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Congratulations on Russia Day

Dear readers! Please accept my sincere congratulations
on the main state holiday — Russia Day!

This holiday symbolizes national unity and our com-
mon responsibility for the present and future of our
country. June 12 is a significant day for every true pat-
riot proud of the centuries-old history of their country,
spiritual and cultural heritage, who works tirelessly for
its prosperity.

Russia Day is a holiday of love and respect for our
Motherland, the symbol of national unity. For every per-
son, the Motherland begins where they were born, where
they live, study and work. The present and the future of
our country depends on each of us, on our common ef-
forts and actions, intellectual and creative achievements.
Only through joint efforts will we be able to overcome any
challenges and achieve even better results.

On this solemn day, we all feel special pride for our
great power and our compatriots.

On this festive day, let me wish you health and success
in achieving your goals. May you be surrounded by com-
fort and wealth, happiness and mutual understanding,
accompanied by peace, harmony and confidence in the
future, and may the generosity of our land bring you pros-
perity and well-being.

| wish successful development in every sphere of ac-
tivity both for Russia itself and for all its citizens. Let every

Director of the FGBI “ARRIAH"

citizen have a place in their soul for love for their homeland,
and let the strength of the spirit of our ancestors bring
development and give strength for great achievements
as well as faith in a wonderful future.

VETERINARY SCIENCE TODAY. 2022; 11 (2) | BETEPUHAPUA CETOAIHA. 2022; 11 (2)
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In the course of my work, | unexpectedly discovered some areas
that had not been seriously discussed yet...

Frank Burnet

African swine fever: one hundred years later

V. V. Makarov
People’s Friendship University of Russia (RUDN University), Moscow, Russia,
https://orcid.org/0000-0002-8464-6380, e-mail: vvm-39@mail.ru

SUMMARY

This brief report pays tribute to Robert Eustace Montgomery (1880—1932) whose name is associated with the discovery of African swine fever (ASF). A hundred
years ago, he published a major report on study of new highly dangerous disease carried out in 1900—1917 in the East Africa. The infection fundamentals have
been established and described — the etiological, immunological and nosological uniqueness of the infection, fatal susceptibility of domestic pigs, clinical sings
and pathomorphology, viral etiology, natural reservoir and source of the infection, survival of the virus outside the body, many specific epizootological aspects.
Taking into account current high publication activity it has been concluded that there is a large body of multi-faceted research focused on African swine fever. Gap
analysis carried out by the large team of the European researchers and experts revealed the most challenging aspects — wild boars, ASF survival and transmission,
biosecurity and surveillance. In addition to the gaps mentioned in these conclusions and recommendations there are serious gaps in African swine feverimmunology,
namely in protective immunity mechanisms, virus-macrophage interaction, in vitro virus phenotypic signs correlating with its virulence, etc. Evidently, it is hardly
possible to expect development of anti-ASF vaccines and particularly the vaccines capable of preventing and effectively protecting against ASF epizooty according
to the general understanding without addressing these issues.
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AdpukaHckan uyma CBUHeN yepes CTo net

B. B. MakapoB
OrAQY BO «Poccuiicknit yHuBepcuteT fpyx6bl Hapogos» (PYIH), Mocksa, Poccus;
https://orcid.org/0000-0002-8464-6380, e-mail: vvm-39@mail.ru

PE3IOME

B kpatkom coobLeHnn Bo3gaetca gomxkHoe Pobepty H0ctacy Montromepn (1880—1932), ¢ nmeHem KOTOPOro (BA3aHO OTKPbITUE ahpUKAHCKOI UyMbl CBIHEN.
(70 neT Ha3aj UM ony6anKoBaH MacLUTabHbIi 0TYeT 06 CCeAOBAHMAX 3TOFO HOBOTO 0C060 onacHoro 3aboneBaHuna, npoBeaeHHbIX B 1900—1917 rr. B Boc-
TOYHOI AdpuKe. YCTaHOBNEHBI M OMMCAHbI OCHOBOMONArALOLLME MONOXEHNA — STUONOTNYECKAA, UMMYHONOTNYECKAA 11 HO3010rMYECKan CAMOCTOATENBHOCTb
JaHHON MHeKLMM, GaTanbHada BOCMPUMMUNBOCTb JOMALUHUX CBIHEN, KNMHWKA 11 NaTOMOPONOrA, BUPYCHaA STUONOTUA, NPUPOSHBIN pe3epByap U UCTOYHUK
3apaeHus, yCToNUMBOCTb BUPYCA BHE OPraHM3Ma, MHOTIE YaCTHbIe 3NeMeHTbl 3NU300ToNoru. PUMEHNTENbHO K TeKyLLei CTYaLMIn Ha 0CHOBAHMIN BbICOKOIA
ny6nnKaLMOHHOI aKTMBHOCTY CAeNaHO 3aKioueHHe 0 Upe3BbIYAiHOM MacCUBe Pa3HOCTOPOHHYX MCCNE0BAHMIA N0 adpUKAHCKOI uyMe (BUHeil. GAP-aHanu3
(aHanu3 npobenos, Gap analysis), BbINOAHEHHbI 60NbLLNM KONNEKTUBOM €BPOMENCKMX YUeHbIX U CNeLuaniucTos, No3BoaIN ONpeaenvTb Hanbonee npobnemHble
BOMPOCbI: MKNeE KabaHbl, BbhKMBaHME NOCNe adPUKAHCKOI YyMbl CBUHEN 11 TPAHCMICCUA, 6106E30MacHOCTb U Haa30p. MOMIMO OTMEUEHHDIX B 3TUX BbIBOAAX
11 peKOMEHZALMAX, cepbe3Hble NPO6eNbl CYLLeCTBYIOT B UMMYHONOTM ahPUKAHCKOI UyMbl CBIHEN, B YaCTHOCTH, OTHOCUTENbHO MEXaHU3MOB NPOTEKTUBHOIO
UMMYHUTETa, B3aUMOZEICTBIA BUPYC — MaKpODar, GeHOTUNNYECKIX NPU3HAKOB BUPYCA in Vitro, KOPPENUpYIOLLMX C BUPYNEHTHOCTbIO, U Apyrue. QUeBUAHO, uTo
6e3 peLLeHuA STX BOMPOCOB BPAZ N1 BO3MOXKHO PaCcCUMTbIBATb HA MONYYEHMe BAKLMH NPOTUB adPUKAHCKOI YyMbl CBUHEI 1 0COBEHHO Ha UX MPodUNAKTUYECKYI0
11 NPOTMBO3NM300TUYECKYIO IOOEKTUBHOCTD B 0OLLENPUHATOM NOHUMAHHIA.

KnioueBbie cnosa: 063op, P. 10. MoHTromepu, abpuKkaHckas uyma cBiHel, Tekywias nanaemua, GAP-aHanu3

© Makarov V. V., 2022
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One hundred years ago Robert Eustace Montgo-
mery (1880-1932) - distinguished veterinarian and patho-
logist, researcher of exotic diseases of the period of the
first discoveries (Photo 1) — published results of the large-
scale observations and experiments on African swine fever
(Photo 2).

According to the Biographical Database of Southern
African Science [1], R. Montgomery graduated at the Roy-
al (Dick) Veterinary College in Edinburgh, Scotland, in 1903.
After special duty in India and Canada, in 1907 he was sent
by the Liverpool School of Tropical Medicine to investigate
sleeping diseases (zoonosis, serious disease of humans
and domestic animals) in Central Africa. The results of his
investigation were presented in several papers published
in the Annals of Tropical Medicine (1908-1909). In 1909 he
was appointed as a pathologist to the East African Protec-
torate and in the same year participated to the Pan-African
Veterinary Congress held in Pretoria on occasion of official
opening of the Veterinary Research Institute in Onderste-
poort, where he presented a report on “Trypanosomes
and their transmission (Fly Disease) in relation to South
Africa’, published later in the Proceeding of the Rhodesia
Scientific Association. He visited South Africa againin 1912
in connection with cattle immunization against East Coast
fever. During the First World War (1914-1918) he served
with the rank of Major in the East African Veterinary Corps.
In 1917, R. Montgomery started the Veterinary Institute
at Kabete (Kenya) and in 1918 he was appointed Direc-
tor of Veterinary Research for the Union of South Africa.
In 1920-1921, he was the first President of the South-
African Veterinary Medical Association. From 1923 to 1926
R. Montgomery was a veterinary adviser to the govern-
ments of Kenya, Uganda, Tanganyika, and from 1930 - to
the Colonial Office.

A truly fundamental R. Montgomery'’s contribution to
veterinary science and practice is associated with the dis-
covery of African swine fever (ASF) and the generalization
of multi-year investigations of this newly discovered dis-
ease and some related phenomena, such as epizootology
of exotic infections of wild animals, their role as reservoir,
endemicity, that were non-trivial for the early XX century.
Current situation demonstrates that his contribution is tru-
ly epochal’. Detailed final report on the studies of African
swine fever at the Nairobi Veterinary Laboratory (Kenya)
started in 1900 was compiled by him in 1917 but it was
published only four years later due to external reasons
(war, change of jobs) [1, 3, 41.

'The second name of ASF is a Montgomery disease in the honor of
R. Montgomery.

Photo 1. R. Eu. Montgomery [1]

THE
JOURNAL OF

COMPARATIVE PATHOLOGY

AND

THERAPEUTICS.

Vol. XXXIV.—No. 3. SEPTEMBER 3o, 1021.  PRICE 3. 6d.

ON A FORM OF SWINE FEVER OCCURRING IN
BRITISH EAST AFRICA (KENYA COLONY).

By R. EUsTACE MONTGOMERY, Veterinary Adviser to the Govern-

ment of Uganda, formerly Veterinary Pathologist to the East
Africa Protectorate.

Photo 2. Reprint of the historical publication on African
swine fever [2]

In a large two-part paper [3], R. Montgomery gave
the first description of signs of an unknown disease that
emerged during the first attempts of rearing of pigs of
European breeds imported from the metropolises by
white settlers for home consumption or pork produc-
tion. Cases of the disease, very similar to classical swine
fever (CSF) well known in Europe, were officially registered
on several farms in British East Africa but supposedly had
a broader, epizootic, distribution.

VETERINARY SCIENCE TODAY. 2022; 11 (2): 99-103 | BETEPUHAPUA CETOLHA. 2022; 11 (2): 99-103
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Natural and experimental infection clinical picture
and pathomorphology were described, infection natural
reservoir and source (persistently and asymptomatically
infected local warthogs — Phacochoerus africanus) were
identified as well as the infectious agent was found to
survive outside the animal body and in animal carcasses
for a long time. Domestic pigs appeared to be fatally sus-
ceptible to parenteral infection with warthog blood but
the infection was not transmitted by contact or by air that
was interpreted as indicative of animal reservoir resistance
and even then of low ASF contagiousness?.

Experiments on cross-infection of CSF-immune pigs
and passive protection from the infection with anti-CSF
immune serum effectively and widely used for simultane-
ous vaccine-serum inoculations in pig industry at that time
showed that the disease under study was new. Sera from
wild pigs were also ineffective, i.e. fundamental fact of the
lack of humoral protection against ASF became known
even then. Attempted immunization with the heat-inac-
tivated infectious material had no effect.

New infection was finally defined as an independent
nosological form named as East-African swine feverin 1910.
Further characterization of ASF, its causative virus, main
principles ofimmunology and epizootology up to modern
studies has improved the basic knowledge on the disease
confirming the postulates laid down in the outstanding
R. Montgomery paper [1, 3, 4].

In this context, current panzootia and resulting known
stalemate undoubtedly require extraordinary solutions.
Based on analysis of the data from PubMed? [5], world-
wide ASF-associated publication activity highly intensified
in recent years (Fig. 1) reflects both great scientific interest
and scope of research activities.

A lot of international institutions and specially estab-
lished associations with the World Organisation for Animal
Health (WOAH) and Food and Agriculture Organization of
the United Nations (FAO) as major players are involved in
this common work. It should be noted that the following
systems and organization are also highly engaged in the
said activities: EMPRES (Emergency Prevention System for
transboundary animal and plant pests and diseases, FAO),
GF-TADs (Global Framework for the Progressive Control of
Transboundary Animal Diseases, FAO), GARA (Global Afri-
can Swine Fever Research Alliance, USA), Stop ASF (Public
and private partnership programme, FAO/OIE), EFSA (Euro-
pean Food Safety Agency, EU), VACDIVA (EU Horizon 2020
Project on development of effective vaccine against ASF).
Each organization combines and coordinates the research
activities of several dozen up to more than one hundred
and fifty participants (laboratories and institutions). The
research effectiveness is discussed and evaluated in detail
followed by development of agreed conclusions and solu-
tions at regular scientific events and webinars®. Research
outcomes are presented in a wide range of publications.

Total 2020 318

1990-13

s

] /
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Imunology

1990 6

2020-59
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| III'II
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Fig. 1. Thirty-year dynamics of annual full-text publications
on key ASF aspects (in call-outs) [5]

The EFSA Panel On Animal Health and Welfare (AHAW)
activities and extended reporting and analytical publica-
tions in the EFSA Journal (for example, [6]) are of particular
interest.

In particular, significant results were obtained during
the Gap analysis® of management of short-term ASF risks
for the disease control recently performed by a large team
of reputable scientists and specialists in view of the ag-
gravating disease situation in the participating European
countries and published in the abovementioned periodi-
cal [5]. The timeliness of the said Gap analysis is obviously
justified by rapidly increasing spontaneous large body of
unsystematic publications that are still not associated with
any significant anti-epizootic effectiveness.

Since the Gap analysis methodology is based on ex-
pert opinion of the persons whose interests are in any
way related to the addressed task, respondents of the
widest stakeholder range from pig farmers, hunters, vet-
erinarians up to officers at high managerial level and all
relevant officials and private professionals engaged in
ASF control — national Veterinary Services and Ministries
of Agriculture, European Veterinary Association, farmer’s
organizations, hunters’ organizations, agribusiness, en-
vironment protection and management organizations,
etc., taking into account different epizootogical status
of the represented territories (first infected or endemic,

2This question is still debated. According to modern concepts, this type
of pathogen-host relationship is defined as persistent tolerant infection.
3 PubMed® is the largest data base of medicinal and biological
publications at the US National Library of Medicine maintained by the
National Centre for Biotechnology Information (USA), it contains more
than 33 million citations of scientific literature (journals, books, other
publications) [5].

4 For example, recent public VACDIVA workshop (First International
Workshop for the Pig Sector, October 1, 2021).

° Gap analysis is a method (or process) of the strategic analysis that
compares actual result with what was expected for the identification
of the challenging areas - suboptimal or missing strategies, structures,
capabilities, processes, practices, technologies, skills, and recommends
tools for the situation improvement and for meeting the goals. Unlike
risk assessment focused on the future, the object of Gap analysis is the
current state [7]. It is well known that recently Gap analysis has been
actively used by the WOAH to improve the national veterinary service
performance (PVS Pathway).
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ASF SURVIVAL AND TRANSMISSION

WILD BOAR
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Fig. 2. Prioritization of currently important aspects identified by the Gap analysis, in percentage [6]

at infection risk, infection free) were involved to ensure
its objectivity.

For an expert assessment of relevance based on a total
analysis of the results published around the world, a num-
ber of “hot” issues covering the most currently important
relevant scientific and practical areas in the context of
an uncontrolled aggravation of the situation primarily
in Europe were formulated. In particular, they included
(i) role of survived animals in further ASF spread, (ii) virus
virulence and possibility for live vaccine development,
(i) biosecurity in the broad sense of controlling infection
spread risks, (iv) intersectoral communications for maxi-
mum coordination of all stakeholders’actions, information
sharing, training, (v) sensitivity of diagnostic tests, non-in-
vasive methods for wild boar, (vi) disinfection of various
objects, destruction of wild boar carcasses, (vii) contribu-
tion of governmental bodies to international cooperation
and funding, (viii) role of import, migration, pathways,
objects in the infection introduction to the infection-free
countries, (ix) passive surveillance in wildlife, border con-
trol, zoning for trading, early infection detection, (x) eco-
logy, epizootology, control of wild boar populations. The
Gap analysis results were summarized and presented in
the form of spider graph (Fig. 2).

The conclusions and recommendations arising from
this prioritization indicate the main point: the most po-
pular trivial and conventional directions in modern ASF
research, such as diagnostics (availability of faultless poly-
merase chain reaction), disinfection (everything was done
a long ago), are not currently significant, and numerous
publications (see Fig. 1) show that the main gap associa-
ted with the virus virulence studies (endless genotyping) is
the unsuitability of the proposed attenuated virus variants
as vaccines, according to generally accepted immunolo-
gy and protectivity concepts. The main challenging gaps

requiring primary attention were identified in four out of
ten categories.

The crucial gaps in relation to wild boar were both or-
ganizational ones — necessity of harmonized wild boar po-
pulation density estimation and ASF reporting in the wild,
determination of the methods for reducing the absolute
number of wild boar — and scientific ones - elucidation of
the mechanisms for ASF spread and ASF virus persistence
in the wild, possibility and importance of direct-contact
infection transmission in wild boar taking into account
their behavior.

In relation to ASF survival and transmission, it was shown
that process management requires better knowledge and
understanding of the insect vector role in biological and
mechanical transmission of the infection, role of contami-
nated abiotic environmental factors and feed, potential
risks associated with production, processing, transpor-
tation, storage of forage materials, different beddings,
household items, porcine products and with personnel.

In relation to biosecurity, the important identified gaps
were as follows: lack of effective measures for preven-
tion of transboundary ASF introduction in the regions
and holdings with different husbandry systems, for pre-
vention of the infection transmission between wild boar
and domestic pigs as well as potential risks of backyard
farm involvement. Other gaps were considered serious:
low public awareness of ASF, and the fact that social and
economic situation, rural community lifestyle, as well as
traditional agricultural practices were not appropriately
taken into account.

The following was considered of high priority for the sur-
veillance aimed at mitigation of risks of ASF introduction to
the disease-free countries/regions: enhancement of bor-
der control of people, transportation vehicle, commodity
movements, passive surveillance for and early detection of
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dead animals (primarily, wild boar), methods for the agent
detection (forage materials, items after decontamination),
sensitive and rapid pen-side diagnostic kits to be used in
the field, non-invasive tests for wild boar [6].

A common disadvantage of the said Gap analysis is, of
course, the absence of the questions on ASF immunology
addressed to the well-known numerous gaps in the ques-
tionnaire, while all efforts are focused on identification of
virulence genes for their removal and virus attenuation.
According to the recent publications with the participation
of J. M. Sdnchez-Vizcaino [8], despite of a wide information
flow, knowledge about immune defense mechanisms is
very scarce. Such topic segregation can be attributed for
the peculiar local interests of the Western European com-
munity in the current context.

However, in another comprehensive Gap analysis with
a similar set of questions carried out on the GARA initiative
(USA) [2], immunity-associated challenges were also not
adequately addressed. The following clearly chronic gaps
remain beyond the routine research: virus interaction with
macrophages and, in general, a role of these unique cells
in pathogenesis and immunity, virus-induced intracellular
processes and virus reproduction, hemadsorption as an-
tigenic modulation of host cell, hemadsorption antigen,
serotyping hemadsorption-inhibition test, other in vitro
phenotypic close-to-reality signs correlating to virulence
and immunity, namely, intrapopulation virus heterogene-
ity, lack of protective humoral response of the immunity
system (trivial virus neutralization), culture models for di-
rect in vitro testing of protective antigen expression and
phenomenology of cellular and intercellular protective
reactions (interactions of antibodies with virus particles,
CD8* T-lymphocytes-killers and other cytotoxic effectors
with infected target cells,immune cytolysis morphology),
effector potential of T-cell-mediated immunity.

Itis hardly possible to expect development of anti-ASF
vaccines and particularly vaccines capable of preventing
and effectively protecting against ASF epizooty accor-
ding to general understanding without addressing these
issues, especially without determination and comprehen-
sive characterization of the immune response effector
phase using modern research methods, focusing only on
acquired resistance to challenge (i.e. at the animal level).
At the same time, the answers to many of the above ques-
tions were obtained earlier during the research carried out
by the Biochemistry and Immunology Laboratories of the
Federal Research Centre for Virology and Microbiology
(Pokrov, Russia) and widely covered in the national scien-
tific literature [9, 10].

It is noteworthy that the American Gap analysis, pro-
bably for the first time in relation to ASF panzootia con-

trol, raises the question about the reasonability of total
destruction of suspected susceptible population inclu-
ding emergency slaughter of tens of thousands of pigs
that results in significant financial losses, provokes all
forms of owners’resistance and is ethically challengeable.
Hence, alternative solutions to this socio-economic prob-
lem addressing the general public requirements without
prejudice to effectiveness of anti-epizootic measures are
required [2].
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SUMMARY

African swine fever (ASF) is a transhoundary viral disease affecting all species of the Suidae family. It greatly undermines global pig industry and causes a significant
damage to the ecology of the wild boar (Sus scrofa) which is a natural reservoir of the ASF virus and is an intermediate link in the epizootic process. Depopulation
of wild boar is one of the measures taken to prevent spread of ASF in the Russian Federation. A threshold density of the wild boar population of 0.25 head/1000 ha
(0.025 head/km?), according to the National Plan on the ASF Eradication in the Russian Federation, was achieved by 2020 in many RF Subjects. However, further
analysis of the ASF epizootic situation shows that the measure has failed to eradicate the infection completely. A regression analysis showed statistically significant
positive relationship between recurrent ASF outbreaks in the wild boar population and its density in a number of model subjects (N = 6). At the same time, there
is no such dependence in other model subjects (N = 3), and ASF outbreaks were recorded in wild boars at a density significantly lower than the recommended
threshold value. A review of foreign and national scientific publications has shown that such control methods as depopulation is just one part of the whole set of
measures taken to eradicate ASF in the wild. The measure is effective only when 70—-80% of animals are culled in a short time, which is practically impossible due
to the high costs and some peculiarities of the population control and depopulation process. Based on the results obtained, it can be concluded that a decrease in
the number of wild boars does not guarantee to stop further spread of infection in the Russian Federation and it should be considered as just a part of the whole
set of anti-epizootic measures taken together with other anti-epizootic measures to eliminate and prevent ASF.
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PE3IOME

Takoe BUpYCHOe TpaHCrpaHuHoe 3aboneBaHe Bcex NpeacTaBuTeNeil ceMeiicTBa CBIHbY (Suidae), Kak adpyKaHCKas uyma CBUHeN, HAHOCUT KONOCCANbHBII yiLepd
He TONIbKO MUPOBOIi CBUHOBOAYECKOI 0TPACA, HO U 3KONOTM KabaHa (Sus scrofa) — XMBOTHOTO, ABNALLErOCA MPUPOAHBIM Pe3epByapoM BUPYCa U yYacTHUKOM
3MKU300TMYecKoro npotiecca. OAHoI 13 Mep no NpeLoTBpaLLEHINI0 PACpOCTPaHeHUA ahpUKAHCKOI YyMbl CBUHeN Ha TeppuTopuy Poccuiickoii Oegepaumn ABna-
eTca fenonynaumua aukoro kabaxa. Pekomenayemoe «fnaHom AeidCTBYIA N0 NpefoTBpaLLEHII0 3aHoca Ha TeppuTopuio Poccuiickoii Oesepaumm adpukaHckoil
UyMbl CBUHEIA 1 ee pacnpocTpaHeHa» 3HaueHue NNOTHOCTY nonynALMN kabaa B 0,25 0cobu/1000 ra (0,025 ocobu/km?) AnA MHOTUX CY6BEKTOB CTPaHbI Obino
HOCTUTHYTO K 2020 T., HO, KaK MOKa3bIBaeT aHaNl3 SNU300TUYECKOI CUTYaLMm No adpUKAHCKOI YyMe CBUHEN, AaHHaA Mepa He NpuBena k NoNHOMY UCKOPeHeHMio
nHekumm B Poccuiickoit Oefepaumu. PerpeccioHHblil aHanu3 nokasan, uTo B pAse MofenbHbIX Cy6bekTos (N = 6) NPoCNeXmMBaeTCa CTaTUCTUYECK 3HauUMas
MONOXWTENbHAA B3aNMOCBA3b MEX Y Hannunem NoBTOPAIOLLMXCA BCMblLLEK adPUKaHCKOI YyMbl CBUHEN B MONynALMN ANKOro KabaHa 1 ee nnoTHocTy. B To
e BpemA B Apyrux MojenbHbix cybbekTax (N = 3) Takas 3aBUCUMOCTb OTCYTCTBYET, @ BCMIILUKIA adpUKAHCKON YyMbl CBUHEI perucTpupoBanuch cpeam SUKUX
kabaHoB NpU NAOTHOCTH, CYLLECTBEHHO MeHbLUell pekoMeHayeMoro 3Hauenua. 0630p 3apy6exHoli 1 0TeYeCTBEHHOI HayYHOI MTEPaTypbl MOKa3an, yto npu-
MeHeHUe MeTOZ0B KOHTPONA YNCIIEHHOCTY KabaHOB, TaKIX KaK AenonynAums, ABNAETCA NULLb YaCTblo KOMMNEKCa Mep No UCKOPEHEHM0 adpuKaHCKoi Yymbl
CBUHeit B AnKoii npupoge 1 3¢ dekTnBHo nuLwb npu ubaATM 70—-80% 0cobeil B KOPOTKMe CPOKY, YTO MPaKTUYeCKy Hepeanu3yemo B Ciny BbICOKIX SKOHOMUYECKIUX
3aTpaT 1 HIDAHCOB NPUMeEHEHUA MeTOZ0B KOHTPOMA 1 COKpaLLieHna nonynAwmm. Micxona 13 nonyuyeHHbIX pe3ynsTaTos, MOXHO CAieNnathb BbIBOJ, UTO CHUMXeHUe
YMCNEHHOCTY AMKOTO KabaHa He ABNAETCA rapaHTUeil NpeKpaLLeHna JanbHeiiLLero pacnpocTpaHeHna nHeKwm Ha Tepputopun Poccuiickoil Oesepaui n Lonmx-
HO paccMaTpUBaTLCA B COCTaBE KOMMNIEKC Mep, HanpaB/ieHHbIX Ha NMKBUAALIMI0 1 Pefynpex eHne 3aHoca adpUKaHCKOI UyMbl CBUHEIA, HapAZY ¢ Apyrumu
MpPOTUBO3MM300TUYECKUMI MEPONPUATUAMY.

KnioueBble cnoBa: a(I)pI/IKaHCKaﬂ yyma CBUHel, NNOTHOCTb nonynAauun JuKkoro Ka6aHa, aenonynauna, norucTnyeckan perpeccia, Crpaterna IMKBUAaLumn

bnaropgapHocTb: Pabota BbinonHeHa npu noaaepxke MuxobpHayku PO B pamkax rocysapcreenHoro 3apaHua OIBHY «DepepanbHblit uccnesoBatenbekmii
LIEHTp BUPYCONOrY 1 MUKPOGUOnoruu».

[ina uutnposanua: 3axaposa 0. I1., bnoxun A. A, Toponosa H. H., Bypoga 0. A., flumn . B., Kopenroii 0. W. TInoTHocTb nonynaumm aukoro kabaa u pacnpo-
(TpaHeHwe apuKaHCKoli uyMbl cBUHelt B Poccuiickoit Oepepaunn. Bemepurapus cezo0ns. 2022; 11 (2): 104-113.DO0I: 10.29326/2304-196X-2022-11-2-104-113.

KoHdnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.
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INTRODUCTION

African swine fever (ASF) is a viral, transboundary
disease affecting all species of the Suidae family and
causing both an enormous damage to the national pig
industry and to the ecology of the wild boar. Affected
and convalescent pigs and wild boar and as well as those
ones shedding the virus without clinical signs during an
incubation period are the source of the pathogen. Exten-
sive research into the role of the wild boar in ASF spread
has revealed that this animal is an important, but not the
key factor in the disease spread in the Russian Federa-
tion [1-3]. The wild boar is known to support ASF enzo-
oticity in the territory [4-6]. The ASF outbreaks recorded
in the wild in the Russian Federation throughout the
whole period of the disease control are still mostly spo-
radic. Environmental risk factors preserve and maintain
virulence of ASF virus in the environment and thereby
complicate the disease elimination [7]. Mostly, the infec-
tion sources remain unknown due to both peculiarities of
backyard pig farming and hunting farms, characterized
by uncontrolled movement of animals, migration of wild
boar, transportation of pig products and hunting tro-
phies [4, 7, 8]. While lack of biosafety policies on pig farms

is considered the main factor in the disease spread [9-13],
the presence of wild boar in the ecosystem plays an im-
portant role in ASF transmission to the domestic pigs, as
recognized by many countries [9, 14, 15]. Circulation of
ASF virus in the wild boar population is typical for the
Russian Federation and some of its subjects [16]. Recent-
ly, such a mechanism of ASF epizootics has been clearly
observed in the Far East [17-19].

Currently, discussions are under way as to the relation-
ship between ASF spread and density of the wild boar
population. Taking into account experience of the Euro-
pean countries, there is a strong dependence of the virus
transmission on density of the wild boar population; how-
ever, this dependence is not always observed [20]. Due
to peculiarities of ASF epizootic process, this trend mainly
depends on:

- network structure and social interactions in the most
susceptible wild boar population and between age and
gender groups;

- unclear pattern of the animal-to-animal virus trans-
mission and post-mortem virus stability in dead boar, de-
pending on the environmental conditions (for example, air
temperature).
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Studies in Poland, Germany and ltaly, T. Podgér-
ski et al. [21] reveal that the frequency of contacts within
social groups was 17 times higher than between animals
from different groups. These interactions suggest a mature
metapopulation in which intra-group transmission hap-
pens faster, and the spread of infection between groups is
limited and prolonged. The authors also found that young
wild boar interact with each other more frequently in the
population and such contacts can speed up the infection
transmission. A wild boar population management stra-
tegy that affects the social-spatial structure of the popu-
lation, for example, extra feeding, may reduce the time
of virus transmission, because the likelihood of contacts
between different groups increases.

Thus, ASF outbreaks reported in Poland from 2014 until
mid-2016 may have resulted from a higher density of wild
boar population (1-4 boar/km?) in the east and a lower
density in the west (< 0.4 boar/km?). Z. Pejsak et al. [22] as-
sumed that a density of more than two animals per square
kilometer is required in order to ensure stable circulation
of the virus among wild boar in Poland.

The theory of threshold density values does not give
clear answers on principles of ASF virus spread, virus per-
sistence in the wild boar population and transmission of
the pathogen to other susceptible populations, including
domestic pigs. Model approaches are based on such key
conditions as homogeneous and random interaction be-
tween the sick and healthy animals, which is unlikely to
really happen in the wild. Beside the density of the wild
boar population, the virus transmission dynamics in the
population can be influenced by such factors as post-mor-
tal ASF virus stability in the dead wild boar, the population
social structure, mechanical carriers, and etc. Therefore,
the threshold values of the boar density will not neces-
sarily reflect the possibility of transmission in a particular
area. In addition, due to their social behaviour, animals can
group together even in those areas and territories where
population density is low, thus, zones with more wild boar
will appear creating conditions for new ASF outbreaks.

Studies of the wild boar population ecology conduc-
ted within ENETWILD project [13, 23] and EFSA [24] have
revealed that field observations are the only available al-
ternative approach to study population density thresholds
in the context of ASF prevention and control.

Strategically important disease control measures in-
clude, inter alia, wild boar depopulation, i.e. reduction
of wild boar density to a certain threshold at which in-
trapopulation virus transmission will stop or significantly
slow down due to a decrease in the reproduction coeffi-
cient [25-27].

Based on the current analysis of ASF epizootic situation
in the Russian Federation, it can be said that the disease
has spread both in wild boar and in domestic pigs almost
throughout the whole territory, including even those re-
gions where, as stated, density of the boar population is
very low. Therefore, the purpose of this study is to examine
the relationship between ASF outbreaks in wild boar and
the wild boar population density in the Russian Federation.

In order to achieve the purpose, the following objec-
tives have been set:

1) to conduct a retrospective analysis of the ASF situa-
tion in wild boar in the RF subjects and to determine those
model and ASF-enzootic RF subjects, where wild boar po-

pulations have been continuously affected by the disease
for several years;

2) to collect data and analyze relationship between dy-
namics of the wild boar population density in the model
Subjects of the Russian Federation and the number of ASF
recurrent outbreaks;

3) to determine whether there is a statistically signifi-
cant relationship between occurring ASF outbreaks and
changes in the density of wild boar population resulting
from hunting activities, as well as depopulation, which is
an important measure for ASF elimination;

4) to review scientific literature on the wild boar eco-
logy in the ASF-affected environment with the purpose
to systematize the methods applied to reduce ASF virus
circulation in the population.

MATERIALS AND METHODS

Based on the use of PRISMA (http://www.prisma-state-
ment.org/PRISMAStatement/PRISMAStatement.aspx)
statement for systematic reviews and meta-analyses [28],
a literature search was conducted in Web of Science,
PubMed, Scopus and Google Scholar databases to find
relevant information on the methods and tools poten-
tially applied to ensure freedom of the wild boar popu-
lation from ASF. The search query included the following
keywords: African swine fever, population density of wild
boar, depopulation, logistic regression, elimination stra-
tegy, while no publication date filter was applied. A li-
terature search was also carried out in RSCl bibliographic
database (Russian Science Citation Index) using Science-
Index. For this purpose, we firstly reviewed headings and
summaries, then analyzed full texts of the papers iden-
tified as relevant.

Model regions. Based on a retrospective epizootologi-
cal analysis of the ASF epizootic situation, the following
subjects of the Russian Federation were selected as mo-
del regions, where ASF outbreaks in wild boar recurred
from 2013 to 2021, and for them data were available on
long-term changes in the number of animals and popula-
tion density during the epizooty (at the municipal level):
the Vladimir, Yaroslavl, Ryazan, Nizhny Novgorod, Samara,
Saratov and Amur Oblasts, as well as the Khabarovsk and
Primorsky Krais.

Within this study, an outbreak is defined as an occur-
rence of one or more ASF cases in an epizootological unit
(municipal district of the Russian Federation). At the same
time, a case is defined as an individual animal infected with
the pathogen, either with clinical signs or without them’.

Data on ASF registration in the wild boar population
are taken from the official reports of the Federal State-
Financed Institution FGBI “Veterinary Center” (Moscow)?

Data on the size and density of wild boar population in
municipal districts are taken from the regional websites
of the Ministry of Natural Resources and Hunting Com-
mittees?.

! OIE. Terrestrial Animal Health Code. Available at: https://www.oie.int/en/
what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/
?7id=169&L=1&htmfile=sommaire.htm.

2 Epizootic situation. Registered cases of highly dangerous and socially
significant animal diseases. Available at: https://ueHTp-BeTepuHapum.
pd/o-nas/informatsiya/epizooticheskaya-obstanovka.

*The Ministry of Natural Resources of Russia. Available at: https://www.
mnr.gov.ru.
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Fig. 1. Frequency of ASF outbreaks in the wild boar population of the Nizhny Novgorod Oblast (2017-2020)

Epizootological information on ASF outbreaks and data
on size and density of the wild boar population covered
the period from 2013 to 2021.

We used generalized linear logistic regression (GLLR)
method to model relationship between ASF outbreaks
registered in wild boar and the dynamics of the popula-
tion density. The method examines the relationship be-
tween a dichotomous variable (“yes/no”) and one or more
explanatory factors [29-31]. For the purpose of this study,
the explanatory variable refers to the presence/absence
of registered ASF outbreaks in the wild boar population
in a particular municipal district, and the explanatory
factor refers to the population density of wild boar in the
municipal district for the corresponding year. The signifi-
cance of the explanatory variable was assessed using the
Student's t-test (statistical criterion p, < 0.05 indicates the
significance of the variable as an explanatory factor). The
overall statistical significance of the models was assessed
using Hosmer — Lemeshow goodness-of-fit test that de-
termines the ratio between the numbers of expected and
observed events in subgroups of the model population.
Statistical reliability of this test at p, > 0.05 demonstrates
sufficient predictive ability of the model.

In addition to model significance and reliability, we
calculated an odds ratio (OR) for a positive outcome in
each subject and compared this coefficient based on the
explanatory variable contained in the model (wild boar
population density).

Logistic regression in R programming language* was
used to model the relationship between ASF outbreaks

4R-4.1.1 for Windows. Available at: https://cran.r-project.org/bin/
windows/base.

and the wild boar population density at the municipal
level.

Data on ASF outbreaks and wild boar population densi-
ty in model regions were mapped with the help of ArcGIS
for Desktop 10.8.1 geographic information system (ESRI,
Redlands, California, the USA).

RESULTS

Retrospective epizootological analysis. Scientific
literature screening focused on techniques that ensure
freedom of wild boar population from ASF helped to
select 45 reviews from international scientific citation
databases and 40 scientific papers from the RSCI data-
base that meet the search criteria. Summarizing results
reported in these studies, we described in section “Dis-
cussion” different opinions on the role of wild boar pop-
ulation density in ASF spread and its persistence in the
population.

A retrospective epizootological analysis showed that,
from 2013 to 2021 according to the FGBI “Veterinary Cen-
ter’, totally 2,036 ASF outbreaks occurred in the model
regions, of which 1,181 occurred in the population of do-
mestic pigs and 855 in wild boar.

The highest total numbers of ASF outbreaks in wild
boar was observed in the Saratov (128), Samara (95), Vol-
gograd (84) Oblasts, the Primorsky Krai (80), Amur (69),
Voronezh (52), Moscow (52) Oblasts and the Khabarovsk
Krai (47).

An epizootological analysis of the ASF situation in the
model regions showed stationary nature of the disease
outbreaks in wild boar. The stationary nature of outbreaks
is mainly typical for endemic diseases, characterized by
the ability of the causative agent to exist long in certain
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territories among wild animals permanently living there.
Outbreaks of the disease may recur at various intervals be-
cause conditions for their recurrence exist. Frequency of
ASF outbreaks in wild boar in the same areas of the model
regions makes it possible to define them as stationary, for
example, in the Nizhny Novgorod Oblast (Fig. 1).

Modeling relationship between ASF outbreaks and
population density of wild boar. Modeling relationship
between ASF outbreaks and population density of wild
boar was carried out at the municipal level:

1) for all the selected model subjects in general;

2) for every subject individually.

General modeling for all model subjects showed both
statistical insignificance of the boar population density
as an explanatory factor (p, = 0.42) and the unsatisfacto-
ry result of the Hosmer - Lemeshow test (p, < 0.01) re-
vealed poor explanatory ability of the model. This allows
us to conclude that it is impossible to establish in general

Table

a clear correspondence between the density of wild boar
populations and repeated ASF outbreaks within the model
region (Table).

At the same time, modeling for some subjects of the
Russian Federation showed that most subjects (70%), 6 out
of 9 (the Khabarovsk Krai, the Primorsky Krai, the Amur
Oblast, the Vladimir Oblast, the Ryazan Oblast, the Sara-
tov Oblast) demonstrate statistically significant (p, < 0.05)
positive dependence of ASF outbreaks on density of the
wild boar population (Fig. 2).

The results obtained for odds ratio indicate that the
dependence of ASF outbreaks on density of the wild
boar population may be observed more in the Vladimir,
Ryazan and Saratov Oblasts, as well as in the Khabarovsk
and Primorsky Krais. At the same time, the greatest sta-
tistical reliability of dependence of the phenomenon on
the explanatory factor (population density) was observed
for the Vladimir Oblast, Primorsky and Khabarovsk Krais.
That is, it can be concluded that the higher odds ratio

Modeling dependence of ASF outbreaks on the density of wild boar population in the Russian Federation (2013-2021)

Subject ASF outbreaks registered in Number of ASF outbreaks/number 0dds ratio p;-value
of the Russian Federation (years) of cases in the wild boar population ((0]3)] GLLR models

2013 2/13
2015 112
Vladimir Oblast 2016 17/38 6.58 % 10° 0.002"
2017 8/41
2018 11
2013 22/52
2015 2/61
Yaroslavl Oblast 2019 14 47.94 0.442
2021 4/4
2015 22/52 .
Ryazan Oblast 2016 4341 12,456.52 0.018
2016 1/5
2017 20/35
) 2018 212
Nizhny Novgorod Oblast 2019 5/4) 261 0.326
2020 9/18
2021 11
2020 60/163
Samara Oblast 2021 29 792 0.116
2015 4/10
2016 8/26 -
Saratov Oblast 2017 5/10 121.75 0.009
2021 /7
2019 118
Amur Oblast 2020 8/32 113.07 0.05"
2021 11
2019 20/41
Primorsky Krai 2020 42128 8131 0.005"
2021 10/20
2019 6/7
Khabarovsk Krai 2020 18/29 824.68 0.004™
2021 33
Model Subjects 2013-2021 351/916 1.15 0.420

GLLR is a generalized linear logistic regression model;
OR — odds ratio (1/0), with a value of p < 0.05 —n*, p, < 0.001 — n**.
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Fig. 2. Changes in the ASF epizootic situation in the Khabarovsk Krai related

to the density of the wild boar population (2019-2021)

is (when OR > 1), the higher the chances are to identify
the risk factor and the dependence of the recorded ASF
outbreaks on the density of the wild boar population.

However, three out of the nine model subjects (the
Nizhny Novgorod, Samara and Yaroslavl Oblasts), demon-
strated no such dependence. In these model subjects, ASF
outbreaks were reported even in the areas where the wild
boar population density is significantly lower than the rec-
ommended value of 0.25 head/1000 ha (0.025 head/km?),
as approved by Order of the Government of the Russian
Federation dated 30.09.2016 No. 2048-r (as amended
on 04.02.2021) “Action Plan to prevent introduction of Afri-
can swine fever into the Russian Federation and its spread
in the country™.

® Order of the Government of the Russian Federation dated 30.09.2016
No. 2048-r (as amended on 04.02.2021) “On approval of the action plan
to prevent introduction of African swine fever into the Russian Federation
and its spread in the country”. ConsultantPlus. Available at: http://www.
consultant.ru/document/cons_doc_LAW_205372.

Figure 3 shows as an example the dependence of ASF
outbreaks in wild boar on population density from 2017
to 2020 in the Nizhny Novgorod Oblast. In all the cases
reviewed, the models demonstrated a satisfactory result of
Hosmer — Lemeshow test (p, >0.05), suggesting sufficient
predictive ability of the models.

DISCUSSION

The epizootic situation on ASF is currently tense in the
subjects of the Russian Federation, due to outbreaks re-
ported both in domestic pigs and wild boar. Despite the
measures taken to prevent ASF spread in the wild, ASF
introduction in the wild boar population is still reported
in previously disease-free areas. The recorded ASF out-
breaks and the decreasing trend of wild boar population
density in the tested model subjects indirectly confirm the
assumption that wild boar play some role, but not a major
one in ASF spread. The following measures are regularly
taken to control ASF in the areas previously affected by
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Fig. 3. Changes in the ASF epizootic situation in the Nizhny Novgorod Oblast

related to the density of the wild boar population (2017-2020)

the disease: the wild boar population reduction, targeted
hunting of female wild boar and removal of dead carcas-
ses. These measures effectively reduce the risk of infection.
Although some researchers suggest a threshold density
of wild boar population, which can stop ASF spread in cer-
tain areas [21, 22, 26, 32], other authors believe that even
if the value is reached, there is no guarantee that the epi-
zootic chain will break [11, 20, 24, 33]. The current national
legislation on prevention and control of ASF provides for
animal population reduction in ASF-affected territories to
the recommended value of 0.25 head/1000 ha, which can

be achieved by intensive depopulation of wild boar in the
tested regions.

Some researchers have shown that it is currently im-
possible to establish a threshold density for the wild boar
population that can be considered critical to maintain the
virus in the environment and keep its spread. Based on the
analysis of domestic and foreign literature, various strate-
gies for managing wild boar at certain stages of the ASF
epizootic scenario are proposed [34-36]. Preventive mea-
sures, taken to depopulate and stabilize the wild boar pop-
ulation before ASF introduction, will help both to minimize
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the likelihood of infection in the population and to reduce

the costs and efforts required for potential emergency ac-
tions aimed at the disease eradication (lowering costs of
searching for dead carcasses) [37-39]. Passive surveillance

is the most effective method for early detection of ASF in

the disease-free territories (search, safe removal and de-
struction of dead boar). Following ASF introduction into

a particular region, no measures shall be taken in a short
while in relation to wild boar populations (for example, a

ban shall be imposed on hunting of all species, no crops

shall be harvested to ensure food and shelter in the af-
fected area), and only healthy wild boar population can

be sharply reduced in ASF-free areas [26, 40]. Following a

decline of ASF epizooty, when confirmed by passive epi-
zootological surveillance, active population management

should be applied. The positive trend, detected in the de-
pendence of ASF outbreaks in wild boar in some RF model

subjects, suggests there is a local-spatial effect of the wild

boar density on ASF spread.

In general, considering dependence of ASF outbreaks
on the population density for all the selected model sub-
jects, no positive trend was observed, however, in some
areas a regression analysis revealed a positive relationship.
As for depopulation as a strategic measure to contain ASF,
it can be assumed that its large-scale use can backfire and
result in new outbreaks due to an increase in the average
radius of the wild boar habitat [41].

This fact allows us to make a conclusion that the wild
boar depopulation is a necessary strategic measure for ASF
control and eradication, but only in certain disease-free
areas bordering on the infected ones. In our opinion, an
effective strategy to eliminate and prevent ASF spread in
the wild should be based on the following principles:

- to ensure regular passive monitoring of ASF in the
wild;

—to conduct mathematical and geographical modeling
in order to establish the relationship between ASF out-
breaks and wild boar population characteristics (density,
structure);

- to control wild boar numbers and strictly comply with
biosafety rules while hunting and dealing with dead car-
casses;

- to isolate affected territories (recent studies have con-
firmed that wild boar demonstrate the same ASF pattern
as the domestic pigs, i.e. the disease is acute, which redu-
ces their role in the spread of infection);

— if ASF is introduced into a previously disease-free re-
gion, itis recommended to completely stop drive hunting,
not to feed wild boar and, in general, not to take any ac-
tions to regulate the population size;

- to prevent further spread across the territory, number
of wild boar can be significantly reduced in the areas adja-
cent to the affected areas before the disease introduction.

Incompleteness of data on population density pro-
vided on the municipal level in all the RF subjects is a
major barrier to establishing dependence of emerging
ASF outbreaks on the wild boar population density. As
the data required become available, we will continue to
fillin the data gap, in order to find the answer to the ques-
tion, whether emerging ASF outbreaks depend on the
density of wild boar population, and we will extrapolate
the results obtained to the whole territory of the Russian
Federation.

CONCLUSION

Statistical analysis has shown that there is no strong
dependence of ASF outbreaks on the population density
of wild boar in the model regions, although such depen-
dence exists for a number of subjects of the Russian Fede-
ration.The obtained results suggest that reduction of wild
boar population to the recommended density threshold
does not prevent further spread of ASF and should be
considered as one of the options in the set of measures
together with the use of fences, suspension of feeding of
wild boar and ban on drive hunting. Depopulation can be
applied only in disease-free areas adjacent to the affected
subjects (districts).
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SUMMARY

The African swine fever panzootic is continuing to spread, and the number of affected countries and material losses are increasing. In particular, India, Papua New
Guinea, Malaysia, Greece and Bhutan joined the list of ASF infected countries in 2020—2021. The disease control is hindered by the lack of commercially available
and effective vaccines, which, in its turn, is attributable to the insufficient knowledge of ASF pathogenesis and immune defense against the disease. The use of
attenuated virus variants enables a thorough investigation of the factors influencing the virulence of African swine fever virus and the immune response to it. This
involves the use of naturally attenuated virus variants, as well as of the variants attenuated by a long-term passaging of the virus in cell cultures. However, virulence
heterogeneity characteristic of the ASF virus population, necessitates the additional selection of infected cells for the virus cloning. Conventional culture-based
techniques for virus particle cloning are rather time- and labour-consuming; it is therefore appropriate to use flow cytometry cell sorting for the selection and
cloning of virus infected cells with a view of selecting homologous virus lineages. The paper presents the results of sorting of African green monkey kidney cells
(CV-1) and porcine bone marrow cells infected with African swine fever virus; the cells were sorted into the 96-well culture plates using a MoFlo Astrios EQ cell
sorter in order to isolate a population of the virus originating from one infected cell. After the single cell sorting of the infected cell cultures into the 96-well plates,
ASF positive cell detection rates in the plate wells were 30% for porcine bone marrow cells and 20% for CV-1.

Keywords: African swine fever, cytometry, cell sorting, cell culture
Acknowledgements: The study was funded by the FGBI “ARRIAH” within the framework of “Veterinary Welfare” research work.

For citation: Pershin A. S., Shevchenko I. V., Komova T. N., Mazloum Ali, Vlasova N. N., Morozova E. 0., Igolkin A. S., Gruzdev K. N. Flow cytometry sorting of cells
infected with African swine fever virus. Veterinary Science Today. 2022; 11 (2): 114-120. DOI: 10.29326/2304-196X-2022-11-2-114-120.

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

For correspondence: Alexey S. Igolkin, Candidate of Science (Veterinary Medicine), Head of Reference Laboratory for African Swine Fever, FGBI“ARRIAH", 600901,
Russia, Vladimir, Yur'evets, e-mail: igolkin_as@arriah.ru.

YK 619:576.08:573.6:578.23:578.842.1

CopTUpPOBKa KNETOK, MHOULIMPOBAHHbBIX BUPYCOM adpUKAHCKOM
YyMbl CBUHEN, METOA0M NPOTOYHOI LIUTOMETPUN

A. C. Nepwun’, U. B. LeBuenko?, T. H. Komosa?®, Anu Maznym*, H. H. BnacoBa’, E. 0. Mopo3oBa®, A. C. Uronkuw’, K. H. Tpy3nes®
OIBY «OefepanbHblil LLeHTp oxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUIU3X»), . Bnagumup, Poccua

! https://orcid.org/0000-0002-5099-3050, e-mail: daredron@gmail.com

2 https://orcid.org/0000-0001-6482-7814, e-mail: shevchenko@arriah.ru

3 https://orcid.org/0000-0007-9580-9299, e-mail: komova@arriah.ru

* https.//orcid.org/0000-0002-5982-8393, e-mail: mazlum@arriah.ru

> https://orcid.org/0000-0001-8707-7710, e-mail: vlasova_nn@arriah.ru

8 https://orcid.org/0000-0002-0955-9586, e-mail: morozova_eo@arriah.ru

7 https://orcid.org/0000-0002-5438-8026, e-mail: igolkin_as@arriah.ru

8 https://orcid.org/0000-0003-3159-1969, e-mail: gruzdev@arriah.ru

© Pershin A.S., Shevchenko I. V., Komova T. N., Mazloum Ali, Vlasova N. N., Morozova E. 0., Igolkin A. S., Gruzdev K. N., 2022

114 VETERINARY SCIENCE TODAY. 2022; 11 (2): 114-120 | BETEPUHAPUA CETOAHA. 2022; 11 (2): 114-120



ORIGINAL ARTICLES | PORCINE DISEASES OPUTVHANIbHbIE CTATbY | BONIE3HU CBUHEN

PE3IOME

[TaH300TIA ahPUKAHCKOI YyMbl CBUHEIT NPOZOIKAET (BOE PacnpoCTpaHeHite, @ YNCII0 MOPAKEHHDIX CTPaH 1 MaTepuanbHble NoTepu yBennymuBatTea. Tak, 8 2020—
2021 rr. K nepeyHio HebnarononyyHbIX N0 adpukaHcKoil uyme cBUHed cTpaH dobasunncy Muaws, Manya — Hoaa [BuHes, Manaiisus, [peuna u bytan. bopbby
¢ 3a601eBaHNeM 3aTpyAHAET OTCYTCTBUE KOMMEPYECKI AOCTYMHbIX 1 3GEKTUBHBIX BAKLMH, YT, B CBOK 04epeab, 00yCnaBAMBAETCA HeA0CTAaTKOM 3HaHMil 0
natoreHese i UMMyHHOI 3aLuuTe Npu adpUKaHCKOA Yyme CBUHeIA. [leTanbHoe U3yyeHne GakTopoB, BAMAKLLMX HA BUPYNEHTHOCTb BUPYCa adPUKAHCKOA YyMbl
CBUHel 1 BbI3bIBaeMOr0 UM UMMYHHOTO 0TBETa, CTAHOBUTCA BO3MOXHbIM NPy CMIONb30BAHNI €ro aTTeHyUPOBAHHbIX BAPUAHTOB. [A 3T0r0 NPUMEHANT Kak
€(TeCTBEHHO aTTEHYUPOBAHHbIE BapUaHTbI BUPYCA, TaK 1 BApUAHTbI, aTTEHYUPOBAHHbIE B X0Z4e ANUTENbHOTO NacCUPOBaHNA BUPYCa Ha KynbTypax Knetok. OfHako
reTeporeHHOCTb N0 NPU3HAKY BUPYNEHTHOCTH, CBOICTBEHHAA NONYNALMY BUPYCa adpUKAHCKOI UyMbl CBUHeA, TpebyeT npoBedeHUA JONONHUTENbHOTO 0TO0pa
NHOULMPOBAHHDIX KNETOK C Lieblo KNOHMPOBaHuA BUpyca. Knaccuyeckue KynbTypanbHble MeTOAbI KNOHUPOBAHUA BUPYCHBIX YacTuL, SOCTATOYHO ANUTENbHDI
11 TPYAOEMKHI, N03TOMY ANA 0T60pa ¥ KAOHMPOBAHNA MHOULMPOBAHHbIX BUPYCOM KNETOK C Liefbio NOAYYEHNA FOMONOTNYHbIX BUPYCHBIX IMHMIA LienecoobpasHo
1CN0Nb30BaTb COPTUPOBKY KNETOK METOAOM MPOTOUHOI LIMTOMETPUK. B AaHHOI paboTe noka3aHbl pe3ynbratbl COPTUPOBKY 3apaXeHHbIX BUPYCOM ahpUKaHCKON
UyMbl CBIHE KNETOK NoUKM adpuKaHCKoli 3eneHoil MapTbiLuky CV-11 KOCTHOrO MO3ra CBUHbM C TOMOLLbO KneTouHoro coptepa MoFlo Astrios EQ B 96-nyHouHble
KynbTypanbHble MNAHLLETbI ¢ Lienibio NonyyeHna NonynALMM BUPYCa, NPOMCXOAALLET0 U3 OAHOI 3apaxkeHHON KneTk. [ocne npoBeaeHa COPTUPOBKI MHGULY-
POBaHHbIX KYNbTYP KNETOK N0 OAHOI KNeTKe B NIYHK! 96-NyHOUHbIX NNAHLLETOB YacToTa 06HAPYKEHUA NONOMKUTENbHBIX Ha aQPUKAHCKYI0 UyMy CBUHEN KNeToK
B NyHKax cocTaBuna 30% ANA KNETOK KOCTHOTO Mo3ra cBiHbi 1 20% — ana CV-1.

KnioueBbie cnoBa: ahpukaHckas yyma cBIHe, LUTOMETPUA, COPTUPOBKA KNETOK, KyNbTypa KNeToK
bnaropapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe bnarononyune».

[inauntuposanua: NMepwmn A. C., Wesuenko 1. B., Komosa T. H., Maznym Anu, Bnacosa H. H., Mopo3osa E. 0., Uronkun A. C., Tpy3nes K. H. CoptupoBka knetok,
UHOULMPOBAHHbIX BIUPYCOM adpPUKAHCKOIT UyMbl CBUHEIT, METO0M NPOTOUHOI LIUTOMETpUN. Bemepurapus cezo0ua. 2022; 11 (2): 114-120.D0I: 10.29326/2304-

196X-2022-11-2-114-120.

KoHdnukr untepecos. ABTOpbI 3aABNAKT 06 OTCYTCTBIM KOHGNNKTA UHTEPECOB.

[ina koppecnonaenyun: Uronkun Anekceii Cepreesuny, KaHANAAT BeTepUHAPHDIX HayK, 3aBedytoLuii pedepeHTHOI nabopatopueii no ahpuKkaHcKoii yyme
cBuHeil OTBY «BHUN3M», 600901, Poccua, 1. Bnagumup, mkp. l0pbesew, e-mail: igolkin_as@arriah.ru.

INTRODUCTION

African swine fever (ASF) is a contagious septic disease
that affects both domestic pigs (including miniature
ones) and wild boar. Susceptible animals can develop an
acute, subacute, chronic or asymptomatic form of the di-
sease [1, 2]. The nature of the disease manifestations de-
pends on the biological properties of the causative virus,
as well as on the individual characteristics of an animal’s
immune system structure. Global ASF situation continues
to deteriorate and threaten the world’s food security. Cur-
rently, over 50 countries are affected by the disease, and
more countries are constantly getting added to the list.
In 2019, African swine fever was reported in Mongolia,
Vietnam, Cambodia, North Korea, South Korea, Laos, Slova-
kia, Serbia, Myanmar, Indonesia, the Philippines and Timor.
Greece, Papua New Guinea, India and Germany joined the
ranks of ASF infected countries in 2020, Malaysia and Bhu-
tan - in 2021. Thus, the disease continues to spread and
affect the countries located on various continents and
differing in population size, agriculture and veterinary
legislation development levels. ASF-associated losses in-
crease with the growing number of the countries affec-
ted with the disease. In particular, the ongoing epizootic
in China, with more than 100 million pigs destroyed and
dead, has had a serious impact on the global pig produc-
tion sector [3-5].

Despite the recent progress achieved in the studies of
the ASF agent and the development of specific ASF pro-
phylaxis means, there are still no commercially available

and effective vaccines. One of the reasons for this is the
insufficient knowledge of ASF pathogenesis and immune
defence against the disease. At the same time, ASF virus
itself possesses a number of mechanisms to escape the
carrier’'s immune response, which include the ability to ef-
fectively replicate in macrophages, to alter cytokine and
interleukin production, as well as to escape neutralization
by specific antibodies [6, 7].

Studying these processes involves the use of ASF virus
strains that differ in virulence, contagiousness, reactoge-
nicity, the severity of induced clinical signs and include
both naturally attenuated strains and those attenuated by
a long-term passaging of the virus in cell cultures. Such
strains are necessary for the identification of ASFV viru-
lence and pathogenicity factors, as well as for the deve-
lopment of vaccines based thereon [8-11]. However, ac-
cording to the literature data, the ASFV population, even
within the same geographic region or a large disease
outbreak area, may not be homogeneous as regards its
biological properties and can simultaneously comprise
the strains differing in virulence and hemadsorption ac-
tivity in cell cultures. This is indirectly evidenced by the
data from the studies of the isolates recovered from ticks,
as well as by the increasing number of seropositive sample
detections in boar in Eastern Europe [12, 13]. Obtaining
reliable results requires the analysis of properties of the
virus material samples that are homogeneous by compo-
sition, rather than of the entire heterogeneous population
of the virus. Therefore, researchers are facing the task of
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isolating clones or pure viral lineages being homogeneous
as regards their biological properties.

All the methods used for the isolation of such clones
are based on the separation of a heterogeneous virus
mixture into individual samples and the determination
of their biological properties for the identification of vi-
rus subpopulations followed by their isolation and the
propagation of single infected cells or viral particles.
However, conventional culture-based methods for viral
particle cloning are not without certain disadvantages;
in particular, they are rather time- and labour-consuming.
Thus, in order to simplify and automatize the selection
and cloning of virus infected cells, it is appropriate to
apply flow cytometry cell sorting. Cell sorting can also
be applied to enrich or purify cell preparations within
various research activities, and cytometry can also be
utilized for absolute cell count determination in a tested
sample using special calibration counting particles or by
a volumetric method [14-16].

To achieve all these purposes, different methods based
on certain physical principles, which can be classified as
active and passive, are applied. Active systems typically
use external forces (acoustic, mechanical, electric, magne-
tic and optical) to displace cells for sorting, whereas pas-
sive systems use inertial forces, filters with different pore
sizes and adhesion mechanisms [16-18].

Fluorescence-activated cell sorting (FACS) allows for
the detection and purification of specific cell populations
based on their phenotypic markers, such as relative size,
granularity, the presence (on their surface or in the space
delimited by a cell membrane) of specific clusters of dif-
ferentiation identified by flow cytometry. This technique
enables researchers to get a better insight into the cha-
racteristics of the target population without any impact
of other cells.

At present, fluorescence-activated cell sorting methods
are automated and robust. Modern flow systems are able
to analyze and sort over 50,000 particles per second based
on various criteria. In conventional FACS systems, fluores-
cently labeled cells organized in a laminar flow stream
pass through a focused laser beam that scatters into one
or more photodetectors. Then the fluorescent signal is
analyzed to assign a certain cell type to each registered
event of interception with the laser beam. After being
typed, each single cell can be deposited into an individual
well of the culture plate through discrete sorting. A parti-
cleis encapsulated into an aerosol droplet that is charged.
When a charged droplet passes through charged plates, it
is electrostatically sorted [14, 16].

The sensitivity of FACS is so high that it even allows the
sorting of single cells for their subsequent sequencing.
This technique is, nevertheless, not without disadvanta-
ges. Sorting can be hampered when the cells or particles of
interest have a high level of autofluorescence. Besides, the
binding of fluorescently conjugated antibodies with their
specific ligands located outside the cells can alter the func-
tional activity of sorted cells, thus influencing the results
of further experiments. Therefore, the methods based on
cell assessment by their size and granularity were selected
for the primary sorting of the ASFV infected cell culture.
And last but not least, the appropriate operation of a flow
sorting system requires, in most cases, the involvement of
a highly qualified personnel [17].

It should be noted that fluorescence-activated cell
sorting can be applied not only for cells, but also for other
discrete particles, including intracellular vesicles, and even
for individual virions. However, the translation of this idea
into practice raises certain difficulties related to the speci-
fic features of virion morphology and the configuration of
the optical system of the instrument used [18-22].

First of all, the virus should be propagated to sufficient
titres in the cell culture, then the infected cells should be
destroyed to release virions. Different methods, such as a
freeze-thaw cycle, ultrasound sonication, cell membrane
lysis or osmotic pressure modification, can be employed to
destroy cells [23]. As a result, a suspension containing resid-
ual live, dead and dying cells, cell debris of variable size and
virions is formed. The fraction of virions will also have a het-
erogeneous composition, since it will contain both mature
virions capable of infecting live cells and immature virions
lacking infectivity, as well as destroyed fragments of viri-
ons, released viral nucleic acid and incompletely assembled
empty viral capsids. The studies of ASF virus will add to this
list the mature virions that have acquired a supercapsid
envelope made of the cell membrane after complete bud-
ding from the cell. Thus, the virus-containing suspension
resulting from cell destruction requires further purification
from residual cell debris and nonfunctional virions.

In addition to the above, the sorting of individual virions
is limited by the specific characteristics of the optical system
configuration of the sorter used. In view of the fact that the
virion is as small as a few hundreds of nanometres, whereas
average eukaryotic cell sizes are from 10 to 50 um, the de-
tection of an individual virion requires the use of a highly
sensitive detection system that is not only able to register
even the smallest changes in laser beam brightness caused
by a viral particle passage through it, but also has a high sig-
nal-to-noise ratio necessary for effective identification of the
signals of interest from the background noise, the presence
of which is unavoidable during the analysis due to a num-
ber of physical factors, in particular the mutual overlapping
of fluorescence emission frequencies of the dyes applied,
the electronic noise of sensors and the scattering of light
encountering water molecules. The use of fluorochrome la-
belled antibodies to the virus cannot fully solve the problem
of individual virion detection, since, due to the small area of
the virion surface, only a limited number of dye-conjugated
antibodies can physically fit onto it. The size of a mature
ASFV virion does not exceed 200 nm. Besides, the said anti-
bodies will bind with their specific ligands located not only
on the mature and infectious virions, but also on the surface
of empty virions and especially of fragments thereof, which
could result in an increased background fluorescence level
and hindered detection [22, 24].

In the light of the above, this study was aimed to per-
fect the procedure for the sorting of single ASFV infected
cells from porcine bone marrow (PBM) and continuous
African green monkey kidney (CV-1) cell cultures being
heterogeneous by composition into the 96-well plates to
select the most promising clones of the virus.

MATERIALS AND METHODS

The infection of susceptible cell cultures involved
the use of African swine fever virus “ASF/ARRIAH/
CV-1" strain prepared by the adaptation of ASF virus
“8 No. 2/0dintsovo-02/14" strain subjected to serial
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passages in the continuous CV-1 cell culture. This strain
shows a moderate infectivity and can accumulate in PBM
and CV-1 cell cultures at titres of 6.0 to 7.0 Ig HAdU,_ /cm?;
however, its lethality for pigs of any age group does not
exceed 37.5%. It is also important to note that this variant
of the virus has retained the ability to infect primary por-
cine cell cultures [25].

The cultivation of “ASF/ARRIAH/CV-1" strain in the pri-
mary and continuous cell cultures was performed at the
FGBI “ARRIAH" under the laboratory conditions appropri-
ate for the handling of pathogenicity group II-IV agents.
Freeze-dried ASF virus ASF/ARRIAH/CV-1 strain was ob-
tained from the State Collection of Microorganism Strains
of the FGBI“"ARRIAH". The following two cell cultures were
used for the works performed: a primary PBM cell culture
grown in Eagle’s nutrient medium supplemented with
20% (v/v) fetal bovine serum and a continuous CV-1 cell
culture grown in Eagle’s nutrient medium supplemented
with 10% fetal bovine serum.

To prepare an infectious virus-containing fluid, ASF vi-
rus “ASF/ARRIAH/CV-1" strain was cultivated in the 25 cm?®
plastic culture flasks at +37 °C. After a 72-hour incubation
of the ASFV infected cell culture, the monolayer was har-
vested using trypsin solution, transferred to centrifuge
tubes and centrifuged to pellet the cell debris with subse-
quent removal of the supernatant and resuspension in the
normal saline solution. The prepared samples were used
for sorting.

The virus titre in the tested sample was determined
with hemadsorption (HAD) test according to the standard
procedure. The infectious titre of the virus was calculated

according to the Karber or Reed and Muench method and
expressed as Ig HAdU, /cm? [25].

To perform polymerase chain reaction (PCR) testing,
the “Test System for African Swine Fever Diagnosis with
Real-Time PCR Coupled with Fluorescence Detection”
(FGBI “ARRIAH") was applied according to the manufac-
turer’s instruction.

The cells were sorted using a properly calibrated MoFlo
Astrios EQ sorter (Beckman Coulter, USA).

The discrimination of the so-called cell doublets being
the aggregation of two or more cells, especially when
testing poorly disaggregated samples, as well as when
using higher liquid flow rates for sorting, was performed
through the analysis of pulse height, area and width with
the appropriate software.

RESULTS AND DISCUSSION

Primary porcine cell cultures are commonly used for
ASFV-related studies, since the ASF agent can be repro-
duced in them without any preliminary adaptation. For
this study, a primary PBM cell culture was chosen; it has a
high susceptibility to ASF virus, and the virus replication
in this cell culture is accompanied by the occurrence of
hemadsorption and the destruction of infected cells.

At first, at least 50 thousand events (photodetector
responses to changes in laser beam intensity as a result
of particle passage) were collected, then cell doublet
discrimination was performed, the cell subpopulation
was gated (R1) based on forward versus side scatter pa-
rameters, and the cells were sorted onto a slide for micro-
scopic examination at 460x magnification. At this stage,

Fig. 1. Cell suspension micrographs taken through an optical microscope (460x magnification)
before (1;2) and after (3; 4) its sorting: upper images — PBM cell culture; lower images — CV-1 cell culture
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Fig. 2. Side (ordinate) versus forward scatter (abscissa) plots for PBM cells (left image) and CV-1 cells (right image).

Gated regions are shown

to accelerate sorting, the sorter was set for lower purity
that enables the sorting of droplets containing double or
misplaced particles. As the findings presented in Figure 1
show, the resulting suspension has a practically homoge-
neous cell composition as regards morphological charac-
teristics.

This was followed by single cell sorting into a 96-well
culture plate containing Eagle’s medium supplemented
with 20% bovine fetal serum (0.01 cm? per well), 16 wells
served as controls. The sorter was set for higher purity so
that it could abort droplets containing several particles
or an off-centre particle, which corresponds to Single 0.5
sorting mode. The gated region is shown in Figure 2.

In order to isolate and clone new variants of the attenu-
ated ASF virus with stable cultural and biological proper-
ties for the further studies of specific features of ASF-asso-
ciated immunogenesis and the implementation of genetic
modifications, sorting of the virus adapted to the CV-1 cell
culture was performed using the same sorting parameters.

After PBM cell culture sorting, the HAD test detection
rate of ASF positive wells was 30%. Since hemadsorption
only occurs in primary cell cultures, CV-1 cells were tes-
ted for virus genome fragments with PCR. Based on the
PCR test results for the samples prepared using CV-1 cell
culture, positive wells were detected in 20% of cases. The
detection of negative wells can be attributed to possible
sorting of uninfected cells or cells with the virus that has
lost its infectivity into these wells. The fact that cell sorting
involves the application of mechanical forces to the cells,
which increases a cell damage risk, should also be taken
into consideration [16].

Besides, aerosol generation at the time of sorting can
potentially lead to ASF virus introduction into inappropri-
ate wells. However, the virus was not found in the intact
controls of the plate (16 wells) during our experiment.

The virus clones obtained as a result of sorting were
propagated in the continuous and primary cell cultures,

and this allowed to confirm the presence of the inactivated
ASF virus in the selected cells. The virus propagated from
single sorted cells to the sufficient amounts was used for
a bioassay in naturally susceptible animals.

CONCLUSION

Thus, flow cytometry sorting of cells based on their
physical parameters (size and granularity) allows for the
preparation of homogeneous enriched cell suspensions.
The method makes it possible to clone the virus rapidly
and effectively through the sorting of infected cells into
a 96-well plate. However, maximum effectiveness would
be achieved through using fluorochrome labelled ASFV
antibodies to directly sort its extracellular virions, and
this is the aim of further work of the specialists of the
FGBI “ARRIAH" Reference Laboratory for African Swine
Fever.
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SUMMARY

The problem of the intrauterine infection of fetus is one of the most critical ones in veterinary obstetrics and in perinatology due to the high level of infection in
pregnant cows, the risk of developmental disorder of fetus and the birth of sick calves. Complications of pregnancy occur in case of viral, bacterial and protozoal
infections, when the pathogen enters the uterus in an ascending or descending way with further transplacental infection of the fetus. Morphological studies of
placenta of Black Pied cattle infected with bovine viral diarrhea, chlamydia and neosporosis were carried out. The presence of the pathogen was confirmed by
serological and molecular genetic methods. The material used for histological studies was the fetal part of placenta. After sampling, the material was fixed in a
10% neutral formalin solution, then xylene-free method for histological preparation was used. Afterwards, samples were embedded in paraffin. In order to study
morphological structures, samples were sectioned at 5-6 pm, and stained with hematoxylin and eosin. Histological sections were analyzed using a Leica DM 1000
light microscope at a magnification of 100, 200, 400, 630. On the basis of the conducted studies, it was established that bovine viral diarrhea-associated
morphofunctional changes in the “mother — placenta — fetus” system are characterized by involutive-dystrophic changes with microcirculation disorders and the
development of an immunity-associated inflammatory process. Chlamydia abortus intrauterine infection in the “mother — placenta — fetus” system in cows causes
a complex of destructive morphological and functional changes of an infectious and toxic nature with a pronounced inflammatory reaction, involvement of blood
vessels in the pathological process, and endothelial dysfunction development, alongside with tissue necrosis in case of a chronic process. The presence of cellular
structures in the placenta and the inner part of the umbilical cord is a pathognomonic sign of chlamydia. The role of transplacental transmission of Neospora caninum
in cattle was confirmed, the Neospora parasites subjected to basophilic staining were detected not only in the tissues of the placenta, but also in histological sections
of the fetus heart and liver. The main characteristic diagnostic sign is the presence of basophilic stained Neospora parasites in the organs of the mother and fetus,
placenta, and intervillous space. As part of the study morphological features of placenta, one of the most unique histohematic barriers and the basic element of
the intrauterine infectious process, were determined.
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PE3IOME

Mpobnema BHYTPUYTPOOHOTO MHOULMPOBAHUA NNOAA ABNAETCA OAHOI U3 BeyLUUX B aKYLUEPCKOI NPAKTUKe W NEPUHATONOTMI B CBA3Y C BbICOKUM YPOBHEM
UHOULMPOBaHMA 6epemMeHHbIX KOPOB, ONACHOCTbIO HApyLLEHUA Pa3BUTUA NNOAA U POXKAEHUA 60bHOTO TeneHKa. OCNoXHEHUA 6epeMeHHOCTU BO3HUKAIOT NpU
BUPYCHDIX 1 BaKTEPUANbHBIX HOEKLNAX, @ TAKXKe BHYTPUYTPOOHbIX NPOT03003aX, KOrAa Bo36YAMUTENb NIPOHUKAET B MATKY BOCXOAALLMM UIN HUCXOLALLM NyTeM
C AANbHeNiLNM TPaHCNAALeHTapHBIM HGULMPOBaHNEM Nnoga. [poBeeHbl Mopdonoruyeckite CCneo0BaHA NNALEHTbI KOPOB YePHO-NECTPOil NOPOZbl, H-
$ULMPOBaHHbIX BO3OYAMTENAMM BUPYCHOIT AUapen KpYMHOTO POratoro cKoTa, XnaMInAN03a i HeoCropo3a, Hanuuue KoTopbIX NOATBEPX AN CePONOrUYecKIMM
1 MONeKyNAPHO-TeHeTUuecKMI MeToamu. MaTtepuanom Ana rucTonoruyeckix NCCnefoBaHnii CnyXuna nosHas yacTb nnaweHTbl. Oukcaunto matepuana no-
e ot6opa ocywectenanu B 10%-m pacTBope HeiiTpanbHOro GopmanitHa, 3aTem UCob30Banil METOZ NPOBOAKM STUNOBBIN CAPT — KCUION C NOCTeAYIOLM
3aKnloueHreM B napaduH. [ina usyueHns Mopdonoruueckinx CTpyKTyp U3roToBNeHHble cpe3bl TONLUMHON 5—6 MKM OKpALUMBAM FeMATOKCUIMHOM 1 3031HOM
11 MPOBOANNM aHaNK3 Ha (BeTOBOM MuKpockone Leica DM 1000 npu yenuyennn 100, 200, 400, 630. YctaHoBAeHO, 4T0 MOPYODYHKLMOHANbHBIE U3MeHe-
HIA B CCTEME «MaTb — NNIaLeHTa — NA0» NP BUPYCHOI Aapee KpYMHOro Poratoro CKOTa XapaKkTepu3yrTca HBONOTUBHO-ANCTPOGUYECKMIN U3MEHEHUAMU
CHapyLUeHMAMM MUKPOLMPKYNALIMY 1 Pa3BUTUEM BOCTIANUTENBHOTO NPOLIeCca Ha MMYyHHOIE ocHoBe. Mpy BHYTpuyTpo6HOM uHuLMpoBaxuu Chlamydia abortus
B CMCTeMe «MaTb — NNIALeHTa — M04» Y KOPOB HAbMIOAAETCA KOMMAEKC AeCTPYKTUBHBIX MOPYONOrUUECKIX U GYHKLUOHANbHBIX 3MEHEHNIA NHEKLIMOHHO-TOKCH-
YeCKoro XapaKTepa ¢ BbipaXKeHHOi BOCManuTenbHoIi peakLyeii, BOBNEYeHEM B MaTONOrAYecKUii NPOLLECC KPOBEHOCHBIX COCYM0B 1 Pa3BUTUEM SHAOTENMUANbHOI
ANChYHKLUMI C HeKPOTU3aLMeli TKaHeii npu XpoHu3aLuy npoviecca. Hanuume AuencTblx CTPYKTYp B NaLleHTe 1 BHYTPEHHEli YacTv NynouHoro KaHaTuka ABNAeTcA
NaTOrHOMOHUYHBIM NPU3HAKOM Xnamuamo3a. MoATBepx/ieHa posib TpaHCNNaLeHTapHoi nepeaaun Neospora caninum y KpynHoro poratoro ckota, 6a3o¢unbHo
OKpaLLEHHble HeOCnopbl BbIABIEHDI HE TONIbKO B TKAHAX MAALEHTbI, HO 1 B TMCTONOTMYECKMX Cpe3ax CepALa v NeyeHy NnogoB. XapakTepHbIM AUarHoCTnyeckinm
NPU3HaKOM ABAAETCA Hanuuue 6a30pUIbHO OKPALLEHHbIX HEOCNOP B OPraHax MaTepy 1 N10/a, NNaLeHTe ! MeXBOPCUHYATOM NPOCTPaHCTBe. B xohe nccnefosa-
HUii onpeseneHbl Mopdonoruyeckie 0C06eHHOCTU NALEHTBI, ABNAIOLLEIACA OZHUM U3 CAMbIX YHUKANbHBIX TUCTOreMaTiyeckinx 6apbepoB 1 OCHOBHbIM 3BEHOM
peanu3auum BHyTpUyTPOGHOro MHOEKLIMOHHOTO MpoLecca.

KnioueBble coBa: BHYTPUYTPOOHbIE MHOEKLMM, NNALEHTa, GETONNALEHTAPHbIA KOMINEKC, BUPYCHAA AMapes KpYMHOTO Poratoro CKOTa, XAaMUAO3, HEOCTopo3,
MOP(GONOrAYecKie M3MEHeHUA

bnaropapHoctu: WccnepoBanns nposegeHbl npu GuHaHCOBOR nogaepxke MuHoOpHayKin Poccun B pamkax rocymapcTBeHHOr0 3ajaHua no teme
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INTRODUCTION damage caused to livestock is given to the protozoal para-
The problem of the intrauterine infection of fetus is  sites Neospora caninum and the causative agent of bovine

one of the most critical ones in veterinary obstetrics and
in perinatology due to the high level of infection in preg-
nant cows, the risk of developmental disorder of fetus
and the birth of sick calves [1-3]. Most infectious disea-
ses causing intrauterine infection are subclinical or latent.
However, the changes in the homeostasis parameters
due to stress or other unfavorable environmental factors
induce improper interaction in the “mother — placenta -
fetus” system thus causing the disease manifestation [4].
According to modern concept, a combination of adverse
external influences contributes to the disruption of the
regulation of metabolic and immunological processes
in the “mother - placenta - fetus” system, which leads
to impaired adaptation to pregnancy, the formation of
pathomorphological changes in the fetoplacental com-
plex, the development of multiple organ pathology and
a delay in intrauterine development of the fetus or trans-
plant rejection [5-9].

To date, worldwide, the first and the second place in
terms of reproductive losses of cattle and the economic

viral diarrhea [10-17].

A special role in intrauterine infection of the fetus
belongs to latent infections under conditions of patho-
gen-induced immunosuppression. Thus, for example, the
causative agents of different infections can balance in the

“pathogen - host” system for quite a long time. However, in
case of the weakened immune system, inter alia, immedi-
ate disease clinical manifestation can be observed due to
different stress factors.

Complications of pregnancy are associated with viral or
bacterial infections, as well as intrauterine protozoal infec-
tion, when the pathogen enters the uterus in an ascending
or descending way with further transplacental infection
of the fetus. Such diseases include: a group of acute re-
spiratory viral infections (infectious bovine rhinotracheitis,
bovine viral diarrhea), chlamydia infection and neosporo-
sis of cattle. As a rule, the infectious process affects the
placenta, where a complex of degenerative-inflammato-
ry changes develops. To reveal the pathogenetic mecha-
nisms of intrauterine infection of the fetus, it is necessary
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to study the complex of pathomorphological changes
in the components “mother”, “placenta” and “fetus” with
different infectants, which will form a scientifically based
approach to the development of a system for monitoring
and biological protection of animals from pathogens of
abortogenic infections.

In view of the above, the research was aimed at the
study of morphological changes in the cow’s placenta in
case of viral (bovine viral diarrhea), bacterial (chlamydia)
and protozoal (neosporosis) diseases.

MATERIALS AND METHODS

The tests were performed in the Department of Repro-
ductive Technologies, Federal State Budgetary Scientific
Institution “Ural Federal Agrarian Research Centre, Ural
Branch of the Russian Academy of Sciences” and in agri-
cultural organizations of the Ural Region.

The object of the study was the placenta of Black Pied
cattle infected with pathogens of bovine viral diarrhea,
chlamydia infection and neosporosis. Bovine viral diarrhea
virus antigens were determined using the IDEXX Bovine
Viral Diarrhoea Virus (BVDV) Antigen Test Kit/Serum Plus
(IDEXX Laboratories, Inc, USA), antibodies to Chlamydia
abortus were detected using the IDEXX Chlamydiosis Total
Ab Test kit (IDEXX Laboratories, Inc, USA), determination
of antibodies to N. caninum using the IDEXX Neospora X2
Ab Test kit (IDEXX Laboratories, Inc, USA). The results of
enzyme immunoassay were evaluated using a SUNRISE
reader (Tecan, Austria).

The pathogen DNA was isolated from the biological
material and polymerase chain reaction (PCR) was per-
formed in accordance with the manufacturer’s instruc-
tions for the use of test systems. We used the Diatom™
DNA Prep 200 DNA extraction kit (Isogen Lab Ltd., Russia),
the GenPak® DNA PCR test kit for determining the type
of species-specific chlamydia infection in cattle for ampli-
fying the DNA of Chlamydia pecorum, Chlamydia abortus,
Bovine herpes virus/type 1 (Isogen Lab Ltd., Russia), kits
for the detection of bovine diarrhea virus (InterLabSer-
vice Ltd., Russia). For amplification, an Applied Biosys-
tems 2720 thermal cycler (Singapore) was used. The tests
were performed by electrophoresis using an agarose gel
and a Mini-Sub Cell GT mini-camera (Bio-Rad Laborato-
ries, Inc., USA) with visualization under ultraviolet radia-
tion in a CHEMIDOC XRS+ camera with interpretation of
the results using Gel Doc XR+ Gel Documentation System
(Bio-Rad Laboratories, Inc., USA). Tests for the DNA of the
causative agent of bovine viral diarrhea were performed
by PCR with real-time hybridization-fluorescence de-
tection using a Rotor-Gene 3000 amplifier (Corbett Life
Science, Australia).

The material for histological tests was the fetal part
of the placenta at month 5-6 of gestation (the state of
the stroma, chorion villus, intervillous space, vascular
component were assessed), and the umbilical cord. After
sampling, the material was fixed in a 10% neutral formalin
solution, then the ethyl alcohol - xylene wiring method
was used, followed by paraffin embedding. To study the
morphological structures, the prepared sections 5-6 um
thick were stained with hematoxylin and eosin. Histolo-
gical sections were analyzed using a Leica DM 1000 light
microscope (Germany) at magnifications of 100x, 200X,
400x, 630x.

RESULTS AND DISCUSSION

The study of the relationship between local and general
pathomorphological lesions in case of infectious diseases
is one of the main conditions for revealing the pathoge-
netic mechanisms of the onset and development of in-
fection, the characteristics of macro- and microorganism
interaction, the immunological reactivity of the body and
the course of compensatory-adaptive processes. The mor-
phological assessment of the functional system “mother -
placenta - fetus” is of particular interest when infected
with pathogens of abortogenic infections and invasions
that can pass through placental barrier. In our studies, such
pathogens include bovine viral diarrhea, chlamydia, and
neosporosis. In conditions where infection of the mater-
nal organism occurs, the likelihood of infection of other
components of the system, including the fetus, increases.
At the same time, the organs of the animal reproductive
system, as well as the placenta, are most susceptible to dis-
ruption of morphogenesis and the development of such
a predisposition. The study of morphofunctional changes
can help to identify the features of the interaction of in-
fectious agents with the host’s immune system and deter-
mine its role in the disease pathogenesis. In the future, this
should become the basis for the development of methods
for diagnosing and preventing the development of intra-
uterine infection.

Viral diarrhea-associated placental pathology in cattle.
Histological examination of sections of the fetal part of
the placenta revealed involutive-dystrophic changes
with circulatory disorders. In the villous chorion there is
a pronounced edema of the villous stroma, which has a
diffuse character (Fig. 1). In this case, edema is observed
both in the syncytiotrophoblast itself and in the perivas-
cular space. The presence of lymphoid cell infiltration
indicates the development of inflammatory process in-
cluding the immunity-associated one. The villous stroma
itself is denuded, the epithelial lining of the chorionic villi
is disturbed, and in some areas of the placenta there are
foci of fibrinoid deposition in the intervillous space and
lime salts in the bloodless areas, indicating petrification
of tissues in a state of ischemia (Fig. 2). Circulatory dis-
orders are indicated by such characteristic lesions as
avascular chorionic villi along with vascular thrombo-
sis (Fig. 3) as well as lesions associated with the destruc-
tion of the vascular wall and disorders of cell membrane
permeability. Erythrocyte slugging in small blood vessels
is observed, as well as intravascular hemolysis (Fig. 4).
In this case, hemosiderin deposition is observed both
inside the vessels themselves and in the perivascular
space (Fig. 5). The accumulation of ferric ions in areas of
pathological accumulation of hemosiderin, which have a
high catalytic activity, can have a direct damaging effect
on the walls of blood vessels, aggravating the develop-
ment of the pathological process (Fig. 6). The inclusion
of reperfusion in the compensatory process against the
background of hypoxic disorders contributes to the acti-
vation of lipid peroxidation and the formation of active
radicals, which is important in the overall picture of the
genesis of developing placental dysfunction.

Chlamydia associated placental pathology. During the
morphological examination of the fetal part of the placen-
ta from seropositive to Chl. abortus cows, the presence of a
mesh structure, that is, the denuded stroma, was revealed.
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The villous stroma denudation with desquamation of the
syncytial epithelium was observed (Fig. 7). Villous syncy-
tium is involved in direct contact with the stroma of the
uterine mucosa, provides trophic, transport, gas exchange
functions, and also produces a number of biologically ac-
tive substances and vitamins. Thus, damage to the syncy-
tium is directly detrimental to fetal development. In the
intervillous space of the chorion, widespread formations
of fibrinoid clots were detected (Fig. 8). Cellular structures
with a basophilic crumbly substance, characteristic of
chlamydia infection, were constantly encountered in the

villous chorion (Fig. 9). These cellular structures are formed
from the host cells after the release of elementary bodies
as a result of the pathogen development cycle. The pre-
sence of such structures is a pathognomonic symptom
associated with chlamydia infection. Kochetov V. V. et al.
described similar changes [18]. With a long chronic course
of the infectious process, focal and extensive necrotic le-
sions in placental tissues were detected, characterized by
rejection of chorionic villi with single and multiple accu-
mulations of lime salts, indicating petrification of necrotic
areas (Fig. 10), focal inflammatory polymorphocellular

Fig. 1. Placenta. Viral diarrhea-associated edema of villous
stroma (hematoxylin — eosin, magnification 200x)

Fig. 2. Placenta. Viral diarrhea-associated lime salt
deposition (hematoxylin — eosin, magnification 630x)

Fig. 3. Placenta. Viral diarrhea-associated
thrombus formation in a vessel (hematoxylin —
eosin, magnification 200x)

Fig. 5. Placenta. Viral diarrhea-associated deposition
of hemosiderin (hematoxylin — eosin,
magnification 400x)

Fig. 4. Placenta. Viral diarrhea-associated hemolysis
(hematoxylin - eosin, magnification 400x)

Fig. 6. Placenta. Viral diarrhea-associated fibrinoid
deposition (hematoxylin — eosin,
magnification 200x)
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infiltrates and destruction of the epithelium. In case of
improper compensatory-adaptive reactions in response
to infection, purulent-necrotic disintegration of the pla-
centa was observed.

To study the pathomorphological features of the
development of an inflammatory reaction in case of
chlamydia infection, the microvasculature was assessed.
When examining the fetal part of the placenta of infec-
ted cows, uneven stromal vessel filling was observed.
The blood vessels were mostly constricted or contained
single erythrocytes. In some parts of the chorion, there

was vessel hyperemia with diapedesis of erythrocytes
due to the disorders of the vascular wall permeability.
In some animals, hemodynamics disorders in the form
of thrombosis of the villous capillary network were
observed (Fig. 11). In the vascular network of the fetal
part of the placenta, the breakdown of erythrocytes
was expressed, leukocytes, macrophages, and desqua-
mated endothelial cells were found in vessels of various
calibers, which indicates a bacterial infection of the pla-
centa and the development of endothelial dysfunction.
There is perivascular polymorphocellular infiltration and

Fig. 7. Chorionic villi. Villus denudation in case of chlamydial
infection in cattle (hematoxylin — eosin, magnification 630x)

Fig. 8. Chorion. Intervillous space in case of bovine chlamydiosis.
Fibrinoid clots (hematoxylin — eosin, magnification 630x)

Fig. 9. Villous chorion. Cellular structures characteristic
of chlamydia infection (hematoxylin - eosin,
magnification 630x)

2 iry it .
Fig. 11. The fetal part of the placenta. Thrombosis
of the capillary network in case of bovine chlamydiosis
(hematoxylin — eosin, magnification 400x)

Fig. 10. Chorion. Bovine chlamydiosis-associated focal
necrosis characterised by lime salt deposition. Fibrinoid clots
(hematoxylin — eosin, magnification 630x)
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Fig. 12. Umbilical cord. Cellular structures characteristic
of chlamydia infection (hematoxylin - eosin,

magnification 630x)
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Fig. 13. Placenta. Loose villous stroma. Neospora
(hematoxylin - eosin, magnification 400x)

Fig. 15. Placenta. Intervillous space. Neospora
(hematoxylin - eosin, magnification 400x)

the presence of white blood elements in the lumen of
the vessels, which is associated with the development
of a classic inflammatory reaction in the placental tissues.

Histological examination of the umbilical cord tissue
also revealed massive crumbly, basophilic masses with the
presence of cellular structures on its inner part, which is
typical for chlamydia infection (Fig. 12).

Thus, the conducted studies have convincingly shown
that with chlamydia infection in cattle, all three compo-
nents of the“mother — placenta - fetus”system are affected.

Neospora-associated placental pathology. The develop-
ment of the placenta in N. caninum seropositive cows cor-
responded to gestation periods of 150-180 days. In the
fetal part of the placenta, chorionic villi were preserved,
which indicates the absence of a chronic inflammatory
process. There were sharply crowded vessels of all ca-
libers: from capillaries to large blood vessels, and some
destruction of the surface epithelium connecting the
fetal and maternal parts of the placenta, which is typical
for spontaneous abortion [19]. Loose connective tissues
of the villous stroma were observed in the cows’ placenta
infected with neospora (Fig. 13). The epithelial layer of
the chorion was thickened and loosened. It contained
basophilically stained rounded neospora parasites of dif-
ferent thickness (Fig. 14). Some of them were in a state of
necrobacteriosis. The same neospora parasites were also
found in the intervillous space (Fig. 15). In the epithelial
layer of the fetal part of the placenta and the intervil-
lous space, basophilically stained sarcosporidia were also
found (Fig. 16), which is typical for neosporosis. In the

Fig. 14. Placenta. Epithelial layer. Neospora
(hematoxylin - eosin, magnification 400x)
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Fig. 16. Fetal part of the placenta. Epithelial layer.
Neospora (hematoxylin — eosin, magnification 400x)

placenta, signs characteristic of the spontaneous abor-
tion, not associated with the development of a chronicin-
flammatory process, were observed. Neospora parasites
were also found in the internal organs of the fetus, such
as the heart and liver. At the same time, morphological
signs of internal organ lesions in aborted fetuses were
not detected. This is probably due to the fairly developed
immune system of the fetuses, whose gestational age
in the presented studies was 150-180 days, capable of
competently responding to the effects of parasites and
limiting their growth.

Thus, the cause of abortions in neospora-infected
cows was not associated with the development of the
inflammatory process as such, but, most likely, with the
immune response of the mother to the invasion of the fe-
toplacental complex and/or the release of prostaglandins,
provoked by the invasion of N. caninum, which led to the
pregnancy termination. To sum it up the high abortion
rate in N. caninum-associated pregnancies may be due
to several factors. Reactivation of latent infection in sero-
positive animals is due to the suppression of cell-medi-
ated immunity in mid-pregnancy. Unlike chlamydia, with
neosporosis, pathological lesions of the placenta are not
so pronounced, and therefore it is difficult to call these
lesions the main cause of abortion. Most likely, being lo-
calized in the tissues of the placenta, neospora parasites
trigger a cascade of reactions associated with the release
of prostaglandins, which cause uterine contraction, and
pro-inflammatory cytokines, which stimulate the synthe-
sis of matrix metalloproteinases in the trophoblast, which
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leads to the destruction of intercellular relationships and,
as a result, rejection of the fetoplacental complex. In addi-
tion, in case of the general increased sensitization of the
body an infested fetus can also induce the process of re-
jection by the mother’s body.

CONCLUSION

On the basis of the studies performed, it was estab-
lished that morphofunctional changes in the “mother -
placenta - fetus” system in case of viral diarrhea of cattle
are characterized by involutive-dystrophic changes with
microcirculation disorders and the development of an im-
munity-associated inflammatory process.

In case of intrauterine infection with Chl. abortus in the
“mother - placenta - fetus” system in cows, there is a com-
plex of destructive morphological and functional changes
of an infectious-toxic nature with a pronounced inflamma-
tory reaction, involvement of blood vessels in the patho-
logical process and the development of endothelial dys-
function with tissue necrosis during the chronic process.
The presence of cellular structures in the placenta and
the inner part of the umbilical cord is a pathognomonic

sign of chlamydia infection.

The role of N. caninum transplacental transmission in
cattle was confirmed; basophilically stained Neospora par-
asites were detected not only in placental tissues, but also
in histological sections of the heart and liver of fetuses.
Morphological and functional changes in the “mother -
placenta - fetus” system in cows in case of N. caninum in-
vasion are characterized by signs of microcirculation and
hemodynamic disorders, and the development of sensi-
tization. A characteristic diagnostic sign is the presence
of basophilically stained Neospora parasites in the organs
of the mother and fetus, placenta and intervillous space.
Neosporosis-associated pregnancy termination, in our
opinion, is not associated with the development of the
inflammatory process as such, but, most likely, with the
mother’s immune response to invasion of the fetoplacen-
tal complex, which is consistent with the assumptions of
a number of foreign authors [4, 17].

The performed studies made it possible to establish
the morphological features of the placenta, which is one
of the most unique histohematic barriers and the main
link of the intrauterine infectious process, which explains
the close attention of researchers to this temporary organ.
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SUMMARY

The global economy dictates more and more stringent requirements for the quality and volumes of products consumed. Veterinary professionals have to look for
medicinal products that have a sparing effect on the animal body and, at the same time, are capable of eliminating disease causes. The paper presents the results
of tests of Kutikulin, a product made at the Vologda Branch of the FSCVIEV, which consists of chicken gizzard cuticle containing a keratoid secretion and a number
of biologically active enzymes. It is a non-toxic, water-insoluble, odourless yellow-green powder with a bitterish taste. When Kutikulin was used to treat newborn
calves with a mild dyspepsia resulting from various alimentary causes, the disease duration averaged 2.9 days, recovery rates in the groups were approximately
the same (96.6—96.9%). Kutikulin treatment of older calves allowed to reduce the duration of treatment by almost a day, to increase recovery rates by 4.8% and to
decrease the number of deaths by 1.6 times. When used for preventive purposes in weaned piglets, Kutikulin helped to decrease morbidity in groups 1,3 and 5 (test
groups) by 2.7, 8.9 and 1.8 times, respectively, as compared with control groups. Its preventive effectiveness was found to be the highest in group 3 (test) piglets that
received Kutikulin on a group basis with a liquid feed at a dose of 1.0 g once a day during 3 consecutive days. Along with a shorter disease duration, test group animals
also demonstrated less pronounced clinical symptoms. Thus, the use of Kutikulin reduces gastrointestinal disease morbidity and mortality in calves and piglets.
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PE3IOME

MupoBas 3KoHOMMKa BMKTYeT Bce Bonee xecTkue TpeboBaHNA K KauecTBy 1 06bemy notpebnsemoii npoayKumu. Cnewnanuctbi B 06nacTin BeTepUHapUY BbIHYXJe-
Hbl 0CYLLIECTBAATD NONCK NEKAPCTBEHHbIX CPE/ICTB, KOTOPbIE 0Ka3bIBAKT LAZALLEe AeIACTBIE HA OPraHU3M KMBOTHBIX, HO Y STOM CMOCOGHDI YCTPAHATb NPUYNHDI
3aboneBaHuA. B jaHHo CTaTbe npeacTaBneHbl peynbTaTbl UCbITaHUA U3roToBNEHHOTO Ha 6a3e Bonoroackoro dunuana OFbHY OHL| BB PAH npenaparta «KyTu-
KyNUH», COCTOALLIErO U3 KYTUKYIbI MbILLEYHOTO XKeNyzKa Kyp, CoRepraLLiei KepaTouaHbIii cekpeT 1 pAz 61onornyeckn akTUBHbIX GepMEHTOB, 1 NpeACTaBAAloLLEro
€060i HETOKCUYHBIIA 1 HepaCTBOPVMbIii B BOZE MOPOLLIOK XeNTo-3eNeHoro LiBeTa, FopbKkoBaToro BKyca, 6e3 3anaxa. lpu npumeHerm cieyebHoii Lienblo npenapara
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«KyTUKyNMH» HOBOPOXAEHHBIM TeNATaM C Nerkoi opmoii ANCNencum, BbI3BaHHOI PasAMYHBIMU NPUYUHAMI ATUMEHTAPHOTO XapaKTepa, NPOA0MKUTENbHOCTb
601e3HM COCTaBWNA B CPeSiHeM 2,9 [iHA, NPOLIEHT BbI3OPOBEBLUMX B rpynnax 6bun npumMepHo ofuHaKoBblil — 96,6—96,9%. Y TenAT cTapLuero Bo3pacTa eyeHue
npenapaTom No3BoAUI0 YMeHbLIMTb ANNTENbHOCTD IeYEHUA MOYTH Ha CYTKY, MOBbICUTL MPOLLEHT BbI30POBeBLUMX Ha 4,8%, CHU3MTb Yncno nasLumx B 1,6 pasa.
lcnonb3oBakue npenapara «KyTukynuH» CnpodunakTueckoii LieNbko y NOPOCAT-0TbeMblLLel COKpaTUno 3a601eBaeMoCTb B NepBOil, TeTbelt 1 NATOM OMbITHBIX
rpynnax no cpaBHeHmio C KOHTPOAbHbIMK B 2,7; 8,9 1 1,8 pa3a cooteTcTBeHHO. Hanbonee Bbicokaa npodunakTuyeckan 3OYeKTUBHOCTL YCTaHOBNEHa Y NOPOCAT
TpeTbeli ONbITHOI FPYMNbl, KOTOPbIE MOAyYani Npenapar rpynnoBbIM METOA0M C XKUAKIM KOPMOM B Ao3e 1,0 T 041nH pa3 B CYTKM 3 AHA MOAPAR. Y NOAONBITHBIX
KUBOTHbIX IOMMMO COKPALLIEHA Nepuoza 3a6oneBaHIA 0TMeYany ymeHbLIeHIe CTeneHu BbIpaXKeHHOCTH KIMHUYECKUX CUMNTOMOB. Takvum 06pa3om, npume-

HeHue npenapata <<KyTI/IKyJ1I/IH>> CHUXaeT 3abonesaemocTb U OTXOZ TENIAT U NOPOCAT NP XeNyA0UHO-KULLIEYHbIX 3aboneBaHuax.

KnioueBble cnoBa: neyenue, npoduUnakTika, XenynouHo-KulLeyHble 3aboneBanus, Tendta, nopocata, npenapar «KyTukynux»

[Nina untuposanua: Kopiokusa M. B., Makaposa B. H., bageesa 0. b., CumanoBa 1. H. Mpumenenne npenapata «KyTukynuH» Ans neveHns u npopunakTuki
KeNyZouHO-KuLIeuHbIX 3a00neBaHuii Y TenAT U nopocaTt. Bemepurapus cezodns. 2022; 11 (2): 129-134. DOI: 10.29326/2304-196X-2022-11-2-129-134.
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INTRODUCTION

Among pathologies reported on animal farms of the
Vologda Oblast, maximum economic losses are associ-
ated with gastrointestinal diseases that especially affect
young animals. The first 10-15 days after birth, in parti-
cular the colostral stage, is the most difficult period as re-
gards young animals’ survival. The predisposing cause of
gastrointestinal disorders (dyspepsias) is decreased body
resistance in newborn calves arising from nutritional defi-
ciencies and inappropriate housing conditions of mother
cows. Cows receiving deficient diets give birth to calves
that demonstrate reduced enzyme secretion by digestive
glands and hydrolysis product malabsorption in the intes-
tine. Such animals typically have gastrointestinal disorders.
In view of this, the use of products, which stimulate and
normalize enzyme secretion by digestive glands, gains a
practical importance. The creation of adequate conditions
for calving in specially designated pens and subsequent
housing of young animals, as well as timely and sufficient
colostrum feeding allow to prevent the disease in most
cases. At present, tissue-based products are widely used
for gastrointestinal disease prevention and treatment in
young animals, as well as for the improvement of their
performance [1].

Tissue-based products have been known since the first
century AD, with the roots of various plants being used as
a base for them at that time. Roman scientists Columella,
Apsyrtus and Vegetius reported successful subcutaneous
administration of hellebore root to cattle and pigs.

The quality and ecology of products for human con-
sumption, freedom from chemicals and balanced diets are
of high importance nowadays. Products of animal origin
play an essential role in the diet since they are a complete
source of protein [2, 3].

Raw material quality is based on multiple factors such
as processing, manufacture, safety. But the focus should
be on product quality, which initially depends on animals’
housing conditions, their diets and treatment prescribed

where necessary. It is known that the unlimited use of an-
tibiotics affects product quality. This topic is particularly
relevant in the light of the fact that drugs of such kind are
commonly used on farms in order to reduce treatment
duration, while spending as little money as possible. As
a result, certain disease-causing bacteria develop resis-
tance to antibiotics and thus become insusceptible to
drugs at the very time when their administration is vitally
important. The use of expensive, not readily available an-
timicrobials has a negative effect on the economic per-
formance of agricultural establishments. It is therefore
appropriate to replace them with products that improve
digestion and absorption of nutrients in the gastrointes-
tinal tract [4, 5].

Tissue-based products and lysates prepared by hydro-
lysis from various organs and tissues are widely applied
in veterinary practices. In particular, treatment involves
the use of tissue-based products prepared from liver and
spleen of cattle, testes of male horses and rams. These sub-
stances used in minimum quantities to supplement feeds
or as mucous membrane applications promote the growth
and development of young animals, increase weight gains
in fattening livestock. They also have a favourable effect on
the body’s natural resistance parameters (serum lysozyme
and bactericidal activity, phagocytic activity of leukocytes),
morphological and biochemical blood profile (erythrocyte
and leukocyte counts, hematocrit, erythrocyte sedimenta-
tion rate (ESR), hemoglobin and total protein levels) [6, 7].

Tissue therapy is based on the use of preserved tissues
and products prepared from them for the treatment of an-
imals, as well as for the improvement of their performance.
Tissue-based products contain protein components that
stimulate certain body organs and tissues. Their effec-
tiveness largely depends on an animal’s species, age, the
functional state of its nervous system or specific features
of a disease. The use of tissue-based products leads to a
15-30% rise in weight gains in animals and helps to in-
crease meat production [8, 9].
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Tissue therapy, in combination with adequate fee-
ding and optimal housing conditions, has a beneficial
effect irrespective of the form of the disease - it improves
the body’s physiological functions, thus helping to cope
with pathological processes. Besides, complications and
side effects are extremely rare [10].

Biostimulants are widely used for the treatment of obs-
tetric and gynecological disorders in livestock: chronic en-
dometritis, elementary ovarian dystrophy. Tissue-based
products used when treating infectious diseases have
a systemic stimulating effect on the body, and this is of
practical importance for the enhancement of specific im-
munity factors and a better diagnosis of chronic infectious
diseases [11, 12].

Young animals, first and foremost newborn ones, are
at high risk of death from dehydration because of in-
adequate water metabolism regulation arising from in-
complete functional development of kidneys. Such ani-
mals shall therefore be subjected to treatment without any
delay. Sometimes it is enough to administer a normal sa-
line solution, infusions and decoctions of medicinal herbs,
compound electrolytic solutions, such as Ringer-Locke’s
solution, . G. Sharabrin’s solution [13, 14].

Another important aspect is the development of im-
munity in animals in early life. It is at this time that the
enhancement of immune system is indispensable for the
improvement of general body resistance to diseases. Con-
siderable attention should be given to the enhancement
of body defences, resistance to environmental conditions,
while taking into account the length of time from the
start of treatment till full recovery. For the improvement
of these parameters, the animal body requires nutrients,
but feeds consumed on a daily basis or bioadditives do not
always contain the sufficient amounts of them. This can
be accomplished by using products of plant and animal
origin [15, 16].

One of known tissue-based products is the product
made according to V. P. Filatov’s method. This scientist
was the one who began the studies of biogenic stimulants
in 1933. Biogenic stimulants are produced as a result of
animal tissue preservation at low temperatures and plant
tissue preservation in darkness. They are non-protein sub-
stances, which are primarily represented by malic, citric,
lactic, succinic, carboxylic acids and two amino acids: ar-
ginine and glutamic acid.

According to many authors, the range of biogenic stim-
ulant application in veterinary and human medicine is
rather wide. Veterinarian K. Kiselev (1898) used male horse
testis extract to treat pleuroneumonia-affected horses and
succeeded in bringing them to full recovery. Preserved tis-
sues prepared according to V. P. Filatov’s method can be
used as a separate medicinal product, as well as in combi-
nation with antibiotics and vitamins [10, 13, 17].

An experiment was conducted at the Kazan State Acad-
emy of Veterinary Medicine named after N. E. Bauman to
study the product made according to V. P. Filatov’s method.
The product consists of tissues of parenchymatous organs
(liver, spleen) from healthy livestock, supplemented with
trace elements. The experiment was carried out in twelve
3-month-old calves. The product was administered in the
middle third of the neck at a dose of 10 ml every 7 days for
4 weeks. Based on the test results, it was concluded that
the functional activity of immune system had enhanced,

there had been an increase in the blood levels of total pro-
tein by 6.7%, phosphorus by 3.9%, calcium by 3.4%, albu-
mins by 5.4%, a-globulins by 7.1%, 3-globulins by 8.3%, as
compared with control animals [18].

The Vologda Veterinary Research Station, now known as
the Vologda Branch of the FSC VIEV, developed and paten-
ted a biostimulant — Splenivit, a bovine spleen extract sup-
plemented with vitamin B_.". It is a sterile fluid of a deep
brown colour with a reddish hue, which has no toxic and
anaphylactogenic properties. Its effect on the general resis-
tance was determined in pregnant sows. The biostimulant
was administered to the test group (132 animals) at a dose
of 5 ml 30, 20, 10 days before farrowing. The product was
not administered to the control group (172 animals).

The number of stillbirths in sows that had received the
biostimulant was reduced by half, piglet survival rate at
weaning rose by 2.8 times, and weaner output increased
by 2.2 animals.

After double administration of Splenivit, 20-day-old
piglets demonstrated a significant increase in hemoglo-
bin levels by 14.7%, an increase in erythrocyte counts
by 33.3%, total protein levels by 12.3%, y-globulin le-
vels by 67.3%, phagocytic activity and phagocytic index
of neutrophils by 13.2 and 16.7%, respectively, whereas
blood leukocyte counts and the number of stress-affected
piglets decreased by 39.3 and 25.0%, as compared with
controls (P > 0.95-0.99).

After triple administration of Splenivit, the most sig-
nificant differences among 30-day-old piglets consisted
in an increase in erythrocyte counts by 37.2%, total sugar
levels by 13.5%, neutrophil phagocytic activity by 79.6%
(P>0.95-0.99), whereas lymphocyte and leukocyte counts
and the number of stress-affected piglets decreased
by 11.3,51.0, 50.0% (P > 0.95-0.99).

The tests of blood samples from calves, to which
Splenivit had been administered three times at a 7-day
interval starting from the age of 2 days, showed an in-
crease in the following parameters: hemoglobin levels
by 13.6%, serum bactericidal activity by 36.0%, neutrophil
phagocytic activity by 77.8%, complement levels by 60.0%,
monocyte counts by 53.0%, whereas band neutrophil
counts and sialic acid levels decreased by 47.5 and 20.3%,
respectively.

The percentage influence of Splenivit within the entire
complex of factors leading to changes in hemoglobin
levels, serum bactericidal activity, neutrophil phagocytic
activity, complement levels, sialic acid levels, band neutro-
phil and monocyte counts, was 13.6, 13.5, 13.9, 10.0, 14.3,
15.8, 14.9%, respectively (P > 0.95-0.99).

Test group morbidity and mortality were 2.2 times lo-
wer in calves and, respectively, 2.7 and 4.1 times lower in
piglets, as compared with the control groups. Besides, the
number of hypotrophic piglets at weaning decreased by
2.5 times. Thus, Splenivit used in diseased newborn calves
and piglets enhances body defences, improves growth
and development, reduces morbidity and mortality in
young animals.

" Gorbunov A. P, Masanskaya V. V. Sposob polucheniya biostimulyatora
«Splenivita» iz selezenki zhivotnykh = The method for Splenivit
biostimulant preparation using animal spleen. Copyright certificate
No. 1695869 A1 USSR, Int. A23K1/00 (2000-01-01). Vologda Veterinary
Research Station. No. 4753414/15. Date of filing: 30.10.1989. Date of
publication: 07.12.1991. Bull. No. 45. (in Russ.)
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The results of Kutikulin treatment in calves

Treatment
effecti S

Number
of animals
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Another contemporary example of the use of immuno-
modulators in veterinary medicine is an experiment car-
ried out by the researchers of the Belgorod State Agricul-
tural Academy in treating functional dyspepsia in newborn
calves with Thymogen. The calves of one of the test groups
were intramuscularly injected with 0.01% Thymogen solu-
tion at a dose of 10 ml for 10 days starting from the sec-
ond day after birth and Pharmasin-50 at a dose of 5 ml for
4 days. As a result, protein metabolism parameters, such as
a- and B-globulin levels, were found to increase by 52.8%
by day 10, and this is indicative of Thymogen effect on im-
mune system establishment, general physiological state of
animals, normalization of impaired metabolism, as well as
of its possible role in disease prevention [19].

The Department of Infectious and Non-Contagious
Pathology of the Federal State Budgetary Educational In-
stitution of Higher Education “Ural State Agrarian Univer-
sity” carried out tests of a plant tissue-based product in
the form of medicinal herb infusions supplemented with

Disease

duration,
Recovere .
days . % Animals %
animals

Newborn calves

group 1 174 29 168 9.6 6 34

(test)
group 2 97 29 9 9.9 3 31
(control)

Older calves

group 3

o) 13 45 12 923 1 77
group 4 8 57 7 875 1 125
(control)

Table 2

The results of Kutikulin use for prevention purposes in weaned piglets

Animals Animals

Product dose,
g

Number
of animals

Dorogov’s stimulant ASD-2F. The infusion was given to
calves once a day during 7 days. Based on the test results,
the product demonstrated a high antimicrobial activity
against Escherichia coli and Salmonella typhimurium strains
isolated from diseased animals. It was also found that the
duration of treatment in calves affected with colibacterio-
sis and salmonellosis became shorter and their hemato-
logical parameters improved [20].

Thus, the development and use of products of animal
and plant origin for gastrointestinal disease treatment and
prevention are of great current relevance.

MATERIALS AND METHODS

Kutikulin, a product consisting of chicken gizzard cu-
ticle that contains a keratoid secretion and a number of
biologically active enzymes, was developed at the Vologda
Branch of the FSC VIEV. It is a non-toxic, water-insoluble,
odourless yellow-green powder with a bitterish taste.

Kutikulin was tested for its treatment effectiveness in
diarrhea-affected calves of different ages on several farms
of the Vologda Oblast. The following groups of animals
were formed: two groups of newborn calves under the age
of 10 days — group 1 (test, 174 calves) and group 2 (control,
97 calves), as well as two groups of older calves aged up
to 30 days — group 3 (test, 13 calves) and group 4 (control,
8 calves). The treatment of animals in all the groups was
started at the onset of the first signs of the disease (diar-
rhea) according to the regimen adopted on the farms. The
test group calves were given Kutikulin once a day instead
of antibiotics. The product was administered at a dose of
1.5-2.0 g with a liquid provided to the calves in the mor-
ning 20-30 minutes before feeding, the treatment period
was 3-4 days. Before giving the powder, the amount of
milk or colostrum was reduced to half.

Kutikulin was tested for its preventive effectiveness in
weaned piglets (1,894 animals) with a view of preventing
gastrointestinal disorders during the first days of weaning
and adaptation to a new milk free diet. The product was
administered on a group basis once a day for 3 days: to
one group of piglets — at a dose of 0.5 g with porridge, to
another group - at a dose of 1.0 g with a liquid feed, to the
third group - at a dose of 0.5 g with a dry feed.

The animals were handled in accordance with Euro-
pean Convention ETS No. 123.

RESULTS AND DISCUSSION

Kutikulin was administered to newborn and older
calves affected with mild dyspepsia resulting from various
alimentary causes.

The data presented in Table 1 show that the disease du-
ration in newborn calves in both groups averaged 2.9 days,
with recovery rates being approximately the same (96.6
and 96.9%). The use of Kutikulin in older calves allowed
to reduce the treatment duration by almost a day, to in-
crease the recovery rate by 4.8% and to decrease the num-
ber of deaths by 1.6 times.

Kutikulin was tested for its preventive effectiveness
in weaned piglets. Test and control group animals were
clinically observed from the moment of weaning until
the age of 60 days. During that period, the number of
diseased piglets demonstrating the signs of diarrhea and
that of piglets, which died from gastroenteritis, were re-
corded.

group 1
fes) 250 05 6 24 1 0.4

group 2 20 - 16 73 2 09

(control)

group 3 _ -
e 130 10 7 54

group 4 138 - 62 449 7 51

(control)

group 5 576 05 138 240 37 6.4
(test)

group 6 580 - % | B3 | 46 | 79

(control)

132

VETERINARY SCIENCE TODAY. 2022; 11 (2): 129-134 | BETEPUHAPUA CETOAHA. 2022; 11 (2): 129-134



ORIGINAL ARTICLES | BOVINE DISEASES OPUTUHATNbHbIE CTATbU | BONE3HU KPC

The test results presented in Table 2 show that, among
250 weaned piglets of group 1 (test) that received Kuti-
kulin with porridge, 6 piglets (2.4%) became diseased
and one piglet (0.4%) died, whereas, among 220 weaned
piglets that did not receive the product, 16 piglets (7.3%)
became diseased and 2 piglets (0.9%) died. Among
130 piglets of group 3 (test) that received Kutikulin
with a liquid feed, 7 piglets (5.4%) became diseased, no
deaths occurred. Among 138 piglets of group 4 (control),
62 piglets (44.9%) became diseased, 7 piglets (5.1%) died.
Among 576 weaned piglets of group 5 (test) that received
the product with a dry feed, 138 piglets (24.0%) became
diseased and 37 piglets (6.4%) died. In group 6 (control)
comprising 580 piglets, 251 piglets (43.3%) became di-
seased and 46 piglets (7.9%) died.

During the use of Kutikulin, piglet morbidity in
groups 1, 3 and 5 (test groups) decreased, as compared
with groups 2, 4 and 6 (control ones), by 2.7, 8.9 and
1.8 times, respectively. Its preventive effectiveness was
found to be the highest in group 3 (test) piglets that
received the product at a dose of 1.0 g with a liquid
feed. The piglets that received Kutikulin demonstrated
a shorter disease duration and less pronounced clinical
symptoms.

At present, there is no unified view on the mechanisms
of tissue-based product action. Biogenic stimulants have
effect on the body as a whole. This explains a wide span
of their impact. Our test results are consistent with the
findings of some researchers regarding the improvement
of general responsiveness and functional state of the
reticuloendothelial system, activation of gastric gland
functioning, intensification of immunobiological activity,
stimulation of regenerative processes, gas exchange, he-
matopoiesis and other vital body functions in response
to tissue therapy and, in particular, administration of Ku-
tikulin [21-24].

The use of such substances contributes to better
growth and development of young stock, increased
weight gains, enhanced natural resistance of the body,
improved metabolism and reproductive performance in
animals. Livestock and poultry morbidity and mortality
rates decrease [25, 26].

CONCLUSION

Thus, Kutikulin has a therapeutic and preventive
effect against gastrointestinal disorders in calves and
piglets, it is easy to prepare and administer and can
therefore be recommended for a wide practical applica-
tion. Kutikulin has a stimulating and normalizing effect
in animals with digestive tract malfunction, as well as in
piglets during the period of weaning and adaptation to
a new milk free diet, helps to decrease animal morbidity
and mortality.
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SUMMARY

Global warming results in increased extreme weather events, including heatwaves, droughts and floods, which exceed plants'and animals’ tolerance thresholds,
thus posing a threat to the economy and agriculture. Under these conditions, heat stress becomes a vital problem for animal husbandry. The paper presents the
study results of biochemical blood parameters and endogenous intoxication in cows suffering from hepatopathies under heat stress. Based on the calculated
temperature-humidity index, it was established that during the summer season in the conditions of the Krasnodar Region lowlands, cows are under heat stress.
Using the method of paired comparisons, two groups of animals (n = 10) were formed: the first group was a healthy livestock; and the second group consisted of
animals suffering from hepatic pathologies. Blood was sampled from all cows at the beginning of the experiment (the first decade of May) and at the end (the last
decade of July). Laboratory tests of blood revealed that as the heat stress develops healthy cows show the increase in the protein concentration in blood, and, on
the contrary, animals with hepatic pathologies demonstrate the inhibition of protein synthesis. The higher activity of aminotransferases and alkaline phosphatase
inthe bovine serum in the summer season when compared to the spring season was established. The study of the endogenous intoxication level dynamics in cattle
during the development of heat stress, showed that in both groups the concentrations of medium mass molecules (MMM) increased relative to the background
data: in the first group (healthy cows) MMM 237 — by 11.8%, MMM 254 — by 14.4%, MMM 280 — by 16.9%; in the second group (cattle with liver pathology)
MMM 237 — by 16.9%, MMM 254 — by 20.3%, MMM 280 — by 33%. Thus, under heat stress, the endogenous intoxication in healthy livestock was almost 1.5 times
less intense as compared to the animals suffering from hepatopathies.
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PE3IOME

[no6anbHoe noTenneHne NPUBOZNT K YBENUUEHII0 YaCTOTbl IKCTPEMANbHbIX MOTOHbIX ABNIEHMIA, BK/KYAA BOMHbI XXapbl, 3aCyXl ! HABOJHEHWIA, NpeBblLLAkLLe
MOpPOry UyBCTBUTENIbHOCTI PACTEHNIA 1 XKUBOTHBIX, UTO HECeT B Ce6e yrpo3y AnA IKOHOMUKIA 1 CeNbCKOT0 X03ANCTBA. B 3TuX ycnoBusAX TennoBoii CTpecc CTaHoBUTCA
aKTyanbHoli npo6nemoii AnA XMBOTHOBOACTBA. B (TaTbe npecTaBReHbl pe3ynbTaThl U3y4eHIa 61oXMMUYecKoro npoduaA 1 COCTOAHNA IHAOTEHHOI MHTOKCUKALMN
Y KOPOB C renaTtonatiAMI B yCNOBUAX TeNNOBOro cTpecca. Ha 0CHOBaHMM pacyeTHbIX noKa3aTeneli TemnepaTypHO-BAaXHOCTHOTO MHAEKCA 3aperucTpupoBaHo, uto
B NIETHUIA Nepuoz B YCOBUAX PaBHUHHOM Tepputopiin KpacHoaapckoro kpas KOPOBbI HAX0AATCA B COCTOAHIUM TenN0BOro cTpecca. Mo NpuHLMNY napHbIX aHanoros
6bin10 ChOpMMPOBaHO AiBE FPyNMbl XMBOTHBIX (1 = 10): NepBas — 340poBOE MOroN0BbE, BTOpasA — C Natonorueil neyeHu. 3abop KpoBy y Bcex KOPOB Npon3Bo-
AUNK B Hauane SKcnepumeHTa (nepeas iekazia Mas) 11 o ero 0KOHYaHuK (nocneaHAA fekaza niona). lposeseHHbIMU NabopaTopPHbIMU UCCeA0BAHUAMI KPOBIA
BbIABNEHO, UTO NPU Pa3BUTUM TENIOBOTO CTPECCa Y 3A0POBbIX KOPOB NPOUCXOAUT NOBbILLEHME NPOTENHOBOTO CNEKTPA KPOBM, @ Y XKMBOTHBIX C renaTonaTonoru-
eif, Ha060poT, HabntoaaeTcA MHrM6UpoBaHIe benkoBoro Metabonn3ma. YcTaHoBneHa 6onee BbICOKas akTUBHOCTb aMUHOTpaHchepa3s 1 WenoyHoi docdatasbl
B CbIBOPOTKE KPOBY KOPOB B NIETHUI NePUOA OTHOCUTENbHO BeceHHero. B pe3ynbrate 3yuyeHns AMHAMIKM YPOBHA SHAO0rEHHOI MHTOKCUKALMN B OpraHu3me
KOpOB NPy Pa3BUTUI TEMN0BOTO CTPeCCa N0Ka3aHo, uTo B 06eux rpynnax KoHLEHTpaLmy monekyn cpeHeit Macchl (MCM) yBenuumancs 0THOCUTENbHO GOHOBbIX
JaHHbIX: B NepBoil rpynne (3sopoble Koposbl) MCM 237 — Ha 11,8%, MCM 254 — Ha 14,4%, MCM 280 — Ha 16,9%; Bo BTOpoii rpynne (KOpoBbl ¢ natonorueil
neyenn) MCM 237 — Ha 16,9%, MCM 254 — Ha 20,3%, MCM 280 — Ha 33%. Takum 06pa3om, npu TENNOBOM CTpecce MHTEHCUBHOCTb YBENMYEHUA SHAOTEHHOI
NHTOKCUKALWMY Y 380POBOTO NOrooBbA Obina nouTH B 1,5 pasa Huxe 0THOCUTENbHO KUBOTHBIX C renatonaTuamy.

KnioueBbie cnoBa: KOPoBbI, NeyeHb, renatonatiiu, GroxvuMnyeckie Nokasatenu, SHAOreHHaA MHTOKCUKALWA, TenNoBO cTpecc
bnaropapHocTu: Viccnegosanme BbinonHeHo npyu ¢uHaxcoBoii noaaepxke POOU B pamkax HayuHoro npoekTa N2 20-316-90009.

[insa uutuposanua: KysbmuHosa E. B., Pynp E. H., Cemenenko M. 1., AGpamoB A. A. CoctosiHMe 61oXxMMMYeckoro npoduns KpoBHU 1 YPOBHA SHAOTEHHON UHTOK-
CMKaLWK y KOPOB C renaTonaTuaAmI B yCOBUAX TENNOBOT0 CTpecca. Bemepurapus ce200wA. 2022; 11 (2): 135-141.D0I: 10.29326/2304-196X-2022-11-2-135-141.

KoHnuKT MHTEpecoB: ABTOPbI 3aABNAIOT 06 OTCYTCTBUN KOHGINKTA HHTEPECOB.

[ins koppecnoxaenumn: Ky3bmuHoBa Enexa BacunbeBHa, JOKTOp BeTepUHAPHBIX HayK, AOLEHT, IaBHblii HayuHblii COTPYLHIK 0Taena hapmakonorum Kpac-
HO/APCKOT0 HaYYHO-WCCNIef0BATENbCKOTO BETEPUHAPHOTO MHCTUTYTA — 060co6neHHoro cTpyKTypHoro nopasaeneqna OTBHY «KHL3B», 350004, Poccus, r. Kpac-

Hopap, yn. 1-aJlunua, 4. 1, e-mail: niva1430@mail.ru.

INTRODUCTION

Human-induced climate change is causing dangerous
and widespread disruption in nature and affects the lives
of billions of people around the world. According to the
data presented in the report of the Intergovernmental
Panel on Climate Change, the last seven years have been
the warmest on the planet, and each year has been war-
mer than the previous one on record. Scientists say that in
the near future this trend will continue, and by 2030 the
Earth’s temperature will rise by 1.5 degrees. In addition to
warming, all natural systems become imbalanced, leading
to a change in the precipitation regime, to temperature
anomalies and an increase in the frequency of extreme
events such as hurricanes, floods and droughts [1-4].

Climate warming poses a threat to the economy and
agriculture, as increased heatwaves, droughts and floods
are already exceeding plants’ and animals’ tolerance
thresholds. Under these conditions, heat stress becomes
a vital problem for high-yielding dairy production.

Heat stress is the result of an imbalance between meta-
bolic heat production inside the animal body and its dis-
sipation to the surroundings. High air temperature com-
bined with increased or, conversely, very low humidity can
lead to the heat stress development. The thermoneutral
zone of modern cattle breeds ranges from 4 to 20 °C, and
of high-yielding breeds - from 9 to 16 °C. The dairy breeds
frequently kept in the Russian commercial farms, such as
the Holstein, are most adapted to cold weather conditions,

but are sensitive to heat. Heat stress in lactating cows re-
duces the animals’ performance due to a decline in milk
yields and milk quality, it affects the health status of the
animal and shortens the herd life expectancy, which ulti-
mately leads to serious economic losses in livestock pro-
duction industry [5-11].

In the conditions of the intensive dairy farming, the
desire to maximize the performance of cows without ap-
propriate consideration of their physiological needs leads
to metabolic reorientation, functional overload of organs
and body systems, and primarily of the liver. According to
veterinary reports, in recent years, digestive diseases have
been on the top positions among the animal mortality rea-
sons and reach 40% in some farms [12-14]. Since the liver
plays a significant role in the chemical thermoregulation of
the body, the heat stress, especially in animals with hepa-
topathies, can cause serious overall metabolic disorders
often leading to death. Milk productivity in these cows is
usually not restored to the initial level, such animals are
not fertilized, and they are culled [15, 16].

The state of animals under the influence of stress fac-
tors is conditioned by the severity of disorders in various
organs and body systems, as well as by the degree of hy-
poxia and endotoxicosis. Endogenous intoxication syn-
drome is one of the most common in clinical practice and
is observed during a variety of pathologies.

Endogenous intoxication is a process caused by
the accumulation of endotoxins in abnormally high
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concentrations in tissues and biological fluids (endo-
toxins are the products of natural metabolism (inflamma-
tory mediators, exo- and endotoxins, products of cellular
and protein degradation, etc.), which exceed the natural
capacity of the neutralization systems and ultimately
damage organs and body systems. In this context, the
problem of endogenous intoxication syndrome remains
one of the most urgent in medicine, which is associa-
ted with the important role of endotoxicosis as a link in
pathogenesis and a factor determining the severity of
the course and outcome of various diseases. One of the
main factors of the endotoxicosis progress is the inability
of detoxification systems and organs to cope with toxins,
due to adaptive mechanism disruption and morphofunc-
tional disorders of the detoxification organs, and primari-
ly of the liver [17-23].

In this regard, research needed to establish the changes
in biochemical parameters and endogenous intoxication
level in cows with hepatopathies under heat stress is inte-
resting, and the results will allow to develop effective stra-
tegies for pharmacological correction for animals exposed
to high environmental temperatures.

The aim of the work is to establish changes in the blood
biochemical parameters and the level of endogenous in-
toxication in cows with hepatopathies under heat stress.

MATERIALS AND METHODS

The studies were performed in a Holstein cattle-rearing
farm located in the Korenovsky District of the Krasnodar
Region.

The period to study biochemical parameters and the
level of endogenous intoxication in the body of cows
under thermal stress was determined by a retrospective
analysis based on the calculated indicators of the tem-
perature-humidity index (THI) in 2018-2020, taking into
account the average daily temperature and environment
humidity. The index was calculated using the formula:
THI = 0.8 X T + (H/100 X (T - 14.4)) + 46.4, where T is the
environmental temperature (°C); H - relative humidity (%).
The interpretation of the results was based on the param-
eters when the THI less than 68 indicates that the cattle
are in the comfort zone; from 72 to 79 means the animals
experience moderate heat stress; from 80 to 89 means
a severe heat stress; more than 90 means an extremely
severe heat stress; over 100 — death is possible.

To conduct studies, two groups of cows (10 animals in
each group) were formed in May on the principle of the
paired comparisons method. The first group involved
healthy cattle, the second group consisted of animals
with liver pathologies. Animals were selected for the
experiment, rated according to their physiological state
(2-3 months of lactation), the results of clinical examina-
tion, biochemical blood profile, as well as results of the
liver ultrasonography.

Animals were handled in accordance with the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes ETS No. 123
(Strasbourg, March 18, 1986).

To measure the severity of heat stress in cows, the THI
for 5 months was calculated (from April to August 2021).

Blood was sampled from all cows at the beginning (the
first decade of May) and at the end (the last decade of July)
of the experiment.

The clinical examination was carried out according to
the generally accepted scheme, paying special attention
to the color of the mucous membranes, the coat condition,
the number of ruminal contractions, and liver palpation
and percussion to establish the area of hepatic dullness,
surface and sensitivity.

Ultrasonography was performed using a PS-380V
5.0 mHz veterinary ultrasound scanner (Russia). The echo-
genicity, structure and sound conductivity of the liver pa-
renchyma were evaluated.

Laboratory blood tests were performed using an
automated biochemical analyzer Vitalab Selectra Junior
(Vital Scientific B.V., the Netherlands) and reagents from
ELITech Clinical Systems (France) and Analyticon biotech-
nologies AG (Germany). The thymol turbidity test was per-
formed using reagents from CJSC ECOlab (Russia).

To determine the level of endogenous intoxication, in-
tegral biological tests are used, among which an impor-
tant place is given to the determination of medium mass
molecules (MMM) in biological fluids, characterized by one
common property —a molecular weight of 300 to 5,000 Da.
MMM content in serum was determined using the scree-
ning method of N. I. Gabrielyan and V. I. Lipatova [24] at
three wavelengths: A = 237 nm (MMM 237), A = 254 nm
(MMM 254) and A = 280 nm (MMM 280). To measure the
optical density in the ultraviolet region of the spectrum,
an Ecoview UV-1100 spectrophotometer (Sanghai Mapada
Instruments Co., Ltd, China) was used.

The obtained digital data were processed by variatio-
nal methods, where significance using Student’s t-test and
the significance the differences between the groups were
determined.

RESULTS AND DISCUSSION

The conducted studies established that in the summer
season in the conditions of the Krasnodar Region lowlands,
cows are in heat stress (THI more than 72), with a majority
of cattle suffering from a moderate heat stress (Table 1).

The calculation of the temperature-humidity index
for the Korenovsky District of the Krasnodar Region for
5 months of 2021 showed that already in May cows start
experiencing heat stress. Subsequently, in almost all peri-
ods under study, the animals are in a moderate heat stress
(Table 2).

Cows, which demonstrated the following conditions
during clinical examination were selected into the group
of animals with liver pathology: dull and brittle coat,
peeling skin (100% of animals), extensive alopecia (60%);
pale mucous membranes (80%), jaundice (20%); fores-
tomach dystonia with rhythmicity and rumination disor-
der (100%); expansion of the hepatic dullness area and in
parallel increased pain sensitivity in 70% of animals, and
only one of the symptoms was recorded in the remaining
cows (30%).

Ultrasonography of the liver and biliary system con-
firmed the hepatosis, when the liver is enlarged, the edges
of the lobes are rounded, uneven, blurred; the echotexture
is coarsened and granular; increased echogenicity and bal-
looning degeneration of hepatocytes are observed.

During the study period as the heat stress progressed,
one cow from Group 2 (the first decade of July) was slaugh-
tered, and post-mortem examination confirmed the diag-
nosis — fatty liver.
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Table 1

Dynamics of the temperature-humidity index from May to August in 2018-2020

in the Korenovsky District, Krasnodar Region

Temperature-humidity index

Average value

Date for3
2018 2019 2020 DRI

May 1 69.15 65.79 62.82 65.92
May 10 67.32 69.63 64.67 67.21
May 20 70.21 70.73 61.97 67.64
June 1 70.25 76.57 70.47 7243
June 10 74.57 76.75 74.28 75.20
June 20 79.09 74.92 74.14 76.05
July 1 78.20 74.90 77.56 76.89
July 10 77.20 70.53 74.88 7421
July 20 78.86 71.70 74.01 74.86
August 1 75.55 71.16 73.24 73.32
August 10 741 75.48 72.94 7418
August 20 76.43 74.51 713.42 74.79

Table 2

Dynamics of the temperature-humidity index within the five months of 2021

in the Korenovsky District, Krasnodar Region

First decade 53.67 63.72 64.88 7417 77.06
Second decade 54.12 67.28 72.80 75.36 72.54
Third decade 58.33 69.75 74.78 76.08 76.11
Per month 55.37 67.01 70.82 75.23 75.26

During the study, biochemical tests were performed
and cows demonstrating abnormal biochemical blood
profile results were selected into the group of animals
with liver pathology (Table 3). Thus, the selected animals
had a low level of total protein (76.50 + 2.48 g/L) and urea
(2.98 + 0.07 mmol/L), which indicates a decrease in the he-
patic protein synthesis. A positive thymol turbidity test (with
a degree of turbidity from + to the maximum value ++++)
made it possible to diagnose the inflammatory process in
the liver, including in the hepatic parenchyma. The cytoly-
tic syndrome, manifested by the destruction of hepatocyte
membranes and the release into the bloodstream of trans-
amination enzymes - transaminases (alanine aminotrans-
ferase — ALAT and aspartate aminotransferase — ASAT), was
confirmed by the fact that moderate hyperenzymemia was
detected in sick cows, the difference in comparison with the
healthy cow values was 27.2% for ALAT and 31.3% for ASAT.
The activity of alkaline phosphatase (ALP) exceeded the nor-
mal parameters and exceeded the enzyme level in healthy
cows by 20.2%, which may suggest cholestasis. Hypoglyce-
mia was found in sick animals with a difference of 16.9% in
glucose concentration if compared with healthy cows.

The level of endogenous intoxication in cows with li-
ver pathology was higher relative to healthy animals; the
difference in MMM 237 was 20%, MMM 254 — 25.1% and
MMM 280 - 21%.

The development of heat stress in cows changed the
biochemical blood parameters. Thus, in healthy livestock,
the amount of total protein in serum increased by 6%.
Most likely, the increase in the protein concentration in
the blood is the result of the general dehydration of the
cows’ body under hyperthermia conditions, which leads
to blood thickening and increase in total protein in it. It is
also possible that in the process of adaptation of animals
to high environmental temperatures, an increase in the
total protein level in the blood is mediated by corticoste-
rone, which regulates the physico-chemical mechanisms
of maintaining blood volume during dehydration due to
osmotic pressure. In case of the body overheating, there is
probably a disruption in the ureagenesis in the liver, since
in the group of healthy cows, despite the increase in to-
tal protein, the content of urea in the serum decreased
by 26.2% (p < 0.01) as compared to the baseline values. In
animals with hepatopathology under heat stress, further
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Table 3

Dynamics of biochemical parameters and endogenous intoxication markers

in bovine blood under heat stress (M = m, n=10)

Group 1

Parameters healthy animals

start of the study

Group 2
animals with hepatic pathology

end of the study start of the study end of the study

Total protein, g/L 82.60 +3.12 87.90 +2.26 76.50 +2.48 70.90 + 0.52%
Urea, mmol/L 511015 4.05+0.09%* 2,98 +0.07 2.64£0.11%
Thymol turbidity test, CU - + ++

ALAT, Unit/L 29.80+£2.13 34.90 +0.96* 37.90+2.95 40.80£1.53
ASAT, Unit/L 90.40 £ 5.46 93.70+£4.51 118.70 +3.54 132.60 +5.74
ALP, Unit/L 129.10 +£3.15 141.80 +3.16* 163.20 £ 4.33 184.50 + 2.50%*
Glucose, mmol/L 2.56+0.12 24704 2.19£0.19 205+0.15
MMM 237, CU 0.638 +0.033 0.723 £0.021* 0.759 +0.024 0.913 £0.016**
MMM 254, CU 0.195+0.020 0.229+£0.013* 0.244+0.012 0.306 +0.019**
MMM 280, CU 0.181+0.012 0.218+£0.029 0.219+0.008 0.327 £0.014*

Differences are significant: p < 0.05, ** p < 0.01 as compared to the background data.

inhibition of protein synthesis was observed with a signi-
ficant (p < 0.05) decrease in total protein by 7.8% and urea
by 12.9% in the serum.

Higher aminotransferase activity was established in
the serum of cows in the summer season as compared to
the spring season. Moreover, the ALAT activity in healthy
animals tended to upper reference values and amounted
to (34.90 + 0.96) Unit/L, which is 14.6% higher than the
initial data (at p < 0.05). In cows of Group 2, this value was
higher - (40.80 + 1.53) Unit/L (the difference with the start
of the experiment was 7.1%). Increased ALAT activity in
the serum is considered as an indicator of the hepatocyte
destruction and, possibly, in cows with liver dystrophy,
a significant proportion of hepatocytes had already been
destroyed, which caused a less pronounced increase in the
enzyme in these animals. ASAT concentration in healthy
cows practically did not change, and in sick animals in-
creased by 10.5%.

The increase in the ALP activity in all experimental ani-
mals was consistent and amounted to 8.9% in Group 1
and 11.5% in Group 2.The increase in the ALP activity can
be caused not only by the influence of heat stress, but
also by increased activity of both placenta-like (a mar-
ker of the feto-placental system normal functioning) and
bone-specific (fetal bone matrix maturation and miner-
alization) alkaline phosphatase. Since all cows selected
for the experiment had increased pregnancy periods,
hyperenzymemia in this case was of a physiological and
adaptive nature due to changes occurring in the body of
a pregnant animal.

In all animals the glucose concentration in the serum
tended to decrease with the most pronounced changes
revealed in Group 2 (difference with the baseline data
is 6.8%). The possible pathophysiological mechanism of
these changes is conditioned by the inverse relationship
between the level of cortisol and glucose, which leads to

depletion of glucose and glycogen stores in the liver, as
well as a change in the insular apparatus functions when
exposed to stress factors.

The study of the dynamics of the endogenous intoxica-
tion level in cattle during the development of heat stress,
showed that in both groups the concentrations of mid-
dle molecules increased relative to the baseline data: in
Group 1 (healthy cattle) MMM 237 - by 11.8%, MMM 254 -
by 14.4%, MMM 280 - by 16.9%; in Group 2 (cattle with li-
ver pathology) MMM 237 - by 16.9%, MMM 254 — by 20.3%,
MMM 280 - by 33,0%. In general, the obtained results con-
firm the data that long-term exposure to factors which
compromise the homeostasis brings the organism to
a lower reactivity. Under stress conditions, the organism
is challenged by the task to maintain normal homeostasis
and optimize it, but with prolonged exposure excessed
waste products of normal or impaired metabolism ac-
cumulate in the tissues and biological fluids of the body,
which cause the development of endogenous intoxication
and increased MMM levels in the blood.

CONCLUSION

Thus, the data obtained indicate that in the summer
season, in the conditions of the Krasnodar Region low-
lands, cattle are constantly in a state of heat stress. With
the development of heat stress in healthy cows, the pro-
tein concentration in blood increases, which is facilitated
by the general dehydration of the animal organism by hy-
perthermia, leading to blood thickening and an increase in
the total protein in it. Cows with hepatopathology under
heat stress, on the contrary, demonstrated the inhibition
of protein metabolism, which suggest an insufficient
protein-syntheses liver function. The higher activity of
aminotransferases and alkaline phosphatase in the bo-
vine serum in the summer season when compared to the
spring season was established. Changes in the dynamics
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of values characterizing the development of endogenous
intoxication syndrome under heat stress in dairy cattle
were revealed. The intensity of the increase in the concen-
tration of medium mass molecules in the serum of healthy
livestock was almost 1.5 times lower as compared to the
animals with hepatopathy. Perhaps this is explained by
the fact that cows with a diseased liver suffer from insuf-
ficient adaptive and compensation body responses and
with prolonged stress, there is a significant increase in in-
tegral endotoxicosis markers, which serve as an additional
cause of various body system malfunctioning. The results
obtained can serve as a justification for the development
of an effective strategy for pharmacological correction of
heat stress in cattle.
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SUMMARY

Within the framework of the Rosselkhoznadzor measures aimed at control of highly dangerous diseases and development of timely recommendations for disease
prevention and control, 36,986 serum samples to be tested for the presence of avian influenza virus antibodies and 30,325 serum samples to be tested for the pres-
ence of Newcastle disease virus antibodies were submitted to the FGBI“ARRIAH" Reference Laboratory for Avian Viral Diseases in 2020. The samples were collected
from domestic, wild and synanthropic birds in 60 Subjects of the Russian Federation. As a result of the laboratory diagnosis, antibodies against type A influenza
virus were found in vaccinated chickens from two poultry farms in the Primorsky Krai. Typing of sample sera using hemagglutination inhibition test showed that the
detected antibodies were specific to the haemagglutinin subtype of the vaccine antigen (A/H9). Antibodies to the H9 subtype avian influenza virus were detected
in sera of non-vaccinated geese from two poultry farms in the Kurgan Oblast and from one poultry farm in the Republic of Bashkortostan. As for the backyards
where scheduled vaccination against avian influenza A/H5 is carried out, a low level of immunity was seen in the Republics of Adygea and Chechnya (0 and 15%,
respectively), while a high immunity level was observed in the Rostov Oblast (74%). High seroprevalence of Newcastle disease virus was found in adult poultry in
indoor industrial farms, which was associated with mass vaccination against the disease. In broiler chickens, post-vaccination antibodies were observed, on average,
in 44% of the tested sera samples. The antibodies against Newcastle disease virus and avian influenza virus subtype H5 detected in wild and synanthropic birds
indicate the circulation of these viruses in the Russian Federation. The insufficient level of post-vaccination antibodies suggests that the risk of epidemic among
poultry in industrial poultry farms and backyards remains.
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PE3IOME

B pamkax peanu3auuu meponpuaTuii Poccenbxo3Ha3opa ¢ Liebo 0CyLLECTBNEHNA KOHTPONA 32 0C060 onacHbIMU GoNne3HAMI U ANA (BOEBPEMEHHOI Bbipa-
60TKM pekomeHzaLwil no npodunakTuke 1 bopbbe ¢ HUMK B pedepeHTHyt0 nabopatoputo BUpYcHbIX 6onesteit nuy OTBY «BHUU3X» B TeueHne 2020 . 6bino
[0CTaBeHo 36 986 npo6 CbIBOPOTKI KPOBM ANA UCCEA0BAHNA HA HaNYMe aHTUTEN K BUpYCY rpunna ntiy u 30 325 npob — Ha HanNuMe aHTUTEN K BUPYCY Hblo-
kacnckoii 6onesHu. Mpobbl b1 0T06paHbI 0T JOMALLHNX, ANKUX 1 CUHAHTPOMHBIX MTUL U3 60 cy6bekToB Poccuiickoii Desepauyn. B pe3ynbrate nabopatopHblx
ICCNe0BaHMIl aHTUTENa K BUPYCY rpunna Tuna A 6binin 06HapyeHbl y BaKLMHNPOBAHHBIX Kyp U3 BYX NTULEBOAYECKIX NPeAnpuATHil [pumopckoro kpas.
[Tpu TMNMpOBaHMN NP6 CbIBOPOTKIA KPOBY B PeaKLM TOPMOXEHNUA FeMarToTUHALIMY YCTAHOBMAM, UTO BbIABNEHHbIE aHTUTENA COOTBETCTBOBANM BAKLMHHOMY
aHTUreHy no noaTuny remarrniotuinHa (A/H9). Antutena k Bupycy rpunna nrvy nogruna HI 6binu 06Hapy»xeHbl B CbIBOPOTKAX KPOBY OT HeBAKLMHUPOBAHHDBIX
ryceit ¢ aByx ntuuedabpuk KypraHckoit obnactu v ogHoil nruuedabpuku Pecnybnuku bawwkoprocta. B anuHbix noAcobHbIX X03AiCTBaX rpaaaH, rae npoBo-
ANTCA NNaHoBaA BaKLuHonpodunaktuka rpunna nuy A/HS, HU3KNi ypoBeHb UMMYHHUTeTa ycTaHoBneH B Pecnybnuke Apbires u Yeuenckoid Pecnybnuke (0n 15%
C00TBETCTBEHHO) 11 BbICOKMI YpOBeHb — B PocToBCKOIA 06nacTu (74%). Bbicokuii ypoBeHb aHTUTeN K BUPYCY HbIOKACACKOIl 60N1e3HN ObiN yCTaHOBAEH Y B3POCNO
MTULbI B NPOMBILLAEHHbIX X03AICTBAX 33KPITOT0 TUMA, YTO (BA3AHO C MACCOBOI BaKLMHaLMel MPOTUB AaHHOTO 3a60neBaHuA. Y LbInnAT-6poiinepos oTMeyanu
Hanuume NOCTBAKLMHANBHBIX aHTUTEN B CpeiHeM B 44% MccneloBaHHbIX NP6 CbIBOPOTKM KPOBY. BbiABNEHHbIe aHTUTENa K BUPYCaM HbIOKACICKoiA 6onesHu
1 rpunny nTuy noaTuna H5 cpean AKX 1 CUHAHTPOMHBIX NTIL CBUAETENbCTBYHOT O LIMPKYNALMM JaHHbBIX BUPYCOB Ha TeppuTopuy Poccuiickoil Oepepavum.
HenoctatouHblii ypoBeHb NOCTBAKLMHANBHBIX aHTUTEN YKa3bIBAeT Ha COXPaHEeHNe PUCKA BO3HIKHOBEHINA MM300THIA Cpeam JOMALLHMX NTUL, NPOMbILLEHHbIX
MTULEBOAYECKIX NPEANPUATHIA U IMYHBIX NOACOOHbIX X03ANCTB.

KnioueBbie cnoBa: MOHUTOPUHT, Tpynn NTUL, HbOKaCNCKaA 60ﬂe3Hb, CbIBOPOTKMN KPOBW, aHTUTENA, PeaKLNA TOPMOKEHUA remarrnioTuHalum, Mmmyuod)ep-
MEHTHBIV aHann3

Bnarop.apuotm: PaboTa BbINOSHEHA 3a CYeT BHOKETHBIX (peacTB npu npoBeAeHNN rocyiapCTBEHHOM0 AMU300TONIOMMYECKOTO MOHUTOPUHTA.

[ina yutuposaunusa: Kynarnsa M. A., Bonkosa M. A, Usana lp. A., Ocunosa 0. C., fipocnauesa 1. C., Augpeituyk 1. b., Ysana W. A. Ceponoruyeckuit MOHUTOPUHT
rpunna NTUL 1 Hblokacnckoi 6onesnu Ha Tepputopum Poccuitckoit Oegepaumn B 2020 1. Bemepunapus cezodns. 2022; 11 (2): 142-148. DOI: 10.29326/2304-

196X-2022-11-2-142-148.

KondnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnonpenyun: Kynarnia Mapua AnekcaHApoBHa, KaHAMZAT OUONOTMYECKIX HayK, HayuHblil COTPYAHUK pedepeHTHoIl nabopaTopui BUPYCHbIX
6onesHeii ntuy OTBY «BHUN3M», 600901, Poccus, r. Bnagumup, mkp. 0pbesew, e-mail: kulagina@arriah.ru.

INTRODUCTION

Avian influenza and Newcastle disease are the most sig-
nificant, from both epidemic and economic perspective,
avian diseases that cause huge damage to poultry farming
worldwide [1-5].

Avian influenza (Al) is induced by type A influenza vi-
rus belonging to the family Orthomyxoviridae. It is a seg-
mented RNA virus that is classified into 18 hemagglutina-
ting (H1-H18) and 11 neuraminidase (N1-N11) subtypes
based on the antigenic difference of two surface glycopro-
teins [6]. Avian influenza virus (AlV) is an important zoono-
tic pathogen resulting in mass death of affected birds and
causing serious damage to industrial poultry farming and
small-scale farms [7-10]. Serious diseases were most fre-
quently caused by AlV belonging to subtypes H5 and H7.

In 2020 the World Animal Health Organization received
notifications on outbreaks of highly pathogenic avian in-
fluenza (HPAI) from 36 countries around the world. The
disease was most often registered in Europe. There were
484 notifications of outbreaks in poultry and 618 notifi-
cations of outbreaks among wild birds. The vast major-
ity of the disease cases were caused by HPAI virus sub-
type H5N8. However, outbreaks caused by HPAI virus of
subtypes H5N1 and H5N5 among poultry and HPAI virus of
subtypes H5N3 and H5N5 among wild birds were also re-
ported. No distinct prevalence of HPAI subtype H5N8 was

observed in Asia. There were 228 outbreaks among poultry
caused by various variations of HPAI virus subtype H5 (N1,
N2, N5, N6, N8), and 68 outbreaks among wild birds caused
by HPAI virus subtypes H5N1, H5N6 and H5N8. HPAI sub-
type H5N8 outbreaks among poultry were also recorded
in South Africa. Notifications on HPAI subtype H7 reported
in poultry were received from Australia and the USA [11].

Highly pathogenic AIV H5N8 was first detected in indus-
trial poultry in Chinain 2010 [12]. In July 2020 an outbreak
caused by HPAI virus subtype H5N8 was also reported
among wild birds in the Russian Federation. Since August,
HPAI virus subtype H5N8 infection started to be registered
in Russia among domestic birds both in poultry holdings
and in small-scale poultry farms. The most frequent out-
break notifications were received from the Subjects of the
Russian Federation bordering on Kazakhstan (the Omsk,
Tyumen, Kurgan and Chelyabinsk Oblasts) [13]. Besides,
single outbreaks were reported in the Volga, Southern,
North Caucasian and Central Federal Districts.

Newcastle disease (ND) is an avian viral disease char-
acterized by pneumonia, encephalitis and multifocal
hemorrhages of internal organs. The causative agent is an
RNA-virus belonging to the family Paramyxoviridae. The
ND virus is potentially contagious for most avian species,
and it often causes mortality of susceptible domestic birds
(mainly gallinaceous species) [14]. At least four panzootics
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Table 1
Detection of antibodies to NDV in chicken sera submitted from industrial poultry farms, using ELISA and HI test

Parent flock, Parent flock, Broiler chickens
up to 100 days old over 100 days old
Federal District

number of positives / number number of positives / number number of positives / number
total number of samples of p/f total number of samples of p/f total number of samples of p/f

Central 392/868 n 4,226/4,365 29 288/935 7
Northwestern 574/924 9 530/531 8 233/1165 3
Southern 241/410 6 1,649/1,696 11 219/630 3
North Caucasian 283/450 3 196/200 1 260/320 4
Volga 509/675 7 3,114/3,314 35 1,272/2,302 18
Ural 39/136 2 382/382 9 110/174 7
Siberian 193/370 7 1,097/1,185 18 243/527 7
Far Eastern 208/250 3 882/1,035 7 197/350 4
p/f - poultry farm.
were recognized [15], negatively affecting not only the MATERIALS AND METHODS

economy as a whole, but also human welfare due to food
supply reduction [16].

According to the veterinary services of the Subjects of
the Russian Federation, ND outbreaks were recorded in the
Republic of Ingushetia, in the Vladimir and Kursk Oblasts
(11 infected settlements) in 2020 [17].

The necessity of avian influenza and Newcastle disease
monitoring studies is determined by the risk of introduc-
tion of new virus strains into the country, the risk of patho-
gen introduction into commercial poultry farms, the emer-
gence of epidemics that lead to great economic losses [18].

The aim of the work was to conduct seromonitoring
studies among domestic, wild and synanthropic birds
within the framework of the Rosselkhoznadzor measures
aimed at control of highly dangerous diseases and timely
development of recommendations for avian influenza and
Newcastle disease prevention and control.
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Fig. 1. Intensity of post-vaccination immunity to the ND virus in chickens
from industrial poultry farms

Test samples. Bird sera submitted by the Rosselkhoz-
nadzor Territorial Administrations to the FGBI “ARRIAH"
in 2020 were tested.

Test kits and reagents:

- Single serum dilution ELISA kit for detection of anti-
bodies to avian influenza virus (FGBI “ARRIAH");

- Single serum dilution ELISA kit for detection of anti-
bodies to Newcastle disease virus (FGBI“ARRIAH");

- Hl test kit for detection of antibodies to avian influenza
virus subtype H5 (FGBI“ARRIAH");

- Hl test kit for detection of antibodies to avian influenza
virus subtype H9 (FGBI“ARRIAH");

- HI test kit for detection of antibodies to Newcastle di-
sease virus (FGBI “ARRIAH");

- reference antigens of Al virus subtypes H5, H7 and H9
and corresponding positive sera produced by IZSVe (ltaly);

- reference antigens of Al virus subtypes H5, H7 and H9
and corresponding positive sera produced by GD (Nether-
lands).

All tests were carried out using commercial ELISA kits
according to the manufacturer’s instructions. The hem-
agglutination inhibition assay (HI assay) using reference
components was carried out in accordance with the “Me-
thodical Guidelines for Hl identification of avian influenza
and Newcastle disease viruses”'.

Treatment of test sera samples. To remove the thermola-
bile inhibitors, all samples were inactivated in a water bath
for 30 minutes at 56 °C.

RESULTS AND DISCUSSION

Pursuant to Rosselkhoznadzor Order No. 1423 of
December 25, 2019 “On laboratory testing within the
Rosselkhoznadzor activities for ensuring compliance
with the World Trade Organization (WTO) Sanitary and

' MG 27-16 Methodical Guidelines for HI identification of avian influenza
and Newcastle disease viruses: approved by the Rosselkhoznadzor on
June 06, 2016. Vladimir: FGBI“ARRIAH". 2016. 14 p.
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Phytosanitary (SPS) Agreement requirements upon Russia’s
accession to the WTO for 2020’ 30,325 sera samples collec-
ted from poultry, wild and synanthropic birds were tested
for the presence of antibodies to the Newcastle disease vi-
rus. The samples were received from 60 Subjects of the Rus-
sian Federation. The chicken sera were tested using ELISA
and HI assay. Serum samples of other species of domestic,
wild and synanthropic birds were tested using HI assay.

4,083 serum samples from young chickens under the
age of 100 days obtained from 24 Subjects of the Russian
Federation were tested. The minimum percentage of se-
ropositive young poultry from commercial and parent
stock was in the Urals Federal District, and the maximum
percentage was in the Far Eastern Federal District. On ave-
rage, in the Russian Federation, the immunity level for this
group was low and amounted to 60%. Such a low percen-
tage can be explained by the fact that the sera were collec-
ted from birds of various ages (1-100 days), and vaccina-
tion schemes used in poultry farms do not always provide
a sufficient level of antibodies by the time of sampling.

12,708 serum samples obtained from adult commer-
cial poultry in 44 Subjects of the Russian Federation were
tested. The maximum percentage of seropositive birds was
observed in the Urals Federal District (100%), and the mini-
mum —in the Far Eastern (85%) Federal District. Test results
for sera taken from adult commercial poultry in all Federal
Districts of the Russian Federation showed persistent and
intense immunity (on average 95%).

Tests were conducted for 6,403 serum samples ob-
tained from broiler chickens in 28 Subjects of the Russian
Federation. The minimum percentage of seropositive
broilers was observed in the Northwestern Federal District,
and the maximum - in the North Caucasian Federal Dis-
trict. On average, in the Russian Federation the immunity
level for this group was 44%. A low average percentage
of positive samples in broiler chicken can be explained by
the fact that farms used vaccination schemes that did not
allow development of sufficient post-vaccination antibody
levels by the time of blood sampling.

The test results are presented in Figure 1 and Table 1.

1,086 serum samples of turkeys, geese and ducks ob-
tained from industrial poultry farms of the Northwestern,
North Caucasian, Volga, Urals and Siberian Federal Districts
were tested (Fig. 2). The intensity of the immune response
exceeding 80% was observed in turkeys in three poultry
farms located in the Udmurtia Republic (100%), Oren-
burg (84%) and Tyumen (83%) Oblasts. The percentage of
seropositive birds from the Stavropol Krai, the Republic of
Mordovia, Leningrad, Samara and Omsk Oblasts was low
and ranged from 0 to 45%.

The low average percentages of seropositive birds
among geese (60%) and ducks (32%) can be explained
by the fact that not all poultry farms carry out vaccina-
tion against the ND virus (according to the accompanying
documentation).

In 2020, within monitoring studies to detect antibo-
dies to the ND virus, 5,658 samples of poultry sera were
received from backyards and small-scale farms: chickens,
geese, ducks, turkeys, quails and guinea fowl. Antibodies
to the ND virus were found only in the blood of chickens,
geese, quails and turkeys (Table 2).

In 2020, 26,357 samples of chicken sera delivered from
180 industrial poultry farms of the Russian Federation were
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m Number of positives ~ mTotal number of samples

Fig. 2. Detection of antibodies against NDV in turkey, goose and duck sera
submitted from industrial poultry farms

Table 2
Detection of antibodies to NDV in poultry sera submitted from backyards

and small-scale farms
Number of positives / total number of samples

Federal District

Central 191/560 0/10 - -
Northwestern 28/119 - - -
Southern 471/1,588 0/12 3/15 0/10
North Caucasian 674/959 - 50/50 -
Volga 104/203 6/45 12/25 1/5
Urals 24/140 0/39 - -
Siberian 82/336 3 13 -
Far Eastern 583/1,116 0/4 225/292 -
“—"no samples were submitted for testing.
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Fig. 3. Detection of antibodies to AlV in chicken sera submitted from
industrial poultry farms

examined for the presence of antibodies to the Al virus.
Four positive samples from Primorsky Krai were detected.
As the data in accompanying documents show, the anti-
bodies were induced afterimmunization with the vaccine
against Al subtype H9. No antibodies to avian influenza
virus were found in other samples (Fig. 3).
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Fig. 4. Detection of antibodies to H5 and H9 AlV in turkey, goose and duck
sera submitted from industrial poultry farms
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The FGBI“ARRIAH" received 1,528 serum samples from
ducks, geese and turkeys from the Northwestern, North
Caucasian, Volga, Urals and Siberian Federal Districts. All
samples were HI tested for the presence of antibodies to
the Al virus subtypes H5, H7 and H9. Antibodies to the Al
virus subtype H7 were not detected in all tested samples.
No antibodies to the Al virus subtypes H5 and H9 were
detected in the sera of turkeys and ducks.

Antibodies to the Al subtype H5 virus were found in the
sera of geese received from a poultry farm located in the
Kurgan Oblast. According to the data available in the ac-
companying documentation, the poultry were immunized

Table 4

Table 3
Detection of antibodies against H5 AIV in poultry sera submitted
from backyards and small-scale farms

Number of positives/total number of samples

Federal District

Central 0/2,334 -
Northwestern 0/119 -
Southern 53712122 3/20
North Caucasian 63/959 -
Volga 0/245 0/5
Urals 0/140 -
Siberian 0/336 -
Far Eastern 0/1,642 -

u_n

no sera were submitted for testing.

with a vaccine against Al subtype H5. Antibodies to the Al

virus of the H9 subtype were found in sera of geese deli-
vered from two poultry farms of the Kurgan Oblast and one

poultry farm in the Republic of Bashkortostan. Vaccination

against Al subtype H9 virus on these poultry farms was not

stated in the accompanying documentation (Fig. 4).

In 2020 8,704 bird serum samples from backyards and
small-scale farms were delivered for monitoring studies
to be tested for antibodies to the Al subtype H5 virus. The
sera were obtained from chickens, geese, ducks, turkeys,
quails and guinea fowls (Table 3). Antibodies to the AIV
were found only in chicken and quail sera. According to

Detection of antibodies against Al and ND viruses in sera of wild and synanthropic birds using HI test

Federal District

The number of positives/
Bird species total number of samples

synanthropic birds 0/10 0/20 0/20 0/20
Central
wild birds 0/25 0/25 0/25 0/25
wild ducks 5/120 5/120 0/120 0/120
crows 4/4 0/4 0/4 0/4
Northwestern seagulls 0/16 0/16 0/16 0/16
wild geese 0/4 0/4 0/4 0/4
pigeons 10/10 0/10 0/10 0/10
Volga pigeons 66/80 0/80 0/80 0/80
pigeons 35/85 0/85 0/85 0/85
de‘”“;)‘fe da"d wild 025 0/25 0/25 0/25
Siberian iras
mallard duck 0/3 0/3 0/3 0/3
wild ducks 0/5 0/5 0/5 0/5
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I - antibodies to the ND virus were detected
I - antibodies to the Al (H9) virus have been detected
I - antibodies to ND and Al (H5) viruses were detected
- subjects of the Russian Federation that provided samples for testing

Fig. 5. RF Subjects where antibodies against Al and ND viruses were detected
in non-vaccinated commercial, wild and synanthropic birds in 2020

the accompanying documentation, vaccination of chi-
ckens against the Al subtype H5 virus was carried out in the
Republic of Adygea, the Rostov Oblast and the Chechnya
Republic (immunity level in these Subjects of the Russian
Federation was 0; 74 and 15%, respectively). Vaccination
of quails was carried out only in the Astrakhan Oblast (the
percentage of seropositive sera was 30%). No antibodies
to the Al subtype H5 virus were detected in the sera from
unvaccinated birds.

Many species of wild and synanthropic birds are natural
reservoirs of Al and ND pathogens, therefore, monitoring
the epidemic situation among birds of this group helps to
predict and control the diseases.

In 2020 the FGBI”ARRIAH" received 397 serum samples
of wild and synanthropic birds from 9 Subjects of the Rus-
sian Federation to be tested for avian influenza. All sera
were tested for the presence of antibodies to the Al virus
subtypes H5, H7, H9. Based on test results antibodies to
the Al subtype H5 virus were detected in 5 wild ducks from
the Vologda Oblast. Antibodies to the AlV subtypes H7 and
H9 were not detected.

387 serum samples from wild and synanthropic birds
were tested for the presence of antibodies to the ND virus.
Antibodies to the ND virus were found in 111 sera from
pigeons delivered from the Murmansk Oblast, the Kras-
noyarsk Krai and the Republic of Mordovia. Antibodies to
the ND virus were also detected in sera from wild ducks
and crows from the Vologda Oblast (Table 4). The circula-
tion of the ND agent among synanthropic birds, that were,
for most part, sampled near poultry farms, indicates a high
risk of infection entry in flocks of farmed birds.

Figure 5 shows the location of the Subjects of the Rus-
sian Federation, where antibodies to Al and ND viruses
were detected in blood sera from unvaccinated commer-
cial, wild and synanthropic birds.

CONCLUSION

Based on monitoring results conducted in 2020, the
conclusion can be made on the circulation of avian in-
fluenza A/H5 and Newcastle disease viruses among wild
and synanthropic birds, as well as avian influenza A/H9
virus among domestic birds in the territory of the Russian

Federation. In the future, outbreaks of Newcastle disease
and highly pathogenic influenza may occur among birds
in the wild population, which also causes a high risk of
infection of the above diseases in poultry farms with a low
biocontainment safety. Therefore, it is very important to
conduct timely monitoring studies to detect the entry of
the pathogen and the spread of highly pathogenic influ-
enza and Newcastle disease in wild and synanthropic bird
populations, as well as to assess the level of post-vaccina-
tion antibodies among domestic birds in order to carry out
adequate anti-epidemic and preventive measures.
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SUMMARY

Classical swine fever (CSF) is a highly dangerous porcine disease. CSF outhreaks are annually notified in several countries. Despite the availability of specific pre-
vention tools, the disease spread risk still persists both at country level and at world level. Hence, the disease surveillance and eradication require highly sensitive
methods for early diagnosis of the infection and for tests for the virus circulation in the environment. Development of up-to-date diagnostic methods is based
on well-established virus cultivation system; therefore, CSF virus reproduction enhancement, tests of new cell lines without endogenous contamination for their
possible use are still of current importance. The said study was aimed at testing of primary and continuous cell cultures for their susceptibility to classical swine
fever virus (vaccine virus strains and some field virus isolates recovered in the Russian Federation) and detection of the virus reproduction dynamics with real-time
polymerase chain reaction with fluorescent hybridization probes used for detection. Virus replication intensity in primary and continuous cell cultures was also
analyzed. The CSF virus was found incapable of replicating in some cell cultures without its preliminary adaptation. Primary porcine and lamb testicle cell cultures
grown in minimal essential medium supplemented with 10% normal CSFV-negative porcine serum instead of fetal bovine serum were shown to be useful for the
virus accumulation, both for vaccine strains and field isolates. Cultivation parameters and optimal minimal essential medium composition contributing to the
4-10-fold increase in the virus accumulation both in primary and continuous cell cultures were determined.

Keywords: classical swine fever (CSF), CSF virus isolates, vaccine virus strains, cell cultures, real-time reverse transcription-polymerase chain reaction (RT-PCR)
with fluorescent hybridization probes used for detection, directimmunofluorescence test
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PE3IOME

Knaccuyeckas uyma cBUHeil OTHOCUTCA K 0€060 ONacHbIM 60NE3HAM 3TOTO BUA KUBOTHbIX, BCbILIKM KOTOPOI £KEroAH0 HOTUGULMPYIOT B pAde cTpaH. HecmoTps
Ha Hanuuue CPEACTB CreLuduueckoil NPodUAAKTUKM, ONACHOCTb PACTPOCTPaHeHNs 3a60eBaHIA B OTAENLHOI CTPaHE UM BO BCEM MIIE B LENIOM COXPAHAETCA 40
QX nop. B (A3 ¢ 5TM NPUMEHEHIE BbICOKOUYBCTBUTENbHBIX METOL0B PaHHet NarHOCTUKIA MHOEKLMM 1 OMpefieNieHine HanuymA LpKy AL BUPYCa B Npupoje
ABNAOTCA HEOOXOAVMbIMU NPY HAZ30PE 1 SPAMKALIN aHHO Gone3Hn. Pa3paboTka HOBEiLLMX METO/I0B AMArHOCTUKI ONMPAETCA Ha XOPOLLIO Pa3paboTaHHyio
QACTEMY KyNbTVIBUPOBAHIA BUPYCA, N03TOMY NOBbILLEHUE YPOBHS PENPOAYKLIN BUPYCA KNACCUYECKOI YyMbl CBIHEH, U3yyeHine BO3MOXKHOCTI UCTIOIb30BAHMA
HOBBIX, JIALLEHHbIX JHAOTEHHOI KOHTAMUHALIMM NMHUIA KNETOK A0 CUX 0P 0CTAETCA BeCbMa akTyasbHoi 3agaueit. [laHHas pabota nocBALEHa U3yUeHuio YyBCTBI-
TeJIbHOCTM NEPBUYHbIX 1 MIEPEBUBAEMbIX KYNIbTYP KNETOK K BUPYCY KNACCUECKOit YyMbl CBUHE! (BaKLMHHbIX LUTAMMOB 11 PAAiA NONEBbIX U30NATOB, BblAENEHHbIX Ha
TeppuTopuy Poccun) ¢ AeTeKwmeit AMHAMUKY €ro penpoayKLMM NI NOMOLL NOAMMEPA3HOI LieNHOI peakLim ¢ rOPUAN3ALMOHHO-GAYOPECLEHTHOI AeTeKLMell
B PEXVMe peanbHoro BpemeHit. Takie NPOBeeH aHaNu3 MHTEHCUBHOCTI PENPOJYKLMN BIUPYCa B MEPBUYHBIX 1 NEPEBUBAEMbIX KYNIbTYpax KIeToK, pi 3T0M
YCTAHOBMEHO, YTO BUPYC KNACCUYeCKOi YyMbl CBUHEN He 00/1a1aT COCOBHOCTbIO K Pa3MHOMXEHNI0 B HEKOTOPbIX U3 HIX 663 npeBapuTesbHoit agantaumm. No-
Ka3aHO, 4TO ANA HAKOMIIEHNA BIUPYCA KaK MONEBbIX M30ATOB, TaK 1 BAKUMHHbIX WTAMMOB LieNIec006pasHo NPUMEHATD NMEPBUYHbIE KYNLTYPbI KNETOK TECTUKYN
CBUHBY 1 TECTUKYN ATHAT NpU J06ABIEHUM B IUTaTeNbHYI0 cpeay 10%-ii HOpManbHOI CepOHEraTUBHON K BIPYCY KNIACCYECKOi YyMbl CBUHEI! CbIBOPOTKY CBUHBY,
a He GeTanbHoii Gblubelt cbIBOPOTK. OnpeseneHbl napameTpbl KyNbTUBIPOBAHIA U OMTUMAbHbI COCTAB NOAAEPKUBAIOLLWX NATATENbHbIX CPEA, UCMONb30BaHME
KOTOPbIX CMOCOBCTBYET yBENMUEHIIO HaKONNEHNA BUpYca B 4—10 pa3 Kak B NepBUYHBIX, TaK U B IEPEBUBAEMBbIX KY/IbTypaX KNETOK.

KnioueBbie cnoBa: Knaccuueckas yma CBUHE, U30MATbI BIIPYCa KNACCYECKOI UyMbl CBUHEN, BAKLMHHDIE LUTAMMDbl, KyNIbTYpbl KNETOK, 06PaTHO-TpaHCKpHTas-
Has nonMMepa3Has LienHas peakLina ¢ rnopUAM3aLNoHHO-GNYOPECLIEHTHOI AETEKLVell B peXUME PEaibHOr0 BpeMeHH, peakLyua npamoii IMMyHodyopecLeHLun

BnaropapHocTi: ABTOpbI BbIpaxaloT ry6oKylo 6narofapHoCTb COTPYAHUKAM CeKTOpa KynbTyp KNeTok otaena uHHogaumit OTBY «BHUU3X»: Begywemy Ha-
yuHomy cotpyaHmky E. I. Ky3newoBoii, Begywiemy texHonory E. A. ToodumoBoii v Beywiemy BetepuHapHomy Bpauy H. A. KonuaHoBy. iccneoBaHue BbinonHeHo
33 CYeT CPefCTB GefepanbHoro blofeTa B pamkax NpoBeeHma HayuHo-NCCefoBaTeNbCKIX paboT no Teme «BetepuHapHoe bnaronoyumer.
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INTRODUCTION

Classical swine fever (CSF) is a highly contagious infec-
tious disease characterized by fever, blood-vascular sys-
tem, respiratory and gastrointestinal tract disorders, high
morbidity and lethality in domestic pigs and wild boars [1].

According to the World Organization for Animal
Health (OIE) data for 2021, only 38 countries located in
different continents are CSF free, there are CSF free zones
in three countries. CSF situation in Asian and South Ame-
rican countries are complicated.

In the disease-affected countries, CSF causes signi-
ficant economic losses in pig industry due to decreased
animal performance or animal deaths as well as manda-
tory stamping out carried out for the disease outbreak
eradication. Successful pig industry development requires
permanent improvement of the available diagnostic test
methods, scientifically justified approaches to this highly
dangerous disease control and prevention [2-3].

Modern diagnostic methods are essential tools for the
agent detection and study of the infectious process prog-
ression features in the infected territory. Based on the
analysis of currently used methods, they can be classified
by either detection target (detection of virus, antigens, an-
tibodies and genome analysis) or test purpose (detection,
identification, monitoring, retrospective diagnosis, etc.) [3].

The following main methods are used for CSF virus and
CSFV antigen detection: virus isolation in cell cultures fol-
lowed by detection with direct immunofluorescence
test (DIFT), immunohistochemistry (IHC), polymerase
chain reaction (PCR) and, of course, bioassay in susceptible
animals. Indirect immunofluorescence test (IIFT) is used
for retrospective diagnosis and enzyme-linked immuno-
sorbent assay (ELISA) is used for virus-specific antibodies
detection [4-5].

In case of CSF suspicion, the disease is finally diag-
nosed with laboratory tests demonstrating presence of
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the agent/genome or specific antibodies when the ani-
mals were not vaccinated against CSF [6].

Generally, two or three serial passages in various prima-
ry or continuous CSF-susceptible cell cultures are required
to increase the pathogen amount in order to overcome
sensitivity limit of the diagnostic method used for testing
of the sample for the virus [7].

Since the CSF virus has no destructive effect on cells, an
additional detection method is used for rapid detection
of CSF reproduction in the culture, for example, such as
real-time reverse transcription polymerase chain reaction
(rtRT-PCR) [8].

Bioassay in susceptible animals is often used for CSF
virus isolate diagnosis and tests of CSFV isolates for their
biological properties at research laboratories [9].

Virus isolation by inoculation of the potentially virus-
containing material in susceptible cell culture is generally
used for tests for viable virus. As CSF virus is capable of rep-
licating in continuous porcine kidney cell culture (PK-15),
swine peripheral blood leukocyte (PBLs) culture, porcine
splenocyte (PS) culture, porcine bone marrow (PBM) cell
culture, the CSF virus isolation is carried in one of the said
cultures [10].

Since CSF virus does not induce any apparent cytopa-
thic effect (CPE) during its reproduction in different cell
lines, additional method is required for detection of the vi-
rus reproduction, for example, directimmunofluorescence
test (DIFT) or RT-PCR.

Cell cultures are also used for CSF virus accumulation
for diagnostic purposes (for antigen scaling-up and analy-
sis of the genome structure, etc.). However, there are some
disadvantages when CSF virus is scaled up in primary cell
cultures: tissue cell culture preparation is laborious, cell
source for the culture preparation is not standardized
that hampers reproducibility of individual experiment
results, etc.

New effective CSF virus cultivation systems are selec-
ted for standardization of diagnostic, virological and mole-
cular-biological tests that allow stable virus antigen and
genome accumulation up to the large amounts [11-12].

Owing to live attenuated vaccine development and im-
proved methods for CSF virus cultivation in different cell
lines, CSF virus can be successfully accumulated in vitro
in continuous porcine kidney cell line (IBRS), lamb tes-
ticle (LT) cell line, porcine kidney (PK) cell line, etc. [13-14].

Nevertheless, high-quality reproduction system deve-
lopment requires solving of the problems associated with
the primary cell cultures used for virus-containing material
scaling up for research purposes, or CSFV adaption to re-
production in continuous cell lines [11].

Use of the CSF virus preliminary adapted to growth in
continuous cell culture lines could be helpful for partial
overcoming of the said challenges and significantly simp-
lifies cultivation process and standardizes the results of
many diagnostic and experimental studies, but the num-
ber of adapted virus strains is limited [13, 15].

New CSF virus isolates are analyzed for their repro-
duction levels by cultivation in cell cultures that allows
their biological properties to be determined and the
virus-containing material to be accumulated for the vi-
rus genome extraction widely used for the determination
of the agent relationship and possible disease spread
routes [16].

The study was aimed at selection of the virus strains
having high replication rates in vitro and testing of CSF
virus strains for their reproduction properties in different
cell cultures.

MATERIALS AND METHODS

The following CSF virus strains were used:
- “Sinlak” vaccine strain prepared from lapinized

“K” strain through intermittent passages in PK-13, A,C, cell

cultures and adult rabbits (the strain was provided by the
Laboratory for Porcine and Horned Livestock Diseases of
the FGBI“ARRIAH");

—“CSF Amur 19-10/WB-12555" strain isolated from wild
boar in the Amur Oblast in 2019;

- reference “Shi-Mynn” strain at 48" passage in pigs.

The following cell cultures obtained from the Cell Cul-
ture Unit of the FGBI “ARRIAH” Innovation Department
were used for tests of different cell cultures for their sus-
ceptibility to CSF virus: primary cell cultures (PK - porcine
kidney, PT - porcine testicle, LT - lamb testicle cell cultures)
and continuous cell cultures (PEK - porcine embryo kidney,
PSGK - Siberian ibex kidney, SSs - porcine spleen (a sub-
culture, underwent more than 70 passages), IBRS - porcine
kidney cell cultures).

The following medium was used as a minimal essen-
tial medium (MEM) for CSF virus cultivation in different
cell cultures: Eagle-MEM prepared according to the
FGBI “ARRIAH" procedure, supplemented with 10% fetal
bovine serum and containing 50 pg/cm? of gentamycin,
2.5 mg/1,000 cm?® of amphotericin B and 0.3 mg/cm? of
glutamine.

Confluent and subconfluent cell monolayers were in-
fected with CSF virus at multiplicity of infection of at least
0.1-1.0 CCID, /cell.

The cell cultures were infected as follows:

1. Infection without adsorption - the virus was ino-
culated in culture flasks containing completely formed
monolayer of 2-3-day-grown primary and continuous
cell cultures.

2. Infection without adsorption - the cell culture was
inoculated with the virus and left at 37 °C for 60 minutes,
then, a required amount of the minimal essential medi-
um was added to the culture flask. The flask with unin-
fected cell culture where the minimal essential medium
was changed only served as control. The cell culture was
daily observed for changes and detachment of the cells
from the flask walls under CKX41 PhP FL US50 inverted
laboratory microscope with binocular tube (Olympus,
Japan).

3. Infection with minimal essential medium changing -
Eagle-MEM supplemented with 10% normal porcine se-
rum (freshly prepared and frozen serum was used for com-
parative testing) was used as a minimal essential medium.
The medium was changed before cell culture infection by
adding of 10 mL of Eagle-MEM containing 10% normal
porcine serum.

The cell culture-containing plastic flasks with 25 cm?
growth surface (T25) were incubated in thermostat or
in CO, incubator at (37 + 2) °C for 72-96 hours. Then, the
following samples were taken from the culture flasks for
testing with rtRT-PCR:

- from culture medium, at least 100 pL;
- from cell suspension, at least 100 L.
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Table 1
Results of rtRT-PCR tests of culture fluid and cell suspension samples collected
on day 3-4 of CSF virus cultivation in primary and continuous cell cultures (n = 3)

Average (t*
CSF virus strain Cell culture
for cell culture for cell suspension
PK 16.4 18.27
PSGK 18.25 20.01
“CSF Amur 19-10/WB-12555"
PEK 19.66 21.48
SSs 15.52 17.02
PK 17.83 19.11
PSGK 17.63 19.64
“Shi-Mynn”
PEK 17.94 19.86
SSs 15.85 17.19

* Average Ct value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

— negative result — Ct value is absent.

Table 2

Results of rtRT-PCR tests of culture fluid samples collected during CSF virus cultiva-
tion in primary and continuous cell cultures when the cell monolayer was infected
with or without adsorption (n = 3)

CSF virus strain Cell culture | 10 ylation without | inoculation with
adsorption adsorption
SSs 16.27 20.91
PK 16.22 16.26
“CSF Amur 19-10/WB-12555"
PEK 13.76 17.74
PSGK 15.18 15.50
SSs 10.78 10.82
PK 12.97 14.37
“Shi-Mynn”
PEK 16.03 16.51
PSGK 12.14 1217

* Average Ct value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

- negative result — Ct value is absent.

The subsequent passaging was carried out by direct
transfer of the virus-containing suspension to fresh cell
culture or after thrice freezing-thawing of the culture fluid
of the previous passage.

In case of absence of apparent CSFV-induced cytopa-
thic effect the samples were tested for the virus and virus
antigen with direct immunofluorescence test in accor-
dance with the “Methodical Guidelines for classical swine
fever virus isolation in different cell cultures followed by

the virus identification with immunofluorescence test”[17],
or for the virus RNA with rtRT-PCR in accordance with“Me-
thodical Guidelines for classical swine fever virus isolation
in primary cell cultures (PS, PBM, PK, PT, LT) followed by
the virus identification with real-time polymerase chain
reaction including detection using fluorescent hybridiza-
tion probes”[18].

RESULTS AND DISCUSSION

Comparative analysis of virulent “CSF Amur 19-10/
WB-12555" strain and reference “Shi-Mynn” strain as well
as vaccine “Sinlak” strain accumulation levels was carried
out for determination of CSF virus replication peculiarities
in primary and continuous cell cultures.

The replication rate was estimated based on the time of
maximum virus release in the minimal essential medium.
For this purpose, culture fluid and cell monolayer sam-
ples collected on day 3-4 of cultivation were tested with
rtRT-PCR (according to the test-kit manufacturer’s instruc-
tion) providing that the highest cycle threshold (Ct) values
correlated to the minimum CSF virus accumulation [19].

The test results given in Table 1 show that more than
90% of the virus-containing material were found in the
culture fluid rather than in the cells on day 3-4 of the
CSF virus cultivation. Maximum virus accumulation with
the virus release in the minimal essential medium was ob-
served in PKand SSs cell cultures.

At the next stage, two methods for cell infection: virus
inoculation directly to the minimal essential medium and
virus inoculation with adsorption on the cell monolayer
for one hour were analyzed for their effectiveness. Accu-
mulation levels were assessed with rtRT-PCR based on Ct
values as in previous tests.

Based on the data given in Table 2 there were no sig-
nificant differences in the virus accumulation in the cell
culture when the virus-containing material was inoculated
with adsorption on monolayer and directly to the minimal
essential medium. The only one significant difference was
observed for“CSF Amur 19-10/WB-12555" strain during its
replication in SSs cell culture when Ct value was 20.91 in
the cells infected with adsorption and 16.27 in the cells
infected without adsorption.

Thus, analysis of the results of cultivation in four diffe-
rent cultures showed that effectiveness of the cell culture
infection by CSF virus inoculated with adsorption on the
cell monolayer was higher by 8.8% as compared to the
infection by CSF virus inoculated directly to the minimal
essential medium.

Ten percent inactivated normal porcine serum was ad-
ded to the minimal essential medium to enhance the cell
culture regenerative capacity and to increase the number
of the cells attached to the culture flask walls. CSFV “Sinlak”
vaccine strain was additionally used for comparative tests
of the virulent CSFV strains.

Before the experiment and data analysis, “Sinlak” vac-
cine strain of CSF virus was subjected to three serial pas-
sages in primary PT and LT cell cultures to achieve desired
Ct values (10-12) when it was tested with rtRT-PCR. Then,
the virus was accumulated in the minimal essential medi-
um supplemented with 10% inactivated normal porcine
serum and parallelly in minimal essential medium sup-
plemented with 10% fetal bovine serum for comparative
analysis.
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Analysis of the data given in Table 3 shows that CSF vi-
rus replication rate was the highest when the nutrient me-
dium was changed and supplemented with 10% normal
porcine serum. Significant decrease in Ct values indicative
of increase in the virus titres was observed under the said
conditions both for virulent and vaccine CSF virus strains.

Ct values detected with rtRT-PCR were found to be the
lowest in primary PT and LT cell cultures (for the vaccine
strain), that correlated with the higher virus accumulation
in the said cell cultures. The said correlation was observed
for both vaccine and virulent virus strains. Analysis of Ct
values for the samples taken from PK and IBRS cell cultures
allows us to conclude that these cultures are ineffective
for the virus accumulation, therefore, CSF virus requires
preliminary adaptation to these cell cultures.

Thus, PT cell culture was found to be 58% more effec-
tive for CSF virus accumulation (virulent strains and vac-
cine strain) as compared to LT, PK and IBRS cell cultures.

In subsequent experiments, the effectiveness of the
freshly prepared and frozen normal pig sera use in the
minimal essential medium changed during the cultivation
was compared.

Test results showed that the highest Ct values were de-
tected with rtRT-PCR when the frozen porcine serum was
used. However, it cannot be excluded that freshly prepared
porcine serum used in this experiment could contain
alarge number of anti-CSFV antibodies and, consequently,
reduced the virus replication rate. Hence, porcine serum
should be tested for anti-CSFV antibodies with ELISA prior
to its adding to the minimal essential medium.

According to the results of the set of experiments, it
was found that the CSF virus demonstrated the best re-
productive properties in the primary PT cell culture, the
average cycle threshold (Ct) value was 12.89 when the said
cell culture was used.

CONCLUSION

Since diagnosticum development requires accumula-
tion of CSFV antigen and genome in large amounts, the
main goal of the study was to achieve high CSF virus re-
production in cell culture. Maximum CSFV accumulation
with the virus release in the minimal essential medium
was registered on day 3-4 of cultivation. The virus ino-
culation of the cell culture with adsorption was found to
be ineffective. It is reasonable to add 10% porcine CSFV
antibody-negative sera instead of fetal bovine serum.

Based on the tests of vaccine and virulent CSFV strains
for their reproductive properties in primary and conti-
nuous cell cultures, the following strains are selected for
further development of diagnostica: the “Sinlak” vaccine
strain that demonstrated effective accumulation in PT and
LT cell cultures when the minimal essential medium was
supplemented with 10% normal porcine serum and viru-
lent “CSF Amur 19-10/WB-12555" strain originating from
the isolate recovered from a wild boar in the Amur Oblast
of the Russian Federation in 2019 that better accumulated
in PT cell cultures.

Genetic analysis of these CSF virus variants is required for
determination of unique genetic markers allowing differen-
tiation between CSFV strains and isolates for further tests
of the selected strains for their use for diagnostic purposes.

In the above context, it should be noted that the deve-
lopment of DIVA strategy as an improved tool that can be

Table 3

Results of rtRT-PCR tests of culture fluid samples collected during CSF virus cultivation
in primary and continuous cell cultures with or without changing of minimal essential
medium supplemented with 10% normal porcine serum (n = 3)

Average Ct*
CSF virus strain Cell culture it MEM cha
changing
PT 9.41 8.22
“Sinlak” T 1218 14.29
PK 23.84 21.93
PT 11.09 10.69
“CSF Amur 19-10/WB-12555" PK 14.98 14.52
IBRS 16.56 16.10
PT 8.08 7.7
“Shi-Mynn” PK 1237 nn
IBRS 13.83 13.74

* Average (t value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

— negative result — Ct value is absent.

Table 4

Results of rtRT-PCR tests of culture fluid samples collected during CSF virus cultivation
in primary porcine testicle and lamb testicle cell cultures in the minimal essential
medium supplemented with freshly prepared or frozen 10% porcine serum (n = 3)

CSF virus strain Cell culture when freshly when frozen
prepared porcine porcine serum
serum was added was added

) 17.57 13.26
“Sinlak”
PT 16.48 11.16
“CSF Amur 19-10/WB-12555" PT 15.63 1471
“Shi-Mynn” PT 15.09 12.08

* Average Ct value for 3 tested samples.

Real-time RT-PCR results interpreted in accordance with the rtRT-PCR kit manufacturer are as follows:
— positive result — Ct value is not higher than 33.0;

—inconclusive result — Ct value is higher than 33.0;

— negative result — Ct value is absent.

successfully used in CSF-enzootic countries for CSFV circu-
lation monitoring as well as in CSF-affected countries for
minimization of the virus spread and economic losses in
case of the disease outbreak is critical for CSF eradication
and spread control.
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Kon6bun Mean CepreeBmd, acnupaHT, Begywmin 6Guonor
pedepeHTHOW nabopaTopunt No adpuKaHCKON Yyme CBUHEN
OIBY «BHU3X», . Bnagumup, Poccus.

Wronkux Anekceli CepreeBmny, KaHanAAT BETEPUHAPHbBIX HayK,
3aBepyoWwuii pepepeHTHON NabopaTopuen No apprikaHCKom
yyme cBuHein OrbY «BHUN3XK», r. Bnagnmup, Poccus.

FaBpunosa Bepa JIbBoBHa, KaHAWAAT OMONOIMYECKNX Hayk,
Hay4HbI COTPYAHVIK pedepeHTHO nabopaTtopn No adppriKaHCKo
yyme cBuHeln OrBY «BHUN3X», r. Bnagumup, Poccusa.

MysaHkoBa Onbra CepreeBHa, KaHAUAAT BETEPUHAPHDBIX HaYK,
CTapLUIMI Hay4HbIVi COTPYOHUK pedepeHTHOI nabopatopum no
adpuikaHcko yyme cBuHein OrbY «<BHU3X», r. Bnagumnp, Poccusa.

ApoHosa EneHa BnagumunpoBHa, KaHanAaT bruonornyeckmx
HayK, CTapLUWIA HayYHbIi COTPYAHVK pedepeHTHO nabopaTopum
no appukaHckon uyme cauHeinnt OrbyY «BHUN3XK», r. Bnagnmup,
Poccua.

EncykoBa AnekcaHppa AHppeeBHa, KaHAMAAT OMONOrMYeckux
HayK, HayuHblli COTPYAHUK pedepeHTHON nabopatopuu no
adpukarckoi uyme carHern OIBY «BHUN3XK», r. Bnagumup, Poccus.
Bnacoea Hatanba HukndopoBHa, AOKTOP 6V10N0OrMYecKmx Hayk,

rMaBHbIN Hay4HbIA COTPYAHMK pedepeHTHON nabopaTtopum no
adpukarckoi uyme carHern OTBY «<BHUN3XK», r. Bnagnmup, Poccus.
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SUMMARY

The growth properties of the nutrient medium for the cultivation of pathogenic mycoplasmas depend on the type of blood serum it is supplemented with. Compar-
ative tests of two cell-free nutrient media supplemented with bovine and porcine blood sera for the cultivation of strains “S6” Mycoplasma gallisepticum and “WVU
1853" Mycoplasma synoviae were performed. Growth properties of the tested nutrient media were assessed by determining the activity of the resulting biomass in
the hemagglutination and agglutination assays, as well as by determining the concentration of viable cells after the 9™ passage. It has been shown that a cell-free
nutrient medium supplemented with the porcine blood serum is optimal for the cultivation of pathogenic mycoplasma species causing infectious diseases in birds.
The hemagglutinating activity of the Mycoplasma gallisepticum culture reached 5 HAU log, after 72 hours of cultivation, the agglutinating activity of Mycoplasma
synoviae reached 5 AU log, during the 88-hour incubation period, the concentration of viable cells of both strains was 10° CFU/cm?®. The low growth properties
of the medium prepared with the addition of bovine blood serum are most likely associated with its biochemical composition, which contains 5-20 times more
provitamin A than the porcine blood serum, and high density lipoprotein cholesterol. On the contrary, in the porcine blood serum, most of the lipoproteins have a
low density, containing a large amount of fatty acids and cholesterol, which are the main structural elements of mycoplasma cells. The obtained test results are of
practical value and can be used in the technology of cultivation of pathogenic species of avian mycoplasmas in the production of diagnostic and preventive tools.
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PE3IOME

PoctoBble (BOICTBa NUTaTeNbHbIX CPef ANA KYNbTUBUPOBAHMA NaTOreHHbIX MUKOMNA3M 3aBUCAT OT BIAA CbIBOPOTKI KPOBI B iX cocTae. [IpoBefeHbl cpas-
HUTeNbHble UCMbITaHNA ABYX OeCKNETOUHBIX NUTaTeNbHbIX CPef ¢ l06aBNeHNeM CbIBOPOTOK KPOBU CBUHEIA 1 KPYMHOTO POraToro ckoTa AnA KynbTUBUPOBaHMA
wrammos «S6» Mycoplasma gallisepticum v «WVU 1853» Mycoplasma synoviae. 3yueHue pocToBbIX CBOICTB UCMIbITYeMbIX NUTATENbHbIX CPezl MPOBOANNM NyTeM
onpefieneHa aKTUBHOCTI NOAYYEeHHOI 6roMacchl B peakLi reMarrnioTUHALMN 1 PeaKkLy arrNoTUHALMM, @ TaKKe OLIeHKI KOHLIEHTPaLIMM XU3HeCnocobHbIX
KNeToK nocse 9-ro naccaxa kynbTusupoBaua. Mlokasawo, uto beckneTouHas nuTaTenbHas Cpefa ¢ CbIBOPOTKOI KPOBY (BUHEI ABNAETCA ONTUMANbHOI AN
KyNbTVBIPOBaHWA NaTOTeHHbIX BYZ0B MUKOMNA3M, Bbi3bIBAIOLLMX UHeEKLMOHHbIe 3aboneBaHya Y nTuL. [emMarrnioTMHNPYIOLLAA aKTUBHOCTb KynbTypbl Myco-
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INTRODUCTION

Mycoplasmas are bacteria, the key difference of which
from other representatives of prokaryotes is the absence
of a cell wall, which explains their resistance to a number of
antibacterial drugs. The variety of forms of these microor-
ganisms includes spherical, disk-shaped, rod-shaped and
filamentous structures, varying in size from 0.1 to 1.5 mi-
crons. Another feature of mycoplasmas is that during
growth on nutrient media and cell division, their size is less
than the theoretical limit of self-reproduction. Mycoplas-
mas reproduce by budding, binary fission, fragmentation,
divide by cells of unequal size, as a result of which one
of the newly formed cells may not be viable. Many myco-
plasma species are difficult-to-cultivate microorganisms
and are poorly adapted to nutrient media, which creates
certain difficulties in the technology for the production of
diagnostic systems and vaccine preparations [1, 2].

In the process of growth, they need amino acids (argi-
nine, isoleucine, methionine, phenylalanine, asparagine).
A need for bile salts and fatty acids has been noted. One
of the media that can ensure the growth of many types
of mollicutes is modified Frey’s medium, which includes
PPLO-broth, dextrose, pig blood serum, B-nicotinamide
adenine dinucleotide and L-cysteine hydrochloride. This
medium is a source of amino acids, carbohydrates, and
various vitamins necessary for the growth of mycoplas-
mas [2, 3]. The blood serum for the nutrient medium is
obtained mainly from pigs or horses, since the blood
serum of other animals can not only slow down growth,

but rather completely inhibit it. Blood serum, as a growth
stimulator of mycoplasmas, is an important component
of the medium, without which cultivation on cell-free nut-
rient media becomes impossible.

The study of the possibility of using blood sera from
different animal species as part of nutrient media for my-
coplasmas can be a positive experience in the issue of their
laboratory or industrial cultivation.

When it comes to oxygen requirements, mycoplasmas
belong either to strict aerobes or to obligate anaerobes.
Their growth lasts from 3 to 7 days at first inoculations,
then in the process of reinoculation they can grow sig-
nificantly faster.

The cultivation of these microorganisms is an important
link in the creation of diagnostic tools, specific prophylaxis,
which is an alternative to antibiotic therapy in the eradi-
cation of infections of mycoplasma etiology on industrial
poultry farms [4].

The problem of mycoplasmoses arose as a result of
the introduction of intensive poultry rearing methods
at establishments, which in turn led to their wide spread
among poultry [5, 6]. Infections such as respiratory myco-
plasmosis and infectious synovitis affect chickens, turkeys,
pigeons, quails and partridges. Clinical manifestations of
respiratory mycoplasmosis (causative agent - Mycoplasma
gallisepticum) are respiratory system disorders (rhinitis, lar-
yngitis, aerosacculitis, pneumonia), conjunctivitis, sinusitis,
bursitis, anemia, tendovaginitis are distinguished among
systemic disorders [7-9].
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The economic damage caused by these diseases
consists of a decrease in the laying productivity of poul-
try, slow growth, and a decrease in the egg hatchability.
Moreover, an infection caused by Mycoplasma synoviae is
characterized by a decrease in the quality of the eggshell -
a manifestation of the vitreous apex syndrome [10]. The
immunosuppressive properties of mycoplasmas make
ineffective measures for the specific prevention of other
economically significant diseases, preventing the deve-
lopment of an immune response during live vaccine ad-
ministration [11-13].

The study of the influence of essential components in
the medium affecting mycoplasma growth, in this case
in the bovine blood serum, is a serious challenge in my-
coplasmology when creating means for diagnosing and
preventing the infections in question.

MATERIALS AND METHODS

The “WVU 1853" Mycoplasma synoviae and “S6” Myco-
plasma gallisepticum strains from the FGBI “VGNKI” (Mos-
cow) were used in the study.

Mycoplasma gallisepticum and Mycoplasma synoviae
were cultivated on a liquid and dense modified Frey’s nut-
rient medium, which included distilled water, a medium
for the cultivation of pleuropneumonia-like organisms
(PPLO broth base), yeast extract, glucose, thallium acetate,
and bovine as well as porcine blood serum [14]. Previous
studies have shown that a 12% concentration of porcine
blood serum in the medium ensures optimal growth of
Mycoplasma gallisepticum and Mycoplasma synoviae, so
the concentration of this component was not changed
during the experiment. When growing Mycoplasma syno-
viae, B-nicotinamide adenine dinucleotide (1% solution)
and L-cysteine hydrochloride (1% solution) were also ad-
ded to the nutrient medium as a V-growth factor. Phenol
red served as an indicator of biomass growth control. Since
mycoplasmas are sensitive to the acidity of the medium,
the acid-base balance during the preparation of the me-
dium was adjusted to pH 7.8-8.0.To prevent the growth of
foreign microorganisms, antibiotics (benzylpenicillin sodi-
um salt) and thallium acetate (10% solution) were added
to the medium [15].

The cultivation of mycoplasmas was carried out in
a thermostat at a temperature of (37.5 + 0.5) °C. The cul-

Table 1

tivation time depends on the type of mycoplasma. Thus,
the optimal duration of Mycoplasma gallisepticum cultiva-
tion ranged from 48 to 96 hours, and Mycoplasma synovi-
ae - from 3 to 7 days. The growth of biomass was moni-
tored by the change in the color of the indicator and the
transparency of the nutrient medium. During growth, the
medium changed color from red-brown to yellow-brown
and became slightly cloudy or opalescent. The growth of
Mycoplasma synoviae was accompanied by the formation
of an oil film on the surface of the medium.

The concentration of living cells of mycoplasmas was
determined by titration on dense nutrient media in Petri
dishes. For this, 10-fold dilutions were prepared for the cul-
ture of Mycoplasma gallisepticum and 5-fold dilutions for
the culture of Mycoplasma synoviae, which were incubated
for 5 days at a temperature of (37.5 + 0.5) °C. Then the
dishes were examined under a Micros MC 50 X microscope
(Austria) at 200x magnification to detect characteristic co-
lonies that looked like “fried eggs”. The arithmetic mean
of the colonies in several non-overlapping fields of view
corresponds to the number of colony-forming units (CFU).

The calculation of CFU in the field of view of the micro-
scope was carried out according to the formula:

T=Nx10¢xK/V,

where T-CFU titrein 1 cm?;

N - arithmetic mean number of colonies in one
field of view of the microscope;

d - culture dilution rate;

K - a coefficient equal to the ratio of the dish area
to the area of the field of view of the microscope (the area
of the field of view of the microscope was determined
using a measuring glass);

V - volume of culture biomass added.

When evaluating the growth properties of a cell-free
nutrient medium, attention was also paid to the determi-
nation of the hemagglutinating activity of Mycoplasma
gallisepticum and the agglutinating activity of Mycoplas-
ma synoviae in the hemagglutination and agglutination
reactions, respectively to solid nutrient medium [16, 17].

RESULTS AND DISCUSSION

The main criterion in the selection of blood serum for
the preparation of a nutrient medium is to obtain the

Growth properties of the cell-free nutrient medium supplemented with the bovine blood serum for Mycoplasma gallisepticum cultivation

Biomass growth

Biomass growth

Cell-free nutrient (attle blood serum LIRS GO rate (h), rate (h), G agtlwty at T AR
. rate (h), passage 9 in HA test at passage 9
medium samples contents (%) passage 1-3 after passage 1-3 after 3
passage 1-3 : : (HAU log.) (CFU/em?)
cloning recloning 2
1 12 118-120 115-120 94-96 2.0 10%
2 15 118-120 115-120 94-96 2.5 10°
3 20 117-120 114-120 92-94 30 10°
4 25 115-120 112-120 90-94 30 10°
Control
(cel-free nutrient n 72-78 68-72 68-72 50 10°
medium with pig
serum)
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maximum amount of biomass of cultivated cultures with
the highest possible hemagglutinating (for Mycoplasma
gallisepticum) and agglutinating (for Mycoplasma syno-
viae) activity.

During the experiment, 9 passages and 2 cloning pro-
cedures of both cultures were carried out at the 3 and
6" passages. The cultures after the last passage were exa-
mined in hemagglutination and agglutination reactions to
establish activity and growth properties after adaptation
to a nutrient medium; at the same time passages in the
control cell-free nutrient medium were performed (with
porcine blood serum) to compare the results.

The criterion for selecting the type of blood serum for
the preparation of the nutrient medium was based on
the calculation of CFU for Mycoplasma gallisepticum and
Mycoplasma synoviae under microscope on solid nutrient
medium. The results of the experiment are presented in
Table 1 and 2.

It was established that the cell-free nutrient medium
supplemented with the bovine blood serum at a concen-
tration of 12 to 25% ensured the growth and accumulation
of Mycoplasma gallisepticum over 3 passages in the range
from 115 to 120 hours. At the same time, the concentration
of bovine blood serum in the medium did not significant-
ly affect its growth properties. When using porcine blood
serum at a concentration of 12% in the cell-free nutrient
medium the cultivation time was reduced by 40-45 hours
already at passage 1, which is an important factor in the
technology for the production of diagnostics and preven-
tion of infectious diseases of birds of mycoplasmal etiology.

To obtain an axenic culture of the microorganism at
passage 3, cloning was performed on Frey’s dense nutrient
medium with thallium acetate. The use of the Mycoplasma
gallisepticum clone enhances the adaptation of the micro-

organism to such new conditions as changing the com-
position of the culture medium, which in turn reduces the
cultivation time and increases the concentration of myco-
plasma cells in the biomass volume. Thus, after repeated
cloning at the passage 3, the growth time significantly
decreased from 120 to 96 hours.

When evaluating the hemagglutinating properties of
Mpycoplasma gallisepticum culture in HA test, it was found
that after the 9" passage, the activity of the culture grown
on the medium supplemented with bovine blood serum
ranged from 2.0 to 3.0 log,, which is a relatively low indica-
tor compared to the growth of the culture on the control
medium with the porcine blood serum, where the HAU
was 5.0 log,,.

The calculation of living cells in T cm?® of the nutri-
ent medium showed that their lowest concentration
(10%> CFU/cm3) was observed when using a medium con-
taining 12% of bovine blood serum, while when using por-
cine blood serum (12%), the concentration of mycoplasma
cells was the highest and amounted to 10° CFU/cm3. An
increase in the concentration of cattle blood serum in
the medium from 15 to 25% had a positive effect on its
growth properties, while the CFU titer was in the range of
10°-10° per 1 cm?. However, the quality of the resulting an-
tigen is determined not only by the concentration of cells
in the volume of the medium, but by a set of indicators,
including growth time, hemagglutinating and agglutina-
ting activity, CFU. Thus, the porcine blood serum in Frey’s
nutrient medium ensures the maximum accumulation of
the Mycoplasma gallisepticum culture with a minimum
cultivation time.

Figure 1 shows micrographs of Mycoplasma gallisepti-
cum colonies grown on a nutrient medium with bovine
blood serum. The colonies of the pathogen in the field

Fig. 1. Mycoplasma gallisepticum colonies, grown on the cell-free nutrient medium supplemented

with the bovine blood serum (magnification 200x)

Fig. 2. Mycoplasma gallisepticum colonies, grown on the cell-free nutrient medium supplemented

with the porcine blood serum (magnification 200x)
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Growth properties of the cell-free nutrient medium supplemented with the bovine blood serum for Mycoplasma synoviae cultivation

Cell-free nutrient

Biomass growth

Cattle blood serum Biomass growth rate (h),

Biomass growth rate (h),

Culture activity at pas- Growth properties

medium samples contents (%) paizeggh%; 3 passacgke)r]i;; after pass?egjgn—iggafter sag&ihnll(;lé\z)t et at passage 9 (CFU/cm’)
140-144 115-120
2 15 140-144 115-120 94-96 2.5 10°
3 20 138-140 114-120 92-94 3.0 10
4 25 138-140 112-120 90-94 3.0 10t
Control
(cell-free nutrient 1 78-96 78-88 78-88 50 10°
medium with pig
serum)
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of view of the microscope are unevenly distributed, their
morphology is polymorphic, there are oval, pear-shaped,
poorly formed colonies of different sizes, the center is not
pronounced or occupies most of the colony.

Figure 2 shows colonies of Mycoplasma gallisepticum
grown on a nutrient medium supplemented with the
porcine blood serum. Despite the colonies varying in size,
round shapes with smooth edges and a distinctly formed
and denser optical center predominate, which gives them
the “fried egg” appearance characteristic of mycoplasmas.

The results of studies on the growth properties of the
cell-free nutrient medium, which includes bovine blood
serum, for growing Mycoplasma synoviae showed that the
cultivation time is at least 140 hours at a serum concen-
tration in the medium of 12 and 15% and 138 hours at a
concentration of 20-25% (Table 2). When accumulating
the biomass of Mycoplasma synoviae, it should also be
taken into account that this type of mycoplasma belongs
to difficult-to-cultivate microorganisms and has a lower
adaptive capacity compared to Mycoplasma gallisepticum.

Similar to the results obtained in the study of the
growth properties of the cell-free nutrient medium for the
cultivation of Mycoplasma gallisepticum, when using the
Mycoplasma synoviae clone, a reduction in the cultivation
time to 96 hours was observed at passages 7-9.The agglu-
tinating activity of Mycoplasma synoviae culture and the

Fig. 3. Mycoplasma synoviae grown on the cell-free
nutrient medium supplemented with bovine blood serum
(magnification 200x)

concentration of viable cells increased with an increase in
the concentration of bovine blood serum in the medium
from 12 to 20% and were in the range from 2.0 to 3.0 log,
and 103-10* CFU/cm?, respectively. At the same time, the
activity of the culture grown on Frey’s medium with por-
cine blood serum (12%) was 5.0 log,, and the CFU value
was 10° per 1 cm?, which reliably indicates the clear advan-
tages of using porcine blood serum in the cell-free nutrient
medium for cultivating Mycoplasma synoviae.

Figure 3 shows the result of cultivating Mycoplasma
synoviae on dense cell-free nutrient medium supplemen-
ted with the bovine blood serum (day 6 of culturing). The
grown colonies are small in size, their diameter does not
exceed 0.1 mm, and there is no optically dense center in
their structure. The micrograph of Figure 4 shows colonies
of Mycoplasma synoviae grown on a medium with porcine
blood serum (6 days after seeding). Colonies are character-
ized by the appearance of “fried eggs”, they are larger — up
to 0.2 mm in diameter.

Thus, the results of the tests performed indicate that
the growth properties of nutrient media for the cultivation
of pathogenic mycoplasmas depend on the type of blood
serum in their composition. It was noted that an increase
in its concentration stimulated the growth of biomass
with a reduction in the cultivation time. The use of porcine
blood serum in the composition of the nutrient medium

Fig. 4. Mycoplasma synoviae grown on the cell-free
nutrient medium supplemented with porcine blood serum
(magnification 200x)
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ata concentration of 12% provided a more active biomass
both in terms of the concentration of viable cells and the
hemagglutinating and agglutinating activity of the culture
with a minimum cultivation time of 78-96 hours.

To establish the reason for the low growth properties
of the nutrient medium with the addition of cattle blood
serum, a comparative analysis of some biochemical para-
meters of bovine and porcine blood serum was performed
(Table 3) [18].

Despite the fact that the bovine and porcine blood se-
rum contains a comparable amount of cholesterol, cattle
have a large amount of high-density lipoproteins, charac-
terized by a significantly low content of cholesterol and
phospholipids [19]. Thus, serum with a high content of
these lipoproteins may not meet the needs of mycoplas-
mas in fatty acids and cholesterol. On the contrary, the
blood serum of pigs contains mainly low-density lipopro-
teins, which actively carry cholesterol and fatty acids, which
can partially precipitate without any external influence. It is
known that the causative agents of mycoplasmoses need
these components, and the porcine blood serum makes up
for the need for these compounds when cultivating myco-
plasmas on the free-cell nutrient medium [14, 20].

Also, from the presented data, it can be seen that the
carotene content in the bovine blood serum exceeds
its concentration in the porcine blood serum from 5 to
20 times, and retinol — 3 times. Given that the components
in question are the strongest antioxidants, they can slow
down oxidative processes in cells, thereby increasing the
interphase period or slowing down the process of accumu-
lating resources for normal cell division, thereby initiating
the appearance of non-viable mycoplasma cells. The close
to zero carotene content in the porcine blood serum elimi-
nates the risks associated with its potential impact on the
growth and reproduction of mollicutes.

The results of the study indicate that the porcine blood
serum is a significant growth component for the cultiva-
tion of Mycoplasma gallisepticum and Mycoplasma syno-
viae and provides a more active biomass in the medium.

CONCLUSION

As a result of the research, it was found that the cell-
free nutrient medium supplemented with porcine blood
serum has the most suitable growth characteristics for the
optimal growth of Mycoplasma synoviae and Mycoplasma
gallisepticum culture. The medium supplemented with
bovine serum can also be used for the cultivation of these
species of mollicutes, but it does not provide the same
growth properties as the cell-free nutrient medium with
porcine blood serum.

The low growth properties of the medium prepared
using bovine blood serum are most likely associated with
its biochemical composition, which contains 5-20 times
more provitamin A than porcine blood serum, and cho-
lesterol is mainly represented by high density lipopro-
teins. On the contrary, in the porcine blood serum, most
of the lipoproteins have a low density, containing a large
amount of fatty acids and cholesterol, which are the main
structural elements of mycoplasma cells, in particular for
the cytoplasmic membrane, which ensure its fluidity. The
high content of carotene in the blood serum of cattle can
increase the period of interphase during the reproduction
of mycoplasmas.

Table 3
Biochemical parameters of the bovine and porcine blood sera

Parameters Bovine blood serum Porcine blood serum

Serum cholesterol:
mg/100 mL 50-170 60-110
mmol/L 1.30-4.42 1.56-2.86
Serum carotene:
1g/100 mL 500-2,000 -
mg/L 5.0-20.0 0-0.1
Serum Vitamin A:
pg/100 mL 30-90 10-35
umol/L 1.05-3.14 0.35-1.22

Twelve percent concentration of porcine blood serum
in the cell-free nutrient medium is optimal for preparing
a culture with high biological activity with a short cultiva-
tion time (72-96 hours).

Adaptation of Mycoplasma gallisepticum and Mycoplas-
ma synoviae to the cell-free nutrient medium supplemen-
ted with the bovine blood serum prior to passage 9 did not
allow preparing a biomass with an activity similar to that
of the medium with porcine blood serum, which should
be taken into account when cultivating these species of
mollicutes on a large scale.
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SUMMARY

Cryopreservation is the optimal way to store cells at ultra-low temperatures. Cryoprotectants are added to cell culture suspension to reduce cell death due to ex-
posure to low temperatures. Cryoprotective media contain combinations of various cryoprotectants. Ethylene glycol, glycerin, dimethyl sulfoxide, sucrose, dextran,
propylene glycol, albumin, polyvinylpyrrolidone and blood serum can be used as cryoprotectants. For cryopreservation it is necessary to select a cryoprotectant that
ensures the highest survival of cells after storage and thawing. The paper presents the results of experiments on comparing the effectiveness of dimethy! sulfoxide,
ethylene glycol and glycerin in cryopreservation of primary trypsinized chicken embryo fibroblasts. As a result of cell suspension equillibration (incubation at room
temperature) with serum and the specified cryoprotectants at different concentrations, the suspension variants containing different cryoprotectant and serum ratios
were selected for freezing. Previously, it was found that after 12 months of observation, when using dimethyl sulfoxide as a cryoprotectant, the largest number of
surviving cells (46%) was observed in a suspension containing 20% fetal serum and 10% dimethy! sulfoxide. The amount of surviving cells if 10% fetal serum and
5% ethylene glycol were included in the cryoprotective mixture was slightly lower and amounted to 36% after 12 months of observation. Glycerin is shown to have
weak protective properties as regards chicken embryo fibroblast cells. After 8 months of storage, the amount of surviving cells in a suspension containing 10% serum
and 5% glycerin was 22%, no live cells were found in this mixture if stored longer. The proliferative properties of cells and their sensitivity to viruses remained within
the 12 months of the experiment.
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PE3IOME

KpuokoHcepBupoBaHue ABNAETCA ONTUMANBHBIM CMIOCOOOM XpaHeHWA KNeTOK Npy CBePXHU3KIX Temnepatypax. 1A ymeHbLLeHNA Tbenu KNeTok ot BO3AelcTBuA
HIU3KUX TeMMepaTyp K CyCneH3un KNeTouHoil KynbTypbl 406aBAAoT KpuonpotekTopbl. CoueTaHnA pa3nnuHbIX KpUONpoTeKTOPOB 00pa3yloT KPUO3aLUMTHbIE Cpefbl.
B kauecTBe KpuONpoTEKTOPOB MOTYT ObITb MPUMEHEHbI STUNEHTINKONb, TANLEPUH, AUMETUNCYNbOOKCME, (aXapo3a, AeKCTpaH, NPONUIEHIMKONb, anbOyMuH, no-
NVBMHUNNUPPONNEAOH U CbIBOPOTKA KpoBi. Mpn npoBeaeHnin paboT no KprokoHcepBUpoBaHuio Heobxoaumo nogobpaTb KpuonpoTekTop, 06ecneynBatoLyii Hau-
60/1bLLYH0 BbIXMBAEMOCTb KNETOK NOC/e XpaHeHUs 11 0TTauBaHuA. B JaHHOI CTaTbe npefcTaBneHbl pe3ynbTaTbl SKCNePUMEHTOB N0 CPaBHEHMIO IQdeKTUBHOCTI Au-
METUNCYNbOOKCMAA, STUNEHIMKONA U FMLEPUHA NPY KPUOKOHCEPBIPOBAHMY NEPBIUYHO TPUNCUHI3UPOBAHHDIX KNETOK GUOpo6AacToB IMOPIOHOB Kyp. B pe3ynbrate
SKBUNUOPALYMI KNETOUHOI Cycnen3nm (MHKY6UpoBaHNA Npu KOMHATHOI TemnepaType) ¢ CbIBOPOTKOI U YKa3aHHbIMU KpUOMPOTEKTOPaMIA Pa3HbIX KOHLieHTpaLMii
ANA 3aMOPauBaHIA 6bini BbIOPaHbI BAPUAHTbI CYCMeH3MIA, cofiepalLine pasnnuHble COOTHOLUEHMA KPUOMPOTEKTOPOB U CbIBOPOTK. PaHee 6bino ycTaHoBNEHO,
470 N0 MCTeyeHU 12 MecALeB HabnioZeHNa Npy NCNONb30BAHMN B KaueCTBe KPUOMPOTEKTOPa AUMETUACYNbOOKCUAA HabobLLee KOMYECTBO BbIKUBLUMX Ke-
TOK (46%) Habntoganoch B cycnen3un, copepxatLieil 20% detanbHoii cbiBopoTki i 10% AumeTuncynbhokcuaa. KonmuectBo BbIKUBLUMX KAETOK NPU HAMYNN B CO-
(TaBe Kpuo3awutHoit cvecn 10% GeTanbHoli CbIBOPOTKM 1 5% STUNEHrnKoNA 6biNo HECKONbKO HIDKe 1 COCTaBUN0 36% no ucteyeHnn 12 mecALeB HabnioaeHma.
bbinio MoKasaHo, uto ruLepuH 06nasaeT 1abbiMin NPOTEKTUBHBIMI CBOICTBAMY MO OTHOLLEHUI K KneTkam ¢ubpobnacto 3M6puoHoB kyp. Cnycta 8 mecaues
XpaHeHuA KoNMYeCTBO BbKIBLLIX KNETOK B CycrieH3in, cofepaLuieil 10% CbiBOPOTKM 1 5% FLepuHa, coctaBuno 22%, npu nociesytoLLem XpaHeH i XIBbIX KNEToK
B aHHOI cMecu He BbIABNANK. [TponudepatuBHbie CBOICTBA KNETOK U YYBCTBUTENBHOCTb 11X K BUPYCaM COXPAHANMCH HA MPOTAXeHNN 12 MeCALLeB JKCnepuMeHTa.

KntoueBble cnoBa: KpUOKOHCePBUPOBaHUe, KNeTKin G1bpo6nacToB IMOPUOHOB Kyp, KPUONPOTEKTOPbI
bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-uccneoBaTeNbCkux pabot «BetepuHapHoe 6narononyune».

[ina yutnposanua: Jlazapesa C. M., Manuk b. 1., Myapak H. C., Angpeituyk [1. b. KprokoHcepB1poBaHue nepBIyHO TpUNCMHN3UPOBAHHbIX KNETOK ¢rbpobnactoB
3MOPVOHOB Kyp C MCMONb30BaHMEM PasHbIX KpUONPOTEKTOPOB. BemepuHapus cezodns. 2022; 11 (2): 163—-168. DOI: 10.29326/2304-196X-2022-11-2-163-168.
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INTRODUCTION

Cryopreservation is widely used for long-term storage
of live cells, tissues, organelles, organs and whole orga-
nisms at ultra-low temperatures for a long period of time
(from several months to several years). To be more specific,
cryopreservation is the optimal way to store cell cultures
of coelenterates [1] and other live organisms, mammal
sperm and embryos, etc. A number of works have also
been carried out to improve methods of freezing fish re-
productive material [2, 3]. In recent years, cryopreservation
methods of human cells and tissues were developed and
updated. Thus, the manual cryopreservation method for
erythrocytes was improved at the Federal State Budget
Institution “Russian Research Institute of Hematology and
Transfusiology of the Federal Medical and Biological Agen-
cy” (St. Petersburg) [4]. Japanese researchers developed
a method for cryopreservation of human corneal endo-
thelial cell culture [5].

Developments on cryopreservation of animal cell cul-
tures and study of the biological properties of frozen cells
are also important. Researchers of FGBI “ARRIAH" (Vladi-
mir) developed methods for cryopreservation of conti-
nuous BHK-21 cell culture, primary trypsinized culture of
chicken embryo fibroblast cells (CEF) containing Marek’s
disease virus, and primary culture of porcine bone mar-
row cells [6-8]. Specialists of the Federal State Budgetary
Scientific Institution “Federal Center for Toxicological, Ra-
diation, and Biological Safety” (Kazan) conducted studies

of the biological properties of the transplanted bovine
lung embryonic cell culture (LEK) subjected to long-term
cryopreservation [9]. In addition, the results of the study
on cryopreservation of broiler chicken embryo fibroblast
cells were published [10].

An important aspect of cell culture cryopreservation is
optimal selection of a cryoprotectant — a substance that
protects cells from the freezing damage [6, 11]. There are
two types of cryoprotectants: penetrating ones that easily
penetrate into cells (dimethyl sulfoxide — DMSO, glycerin,
ethylene glycol, propylene glycol), and non-penetrating
ones that ensure external protective environment for cells
(sucrose, dextran, albumin, polyvinylpyrrolidone) [11-14].
A cryoprotectant is often used in combination with sta-
bilizers, commonly with blood sera [6-8, 13]. It is known
about the use of a mixture of embryonic serum, DMSO
and gold nanoparticles as a cryoprotective medium for
human fibroblast cells [15]. Development of cryopreserva-
tion methods for different types of cell cultures suggested
a high degree of cell survival (primary cells — about 58%,
continuous cells — more than 90%) after freezing [2, 12].
There are a lot of combinations of preservation media.
A mixture of cell suspension, serum and cryoprotectant is
most commonly used in practice [6-8].

CEF cell culture is of great practical importance in
virology and biological production, therefore, searching
new, optimal combinations of preservation media during
cell freezing remains relevant. Previously, some works on
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selecting the optimal combination of DMSO and serum for
cryopreservation of primary trypsinized CEF cells were car-
ried out [16], however, no similar studies were conducted
for other cryoprotectants.

The aim of this paper was to study the protective pro-

Table 1

Samples of CEF cell suspension supplemented with cryoprotective agents

10% serum 20% serum

perties of various cryoprotectants during cryopreservation ~ DMS0 content 5% | 10% | 15% | 20% | 5% | 10% | 15% | 20%
of primary trypsinized CEF cells and compare their effec- )

. . R . Glycerin content 5% | 10% | 15% | 20% | 5% | 10% | 15% | 20%
tiveness. At the same time, such indicators as cell survival
after. storage at uItra—Io.w. 'Fempe!'atures, prolifera.tive Pro-  Ethylene glycol content | 5% | 10% | 15% | 20% | 5% | 10% | 15% | 20%
perties and cell susceptibility to viruses after freezing were
evaluated.

Based on the aim, the following objectives were set: se-
lection of cryoprotectant-stabilizer combination thatisnot ~ accumulation was determined by the enzyme immuno-
toxic to cells; study of cryoprotectant protective properties  assay (ELISA) based on the concentration of virus-specific
for freezing CEF cell suspension, as well as study of cell  protein p27 using a commercial ProFLOK ALV Plus Ag kit
culture proliferative properties and sensitivity to viruses  (Zoetis, USA) according to the manufacturer’s instruc-
after freezing. tions [16].

MATERIALS AND METHODS RESULTS AND DISCUSSION

Selection of the optimal combination of serum and cryo- The work on comparing the effectiveness of various
protectants added to the cell suspension. CEF cell suspen-  cryoprotectants and optimizing the conditions for CEF cell
sion for freezing was prepared according to previously  cryopreservation included the following steps: selection of
developed methods [16, 17]. DMSO (Carl Roth, Germany),  optimal concentrations of cryoprotectants in a preserva-
glycerin (JSC “Himreactiv’, Russia) and ethylene glycol  tion mixture; study of viability and proliferative properties
(JSC “Himreactiv”, Russia) were used as cryoprotectants.  of cells after storage at minus 150 °C for 12 months.
Combinations of mixtures containing the cell suspension, To perform the first step, the equilibration of CEF cell
the specified cryoprotectants and the fetal serum (BioClot,  suspensions containing the above specified combina-
Brazil) used as a stabilizer were prepared. Table 1 shows  tions of cryoprotective agents was carried out (Table 1).
variants of cryoprotective mixtures, including different  The cell concentration in the initial cell suspension was
combinations of cryoprotectants and fetal serum (asaper-  (1.10 = 0.01) x 107 cells/cm?3. The test results are shown
centage in the suspension volume). inTable 2.

Afterwards the cell mixture was equilibrated (incubated The test results showed that the highest cell survival
ata room temperature) with cryoprotectants and a serum,  (70-100%) was observed for the following variants of cryo-
the suspensions prepared for cryopreservation were sub-  preservation suspensions:
sequently placed for storage. 1) 10% serum and 5% DMSO (97% of surviving cells);

Assessment of cell viability after thawing. This step 2) 10% serum and 10% DMSO (97% of surviving cells);
was carried out according to the previously developed 3) 10% serum and 15% DMSO (100% surviving cells);
method [16]. 4) 20% serum and 5% DMSO (97% of surviving cells);

Determination of cryopreserved CEF cell sensitivity to 5) 20% serum and 10% DMSO (100% surviving cells);
viruses. The cell cultures under study were infected with 6) 20% serum and 15% DMSO (89% of surviving cells);
the reference strain of the avian leukosis virus ALV-J ADOL- 7) 10% serum and 5% glycerin (90% of surviving cells);
HCI-P7 after 3 passage (Avian Disease and Oncology 8) 10% serum and 5% ethylene glycol (74% of surviving
Laboratory, USA). After the incubation period, the virus  cells).

Table 2
Cell concentration in suspensions for cryopreservation after equilibration, cells/cm® (n = 3)
Cryoprotectants 5% 10% 15% 20%
DMS0 (1.07 £0.06) x 10’ (1.07 £0.06) x 10" (1.10£0.00) x 10" (6.67 +0.30) x 10°
Glycerin (1.00 £ 0.10) x 107 (7.20 £ 0.26) x 10° (6.23£0.32) x 10° (3.26 +0.38) x 10°
Ethylene glycol (8.17+0.15) x 10° (7.60+0.30) x 10° (7.60 +0.30) x 10° (6.70+0.17) x 10°
20% serum
5% 10% 15% 20%
DMSO (1.07 £0.06) x 107 (1.10£0.00) x 10’ (0.98 +£0.10) x 10’ (7.20 £ 0.46) x 10°
Glycerin (8.17+0.29) x 10° (5.63+0.47) x 10° (3.87 +£0.30) x 10° (2.60+0.36) x 10°
Ethylene glycol (6.90 +0.00) x 10° (6.80+0.17) x 10° (6.03+0.15) x 10° (6.60 +0.26) x 10°
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The number of surviving cells was less than 70% in the
other samples.

Most of the above samples (6 samples) included va-
rious concentrations of DMSO and fetal serum. After CEF
cells were equilibrated with ethylene glycol and glyce-
rin, one sample from each group was selected for further
studies. The listed variants of the cell suspension were
selected to study the CEF cell viability during storage
at a temperature of minus 150 °C. Aliquots of cryopre-
servation mixtures containing cell suspensions, cryo-
protectants and fetal serum in a volume of 4 cm? were
placed in a foam thermal container and put for storage
in a low-temperature freezer at minus 150 °C [16]. This
method ensured cooling of the suspension at a rate of
about 1 °C/min [12]. Thawing, cell count and seeding into
culture flasks were carried out at intervals of one month.
This step lasted 12 months. The test results of cell sur-
vival determination following cryopreservation at minus
150 °C are shown in Table 3.

The previously conducted studies showed that the
highest survival rate of primary trypsinized CEF cells
ranged from 53 to 71% [16]. After 12 months of storage,
the maximum number of surviving cells (46%) was ob-
served in case of a cell suspension containing serum in
the amount of 20% and DMSO in the amount of 10% of

the total volume. In a suspension containing serum and
ethylene glycol at concentrations of 10% and 5%, respec-
tively, the number of surviving cells decreased to 36%,
however, this parameter was higher as compared to other
samples containing various combinations of DMSO and
serum. The number of live cells in the other suspensions
containing DMSO and fetal serum decreased to 18-26% af-
ter 12 months of storage. The number of live cells in a sus-
pension sample containing 10% serum and 5% glycerin
decreased to 22% within 8 months. No live cells were de-
tected in this sample after 9 months of storage. The smal-
lest number of surviving cells was observed in the sample
containing 10% serum and 15% DMSO. After one month
of storage 24% of live cells were detected in that sample,
the percentage of surviving cells decreased to 19% within
the next 4 months of storage. No live cells were found in
this mixture after 6 months of storage.

Subsequently, the proliferative properties of cryo-
preserved CEF cells were studied. After defrosting and
counting, each sample cells were diluted with growth
medium to a concentration of 600 thousand cells/cm?
and seeded into culture flasks. The monolayer was daily
observed under microscope, the duration of formation
and the flask surface coating estimated in percentage
were recorded [16].

Storage period, 10% serum 10% serum 10% serum 20% serum 20% serum 20% serum 10% serum 10% serum
months and 5% DMSO | and 10%DMSO | and 15%DMSO | and5%DMSO | and 10%DMSO | and 15% DMSO | and 5% glycerin | and 5% ethylene glycol
Before storage 10.0+0.1 13.0£0.1 9.0+0.2 11.0£03 8.0+0.1 12003 8.0+0.1 8.0+0.1
1 33104 49+03 2.9+0.2 42+04 52+0.3 57+04 2.7+0.2 43+0.2
(33%) (37%) (24%) (38%) (65%) (47%) (34%) (52%)
3 29+03 43+04 29+0.2 40+03 49+0.1 49+03 25+0.2 3.5+05
(29%) (33%) (24%) (36%) (61%) (41%) (31%) (43%)
3 29+0.1 40+04 2102 40£0.2 46+£0.1 4805 2501 3305
(29%) (31%) (23%) (36%) (57%) (40%) (31%) (41%)
4 28+03 3.0+04 2101 40+03 43+0.2 42+04 24+0.1 33402
(28%) (23%) (23%) (36%) (54%) (35%) (30%) (41%)
5 26+04 3.0+0.2 1703 40+0.2 43+0.2 41+04 21401 32402
(26%) (23%) (19%) (36%) (54%) (34%) (26%) (40%)
6 25+0.2 3.0+03 0 40£03 42+£0.1 4003 2103 31104
(25%) (23%) (36%) (52%) (33%) (26%) (39%)
7 2302 3.0+0.2 0 4002 40+£0.2 40+0.1 20+03 3.0+0.2
(23%) (23%) (36%) (50%) (33%) (25%) (37%)
8 22+0.1 3.0+0.1 0 3.8+0.2 40+03 3.9+03 1.8+0.3 3.0+03
(22%) (23%) (34%) (50%) (32%) (22%) (37%)
9 20+0.1 3.0+03 0 35+04 3.9+0.2 3.9+0.1 0 3.0+0.1
(20%) (23%) (32%) (49%) (32%) (37%)
10 1.8£0.1 3.0+0.1 0 35+02 3.9+0.1 3.7+03 0 3.0+0.1
(18%) (23%) (32%) (49%) (31%) (37%)
. 1.8£03 29+04 0 3202 3.8+0.2 3.6+0.1 0 29+0.2
(18%) (22%) (29%) (47%) (30%) (36%)
1 1.8£0.1 23+04 0 29+03 3.7+0.1 3203 0 2.9+0.1
(18%) (18%) (26%) (46%) (26%) (36%)
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Figure 1 demonstrates the data obtained at 1, 3,
6, 9, 12 months of storage. During testing of samples
containing 10% serum and 15% DMSO, as well as 10% se-
rum and 5% glycerin, the flask surface monolayer coating
did not exceed 50%. The degree of flask surface coating
with a CEF cell monolayer was 90-100% in other cases
within 1-11 months of storage. At the end of 12 months
of storage this value was 80%. The obtained values are op-
timal for the adequate cell culture monolayer.

The formation time of the monolayer in all CEF cell
samples was 2-3 days, which is the optimal time for this
process.

The final stage of this work was to study the suscep-
tibility of CEF cells to viruses after exposure to low tem-
peratures. CEF cells stored at minus 150 °C were thawed
and seeded into culture flasks for monolayer formation. At
the same time, a primary trypsinized CEF cell culture was
used as control. The formed monolayer was infected with
the reference strain of avian leukosis virus ALV-J ADOL-
HCI-P7. Cell suspension samples containing 10% serum
and 15% DMSO, as well as 10% serum and 5% glycerin,
were not used at this stage of work due to weak prolife-
rative properties. At the end of the incubation period, the
concentration of virus-specific protein p27 was estimated
using sandwich ELISA.

Figure 2 demonstrates the data obtained at 1, 3, 6, 9,
12 months of storage of cell samples as an example. The
standard deviation ranged from 0.2 to 0.4. The virus accu-
mulation was observed both in the primary trypsinized
CEF cell culture and in the monolayer obtained from sus-
pension of cryopreserved CEF cells. The concentration of
the virus protein was 5-8 pg/cm?. Throughout the study,
a slight decrease in the concentration of virus protein was
observed in a number of samples compared to the primary
trypsinized CEF cell culture. The minimal discrepancy be-
tween this parameter and the value obtained for the pri-
mary trypsinized CEF cell culture was observed in a sample
containing 10% serum and 5% ethylene glycol.

CONCLUSION
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2.Belaya M. M., Krasilnikova A. A., Ponomareva E. N. The

The study results revealed that the most optimal se-
rum-cryoprotectant ratio for CEF cell suspension in deep
freezing conditions is a combination of 20% fetal serum
and 10% DMSO. The number of surviving cells in the cell
suspension sample containing 10% fetal serum and 5%
ethylene glycol was slightly lower, but it exceeded the
same indicator in other samples. Glycerin added to the
cell suspension did not provide sufficient cell protection
from destructive effects of ultra-low temperatures. Pro-
liferative cell properties and sensitivity to avian leukosis
virus were preserved in the following cryoprotectant com-
binations: containing 10% bovine embryonic serumand 5,
10% DMSO, 20% bovine embryonic serum and 5, 10, 15%
DMSO, as well as 10% bovine embryonic serum and 5%
ethylene glycol. Cryoprotectant samples containing 10%
serum and 15% DMSO, as well as 10% serum and 5% gly-
cerin, showed the lowest protective property.
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SUMMARY

Mycoplasmoses of cattle and small ruminants, pigs and poultry are widely spread and the infection process is frequently associated with other diseases. Mycoplas-
ma spp. cause inflammatory respiratory diseases, diseases of joints and meninges, keratoconjunctivitis, mastitis and endometritis, abortion and stillbirths. Etiotro-
pic therapy of mycoplasmal infections consists in prescribing antibiotics: enrofloxacin, difloxacin, oxytetracycline, chlortetracycline, doxycycline, tylosin, tilmicosin,
tylvalosin, tiamulin, florfenicol, lincomycin, spectinomycin, tulathromycin. The results of studies described in different publications show high sensitivity of Myco-
plasma synoviae and Mycoplasma gallisepticum to tetracyclines, tiamulin and tylvalosin. Isolates with increased resistance to tilmicosin are also resistant to tylosin
and lincomycin. Treatment of respiratory infections in lambs, the main causative agents of which are Mannheimia haemolytica and Mycoplasma, has been successful
with the use of fluoroquinolones, tilmicosin, tulathromycin, chlortetracycline, enrofloxacin, doxycycline, and oxytetracycline. Isolates of Mycoplasma bovis are largely
sensitive to oxytetracycline, florfenicol and tulathromycin. Enrofloxacin has a less pronounced therapeutic effect. Tilmicosin and oxytetracycline are effective in the
treatment of respiratory diseases of young cattle, associated with Mycoplasma spp. Tulathromycin and tilmicosin have a significant therapeutic effect in the treatment
of pneumonia in weaned piglets experimentally infected with Mycaplasma hyopneumoniae. Multiple (course) use of enrofloxacin significantly increases the therapeutic
effect. Tilmicosin is effective in the control of other bacterial infections of pigs (pasteurellosis, streptococcosis, hemophilic polyserositis, infectious atrophic rhinitis).
The general prophylaxis of mycoplasmal infections is to comply with veterinary and sanitary standards and toimplement quarantine measures in the infection outbreak.

Keywords: review, mycoplasmosis, treatment, poultry, small and large cattle, pigs, enrofloxacin, difloxacin, oxytetracycline, chlortetracycline, doxycycline, tylosin,
tilmicosin, tylvalosin, tiamulin, florfenicol, lincomycin, spectinomycin, tulathromycin
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PE3IOME
MuKonna3mMo3bl KPYMHOrO 1 MENIKOTO POraToro CKOTa, CBUUHEIA 11 NTIL, UMEIOT LUNPOKOE PACNPOCTPAHEHME I UaLLLe BCETO NPOABAAIOTCA B aCCOLMATUBHOI opMme
TeueHUs MHOEKLMOHHOro npouecca. Mycoplasma spp. BbI3bIBaloT BOCNANUTENbHbIE 3a60N1BaHIUA OPraHOB AblXaHus, CYCTaBOB M MO3r0BbIX 060n0ueK, Kepato-
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KOHBHOHKTUBHUTbI, MAaCTUTbI 1 SHAOMETPUTBI, a60PTbI 1 POXKAEHIE MEPTBOFO HEeXI3HECTI0CoBHOr0 NpUnIoza. ITMOTPOMHAA Tepania MUKONAa3MEHHbIX UHeKLMil
3aK/K04aeTCA B Ha3HaUeHNI aHTUOMOTIKOB: SHPOGNOKCALMHA, ANGNOKCALMHA, OKCUTETPALMKANHA, XNOPTETPALMKIINHA, AOKCULMKNMHA, TUNO3WHA, TAAMUKO3UHA,
TUNBaN03unHa, THaMynuHa, GnopdeHnkona, TMHKOMULMHA, CNEKTUHOMULMHA, TYRaTPOMULIMHA. Pe3ynbTaTbl MCCNefoBaHuiA, 0ny6anKoBaHHble B Pa3finuHbIX
WCTOYHMKAX, NOKa3bIBAKT BbICOKYI0 UyBCTBUTENbHOCTL Mycoplasma synoviae n Mycoplasma gallisepticum  TeTpauMKnuHam, THAMYAUHY 11 TUNBano3uHy. 13o-
NATHI C NOBBILUEHHO YCTOMYNBOCTBHO K TUIMUKO3UHY TaKXKe PE3UCTEHTHDI K TUNO3UHY U IMHKOMULMHY. JleueHne pecnnpatopHbIX MHOEKLMiA ATHAT, 0CHOBHBIMM
B030yauTenamu Kotopbix asnatwtca Mannheimia haemolytica w Mycoplasma, npoxogut ycnewHo ¢ npumeHeHrem GTOpXMHONOHOB, TUAMUKO3MHA, TYNaTpo-
MULMHA, XNOPTETPALMKINHA, SHPOGAOKCALINHA, JOKCULMKIIHA U OKCUTeTpaumKknuHa. M3onatel Mycoplasma bovis B 3HauuTeNbHOI CTENEHM YyBCTBUTENbHDI
K OKCUTETPaLMKNUHY, GnopheHrKony 1 TYnaTpOMULMHY, MeHee BbipaxeHHbIl TepaneBTueckiuii 3¢ ekt okasbiBaeT IHpodnokcauuH. Mpu nevennn pecnupa-
TOPHbIX 3a601eBaHMil MONOAHAKA KPYMHOTO POraToro CKoTa, MpoTekatoLuyx B accounauum ¢ Mycoplasma spp., SOdeKTuBHbI TANMIKO3UH 1 OKCUTETPALMKAVH.
3HauuTenbHoe TepaneBTMYecKoe AeiiCTBINE NP NeYeHIN THEBMOHIM Y NOPOCAT-0TbeMblLLel, KCnepuMeHTanbHo MduumMpoBanHbIx Mycoplasma hyopneumoniae,
0Ka3bIBAET TYNATPOMULIH U TAIMUKO3UH, 3aMETHO NMOBBILLAET NeyeHblii 3(deKT MHOrOKpaTHOe (KypcoBoe) npuMeHeHue SHpodnoKcaLnHa. Tanmnko3uH 3¢-
dekTrBeH B 6opbOe 1 ¢ Apyrumm bakTepUANbHBIMUI MHOEKLNAMI CBUHEIT (NacTepenne30m, CTPENTOKOKKO30M, reMOQUe3HbIM MOANCEPO3UTOM, UHPEKLMOHHBIM
atpoduueckum puniutom). 0614as npodunakTiKa MUKONIA3MEHHDIX MHGEKLMIA 3aKNI0YaeTca B COONI0AHIN BETePUHAPHO-CAHUTAPHBIX HOPM 1 OCYLLIECTBAEHIN
KapaHTUHHbIX MepONPUATHIA B 0Yare MHEKLMM.

Kniouesble cnoBa: 0630p, MUKONIa3M03, NeUeHue, NTIALbI, MEKHiA 1 KpYMHbIii poraTblii CKOT, CBUHBM, SHPOGIOKCALIMH, AUGNOKCALMH, OKCUTETPALIMKIIUH,
XNOPTETPALMKINH, AOKCULMKNMH, TUNIO3WH, TWIMUKO3WH, TUNBANO3WH, TAMYNH, GNOPOEHUKON, NMHKOMULUH, CNEKTUHOMULIH, TYNaTpOMULIMH
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Mycoplasmas cause many pathologies in humans, dif-
ferent animal and bird species: respiratory, autoimmune
diseases, diseases of the reproductive organs and joints. It is
also known that mycoplasmas infect the brain of sheep and
goats, cattle, and birds. Evidence has been presented that
some Spiroplasma species may play a role in the develop-
ment of transmissible spongiform encephalopathies. Over
the past few decades, mycoplasmas have been isolated
from the brains of marine mammals dying in large numbers
in the North Sea, although their role has been shown to be
secondary to the primary viral disease [1]. Currently, my-
coplasmas of aquatic animals are not well studied. A study
by J. El-Jakee et al. shed light on the characterization of
unique Mycoplasma isolates found in fish from various geo-
graphical areas throughout Egypt. Mycoplasma spp. were
isolated using selective nutrient media and identified using
morphochemical tests. Then 16S ribosomal RNA (rRNA)
gene polymerase chain reaction (PCR) was performed for
confirmation using molecular and genetic methods. The re-
sults showed that the incidence of Mycoplasma in Cyprinus
carpio, Oreochromis niloticus, Aulopiformes synodontidae
and Clarias gariepinus was 33.33; 16.36; 8.108 and 6.45%,
respectively, while these microorganisms were not detec-
ted in Mugil cephalus. At the same time, mycoplasmas were
found only in the gills and swim bladder of affected fish.
Biochemically isolated mycoplasmas were grouped into
two clusters: the first included 35 isolates, the second -
7 isolates. Mycoplasmas of the first cluster, in contrast to
the representatives of the second cluster, actively reduced
tetrazolium salts. A phylogenetic tree built on the basis of
incomplete 16S rRNA gene sequences showed that both
clusters are grouped into one branch and separated from
other Mycoplasma spp., which indicates that both clusters
belong to the same species. Interestingly, PCR with specific
primers for the M. mobile and M. monodon species failed

to identify all the Mycoplasma isolates recovered from fish.
This result confirmed that the microorganisms of these two
clusters belong to the unidentified Mycoplasma species, for
which temporary names were introduced: Mycoplasma of
the 1+t cluster and Mycoplasma of the 2™ cluster. Pathoge-
nicity tests of mycoplasmas of both clusters showed that
after inoculation of Nile tilapia, all fish were susceptible to
these Mycoplasma species [2].

Most often, mycoplasmas are the etiological factor of
diseases in birds in Asian countries. So, when performing
laboratory tests, C.J. Morrow et al. recovered 26 M. synoviae
isolates and 11 M. gallisepticum isolates from 164 clinical
specimens collected from China, India, Indonesia, Malaysia,
Republic of Korea, Thailand and the Philippines. Most of
the isolates were recovered from birds of industrial poultry
farms.To increase the time of transportation to the laborato-
ry and the safety of biological samples for tests, immediately
after collection, the pathological material was purified by
membrane filtration (pore size 0.45 um). Minimal inhibitory
concentrations (MICs) for enrofloxacin, difloxacin, oxytetra-
cycline, chlortetracycline, doxycycline, tylosin, tilmicosin,
tylvalosin, tiamulin, florfenicol, lincomycin, spectinomycin,
and a combination of spectinomycin and lincomycin (1:2)
were determined by broth microdilution. Some of the
isolates showed reduced sensitivity to antimicrobials, not
associated with antibiotic therapy. In general, the results
obtained by the authors were similar to studies conducted
worldwide on the study of antibiotic resistance of mycoplas-
mas. As a rule, high sensitivity of M. synoviae and M. gallisep-
ticum to tetracyclines, tiamulin and tylvalosin was observed.
Isolates of M. synoviae and M. gallisepticum with increased
resistance to tilmicosin (MIC, values > 64 pg/mL) were also
resistant to tylosin. All isolates with reduced sensitivity to
lincomycin showed increased resistance to tilmicosin. It
has been shown that the isolation of mycoplasmas and the
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determination of MICs can also be carried out in farm labo-
ratories, which will allow faster and more efficient use of
antimicrobials or other methods of combating mycoplas-
mal infection in chickens (for example, live vaccines) and,
therefore, more responsible use of antibiotics in terms of
concept of “One Health” [3].

According to J. P. Yadav et al. data, mycoplasmosis is
an economically significant disease in the poultry indus-
try, which leads to huge losses, consisting of a decrease in
weight gain, feed conversion efficiency, egg production,
hatchability; increase in embryo mortality, carcass culling,
costs for the prevention and treatment of broilers, laying
hens and parent stock. The disease is caused by four main
pathogenic mycoplasmas: M. gallisepticum, M. synoviae,
M. meleagridis and M. iowae, which cause respiratory my-
coplasmosis of chickens, infectious synovitis of chickens
and turkeys, infectious sinusitis of turkeys, aerosacculitis
of turkeys, infections of the genital organs of turkeys. Res-
piratory mycoplasmosis and infectious synovitis of birds
caused by M. gallisepticum and M. synoviae are included
in the list of notifiable diseases of the World Organization
for Animal Health. Mycoplasmas are transmitted both
horizontally and vertically. Prevention and control mea-
sures for avian mycoplasmosis mainly include biosecurity,
treatment and vaccination. For vaccination of birds against
infection caused by M. gallisepticum and M. synoviae, inac-
tivated, live attenuated and/or recombinant (vector) live
vaccines are used. The authors in their systematic review
summarize various epidemiological studies conducted
in 2010-2020 regarding mycoplasmal infections caused
by M. gallisepticum and M. synoviae in poultry in various
geographical locations in India and abroad, their economic
impact, diagnosis, prevention and control [4].

One of the measures to combat Mycoplasma infection
in productive animals is the use of antibacterial agents
(tylosin, tiamulin, enrofloxacin, etc.), however, they cause
the emergence of resistant strains of pathogens in herds
and, if not prescribed correctly, can penetrate into people’s
food. Mycoplasma field strains are often detected in vac-
cinated herds, and the use of antimicrobials after vaccina-
tion against mycoplasmosis can affect the effectiveness of
immunization with the vaccine strain, so this issue requires
additional research.

In veterinary medicine, macrolide antibiotics, including
tylosin and tilmicosin, are widely used for the prevention
and treatment of mycoplasmosis. In vitro sensitivity testing
of 50 strains of M. gallisepticum isolated in Israel between
1997 and 2010, conducted by a group of scientists led by
I. Gerchman [5], showed that acquired resistance to tylosin,
as well as to tilmicosin, is present in 50% of them. Moreover,
13 out of 18 Mycoplasma strains (72%) isolated from clinical
samples since 2006 showed acquired resistance to enro-
floxacin, tylosin and tilmicosin. Molecular typing of field
isolates using targeted gene sequencing (GTS) revealed
13 M. gallisepticum molecular types (I-XIII). Type Il was pre-
dominant until 2006, while type X, first discovered in 2008,
is currently dominant. All ten type X strains were resistant to
both fluoroquinolones and macrolides, indicating a selec-
tive pressure leading to the spread of clonal-type resistance.
Resistant strains with other molecular types of resistance
have also been found. At the same time, the molecular ba-
sis of M. gallisepticum resistance to macrolides was identi-
fied. The authors established a clear correlation between
single point mutations at positions A2058G or A2059G

in the 23S rRNA gene and acquired resistance of M. galli-
septicum to macrolides. All isolates (MIC > 0.63 ug/mL for
tylosin and MIC > 1.25 pg/mL for tilmicosin) have one of
these mutations, indicating a significant role in reducing
the sensitivity of M. gallisepticum to 16-mer macrolides.
Similar results were obtained by other scientists [6, 7]. In-
fectious agalactia of goats and sheep caused by M. agalac-
tiae is an infectious disease that requires rapid diagnosis in
order to reduce the economic loss in milk production and
the mortality of lambs [8]. To identify this etiological agent
and take timely preventive measures, PCR is used. Using
this method, J. F. De Almeida et al. examined 19 cultures
stored for two years at 20 °C in modified Hayflick broth
with 50% glycerol, seven of which were identified as My-
coplasma spp. and 12 were typed as M. agalactiae using an
indirect immunoperoxidase assay [9].

The most common clinical signs of infectious agalactia
in small ruminants are mastitis, conjunctivitis, and arthritis.
Pregnant animals have abortions. The most susceptible to
the disease are lactating animals, kids and lambs up to
a month old. The main pathogens in sheep are M. agalac-
tiae, in goats — M. agalactiae, M. mycoides subsp. mycoides
and M. capricolum subsp. capricolum. In addition, M. putre-
faciens can cause a similar clinical presentation, especially
in goats. Infectious agalactia occurs on all five continents
and frequently in the form of enzootic disease. Asymp-
tomatic carriage of mycoplasmas is widespread, which is
difficult to diagnose and control, while latent infection in
the herd becomes chronic with a decrease in the level of
immune protection. The release of the pathogen from the
body into the external environment occurs mainly with
milk and can last for a long time. The main route of the
infection transmission is associated with the marketing of
carrier animals and contact during cattle transhumance.
The transmission of the pathogen within the herd occurs
through direct contact with patients and Mycoplasma car-
riers through the mucous membranes, skin, digestive tract,
and during milking [6, 10]. There are also reports of histo-
pathological lesions in the brain of sheep experimentally
infected with M. agalactiae through the mammary gland,
which was the cause of non-suppurative encephalitis, as
well as ataxia in young animals [1, 11].

Bacterial respiratory infections in lambs are quite com-
mon. Treatment should be aimed at controlling the clinical
signs as well as limiting lung involvement in sick animals
and requires immediate action, mainly with antimicrobial
agents effective against the causative bacteria. In clinical
practice, the correct identification of pathology in lambs
is important for appropriate treatment. Fluoroquinolones,
tilmicosin, tulathromycin, chlortetracycline, enrofloxacin,
doxycycline, and oxytetracycline are effective against Mann-
heimia haemolytica and Mycoplasma, which are the main
causative agents of respiratory infections in lambs [12-14].
The concomitant use of non-steroidal anti-inflammatory
drugs is also recommended. All lambs with clinical signs
should receive the full course of treatment. The potential
value of metaphylactic treatment of clinically healthy lambs
in affected herds should be assessed on a case-by-case ba-
sis. Disease management protocols should always include
changes in herd management to eliminate factors contribu-
ting to the development of the disease [10].

According to D. Dacak et al., mycoplasmosis is considered
anew disease in wild animal populations. A study published
by the authors reports a case of mycoplasmosis in three
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Procyon cancrivorus kept in captivity in the city of Asun-
cion (Paraguay). The diagnosis was established cytologi-
cally using Romanovsky-Giemsa-stained peripheral blood

smears. Animals were treated with enrofloxacin (10 mg/kg),
which led to a rapid recovery [15]. Information was also pub-
lished on the detection by PCR of a new species of Mycoplas-
ma, tentatively named Mycoplasma pogonae, in a bearded

dragon (Pogona vitticeps), which died despite antimicrobial

and supportive pneumonia therapy [16].

Mycoplasma spp. are unique microorganisms associ-
ated with several diseases, including mastitis, pneumo-
nia, and arthritis in animals. One of the problems in de-
termining the role of mycoplasmas in causing disease is
their pathogenicity. M. mycoides subsp. mycoides, M. bovis,
M. bovigenitalium and M. dispar play a significant role in
the development of mycoplasmosis in cattle. The study
of vaginal swabs of cows in Brazil demonstrated that the
detection rate of M. bovigenitalium was 9.29% [17], in Ja-
pan - 7.4% [7]. Mycoplasma can be isolated from both clini-
cally healthy and diseased cattle. With natural infection in
the field, mycoplasma pneumonia often occurs as a mixed
infection. In addition, research observations and clinical
experience have shown that the presence of Mycoplasma
increases the severity of respiratory disease [14, 18-26].
M. bovis has been reported occasionally in the brains of
calves and adult cattle with a range of histopathological
lesions, including abscesses and fibrinous meningitis [1].

There are no pathognomonic signs of Mycoplasma
infection. Clinical signs associated with respiratory infec-
tions include tachypnea, dyspnea, eye and nasal discharge,
depression, decreased appetite, crooked posture, and fe-
ver. Clinical signs associated with joint infections include
stiffness, lameness, difficulty standing up, swollen joints
and tendon sheaths, decreased appetite, and weight loss.

Currently, among laboratory methods for diagnosing
animal mycoplasmosis, serological blood testing for the
presence of antibodies to mycoplasmas, PCR to detect my-
coplasmal DNA in biological samples, as well as cultivation
(bacteriological examination) followed by microscopy and
study of the biochemical properties of recovered isolates
are used. All three of these laboratory methods are often
used simultaneously, as they complement each other.
Bacteriological methods allow assessing the viability of
mycoplasmas and at the same time have high sensitivity.
Mycoplasma for cultivation requires special nutrient media
and special conditions for growing in the laboratory. If the
practicing veterinarian wants to confirm the diagnosis by
microbiological isolation of mycoplasmas, when the sam-
ples are transferred to the laboratory the necessity of ino-
culation should be indicated. Upon receipt of a positive
result for mycoplasmosis, the veterinarian should receive
advice from the laboratory on the use of appropriate and
effective drug treatments [27-29].

Therapy for mycoplasmosis, both experimental and in
the field, is not always unambiguous and often does not
bring results. Since mycoplasmas are resistant to a variety
of drugs, the main focus should be on enhancing biologi-
cal protection measures that minimize stress and exposure
to animals and birds [30].

The impact of antimicrobial therapy and prevention
strategies on respiratory disease in fattening cattle, as well
as genetic relatedness and antimicrobial resistance of M. bo-
vis isolates in western Canada, was studied by S. H. Hen-
drick et al. The feedlot calves (n = 3,784) were divided into
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groups. Some of the animals received oxytetracycline as

a metaphylactic treatment, others, diagnosed with a res-
piratory disease caused by M. bovis, received florfenicol

according to the scheme: once subcutaneously or twice

intramuscularly with an interval of 48 hours, some animals

did not use the antimicrobial drug. Calves from different
treatment groups were pooled and observed for 100 days.
Animals treated with oxytetracycline had a reduced risk of
respiratory disease, an increased risk of arthritis, and no sig-
nificant difference in average daily gain, disease recurrence,
overall mortality, or mortality from respiratory infections.
There were no significant differences between the treat-
ment protocols. Swabs (n = 233) taken from the nasal mu-
cosa before treatment (n = 122), during treatment (n = 77),
smears from the lungs and joints at autopsy (n = 34) were

collected from 61 animals that became ill or died from

chronic disease (pneumonia and arthritis), as well as from

61 healthy calves. Next, bacteriological seeding was per-
formed and M. bovis was cultivated. During the two years

of the study, 51 isolates were recovered, which were tested

for sensitivity to antimicrobials using special coated plates.
The authors concluded that all isolates were significantly
susceptible to the tested antimicrobials, except for tilmico-
sin, so it should not be used for the treatment of M. bovis

mycoplasmosis without prior sensitivity testing [31].

In veterinary practice, the most popular is the use of
drugs with prolonged action. Comparison of tilmicosin
with long-acting oxytetracycline in the treatment of re-
spiratory diseases in calves was studied by J. Musser et al.
The purpose of the experiment was to compare the effect
of a single parenteral injection of tilmicosin with the ef-
fect of a single dose of long-acting oxytetracycline as a
treatment in the early stages of naturally acquired undif-
ferentiated respiratory disease in young dairy calves. The
experiment involved 40 calves of milk age from 5 farms,
which were examined weekly until 3 months of age. When
diagnosing respiratory disease, calves were assigned to
one of two treatment groups. Samples of transtracheal
swabs were collected to characterize pathogens. Then,
within 3 days after treatment, the animals were examined
and the severity of the disease course was assessed using
a scoring system, and the growth rate was recorded. Given
the body’s response to initial treatment, disease relapse
rate, and effect on growth rate, antibiotics were found to
be equally effective. The manifestation of clinical signs of
the disease was less pronounced (P < 0.03) in calves trea-
ted with tilmicosin on the 2" and 3™ day after the start
of treatment. During the tests of samples of transtracheal
swabs, Pasteurella multocida was isolated from 25 out of
40 examined calves, P. haemolytica - from 4 animals, Hae-
mophilus somnus - from 4, Actinomyces pyogenes — from 3
and Aspergillus spp. - from 2 calves. Mycoplasma was iso-
lated in association with other bacterial isolates in 22 out
of 40 calves examined. As a result of experiments, it was
found that tilmicosin and oxytetracycline are effective in
the treatment of respiratory diseases in young animals,
even when Mycoplasma spp. are involved in the infectious
process. Tilmicosin is more effective in eliminating the
clinical signs of mycoplasmosis. Early treatment of dairy
calves with respiratory diseases can reduce the negative
impact on their growth and development [32].

The efficacy of tulathromycin versus enrofloxacin for the
primary treatment of naturally acquired respiratory disease
in fattening cattle was studied by E. J. Robb et al. Calves
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with clinical signs of respiratory disease in two feedlots
were randomly assigned to treatment with tulathromycin
(2.5 mg/kg s.c.) or enrofloxacin (12.5 mg/kg s.c.). The use of
tulathromycin resulted in a significantly higher (P = 0.009
and P = 0.031) therapeutic success (87.9 and 80.0%) than
the administration of enrofloxacin (70.2 and 62.5%). Ani-
mals treated with tulathromycin received fewer follow-up
treatments and also gained more weight compared to
calves treated with enrofloxacin [33]. Other researchers also
report the advantage of using certain antimicrobial drugs,
as well as their combinations in other frequently recorded
bacterial infections that occur both independently and in
association with mycoplasmosis [34, 35].

An evaluation of the use of tulathromycin for the treat-
ment of pneumonia after experimental intranasal infection
of weaned piglets with M. hyopneumoniae was carried out
by J. McKelvie et al. Five days after the inoculation of the
pathogen, the animals were divided into groups: one re-
ceived a single intramuscular injection of saline, the other
received a single intramuscular injection of tulathromycin
(2.5 mg/kg; day 0), the third received three intramuscular
injections of enrofloxacin (5.0 mg/kg; days 0, 1, 2). The pigs
were autopsied on the 12% or 13" day. Uninfected animals
remained healthy without lung pathology. In pigs treated
with tulathromycin, cough, mean lesion score, and propor-
tional lung weight were significantly reduced, and weight
gain was significantly greater compared to the control
group (P < 0.05). When comparing the efficacy of enro-
floxacin and tulathromycin, it was found that there were
no significant differences in proportional lung weight or
weight gain of piglets in the groups, but cough was worse
and lung lesions were more severe in pigs treated with
enrofloxacin (P < 0.05). The authors concluded that tulath-
romycin was effective in the treatment of pneumonia after
experimental infection with M. hyopneumoniae [13]. Mul-
tiple (course) use of enrofloxacin significantly increases the
therapeutic effect compared to three times, a number of
researchers note [36-38].

A study of the efficacy and safety of tilmicosin phos-
phate in the treatment of experimental mycoplasmal in-
fections in pigs was carried out by X. H. Zhang et al. Efficacy,
recovery rate, mortality rate, severity of lung lesions were
tested, and complete and biochemical blood tests as well
as urinalysis were performed. The results showed that the
administration of 10% soluble tilmicosin phosphate pow-
der at doses of 100, 80 and 60 mg/L had a distinct thera-
peutic effectin pneumonia of pigs of mycoplasmal etiology
(lesions in the lungs decreased significantly). In addition to
the pronounced antibacterial action, the drug contributed
to anincrease in the weight of sick pigs. The authors noted
that treatment of infected pigs with tilmicosin phosphate
ata dose of 60-100 mg/L did not affect the results of blood
and urine tests, and therefore it is safe for sick pigs [39].

The effectiveness of a macrolide antibiotic in reducing
the number of respiratory pathogens in piglets weaned
from sows 12 and 21 days after farrowing was evaluated
by L. K. Clark et al. The aim of their studies was to deter-
mine the therapeutic effect of a feed antibiotic (tilmicosin)
on pigs infected with M. hyopneumoniae, as well as the
effect of the drug on other respiratory pathogens. The
experiment used fifty pigs, divided into five experimental
groups. Piglets of three groups were weaned from sows
at 12 days of age: one was infected with M. hyopneumo-
niae and treated with tilmicosin; the second was infected,

but the drug was not administered; the third group was
intact. Piglets of two more groups were weaned from the
sow at the age of 21 days, they were not subjected to in-
fection with M. hyopneumoniae, while tilmicosin was used
in one group, and not used in the other. Some pigs in all
treatment groups developed clinical signs similar to those
of Haemophilus parasuis disease and were injected with
penicillin for 3 consecutive days. The development of res-
piratory disease was assessed by the presence of cough
and lung lesions at autopsy. The biological material was
tested for M. hyopneumoniae, Actinobacillus pleuropneu-
moniae, H. parasuis, Pasteurella multocida, Streptococcus
suis, and Bordetella bronchiseptica. In addition, the sera of
all pigs were tested for antibodies to M. hyopneumoniae
and A. pleuropneumoniae. Body weight was also mea-
sured and growth was calculated in the period from 12 to
56 days. The authors found that tilmicosin did not affect
the growth rate of pigs of different groups and reduced
cough (P < 0.01), although the degree of lung damage
was slightly (P > 0.05) different from animals that did not
receive the drug. A. pleuropneumoniae, B. bronchiseptica
and P. multocida were not isolated from any of the pigs.

Four of the seven piglets from which S. suis was isola-
ted were from the control group, while the pathogen was
not detected in animals treated with tilmicosin. H. parasuis
was isolated at autopsy from 19 of 20 pigs uninfected with
M. hyopneumoniae and 7 of 30 early weaning pigs. Pigs in
all five groups were seropositive for A. pleuropneumoniae at
12 days of age, but titers decreased over the course of the
experiment. Two out of ten control pigs seroconverted to
M. hyopneumoniae. It was concluded that tilmicosin reduced
the lesions caused by the disease mycoplasma pneumonia,
delayed the onset of cough and, probably, thus prevented
the development of lung pathology, reduced colonization
of S. suis and seroconversion of M. hyopneumoniae [36].

The benefits of using tilmicosin in other frequently re-
ported bacterial infections (pasteurellosis, streptococcosis,
hemophilic polyserositis, infectious atrophic rhinitis) are
also reported by other researchers [39-41].

CONCLUSION

Mycoplasmas are able to cause deep pathological pro-
cesses in the human body, animals of various species and
birds. They cause inflammatory diseases of the respiratory
system, genitourinary system, joints, meninges. Most of-
ten, mycoplasma respiratory infection occurs in the form
of pneumonia and can complicate the course of any viral
respiratory infection.

Mycoplasmosis is an economically important disease
in the poultry industry that causes huge losses. The re-
sults of studies published in various sources show that,
as a rule, high sensitivity of M. synoviae and M. gallisepti-
cum is observed to tetracyclines, tiamulin and tylvalosin.
Isolates with increased resistance to tilmicosin (MIC, va-
lues = 64 pg/mL) are also resistant to tylosin and lincomy-
cin. Israeli scientists, when testing the in vitro sensitivity of
50 strains of M. gallisepticum to antimicrobial drugs, found
that acquired resistance to tylosin, as well as to tilmico-
sin, is present in 50% of them. The authors found a clear
correlation between single point mutations at positions
A2058G or A2059G in the 23S rRNA gene and acquired
resistance of M. gallisepticum to macrolides.

The fluoroquinolones, tilmicosin, tulathromy-
cin, chlortetracycline, enrofloxacin, doxycycline and

VETERINARY SCIENCE TODAY. 2022; 11 (2): 169—175 | BETEPUHAPUA CEFOAHA. 2022; 11 (2): 169-175



oxytetracycline are effective against Mannheimia hae-
molytica and Mycoplasma, which are the main causative
agents of respiratory infections in lambs.

An analysis of the available literature showed that
M. bovis isolates are largely sensitive to oxytetracycline,
florfenicol, and tulathromycin; enrofloxacin has a less pro-
nounced therapeutic effect. As a result of experiments, it
was found that tilmicosin and oxytetracycline are effective
in the treatment of respiratory diseases in young animals,
even when Mycoplasma spp. are involved in the infectious
process. Tilmicosin is more effective in eliminating the
clinical signs of mycoplasmosis, but should not be pre-
scribed without prior pathogen sensitivity testing.

When comparing the effectiveness of drugs for the
treatment of pneumonia after experimental intranasal
infection of weaned piglets with M. hyopneumoniae,
a significant therapeutic effect of tulathromycin was es-
tablished, and the therapeutic effect was significantly in-
creased by multiple (course) use of enrofloxacin. The use
of broad-spectrum drugs, which include tilmicosin, is also
promising in the treatment of mycoplasmal infections in
pigs. Tilmicosin was effective in combating other com-
monly reported bacterial infections in pigs (pasteurellosis,
streptococcosis, hemophilic polyserositis, infectious atro-
phic rhinitis).

Thus, the effectiveness of the treatment of mycoplas-
mosis in birds, cattle and small cattle, pigs depends both
on the drugs used and on the etiological agents, while
infections associated with mycoplasmosis play a signifi-
cantrole.

REFERENCES

1. Rosales R. S., Puleio R, Loria G. R., Catania S., Nicho-
las R. A. J. Mycoplasmas: Brain invaders? Res. Vet. Sci. 2017;
113:56-61. DOI: 10.1016/j.rvsc.2017.09.006.

2. El-Jakee J., Elshamy S., Hassan A.-W., Abdelsalam M.,
Younis N., El-Hady M. A, Eissa A. E. Isolation and charac-
terization of Mycoplasmas from some moribund Egyptian
fishes. Aquacult. Int. 2020; 28: 901-912. DOI: 10.1007/
$10499-019-00502-2.

3. Morrow C. J., Kreizinger Z., Achari R. R., Beké K.,
Yvon C., Gyuranecz M. Antimicrobial susceptibility of
pathogenic mycoplasmas in chickens in Asia. Vet. Micro-
biol.2020;250:108840. DOI: 10.1016/j.vetmic.2020.108840.

4.Yadav J. P, Tomar P, Singh Y., Khurana S. K. Insights on
Mycoplasma gallisepticum and Mycoplasma synoviae infec-
tion in poultry: a systematic review. Animal Biotechnology.
2021; DOI: 10.1080/10495398.2021.1908316.

5. Gerchman I, Levisohn S., Mikula I., Manso-Silvan L.,
Lysnyansky |. Characterization of in vivo-acquired re-
sistance to macrolides of Mycoplasma gallisepticum
strains isolated from poultry. Vet. Res. 2011; 42 (1):90.
DOI: 10.1186/1297-9716-42-90.

6. Bergonier D., Berthelot X., Poumarat F. Contagious
agalactia of small ruminants: current knowledge concer-
ning epidemiology, diagnosis and control. Rev. Sci. Tech.
1997; 16 (3): 848-873. DOI: 10.20506/rst.16.3.1062.

7.Ghanem M. E., Higuchi H., Tezuka E., Ito H., Devkota B.,
Izaike Y., Osawa T. Mycoplasma infection in the uterus of
early postpartum dairy cows and its relation to dystocia
and endometritis. Theriogenology. 2013; 79 (1): 180-185.
DOI: 10.1016/j.theriogenology.2012.09.027.

8. Bergonier D., Poumarat F. Agalactie contagieuse des
petits ruminants: épidémiologie, diagnostic et controle =

REVIEWS | GENERAL ISSUES 0630PbI | OBLLIE BOMPOCHI

Contagious agalactia of small ruminants: epidemiology, di-
agnosis and control. Rev. Sci. Tech. 1996; 15 (4): 1431-1475.
PMID: 9527414. (in French)

9. De Almeida J. F,, do Nascimento E. R., de Almeida
PereiraV. L., Barreto M. L., de Martino Campos C. A., de Aze-
vedo E. O. Polimerase chain reaction (PCR) in the diagnosis
of goat mycoplasmosis proceeding from cultures stored in
glycerol. Rev. Bras. Med. Vet. 2007; 29 (2): 54-57.

10. Politis A. P, Vasileiou N. G. C,, loannidi K. S., Mav-
rogianni V. S. Treatment of bacterial respiratory infections
in lambs. Small Ruminant Research. 2019; 176: 70-75.
DOI: 10.1016/j.smallrumres.2019.05.005.

11. Hegde Shivanand, Hegde Shrilakshmi, Spergser J.,
Brunthaler R., Rosengarten R., Chopra-Dewasthaly R. In
vitro and in vivo cell invasion and systemic spreading of
Mycoplasma agalactiae in the sheep infection model. Int.
J. Med. Microbiol. 2014; 304 (8): 1024-1231. DOI: 10.1016/j.
ijmm.2014.07.011.

12. Ambroset C., Pau-Roblot C., Game Y., Gaurivaud P,
Tardy F. Identification and characterization of Mycoplasma
feriruminatoris sp. nov. strains isolated from Alpine ibex:
A 4t species in the Mycoplasma mycoides cluster hosted
by non-domesticated ruminants? Front. Microbiol. 2017;
8:939. DOI: 10.3389/fmicb.2017.00939.

13. McKelvie J., Morgan J. H., Nanjiani |. A., Sherington J.,
Rowan T. G., Sunderland S. J. Evaluation of tulathromycin
for the treatment of pneumonia following experimental
infection of swine with Mycoplasma hyopneumoniae. Ve-
terinary Therapeutics. 2005; 6 (2): 197-202. PMID: 16094566.

14.Tortorelli G,, Carrillo Gaeta N., Mendonca Ribeiro B. L.,
Miranda Marques L., Timenetsky J., Gregory L. Evaluation
of Mollicutes microorganisms in respiratory disease of
cattle and their relationship to clinical signs. J. Vet. Intern.
Med.2017;31 (4): 1215-1220. DOI: 10.1111/jvim.14721.

15. Dacak D., Petters J., Batista-Cirne L., Lucero M.,
Aliendre R., Guzman J., Ordofiez R. Primer reporte de
micoplasmosis en Procyon cancrivorus en cautiverio en
Asuncidn, Paraguay. Rev. Inv. Vet. Perti. 2021; 32 (1):e19494.
DOI: 10.15381/RIVEP.V3211.19494.

16. Crossland N. A., DiGeronimo P. M., Sokolova Y., Chil-
dress A. L., Wellehan J. F. X. Jr, Nevarez J., Paulsen D. Pneu-
monia in a captive central bearded dragon with concur-
rent detection of helodermatid adenovirus 2 and a novel
Mycoplasma species. Vet. Pathol. 2018; 55 (6): 900-904.
DOI: 10.1177/0300985818780451.

17.Macédo A. A.M,, Oliveira J. M. B, Silva B.P, Borges J. M.,
Soares L. B. F, Silva G. M,, et al. Occurrence of Mycoplasma
bovigenitalium and Ureaplasma diversumin dairy cattle from
to Pernambuco state, Brazil. Arq. Bras. Med. Vet. Zootec. 2018;
70 (6): 1798-1806. DOI: 10.1590/1678-4162-10132.

18. Al-Farha A. A., Hemmatzadeh F., Khazandi M.,
Hoare A., Petrovski K. Evaluation of effects of Mycoplasma
mastitis on milk composition in dairy cattle from South
Australia. BMC Vet. Res. 2017; 13 (1):351. DOI: 10.1186/
$12917-017-1274-2.

19. Eissa S. I, Hassan A. M., Hashem Y. M., Shaker M. M.
Comparative molecular study of Mycoplasma bovis isolates
from Egyptian buffaloes and cows suffered from mastitis.
European J. Biol. Sci. 2012; 4 (4): 114-120. DOI: 10.5829/ido-
si.ejbs.2012.4.4.6668.

20. Eissa S., Hashem Y., Abo-Shama U. H., Shaker M. Se-
quence analysis of three genes of Mycoplasma bovis iso-
lates from Egyptian cattle and buffaloes. Microbiol. Res. J.
Int. 2016; 14 (3): 1-10. DOI: 10.9734/BMRJ/2016/25014.

VETERINARY SCIENCE TODAY. 2022; 11 (2): 169—175 | BETEPUHAPUA CETOAHA. 2022; 11 (2): 169-175



REVIEWS | GENERAL ISSUES 0630Pbl | OBLLIE BOMPOCHI

21. Fox L. K. Mycoplasma mastitis: causes, transmission,
and control. Vet. Clin. North Am. Food Anim. Pract. 2012;
28 (2): 225-237.DOI: 10.1016/j.cvfa.2012.03.007.

22.NicholasR. A, Ayling R. D. Mycoplasma bovis: disease,
diagnosis, and control. Res. Vet. Sci. 2003; 74 (2): 105-112.
DOI: 10.1016/50034-5288(02)00155-8.

23. Pothmann H., Spergser J., Elmer J,, Prunner I, Iwer-
sen M., Klein-Jébstl D., Drillich M. Severe Mycoplasma bo-
vis outbreak in an Austrian dairy herd. J. Vet. Diagn. Invest.
2015; 27 (6): 777-783.DOI: 10.1177/1040638715603088.

24. Media releases on the Mycoplasma bovis response.
Available at: https://www.biosecurity.govt.nz/protec-
tion-and-response/mycoplasma-bovis/resources-for-my-
coplasma-bovis/media-releases.

25. Saraya T. The history of Mycoplasma pneumoniae
pneumonia. Front. Microbiol. 2016; 7:364. DOI: 10.3389/
fmicb.2016.00364.

26. Surynek J., Vrtkova ., Knoll A. Mycoplasma bovis
was not detected in milk from dairy cattle in the Czech
Republic. Acta Univ. Agric. Silvic. Mendelianae Brun. 2016;
64 (1): 165-168.DOI: 10.11118/actaun201664010165.

27. Arcangioli M. A, Chazel M., Sellal E., Botrel M. A, Be-
zille P, Poumarat F., et al. Prevalence of Mycoplasma bovis
udder infection in dairy cattle: preliminary field investiga-
tion in southeast France. New Zealand Veterinary Journal.
2011;59 (2): 75-78. DOI: 10.1080/00480169.2011.552856.

28. Bednarek D., Ayling R. D., Nicholas R. A., Dudek K.,
Szymanska-Czerwinska M. Serological survey to deter-
mine the occurrence of respiratory Mycoplasma infections
in the Polish cattle population. Vet. Rec. 2012; 171 (2):45.
DOI: 10.1136/vr.100545.

29. Calcutt M. J., Lysnyansky I., Sachse K., Fox L. K., Nicho-
las R. A. J., Ayling R. D. Gap analysis of Mycoplasma bovis
disease, diagnosis and control: An aid to identify future
development requirements. Transbound. Emerg. Dis. 2018;
65 (Suppl 1): 91-109. DOI: 10.1111/tbed.12860.

30. Step D. L., Kirkpatrick J. G. Mycoplasma infection in
cattle. Pneumonia - arthritis syndrome. The Bovine Prac-
titioner. 2001; 35 (2): 149-155. DOI: 10.21423/bovine-vol-
35n02p149-155.

31. Hendrick S. H., Bateman K. G., Rosengren L. B. The
effect of antimicrobial treatment and preventive strategies
on bovine respiratory disease and genetic relatedness and
antimicrobial resistance of Mycoplasma bovis isolates in a
western Canadian feedlot. Can. Vet. J. 2013; 54 (12): 1146-
1156. PMID: 24293675.

32. Musser J., Mechor G. D., Gréhn Y. T., Dubovi E. J.,
Shin S. Comparison of tilmicosin with long-acting oxy-
tetracycline for treatment of respiratory tract disease
in calves. J. Am. Vet. Med. Assoc. 1996; 208 (1): 102-106.
PMID: 8682696.

33. Robb E. J., Tucker C. M., Corley L., Bryson W. L., Ro-
gers K. C,, Sturgess K., et al. Efficacy of tulathromycin or
enrofloxacin for initial treatment of naturally occurring bo-
vine respiratory disease in feeder calves. Veterinary Thera-
peutics. 2007; 8 (2): 127-135. PMID: 17616947.

34. Greene C. E., Chalker V. J. Nonhemotropic Myco-
plasmal, Ureaplasmal and L-Form Infections. In: Infectious
diseases of the Dog and Cat. Ed. C. E. Greene. 4" ed. St Louis:
Elsevier Inc; 2011; 319-325.

35.Haapala V., PohjanvirtaT., Vahanikkila N., Halkilahti J.,
Simonen H., Pelkonen S., et al. Semen as a source of Myco-
plasma bovis mastitis in dairy herds. Vet. Microbiol. 2018;
216:60-66. DOI: 10.1016/j.vetmic.2018.02.005.

36. Clark L. K, Wu C. C,, Alstine W. G., Knox K. E. Evalu-
ation of the effectiveness of a macrolide antibiotic on
reduction of respiratory pathogens in 12-day and 21-day
weaned pigs. J. Swine Health Prod. 1998; 6 (6): 257-262.

37. Mosier D. Review of BRD pathogenesis: the old
and the new. Anim. Health Res. Rev. 2014; 15 (2): 166-168.
DOI: 10.1017/51466252314000176.

38.MustafaR., Qi J.,, Ba X., ChenY. HuC, Liu X, etal. Invi-
tro quinolones susceptibility analysis of chinese Mycoplas-
ma bovis isolates and their phylogenetic scenarios based
upon QRDRs of DNA topoisomerases revealing a unique
transition in ParC. Pak. Vet. J. 2013; 33 (3): 364-369.

39. Zhang X. H., Pan J. Z, Wu N., Tang S., Lei X. D.,
Sun Y. Y. et al. Investigation of the efficiency and safety
of tilmicosin phosphate in treating experimental my-
coplasmal infections in pigs. Turk. J. Vet. Anim. Sci. 2018;
42 (6): 571-580. DOI: 10.3906/vet-1804-76.

40. Maclnnes J. 1., Paradis M. A, Vessie G. H., Slavic L., Wat-
son S., Wilson J. B, et al. Efficacy of prophylactic tilmicosin in
the control of experimentally induced Haemophilus parasuis
infection in pigs. J. Swine Health Prod. 2003; 11 (4): 174-180.

41. Olson L. B., Backstrom L. R. The effect of tilmicosin
in minimizing atrophic rhinitis, pneumonia, and pleuritis
in swine. J. Swine Health Prod. 2000; 8 (6): 263-268.

Received 20.12.2021
Revised 22.02.2022
Accepted 04.04.2022

INFORMATION ABOUT THE AUTHORS / UHOOPMALLUA 06 ABTOPAX

Valeriy A. Agoltsov, Doctor of Science (Veterinary Medicine),
Professor, Professor of the Department of Animal Diseases and
Veterinary Sanitary Examination, FSBEU HE Saratov SAU, Saratov,
Russia.

Larisa P. Padilo, Assistant of the Department of Animal Diseases
and Veterinary Sanitary Examination, FSBEU HE Saratov SAU,
Saratov, Russia.

Oksana P. Biryukova, Candidate of Science (Veterinary Medicine),
Associate Professor, Associate Professor of the Department
of Animal Diseases and Veterinary Sanitary Examination,
FSBEU HE Saratov SAU, Saratov, Russia.

Maryana M. Ligidova, Post-Graduate Student, Department

of Animal Diseases and Veterinary Sanitary Examination,
FSBEU HE Saratov SAU, Saratov, Russia

AronbuoB Banepuit AnekcaHApoBUY, OKTOP BETEPUHAPHBIX
Hayk, npodeccop, npodeccop kKadeapbl 6GonesHen
XVWBOTHbIX U BeTEPUHAPHO-CAHUTAPHON 3KCNepTU3bl
OrbOyY BO «Capatoeckuii FTAY», r. CapaTtos, Poccus.

Mapuno Jlapuca MaBnoBHa, accucTeHT Kadeapbl 6onesHen
XKWBOTHbIX W BeTepMHapPHO-CaHWTAPHOW 3SKCMepTu3bl
OrbOY BO «Capatosckuii FAY», r. CapaTtos, Poccusa.

Buptokosa OkcaHa lNeTpoBHa, KaHAMAAT BETEPUHAPHbBIX HayK,
[IOLIeHT, foLleHT Kadeapbl 60ne3Hel XNBOTHBIX Y BETEPUHAPHO-
caHuTapHon skcnepTtusbl OFBOY BO «CapatoBckuit TAY»,
r. Capatos, Poccus.

Jlurnpgoea MapbsaHa MyxamepoBHa, acnupaHTt Kadeapsb
601e3He KNBOTHBIX U BETEPUHAPHO-CAHNTAPHON SKCMNEPTU3bI
OrbOY BO «CapaTtoBckuii TAY», . CapaTos, Poccus.

VETERINARY SCIENCE TODAY. 2022; 11 (2): 169—175 | BETEPUHAPUA CEFOAHA. 2022; 11 (2): 169-175



REVIEWS | GENERAL ISSUES 0630Pbl | OBLLIE BOMPOCHI

DOI: 10.29326/2304-196X-2022-11-2-176-185 (:
Biological properties of coronaviruses of farm,

domestic animals and birds: comparative characterization
of pathology they induce (review)

Kh. Z. Gaffarov', A. I. Yarullin?, V. G. GumeroV?, I. G. Karimullina*

FSBSI“Federal Center for toxicological, radiation, and biological safety” (FSBSI“FCTRBS-ARRVI”), Kazan, Russia
! https.//orcid.org/0000-0007-8995-6364, e-mail: gaffarxz@vnivi.ru

2 https://orcid.org/0000-0003-1717-0498, e-mail: yarulinai@vnivi.ru

3 https://orcid.org/0000-0001-5878-4299, e-mail: gumervg@vnivi.ru

* https://orcid.org/0000-0002-6771-3457, e-mail: karimuig@vnivi.ru

SUMMARY

Coronavirus induced diseases can cause significant damage to agriculture that s associated with high (up to 100%) lethality in young animals. Members of the family
Coronaviridae are characterized by the fact that they infect a wide range of animals and birds with expressed species-limited pathogenicity. One more coronavirus
specificity involves their ability to simultaneously affect more than one organ. The disease severity is also strongly correlated with the age of the susceptible animal
and degree of pathology. Thus, the coronavirus induced diseases are most often acute in newborn and young animals, while such diseases often develop into chronic
and latent forms in adult animals. The general property of all coronavirus-induced diseases involves acute impairement of capillary circulation in the affected organ
thus leading to the development of further pathology. The proposed review demonstrates brief overview of the history of discovery and examination of the viruses
of Coronaviridae family and describes the coronavirus taxonomy. The paper reviews the virus structure, physico-chemical and biological properties; it describes
specific features of their cultivation in vitro, some biochemical aspects of the virus replication and analyses the process of their propagation in the sensitive cells.
Some data on the virus antigen structure and immunogenicity, on the presence of related antigens in the coronaviruses infecting humans, animals and birds are
demonstrated as well. The paper provides data on the significant role the coronaviruses play in the pathology of farm animals and stresses their economic relevance,
in particular for the commercial pig and poultry production.
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PE3IOME

bone3sHu, Bbi3biBaeMble KOPOHABUPYCaMU, MOTYT HAHOCUTb 3HAUMTENbHDII yLLep6 cenbckomy X03aiCTBY, 06yCNOBNEHHbIN BbICOKON (BoxoaAleil 2o 100%)
NeTanbHoCTbIO Cpean MonoaHsAKa. lpeactauteny cemeitctsa Coronaviridae xapakTepu3yKTcsa TeM, YT NOPAXKAIOT LUMPOKMIl CNEKTP KUBOTHBIX M NTUALL, NPK 3TOM
0TMEYaeTCA BbIpaXeHHOe BIA0BOE OrpaHyeHie natoreHHocTy. Ele 0AHOI 0c0BEHHOCTbIO KOPOHABYUPYCOB ABAAETCA COCOOHOCTb MOPaXaTh He OAYH, a Cpasy
HeCKONbKO 0praHoB. Takxe CyLecTBYyeT YeTkad 3aBUCUMOCTb TAXECTI TeueHna 6one3Hu 0T Bo3pacTa BOCNPUUMYNBOTO XKUBOTHOTO 11 MHTEHCMBHOCTI NaTono-
TIYecKuX NpoLeccoB. Tak, 3a60neBaHIA, Bbi3bIBaeMble JaHHbIMU BUPYCaMK, YaLLie BCero UMEKT 0CTPOe TeueHie y HOBOPOX/EHHbIX XUBOTHbIX 1 MONOAHAKA,
¥ B3pOC/IbIX 0C00€ii OHU HEPeAKO NePeXofAT B XPOHIUECKYH U NaTeHTHYt0 Gopmbl. ObLLee (BOICTBO Bcex GonesHeil, MHAYLMPOBAHHBIX KOPOHABUPYCAMI, —
0CTpOe HapyLUeHIe KanuANAPHOTo KPOBOOOPALLIEHNA B NOPaXXEHHOM OpraHe, CTaHOBALLeeca 0CHOBOI Pa3BUTUA AanbHelilLero Natonoruyeckoro npoLecca.
B npeanaraemoit 0630pHoii cTaTbe NpeacTaBneHa kpatkasa MHGopMaLma 06 MCTopum OTKPLITAA U U3y4eHus BUPYCOB cemeiicTBa Coronaviridae, npuBeeHa Tak-
COHOMUA KOPOHaBMPYCoB. B paboTe paccMaTpuBaeTca CTpoeHMe, GU3NKo-XuMUYecKme 11 Buonoruyeckie CBONCTBA AaHHbIX BUPYCOB, U3N0XKEHbI 0C0OEHHOCTY MX
KynbTUBUPOBAHNA in Vitro, HeKOTOpble GroXUMIMYeCKIe acneKkTbl penauKaLy, aHann3npyeTca NPOLecc pa3MHOXeHIA B BOCNPUMMYIBBIX KneTkax. Kpome Toro,
0600LLiEHbI HEKOTOPble aHHblE 06 AHTUFEHHOI CTPYKTYPe U UMMYHOTEHHOCTH, O HANIMYMK POLCTBEHHBIX AHTUTEHOB Y KOPOHABHUPYCOB, MOPAXKAIOLLMX YenoBeKa,
KUBOTHBIX U NTUL. B CTaTbe NpUBOAATCA laHHbIE 0 3HAUUTENbHOI POAI KOPOHABUPYCOB B NATONOTUM CENIbCKOXO3ANCTBEHHDBIX XNBOTHBIX W MOAYEPKMBAETCA UX
3KOHOMMUYECKOe 3HaueHue, 0C06eHHO B YCNOBUAX MPOMBILLNIEHHOTO CBUHOBOACTBA U NTULEBOACTBA.

KnioueBble cnoBa: 0630p, KOPOHaBUPYCbl, MNeKonuTaloLLue, NTULbI, UMMYHUTET, KNUHYECKAA KapTUHA

[ina untuposauus: faddapos X. 3., Apynaun A. W., Tymepos B. T, Kapumynauna . T. Bruonornyeckue 0cobeHHOCTIN KOPOHABUPYCOB CENbCKOX03ANCTBEH-
HbIX, OMALLHMX XMBOTHbIX U NTUL: CPABHUTENbHAA OLEHKA XapaKTepa Bbi3blBaeMblX UMM NaTONOrnyeckux npouecco (063op). BemepuHapus ce200Hs.
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KondnukT uHTepecoB: ABTOpbI 3aABMAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.
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INTRODUCTION

While considering the background of the issue one
should mention that coronaviruses infecting animals and
mostly birds were detected and studied before the human
coronaviruses. Some of them were actively investigated
and used as a model system in the studies of the molecular
biology of the whole group of these viruses [1].

The first representative of the coronavirus family was
isolated during the studies of avian infectious bronchitis
etiology, and it was Infectious bronchitis virus (IBV). The
viral nature of the highly contagious disease, often lethal
for young chickens, was substantiated by the American
researchers [2, 3]. Other researchers later detected the
viral particles by means of negative-contrast electron
microscopy of the IBV suspension [4]. The viral particles
were mostly of round or oval shape and possessed thick
membrane with club-shaped protrusions — spikes (Fig. 1).

In later years, the new family was persistently supple-
mented with the infectious agents isolated from humans
and animals [5]. Starting from 1965, publications appeared
that reported on the virus isolation from diseased people
demonstrating acute respiratory signs [6]. One of such vi-
ral agents isolated from the diseased teenager and subjec-
ted to three passages in volunteers was identified as B814.
This strain and strains 229E, OC38, OC43, isolated by the
American researchers D. Hamre and J. J. Procknow [7] in
human embryonic kidney cell line turned out to be similar
in structure. Their further examination demonstrated com-
mon morphology of the isolates and IBV. Therefore, that
enabled their incorporation in the same taxonomic group.

Comparative studies carried out by the group of
researchers demonstrated such integration. It was
additionally confirmed that murine hepatitis virus can
be also included in this group as it has similar shape and
structure [8].

Despite different natural hosts and diseases caused,
they share not only structure but also a number of biologi-
cal properties. Five key identification criteria were selected:

— average size of the virion is 80-160 nm;

- single-stranded RNA;

- membrane;

- virions are shaped as rounded bodies with typical
crown of club-shaped protrusions;

- virus replication in cytoplasm with budding into the
cytoplasmic vacuoles.

In 1968, the group of infectious agents having similar
structure were proposed to be named coronaviruses thus
emphasizing their specific shape. In 1976, the Internatio-
nal Committee on Taxonomy of Viruses (ICTV) assigned
the coronaviruses the status of the family. Hereafter, the
family was supplemented with other viruses isolated from
animals and birds as well as agents detected as a result of
studies of contamination of cell cultures of different origin.

GENERAL DESCRIPTION
OF CORONAVIRUSES

Coronaviruses (CoV; family Coronaviridae) belong to
order Nidovirales, which includes large enveloped RNA-
viruses. According to D. K. Lvov et al., this order com-
prises three families, one of which (Coronaviridae), in its
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Fig. 1. General view of the infectious bronchitis virus virion.
Negative staining [4]

turn, consists of two subfamilies and eight genera [9]. The
ICTV proposed to use Greek alphabet letters (alpha, beta,
gamma and delta) for designation of four genera of the
coronavirus family [10]. As mentioned above, the viruses
belonging to the family Coronaviridae have common bio-
logical properties and they are similar in their morphology.
The coronavirus virion has a spherical shape (120-160 nm)
and typical protrusions — peplomers (15-20 nm) forming
serrated framing. Their shape and distance between the
club-shaped protrusions serve as the differential structu-
ral properties, which allow to distinguish between coro-
naviruses and ortho- and paramyxoviruses by negative
staining.

Coronavirus nucleocapsid is a long flexible helix con-
taining the genomic positive-sense RNA (molecular weight
5.5 x 10° and a large number of molecules of phosphory-
lated nucleocapsid protein N (50-60 K). The virus enve-
lope consists of lipid biolayer formed of the intracellular
membrane of the host cells and two viral glycoproteins:
E1(20-30K) and E2 (180-200 K); peplomers are formed of
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E2 molecules. The matrix glycoprotein E1 passes through
the lipid biolayer and interacts with the nucleocapsid in-
side the viral particle [11] (Fig. 2).

PHYSICAL AND CHEMICAL PROPERTIES
OF THE CORONAVIRUSES

Coronaviruses are infectious agents with moderate
persistence in the environment. All members of the
family have high tolerance for the vacuum freeze-drying,
and being freeze-dried they can survive for several years
at 4 °C. The coronaviruses can be UV-inactivated. The peri-
od necessary for the complete loss of infectivity depends
on the distance from the UV-exposure source. Longer ex-
position (100-120 min) results in complete destruction of
the virion of the porcine hemagglutinating encephalomy-
elitis virus (PHEV), loss of its infectivity and hemagglutina-
tion activity [12]. Sun rays also destruct the coronaviruses,
however this procedure is rather slow, at least 3 hours at
37-38 °C are necessary for the complete inactivation of
the virus [13].

Data on the hydrogen ion effect on the coronavirus
stability are diverse. The majority of the researchers hold
to an opinion that pH range from 7.0 to 7.5. is optimal
for all members of the family. All coronavirus species
are destructed by the fat solvents: when treated with
Tween, ether, chloroform the viruses are completely
inactivated [14].

lonic and non-ionic detergents (Triton X-100, sodium
dodechyl sulphate, deoxycolate, Nonidet P-40) destruct
coronaviruses [15]. Members of this coronavirus family
are relatively resistant to proteases (trypsin, pepsin) and
amylases, but they are destructed by phospholipase C.

The coronaviruses are inactivated by the following dis-
infecting agents: 1% solutions of phenol, cresol and for-
malin, 70% ethanol, carbolic soap solution and 10% soda
solution, upon 3-10 min exposure [16].

The coronavirus survival in the environment was mo-
deled on IBV by T.T. Satylganov, and the test demonstrated
the coronaviruses maintained infectivity for 8-10 hours in
aerosols, much longer in drinking water (up to 9 days) and
up to 12 days on hard and soft objects (down, feathers,
eggshells, wood) [17].

Outdoors the virus inactivates within 4-11 days
in spring at 0-18 °C and relative humidity 49-84%; in
3-9 days in summer at 10-23 °C and humidity 68-90%;
in winter the virus maintains activity for 33-44 days. Six
hours were required for effective disinfection in case of
treatment of infected surfaces with bleach solution con-
taining 3% of active chlorine; it took three hours in case of
treatment with 0.5% formaldehyde and 3% tetrachloride,
while sodium hypochlorite solution with 1.5% active chlo-
rine resulted in disinfection of the surfaces in one hour.
Exposure time increased with the use of aerosols. Thus,
safe IBV inactivation required 12-hour exposure of the
disinfected surface to the sodium hypochlorite aerosol
(5% active chlorine) [17].

CORONAVIRUS REPRODUCTION FEATURES

Biochemical aspects of coronavirus replication were
first studied by W. B. Becker et al. while examining IBV
infected chick embryo chorioallontoic membrane (CAM)
cells [18]. The virus was found to bud into the cisterns of
cytoplasmic reticulum and cytoplasmic vesicles but not
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Fig. 2. Coronavirus structure [11]

through the plasmolemma. Before budding, an expressed
thickened crescent-shaped layer of the protein appears
on the membrane [19, 20]. Results of further studies per-
formed by different researchers demonstrated that the
coronaviruses attach to the target cell receptors with their
E-2 peplomer termini [21-23]. The virus penetrates into
the cell by fusion of the viral envelope with the plasmo-
lemma or by endocytosis [1].

For all positive RNA-containing viruses the first stage of
the virus cycle after the penetration into the cell involves
attachment of the genomic RNA to ribosomes that results
in the synthesis of the viral RNA-dependent RNA-poly-
merase [24].

Nucleocapsid N protein and some non-structural pro-
teins are obviously synthesized on the polysomes in the
cytoplasmic matri [25, 26]. Synthesis of E1 and E2 glyco-
proteins occurs on the polysomes attached to the rough
endoplasmic reticulum (RER). Coronavirus spiral nucleo-
capsid is formed in the cytoplasm of the infected cells due
to interactions between the newly synthesized RNA with
N protein molecules. Nucleocapsid possesses flexible and
rather loose structure, and it is sensitive to RNAse, its den-
sity amounts to 1.24-1.29 g/cm?[27, 28].

./ Spike glycoprotein

I Hemagglutinin-acetylesterase

// alycipiotein

Membrane
= ]  glycoprotein

= -

Small envelope
glycoprotein

Coronavirus virions are formed by budding from RER
membranes and/or Golgi apparatus [18] (Fig. 3).

On RER or Golgi apparatus membranes the host cellu-
lar proteins are eliminated from the budding virions and
replaced by the viral glycoproteins; nucleocapsid and RER
or Golgi apparatus membranes interact through E1 glyco-
protein cytoplasmic domain. Coronavirus budding occurs
only on the intracellular membranes, where E1 molecules
are localized [29-32]. Large amount of E2 can be accu-
mulated on the plasmatic membrane, but virion budding
never occurs here, probably due to the lack of free E1.
Nucleocapsid-containing budding virions “squeeze” into
the RER and Golgi apparatus cavity and move to smooth
bulbs (vesicles) and migrate to the edge of the cell, where
they fuse with the plasmatic membrane resulting in the
release of a large amount of virions in the extracellular
space [14, 33, 34].

The virions often release from the cell only after its
death, the coronaviruses however can release from the
non-destructed cells, evidently, by means of cell secretion
mechanism [31, 32, 35, 36]. The ability of the coronaviruses
to release from the unlysed cell is the key factor for poten-
tial moderate (non-cytopathic) infection. Great number of
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Fig. 3. A cell infected with the human respiratory coronavirus HCoV-229E.
Budding of the coronavirus spherical virions (arrows) is observed

on the membranes of RER and smooth vesicles. Inside the virions,

electron-dense nucleocapsids are visible. Before leaving the cell due to exocytosis
or cell lysis, the virions enter the RER cavity or pass through the Golgi apparatus
(magnification 60,000x) [21]

virions were observed on the plasmatic membrane of the
infected cells and they did not bud from it but most likely
adsorbed to it after the release from the infected cells [37].

IMMUNOLOGICAL ASPECTS
OF CORONAVIRUS INFECTION

The coronaviruses as well as other enveloped viruses
have a complex antigenic composition. Studies of humans
and animals recovered from the natural coronavirus infec-
tion or artificially infected with the coronaviruses attest to
the fact that the antigens are capable of inducing virus
neutralizing, complement-fixing, precipitating, lytic and
antihemagglutinating antibodies. Immune response de-
velops quite rapidly: relatively high antibody titers can
be reported in blood by day 10-15 post infection or im-
munization. Antibody action mechanism was studied by
direct electronic microscopy. Thus it was demonstrated
that sera of convalescent orimmunized birds not only had
virus-neutralizing properties but they were also capable
of inducing clearly microscopically visible agglutination
of the coronavirus virions [4]. Moreover, different effects of
the homologous and heterologous sera were established
thus being indicative of the uneven structure of the coro-
navirus membranes and presence of definite loci, where
the most active antigens are accumulated. Virus-encoded
specific whole antigens are localized on the distal termi-
ni of the spikes. This data obtained from IBV examination
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were supported in other avian coronavirus model - turkey
enteritis virus [38].

General knowledge of the antigenic properties of dif-
ferent coronavirus species are based on comparative stu-
dies of the relationship between various strains performed
using neutralization test, complement fixation test and
less frequently by hemagglutination inhibition test as well
as by observation of cross-resistance effect in vivo [4, 14].

According to some reports, the coronaviruses causing
porcine encephalomyelitis, transmissible gastroenteritis
of swine (TGE) and porcine epidemic diarrhea (PED) are
antigenically independent species, but according to other
reports they contain common antigens [39-48]. Compara-
tive studies of PHEV strains isolated in different countries
including USA, England and Japan, demonstrated their an-
tigenic structure similarity, and they were ranged in the
same serotype [39, 40]. No antigenic variability was deter-
mined for TGE virus: strains isolated from animals in dif-
ferent countries were serologically identical [41]. In 1986,
TGE-like porcine respiratory coronavirus (PRCV) was iso-
lated and identified, which was antigenically related to
TGE virus and induced TGEV-neutralizing antibodies. The
key difference of the new coronavirus included its extra-
ordinary pneumotropism with lack of enteropathogenici-
ty [42, 47]. Both viruses are antigenically similar and have
neutralizing epitopes in the basic virion proteins (N, S
and M) [47].
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Among the mammalian coronaviruses TGEV demon-
strates relatedness to canine enteric coronavirus, feline
infectious peritonitis virus and strain 229E-associated res-
piratory coronavirus in humans [43, 44]. The antibodies
induced in the blood of dogs following the coronavirus
infection are capable of TGEV neutralization [45].

Knowledge of antigenic and genomic homology of
Coronaviridae family members are based on comparative
studies involving different up-to-date methods. As a re-
sult, type-specific (within the same species), group-specific
(within a group of antigenically related viruses: TGEV and
PRCV) and interspecies (canine, feline, porcine corona-
viruses) antigenic relatedness was determined.

Antigenic relatedness of human and animal corona-
viruses are of particular interest. Human coronaviruses
were determined to be serologically related to bovine and
murine coronaviruses as well as to PHEV [1].

Coronaviruses of rodents (murine hepatitis virus and rat
coronavirus) are antigenically related to each other and to
the human coronavirus [49].

Enteropathogenic coronaviruses of turkeys and bo-
vines also demonstrate antigenic relatedness. Bilateral an-
tigenic relatedness was determined for turkey coronavirus
and chicken and murine coronaviruses.

Genetic recombination was reported to be the most
frequent between the genomes of different but related
coronaviruses. This can be an important mechanism for
the natural occurrence of genetically-modified viruses [47].

ROLE OF CORONAVIRUSES IN ANIMAL
AND AVIAN PATHOLOGY

The major coronavirus-induced disease in pigs is trans-
missible gastroenteritis manifested with vomiting, profuse
diarrhea, systemic dehydration and high lethality, parti-
cularly in piglets during the first 10 days of life. During pri-
mary outbreaks, the morbidity and mortality of newborn
piglets can reach 100%, in such case the farm remains
nearly without litter [33, 44].

TGE pathogenesis is featured by its ability to reproduce
in the respiratory tract of the pigs as well, i.e. in the epithe-
lial cells of the nasal and pulmonary mucosa [50, 51]. In vit-
ro experiments demonstrated that TGEV replicates in por-
cine macrophage alveolar cell culture. This supports the
fact that the virus infects not only intestines [44, 52-54].

Fattening pigs are considered to be the most probable
TGEV reservoir in inter-epidemic period, who maintain the
disease in enzootic and asymptomatic forms [44]. Reser-
voirs of the infection agents can be the herds, where week-
ly farrowing system is practiced [55].

Another porcine coronavirus with hemagglutinating
activity induces severe disease, and it is currently known as
porcine encephalomyelitis virus [34, 49, 56]. The outbreak of
the disease with encephalomyelitis clinical manifestation
was first described in 4-7-day-old pigs in Ontario (Canada)
by A.S. Greig et al. [57].

Porcine hemagglutinating encephalomyelitis virus was
isolated from the diseased newborn piglets in Poland in
1971 as well as from nasal conchae of pigs demonstrating
atrophic catarrh in the USA in 1972. This coronavirus in-
fection is specified by high contagiousness (nearly 100%),
and it is manifested with vomiting, anorexia, constipation
and progressive cachexia in animals. The disease most-
ly affects pigs of over 2 weeks of age [57]. According to

C. K. Roe andT. J. Alexander, mortality in pigs of such age
reaches 100% [58], and results of the studies performed by
other researchers indicate that this parameter somewhat
varies [59]. The disease incubation period generally lasts
for 5-6 days. Sometimes, vomiting and anorexia are the
key symptoms during the first 2-3 days, however, later on
signs of severe CNS lesions come to the fore.

The virus replicates in the porcine thyroid cell culture,
porcine embryo lung cells, in the continuous neonatal
porcine testis cell culture and in porcine kidney cell line
PK-15. During reproduction in the porcine kidney cell cul-
ture giant cells are formed [60].

Coronavirus enteritis in calves. In 1972 the American re-
searcher C. A. Mebus et al. for the first time established
possible coronavirus origin of dyspepsia in newborn
calves [61, 62]. Primary etiologic role of the agent was
proven during the experimental infection of calves with
coronavirus in the natural environment as well as during
the experimental infection of newborn, colostrum de-
prived calves and gnotobionts [63].

Whereas the most typical clinical sign of coronavirus
enteritis in calves involves diarrhea, the virus infects not
only the intestines but also the respiratory tract of the
animals. The agent mostly replicates in distal part of the
small intestine and colon, epithelial cells of nasal, tracheal
and lung mucosa. Bovine coronaviruses can induce latent
infections. Clinically healthy animal can be chronic virus
carrier and it can shed the virus with the feces for seven
months [64].

Mebus C. A. et al. described pathological and anato-
mical lesions in gnotobiotic calves infected with corona-
virus enteritis agent [61]. The disease progression was
supported by immunofluorescence tests and electronic
microscopy of ultra-thin sections of intestinal walls of
calve demonstrating acute diarrhea signs, which were
emergently slaughtered in different periods post infec-
tion including those slaughtered at the peak of clinical
manifestation. Specific fluorescence was reported in
the epithelial cells of the small intestinal villi already
in 4 hours post infection and reached its maximum by
44 hours post infection. Electronic microscopy of small
intestine mucosal cells demonstrated virus particles
in cytoplasmic vacuoles, large cisterns and pericellular
space in the reticuloendothelial cells of the mesenteric
lymph nodes [65, 66].

Infectious bronchitis (IB) virus is the best studied repre-
sentative of avian coronaviruses. The basic clinical signs of
the disease include air sac inflammation, rhinitis, mucous
sputum producing cough, sneezing, conjunctivitis, dysp-
nea, depression. The disease incubation period is short:
it averages between 18 and 36 hours. Birds of different
ages have different disease: mortality of 1-5-week-old
chicks reaches 25-40%. The disease is highly contagious
and already on the first days post outbreak onset, 70-90%
of chicks develop expressed clinical signs. In adult layers
the disease is specified by less expressed respiratory signs
and general low mortality. The birds demonstrate apa-
thy, loss of appetite, sneezing, nasal discharge and egg
drop[19, 67, 68].1tis egg drop that is considered to be the
most harmful effect of the coronavirus infection.

Coronavirus enteritis (blue comb) of turkeys. The disease
was first reported in the USA in 1951.1n 1953 the virus was
isolated, which was ranged in coronavirus family in 1974.
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In all cases the disease was reported as highly contagious
and it affected 90-100% of chicks and adult birds [70].
The outbreaks as a rule occur spontaneously and already
in 3-5 days all susceptible population becomes infected.
The incubation period lasts for 48-72 hours. The disease
starts with the temperature rise and the turkeys refuse
from feed and water; gastrointestinal disorder (diarrhea),
weakness, cyanosis of the comb and body weight loss are
reported [71].

Feline infectious peritonitis is a highly contagious di-
sease, which was first described by American researchers
L. G. Wolfe and R. A. Griesemer in 1966 [72]. Its most typi-
cal signs include ascites, anorexia, body weight loss, tem-
perature fluctuations accompanied with depression. Some
animals demonstrate vomiting, diarrhea, anemia and jaun-
dice. The disease generally develops slowly and lasts for
3-4 months. The mortality of the diseased cats is pretty
high. Using electron microscopy of tissues of the eutha-
nized cats B. C. Zook et al. demonstrated virus particles
morphologically similar to the coronaviruses in the cells
of the liver, spleen and intestines [73]. J. M. Ward proved
etiological relation between these agents and feline infec-
tious peritonitis virus [74].

Etiological agent of canine coronavirus enteritis was
for the first time isolated in USA in 1971. The virus is well
replicated in the canine kidney cell culture. Experimental
infection of puppies resulted in diarrhea due to the de-
struction of mature cells of the villi of the small intestines.
Canine coronavirus is antigenically related to the porcine
transmissible gastroenteritis virus, porcine respiratory
coronavirus and feline infectious peritonitis virus [75].

CONCLUSION

While summing up the data presented in the paper,
one should mention that typical feature of coronaviru-
ses is a wide variety of their natural hosts along with the
pronounced species-limited pathogenicity. Due to the ca-
pacity of infecting various organs the coronaviruses can
be classified as pantropic viruses [1]. The diseases induced
by them are mostly acute, but can transform to chronic
and latent forms. All coronavirus species are specified by
clear dependence of the disease severity on the age of
the susceptible animal and intensity of the pathological
processes. Thus, severe bronchitis was reported only in
chicks (IBV), lethal hepatitis — in newborn mice (murine
hepatitis virus), lethal pneumonia - in newborn rats
(coronavirus of rats), severe lethal gastroenteritis and en-
cephalomyelitis — only in piglets (TGEV and PHEV), lethal
diarrhea - only in newborn calves (agent of coronavirus
enteritis in calves). In adult animals of the same species
the infection was subclinical and inapperant.

All described cases of the diseases induced by different
coronaviruses have one thing in common - acute disorder
of capillary circulation in the affected organ, which is the
base of the pathological process caused by the agent. This
results in the edematous organ, profuse serous exudate,
and in the most pronounced cases - to necrosis and lining
detachment. Similar signs were reported in case of “blue
comb”disease in turkeys, when cyanosis of the comb and
general asthenia were associated with severe enteritis and
profuse diarrhea [14].

There is a definite amount of data on each species of
coronaviruses described in the paper and these data allow
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for the comparative analysis of their properties, structure,
antigenic relations as well as for getting an idea of their
role in the pathology of farm and domestic animals and
birds. However, even those pathological syndromes, which
are currently reliably associated with the coronaviruses,
are indicative of major damage to agriculture caused by
these pathogens.
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The study guide addresses two highly dangerous infec-
tious transboundary diseases — sheep pox and goat pox.
It particular, current literature data and the results of in-
house research activities regarding sheep pox and goat
pox epidemic situation in the Russian Federation and in
the world are provided. Data on etiological structure and
morphology of causative agents, sources of infection and
transmission factors, pathogenesis patterns with indica-
tion of pathological process stages in infected animals,
main clinical signs of the diseases and post-mortem le-
sions in sheep and goats are presented.

Considerable attention is given to the special aspects
of sheep pox and goat pox diagnosis; methods for collec-
tion of biological material samples for virologic, serological,
molecular genetic and histological tests are described in
detail.

Attention is drawn to the necessity of differential
diagnosis; the diseases and factors to be ruled out are
indicated.

The study guide is extensively illustrated with figures
showing specific clinical manifestations and post-mortem
lesions in goat pox virus- and sheep pox virus-infected
animals.

The study guide is targeted at students and trainees, in
particular undergraduates, postgraduates, retrainees, and
serves as the source of state-of-the-art knowledge on such
significant infectious diseases as sheep pox and goat pox.
Besides, the material will be helpful for the specialists of
the state veterinary service and veterinary surveillance
bodies of the country.

The authors undertook considerable work to analyze
sheep pox and goat pox epidemic situation in the Russian
Federation and countries around the world, as well as the
existing measures to control and prevent the said diseases.

In my opinion, the publication of this study guide is
timely, relevant and useful not only for students and trai-
nees, but also for a wide range of veterinary professionals
dealing with infections.
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African swine fever (ASF) is the disease of wild and
domestic pigs caused by the DNA virus of Asfarviridae
family, Asfivirus genus. The virus strains and isolates are
characterized by a considerable geneticand immunologic
diversity, responsible for the differences in their biological
properties. Since the ASF genotype Il serotype 8 virus was
introduced in our country (2007) this problem has been
the most challenging one for the domestic pig produc-
tion, causing significant economic losses to the whole
industry and posing a serious threat to the national food
security. In recent years, ASF virus has covered countries
to the West and East from the Russian Federation, thus
significantly expanding its habitat; and the disease itself
brings multi-billion losses in many countries of the world.
A potential simultaneous circulation of viral strains of dif-
ferent virulence levels makes it necessary to improve diag-
nostic and preventive measures in case of ASF suspicion,
herewith the lack of specific prophylaxis and treatment
means and insufficient knowledge complicate the con-
trol of this infection. Currently pursuant to the approved

“Veterinary rules of application of preventive, diagnostic,
restrictive and other measures, quarantine imposition
and removal and other restrictions aimed at prevention
of African swine fever spread and outbreak eradication”on
a livestock farm or in a backyard, where an ASF outbreak
is reported, the quarantine shall be imposed and all pigs
shall be destroyed.

© Verkhovsky 0. A., 2022
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In recentyears, the veterinary science and practice have
built up broad experience in ASF prevention and outbreak
eradication, though it is fragmented and requires generali-
zation. This approach was used by the authors of the study
guide under review “African Swine Fever”A.S. Igolkin and
K. N. Gruzdev, leading ASF specialists.

The work under review consists of 11 sections and
126 pages. ASF epidemiology in Russia and other coun-
tries, disease etiology, ASFV genetic peculiarities, virus cul-
tivation, isolate differentiation, its resistance to different
chemical and physical factors and other issues are presen-
ted clearly in the study guide. The infection sources and
transmission routes are analyzed. The modern methods of
laboratory diagnosis, pathogenesis, clinical and post mor-
tem signs of the disease as well as ASF prevention and
control measures are described. Much attention is paid
to ASF primary differential diagnosis, which is especially
important for practicing veterinarians.

Materials given in the study guide reflect long-term
experience of the authors and staff members of diffe-
rent research institutes. They will be useful for veterinary
specialists of different levels in their practice. The study
guide is easy to read, it is illustrated with high-quality in-
formative figures and tables. Taking into account a high
level of the presented material, the study guide might be
recommended for use in educational processes and as an
information resource.
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African Swine Fever (ASF) is a highly contagious, sep-
ticemia-causing disease of domestic pigs and wild boar.
It poses a huge threat to the pig industry in all countries
where these animals are reared. ASF is caused by a DNA vi-
rus of the Asfivirus genus of the Asfarviridae family. Global
ASF fight experience has demonstrated that the absence
of prophylactic and therapeutic drugs seriously hinders
the disease control and eradication.

As practice shows, well-informed and well-trained
people are required to implement preventive, diagnostic,
restrictive measures aimed at ASF prevention and eradi-
cation.

The “African swine fever” study guide was prepared by
leading experts of the scientific institution FGBI “ARRIAH"
A. S. Igolkin, K. N. Gruzdev, who have rich practical expe-
rience in ASF control. The peer-reviewed work includes
materials accumulated over the years on the infection
etiology, genetic features of the ASF virus, principles of
differentiation of isolates, virus replication, and virus resis-
tance to various chemical and physical factors. The guide
provides information on modern methods of the labora-
tory diagnosis, as well as on measures taken to prevent
and control ASF.

© Chernov A. N., 2022
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The authors have described the world’s experience
gained in this sphere.

The theoretical and practical information covered in
the study guide is equally important for the veterinary
policy makers and for experts who directly take preven-
tive, diagnostic and restrictive measures to prevent and
eradicate ASF.

The chosen form of the study guide makes it possible
to increase and consolidate knowledge about the issue in
focus.The use of the self-control section helps to appropri-
ately assess students’ knowledge after they complete se-
minars, webinars, and courses (including the on-line ones).

The use of this study guide in the educational process
will facilitate professional growth of veterinary practitioners.

It shall be noted that this is a well-illustrated and pro-
fessional study guide with an extensive list of reliable refe-
rence materials used as a basis.

The presented study guide can be recommended for
courses, seminars, advanced training webinars for vete-
rinarians and biologists. It can also be used by municipal
institutions, forest services, the Ministry of Emergency
Situations and other people as a source of information
about this socially important porcine disease.
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