmentalization (along with zoning) is also cur-
rently considered as a measure sufficient for creation of
the population free from most transboundary diseases,
including panzootic genotype Il virus-caused ASF - a re-
latively new problem for global pig industry [9]. At the
same time, fomites, transportation vehicles and animals
(including rats, birds and insects) coming in contact with
the pig population are considered to play important role
in the “domestic cycle” Therefore, measures for exclu-
sion of scenarios of potential exposure environmental
through transportation vehicles, fomites, mechanical
carriers, etc. should be periodically reviewed. The main
focus is shifted to discussion the reliability of control
of sanitary measures aimed at the population isolation
from the external environment and potential for auto-
mation of biosecurity systems in holdings (for example,
online monitoring of in-house transportation vehicle
movements between compartments, the integrity
of the holding perimeter, protection against mechani-
cal vector penetration and activities; control of cleaning,
washing and disinfection quality in technical facilities
and transportation vehicles using automated devices
for residual contamination detection, etc.). Automated
control will allow for improvement of biosecurity system
and isolation measures effectiveness.

Automation and digitalization of systems for effective
air filtration, microclimate maintenance and for their con-
trol in facilities as well as when animals arrive to the hold-
ing or moved between compartment sites using public
roads running through rural territories are also the most
modern isolation measures contributing to elimination
of gaps in management of airborne infection risk (primari-
ly PRRS and mycoplasmosis).

The assessment of measures for segregation control
in biosecurity systems and the experience accumulated
by holdings in this field are of scientific interest for de-
velopment of basic recommendations to put them into
practice.

2. Isolation of the population from internal sources
of threats. Likelihood of such threats affecting pigs during
production process is eliminated by monitoring the com-
pleteness, quality and consistency of procedures and ope-
rations used within the production (technological) chain
(in-process control). This also includes internal quarantine
when moving adult animals between groups, and the “all
in — all out” approach, sanitation and containment mea-
sures, etc. However, we will focus on three independent
areas.

Cleaning, washing, disinfection. Management of risks
of pathogen introduction and spread in herds through
production chain is based on both general measures
for holding biosecurity ensuring and targeted techniques
to control the effectiveness of measures taken. Hygiene
management is becoming increasingly important as
an independent biosecurity tool. Infectious activity of
most porcine viral and bacterial pathogens can be signifi-
cantly reduced as early as at the cleaning stage, where up
to 90% of microorganisms are destroyed that significant-
ly increases the effectiveness of further disinfection [20]
and facilitates elimination of scenarios of probable expo-
sure during production process by “cutting off” probable
indirect contacts. Therefore, the triad components: “clean-
ing — washing - disinfection” in processes where they are
applied (treatment of transportation vehicles, footwear,
equipment, facilities, etc.) should be as one measure
(a three-stage process that includes sequential cleaning,
washing and disinfection), and each operation should
be subject to control.

In-process monitoring of pathogens. Porcine factor
pathogens are characterized by circulation in herds with
clinical disease cases manifesting only in isolated sex and
age groups of animals (porcine parvovirus and rotavirus
infections, actinobacillosis pleuropneumonia, streptococ-
cosis, salmonellosis, pasteurellosis, escherichiosis, lepto-
spirosis), therefore, control of measures against such infec-
tions can be focused on isolation of animal subpopulations
during production process for a period of time sufficient
for immunity (resistance) development [21, 22]. Conse-
quently, the production processes for different groups
of pigs should be monitored and such monitoring should
be the part of a biosecurity plan. In addition, in-process
monitoring based on serological tests with the mandatory
use of polymerase chain reaction followed by sequencing
of the detected isolates allowing for accurate determina-
tion of subpopulations status and potential scenarios for
the pathogen spread in the system is to be carried out at
all points critical for pathogen transmission, for example,
for PRRS virus (replacement animals, genetic material,
transfer of animals from one group to another, control
of “all in - all out” system operation). This will ensure in-
process isolation of the subpopulation.

Feed sanitation. Sanitation of feed for pigs is the third
key point in biosecurity programs of establishments for
reducing likelihood of threat scenarios during production
process [23, 24, 25, 26]. Despite the fact that feeds can
be produced by methods ensuring pathogen destruction,
they are often cross-contaminated during storage, trans-
portation or feeding. Some studies have shown long-term
persistence of following infectious viruses in the feed
during its transatlantic transportation: foot-and-mouth
disease virus, ASF, swine vesicular disease virus, Aujezsky’s
disease virus, PRRS, and porcine vesicular exanthema virus,
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whereas there is no evidence of such long-term survivabi-
lity for CFS, Nipah, and swine influenza viruses [27].

The main measures for feed sanitation currently dis-
cussed worldwide are: 1) monitoring of feed directly sup-
plied to pigs for pathogens; 2) holding of components
of animal origin to decrease virus titre; 3) monitoring
of feed and feed additive storage conditions; 4) appli-
cation of additives (based on formaldehyde, fatty acids,
essential oils and organic acids) for feed and water de-
contamination for bacteria and viruses removal (includ-
ing ASF, PED virus), as well as application of mycotoxin
adsorbents [23, 26].

Therefore, feed sanitation should include, among other
things, supplier reliability control, raw material quality con-
trol and measures for mitigation of such risks as: a) pre-
sence of pathogens in source materials; b) the presence
of infectious agents in ready-to-use feed and high-risk
feed components (components of animal origin); c) recon-
tamination of finished feed during its production, trans-
portation and storage [24].

3. Isolation of the population from human factor ef-
fect. There are no commercial pig herds in the world that
are 100% isolated from the human factor associated with
production process maintenance, from engineering as-
pects up to control of technological processes, including
veterinary and zootechnical aspects. It should be noted
that the human factor is one of the most difficult to control,
but at the same time one of the key factors for effective
prevention of infection introduction and spread.

Automation and digitalization in pig farming sector.
The strategy for reducing the human factor impact is
the most knowledge-intensive and rapidly growing area
of the developing biosecurity system management. With
the advent of new information technologies and technical
capabilities, this area has been further developed into the
whole separate segment called “precision animal farming’,
that is widely discussed from the scientific and applied
point of view in the pig breeders’ community as a promi-
sing practice for future production [28, 29, 30, 31, 32, 33].
The priority task of the science today is to fill gaps in new
technical solutions due to the complexity of validation
of technologies for assessing affective states in pigs (both
positive and negative) evaluated in process control sys-
tems using data obtained from recording sensors (strain
gauges, thermal imagers, microphones, photometers,
infrared, radio frequency sensors), as well as to reduce
the cost of these technologies [34, 35].

Automation and exclusion of the human factor impact
on such processes as animal movements, control of cros-
sing dirty and clean zones, assessment of cleaning, wash-
ing and disinfection effectiveness, microclimate control,
weighing of animals, feed distribution, monitoring of
the clinical state of animals (body temperature, behavior,
feed and water consumption) are undoubtedly of high
importance for qualitative improvement of biosecurity
systems in the holdings in future.

Technological innovations have the strongest positive
impact on production. The territories of the Russian Fe-
deration with the highest technological innovation level
hold leading positions as for index of agricultural produc-
tion [36]. Ministry of Agriculture of the Russian Federation
is going to introduce digital technologies into the national
agricultural sector, develop a platform for domestic agri-
cultural product promotion as well as launch modeling

and predicting systems (“Digital Agriculture”) by 2030.
Obviously, advent of predicting technology allowing for
creation of predictive models for animal diseases will en-
able a breakthrough in this area.

In other words, with data accumulation, it will become
possible to create a basis for predictive models in existing
pig farming systems allowing individual management de-
cision-making modeling and predicting the response of
all related estimated system indicators to these decisions,
thereby reducing managerial errors at the stage of their
development.

The expert community notes that the main consumers
of new technologies in Russian pig farming industry are
limited by top 50 pig producers. This is accounted for lack
of funds and insufficient personnel qualifications and skills,
the factors that impede large-scale automation and digi-
talization of pig farms. Small farms remain at the techno-
logical level of the last century. In Russian pig farms,
veterinary manipulations account for large proportion
of manual labor. Automation of animal censuring and re-
mote diagnosis is in little demand, as it requires significant
re-equipment of facilities and financial investments. Most
of the technological processes in pig farming sector have
been already mechanized, and currently they require auto-
mation. Full automation of production process on a smart
farm is theoretically and practically possible, but it is still
economically non-profitable [36, 37, 38].

The main challenge for domestic developers today,
in our opinion, is the integration of systems of different
producers put in place for various targets (microclimate
control, feed control, control of hunting periods, livestock
turnover, inventory, etc.) into common online manage-
ment system, development and integration of automa-
ted systems for veterinary manipulations. Their creation
and digitalization are carried out in consultation with
experts and veterinary scientists, as this a priori will im-
pact on the overall biosecurity level of holdings and will
enable control of porcine infectious diseases in pig hold-
ings [36, 37, 38].

Employee qualification improvement. Theoretically,
the effectiveness of human factor elimination depends
on the degree of the person involvement (awareness)
in professional life and commitment to risk management
practice in the field.

Continuous training and improvement of skills of
the personnel involved in technological processes posing
human factor - associated risks affecting committed im-
plementation of biosecurity measures is an effective solu-
tion, as well as a measure complementing automation and
digitalization of processes in pig farming industry. Trained
personnel carrying out monitoring of each automated
procedure, is the basis for the introduction of automation
and informatization in pig farming sector.

Employee competence improvement throughout
the whole production chain is the key aspect for elimi-
nation of barriers to digitalization, but also for reducing
the impact of “advertising approach” to selection of mea-
sures and tools for disease prevention, when the inef-
fectiveness of medicines is masked by sales consultants
with arguments about the imperfection of the applied
preventive measures and tools and by requirements for
the implementation of disease eradication programs that
a priori are impossible at the level of a separate pig holding
(refusal of vaccination, etc.).
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4. Isolation of the population from the conditions un-
der which the threat potential is manifested (changing
conditions). The following is currently applied to exclude
propagation and accumulation of pathogenic microorga-
nisms: vaccination, acclimatization, the elimination of feed,
heat, noise and behavioral stresses, breeding of animals
resistant to pathogens and stress factors, changing of
the design features/physicochemical properties of sur-
faces and materials coming in contact with pigs (floors,
stalls, walls, bedding, drinking bowls, feeders, feed pipe-
lines) [39].

Stress reduction/elimination. Type of feeding, type
of microclimate in facilities where different age and sex
groups are kept, and contamination of facilities are con-
sidered to be associated with the development of stress
of various levels, morphological and biochemical changes
in blood, changes in general animal resistance to stress
and to pathogens, and animal performance, and the con-
trol of these parameters is akin to the control of factors
contributing to unfavorable events [40, 41, 42, 43]. In-
terdisciplinary approach has enabled generation of new
materials and their introduction into pig production in-
dustry. Monitoring and management of animal keeping
conditions and general resistance allow for reducing stress
and neutralizing pathogen exposure, however, they are
high-tech, knowledge-intensive and, as a rule, interdiscip-
linary areas for commercial pig farming.

Immunity development. Registered and approved vac-
cine shall be selected for vaccination taking into account
genetic characteristics of the pathogen circulating in
the region. Information about PRRS virus strain genotypes
and the infection spread in the herd, for example, will help
to timely select the most appropriate disease control stra-
tegy in the particular Russian Federation subject or pro-
duction system [44, 45]. Application of vaccines against
CSF and Aujezsky’s disease remains one of the most effec-
tive disease control measures and correlates with current
biosecurity and biosafety measures used in pig farming
industry in the Russian Federation. Improvement of animal
health status involving the refusal of vaccination without
the federal program and involvement of all regions and all
business operators in the country appears to be ineffective
based on the experience of other countries and in the con-
text of current Russian Federation regionalization policy
(the most effective quarantine tool in place in veterinary
field in the Russian Federation).

Genetically modified pigs. Gene editing, which can
be used for animal disease resistance inducing and
maintaining is the most effective out of all measures that
radically changes conditions in the pig farming system.
In view of successful experiments in public health sector
(HIV, sickle cell anemia and cancer of various types), gene
editing technology is considered to have a great poten-
tial in animal disease treatment and prevention. This is,
theoretically, generation of genetically modified pigs not
susceptible to ASF or PRRS [46, 47]. In case of any success-
ful genetic improvement, it will only take just a few time
to reproduced genetically enough virus-resistant progeni-
tor pig populations to meet global demand.

CONCLUSION

Biosecurity of pig production systems is currently paid
much attention in science and practice. The adequacy
of the assessment and monitoring of external threats is

a priority task for ensuring effective pig farming system
biosecurity. The surveillance system, as the basis of all
animal disease control measures already taken and imple-
mented, should provide the pig industry and biosecurity
systems of holdings with, first of all, accurate, measurable
and interpretable data on the population state and exist-
ing external threats.

An important gap in the most technological solutions
is the dependence on foreign software programs for
equipment despite the presence of Russian developers
on the market.

Taking into account the lack of standard technologies
for pig farming sector and attempts to integrate equip-
ment and software from different countries into a single
project, the elimination of the “advertising approach” (un-
justified transfer of some digital technologies from cattle
farming to pig farming sector) is also the task for domes-
tic developers of equipment and software programs (sys-
tems).

Employee competence improvement throughout
the whole production chain is the key aspect for elimi-
nation of barriers to digitalization as well as for reducing
the impact of “advertising approach” to selection of mea-
sures and tools for disease prevention when the inef-
ficiency of medicines is masked by sales consultants
with arguments about the imperfection of the applied
preventive measures and tools and by requirements for
the implementation of disease eradication programs that
is a priori impossible at the level of a separate pig holding
(for example, refusal of vaccination, etc.).

It can be concluded that the automation and digitali-
zation of all processes in pig industry, creation of geneti-
cally modified pigs not susceptible to the most significant
pathogens such as African swine fever, classical swine fe-
ver, porcine reproductive and respiratory syndrome virus-
es and their use for production purposes, further research
and implementation of integrated technological solutions
for feed sanitation are the evolutionarily significant ways
for effective pig farming intensification and that they will
facilitate the development of production data monitoring
and porcine disease control systems and reduce the im-
pact of manual control errors.
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