FGBI "FEDERAL CENTRE FOR ANIMAL FEDERAL SERVICE FOR VETERINARY ISSN 2304-196X (Print)
ARRIAH HEALTH" (FGBI "ARRIAH") AND PHYTOSANITARY SURVEILLANCE ISSN 2658-6959 (Online)

&J(L (ROSSELKHOZNADZOR)

VETERINARY g
SCIENCE TODAY

BETEPUHAPUA CETOOHA i

MARCH | MAPT VOL. 12 No.1 2023

BIOTECHNOLOGY

Modern approaches to production
of safe and effective genetically modified
rabies vaccines for animals p.6

Biological, cytomorphological Study of cultural Spatiotemporal analysis

and karyological heterogeneity properties of canine of African swine fever spread
of transformed cell lines enteric coronavirus in wild boar population
derived from domestic pig isolate in different in Russian Federation,

(Sus scrofa L.) organs cell cultures 2007-2022

p.13 p.23 p.57



FEDERAL SERVICE FOR VETERINARY ISSN 2304-196X (Print)
AND PHYTOSANITARY SURVEILLANCE 1SN 2658-6959 (Online)
(ROSSELKHOZNADZOR)

FGBI "FEDERAL CENTRE FOR ANIMAL HEALTH"
(FGBI "ARRIAH")

VETERINARY SCIENCE TODAY

QUARTERLY SCIENTIFIC JOURNAL

MARCH VOLUME 12 No. 1 2023
Published since 2012

BETEPUHAPUA CETOOHA

EXXEKBAPTAJIbHbIN HAYYHbIV XXYPHAT

MAPT TOM 12 N2 1 2023
OcHoBaH B 2012T.

KypHan «BeTepuHapus cerogHs»

BK/IoYeH B [lepeyeHb peLieH31pyemMbix HayuHbIX 3aanuii (BAK):

1.5.10 — Bupyconorua (BeTepuHapHble HayKu),

4.2.3 — HdeKumoHHble 6one3HN 1 IMMYHONONA XUBOTHBIX (BeTepUHAPHbIe HayKK)



Veterinary Science Today. Scientific Journal. 2023; Vol. 12 No. 1

Published since 2012

The mission of the publication is the delivery of information on basic development trends of veterinary science and practice and highlighting
of vital issues and innovative developments in veterinary area for scientific community

Editor-in-Chief: Konstantin N. Gruzdev — Dr. Sci. (Biology), Professor, FGBI"ARRIAH",
Vladimir, Russia, https://orcid.org/0000-0003-3159-1969; AuthorID: 304722;

Scopus Author ID: 6506731135; e-mail: gruzdev@arriah.ru; Tel.: +7 (4922) 45-37-96
Editorial Director: Julia Melano, Advisor to the Head of the Federal Service for Veterinary
and Phytosanitary Surveillance (Rosselkhoznadzor), Moscow, Russia, e-mail: . melano@ya.ru

Executive Editor: Tatiana Nikeshina, Candidate of Science (Biology),
FGBI "ARRIAH", Vladimir, Russia, e-mail: nikeshina@arriah.ru;
https://orcid.org/0000-0002-0959-5915; Tel.. +7 (4922) 26-15-12, ext. 22-27

Cover photo: Extreme Media / iStock

Editorial Board:

Boldbaatar Bazartseren — PhD/DVM, Institute of Veterinary Medicine,

Ulan Bator, Mongolia; Scopus Author ID: 26634733300

Fyodor 1. Vasilyevich — Dr. Sci. (Veterinary Medicine), Professor, Academician

of the RAS, FSBEI HE “Moscow State Academy of Veterinary Medicine and Biotechnology —
MVA n. a. K. 1. Skryabin’, Moscow, Russia; https://orcid.org/0000-0003-0786-5317;
AuthorlD: 285556; ResearchID: K-9491-2015

Alexander G. Glotov — Dr. Sci. (Veterinary Medicine), Professor,

Siberian Federal Scientific Centre of Agro-Bio Technologies of the RAS, Novosibirsk, Russia;
https://orcid.org/0000-0002-2006-0196; AuthorlD: 236129; Scopus Author ID: 7004340265

Svetlana A. Grin — Dr. Sci. (Biology), Professor, Corresponding Member of the RAS,
FSBI“All-Russian Research and Technological Institute of Biological Industry”,

Schelkovo, Russia; AuthorID: 563647

Mikhail I. Gulyukin — Dr. Sci. (Veterinary Medicine), Professor,

Academician of the Russian Academy of Sciences, Honorary Scientist of the Russian Federation,
FSBSI“Federal Scientific Centre VIEV’, Moscow, Russia; https.//orcid.org/0000-0002-7489-6175;
AuthorlD: 112679; Scopus Author ID: 56114346900; ResearcherID: V-4640-2017

Alexey D. Zaberezhny — Dr. Sci. (Biology), Professor,

FSBI“All-Russian Research and Technological Institute of Biological Industry”,

Schelkovo, Russia; https://orcid.org/0000-0001-7635-2596; AuthorlD: 91643;

Scopus Author ID: 6507196549; ResearcherID: V-7959-2017

Alexey S. Igolkin — Cand. Sci. (Veterinary Medicine), FGBI “Federal Centre for Animal Health”,
Vladimir, Russia; https.//orcid.org/0000-0002-5438-8026

Victor N. Irza — Dr. Sci. (Veterinary Medicine), FGBI “Federal Centre for Animal Health”,
Vladimir, Russia; https.//orcid.org/0000-0001-7489-1772

Alexander V. Kononov — Dr. Sci. (Veterinary Medicine),

FGBI"Federal Centre for Animal Health”, Vladimir, Russia;
https://orcid.org/0000-0002-5523-3261

Petr A. Krasochko — Dr. Sci. (Veterinary Medicine), Dr. Sci. (Biology), Professor,

EE“The Vitebsk State Academy of Veterinary Medicine’, Vitebsk, Belarus;
https://orcid.org/0000-0002-4641-4757; Scopus Author ID: 6504022390

Elena V. Kuzminova — Dr. Sci. (Veterinary Medicine), Krasnodar Research Veterinary Institute —

Detached Unit FSBS “Krasnodar Research Centre for Animal Husbandry and Veterinary Medicine’,
Krasnodar, Russia; https://orcid.org/0000-0003-4744-0823

Yuri V. Lomako — Cand. Sci. (Veterinary Medicine), Associate Professor,

Research Republican Unitary Enterprise the Institute of Experimental Veterinary Medicine
n.a.S. N.Vyshelessky, Minsk, Belarus; https://orcid.org/0000-0002-9611-8286;

Scopus Author ID: 55996656700; ResearcherlD: AAE-5001-2019

Vladimir V. Makarov — Dr. Sci. (Biology), Professor, RUDN University,

Moscow, Russia; https.//orcid.org/0000-0002-8464-6380; Scopus Author ID: 7401689971

N.Ya. Makhamat — Cand. Sci. (Veterinary Medicine), Comrat State University,

Gagauzia, Moldova; https://orcid.org/0000-0002-2738-0408

Artem Ye. Metlin — Dr. Sci. (Veterinary Medicine), Vienna, Austria,

e-mail: metlin@iaea.org; https.//orcid.org/0000-0002-4283-0171; Scopus Author ID: 6505942586;
ResearcherlD: 7-2189-2019

Vladimir A. Mischenko — Dr. Sci. (Veterinary Medicine), Professor, FGBI “Federal Centre
for Animal Health”, Vladimir, Russia; https.//orcid.org/0000-0003-3751-2168;

Scopus Author ID: 7103128956

Natalia V. Mischenko — Dr. Sci. (Biology), Associate Professor, Vladimir State University,
Viadimir, Russia; https.//orcid.org/0000-0002-3643-3129; AuthorlD: 66095;

Scopus Author ID: 7004534956

Ivan Nastasijevic — PhD/DVM, Institute of Meat Hygiene and Technology,
Belgrade, Serbia; https://orcid.org/0000-0002-7141-269X

Vitaly V. Nedosekov — Dr. Sci. (Veterinary Medicine), Professor,
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine;
https://orcid.org/0000-0001-7581-7478; Scopus Author ID: 57189580555

Ivan N. Nikitin — Dr. Sci. (Veterinary Medicine), FSBEI HE “Kazan State Academy of Veterinary Medicine
n.a. N. E. Bauman’, Kazan, Russia; https.//orcid.org/0000-0002-3981-0882; ResearcherID: F-5330-2019

Vadim G. Plyuschikov — Dr. Sci. (Agricultural Science), Professor,

Agrarian and Technological Institute, RUDN University, Moscow, Russia;
https://orcid.org/0000-0003-2057-4602

Valery V. Pronin — Dr. Sci. (Biology), Professor, FGBI “Federal Centre for Animal Health’, Viadimir, Russia;
https://orcid.org/0000-0002-6240-3062; ResearcherID: (-3433-2014

Larisa B. Prokhvatilova — Cand. Sci. (Biology), Associate Professor,

FGBI“Federal Centre for Animal Health”, Vladimir, Russia;

https://orcid.org/0000-0002-9560-0724; Scopus Author ID: 36244177300

Olga V. Pruntova - Dr. Sci. (Biology), Professor, FGBI “Federal Centre for Animal Health”, Viadimir,
Russia; https://orcid.org/0000-0003-3143-7339

Vladimir S. Rusaleyev — Dr. Sci. (Veterinary Medicine), Professor,
Vladimir, Russia; https.//orcid.org/0000-0002-4972-6326

Irina P. Savchenkova — Dr. Sci. (Biology), Professor, FSBSI “Federal Scientific Centre VIEV",
Moscow, Russia; https.//orcid.org/0000-0003-3560-5045; AuthorID: 116034;
Scopus Author ID: 6506749368; ResearcherlID: D-3777-2014

Marko Samardzija — PhD/DVM, Professor, University of Zagreb, Faculty of Veterinary Medicine,
Zagreb, Croatia; https://orcid.org/0000-0003-0402-3173; Scopus Author ID: 8410731800

Alexander A. Sidorchuk — Dr. Sci. (Veterinary Medicine), Professor, Moscow, Russia; AuthorID: 508887

Pavel N. Sisyagin — Dr. Sci. (Veterinary Medicine), Professor, Associate Member of the Russian Academy
of Sciences, Nizhny Novgorod, Russia; https://orcid.org/0000-0003- 1085-220X

Marijana Sokolovic — PhD/DVM, Croatian Veterinary Institute, Poultry Centre, Zagreb, Croatia;
https://orcid.org/0000-0003-3373-7415

Sergey K. Starov — Cand. Sci. (Veterinary Medicine), Senior Researcher,

Deputy Editor-in-Chief, FGBI ‘Federal Centre for Animal Health”, Vladimir, Russia;

AuthorlD: 596191

Alexander M. Subbotin — Dr. Sci. (Biology), Professor, Deputy Prime Minister of the Republic of
Belarus, Minsk, Belarus; AuthorlD: 4709795

Suleiman M. Suleymanov - Dr. Sci. (Veterinary Medicine), Professor, Honorary Scientist of the Russian
Federation, Voronezh State Agrarian University n. a. Emperor Peter the Great, Voronezh, Russia;
https://orcid.org/0000-0002-0461-9885

Sergei V. Fedotov — Dr. Sci. (Veterinary Medicine), Professor, FSBEI HE “Moscow State Academy

of Veterinary Medicine and Biotechnology — MVA n. a. K. I. Skryabin, Moscow, Russia; AuthorlD: 460625
llya A. Chvala — Cand. Sci. (Veterinary Medicine), FGBI “Federal Centre for Animal Health’,

Vladimir, Russia; https.//orcid.org/0000-0002-1659-3256; Scopus Author ID: 57204228517

Alexey G. Shakhov — Dr. Sci. (Veterinary Medicine), Professor, RAS Associate Member,

SSI”All-Russian Veterinary Research Institute of Pathology, Pharmacology and Therapy of the RAAS”,
Voronezh, Russia; https://orcid.org/0000-0002-6177-8858

Irina A. Shkuratova — Dr. Sci. (Veterinary Medicine), Professor, Associate Member of the Russian
Academy of Sciences, Ural Research Veterinary Institute — FSBSI UrFASRC, UrB of RAS,
Yekaterinburg, Russia; https://orcid.org/0000-0003-0025-3545; AuthorID: 482688

Erdenebaatar Janchivdorj — PhD/DVM, Professor, Institute of Veterinary Medicine,

Ulan Bator, Mongolia

Design and composition: Maria Bondar

Technical editor: Elena Guseva

Coordinating Editor: Julia Migulina

Content editor of FGBI "ARRIAH":

Julia Nurmukhambetova-Mikhailova

Proof-reader: Irina Zvereva

The Journal “Veterinary Science Today”is registered in
the Federal Service for Supervision of Communications,
Information Technology, and Mass Media Federal Service,
Registration Certificate No FS 77-49033, March 21, 2012.

Scientific Journal “Veterinary Science Today"is
included in the information analysis system —

Access Journals DOAJ, as well as in the Web of
Science RSCl database and in the international
database of EBSCO. Full-text e-versions of the
Journal are published on the website of the
Scientific Electronic Library, eLIBRARY.RU, DOAJ,
and http://veterinary.amiah.ru/jour/index.

Circulation: 1150. Price: unregulated
Veterinary Science Today Journal
Russian Science Citation Index, Directory of Open can be subscribed through

the Ural-Press subscription agency:
Subscription code — 83862; FGBI “ARRIAH"

127015, Moscow, Novodmitrovskaya str., Printing Office: 000 "Grand Prix",
5a, str. 4; +7 (499) 700-05-07,
fax: 789-86-36 add. 3777;
e-mail: moscow@ural-press.ru

Establisher: 600901, Vladimir, Yur'evets, FGBI“ARRIAH"
Publisher: 000 "Veinard", 129626, Moscow,

102 Prospect Mira, bld. 31, office 12

Editorial Board Office: 600901, Vladimir, Yur'evets,

Creative Commons
Attribution 4.0 License

152900, Yaroslavl Oblast, Rybinsk, Lugovaya str., 7
Approved for print: March 17, 2023
Issued: March 31,2023




BetepuHapus cerogna. Hayunbii xypHan. 2023; Tom 12 N 1

N3paetca ¢ 2012 ropa

Muccueii u30anus aenaemca npedcmasneHue UHopmayuu 06 0CHOBHbIX HANPAesIeHUAX pa3sumus pocculickoli U Mupogoli semepuHapHol HayKu U NPaKmMuKu
U npusnieyeHue 6HUMAHUA HAay4Holi 06ujecmeeHHOCMU K aKmyansHeIM npo6siemam u UHHOBAYUOHHbIM paspabomkam 6 06aacmu eéemepuHapuu

TnaBHblit pepakTop: [py3nes KoHcTanTUH Hukonaeuy — oktop uonoruueckinx Hayk, npodeccop,
OIBY «BHUU3X», r. Bnapumup, Poccus; https://orcid.org/0000-0003-3159-1969; AuthorlD: 304722;
Scopus Author ID: 6506731135 e-mail: gruzdev@arriah.ru; Ten.: 8 (4922) 45-37-96

Lled-pepakrtop: Menaro t0nus, coBeTHuK PykoBoauTena OeaepanbHoii cny6bl no BeTepuHapHOMY
1 GutocanutapHomy Hagsopy (PoccenbxosHaasop), r. Mocksa, Poccus, e-mail: j.melano@ya.ru

Bbinyckatowmii pepakTop: HukelwnHa TatbAHa, kaHaMAaT G1onornyeckmx Hayk,
OTBY «BHUU3X», 1. Bnagumup, Poccus, e-mail: nikeshina@arriah.ru;
https://orcid.org/0000-0002-0959-5915; Ten: 8 (4922) 26-15-12, Ao6. 22-27

Doro Ha o6noxke: Extreme Media / iStock

PepakuunoHHaa Konnerus:

bonp6aarap basapuapan — PhD B obnacTv BetepuHapum, MHCTUTYT BeTepUHAPHON MeAMLIHBI,
. Yna-batop, Mowronus; Scopus Author ID: 26634733300

Bacunesuy ®epop WBaHoBMY — A-p BeT. Hayk, npodeccop, akapemuk PAH,

Orb0Y BO «MockoBckas rocyAapcTBeHHas akafemua BeTepUHapHO MeAMLIHBI

1 6uotexronorun — MBA um. K. 1. Ckpabutar, r. MockBa, Poccus;
https://orcid.org/0000-0003-0786-5317; AuthorID: 285556; ResearcherlD: K-9491-2015

TnotoB Anekcanap FaBpunoBuy — a-p Bet. Hayk, npodeccop, OIBYH «Cubupckuii pepepanbHbiii
HayyHbIii LeHTp arpobuoTexHonoruit PAH», r. Hoocubupck, Poccus;
https://orcid.org/0000-0002-2006-0196; AuthorID: 236129; Scopus Author ID: 7004340265

Tpunb (BeTnaHa AHaTonbeBHa — Ji-p 61on. Hayk, npodeccop, uneH-koppecnoHaeHT PAH,
OrBHY «Bcepoccuiickuit HayuHO-UCCNeR0BATENbCKNIA U TEXHONOTUYECKII MHCTUTYT Guonoruyeckoi
NpOMbILLNEHHOCTI, T. LLlenkoBo, Poccus; AuthorlD: 563647

Tyntokus Muxaun MBaHoBUY — 1-p BeT. HayK, npodeccop, akazemuk PAH, 3acnyxenHblil featen
Hayku PO, OTBHY «DepepanbHblii HayuHblii LieHTp — Bcepoccuitckmii HayuHo-nccneoBaTenbekuii
UHCTUTYT 3KCNEepUMenTanbHoil Betepunapui um. K. . Ckpabuna u A P. Kosanewko», . Mocksa, Poccus;
https://orcid.org/0000-0002-7489-6175; AuthorlD: 112679; Scopus Author ID: 56114346900;
ResearcherlD: V-4640-2017

3a6epexHblii Anekceit imutpueBuny — A-p buon. Hayk, npodeccop,

OrBHY «Bcepoccuitckuit HayuHO-UCCNeR0BATeNbCKNIA U TEXHONOTUYECKII MHCTUTYT G1uonoruueckoi
NpOMbILLAEHHOCTI, T. LLlenkoBo, Poccus; https://orcid.org/0000-0001-7635-2596; AuthorlD: 91643;
Scopus Author ID: 6507196549; ResearcherlD: V-7959-2017

WronkuH Anekceii CepreeBuy — Kanp. Ber. Hayk, OTBY «DeepanbHblii LieHTp 0XpaHbl 30pOBbA
KUBOTHbIX», T. Bnagumup, Poccus; https://orcid.org/0000-0002-5438-8026

Wp3a Buktop Hukonaesuy — a-p Ber. Hayk, OIBY «DepepanbHblii LIEHTp 0XpaHbl 310p0BbA
XUBOTHBIX», T. Bnagumup, Poccus; https://orcid.org/0000-0001-7489-1772

KoHoHoB Anekcanpp BnapumupoBuy — 4-p BeT. HayK, OTBY «DesiepanbHblil LeHTp oXpaHbl
3710pOBb XIBOTHbIX», T. Bnapumup, Poccus; https://orcid.org/0000-0002-5523-3261

Kpacouko Metp Anb6uHOBMY — A1 BeT. HayK, A-p 6uon. Hayk, npodeccop, YO «Butebckas opaeHa
«3Hak lMoyeTa» rocynapcTBeHHan akafemus BeTepUHapHOIl MeAMLMHbI, T. Butebek, benapycs;
https://orcid.org/0000-0002-4641-4757; Scopus Author ID: 6504022390

KysbmunoBa Enena BacunbeBHa — a-p Ber. Hayk, KpacHogapckuii HayuHo-Mccne0BaTenbekuii
BeTepUHAPHbIli MHCTUTYT — 060cobneHHoe cTpyKTypHoe noapasaenenue OTBHY «KpacHopapckuii
HayuHblit LEHTP N0 300TeXHIN 1 BeTepuHapuu», T. KpacHopap, Poccus;
https://orcid.org/0000-0003-4744-0823

Jlomaxko H0puii BacunbeBuy — KaHp. BeT. Hayk, AoueHT, PYI «/IHcTuTyT 3KCnepumeHTanbHoi
BetepuHapuy um. C. H. Bbiwenecckoro, r. Munck, benapycs; https://orcid.org/0000-0002-9611-8286;
Scopus Author ID: 55996656700; ResearcherID: AAE-5001-2019

Makapos Bnagumup Bnagumuposuy — a-p 6uon. Hayk, npodeccop,

OrA0Y BO «Poccuiickmit yHusepcuTeT Apyx6bl Hapoaos», . Mocksa, Poccus;
https://orcid.org/0000-0002-8464-6380; Scopus Author ID: 7401689971

Maxamar Hryepa6e IMTUTMHa — KaHp. BeT. Hayk, KompaTckuil rocyaapcTBeHHbIR yHUBEpCUTET,
r. Taray3us, Monaosa; https://orcid.org/0000-0002-2738-0408

Metnun Aprem EBreHbeBuY — -p BeT. Hayk, . Bena, ABcTpus, e-mail: metlin@iaea.org;
https://orcid.org/0000-0002-4283-0171; Scopus Author ID: 6505942586; ResearcherID: Z-2189-2019
Muwenko Bnapumup AnekcanapoBuy — 4-p BeT. HayK, npodeccop,

OIBY «DepepanbHblil LieHTP 0XpaHbl 3A0POBbA KUBOTHBIX», T. Bnagumup, Poccus;
https://orcid.org/0000-0003-3751-2168; Scopus Author ID: 7103128956

Mwuwienko Hatanba BnagumuposHa — 4-p 6non. Hayk, souent, OT60Y BO «Bnagumupckuit
rocyaapcTBeHHblil yhuepcutet um. A. T u H. T. CroneToBbix», T. Bnagumup, Poccus;
https://orcid.org/0000-0002-3643-3129; AuthorID: 66095; Scopus Author ID: 7004534956
HacracueBuy BaH — PhD B 06nacTv BeTepuHapum, VIHCTUTYT rurvieHbl 1 TEXHONOMMN MACa,

r. benrpag, Cepbus; https://orcid.org/0000-0002-7141-269X

Hepocexos Butanuii Bnapumupouy — -p BeT. Hayk, npodeccop, HaLnoHanbHbiii yHuBepcuTeT
61opecypcoB 1 NpupozoNonb3oBaHMA YKpauHbi, r. Kues, Ykpauta;
https://orcid.org/0000-0001-7581-7478; Scopus Author ID: 57189580555

Hukutun ViBaH HukonaeBuy — -p BeT. Hayk, OF60Y BO «KasaHckan rocynapcTBeHHan akazemus
BeTepUHapHoil MeauumHbl uM. H. 3. baymanay, 1. Kazatb, Poccus;
https://orcid.org/0000-0002-3981-0882; ResearcherlD: F-5330-2019

Mniowmkos Bapum leHHaabeBUY — J-p C.-X. HayK, npodeccop,

ArpapHo-TexHonoruyeckuit uHcTuTyT, OTAOY BO «Poccuiickiii yHuBepcuTeT Apy»6bl HaPOZOB»,
r. MockBa, Poccws; https://orcid.org/0000-0003-2057-4602

MponuH Banepwuii Bacunbeuy — a-p 6uon. Hayk, npodeccop,

OIBY «DepepanbHblii LieHTP 0XpaHbl 340POBbA KMBOTHBIX», T. Bnaaumup, Poccus;
https://orcid.org/0000-0002-6240-3062; ResearcherlD: (-3433-2014

Mpoxsatunosa Jlapuca bopucoBHa — KaHz. 61on. HayK, fOLEHT,

OIBY «®epepanbHblii LieHTP 0XpaHbl 3A0POBbA KMBOTHBIX», T. Bnagumup, Poccus;
https://orcid.org/0000-0002-9560-0724; Scopus Author ID: 36244177300

MpynToBa Onbra BnagucnasosHa — 4-p 6uon. Hayk, npodeccop,

OIBY «®epepanbHblii LieHTP 0XpaHbl 340POBbA KMBOTHBIX», T. Bnagumup, Poccus;
https://orcid.org/0000-0003-3143-7339

Pycanees Bnapumup CepreeBuy — 4-p BeT. HayK, npodeccop, r. Bnagumup, Poccus;
https.//orcid.org/0000-0002-4972-6326

CaBueHKoBa MpuHa MetpoBHa — 1-p 6uon. Hayk, npodeccop, OTBHY «OenepanbHbiit
HayYHbIi LieHTp — Bcepoccuiickuil HayuHo-1CCNef0BaTeNbCKIIA MHCTUTYT JKCNepUMeHTanbHoil
etepuHapun um. K. . Ckpsibuna u . P. KoBanewko, r. MockBa, Poccus;
https://orcid.org/0000-0003-3560-5045; AuthorlD: 116034; Scopus Author ID: 6506749368;
ResearcherlD: D-3777-2014

Camappua Mapko — PhD B o6nactu Betepunapuu, npodeccop, 3arpebekuii yHuBepcuTer,
(akynbTeT BeTepUHAPHOI MeAULHI, T. 3arped, XopsaTus;
https://orcid.org/0000-0003-0402-3173; Scopus Author ID: 8410731800

Cupopuyk Anekcanpp AHApeeBuY — -p BeT. HayK, npodeccop, . MockBa, Poccus;

AuthorID: 508887

Cucarun Nasen Hukonaesuy — A-p Ber. Hayk, Npodeccop, uneH-koppecnoHzeHT PAH,

r. HwxHuii Hosropog, Poccus; https.//orcid.org/0000-0003-1085-220X

CokonoBuy Mapbsna — PhD B o6nactu BeTepuHapui, XopBaTckuii BeTepUHapHbIil MHCTUTYT,
LlenTp nTuueBoacTBa, r. 3arped, Xopsatus; https.//orcid.org/0000-0003-3373-7415

Crapos Cepreit KOHCTAaHTMHOBMY — KaH. BET. HayK, CTapLUMIA HayYHbIit COTPYAHNK,
3aMecTUTeNb raBHoro peaakTopa, OrbY «QeaepanbHblil LEHTP 0XPaHbl 3H0POBbLA XUBOTHBIX,
r. Bnagumup, Poccus; AuthorlD: 596191

Cy660TuH Anekcanpp MuxaitnoBuy — 4-p 61on. Hayk, npodeccop,

3amectutens lpembep-mutunctpa Pecnybnuku benapycb, r. Munck, benapyco; AuthorD: 4709795
CyneitmanoB CyneitmaH MyXuTauHOBMY — [- BeT. HayK, NPOeCcop, 3acnyeHHblii AeATenb
Haykv PO, OTB0Y BO «BopoHexckuii rocysapcTBeHHbIii arpapHblit yHUBEPCUTET M. MMnepaTopa
Netpa I», r. Bopowex, Poccus; hitps://orcid.org/0000-0002-0461-9885

OepotoB Cepreii Bacunbesuy — a-p Bet. Hayk, npodeccop, Orb0Y BO «MockoBckas
rocyflapcTBeHHan akazeMua BeTepuHapHoii MeULMHbI 1 brotexHonorum —

MBA um. K. W. Ckpabukay, r. Mocksa, Poccus; AuthorlD: 460625

Ysana Unba AnekcanapoBu — Kang. BeT. Hayk, OTBY «DefepanbHblii LieHTP 0XpaHbl 340poBbA
KUBOTHbIX», T. Bnapumup, Poccus; https://orcid.org/0000-0002-1659-3256;

Scopus Author ID: 57204228517

IllaxoB Anekceii FaBpunoBuY — A-p BeT. Hayk, npodeccop, uneH-koppecnoHpeHt PAH,
OIBHY «Bcepoccuiickuit HayuHO-1cCNef0BaTeNbCKNIA BeTePUHAPHbIA MHCTUTYT natonoruy,
(hapmakonorim v Tepanun Poccenbxo3akagemuu, . Boporex, Poccus;
https://orcid.org/0000-0002-6177-8858

IlikypatoBa Wpuna AnekceeBHa — A-p BeT. Hayk, npodeccop, unex-koppecnoHzeHT PAH,
Ypanbckuit HUBU — ctpykTypHoe noapasgaenenine OTBHY YpOAHNL YpO PAH,

r. Ekatepun6ypr, Poccus; https.//orcid.org/0000-0003-0025-3545; AuthoriD: 482688
Ipp3Habaarap MKanuugopx — PhD B 06nacti BetepuHapuu, npodeccop,

VIHCTUTYT BeTepuHapHoii MeAuLuHbI, T. Yna-batop, Monronua

[v3aitn u BepcrKa: bonpaps Mapusa

Texuuueckuii pepakTop: lyceBa Enexa
Pepakrop-koopauxatop: Murynuta 0nua
Penakrop-Koppektop OIBY "BHUN3XK":
Hypmyxambetosa-Muxaiinosa t0nua

KoppekTop: 3sepesa lpuxa

KypHan «BeTepuHapus cerogHs» 3apervcTpuposan B Oege-
panbHoii Cnybe o Haa3opy B chepe (BA3M, UHGOPMALMOH-
HbIX TEXHOTOTHiA 1 MaCCOBbIX KOMMYHUKALIWiA, CBUETENbCTBO
0 pervictpauuy Ne OC 77-49033 ot 21 mapra 2012

HayuHblii ypHan «BeTepuHapua cerofHs» BKMueH
B MH(OPMaLVIOHH0-aHanuTMuecKyto cuctemy PUHLI,
Katanor XypHano otkpbitoro foctyna DOAJ, a Takxe
B CUCOK Xy pHanoB, BXoAALLX B 6a3y AaHHbIx RSCI
Ha nnatgopme Web of Science, u MexpayHapoaHyto
6a3y AaHHbIX EBSCO. IneKTpoHHbIe Bepcuu XypHana
pa3MeLLialoTcA B MONHOTEKCTOBOM (opmare

Ha caiiTe HayuHoii aneKTpoHHoit 6ubauotekw (H3b)
eLIBRARY.RU, B katanore DOAJ 1 no agpecy
http://veterinary.arriah.ru/jour/index.

Tupax 1150 3k3emnnapos.

Llena cBoboaHan

ToAnucKy Ha HayYHbIi XypHan

«BeTepuHapua ceroaHs» MOXHO 0GopMHUTL
yepe3 ArexTcteo no noanucke 000 «YPATI-Mpecc
Cranpapm: NognucHoit nkaexc — 83862;
127015, r. MockBa, HoBogmutpoBckas yn.,
oM 53, cTpoetute 4; 8 (499) 700-05-07,

daxc: 789-86-36 pob. 3777;

e-mail: moscow@ural-press.ru

Yupeputens: 600901, . Bnagumup, mp. l0pbesev, OrbY «BHUN3MX»
W3parens: 000 «BeitHapay, 129626, r. MockBa,

npocnekt Mupa, 4. 102, ctp. 31, KomH. 12

Apnpec pepakuum: 600901, . Bnagumup, Mkp. l0pbeseL,

OrBY «BHUM3M»

Tunorpadua: 000 «[PAH NPy,

152900, ipocnasckas 0bnactb,

T. Poibuck, yn. Nyroas, 7

Moanucano B nevats: 17 mapta 2023 roga
[lata Bbixopa B cBeT: 31 Mapta 2023 roga

Creative Commons
Attribution 4.0 License




Veterinary Science Today. Scientific Journal. 2023; Vol. 12 No. 1

Contents

REVIEWS | BIOTECHNOLOGY

Modern approaches to production of safe and effective genetically modified rabies vaccines
for animals

M. 1. Doronin, A. Mazloum, D. V. Mikhalishin, M. N. Mitrofanova,

A.Yu. Sukharkov, V. V. Kiseleva, A. V. Sprygin

ORIGINAL ARTICLES | BIOTECHNOLOGY

1 3 Biological, cytomorphological and karyological heterogeneity of transformed cell lines
derived from domestic pig (Sus scrofa L.) organs
B. L. Manin, E. A. Trofimova, V. L. Gavrilova, 0. S. Puzankova

3 Study of cultural properties of canine enteric coronavirus isolate in different cell cultures
2 A. A. Komarova, T. S. Galkina

REVIEWS | DISEASES OF SMALL PETS

9 FeLV-induced feline leukemia as a natural model for leukemia pathophysiology study (review)
2 T.V. Tabakaeva, A. V. Tsybulsky, K. A. Baranchugova, 1. V. Galkina, M. Yu. Shchelkanov

ORIGINAL ARTICLES | CORONAVIRUS DISEASE (COVID-19)

3 8 Features of model coronaviruses distribution in feline organs and tissues in the context
of COVID-19 pathogenesis study
V. N. Afonyushkin, 0. E. Sysoeva, 0. S. Kozlova, D. V. Shamovskaya

4: 5 Development of polymerase chain reaction kit for detection of SARS-CoV-2 RNA
in biological samples collected from animals
A. M. Timina, A. S. Yakovleva, M. V. Timanov, M. V. Biryuchenkova, Ye. S. Orlova

ORIGINAL ARTICLES | BOVINE DISEASES

5 Comparative assessment of immunodiffusion and enzyme-linked immunosorbent assay
2 used for bovine leukosis diagnosis
A. R. Mustafayev, M. 0. Baratov

ORIGINAL ARTICLES | PORCINE DISEASES

5 Spatiotemporal analysis of African swine fever spread in wild boar population
in Russian Federation, 2007—-2022
0. 1. Zakharova, A. A. Blokhin, 0. A. Burova, 1. V. Yashin, F. I. Korennoy

ORIGINAL ARTICLES | AVIAN DISEASES

6 6 Evaluation of the effectiveness of blood-drop agglutination test for chicken tuberculosis diagnosis
M. 0. Baratov

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY

7 3 Clinical and morphological features of salmonellosis in cows and calves affected by heat stress
L. . Drozdova, E. N. Shilova, I. A. Shkuratova, M. V. Ryaposova

ORIGINAL ARTICLES | GENERAL ISSUES

7 9 Organization of live animal transportation process in the Russian Federation
M. A. Shibayev, I. M. Klinovitskaya, A. V. Belchikhina, A. K. Karaulov

8 Analytical hierarchy process as a tool supporting a decision-making for assessment of the risk of transboundary
infectious animal disease introduction to the Russian Federation and previously disease-free territories
N.V. Lebedev, A. S. Igolkin, K. N. Gruzdev, D. G. Spirin, M. A. Farukh, N. V. Ermilov, G. G. Eremin



BetepuHapus cerogna. Hayunbii xypHan. 2023; Tom 12 N 1

Cogepxanue

0b630Pbl | BUOTEXHONOTUA

(oBpeMmeHHbIe MOAX0fbl K CO3AaHMI0 6e30MacHbIX 1 IQGEKTUBHBIX FeHHO-MHKEHEPHBIX aHTUPabUYECKMX BaKLIMH
6 JNA KMBOTHBIX
M. U. DopoHuH, A. Maznym, [I. B. Muxanuwun, M. H. MutpodaHnosa,
A. 10. CyxapbkoB, B. B. Kucenesa, A. B. Cnpbirut

OPUTVHANbHDIE CTATBY | BUOTEXHONOTUA

1 8 bronornyeckas, uutomopdonornueckas u Kapuonornyeckas reTeporeHHOCTb MOCTOAHHDIX IMHWIA KNETOK,
MONYYeHHDIX 13 OpraHoB JOMaLLHeli cBUHbI (Sus scrofa L.)
b.J1. ManuH, E. A. Tpodumosa, B. JI. TaBpunoBa, 0. C. lly3aHkoBa

8 [13yueHue KynbTypanbHbIX CBOACTB M30N1ATa BO30YAMTENA KOPOHABMPYCHOTO SHTEpUTA CODAK B Pa3NNyHbIX KyNbTypax KNeTok
A.A. Komapoga, T. C. lankuHa

0b630Pbl | BONE3HI MENKUX NOMALLHWUX MUBOTHbIX

9 FeLV-uHayumMpoBaHHbIil NeiiK03 KoLAublX KaK ecTecTBeHHaA MOAeNb ANA U3ydeHus natoduavonorun neiiko3os (063op)
T. B. Ta6akaeBa, A. B. Libi6ynbckuii, K. A. bapanuyrosa, W. B. Tankuna, M. 10. WlenkaHos

OPUTUHANBHDIE CTATbI | KOPOHABUPYCHAA MHOEKLIMA (COVID-19)

S 8 I13yueHne ocobeHHocTeli pacnpeseneHna MoeNbHbIX KOPOHABMPYCOB B OpraHaX U TKAHAX KOLIAUbUX
B KOHTeKCTe 13yyeHns natoreqesa COVID-19
B. H. Adponiowkun, 0. E. CbicoeBa, 0. C. Ko3noga, [1. B. LllamoBckas

4 5 Pa3pabotka TecT-cuctembl Ana o6HapyxeHua PHK Bupyca SARS-CoV-2 B Guomartepuane o1 XKUBOTHbIX METOZOM
NoNMMepa3HON LieMHOI peakLui
A. M. Tumuna, A. C. ikoBnesa, M. B. TumaHos, M. B. buptoueHkoBa, E. C. Opnosa

OPUTUHANDBHbIE CTATBY | BONE3HU KPC

5 (paBHuTeNbHble aCNeKTbl ANArHOCTUKM NeliKo3a KpyMHOro poratoro ckota
Mpy NPUMEHEHUN peakL UMMYyHoAMGGY31mM 1 UMMyHodEepMEHTHOTO aHanu3a
A.P. Myctadaes, M. 0. bapatos

OPUTMHATIbHBIE CTATbY | BONE3HW CBUHEN

5 [poCTpaHCTBEHHO-BPEMEHHOIA aHaNN3 PacnpoCTpaHeHa adpUKAHCKOI YyMbl CBUHEN B NONYNALM ANKKMX KabaHOB
Ha Tepputopum Poccuiickoii Oepepauun 8 2007-2022 rr.
0. . 3axapoBa, A. A. bnoxun, 0. A. byposa, U. B. imn, O. U. KopenHoii

OPUTUHANBHbIE CTATbY | BONE3HN NTUL

6 6 OueHka 3deKTUBHOCTU KPOBAHO-KaNebHOI peaKLui arrioTUHALMI NPY JUArHOCTUKe TybepKynesa Kyp
M. 0. baparos

OPUTUHANBHbIE CTATbY | BETEPUHAPHAA MIUKPOBMONOT 1A

7 3 KnuHuko-mopdonoruyeckue 0cobeHHOCT CanbMOHeNe3a y KOpoB U TEAT Ha (OHe Ten0Boro cTpecca
N. . Apo3noBa, E. H. Lunoga, U. A. likypatosa, M. B. PAnocoBa

OPUTVHANbBHbIE CTATBY | OBLYWE BONPOCDI
7 9 OpraHu3aLna npoLecca nepeBo3ki XUBbIX XMBOTHbIX B Poccuiickoit Deaepavun
M. A. lin6aes, U. M. KnuHoBuukas, A. B. benbunxuna, A. K. Kapaynos
8 MeTog aHanu3a nepapxuil Kak UHCTPYMEHT NoAAepXKN NPUHATUA peLLeHuil NP1 OLLeHKe PUCKa 3aH0Ca TPAHCTPaHUYHBIX

NHGEKLMOHHbIX HONe3Helt XMBOTHBIX Ha TeppuToputo Poccuiickoit Gedepaunin 1 Ha paHee 61arononyyHble TeppuUTOpUI
H.B.Jle6epnes, A. C. Uronkun, K. H. Tpy3pes, [i. T. Cnupun, M. A. @apyx, H. B. Epmunos, I'. . Epemun



REVIEWS | BIOTECHNOLOGY
0b630Pbl | BUOTEXHOJOT KA

DOI: 10.29326/2304-196X-2023-12-1-6-12 (:
Modern approaches to production of safe

and effective genetically modified rabies vaccines for animals

M. I. Doronin, A. Mazloum, D. V. Mikhalishin, M. N. Mitrofanova, A. Yu. Sukharkov, V. V. Kiseleva, A. V. Sprygin
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SUMMARY

Rabies is a dangerous zoonotic disease that affects the central nervous system, causes encephalomyelitis and paralyses and is almost invariably fatal. The disease
causes significant economic losses associated with the death of animals, outbreak consequences, strict restrictions on domestic and international trade in livestock
products, preventive and quarantine measures, laboratory tests. The World Organization for Animal Health recommends vaccination to control rabies. Taking into
account that there is a lack of affordable high-quality vaccines to globally prevent and control the disease, stable, attenuated production strains of rabies virus
with broad cross-activity against various variants of the pathogen shall be considered as ideal candidates to produce high-quality, safe and effective vaccines.
Currently, some approaches are applied to reduce the virus virulence and improve safety of rabies vaccines. Reverse genetics is very popular now. It provides new
approaches to study functions of a specific gene by analyzing phenotypic effects after direct manipulations with nucleotide sequences. The methods of reverse
genetics have revolutionized molecular biology and have become a powerful tool to study genetics of RNA viruses. These methods are widely used to study rabies
virus. The use of reverse genetics has made it possible to modify rabies virus production strains for manufacture of modern genetically modified rabies vaccines that
induce a persistent and long-term immunity. The review briefly covers general approaches to development of viral vectors with the purpose to create genetically
modified rabies vaccines.
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COBpEMEHHbIE noaxoAbl K CO34aHUI0 6e30nacHbIX
7 3(I)(I)€KTI/IBHbIX r€HHO-UHXEHEPHbIX aHTI/Ipa6I/IlJECKI/IX BaKUWH
ANA XUBOTHbIX

M. W. floponun, A. Maznym, [I. B. Muxanuwmun, M. H. Mutpodanosa, A. 10. Cyxapbkos, B. B. Kucenesa, A. B. Cnpbiruu
OIBY «DefiepanbHblil LieHTp oXpaHbl 380poBbA XnBOTHLIX» (OTBY «BHUIU3X»), r. Bnagumup, Poccua

PE3IOME

beLeHCTBO ABNAETCS OZAHIM 113 ONACHbIX 300H030B, KOTOPbIA BbI3bIBAET NOPAKEHNE LEHTPANbHOI HEPBHOI CUCTEMbI, IPUBOANT K SHUEGANOMUENUTAM, Napani-
UYaM C HeN36EXHbIM NIETANbHBIM UCXOA0M. 3a601eBaHIE HAHOCUT 3HAUMTENbHDII SKOHOMUUECKMIA YLLiep6, KOTOPbIii CBA3aH C MGENbIO KUBOTHBIX, IMKBUAALME!
NoCNeaCTBUI BCNbILLEK 60M1e3HM, BBEAEHNEM CTPOTUX OTPAHUYEHINIH, HaNAraemblX Ha BHYTPEHHIOK 11 MEX AYHAPOAHYH TOPToBIIH MPOAYKLIMEN XKIBOTHOBOACTBA,
npoBeaeHneM NPOGUIAKTUYECKHUX U KAPAHTUHHbIX MEPONPUATHI, 0CyLLECTBEHeM NabopaTOPHbIX UccnegoBakuil. [ina 6opbbbl ¢ GelueHcTBOM BcemupHas
OpraHu3aLua 34paBooxpaHeHIna XIUBOTHBIX PEKOMEHAYET BaKLMHONPodUnaKkTUKy. na rnobanbHoii npodunakTukin 1 6opbobl ¢ 3TM 3a60neBaHNeM NPoU3Bo-
ZNMOTO KONIMUECTBa 0CTYMHbIX BbICOKOKAUeCTBEHHDIX BaKLMH HEA0CTaTOuHO. (TabunbHble aTTeHypOBaHHbIE MPOU3BOACTBEHHbIE LUTaMMbl BUPYCa belLeHCTBa
CLUMPOKOIA NEPEKPECTHOI aKTUBHOCTbIO NPOTUB PaNNyHbIX BAPUAHTOB BO3OYAUTENA ABNAIOTCA UAEANbHbIMMU KaHAMAATAMI NS CO3AAHNA HAZEXHDIX, e30nac-
HbIX 1 3 deKTUBHbIX NpenapaTtoB. Ha ceropHALIHMI eHb NPUMEHeH P NOAX0A0B ANA CHINKEHNS BUPYNIEHTHOCTU BUPYCA U MOBbILLEHNS 6e30NacHOCTI aHTU-
pabuueckux BaKLwH. bombLuyio NONyNAPHOCTL UMEIOT METOAbI 06PATHOI FeHETUKIA, KOTOpble MPeACTaBAAIT 060/ HOBbE MOAX0AbI K UCCNEA0BAHII0 GYHKLUN
KOHKPETHOrO reHa MyTem aHanu3a GeHoTunuyecknx 3GHeKToB 3a CYET HeNOCPeACTBEHHOT0 MaHUMYAMPOBAHWA NOCNEA0BATENLHOCTAMM HYKNIEOTUZOB. [laHHaA
Tpynna MeTo/0B NPoN3BeNa PeBOOLIMI0 B MOJEKYNAPHOIT G1oNorim, CTana MOLLHbIM MHCTPYMEHTOM ANA u3yueHna reHeTnkin PHK-copepxalumx Bupycos

© Doronin M. ., Mazloum A., Mikhalishin D. V., Mitrofanova M. N., Sukharkov A. Yu., Kiseleva V. V., Sprygin A.V., 2023
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INTRODUCTION

Rabies is an acute viral disease affecting almost all
mammalian species, including humans [1]. Once clinical
symptoms appear, rabies is virtually 100% fatal. The World
Health Organization estimates that the rabies virus trans-
mitted via bites from infected animals causes more than
59,000 deaths worldwide.

To eradicate the disease successfully, it is necessary
to vaccinate wild carnivorous animals (oral vaccination
program); to vaccinate domestic animals; to ensure post-
exposure and preventive immunization of people who
seek medical help and to ensure preventive vaccination
of people at risk, primarily, professional risk; to monitor on-
going anti-rabies measures, comprising a number of tasks
and techniques. Taking into account that there is a lack
of affordable, high-quality vaccines to globally prevent
and control the disease; stable, attenuated production
strains of rabies virus with broad cross-activity against va-
rious variants of the pathogen shall be considered as ideal
candidates to make affordable, high quality, safe and effec-
tive vaccines [2], however, significant efforts shall be made.

Since the first rabies vaccine was developed at the end
of the XIX century by Pasteur, the product has signifi-
cantly improved, and vaccination is now used for both
domestic and farm animals, as well as for reservoir spe-
cies [3]. Brain tissues affected by the virus were used for
a long time to make vaccines. Severe adverse reactions
were observed when using rabies vaccines produced from
nerve tissues or from tissues of developing avian embryos.
The modern technologies of industrial cell cultivation and
fermentation have significantly expanded the possibilities
to produce high-quality vaccines with a specified amount
of immunogenic components [2].

Inactivated and attenuated vaccines are widely used
to control rabies, however, they have some disadvantages,
most importantly, and some of them are related to safety
and strict requirements for biosafety level in the labora-

tory. Modern rabies vaccines, which are chemically inac-
tivated whole viral products combined with an adjuvant,
or live vaccines (most often used in enzootic areas), have
been very successful in reducing the number of outbreaks
worldwide [4, 5]. However, when using live rabies vaccines,
there is a risk that the used strain may easily revert to a vi-
rulent phenotype, which is extremely hazardous. In addi-
tion, there is an important problem related to commercial
production. For this purpose the followings things are re-
quired: expensive production lines installed in BSL-3 facili-
ties and a great amount of infectious agent for the vaccine
production. An opportunity to bypass these restrictions
has appeared, thanks to genetically modified vaccines, be-
cause their production is safe. The modified constructions
are non-infectious and can be used to produce vaccinesin
BSL-2 laboratories. However, at the same time, it is neces-
sary to prove that the virus obtained by reverse genetics
isavirulent or it belongs to Pathogenicity Groups 3-4 [6-8].

In 1994, M. J. Schnell et al. cloned cDNA of each rabies
virus gene and obtained a modified virus. Recently, due
to a large amount of data on gene sequences, methods
of reverse genetics have been used to determine their
functions. The essence of this approach is to move “from
genotype to phenotype’, i.e. with the help of various ge-
netic manipulations to change or to knock out a particu-
lar gene, and then analyze what these changes will result
in [9]. At the same time, in contrast to classical approaches,
reverse genetics allows to use nucleotide sequences
to analyze a specific role of a gene in the phenotype.

Currently, there are four main methods: gene replace-
ment/knockout based on homologous recombination;
RNA interference/gene silencing; T-DNA insertion muta-
genesis (T-DNA tagging); TILLING (Targeting Induced Local
Lesions in Genomes). It should be noted that the reverse
genetics greatly facilitates molecular and biological ana-
lysis of RNA-containing viruses due to a possibility to do
tests directly with ribonucleic acid molecules [10].
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Due to in vitro reversion, the viral RNA is converted
into its corresponding cDNA. Further manipulations
with the sequence of the resulting nucleic acid, such as
site-specific mutation, deletion, insertion, replacement
of a gene site, or the entire gene, can be performed at
the cDNA level to study the structure and function of a par-
ticular gene [11]. Thus, M. J. Schnell et al. in 1994 used re-
verse genetics to study attenuated SAD-B19 strain of fixed
rabies virus [9]. Later, many researchers began to use this
powerful tool to study the molecular biology of rabies vi-
ruses belonging to genetic group RABV. Reverse genetics
offer great opportunities for development of modern ge-
netically engineered rabies vaccines, which are much safer
than the conventional ones [10, 12, 13].

The review briefly covers general approaches to deve-
lopment of viral vectors with the purpose to create gene-
tically engineered rabies vaccines. We have analyzed many
publications on reverse genetics of negative-strand RNA
viruses, as well as the history and development of rabies
vaccines [2, 3, 5, 7, 14-16]. Methods of reverse genetics
currently used to reduce virulence and improve safety
of rabies vaccines are summarized in the paper. The pa-
per also covers general points related to the use of these
methods for negative-sense RNA viruses.

BRIEF DESCRIPTION
OF RABIES VIRUS STRUCTURE

Rabies virus (RABV) is a neurotropic virus, a member of
the Lyssavirus genus belonging to the Rhabdoviridae fa-
mily. The virus of genetic group RABV causes most rabies
cases [8].

The virion is a bullet-shaped particle, approximate-
ly 250 nm long and 70 nm in diameter. The rabies virus
genome is a single-tranded RNA of negative polarity
(11,000-12,000 bp in size), encoding the following five
structural proteins in a conservative order of 3’5"
nucleoprotein (N-protein), phosphoprotein (P-protein),
matrix protein (M-protein), glycoprotein (G-protein) and
RNA-dependent RNA polymerase (L-protein) [4].

Transcription starts from short-leader RNA synthesis, at
the 3’ end of the genomic RNA. Viral nucleic acid serves
as a matrix for transcription with an RNA-dependent RNA
polymerase consisting of L- and P-proteins, which results
in synthesis of mRNA for expression of N-, P-, M-, G- and
L-proteins. Replication of negative-chain genomes leads
to formation of antigenomes that serve as templates
for synthesis of negative-strand genomes. Genomic and its
complementary antigenomic RNA are tightly encapsula-
ted by a nucleoprotein to form a helical ribonucleoprotein.
Only ribonucleoprotein, but not a free RNA, is suitable as
a template for replication and transcription. The viral cap-
sid is surrounded by a membrane derived from the host
cell, which interacts with the matrix protein and rabies
virus glycoprotein [17-19].

Each link between the genes in the rabies virus genome
contains a sequence that determines the end of the up-
stream gene, the intergenic region and the beginning
for the downstream gene. These sequences function as
a signal for polyadenylation, as well as for initiation, cap-
ping, and methylation of the downstream RNA. Intergenic
regions of the rabies virus N-P, P-M, M-G and G-L (untrans-
lated pseudogenic y-region) include 2, 5, 5 and 24 nucleo-
tides, respectively [14, 20].
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ANALYSIS OF RABIES VIRUS GENES
FOR DEVELOPMENT OF GENETICALLY
MODIFIED RABIES VACCINES

G-gene of rabies virus and its expression. Glycoprotein
is a protein of rabies virus, located on the surface of
the bullet-shaped virion. It is the main structural protein
and the rabies virus antigen, which triggers a strong im-
mune response. The G-protein has two major functions:
it determines pathogenicity of the viral particle and in-
duces humoral and cellular immunity against this patho-
gen [19, 21]. In addition, the glycoprotein ensures interac-
tion between the virion and corresponding receptors on
the cell surface resulting in its penetration, and determines
the neurotropic nature of the infection [22]. It is impor-
tant to note that, unlike field isolates, attenuated vaccine
strains of rabies virus can synthesize higher levels of glyco-
protein in infected neurons [23]. Rupprecht C. E. et al. focus
on the fact that the attenuated strains of rabies virus cause
mass apoptosis in neurons; however, in case of infection
with pathogenic street isolates, these phenomena are
much less frequent [8]. Artificially induced mutations of
the G-gene make it possible to obtain materials for crea-
tion of a new-generation rabies vaccine based on geneti-
cally modified structures.

Rabies virus gene containing two and three copies of
the G-gene. According to some researchers, modification
of the rabies virus containing two copies of G-gene al-
lowed to increase the expression of glycoprotein, which
significantly improved the vaccine effectiveness due to an
increase in theirimmunogenicity. At the same time, patho-
genicity of the strains decreased sharply. The researchers
also showed that the level of G-protein expression is in-
versely related to the rabies virus pathogenicity [21, 24,
25]. Increased glycoprotein synthesis is associated with
enhanced apoptosis, which contributes to regulation of
genes associated with host immune responses observed
in neurons infected with attenuated virus strains [21].

Hosokawa-Muto J. et al. created R (NPMGGL) strain
of recombinant rabies virus carrying double glycopro-
tein (G) genes. This structure was obtained with the help
of reverse genetics using cloned cDNA of RC-HL strain.
The biological properties of the created virus were com-
pared with those of the recombinant RC-HL (rRC-HL) strain.
The reproduction intensity of strain RINPMGGL) in cell lines
and virulence for adult mice were almost the same as those
of strain rRC-HL. At the same time, the G-protein contentin
the purified virion of strain RINPMGGL) and the level of gly-
coprotein expression in infected cells were 1.5 times higher
than those in strain rRC-HL. Following serial passages of
strain RINPMGGL) in cell culture, G-protein expression level
was the same and the virus infectious titer increased in the
process of its adaptation to the cells. It was also demon-
strated that strain RINPMGGL) has higherimmunogenicity
than strain rRC-HL [6]. Thus, the modified rabies virus strain
carrying a double G-gene will make it possible to deve-
lop new genetically modified rabies vaccines in future.
It should also be noted that in this case we are talking
about an inactivated vaccine, since the only modification
is the duplication of G-gene, which significantly increases
the concentration of immunogenic components and, as
a consequence, the vaccine immunogenicity.

Tan Y. et al. conducted a research, where they used
self-cleaving sequence of FMDV 2A gene to express
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double or triple copies of rabies virus G gene from a one
open reading frame obtained from human adenovirus
type 5 (AdHu-5). Recombinant adenoviruses produce
the virus in similar titers, which suggests that the inser-
tion of double or triple copies of G-gene (rabies virus)
associated with the 2A gene sequence (FMDV) does not
affect the virus replication. The glycoprotein was effective-
ly expressed by constructs containing 2A gene sequence
and retained its antigenic properties. The 2A self-cleaving
peptide mediated effective generation of individual ra-
bies virus glycoprotein in the assessment of transient ex-
pression. Flow cytometry proved that G-gene expression
levels were higher in recombinant adenovirus constructs
carrying multiple copies of the rabies virus glycoprotein
gene [26].

Thus, the increase in the G-gene expression level has
a number of advantages for creation of genetically modi-
fied vaccines: 1) it significantly improves production ca-
pacity and biosafety; 2) reduces economic losses. These
factors are crucial for modern production of safe, effective
and affordable rabies vaccines. Therefore, the recombinant
rabies virus expressing two or three copies of a glycopro-
tein is a candidate to develop new-generation genetically
modified rabies vaccines.

Significant nucleotide substitutions in the rabies virus
G-gene. According to M. Faber et al., the substitution of
one amino acid at position 333 on the glycoprotein from
a positively charged arginine (Arg) or lysine (Lys) residue
for glutamine (GIn) or isoleucine (lle) makes a virulent
strain of rabies virus apathogenic for adult mice when ad-
ministered intracerebrally [21]. At the same time, there is
evidence that the glycoprotein amino acids at position 333
are not fully responsible for the virus pathogenicity, there-
fore, some rabies virus strains that have a substitution for
GlIn_ retain neuroinvasive abilities and pathogenicity [17].

Ito Y. et al. analyzed rabies virus strain RC-HL using re-
verse genetics and concluded that amino acids located
between positions 164-303 in G-protein, especially amino
acids at positions 242, 255 and 268, also play an important
role in making the strain apathogenic [27]. M. Faber et al.
found that only the amino acid substitution at position
194 of glycoprotein from asparagine (Asn) to lysine (Lys)
is responsible for restoring pathogenicity in an apatho-
genic, attenuated rabies virus strain SPBNGA [21].

Taking into account the experience of many researchers,
it can be concluded that when using recombinant strains
of rabies virus that carry two or more G-genes encoding
glycoprotein with mutations in positions 149, 194 and 333,
the risk of returning to the pathogenic phenotype is sig-
nificantly reduced.

Significant mutations in the M-protein of the rabies virus.
The matrix protein of rabies virus is multifunctional, has
a small molecular weight of about 20-25 kDa and a length
of 202 amino acid residues. This phosphoprotein is rep-
resented by two isoforms M, and M,, which differ from
each other in phosphorylation degree. The matrix protein
is structurally a bridge between the N- and G-protein.
M-gene is much more conservative compared to P-pro-
tein. The matrix protein is believed to form a layer between
the glycoprotein in the virion shell and the helical-shaped
nucleocapsid nucleus consisting of RNA and N-, L-, P-pro-
teins. M-protein is the main factor contributing to virion
morphogenesis [28].

Finke S. et al. demonstrated that the M-protein estab-
lishes a balance between the virus transcription and repli-
cation [15, 16]. It interacts with the viral ribonucleoprotein,
which condenses into a dense bullet-shaped form, and
plays a key role in the assembly and budding of mature
virions [29].

Wirblich C. et al. found that the matrix protein struc-
ture has an L-domain with four motifs, one of which
is PPxY (PPEY) close to the amino terminus of M-protein.
The authors created constructs with point mutations and
revealed that PPEY is necessary for effective release of vi-
rion from the cell membrane. Amino acid deletions and
substitutions in PPEY motif reduce the infection spread.
Recombinant viruses constructed on this basis demon-
strated reduced virulence for mice, while causing strong
immune responses [30]. Thus, significant substitutions in
the matrix protein of the rabies virus can create gene con-
structs for production of modern rabies vaccines.

Significant mutations in the P-gene of the rabies virus.
Phosphoprotein is the most important structural protein
of the rabies virus and it has molecular weight of 260 kDa
and a length of about 330 amino acid residues. The ex-
panded N-terminal region of the P-protein interacts with
RNA polymerase. The P-gene encodes at least four pro-
teins synthesized in an infected cell. The phosphoprotein
has a chaperone function and binds to N that is not yet
bound to viral RNA. The C-terminal domain of the P-pro-
tein binds to the “nucleoprotein—-RNA” complex and atta-
ches the polymerase complex [29].

Schnell M. J. et al. detected immunodominant P-pro-
tein site, which is located in the range of 191-206 amino
acid residues and is an interferon antagonist [9, 31, 32].
Jacob Y. et al. determined that the light chain of cytoplas-
mic dynein involved in the intracellular transport of organ-
elles interacts with the rabies virus phosphoprotein [33].
Deletion of LC8 binding domain in the P-protein signifi-
cantly inhibited replication and transcription of the virus
in neurons. It shall be noted that such a recombinant virus
was characterized by a decreased level of gene expres-
sion in neuronal cell cultures, while the growth pattern
on non-neuronal cells remained unchanged [17, 26]. Thus,
amino acid mutations in the dynein-binding domain of
the P-protein make it possible to reduce the rabies virus
virulence, and the created recombinant viruses make it
possible to develop genetically modified rabies vaccines.

SYNTHESIS OF INFECTIOUS RECOMBINANT

VIRAL PARTICLES USING MODIFIED ¢cDNA

In 1994 for the first time, M. J. Schnell et al. constructed
rabies virus using cloned cDNA [9]. The schematic diagram
of this process included at least simultaneous transfec-
tion into the cell of four plasmids encoding N-, P-, L-pro-
teins and full-size cDNA of the virus. Rabies virus (-)RNA
was reverse transcribed into positive-sense antigenomic
cDNA (Fig.). Using amplification of a specific gene from
full-length cDNA, three plasmids p-N, p-P, p-L expressing
N-, P- and L-proteins of the rabies virus were constructed.
In order to avoid mutations, the L-gene was assembled
from gradually cloned fragments. Similarly, a plasmid car-
rying information about the entire genome of the rabies
virus (p-genome) was constructed.

Viral cDNA was gradually assembled with the help
of restrictases (as part of a plasmid), to create a full matrix
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for the rabies virus genetic material. For transcription of CONCLUSION
the constructed plasmids, T7-RNA polymerase or endoge- Vaccination of animals is recommended in the Manual
nous cellular RNA polymerases of type | or Il were used. In of the World Organization for Animal Health to control ra-
order to obtain the exact 5'and 3’ends of the viral RNA, the  bies. Currently, live, as well as cultural inactivated adsorbed
cloned viral cDNA was flanked with autocatalytic ribozyme  and emulsion rabies vaccines are used for these purposes.
sequences. The N-, P- and L-proteins of the rabies virus ex- At the same time, there is a number of disadvantages re-
pressed by three plasmids encapsulate the transcribed  lated to the vaccines, i.e. strict biosafety requirements for
full-size antigenomic sense RNA to form a ribonucleopro-  production laboratories and a fact that the attenuated
tein, which functions as a matrix for further expression of  strains may revert to virulence [3, 11, 14].
structural viral proteins and amplification of rabies virus In order to reduce the virulence and increase the safety
(-)RNA. The use of transcripts with antigenomic meaning  of rabies vaccines, methods of reverse genetics are current-
is fundamental in this case, since only they can ensure  lyused[38]. Some researchers demonstrate [9, 12, 31] that
the process of gene expression and avoid hybridization =~ many properties of the rabies virus with non-segmented
between genomic (-)RNA and plasmid (+)RNAs. The ribo-  negative RNA are perfect to construct gene delivery vec-
nucleoprotein shapes into a bullet using a matrix protein  tors required for development of genetically modified ra-
and separates from the cytoplasmic membrane, where  bies vaccines. The simple and conservative composition
glycosylated trimeric transmembrane compounds have  of the rabies virus genome makes it easy to use genetic
accumulated. At the end of the process, infectious virions  engineering and to express modified genes.
are formed, and the next cycle of infection begins [34-36]. The encapsidation of the rabies virus nucleic acid into
Some researchers describe procedures that facilitate  a ribonucleoprotein has an advantage to significantly re-
and increase effectiveness of creation of a viable rabies vi-  duce the probability of recombination and thereby main-
rus.Thus, to deliver T7 RNA polymerase, instead of infecting ~ tain genome stability [19, 38-41]. High frequency of re-
cells with recombinant smallpox vaccine virus, BSR-T7/5  version shall be taken into account during reproduction
cell line was created that expresses RNA polymerase [37].  of the virus in an infected cell. It is associated with low
Inoue K. et al. developed a segmented version of the virus  accuracy of transcription with RNA polymerase, which in-
and showed that additional nucleotides at the terminal  dicates the need for simultaneous introduction of several
end of the genome can affect the expression efficiency.  modifications.
Coding sequences of two ribozymes (HamRz and HdvRz) Based on the extensive research into modification
were “sewn” onto the 5 and 3’ ends of the rabies virus  of rabies virus genome using reverse genetics, it be-
genome to obtain full-sized virus transcripts with exact ~ came possible to construct attenuated live strains which
ends [35]. Such modifications significantly expand the  will help to develop modern genetically modified rabies
possibilities of reverse genetics of the rabies virus nucleic  vaccines, safe and effective. Currently, researchers fo-
acid for various cell lines and make it possible to quickly  cus on significant mutations introduced into the G-, M-,
and efficiently generate a recombinant virus. P-genes of rabies virus, leading to a loss of pathogenicity.
It should be noted that scientists also analyzed the  Special attention is paid to gene constructs that include
y-region of the rabies pathogen genome.They found that  two or even three copies of the G-gene, which makes
the virus with a knocked out pseudogen was characterized it possible to get suspensions with a high concentration
by normal reproduction rates in biological test systems  of glycoprotein and induce a strong immune response
and did not differ from isolates or strains that have this ~ when administered to animals. The application of reverse
region [9, 34]. Thus, the pseudogen ¢ is an ideal target  genetics for synthesis of infectious recombinant viral par-
for insertions and makes it possible to carry out various ticles using modified rabies virus cDNA is also of great
genetic manipulations with the rabies virus genome. interest.
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Biological, cytomorphological

and karyological heterogeneity of transformed cell lines
derived from domestic pig (Sus scrofa L.) organs

B. L. Manin, E. A. Trofimova, V. L. Gavrilova, 0. S. Puzankova
FGBI “Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

SUMMARY

The main advantage of transformed cell lines as compared to primary ones is that they allow generation of the stable material suitable for long-term research
and practical use. Therefore, development of new continuous cell cultures from various animal tissues is of great practical importance. Results of examination
of transformed cell lines derived from organs of domestic pigs (Sus scrofa L.) for their biological, cytomorphological and karyological features are described in the
paper. The said cell cultures are confirmed to be susceptible to various animal viruses. Also, a procedure for preparation of new diploid cell culture from porcine
spleen (SSs — Spleen Sus scrofa) is described. Based on the obtained data analysis it was concluded that the epithelial cells derived from trypsinized porcine spleens
could be successfully immortalized. All transformed cell lines of porcine origin have similar morphology with predominated epithelium-like forms. Some of them —
SPEV, A,C,, RSK — tend to adopt a spherical shape in suspension. Such cell lines as PSGK-30 and PPES cell lines form partial multilayer or they are characterized by
significant monolayer compaction with pseudosyncytium formation. Only pseudodiploid cell culture (SPEV cell culture) tends to grow in suspension, it also grows in
rotating culture flasks. Karyological transformations in different cell cultures stabilized at certain level. Spontaneous increase in chromosome numbers in the main
population of transformed cell lines towards triploidy resulted in stabilization of culture properties and increase in proliferation. PSGK-30 cell culture has the highest
modal class — 64 chromosomes. Near-diploid cultures (A,C, RSK) demonstrate stable growth properties and are similar to SPEV cell culture in adopting spherical
cell forms in medium, monolayer character and cell morphology. PK-15 cell culture having a distinct karyotype under different cultivation conditions while retaining
other culture properties is found to be the most adaptive. A new transformed diploid SSs cell culture is developed by long-term incubation, subcultivation (more
than 80 passages) and selection at the FGBI “ARRIAH" laboratory; it can remain diploid or may spontaneously become heteroploid-immortalized during further
passaging. The cell hyperploidy is very likely to enhance telomerase activity, which in turn stabilizes immortalization and results in proliferative activity increase.
The cell viability has been maintained so far by reqular reseedings (split ratio — 1:2-1:3) performed 1-2 times a week.

Keywords: transformed cell line, continuous cell line, hybridoma, diploidy, heteroploidy, modal class of cells, proliferative activity
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buonoruueckas, uutomopdonoruyeckan u Kapuonornyeckas
reTeporeHHOCTb NOCTOAHHbIX INHUI KNETOK,
MONYUYEHHbIX U3 OPraHoB JOMalLLHeil CBUHbMY (Sus scrofa L.)

B. ). Manun, E. A. Tpodpumosa, B. J1. TaBpunoBa, 0. C. llysankoBa
OTBY «DeepanbHblil LieHTp oXxpaHbl 340poBbA XMBOTHbIX» (OTBY «BHUW3X»), . Bnagumup, Poccua

PE3IOME

OCHOBHBIM NPeNMyLLECTBOM MOCTOAHHbIX IMHWIA KNETOK N0 CPaBHEHMIO C NEPBINYHBIMU ABNAETCA BO3MOMXHOCTb HapaboTky CTabunbHOro Matepuana, npUroAAHoro
ANA NPOAOMKUTENLHOTO UCMONb30BAHA B HAYYHO-UCCNIE0BATENBCKIX U MPAKTUYECKUX LiensX. [103TOMy BaHOe NPUKNAAHOE 3HAUEHUe IMEET NOMyYeHIe HOBbIX
nepeBIBaEMbIX KyNbTYp KNETOK U3 pa3HO0OPa3HbIX TKaHei KUBOTHBIX. B CTaTbe 0TpaxeHbl pe3ynbTaTbl U3yyeHus 61onoruyeckix, LUTOMOPGONOrMYecKX 1 Ka-
puonoruyeckux 0cobeHHoCTelt NOCTOAHHBIX MMHMIA KNETOK, NOMyUYeHHbIX 13 OpraHoB AOMaLLHeil CBUHbY (Sus scrofa L.), NoATBePXAeHa YyBCTBUTENbHOCTb IaHHbIX
KynbTyp K Pa3nnyHbIM BUPYCam XMBOTHBIX, a TaKKe ONUCaH NPOLLeCC NoayyeHna HoBOIA AUNAOUAHON KyNbTYpbl KNETOK 13 cene3eHKI cBUHbI (SSs — Splen Sus
scrofa). [pu aHanu3e nonyyeHHbIX AHHBIX NPULLAK K BbIBOZY, 4TO MONHOLIEHHOIT IMMOPTaNU3aLyi NOABEPratoTCA INUTENUANbHBIE KNETKM, NOMyYeHHble U3 NoYeK
CBUHbY NOCNE TPUNCUHN3aLMK. Bce NOCTOAHHbIE NMHUN KNETOK CBUHOTO MPOUCXOM/EHNA UMEIOT CX0XYIo Mopdonoryio ¢ npeobnasaxiem dnuTenuonoAobHbIX
dopm. Hekotopbie u3 Hux — CMT3B, A,C, RSK — umetoT TeHpeHwmio nepexuBaHina chepuyeckoi Gopmbl B cycnensun. Takite kneTouHble nukim, kak NICTK-30 u MM3C,

© Manin B. L., Trofimova E. A., Gavrilova V. L., Puzankova 0. S., 2023

VETERINARY SCIENCE TODAY. 2023; 12 (1): 13-22 | BETEPUHAPUA CETOAHA. 2023; 12 (1): 13-22



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHANIbHBIE CTATb | BUOTEXHONOTUA

$OopMUPYHT YACTUYHBIA NOAMCNOIA MO0 ANA HUX XapaKTePHO 3HaUUTENbHOE YNNOTHEHIE MOHOCTOA ¢ 06pa3oBaHMeM NceBAOCUHLUTUA. ToNbKo OfHA NCeBAOAN-
NNoNAHAA Knetounas Kynbtypa CM3B nmeeT TeHAEHLMI0 K pOCTY B CyCMIeH3VH, OHa Takake pacTeT BO BPaLLAKLLMXCA KyNbTypanbHbIx dnakoHax. Kapuonornyeckue
TpaHcdopmaLyK Y pasHbIX KyNbTyp CTabunuanpoBanicb Ha onpeaeneHHoM ypoBHe. (NOHTaHHOE YBENMYeHNe KONMYECTBa XPOMOCOM B OCHOBHOIT MOMynALMI
MOCTOAHHBIX IMHMIA KNETOK B CTOPOHY TPUMMOWANI NPUBENO K CTabWIN3aLMI KyNbTypabHbIX CBOICTB U yBENMYeHHio nponudepaumu. Hansbicwuii mopanb-
HbIii Knacc — 64 xpomocomb — umeer kynbTypa MCTK-30. Okonogunnouanbie kynstypsl (A,C, RSK) xapakTepu3ylorca crabusnibHbIMI pOCTOBbIMI TapaMeTpamin
1 NOKA3bIBAOT CX0ACTBO € KynbTypoid (M3B B 0THOLWEHUM GOPMUPOBAHIA NEPEXUBAIOLLMX ChHEPUUECKIX KNETOK B Cpeje, kauecTBa MOHOCI0A 1 Mophonorum
kneTok. Hanbonee nnactnuHoii knetouHoil NuHmeli okazanacb PK-15, koTopas B pa3HblX YCIOBUAX KyNbTUBUPOBAHUA UMEET OTANYUTENbHBIIl KapuoTun npy co-
XPaHeHUM 0CTanbHbIX KynbTypanbHbiX cBOicTB. B ycnosuax naboparopun OrbY «BHUN3X» B pe3ynbrate anutensHoro MHKy6upoBaHus, CybKkynbTUBMPOBaHUA
(cBbiwwe 80 naccaxeii) n otbopa bbina nonyyeHa HoBas NOCTOAHHAA AUNNOUAHAA KyNbTYPa KNeTOK SSs, KoTopas Npu NpoBeAeHMN AanbHeLLX Naccaxeil MoxeT
0CTaTbCA ANUMMOUAHOIA U CIOHTAHHO CTaTb reTepONOMAHOI — IMMOPTaNU30BaHHOI. Benka BepoATHOCTb TOTO, UTO BMOCEACTBN FMNEPMNIONAHOCTb KNETOK
CNpOBOLIMPYET yBeNNueHIe TenomepasHoii akTUBHOCTA, UTO, B CBOIO OYepeslb, CTabMAN3MpyeT MMMOPTaN3aLio i PUBEET K YBeNMYeHHIo Nponndeparus-
HOIi aKTUBHOCTM. [l0 HACTOALLIEro BpeMeHY X13HecnocobHOCTb KNeToK NOAAEPKMBALTCA NyTeM perynspHbIX nepeceBoB (K03dduumeHt nepecesa — 1:2-1:3),
0CyLLecTBAAEMbIX 1—2 pa3a B Helenio.

KnioueBble cnoBa: NocToAHHas NHUA KNETOK, NepeBMBaeMas NMHNA KNETOK, rMOpUAOMa, AUNNOMAHOCTb, FeTepONNONAHOCTb, MOAAMbHbIN KNAcC KNeToK,
nponudepaTmHas akTUBHOCTb

bnaropapHocTb: ccnepoBatie nposeaeHo 3a cuet cpeacts OBY «BHUN3M» B pamkax HayuHo-nccnesoBaTenbckix pabot no Teme «BetepunapHoe 6naro-
nonyuue».

[ina yntupoBanua: ManuH b. /1., Toodumosa E. A., laBpunosa B. J1., My3ankosa 0. C. buonornyeckas, uutomopdonornyeckas 1 Kapuonornyeckas rerepore-
HOCTb MOCTOAHHBIX JIMHWIA KNIETOK, MONYUYEHHbIX U3 OpraHoB OMaLLIHelt CBUHbY (Sus scrofa L.). Bemepurapus ce2odHs. 2023; 12 (1): 13—22. DOI: 10.29326/2304-

196X-2023-12-1-13-22.

Kondnukr nutepecos: ABTopbl 3aABNAIOT 06 0TCYTCTBUM KOHONMKTA MHTEPECOB.

[ins koppecnonpeHuyn: Tpodumosa Enena AnekcaHapoBHa, 3aBeaytoLLuii cekTopom oTaena KynbTyp knetok, OIBY «BHIUU3X», 600901, Poccua, r. Bnagumup,

mKp. l0pbeBe, e-mail: trofimova_ea@arriah.ru.

INTRODUCTION

Transformed cell lines (TCLs) including those origi-
nating from organs of domestic pig (Sus scrofa L.) are
widely used in veterinary virology [1]. The cell lines
demonstrating intensive proliferation were mainly de-
rived from porcine kidney [2-9]. Attempted develop-
ment of cell cultures easily propagating in matrix from
the thyroid gland [10, 11], testicles [11, 12], intestines [10],
spleen [13], synovial membrane [14] and other pig or-
gans as well as attempted development of continuous
macrophage/monocyte cell lines [15-23] were not suc-
cessful due to their low proliferative potential with a split
ratio of 1:2-1:3. Therefore, development of TCLs having
high proliferative activity and applied significance is of
current importance.

Normal karyotype of domestic pig well studied in vete-
rinary medicine was used as a reference for karyological
examinations [24, 25]. In contrast to molecular genetic
analysis [26], karyological analysis allows identification
of qualitative and quantitative changes in karyotypes
of main porcine TCLs populations and comparison of their
biological and cultural properties [27, 28].

The mains advantage of continuous cell cultures is their
homogeneity and relevant stability whereas susceptibi-
lity of primary cell cultures to various viruses depends
on individual features of the animal. Therefore, develop-
ment of new continuous cell cultures from various animal
tissues is an important task. Porcine spleen (Spleen Sus
scrofa — SSs) is one of such tissues and development of

diploid and continuous cell cultures from porcine spleen
is of great practical importance.

A new continuous porcine spleen cell culture is deve-
loped as a result of long-term incubation, subcultivation
and thorough selection; it has undergone more than
80 passages for two years. The diploid cell viability is main-
tained by regular re-seeding (split ratio— 1:2-1:3) 1-2 times
a week.

The study was aimed at biological, cytomorphological
and karyological examination of transformed cell lines de-
rived from domestic pig organs (Sus scrofa L.), as well as
description of the procedure for new diploid cell culture
from swine spleen (SSs) development.

MATERIALS AND METHODS

The cell lines were phenotyped using Olympus CKX41
phase-contrast microscope (Japan) and ML-2B lumines-
cent microscope (Russia).

Karyological method for metaphase plate preparation
proposed by P.S. Moorhead et al. [24, 28, 29] was used for
cell culture identification.

The cells were cultured in conventional media: MEM,
DMEM, DMEM/F-12 supplemented with 10% bovine
serum.

RESULTS AND DISCUSSION

The following porcine cell lines and sublines are
used in Russian veterinary practice: IB-RS-2, SPEV, A,C,,
A,C/9k, A,C, PK-15, SK-6, PPES, PPK, PSGK-30, RSK,
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Table
Main characteristics of transformed cell lines of porcine origin

No. Transformed cell lines Split ratio Karyology, modal class Cell monolayer morphology
1 IB-RS-2 (porcine kidney) 1:3;1:4 36 polygonal, epithelium-like
2 SPEV (porcine kidney) 1:4:1:6 38 polygonal, epithelium-like, spherical
3| A, (SPEVand porcine splenocyte hybrid) 1:3;1:4 39 polygonal, epithelium-like, spherical
4 | RSK(rabbit skin) 1:4,1:6 40 polygonal, epithelium-like, spherical
5 | PPES (porcine kidney) 1:4;1:6 51 polygonal, epithelium-like
6 | PK-15(porcine kidney) 1:4;1:6 53 polygonal, epithelium-like
7 | PSGK-30 (Siberian ibex kidney) 1:4;1:18 64 polygonal, epithelium-like
8 | ST(swine testicles) 12 38 polygonal, epithelium-like
9 SSs (swine spleen) 1:2 38 polygonal, epithelium-like

KST[1, 2, 4, 5,9, 25, 30-33] derived from kidneys, ST de-
rived from testicles [11, 12], SSs derived from spleen [13].

There are 9 types of transformed porcine cell lines in the
FGBI“ARRIAH" Collection (Table).

Examinations of lactate dehydrogenase isoenzyme spec-
tra allowed us to identify RSK (rabbit skin) and PSGK-30 (Si-
berian ibex kidney) cell lines kept in the FGBI “ARRIAH” Col-
lection as porcine ones. Data on the species identification
of given cell cultures were supported by results of examina-
tion of their karyotypes, morphology and culture properties.

Marker medium-size metacentric chromosomes con-
taining centromeres that were not stained during routine
preparation procedure were used as a reference for con-
firming the cell culture species identification results (Fig. 1).
The metacentric/acrocentric chromosome ratio in most
cultures of porcine origin is about 2.2 (£5%): there are
26 metacentrics and 12 acrocentrics in primary porcine
kidney cell line.

Description of transformed IB-RS-2 cell line.
IB-RS-2 cell line is one of the “oldest” ones developed by
M. P. de Castro from porcine kidneys in Sao Paulo, Brazil,
in 1962.

The monolayer consists of polygonal epithelium-like
cells. The overgrown monolayer forms a syncytium (Fig. 2).
IB-RS-2 modal class of 36 chromosomes, 49% of popula-
tions (Fig. 3) is the lowest among all known porcine cell
cultures (Table). This TCL is susceptible to foot-and-mouth

Fig. 1. Porcine diploid chromosome number with two markers
and 26 metacentric and 12 acrocentric chromosome ratio

disease virus (FMDV), Teschen disease virus, classical
swine fever virus (CSFV), African swine fever virus (ASFV),
swine vesicular disease virus (SVDV), vesicular exanthema
of swine virus and other viruses.

It should be noted that this TCL has moderate prolifera-
tive potential (split ratio: 1:3; 1:4). Pseudosyncytium forms

Fig. 2. IB-RS-2 cell line morphology, 40x lens
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Fig. 3. Karyogram and metaphase plate of IB-RS-2 cell line,

36 chromosomes (26 metacentric and 10 acrocentric chromosomes)
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Fig. 4. SPEV cell line morphology, 40x lens
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Fig. 6. A,C, cell line morphology, 40x lens
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Fig. 5. Karyogram and metaphase plate of SPEV cell line,
38 chromosomes

from stationary-phase monolayer, aggregates can be
formed after trypsinization (culture re-seeding), with sub-
sequent formation of colonies during adhesion. The sta-
tionary-phase monolayer desintegration is represented
by degeneration.

Description of transformed SPEV cell line. SPEV cell line
was developed by K. S. Kulikova et al. at the Moscow Re-
search Institute of Virus Preparations in 1959.The cells have
a polygonal and epithelial-like shape with rounded nuclei
and 2-3 nucleoli (Fig. 4). The modal class — 38 chromo-
somes, 52% of populations (Fig. 5). Split ratio — 1:4-1:6.This
is the only cell line of porcine origin that adapts to growth
in suspension and easily cultivated in roller flasks. The cell
line is susceptible to FMDV, rinderpest virus (RPV), CSFV,
ASFV, transmissible gastroenteritis virus (TGEV), Aujeszky’s
disease virus (ADV) and other mammal disease agents.
Contrary to IB-RS-2, stationary-phase SPEV cell line does
not form pseudosyncytium, some cells become suspended
and can exist in the suspension for a long time and divide if
the limiting proliferation factors are not exhausted.

Description of transformed A C, cell line. Hybrid A,C,
cell line developed through co-cultivation of porcine
splenocytes with SPEV cell line by L. P. Dyakonov et al. in
the FSC VIEV (Moscow) in 1995 is one of the unique trans-
formed cell lines. Monolayer cells similar to SPEV cell line

Fig. 7. Karyogram and metaphase plate of A,C, cell line,
39 chromosomes

are of polygonal and epithelium-like shape with rounded
nuclei and 2-5 nucleoli (Fig. 6). Modal class — 39 chromo-
somes (Fig. 7). Its yield during cultivation in rotating flasks
is lower than that one of SPEV cell line but similar tendency
to cell detachment from the monolayer is observed. A,C,
cell line similar to SPEV cell line is susceptible to FMDV, RPV,
CSFV, ASFV, TGEV, ADV and other mammal disease agents.

Cells of SPEV line were found to be predominant in hy-
brid A,C, culture based on morphological and cultural
characteristics. The karyotype was transformed, the mo-
dal class increased by one chromosome. The long-term co-
cultivation with splenocytes appeared to result in prolifer-
ation decrease and karyotype transformation. At the same
time, the susceptibility to viruses has not changed. Since
proliferation intensity was lower than that one of SPEV the
split ratio was 1:3; 1:4.

Description of transformed RSK cell line. The cell lines
obtained from other institutions are subjected to tests
for their morphological and karyological identification
at the FGBI “ARRIAH". Thus, RSK cell culture (rabbit skin)
obtained from the FSC VIEV (Moscow) was found to be
non-susceptible to dermatotropic poxviruses and lumpy
skin disease virus. Morphological and karyological exami-
nation of the cell line showed its significant similarity to
SPEV cell line.
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Fig. 8. RSK cell line morphology, 40x lens
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Fig. 9. Karyogram and metaphase plate of RSK cell line,
40 chromosomes

RSK monolayer consists of epithelium-like and rounded
cells (Fig. 8). Modal class — 40 chromosomes, 55% of popula-
tions (Fig. 9). Chromosome morphology and some markers
(medium-size submetacentric with non-stained metacentric
bundle) indicate that given transformed cell line is of por-
cine origin. Split ratio is 1:4; 1:6. The cell line is also suitable
for roller cultivation. It is found to be susceptible to TGEV,
CSFV, as well as infectious bovine rhinotracheitis, equine
rhinopneumonitis, porcine rotavirus infection agents.

We suppose that the rabbit skin cell line was contami-
nated by SPEV cells, which displaced RSK cells after long-
term cultivation. At the same time, its karyotype trans-
formed towards stable hyperploidy.

Description of transformed PPES cell line. PPES
(continuous porcine embryo kidney) cell line deve-
loped by S. Kh. Khaertynov and G. N. Romanovich at
the FSBSI“FCTRBS-ARRVI” (Kazan, Russia) in 1975 is one of
the domestic promising and fast-growing transformed cell
lines. The monolayer consists of polygonal epithelium-like
cells and formed colonies of polylayer (Fig. 10). Modal
class — 51 chromosomes, 31% of populations (Fig. 11).

This cell line is characterized by hyperdiploidy. The same
tendency is observed in other cell lines of porcine origin.
Increase in chromosome number in karyotype have had
no effect on the proliferation intensity. On the contrary,

Fig. 11. Karyogram and metaphase plate of PPES cell line,
51 chromosomes

the transformed PPES cell line split ratio is 1:4; 1:6. In par-
ticular, it is capable of growing in rotating (roller) vessels
that is not typical for hyperdiploid cultures. PPES cell line
is also characterized by absence of significant mycoplas-
ma and virus contamination and therefore it is capable of
long-term continuous passaging. Despite of its good cul-
ture and cytomorphological properties, the growth rate
of porcine viruses, such as CSFV, TGEV, enterovirus, in this
cell culture is low.

Continuous cell lines, PPK and PPK-66b (Kazan line),
were prepared from PPES cell line. These cell lines have
become more susceptible to porcine disease agents, for
example, to porcine parvovirus, after long-term passaging
in different media and sera but the cultures are found to
be chronically contaminated with mycoplasmas and there-
fore have limited potential for continuous passaging with-
out treatment with “strong” antibiotics (up to 10 passages).
Continuous PPK and PPK-66b (Kazan line) are hyperploid
and have modal class of 57 chromosomes in the karyotype.
They are not capable of roller cultivation.

Description of transformed PK-15 cell line
(FGBI “ARRIAH”). PK-15 cell culture is hyperdiploid. It was
developed in the University of California, San-Diego (USA)
in 1968. It was obtained by the FGBI “ARRIAH” from Fried-
rich Loeffler Institute (Germany) in 1986.
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Fig. 13. Karyogram and metaphase plate of PK-15 cell line
(FGBI “ARRIAH"), 53 chromosomes

The cell culture consists of epithelium-like cells,
10-14 mm in size (Fig. 12). Its modal class is 53 chromo-
somes (Fig. 13). Proliferation intensity is consistent with
split ratio of 1:4 and 1:6. This transformed cell line is able
to form a complete monolayer in rotating flasks. Its yield
reaches 300 min cells per roller flask (800 cm?) in 3—-4 days.
Multinucleated cells (1-2%) form in the overgrown PK-15
monolayers in culture flasks.

The cell line is susceptible to ASFV, CSFV, ADV, vesicu-
lar stomatitis virus (VSV), Coxsackievirus, vaccinia vi-
rus (VACV), porcine circovirus (PCV), reovirus serotype 2
and 3, adenovirus serotype 4 and 5 and other mammal
disease agents.

Description of transformed PK-15 cell culture (ATCC,
American Type Culture Collection). PK-15 cell tropho-
variants obtained from Hungary and the ATCC have
a modal class of 60 chromosomes (Fig. 14). Cell and
monolayer morphology is identical to those of PK-15
culture described above (Fig. 15). Cell yield and prolife-
ration intensity are also similar. Differences in the karyo-
type can be accounted for different cultivation condi-
tions in different laboratories. In European laboratories
full synthetic media are predominantly used for culti-
vation, whereas protein hydrolysates are often used at
the FGBI“ARRIAH".

Fig. 15. Karyogram and metaphase plate of PK-15 cell line
(ATCC), 60 chromosomes

The cell line is susceptible to ASFV, CSFV, ADV, VSV,
Coxsackievirus, VACV, PCV, reovirus serotype 2 and 3,
adenovirus serotype 4 and 5, and other mammal disease
agents.

Description of transformed PSGK-30 cell line. Con-
tinuous PSGK cell line (continuous Siberian ibex kidney
cell line) was developed by I. G. Kekukh, L. P. Kiryukhina,
Z. M. Lukyanova in the Research Institute of Agriculture
(RIAC) of the MOA of USSR in 1976. There are the follow-
ing trophovariants and sublines of the said cells: PSGK,
PSGK-30, PSGK-60, PSGK-c60 and PSGK-c85.

Several researchers found that this cell culture was
contaminated with the cells of porcine origin (V. G. Kostyu-
chenko, et al.,, 1985; N. Yu. Smyslova et al., 1996). Currently,
PSGK-30 cell line is a highly transformed porcine culture
that has formed as a result of contamination of primary
Siberian ibex kidney cell culture with more viable trans-
formed SPEV, PPK or PK-15 cell cultures.

PSGK-30 cell culture is one of the most active por-
cine cell cultures having high proliferation index up
to 3.0. The split ratio can reach 1:20. High proliferation
potential is achieved by optimization of the nutrient
medium containing lactalbumin hydrolysate at concen-
tration of 0.1%. The cell culture monolayer consists of epi-
thelium-like cells (Fig. 16). The karyotype modal class is
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Fig. 17. Karyogram and metaphase plate of PSGK-30 cell
line, 64 chromosomes

64 chromosomes, the highest one among the cultures
of porcine origin (Fig. 17). The stationary-phase TCL mono-
layer is so dense that the cells become compacted with for-
mation of epithelium-like polylayer in some layer sections.
Conglomerates of the cells often form after trypsinization
for reseeding that form growth colonies when sedimen-
ted and adhered. The cell yield from one cultivation flask
is not higher than 120 min cells. Transformed PSGK-30 is
the main substrate for cultivation of master seed FMDV
of all strains used for the vaccine production.

Description of transformed ST cell line. Cell lines de-
rived from other pig organs, porcine testicles and spleen,
form a specific group of TCLs. ST (swine testicles) cell line
has low proliferative activity. At split ratio of 1:2 non-
confluent monolayer forms for 7-10 days. The cell cycle
takes several days. The monolayer consists of large epi-
thelium-like and spindle-shaped cells. Extracellular matrix
develops in stationary-phase monolayer (Fig. 18).

Weak proliferative activity makes difficult the collec-
tion of the dividing cells used for karyological prepara-
tions. But even though its karyotype can be determined
as diploid (Fig. 19).

ST cell culture has diploid karyotype with about
38 chromosomes. But it technically impossible to deter-
mine its modal class due to absence of sufficient number

Fig. 19. Metaphase plate of ST cell line, about 38 chromosomes

of metaphase plates when standard karyotyping method
is used.

Transformed ST cell line is susceptible to many viruses
affecting pigs (Sus scrofa), but it is not used for produc-
tion of diagnostica and specific vaccines due to its low
proliferative activity (1:2), the cell monolayer forms within
1-1.5 weeks. Transformed ST cell line yielding potential has
not been studied, and this is indicated in the data sheet
for this cell line.

Development of diploid transformed SSs cell line.
During standard operations for preparation of prima-
ry cells from animal organs at the Cell Cultivation Unit
of the FGBI “ARRIAH", subcultivation of trypsinized pig-
let spleen cells using a semi-synthetic nutrient medi-
um + DMEM/F-12, at ratio of 1:2-1:3 supplemented with
10% bovine serum treated with lanthanoides was attemp-
ted. This TCL was preliminary named as SSs (Spleen Sus
scrofa - swine spleen).

At the first passages, the subculture consisted of
mixed cell population with a predominating epithelium-
like cells, which formed colonies evenly distributed over
the entire culture surface of the flasks, then the colonies
merged into a confluent cell monolayer. After trypsiniza-
tion, the cells were large up to 20 um, characterized
by polymorphism and incomplete monolayer conflu-
ence (Fig. 20a).

As the diploid cells of the swine spleen were further
passaged, their proliferative activity increased, the culture
became morphologically more homogeneous, consisting
of polygonal-shaped epithelium-like cells with clear, well-
defined borders and rounded nuclei (with 1-3 nucleoli)
and clear sometimes vacuolated cytoplasm.

Atypical dynamics was observed during subcultivation
of the swine spleen cell line. The monolayer formed for
10 days by the 40t passage (in fact, by the 40™ reseeding).

VETERINARY SCIENCE TODAY. 2023; 12 (1): 1322 | BETEPUHAPUA CETOAHA. 2023; 12 (1): 13-22

19



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTMHANIbHBIE CTATb | BUOTEXHONOTUA

N

PR TR . >
M PSS
x'e

Fig. 21. Diploid metaphase plate of continuous SSs cell line,
74% passage, 38 chromosomes

By this passage, the size of the cells decreased, the density
increased, but the number of mitoses remained at
the same level. After reseeding (the cells were harvested
from the substrate using trypsin-versene solution), sedi-
mentation, adhesion and flattening of the cells took place
within 24-36 hours. The medium was significantly acidified
after 96 hours, but the monolayer did not form. Almost con-
fluent monolayer formed when the medium was changed.

Transformed SSs cell line maintains reproduction of
ASFV, CSFV, TGEV and porcine reproductive and respira-
tory syndrome virus.

The next step was to intensify proliferation through
selection of nutrient media and cultivation conditions as
well as to determine cell susceptibility to other animal vi-
ruses. SSs cell culture was adapted to minimum essential
medium (MEM).

By 74™ passage the cell became more morphological-
ly homogenous with predominant epithelium-like cells.
Cells in confluent monolayer were 15 um in size (Fig. 20b).
Proliferation intensity remained low: split ratio of 1:2; 1:3
after 4-6 days. Developed transformed SSs cell line was
susceptible to CSFV, ASFV, ADV, TGEV and other porcine
disease agents. The transformed SSs cell line was used for
research only due to its low proliferative activity.

Karyological examinations showed that transformed
SSs cell population contained mainly diploid cells (Fig. 21).

In our opinion, only cells of stromal origin in the trans-
formed cell line population that in vivo did not demon-
strate intensive proliferation were transformed towards
immortalization.

Fig. 20. SSs cell line morphology: a) at 6 passage; b) at 74" passage (40X lens)

oo

CONCLUSION

Analysis of cyto-morphological and biological proper-
ties of transformed cell lines of porcine origin allows us
to conclude that epithelial cells derived from trypcinized
porcine kidney can be completely immortalized. All con-
tinuous porcine cell lines have similar morphology with
predominate epithelium-like forms. Some of them, SPEV,
A,C,, RSK, tend to adopt a spherical form in suspension.
Some TLCs such as PSGK-30 and PPES, form a partial
polylayer and characterized by significant monolayer com-
paction with pseudosyncitium formation. SPEV is the only
one pseudodiploid cell culture that tends to grow in sus-
pension, it also grows in rotating culture flasks.

Karyological transformations in different cultures sta-
bilized at certain level. Spontaneous increase in chromo-
some numbers in main populations of transformed cell
lines towards triploidy resulted in stabilization of culture
properties and increased proliferation.

Near-diploid cultures (A,C,, RSK) also demonstrated
stable growth parameters and trend for spherical cell for-
mation in the medium as well as were similar to SPEV cell
culture in monolayer quality and cell morphology.

Cell cultures derived from other pig organs: porcine
testicles and spleen (ST, SSs) form a specific group. We
suppose that these TCLs have originated from stromal
cells and are characterized by low proliferative activity and
diploid cell populations. Such TCLs are largely of interest
to researchers.
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Study of cultural properties of canine

enteric coronavirus isolate in different cell cultures

A. A. Komarova, T. S. Galkina
FGBI“Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

SUMMARY

The etiology of the diseases affecting gastrointestinal tract of dogs is variable. The second most important enteric viral pathogen in the world after parvovirus is
coronavirus (CCoV). Vast studies by scientists from different countries evidence the ubiquitous spread of coronavirus infection in dog populations. In this regard,
the prevention of this disease is still an acute problem; firstly this means the development of effective vaccines, which can provide a reliable protection from the
infection. The aim of this work was to study the CCoV isolate cultural properties, the selection of cell cultures most suitable for its reproduction and optimization
of virus cultivation parameters in sensitive cell lines. The CCoV isolate recovered from the pathological material of a dead puppy with enteritis symptoms was used
in the study. Seven continuous and two primary trypsinized cell cultures were tested during the study and it was established that the most sensitive cell culture for
the reproduction of this isolate was continuous Crandell-Rees Feline Kidney Cells (CRFK) in which a typical cytopathic effect was noted on Day 2 of the cultivation.
Virus infectivity titer in this culture was 3.58 + 0.14 1g TCID, /cm?. It was established that such cell lines as feline spleen cells (FS) and primary trypsinized kitten
spleen cells (KS) are also sensitive to the CCoV isolate but less than CRFK cells. Effect of such parameters as multiplicity of infection, cultivation time, inoculation
technique, adsorption period and cell line age on coronavirus growth rate was studied for some selected cell cultures. It was concluded that CRFK and FS cells can
be used for the propagation of viral material to develop diagnostic tools and vaccines against canine enteric coronavirus.
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A3yueHue KynbTypanbHbIX CBOICTB U30NATA
B030YauTENA KOPOHABUPYCHOTO SHTepUTa CO0AK
B Pa3/INYHbIX KYNbTYpax KNeTok

A.A. Komaposa, T. C. TankuHa
OIBY «OeepanbHblil LieHTp oxpaHbl 340pOBbA XUBOTHbIX» (OT'BY «BHUW3X»), . Bnagumup, Poccusa

PE3IOME

JTvonorua 3abonesaHuii, CONPOBOXAAILLMXCA NOPAXKEHUEM XKeNyLOoUHO-KULLEYHOTO TPaKTa Y cobak, MHoroobpasHa. Bropbim Hanbonee pacnpocTpaHeHHbIM
y cobak dHTeponaToreHoM BMPYCHOIA PUPOAbI B MUpe Nocie napBoBupyca ABnseTca kopoHasupyc CCoV. 06LwmpHble nccnefoBaHms, NPoBeJeHHbIe YYeHbIMN
113 Pa3HblX CTPaH, I0Ka3bIBatOT NOBCEMECTHOE PAaCPOCTPaHeHie KOPOHABUPYCHOI MHdEKLMY B NONYAALMK cobaK. B CBA3M C3TUM He TepAT akTyanbHOCTH BO-
npocbl NpodUNAKTUKY AaHHOTO 3a6071€BaHNA, B NEPBYH 0Uepesb 3roToBNeHIe 3GEKTUBHBIX IMMYHOBIONOrMYECKIX NPENapaTos, 00ecreunBaloLLX HAAEXHYI0
3aLLKTY OT AaHHOI MHdeKLMu. Lienblo HacToALelt paboTbl ABRANOCH U3yueHNe KynbTypanbHbix cBoilcTB u3onaTa (CoV, Bbibop Hanbonee nogxoaaei ana ero
penpoayKLyMN KNeTouHoi CMcTeMbl 1 ONTUMU3ALIUA NapaMeTPoB KyNbTUBMPOBAHUA BUPYCa B YyBCTBUTENbHDBIX KNIETOUHbIX IMHUAX. B onbiTax ncnonb3oBanu
n3onat (CoV, BblAeneHHbIi U3 MaTonornyeckoro Matepuana, nosyueHHoro ot norubLLero LeHKa ¢ CUMNTOMaMU SHTepUTa. B Xofe nccnenoBaHuil 6b10 UCMbITaHo
(eMb NepeBNBaeMbIX 1 1B NePBIUYHO TPUMCUHI3UPOBAHHbIE KYNbTYPbI KNETOK 11 YCTaHOBNEHO, UTo Haubonee YyBCTBUTENbHOI KNETOUHON CUCTEMOI ANA pe-
MpOAYKLIM AAHHOTO N30N1ATa ABNAETCA NepeBinBaeMasd KynbTypa kneTok nouku Kowwku CRFK, B KoTopoil Ha 2-e cyT KynbTMBMPOBaHIA 0TMeYanoch XapakTepHoe
uwTonaTuyeckoe AevicTaue. THTP UHGEKUMOHHOIA aKTUBHOCTI BIYCa B aHHOI KyNbType Gbin Ha ypoBHe 3,58 + 0,14 1g TLL, /cw’. OnpegeneHo, 4o Takwe K-
TOYHbIE IMHUK, KaK NepeBUBaEMas KyNbTypa KNeTok cene3eHKi KoLK (FS) 1 nepBuYHO TPUNCUHM3MPOBAHHAA KyNbTypa KNeTok ceneeHkin koteHka (CK), Takxe
uyBcTBUTENbHbI K M30n4TY CCoV, HO B MeHbLueli cTenen, yem CRFK. Takxe B xofie 0MbITOB 113yuanock BANAHME Ha HAKOMNeHIe KOpOHaBUpYCa TaKUX MoKa3aTeneli,
Kak MHOXeCTBEHHOCTb 3apaXKeHus, Bpema KyNbTUBIPOBaHNA, CNOCO6 3apaeHus, CPOK NpeABapuUTeNbHOro KoHTaKTa (apcopbumu) Bupyca  KynbTypoit Knetok
11 BO3PACT KNETOYHOI CMCTEMbI ANA HEKOTOPbIX BbIOPaHHbIX KynbTyp KneTok. CAenaH BbiBog, uto nnHun knetok CRFK v FS moryT 6biTb cnonb3oBaHbl Ana nony-
YeHWA BUPYCHOO MaTepuana ¢ Lienbto pa3paboTkin CpeacTB AUArHOCTUKIA 1 CieLnduyeckoil NpodunakTvki KOpOHABUPYCHOTO SHTEPUTA CObaK.
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INTRODUCTION

Symptoms of gastrointestinal disorders in puppies are a
frequent reason for visits to veterinary clinics. The etiologi-
cal factors responsible for their occurrence are diverse. Ca-
nine coronavirus (CCoV) is the second most common en-
teric pathogen in the world after canine parvovirus (CPV)
responsible for the viral diseases [1-3].

Serological and virological tests have shown that CCoV
is widespread in the dog population, especially in kennels
and animal shelters [4]. It is also reported in wild canines,
including foxes, raccoon dogs and wolves [5-7]. Since
the late 1990s and in the 2000s, scientists from different
countries have repeatedly identified highly virulent strains
of the coronavirus in dogs [8-10]. Pantropic CCoV (pCCoV)
isolated in Italy in 2005 causes systemic disease in puppies
followed by death [11].1n 2008, pantropic CCoV-associated
disease was reported in France and Belgium [12], in 2010
in Greece [13]. In 2020, a large number of gastroenteritis
cases caused by canine coronavirus infection were repor-
ted in the UK [14, 15].

The results of molecular tests conducted in Italy
and Australia suggest that the virus is changing and its
virulence is gradually increasing [16]. In this regard, the de-
velopment of vaccines that provide reliable protection
against new, including pantropic, strains of canine corona-
virus remains critical, since existing vaccines have shown
limited effectiveness [17].

The purpose of this work was to study the cultural pro-
perties of the canine coronavirus isolate in primary and
continuous cell cultures for further use in immunobiologi-
cal production.

MATERIALS AND METHODS

The CCoV isolate recovered from pathological samples
from a dead puppy with enteritis symptoms was used in
the tests.

To study the cultural properties of the virus, the fol-
lowing cell cultures were selected:

- trypsinized primary cells and subcultures: kitten kid-
ney (KK) cells and kitten spleen (KS) cells;

- continuous cell cultures: feline kidneys (CRFK), feline
spleen (FS), canine kidneys (MDCK), as well as African
green monkey kidney (Vero-76), mouse neuroblasto-
ma (Neuro-2a), porcine kidney (IB-RS-2) and domestic goat
gonad (YADK-04).

Cell cultures were obtained from the Cell Culture Sector
of the FGBI“"ARRIAH".

Two methods of cell culture inoculation were used:

- inoculation of a cell culture monolayer: the virus was
inoculated in a completely formed monolayer of primary
trypsinized and continuous cell cultures;

— inoculation of cell suspension: the virus was inocula-
ted in cell suspension during seeding.

The virus was cultured in 25 cm? polystyrene cell culture
flasks (T25).

Before inoculation of the cell monolayer with the virus,
the nutrient medium was removed from the flasks. Then
the virus was inoculated and cell culture flasks were in-
cubated for 60 minutes in CO, incubator at (37.0 £+ 0.5)°C
for contact (adsorption) of the virus to the cell monolayer.
After contact (adsorption), a maintenance medium was ad-
ded to the flasks. For maintenance a semi-synthetic nutri-
ent medium was used, prepared according to the formula
by the FGBI“ARRIAH’, with the addition of 2% fetal bovine
serum, 2% L-glutamine, streptomycin (100 pug/cm?®) and
penicillin (100 U/cm?).

At the end of the cultivation time, each flask was fro-
zen at a temperature of minus (45 £ 5) °C and thawed
at (20 + 2) °C. Monolayer was disaggregated by periodic
shaking of the flask, then samples were taken from the flasks
to determine the titer of the CCoV isolate infectivity.

The CCoV isolate infectivity was determined in CRFK cell
line grown in 96-well plates Costar® (Corning, USA) by mic-
rotitration using a generally accepted procedure. Micro-
plates were examined daily using Olympus SKX53 inver-
ted microscope (Japan), the number of wells with a typical
cytopathic effect (CPE) was recorded. The infectivity titer
was calculated using the Kerber method and expressed in
IgTCID, /cm?. Samples were additionally tested for canine
enteric coronavirus using commercial chromatographic
immunoassay kits Asan Easy Test® CCV Ag (Asan Pharma-
ceutical Co., Ltd., Republic of Korea).

RESULTS AND DISCUSSION

To study the susceptibility of various cell cultures
to the CCoV isolate, five serial passages were made
in continuous (CRFK, MDCK, FS, Vero-76, YADK-04,
Neuro-2a, IB-RS-2) and trypsinized primary cells and
sub-cultures (KK, KS). The presence of the CCoV antigen
in the culture fluid after each passage was determined
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Table 1
Sensitivity of different continuous cell lines to the (CoV isolate (n = 3)

Infectivity titer, Ig TCID, /cm?

CRFK MDCK FS Vero-76 YADK-04 Neuro-2a IB-RS-2

Passage

1 3.08+£0.14 1.25+0.25 2.50+0.25 <10 <10 <10 <10
2 3.33£0.14 <10 292+0.14 <10 <10 <10 <10
3 3.58+0.14 <10 3.08+0.14 - - - -
4 3.58+0.14 —* 3.08+0.14 - - - -
5 3.58+0.14 =¥ 3.08+0.14 - - - -

*not tested.

by immunochromatographic test kits (ICT). The results of
the tests performed are given in Table 1.

It was found that CCoV isolate actively replicated and
accumulated only in CRFK and FS lines. In other cell cul-
tures, CCoV did not replicate. The maximum viral growth
rate was observed from Passage 3 in CRFK cell culture
(3.58 £ 0.14 Ig TCID, /cm?), and microscopic examina-
tion revealed typical CPE in the cell culture starting from
Passage 1 (Fig. 1-4). It was manifested by cell rounding,
cytoplasm degeneration, symplast formation and gradual
destruction of the monolayer.

In FS cell lines, the virus accumulated in smal-
ler quantities, starting from Passage 3 the titer was

Fig. 1. CCoV not-inoculated CRFK monolayer after 3 days
(40x magnification)

Fig. 3. CRFK monolayer 3 days post inoculation with CCoV
isolate (40x magnification)

3.08 + 0.14 Ig TCID, /cm?, no typical CPE was observed
during microscopic examination. When culturing the virus
in MDCK cell line, minimal viral growth rate in Passage 1
was noted equal to 1.25 +0.25 Ig TCID, /cm?, however, fur-
ther microtitration in CRFK cell line did not reveal a typical
CPE, and at Passage 4 ICT gave a negative result. In other
cell lines, the passaging of the CCoV isolate turned out
to be impractical after Passage 2 since microtitration in
CRFK-containing wells showed no typical CPE, and the ICT
demonstrated the lack of the viral antigen.

Results of the CCoV isolate cultural properties analysis
in KS and KK trypsinized primary and subculture cells are
presented in Table 2.

Fig. 2. CRFK monolayer 2 days post inoculation with CCoV
isolate (40x magnification)

Fig. 4. CRFK monolayer 3 days post inoculation with CCoV
isolate (100x magnification)
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Virus cultivation in KK trypsinized primary and subcul-
ture cells led to a gradual decrease in its infectivity. At Pas-
sage 2, ICT showed a positive result for the canine enteric
coronavirus antigen. However, the titration in CRFK cell
line did not demonstrate typical CPE in the plate. At Pas-
sage 3, the ICT result was negative, therefore, further
cultivation of the virus in the KK trypsinized primary and
subculture cells became impractical. Cultivation of CCoV
isolate in KS trypsinized primary and subculture cells re-
sulted in a gradual viral growth, with the infectivity titer
0f3.42+£0.141g TCID, /cm?® at Passage 5. At the same time,
no typical CPE was observed in this cell culture.

It should be noted that continuous CRFK and FS cell
lines can be considered most suitable of all the tested
cell cultures for this CCoV isolate reproduction.

Table 2
CCoV isolate reproduction in primary trypsinized and subculture cells (KS and KK),
n=3

Cell culture | Passage | Cultivation time, h | Infectivity titer, IgTCID /cm® | ICT result
1 72 1.50£0.25 +
2 72 2.58+0.14 +
KS 3 72 292+0.14 +
4 72 2.92+0.14 +
5 72 3.42+0.14 +
1 72 233+0.14 +
KK 2 72 <10 +
3 72 % _
* not tested.
Table 3

CCoV isolate growth dynamics depending on culture time in continuous, primary
and subculture cells (n=3)

Infectivity titer, Ig TCID, /cm?

48 hours 72 hours 96 hours 120 hours

Cell culture

FS 2.75+0.25
KS 3.00+0.25

3.17+0.14
3.42+0.14

2.83+0.29
3.17+0.14

2.67 +0.14
3.08+0.29

Table 4
Effect of multiplicity of infection on CCoV isolate infectivity (n = 3)

Cell culture | MOI, TCID, /cell | Cultivation time, hours | Infectivity titer, Ig TCID /cm?’
0.1 48 3.25£0.25
0.01 72 3.58+0.14
RHK 0.001 96 1.50£0.25
0.0001 96 1.08 £0.14
0.1 72 3.17+0.14
0.01 72 3.08+0.14
& 0.001 72 2.92+0.38
0.0001 72 2.08+0.14

MOI — multiplicity of infection.

Further studies included the analysis of the effect of
the following factors on viral growth rate: the time of virus
cultivation in cell cultures in which the CCoV isolate did
not produce CPE, the multiplicity of infection, inoculation
method, the period of viral contact (adsorption) to cells
and the age of cell lines.

To study the dynamics of the CCoV isolate growth
rate depending on the cultivation time, cell cultures
in which the CCoV isolate did not produce typical CPE and
the monolayer remained compact throughout the entire
cultivation were used. The above mentioned cultures in-
cluded continuous FS cell line and KS trypsinized primary
and subculture cells. CCoV isolate was cultured for 48, 72,
96 and 120 hours. The results of the tests performed are
given in Table 3.

Analysis of the results showed that the cultivation of
the CCoV isolate for 48 hours is insufficient for its maxi-
mum growth rate, the infectivity titer after Day 2 was
the lowest. It was found that the most optimal time for
coronavirus cultivation is 72 hours (3 days). The infectivity
titer of the CCoV isolate was the highest and was equal
t03.17 £0.14 and 3.42 £ 0.14 Ig TCID, /cm? in FS and KS
celllines, respectively. With further cultivation after 96 and
120 hours in both cell cultures, the infectivity titer of the vi-
rus decreased.

To study the effect of the multiplicity of infection on
the infectivity of the CCoV isolate, the following infection
doses were used: 0.0001; 0.001; 0.01 and 0.1 TCID, /cell.
The tests were performed using two continuous CRFK
and FS cell lines. Incubation of the virus in CRFK cell
culture was stopped when 80% of the monolayer was
destructed and cells detached from the glass. In FS cell
lines, the virus was incubated for 72 hours, since earlier
experiments showed that this time is optimal for maxi-
mum growth rate of the CCoV isolate in the specified
cell culture. The results of the tests performed are given
in Table 4.

It found that the CCoV isolate infectivity in CRFK cell cul-
ture with a multiplicity of infection of 0.01 TCID, /cell was
3.58 £ 0.14 TCID, /cell. At lower inoculation doses (0.0001
and 0.001 TCID, /cell), the infectivity decreased significant-
ly, and the time of CPE manifestation increased to 96 hours.
At a multiplicity of infection of 0.1 TCID_ /cell, a faster CPE
manifestation and 80% destruction of the monolayer
was observed. However, the titer of the virus was lower
and was at the level of 3.25 + 0.25 Ig TCID, /cm?, which
is probably due to too rapid destruction of the monolayer,
as a result of which the virus did not have enough time
to accumulate in maximum concentration. Thus, the opti-
mal multiplicity of infection of CRFK cell line with the CCoV
isolate is 0.01 TCID, /cell.

The infectivity of CCoV isolate in FS cell culture at multi-
plicity ofinfection of 0.1and 0.01 TCID, /cellwas 3.17 +£0.14
and 3.08 £ 0.14 Ig TCID, /cm?, respectively. At lower inocu-
lation doses (0.0001 and 0.001 TCID_ /cell), the infectivity
of the virus decreased, therefore it is advised to inoculate
FS cell line with a dose of 0.01 TCID_ /cell.

At the next stage of the work, two methods of inocula-
tion of CRFK and FS cell lines were compared: direct inocu-
lation of cell suspension with the virus and adsorption on
the formed cell monolayer for an hour.

The results presented in Table 5 demonstrate that the ti-
ter of the CCoV isolate infectivity was maximal when it was
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inoculated on the cell monolayer. In CRFK and FS cell lines,
itwas3.58+0.14and 3.17 £0.14Ig TCID, /cm?, respective-
ly. Inoculation of CRFK and FS cell suspension gave a lower
infectivity of the virus.

Also in this study, the effect of such a factor as the time
of preliminary contact (adsorption) of the virus with
the CRFK monolayer on the dynamics of CCoV isolate accu-
mulation was analysed. The results of the tests performed
are given in Table 6.

It was found that the cultivation of the CCoV isolate
without prior contact (adsorption) with the CRFK mono-
layer was accompanied by a low viral growth, the infec-
tivity titer was at the level of 2.42 + 0.14 Ig TCID, /cm®.
With an increase in the time of preliminary contact
(adsorption) of the virus with the monolayer, the infec-
tivity titer of the CCoV isolate gradually increased from
3.08 £ 0.14 Ig TCID, /cm? if adsorption lasted for 30 min-
utes and to 3.33 + 0.14 Ig TCID, /cm? with 60 minute ad-
sorption. Subsequently an increase in the adsorption time
to 90 minutes led to a slight decrease in the infectivity.
Thus, 60 minutes can be considered the optimal time of
the viral contact (adsorption) with the monolayer.

The final stage of the work was to study the effect of
the cell culture age on the CCoV isolate infectivity. For this
purpose, CRFK cell line was chosen, since this is the line in
which the virus accumulates in maximum concentration
and manifests visible CPE. For testing, a cell culture with
a fully formed monolayer was used.

As it can be seen from Table 7, inoculation of the CCoV
isolate on a one- and two-day CRFK monolayer, the in-
fectivity titers of the virus did not differ and was equal
to 3.08 + 0.14 Ig TCID, /cm®. When the virus was in-
oculated into three-day CRFK cells, the infectivity of
the CCoV isolate increased insignificantly and amounted
t0 3.17 £ 0.14 Ig TCID, /cm?. When a four-day cell culture
was inoculated with the CCoV isolate, the growing of the vi-
rus decreased to 2.92 + 0.14 Ig TCID, /cm?, and the culti-
vation time increased to 96 hours. A decrease in the viral
infectivity may be associated with aging of the CRFK cells
and with a slowdown of metabolic processes in cells. Thus,
to accumulate the CCoV isolate in the maximum amount,
itis advisable to use CRFK cells with a fully formed 1-3-day
monolayer.

CONCLUSION

In this work, the possibility of the CCoV isolate repro-
duction in various continuous and trypsinized primary cell
lines of homologous and heterologous origin was studied.
The study of the susceptibility of continuous cells to CCoV
isolate revealed that CRFK and FS cell lines are effective for
the preparation of a highly active viral suspension. These
cell lines can be used to prepare viral material for deve-
loping diagnostic tools and vaccines against canine enteric
coronavirus. Studies have shown that the optimal dose of
CRFK cellinoculation is 0.01 TCID, /cell, the viral infectivity
titer was 3.58 + 0.14 Ig TCID, /cm?®. For FS cells, it is advis-
able to use an infection dose of 0.01 TCID, /cell. It was es-
tablished that the virus accumulates in maximum amounts
when CRFK cells are inoculated into a fully formed 1-3-day
cell monolayer and cultured for 48-72 hours. For FS cell
culture, the optimal conditions included inoculation of
the virus in the formed cell monolayer and cultivation
for 72 hours.

Table 5
Effect of inoculation technique on CCoV isolate infectivity in continuous cells (n = 3)

Inoculation Mol, Cultivation time, Cell Infectivity titer,

method TCID, /cell hours culture lgTCID, /cm’
Monolayer 0.01 72 3.58+0.14

CRFK E——
Suspension 0.01 48 3.17£0.14
Monolayer 0.01 72 3.17+0.14
FS

Suspension 0.01 72 2.75+0.25

MOI — multiplicity of infection.

Table 6
Effect of contact (adsorption) period on CCoV isolate growth rate in CRFK cells (n =3)

Adsorption time, minutes

Parameters 1o contact
(adsorption)
MOJ, TCID, /cel 0.01
Infectivity ter, |y ro1a | 3084014 | 333014 | 3254025
lg TCID, /cm

MOI — multiplicity of infection.

Table 7
Effect of CRFK cell age on infectivity of CCoV isolate (n = 3)
Time of cultivation, hours

Age of culture, days Infectivity titer, Ig TCID, /cm’

1 48 3.08+£0.14
2 n 3.08£0.14
3 7 3.17+0.14
4 9% 2.92+0.14
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SUMMARY

Leukemia is a large group of diseases different in etiopathogenetic mechanisms and common in almost all mammalian species. The review focuses on feline leu-
kemia, a common disease of domestic and wild felids (Carnivora, Felidae), being one of the main causes of their deaths. Feline leukemia pathogenesis and etiology
are described; possible methods for the infection treatment and prevention, as well as possibility of using cats as a model for feline leukemia study are assessed.
Feline leukemia etiological agent is a feline leukemia virus (FeLV), having single-stranded RNA genome surrounded with icosahedral capsid formed by p27 capsid
protein monomers. Leukemia clinical manifestations in felids depend on high virulence of the virus and the disease is characterized with pronounced clinical picture
and multiple organ dysfunction. Treatment of leukemia in cats is ineffective and is mainly aimed at maintaining the functions of the body organs and systems.
Immunomodulators and chemotherapy are also used. Vaccination is used as a preventive measure, but commercially available adjuvanted and non-adjuvanted
vaccines do not confer effective protection from the infection. The leukemia virus is reported in wild felids including rare and endangered feline species that is
undoubtedly affects their population sizes. Despite very few data on leukemia, the reported cases show that leukemia in large cats is also severe and fatal. Feline
leukemia, despite the accumulated of data, remains an ongoing serious and unresolved problem not only for veterinarians, but also for ecologists, zoologists and
virologists involved in the research related to the feline family, study of retroviruses and biodiversity conservation on the planet. Further applied and fundamental
research and verification thereof in the field of feline leukemia virus study, leukemia treatment and prevention are required.
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PE3IOME
JNeiiko3bl — bonbluas rpynna pa3nyHbIX N0 3TUONATOreHeTUYECKUM MeXaHU3MaM 3aboneBaHuii, PacnpoCTpaHEHHbIX NPAKTUYECKN Y BCEX BU0B MIEKONITAI0-
wux. B 0630pe BHIIMaHIe yaeneHo J1€I7IK03y KOLLEK, NN NeiiKeMnI KOLLaubix, — 4acTo BCTpeyatoLemyca 3a6071eBaHMNI0 IOMALLHYX U AUKNX npe,qaaBmenel?l
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cemeiicTBa Kowwaubux (Carnivora, Felidae), koTopoe ABNAETCA OAHOI N3 OCHOBHBIX NPUYMH UX CMEPTHOCTY. [laHa XapaKTepucTika STMONOTN 1 naToreHe3a
NefikeMUM KOLIAUbMX, OLLEHMBAIOTCA BO3MOXHbIE CNOCOObI NEeYeHUA 1 NPOPUNAKTUKI MHOEKLMN, a TaKXKe BOIMOXKHOCTb UCMONb30BAHUA JOMALLHEI KOLL-
K1 KaK MoZenu AnA 3yueHna neiiko30B ceMelicTBa KOLIAubyX. JTHONOTNYECKUIt areHT NeilKeMui KoLLaubux — BUpYC neiikemum kowaubhx (FelV — Feline
leukemia virus), reHom KoToporo npecTaBneH ogHouenoueyHoii PHK, ynakoBaHHoi B Kancuz UKoCasapuyeckoii CUMMETpUY, Gopmupyemblit MOHOMepamm
KancupgHoro 6enka p27. KnuHnyeckne npoABneHua Nefikemin y KoLaybux CBA3aHbI C BbICOKOI BUPYNEHTHOCTbIO BUPYCA 1 XapaKTepu3ylTca ApKo Bblpa-
KEHHOI KNUHNYECKOW KapTUHO 1 pa3BUTUEM NOANOPraHHON HeAOCTaTOUHOCTH. JleyeHne neiikeMim y Kolek ManodQGeKTMBHO 1 HanpaBneHo B 0CHOBHOM
Ha noAzepxaHune GYHKLMOHMPOBAHNA OPraHOB U CMCTeM. TakKe MPUMEHAIOTCA UMMYHOMOAYNATOPbI U XUMUMOTepanua. B KauectBe npeBeHTMBHOI Mepbl
MCNONb3yeTcA BaKLMHONPOPUNAKTUKA, OBHAKO CYLLECTBYHOLLAE HA PbIHKE AbIOBAHTHDBIE U 6e3aibloBaHTHbIE BAKLMHbI He 06eCneunBatoT HaAEeXHOI 3aLLUTbI
0T MHOEKLMM. BUpyc neiikemum BCTPEUaeTCa y ANKIX KOLUAUbX, B TOM YMCNe Y PEAKUX U UCYe3AKLLNX BULOB, UTO, HECOMHEHHO, BINACT HA UNCNEHHOCTb X
nonynAwMii. HecmoTpa Ha To YTO AaHHbIX MO NeiKeMUN Y SMKIX KOLIAYbMX KpaiiHe Mano, OTAeNbHble 3aperncTpupoBaHHble Clyyan (BULETENbCTBYHT 0 TOM,
yT0 3a60n€eBaHIe Y KPYMHbIX KOLUEK TaKXKe UMEET TAXeN0e TeyeHue i NPUBOJMT K NeTanbHOMY CX0Ay. Jleiikemina KoLaubux, HECMOTPA Ha HAKOMNEHHbIIl
MaCCUB JaHHbIX, 1 N0 Ceil AeHb 0CTAeTCA Cepbe3HO, HepelleHHoi Npo6aemoli He TONbKO ANA CNELManMCTOB BeTePUHAPHOI NPAKTUKM, HO TakKe ANA KO-
NI0FOB, 300/10T0B 1 BUPYCONOTOB, YbA 0671aCTb MCCNE0BAHIA Tak AN MHAYe (BA3aHA C CEMeMCTBOM KOLLAUbWX, 3y4eHNeM PETPOBMPYCOB U COXpaHEHUEM
61opa3Ho06pa3una Ha nnaHete. HeobxoanMmbl AanbHelilune npuKknagHble v GyHAameHTanbHble MCCeoBaHINA 11 X BepudnKaLua B 061acTin 3yyeHus Bupyca
NeiiKeMMN KOLLIAUbUX, leueHuns u npodunaKkTuKm neiikosa.

KnioueBble cnoBa: 0630[), NeiKo3 KOLLaubyX, PETPOBUPYCbI, BUPYC NeiKeMU KOLLAUbLX, IKCNepUMeHTanbHas Mogenb

BnaropapHocTu: Viccnegosanue BbinonHeHo npu nogaepxke POOU B pamkax npoekTa 18-34-00075 «/3yueHue cocToAHMA cucTembl MHTEPdEPOHa Y ZOMALLHIX
KOLLIEK C COYETaHHOI1 PeTpo- 1 NapBOBUPYCHOI NaToNOreit 1 Pa3nNyHbIMI 3KTO- 11 3HAONAPa3MTO3aMK 1 pa3paboTka IYOeKTUBHbIX NporpamMm NHTepdEepoHO-
Tepanum CoYeTaHHbIX BUPYCHO-Napa3uTapHbIX 3a001eBaHNI KOLLEK».

[Jina uutuposanus: Tabakaesa T. B., Libibynbckuii A. B., bapanuyrosa K. A., fankuna . B., lLlenkanos M. 10. FelV-nHayunpoBaHHblii nieiiko3 KoLaubux Kak ecTe-
(TBEHHsA MOJENb ANA M3yyeHus natodunonoruu neitko3os (063op). Bemepurapus cezo0ua. 2023; 12 (1): 29-37. DOI: 10.29326/2304-196X-2023-12-1-29-37.

Kondnukt nutepecos: ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHONMKTA MHTEPECOB.

[ins koppecnoxpenuun: Tabakaesa TatbAHa BnagnmupoBHa, HayuHblii cOTpyAHUK nabopatopuu sktonapautonoruu OIBHY «HUW snugemmnonorum u mukpo-

6uonorum um. I. 1. Comosa» PocnotpebHaasopa, 690087, Poccus, Mpumopckuii kpaid, r. Bnagusoctok, yn. Cenbckas, a. 1, e-mail: rabchan1992@gmail.com.

INTRODUCTION

Leukemia is a large group of diseases that differ
in etiology and pathogenesis, being a type of hemo-
blastoses (from ancient Greek afua - blood and
BAaotéc — growth), i.e. malignant hematopoietic and
lymphatic diseases. Hemoblastoses can be systemic
diseases (leucosis/leukemia) as well as regional nodu-
lar tumor neoplasms (lymphoma and hematosarcoma).
All hematoblastoses of this group have a clonal na-
ture [1, 2]. Moreover, a malignantly transformed clone
can originate both from immature hematopoietic cells
of the bone marrow, and from maturing and mature
blood cells.

Malignant blood and lymph cell clones can be of two
main origins-myeloid and lymphoid. The myelogene-
sis products are erythrocytes, granulocytes, platelets,
monocytes, dendritic cells, macrophages and mast cells,
and the lymphopoiesis products are B-lymphocytes
and plasmacytes, T-lymphocytes, NK cells. The parti-
cular cell line undergoing malignant transformation
gives rise to particular variant of hemoblastosis, and
there can obviously be a lot of such variants. Variable
leukemia morphological forms and clinical courses are
also accounted for rather broad spectrum of malig-
nantly transformed blood cell maturity — from slightly-
differentiated cells to cells that have practically lost
normal phenotype signs (blast crisis is typical for this
leukemia stage).

Leukemias and lymphomas differ not only in pre-
sence and absence of systemic lesions. It is known that
lymphoma in its terminal stage can spread with exten-
sive metastases in various tissues and organs, including
the bone marrow [3], i.e. the disease becomes systemic.
However, the bone marrow is affected primarily in case
of leukemia, and secondarily as a result of metastasis
in case of lymphomas and hematosarcomas.

This review focuses on leukemias developing in all
species of feline family (Carnivora, Felidae). This patho-
logy is increasingly prevalent and the main cause
of death in felids. The study of leukemia in domestic
cats (Felis catus) is of importance [4-6] from the point
of view of pet animal life quality improvement and
biomedical ethics [7], but also as an accessible model
for rare and endangered felids, limited populations
of which are extremely vulnerable. The situation is
the most critical in the south of Russian Far East. For-
ward-looking economic development of the region
poses objective threats for Far Eastern leopards (Pan-
thera pardus orientalis) and Amur tigers (Panthera ti-
gris altaica) [8]. There are specialized animal shelters
where leukemia-affected felids are kept. Our practice
shows that it is possible to organize full-fledged and
well-randomized studies of both the fundamental
mechanisms of the feline leukemia development
and effectiveness of certain experimental treatment
methods in case of cooperation with such shelters.
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Fig. Morphology of feline leukemia virus virion

Moreover, the studies can be carried out for a long
time including monitoring of the survival of animals
within their natural lifespan.

Feline leukemia virus (FeLV) belongs to Ortervirales
order, Retroviridae family, Orthoretrovirinae subfamily,
Gammaretrovirus genus. In addition to FelLV, this genus
of orthoretroviruses includes chick syncytial virus (CSV),
Finkel-Biskis-Jinkins murine sarcoma virus (FBJ MuSV),
Gardner-Arnstein feline sarcoma virus (GA-FeSV), gib-
bon ape leukemia virus (GaLV), Guinea pig type-C onco-
virus (GPCOV), Hardy-Zuckerman feline sarcoma virus
(HZ-FeSV), Harvey murine sarcoma virus (Ha-MuSV),
Kirsten murine sarcoma virus (Ki-MuSV), koala retrovi-
rus (KoRV), Moloney murine sarcoma virus (Mo-MSV),
murine leukemia virus (MulLV), porcine type-C oncovi-
rus (PCOV), reticuloendotheliosis virus (REV), Snyder-
Theilen feline sarcoma virus (ST-FeSV), Trager duck
spleen necrosis virus (TDSNV), viper retrovirus (VRV),
woolly monkey sarcoma virus (WMSV)'.

In accordance with D. Baltimore’s classification,
the Retroviridae family belongs to group VI (ssRNA-RT),
i.e. to the viruses containing the enzyme called reverse
transcriptase (revertase), which allows for generating
a double-stranded DNA replica (cDNA) on the viral ge-
nomic RNA template. The viral genome-encoded inte-
grase, being a part of the nucleoprotein, enables cDNA
incorporation into host cell chromosome (cDNA incor-
porated in the chromosome is called provirus or pvDNA).
In the infected cell nucleus some cDNAs become cir-
culized (ccDNAs) and acquire cosmid functions [9, 10].

" Current ICTV Taxonomy Release.
Available at: https://ictv.global/taxonomy.

integrase

reverse

RNA

Virion morphology. Feline leukemia virus virion is
a spherical enveloped particle 100-110 nm in diameter.
The virion structure is given in figure below. The virion
contains two copies of single-stranded positive-sense
RNA and nucleoprotein-associated enzymes: revertase,
integrase and protease. The nucleoprotein is packed
in an icosahedral capsid formed by capsid protein p27
monomers. The outer lipid envelope is impregnated by
p15c matrix protein on the inside and contains p15e
transmembrane protein and gp70 surface glycoprotein
receptor.

At the virion level, FeLV genome consists of two
identical copies of positive-sense single-stranded RNA
9.6 kb in size. The virus contains untranslated regula-
tory long terminal repeats (LTR) at the 5" and 3’ ends,
flanking three viral genes: gag (encoding structural
group-specific capsid proteins), pol (encoding protease,
reverse transcriptase and integrase) and env (encoding
virion surface proteins). FeLV genome has two open
reading frames (ORF): 1) gag + pol; 2) env [11].

Like other retroviruses, FeLV genome is highly vari-
able. This leads to the emergence of new genotypes
and antigenic variants causing various clinical disease
forms, and eventually hinders development of effective
medicines and vaccines [12]. Lack of 3'-5"-exonuclease
activity in the retrovirus reverse transcriptase is one of
the most important mechanisms for the point nucle-
otide substitutions emergence, that prevents this en-
zyme from correction of its own errors during strand
elongation [13, 14]. There are numerous recombinants
between different FelV variants, including those with
the endogenous enFelV virus. The pathogen genetic
and antigenic variability is associated with large range
of FelV virulent properties, various pathogenetic
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mechanisms giving rise to various clinical manifes-
tations of FelLV infection [15]. The concept that RNA-
containing viruses, and especially retroviruses, exist
only in the form of populations representing complex
topological objects in the space of their variable digital
images [16] has been known since the end of the last
century. In the paper of L. L. Bolin and L. S. Levy [17],
this concept has been applied to FelV infection: there
is a complex of genetically heterogeneous virus popu-
lations in the body — FeLV itself, that has initiated the di-
sease and the products generated due to its natural
variability, that may increase virus aggressiveness and
ability to evade the immune system.

There are several FelV variants classified to sub-
groups: A, B, C,D, Tand TG35 that also comprise several
variants. It should be noted that each of them has own
specific mechanisms of the virus attachment to target
cells [18, 19].

Clinical manifestations of FelV infection depend on
the virus variant, virus burden and host immune status.
FelV is highly virulent therefore most of infected ani-
mals demonstrate apparent clinical manifestations [20].
Kittens at the age of 4 months are the most suscep-
tible to FelV, whereas aging cats are usually being
the source of infection, in which the virus can be found
in the blood and various tissues of internal organs, and
excreted with urine, saliva and nasopharyngeal mucus.
The virus can be transmitted both horizontally and ver-
tically: kittens from infected cat can be infected during
their prenatal development.

The infection is much more common in urban (do-
mestic and stray) cats than in rural cats. It is believed
that this is accounted for higher frequency of contacts
between cats in urban settings.

The virus is characterized by low resistance to en-
vironmental factors. FelV is inactivated outside the
animal within 8 hours. Therefore, FelLV-infected cats
are the main source of infection. Animals can transmit
the virus among themselves through casual close con-
tacts, and there is also evidence of possible horizontal
virus transmission by cat fleas of the Ctenocephalides
felis species [21].

FelLV circulating in domestic cat populations is
also found in populations of wild felids (tigers, li-
ons, leopards, cougars, jaguars, lynxes, cheetahs,
etc.) [12, 15, 22-26]. All the species of the Felidae fami-
ly examined so far have been found to be more or less
susceptible to FelLV. However, it appeared that there are
certain interspecies differences in the susceptibility and
clinic courses of pathological conditions developing
in infected cats. For example, T. M. Harrison et al. [15]
performed an interesting study involving 11 African li-
ons affected by malignant lymphoma. In all the exam-
ined animals, lymphomas were of T-cell genesis, unlike
B-cell lymphomas characteristic of other feline species,
including Felis catus. No FeLV was detected in any of
the lions examined; although one diseased animal was
found to be seropositive to this virus, i.e. it had speci-
fic antibodies to the virus antigens. The results of such
study evidenced that the pathogenesis mechanisms

and malignancy processes in infected animals are cur-
rently insufficiently investigated. Also, the study results
have supported the opinion that the virus initiating car-
cinogenesis (leukogenesis) may not be detected fur-
ther by current diagnostic methods. At a minimum, this
is indicative of the need for a combination of immuno-
chemical and molecular genetic analysis methods for
viral feline leukemia diagnosis to detect both virus-spe-
cific seroconversion and viral genome replicative and
expression activity.

The feline leukemia virus is a specific member of
the Felidae family and does not infect other animals, in
particular, it is not transmitted to humans or dogs be-
ing in frequent and prolonged contact with domestic
cats [11, 20, 21].

The mechanisms of the progression of feline leu-
kemia-associated pathological conditions are currently
insufficiently investigated. Leukemias and lymphomas
(or lymphosarcomas) are considered to be the final
stage of feline leukemia. Moreover, disease transforma-
tion into leukemic form may not require the presence
of virus-specific antigens [27]. The detection of FelV-
infected cats, seronegative to virus-specific antigens, in-
dicates that the virus can fulfil its leukogenic potential
not only through expression of FeLV provirus genetic
material at the translation level, but also through vari-
ations in proviral genome integration into various sites
of the host cell genome, induction of chromosomal
rearrangements, activation of c-oncogenes and other
genomic alterations in host cells [28].

There are six main stages of FelV infection [29]:

1. The virus enters the cat’s body orally or parente-
rally (usually by bite and other skin wounds, as well as
a result of “friendly” contacts: mutual licking, shared
bowl, etc.). After oronasal invasion the virus at first
infects epithelial cells and leucocytes (mainly tonsil
B-lymphocytes and macrophages). Infected leucocytes
can recirculate, but in most cases they are retained in
the nearest regional lymph nodes, where the virus ac-
tively replicates.

2. De novo-generated virus progeny enters to blood-
lymph circulation systems, i.e. infectious agents disse-
minate throughout the body. Since FelV like other
retroviruses has a cytolytic potential the virus can be re-
leased from the infected cell by lysis. Pools of lympho-
cytes and monocytes are depleted and the host immu-
nity becomes apparently compromised.

3. Number of infected peripheral lymphoid cells
and circulating lymphocytes increases. This stage of
the infectious process is characterized by the active
production of anti-FeLV antibodies enabling monitor-
ing of the disease dynamics, as well as evaluation of
the therapy effectiveness.

4. Pronounced viremia develops. Total infection
of hemolymphatic system is followed by the infection
of intestine epithelial cells.

5. The disease takes leukemic form characterized
by bone marrow cell infection and malignant transfor-
mation of bone marrow progenitor cells. At this stage,
spontaneous eradication of the virus is practically
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impossible and the disease becomes fatal. The virus
actively replicates in all leukocytes produced in the
bone marrow (in lymphocytes, neutrophils, monocytes,
eosinophils). As a result, the immunity becomes largely
and severely compromised. This leads to the develop-
ment of various secondary infectious processes and
increasingly aggravated multiple organ dysfunction.

6.Terminal stage (blast crisis). At this stage cells of al-
most all organs and tissues of the diseased animals are
infected. Mucous membrane and glandular epithelial
cells demonstrating the highest metabolic and prolif-
erative activity are the most affected. The virus active-
ly replicates in oral, nasal and pharyngeal epithelial
tissues, salivary glands, gastric and intestinal mucosa,
tracheal cells, cells of renal tubules, bladder, pancreas,
sebaceous glands. The terminal stage is considered to
be untreatable stage of the disease.

The virus can be vertically transmitted from a preg-
nant female to its kittens, in this case the kittens imme-
diately enter the second stage of infection. The proba-
bility of a newborn kitten become infected depends on
the viral load in the mother’s body during pregnancy.

Feline leukemia-associated non-oncological patho-
logies are mediated by the effect of the virus on the im-
mune system. In addition to systemic blood disorders
(anemia and leukopenia), the infection can cause vari-
ous organ lesions in cats, for example, myocarditis. The
clinical manifestations of the infection developing
in affected cats are very variable: loss of appetite, skin
and coat disorders, prolonged and recurrent bacteri-
al, fungal, viral infections of the skin and other tissues,
eye lesions, otitis, inflammatory lesions of the bladder
and respiratory tract, lymphadenopathy, fatigue, fever,
weight loss, stomatitis, gingivitis, changes in behavior,
diarrhea, jaundice, immunodeficiency of various types,
leukemic manifestations, development of thymus lym-
phomas and other manifestations in the form of lym-
phomas and sarcomas of various localization [30-32].

In some cases, the infection can be prolonged
asymptomatic and latent, i.e. animals carrying the virus
do not show any signs of the disease for many years [31].
Is it associated with specific nature of the virus only, or
with more effective immunological antiviral and anti-
tumor surveillance mechanisms? The answers to these
questions are of obvious fundamental and extremely
practical importance.

There are some very interesting (but insufficiently
verified) reports on the infected cats that can effectively
fight the infection by developing strong immunity and
becoming completely resistant to the diseases associa-
ted with this virus. However, the virus is not completely
eradicated and such “healthy” virus carriers can infect
other cats at contact, facilitating the virus spread in
the population [33, 34]. Nevertheless, the above data
on the clinical feline leukemia extreme polymorphism
and, in particular, on the leukemic process variability
indicate the importance of studying immunological
mechanism features, involvement of the interferon sys-
tem and other factors of antiviral and antitumor innate
immunity for development of techniques and techno-

logies enabling improvement of the effectiveness of
treatment of at least these hemoblastosis forms in cats.

Treatment of feline leukemia is a difficult task: first-
ly, due to the retroviral nature of the infection (which
implies the insertion of the provirus into the host cell
chromosome), and secondly, due to nonspecific symp-
toms and ability to affect many organs and systems
that results in multiple organ failure at later stages. For
this reason, there is currently no single and effective
treatment pattern for leukemia in cats. The treatment
includes symptomatic therapy aimed, on the one
hand, at maintaining the functioning of the cardiovas-
cular system, kidneys, liver and other vital organs, on
the other hand, at containment of the secondary infec-
tions associated with immunodeficiency.

Immunomodulating drugs have the greatest ef-
fectiveness and less side effects as manifested by im-
proved general condition and reduced mortality in dis-
eased animals [18]. However, this treatment fails to cure
the disease in animal and completely eradicate the
virus. Chemotherapy based on a combination of vin-
cristine, cyclophosphamide and prednisolone or involv-
ing use of L-asparaginase and doxorubicin is another
effective type of treatment. Chemotherapy achieves
the remission, but it does not exceed 10 months. More-
over, this therapy is associated with various side effects
that preclude its use in animals with hepatic or renal
failures [35].

The vaccines were proposed for the disease preven-
tion as early as at the beginning of the XXI century,
but no highly effective vaccine has been developed
so far. Currently, there are several polyvalent vaccines -
both adjuvanted (for example, Nobivak® Feline 2-FelLV,
Merck & Co., Inc., USA) and vector non-adjuvanted
vaccines, but none of them confers strong protection
against feline leukemia.

Non-adjuvanted Purevax® FelV vaccine (also known
as Eurifel FeLV) produced by Merck & Co. (France) and
Biokema SA (Switzerland) is currently the most popu-
lar vaccine against FeLV infection. This is a recombinant
DNA vaccine that contains Canarypox virus (Chitovirales:
Poxviridae, Avipoxvirus) as a genetic vector carrying two
FelV genes, gag and env, incorporated in its genome.
The vaccine is a living whole-virion construct that does
not replicate in feline cells. This vaccine is the most pre-
ferred, as it has practically no side effects [5, 36, 371.

The leukemia has a significant impact on the popula-
tions of specially protected wild felids due to their small
sizes and therefore increased susceptibility to infec-
tious agents, especially those capable of circulating
in latent form.

The conservation and reproduction of rare and en-
dangered large predator species occupying the top of
the food pyramid is an important task for maintaining
biodiversity on the planet. The wild large felids are
the most diverse in the Russian Far East, habitat of
the Amur tigers and the Far Eastern leopards, whose
populations still require comprehensive protection
despite their significant increase over the past two de-
cades owing to conservation measures. The following
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ecological and biological factors have a significant im-
pact on the large wild felid population sizes: climatic
changes, anthropogenic impact, feed availability (deer
and wild boars) [38-40]. Infectious diseases can signifi-
cantly reduce populations, causing mass deaths in ani-
mals, and affect the survival and reproduction of ani-
mals. Even a slight decrease in survival can be critical for
slow-breeding and small-numbered feline species, such
as the Amur tiger and the Far Eastern leopard. However,
data on infectious and parasitic diseases of these ani-
mals are scarce [8, 41-45]. Available epidemiological
data do not allow full assessment of the infectious di-
sease impact on the rare feline species population and
the clinical picture described for the isolated cases does
not give the understanding of the infection pathoge-
nesis in wild large felids [41, 46].

FelV cases in large cats kept in zoos are reported.
Most often, the infection is latent, and animals do not
demonstrate any clinical symptoms [47-49]. In some
cases, secondary infections and organ lesions associ-
ated with FeLV infection develop in tigers. For example,
fatal amyloidosis associated with feline leukemia virus
was reported in a Bengal tiger in Mexico [50]. Similar
to domestic cats, FelV infection in wild cats is manifes-
ted by acute leukemia and leads to the development
of immunodeficiency and secondary infections [51, 52].

At the moment, there are no uniform procedures
for the leukemia diagnosis, treatment and vaccination
in large felids [47]. Due to the fact that both wild and
domestic cats are susceptible to FelV infection, leuke-
mia pathogenesis and clinical course are similar that
enables use of infected domestic cats as a model for
the development of anti-feline leukemia treatment
and vaccination methods [6, 44, 53], as well as putting
the obtained results into veterinary practice when
working with large felids, at first zoo felids, and then
wild felids.

CONCLUSION

Feline leukemia, despite the accumulated data, re-
mains a serious and unresolved problem for veterinary
practitioners, as well as for ecologists, zoologists and
virologists involved in investigations related to the fe-
line family, retroviruses and maintaining biodiversity on
the planet. Further applied and fundamental research
and verification thereof in the field of feline leukemia
virus study, leukemia treatment and prevention are
required.
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Features of model coronaviruses distribution

in feline organs and tissues in the context
of COVID-19 pathogenesis study
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SUMMARY

To date, thereis reason to believe that, unlike classical acute respiratory virus infections caused by adenoviruses, rhinoviruses, orthomyxoviruses, COVID-19 behaves
completely differently. Firstly, the pathological processes are likely to be immune-mediated and the immune system quite slowly ensures the elimination of the virus
from the organism. Secondly, the dynamics of the disease symptom development and the duration of intestinal virus shedding after recovery give reason to believe
that the SARS-CoV-2 infection is mainly localized in the intestine. A possible reason is that in the presence of proteolytic enzymes, viral particles mature, hydrophilic
amino acids are removed from the surface of the virion, making it more hydrophobic and able to adhere to cells due to hydrophobic interactions. The presence of
the ACE2 receptor mainly in the enterocytes of the ileum does not exclude the accumulation of coronavirus in lymphocytes, given that there are more lymphocytes
in the gastrointestinal tract than anywhere else, this fact can be considered as another justification for the predominant accumulation of coronaviruses, including
SARS-CoV-2 in the intestine. A distinctive feature of feline coronavirus infection and, in particular, infectious feline peritonitis, from human COVID-19 infection
was considered to be the presence of effusion peritonitis as the main complication leading to death, while respiratory and cardiovascular insufficiency is more
characteristic for humans. Nevertheless, cases of serous peritonitis in humans infected with COVID-19 have already been described. In the context of the analyzed
model, the dlinical case described in the study allows principal possibility of exacerbation of chronic coronavirus infection in case of re-infection (superinfection)
and development of a predominantly local infection.
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N3yueHne ocobeHHOCTell pacnpeaeneHns MoLeNbHbIX
KOPOHABMPYCOB B OPraHax 1 TKAHAX KOLLIAYbUX
B KOHTeKCTe n3yyenua natoreHesa COVID-19

B. H. AdoHiowkun'>, 0. E. CbicoeBa’, 0. C. Koznoea', [l. B. llamoBckas®

TOrb0Y BO «HoBocubupckuii rocynapcTBeHHbIii arpapHbiii yHusepcutet» (Or60Y BO HoBocubupckuii TAY), r. HoBocubupck, Poccus

2(OIBYH (nbupckmii defepanbHblii HayuHblii LeHTp arpobuotexHonoruii Poccuiickoii akapemun Hayk (COHLIA PAH), p. n. Kpacroobck, HoBocubupckas obn., Poccus

3 OTBYH UncTuTyT Xumuyeckoii 6ronorun u ¢yHLaMeHTanbHoi MeauumHbl (ubupekoro otaenems Poccuiickoil akagemum Hayk (MIXBOM CO PAH), r. HoBocubupck, Poccus

PE3IOME

Ha ceropHAWHMI eHb eCTb OCHOBAHKe CYUTATb, UTO B OTAYME OT KNACCUYECKIX OCTPbIX PECMPATOPHbIX BUPYCHBIX MHGEKLWI, BbI3bIBaeMblX aieHOBMPYCaMiA,
puHoBMpycamu, opTomikcoupycamu, COVID-19 Beger ceba coBeplueHHo no-Apyromy. Bo-nepsbix, natonoruyeckue npouecchl ckopee ABAAKTCA IMMYHOONOCpe-
ZI0BAHHbIMIA, M IMMYHUTET JOBOJIBHO MeZNEHHO 00eCneynBaeT SNMMUHALIAK BUPYCa U3 OpraHn3ma. Bo-BTopbIX, AMHaMMKa pa3BUTUA CUMITOMOB 3a60n1eBaHNA,
ANUTENbHOCTb BUPYCOBBIAENEHNA U3 KULLEYHKKA NOCTe NepeboneBaHna AaloT 0CHOBaHMe cuuTaTh, uTo SARS-CoV-2 HaXOANTCA NPEUMYLLECTBEHHO B KULLEUHMKE.
Bo3mo3Hoii npuunHO 3TOro ABNAETCA TO, UTO B NPUCYTCTBIAM NPOTEOAUTUYECKIX GEPMEHTOB MPOUCXOANT CO3PEBaHIe BUPYCHbIX YaCTULL, YAaneHue ruapoounb-
HbIX aMUHOKUCIIOT C MOBEPXHOCTY BUPMOHA fienaeT ero bonee ruapodoOHbIM 1 CNOCOOHBIM NPUAUNATD K KNeTKaM 3a cueT rupodo6HbIX B3aMMOAeCTBHiA.

© Afonyushkin V. N., Sysoeva 0. E., Kozlova 0. S., Shamovskaya D. V., 2023
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Hanuune peuentopa ACE2 rnaBHbimM 06pa3om B SHTEpOLMTaX MOAB3AOLLHON KULLKI He MCKITIOYAeT HaKoMeH e KOpoHaBupyca B iumdownTax. YunTbigas, uto
NMMGOLUTOB B XXeNyA0UHO-KMLLEYHOM TpaKTe 6onblue, yem rae-nubo, 3T0T GaKkT MOXHO paccMaTpuBaTh Kak eLue 0fHO 060CHOBaHIE NperMyLLEeCTBEHHOrO
HaKoMeHNA KOPOHaBIUPYCOB, B T. u. SARS-CoV-2, B KuwweyHuke. OTNMUNTENbHOIF YepTOli KOPOHABUPYCHON MHGEKLIMN KOLLEK, 1 B YACTHOCTI MHQEKLIMOHHOTO
nepuToHuTa Kowek, o COVID-19 uenoBeKa cuntanocb Hanuume BLINOTHOTO NEPUTOHUTA B KaUeCTBE OCHOBHOTO OCTIOMHEHUA, BEAYLLEro K CMepTH, B TO Bpems
Kak ana niofieli bonee xapakTepHa AblxaTenbHas U CepAeUHO-COCYANCTaA HeAOCTaTOYHOCTD. TeM He MeHee yaxe ONKcaHbl Clyyau pasBUTUA CEPO3HOTO NepuTo-
HuTa y nlogeit Ha one COVID-19. B KoHTeKcTe aHanu3upyemoii MoeNy OnucaHHbIii B paboTe KAUHUUECKIi Cyyail fONYCKaeT NPUHLMNMANBHYIO BOIMOXHOCTb
060CTPEHNA XPOHNYECKOI! KOPOHABUPYCHOI MH(EKLM NPY MOBTOPHOM 3apareHu (cynepuHdeKLmm) ¢ pa3BuTeM NPEUMYLLECTBEHHO IOKANbHON MHeKLMN.

KnioueBbie cnosa: kowwku, kopoHasupyc, COVID-19, FCoV, SARS-CoV-2, natonoro-aHatomuyeckoe Ccnef0BaHie, TUCTONOrMYeckoe necnesoBaHue
bnaropapHocTu: MiccnefoBanme nofaepxaHo B pamkax rocyaapcteenHoro 3aganna MXBOM CO PAH Ne 121031300043-8.

[ina untnposanua: AdontowwkmH B. H., Cbicoesa 0. E., Koznosa 0. C., Lamockas [l. B. 13yueHne ocobeHHocTeld pacnpeseneHina MoAeNbHbIX KOPOHABHUPYCOB
B OpraHax v TKaHAX KOLAubx B KOHTeKCTe U3yyeHus natoreHesa COVID-19. Bemepunapus cezodns. 2023; 12 (1): 38—44. DOI: 10.29326/2304-196X-2023-12-

1-38-44.

Kondnukr unTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecrnonaenuum: Koanosa Onbra CepreeBHa, CTapLuvii npenopasatenb kKagepbl BeTepuHapHO-CaHUTapHOIA 3KcnepTu3bl v napasutonoruv OF6OY BO Ho-
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INTRODUCTION

The global coronavirus pandemic has changed life
and affected not only human but animal health as well.
The circulation of SARS-CoV-2 was most often detected
in domestic cat population. It should be noted that among
pets with confirmed laboratory diagnosis there were ani-
mals that had contacts with SARS-CoV-2-infected owners
and sheltered (stray) animals [1].

Two serotypes (I and Il) of feline coronaviruses (FCoVs)
are circulating in feline population. Each serotype is repre-
sented by two biotypes with different pathogenicity: feline
enteric coronavirus (FECV) and feline infectious peritoni-
tis virus (FIPV) [2]. The leading theory of feline infectious
peritonitis (FIP) development is based on the assumption
that FIPV emerges as a result of somatic mutations in the
de novo FECV genome, leading to changes in the FECV tro-
pism for enterocytes to tropism for monocytes and mac-
rophages. The more pathogenic FIPV replicates in macro-
phages [3].

Infectious peritonitis causes animal mortality in 100%
cases and is accompanied with liver dysfunction, often
pulmonary edema and damage to the central nervous
system [4]. Although the prevalence of FCoV infection
in feline population is high, the FIP infection rate is quite
low and rarely exceeds 5% of FCoV-infected cats raised in
multiple-cat households [5].

The FCoV genome is represented by a single-stranded
RNA encoding four structural proteins (the spike (S), en-
velope (E), membrane (M) and nucleocapsid (N) proteins)
and seven non-structural proteins [6]. The FCoV spike (S)
protein is considered the viral regulator of binding and
entry to the cell, and it is also involved in FCoV tropism
and virulence. Mutations in the S protein coding sequence
of FCoVs appear to be responsible for the change in viral
tropism from enterocytes to monocytes and macrophages.
As a result, FCoV enters the bloodstream and causes peri-
tonitis [7].

There are similarities between FCoV and SARS-CoV-2:

1. Not all cats exposed to FCoV become infected, not all
infected cats remain FCoV carriers for along time, only a few
cats infected with FCoV die from infectious peritonitis.

2. Severe damage to the respiratory system in humans
with COVID-19, as well as multiple organ failure in cats
with FIP, are associated with the immune system response
when immunocompetent cells damage organs and tis-
sues [8].

The data published by a group of Chinese researchers
show that cats are able to develop an immune response
to SARS-CoV-2 [9]. Moreover, SARS-CoV-2 can be trans-
mitted from cat to cat [10]. The question of whether this
is followed by the development of an infectious processin
a cat or whether it leads to a change in the course of an al-
ready existing coronavirus infection remains open. Be-
sides, it is not clear, whether cats play a role in the spread
of SARS-CoV-2 among humans, whether humans are able
to develop an immunological response to FCoV and, if pos-
sible, whether it affects the course of COVID-19-associated
infection?

The dry form of infectious feline peritonitis appears
to be most similar to the acute form of COVID-19 in hu-
mans [11]. Similarities include vasculitis, the immune-
mediated nature of organ and tissue damage (including
antibody-dependent infection enhancement, ADE), dis-
semination of the pathogen from the gastrointestinal
tract [12].

The aim of the paper is to study the distribution of mo-
del coronaviruses in feline organs and tissues in the con-
text of COVID-19 pathogenesis study.

MATERIALS AND METHODS

The concept of the pathogenesis of combined corona-
virus superinfection in humans was considered based on
the example of studying the pathogenetic mechanisms of
both SARS-CoV-2 and FCoV infections in cats.
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Fig. 1. Lesions in the thymus,
pulmonary edema, hydrothorax

The research was conducted in the animal facility
of the SFSCA RAS. The study was aimed at the cats that
died from various forms of infectious peritonitis after
contact with infected owners, as well as at the cats that
were PCR-positive for FCoV and SARS-CoV-2 genome RNA.
The gDNA and samples of formaline-fixed feline and hu-
man biomaterial were tested using reverse transcription
polymerase chain reaction (RT-PCR) and immunofluores-
cence microscopy.

The study of the FCoV distribution in FIP-affected ani-
mals was carried out using the real-time RT-PCR. RNA was
isolated from internal organs using phenol-chloroform
extraction method, a cloned fragment of a targeted gene
was used as a control. Quantification of the control DNA
was carried out using FCoV-specific digital PCR. For control
of RNA expression and normalization, the bacteriophage
MS2 RNA (an external control sample that was added
to each reaction) and the mRNA of feline housekeeping
genes (GAPDH) were evaluated.

The pathology specimens were fixed in 10% buffered
formalin. After histological treatment, the paraffin sections
were dewaxed in xylene, then the xylene was removed
with ethanol and the sections were immersed in 100 mM
Tris-HCl solution. Antigens were unmasked by heating in
a microwave oven in a citrate buffer solution (pH 6.0).

The cell nuclei were stained with Hoechst 33258 (In-
vitrogen, USA), the S-protein fragment was detected
using rabbit polyclonal antibodies SARS Coronavirus
Spike Protein Antibody Cat. No. PA1-41375 (Invitrogen,
USA). The reaction was carried out in 0.05 M phosphate
buffered saline (pH 7.2) with the addition of 0.02%
Tween-20 (PBS-T) and 0.3% bovine serum albumin.
Donkey Anti-Rabbit IgG (H+L), Mouse/Rat/Human
SP ads-AF555, Cat. No. 6440-32 (SouthernBiotech, USA)
were used as a conjugate in the same buffer solution.
The reaction was carried out at room temperature for
an hour. The unbound PBS-T antibodies (pH 7.2) were
washed with distilled water, enclosed in glycerin and

Fig. 2. Right-sided myocarditis,
myogenic dilatation and
hemorrhages with areas of focal
hyperemia and ischemia
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subjected to microscopy using an Imager D1 fluores-
cent microscope (Zeiss, Germany) and AxioVision soft-
ware. Luminescence was detected using light filter sys-
tems FS 49, FS 10, FS 20. Similar histological products
containing no primary antibodies were used for control
of nonspecific binding of the conjugate.

RESULTS AND DISCUSSION

Study of the FCoV distribution in organs and tissues
of a kitten with a dry form of FIP (clinical case). Case
history: all kittens from the same litter at the age of two
months got diseased showing signs of rhinorrhea, diar-
rhea and depression. One of the kittens began to lose
weight at the age of five months and was euthanized with
a diagnosis of a dry form of FIP. The diagnosis was based
on the detection of genomic RNA of FCoV in a pleural
transudate. Also, at the time of diagnosis establishment,
the concentration of urea in sera decreased to 3.5 mmol/L,
the level of triglycerides increased to 95 g/L, globulins —
up to 70 g/L, the ratio of albumin/globulin was 0.4. Other
biochemical parameters (glucose, creatinine, albumin,
alanine aminotransferase, alkaline phosphatase) were
within normal limits. Neutrophils, single macrophages
and lymphocytes were identified in a pleural smear. He-
matocrit was lowered to 21.6%, hemoglobin was 9% be-
low normal, eosinophils were 90% below normal, platelet
count - 2% lower (171 cells/pL). The other hematological
parameters were within the normal range. Tomography
showed a large amount of fluid in the thoracic cavity,
areas of higher-density infiltration, increased X-ray den-
sity in cranial lobes of the lungs with areas of consolida-
tion. Pulmonary interstitial density was observed mainly
in the area of the cranial lobe of the left lung, bronchi-
ectases were also noted.

The animal carcass was subjected to necropsy im-
mediately after euthanasia. The following organs were
collected for testing: the brain (pituitary gland, frontal
lobe of the cerebral cortex, corpus callosum, olfactory
bulb, parietal region of the brain, cerebellum, dura ma-
ter), lymph nodes (mesenteric, pharyngeal, mediastinal,
axillary, submandibular), blood samples (from the portal
vein, left and right heart ventricles), lung, choanae, la-
rynx, trachea, thoracic transudate, organs of the gastro-
intestinal tract (duodenum, colon, liver), thymus, spleen,
parotid salivary gland.

Analysis of pathophysiological and pathologic-
anatomical mechanisms of organ system damage
in cats with FIP in combination with SARS-CoV-2 infec-
tion. Pulmonary edema, inflammatory changes in the thy-
mus, hyperplasia of mediastinal lymph nodes, accumula-
tion of fluid in the thoracic cavity were observed during
the necropsy. Noteworthy is also myogenic dilatation and
hemorrhages in the myocardium of the right heart ven-
tricle (Fig. 1, 2). The trachea and bronchi had no changes,
but the choanae were hyperemic.

Necropsy of abdominal organs showed inflammatory
changes mainly in the mesenteric lymph nodes (Fig. 3).
No inflammatory changes in the gastrointestinal mucosa
or signs of pyogranulomatous polyserasitis were detected.
No fluid was present in the abdomen. The spleen was also
uneven in colour, splenitis manifestations were observed.

Assessment of FCoV distribution in a kitten. Anato-
mical mapping of the FCoV distribution made it possible
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to detect viral RNA in the intestinum colon, blood of
therightand left heart ventricles, mediastinal lymph node,
portal vein, thoracic transudate, thymus and lung.

The virus was not detected in other parts of the gas-
trointestinal tract and lymph nodes, choanae, brain, liver
and kidneys, or its concentration was below the detection
threshold.

The largest amount of FCoV was found in the colon,
the viral load was 3.02 times less in the lung, and the con-
centration of the pathogen was 1.46 times less in the thy-
mus than in the lung. The amount of the viral RNA was
2.8 times larger in the blood of the left heart ventricle than
the right one, and 5.7 times less in the portal vein than in
the blood of the right ventricle (Fig. 4).

Correlation of the distribution of the SARS-CoV-2 an-
tigen in human lungs and internal organs of a cat with
combination of COVID-19 and FIP infection. As the study
results by some authors have shown, from the histologi-
cal picture observed when the human lungs are affected
by the SARS-CoV-2 virus, it follows that the viral antigen
(a fragment of S-protein between the sites of proteolytic
cleavage by furin and TMPRSS2), in addition to the affec-
ted cells of the respiratory epithelium and macrophages,
is detected on erythrocytes [13]. A fragment of a corona-
virus spike protein is not necessarily associated with viral
particles. Nevertheless, in the context of immune-medi-
ated lung damage, the presence of this antigen may have
pathogenetic significance.

It is an interesting fact that not all red blood cells in
the lung tissue are stained with antibodies to SARS-CoV-2
(they are intensely black under luminescent microsco-
py) [14]. Also, the immune staining reaction was absent
in preparations containing no primary antibodies, which
reduces the likelihood of an artifact (but does not defini-
tively exclude it).

The SARS-CoV-2 S-protein antigen is also visualized in
the lungs of a cat that is PCR-positive for the presence of
SARS-CoV-2 genomic RNA (Fig. 5), however, it is observed
mainly on the apical surface of the cells of the respirato-
ry epithelium, but not within the interstitium or blood

Fig. 3. Inflammation of mesenteric lymph nodes

vessels. Thickening of the interalveolar septa and signs
of karyolysis, including in the absence of localization of
this antigen, do not allow us to assume a topological re-
lationship between the localization of the antigen and
the pathological process (see also RT-PCR results for FCoV,
shown in Figure 4).

Despite the fact that based on PCR data there are quite
large amounts of FCoV in the intestine, the SARS-CoV-2-
related virus was not detected in the intestine either
using PCR or immunofluorescence technique (Fig. 6).
The absence of a signal also makes it possible to exclude
non-specific binding of fluorescently labeled antibodies
to erythrocytes.

-178.53
-200
M Intestinum colon M Portal vein W Blood, right ventricle (20 pL)
M Lung B Mediastinal lymph node  Thoracic transudate
= Blood, left ventricle (20 pL) = Thymus

Fig. 4. Relative quantity of FCoV genomic RNA (ddCt) in different organs of a kitten
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Fig. 5. SARS-CoV-2 antigen distribution in feline lung tissue
(immunofluorescence, Hoechst 33258 staining

of anti-SARS-CoV-2 S-protein antibody and AlexaFluor
555-labeled conjugate, 150x magnification)

Fig. 7. Distribution of SARS-CoV-2 antigen in feline spleen
(immunofluorescence, Hoechst 33258 staining

of anti-SARS-CoV-2 S protein antibody and AlexaFluor
555-labeled conjugate, 150x magnification)

The largest amount of SARS-CoV-2 S-antigen is ob-
served in the spleen, but mainly in the composition of red
blood cells in the lumen of blood vessels, red pulp and
macrophages. No antigen was detected in the lymphoid
nodules of the spleen (Fig. 7).

The data of immunofluorescence analysis of the liver
present the greatest interest. The SARS-CoV-2 S-protein
antigen is distributed in capillaries mainly located peri-
lobularly (Fig. 8). It is also found in the lumen of the he-
patic arteries, but not in the branches of the portal vein.
These data are consistent with the results of the detection
of the analyzed virus protein in the lungs, but not in the
intestine. The uneven microcirculation of blood from the
hepatic artery and portal vein suggests the formation of
centrilobular hypoxia due to immune-mediated aggrega-
tion of erythrocytes (entering the liver from the lungs) or
vasoconstriction caused by the interaction of S-protein
with ACE2 receptors of blood vessels.

Analysis of the distribution of viral RNA in blood ves-
sels allows us to speculate about the possibility of both
hematogenic and lymphogenic transport of corona-
viruses from the intestine to the small pulmonary circula-
tion (Fig. 4). The unequal amount of viral RNA in the portal

Fig. 6. Distribution of SARS-CoV-2 antigen in feline jejunal
tissue (immunofluorescence, Hoechst 33258 staining

of anti-SARS-CoV-2 S protein antibody and AlexaFluor
555-labeled conjugate, 150x magnification)

Fig. 8. Distribution of SARS-CoV-2 antigen in liver
(immunofluorescence, Hoechst 33258 staining

of anti-SARS-CoV-2 S protein antibody and AlexaFluor
555-labeled conjugate, 150x magnification)

vein, liver and right heart ventricle gives only two possibi-
lities for a sharp increase in the concentration of the virus
in the right ventricle: 1) a large amount of viral particles
can form in the liver (despite the fact that viral RNA was
not detected by RT-PCR), 2) a significant part of the viral
particles enters the lymphogenic pathways either from
the intestine or from mesenteric lymph nodes (however,
viral RNA was not detected by PCR). The uneven nature
of inflammatory processes in mesenteric lymph nodes
should be noted.

The asymmetric myocardial injury (right-sided myocar-
ditis and myogenic dilatation, Fig. 2) suggests a longer-
term entry of the viral agent to the lungs from the large
circulatory circle, and not from the upper respiratory tract,
where the virus is not detected. Despite the lung injury
due to coronavirus causing a condition incompatible with
life, RT-PCR proved to be an insufficiently sensitive method
for detecting the virus in the nose. This fact makes it pos-
sible to doubt the high efficacy of PCR diagnosis of corona-
virus pneumonia, including in humans, when trying to de-
tect the virus in the nasal passages or oral cavity.

Various forecasts can be made based on the above
assumptions. The virus has to shed in the intestine for
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along time (and this forecast has been realized), including
in humans with antibodies. The incubation period for this
type of virus reproduction and distribution can be quite
long and/or accompanied with asymptomatic carrying
(it would be difficult to imagine a long-term asymptomatic
virus carrying in the bronchi and trachea).

This hypothesis also explains that intestinal lesions
are recognized as the earliest COVID-19 manifestations.
A sharp increase in the virus concentration in the lungs
may occur when the virus is identified in the intestine
by immune cells, intestinal inflammation develops, in-
testinal perfusion increases and, accordingly, the viruses,
activated T cells and neutrophils massively enter the right
atrium and ventricle through the caudal vena cava (which
should mainly cause right-sided heart damage).

In order for the SARS-CoV-2 RNA to get packaged into
the capsid of another virus, it should specifically bind to
the N nucleocapsid protein. M protein is likely to par-
ticipate in this process [15]. That is, this process cannot
occur with all types of coronaviruses. However, it seems
possible to compare the RNA secondary structures
of different coronaviruses and N amino acid sequences
(preferably, tertiary structures) and predict the risks of
spillover between different species using bioinformatics
methods. If we take into account the similarity of FCoV
and SARS-CoV-2, the formation of a viral RNA complex of
Betacoronavirus genus representatives with the nucleo-
capsid protein of the genome of the infectious bronchitis
virus (IBV) is unlikely.

CONCLUSION

The results obtained in the study helped to specify
some epizootological characteristics of the disease, con-
firm and supplement the available clinical data on animals
infected with FCoV and SARS-CoV-2, as well as facilitated
the study of pathologic and anatomical picture and histo-
logical changes typical of this pathology.

The study provided evidence for the mechanisms
of coronavirus distribution and spread from the organs
where the greatest replication of the virus occurs (thymus
and intestines) to the lungs, where there is an accumula-
tion of viral particles trapped by the hematogenic pathway
in a smaller volume relative to other target organs. Intes-
tinal lesions are considered among the COVID-19 earliest
manifestations [16]. A sharp increase in the virus concen-
tration in the lungs may occur when the virus is identified
in the intestine by immune cells, intestinal inflammation
develops, intestinal perfusion increases and, accordingly,
viruses, activated T cells and neutrophils massively en-
ter the right atrium and ventricle through the caudal
vena cava (which should mainly cause right-sided heart
damage).

In the context of the analyzed model, the clinical
case described in the study allows principal possibility
of exacerbation of chronic coronavirus infection in case
of re-infection (superinfection) and development of
a predominantly local infection. The presented data also
shed a new light on red blood cells. The unevenness of
the erythrocyte population in relation to the presence
of the S-protein antigen gives reason to consider them
as false targets when interacting with the virus or as car-
riers of adsorbed virus antigens. The revealed facts re-
quire further studies.
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Development of polymerase chain

reaction kit for detection of SARS-CoV-2 RNA
in biological samples collected from animals

A. M. Timina, A. S. Yakovleva, M. V. Timanov, M. V. Biryuchenkova, Ye. S. Orlova
FGBI“Federal Centre for Animal Health” (FGBI“ARRIAH"), Vladimir, Russia

SUMMARY

Today, global attention is drawn to the same common problem — spread of the novel COVID-19 infection. From the end of December 2019 novel SARS-CoV-2 virus
spread over the majority of the countries and on 11 March 2020 the World Health Organization announced pandemic. Global spread of COVID-19 was not limited to
the human population and there was a need to test pets and farm animals, who were in contact with the humans. There are more and more reports on SARS-CoV-2
detected in minks, ferrets, dogs, cats, tigers, lions and other animals. Today the key method of COVID-19 diagnosis is polymerase chain reaction, but all currently
available test-kits are intended for the virus detection in humans. The paper demonstrates data on the development of the real-time PCR-based method for SARS-
CoV-2 RNA detection in the biological samples collected from animals. During the research, an optimal system of primers and a probe were selected, reaction
conditions were tested, basic validation specifications (sensitivity, specificity, reproducibility) were set. The validation results demonstrated that the method met
all the criteria of the high-quality measurement/test methods and it can be used for diagnostic tests. The test-kit was based of the method intended for SARS-CoV-2
RNA detection in animal biological samples and it was put into the veterinary practice. Animal populations in different regions of the Russian Federation were
subjected to the screening tests in order to detect the novel coronavirus genome. No SARS-CoV-2 was reported in herbivorous animals in the Russian Federation.
The FGBI“ARRIAH" experts detected only one positive pet animal.
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Pazpabotka Tect-cuctembl ana o6HapyeHus PHK
Bupyca SARS-CoV-2 B buomatepuane 0T XKMUBOTHBIX
MEeT0A0M MOSMMepa3HOK LIeMHON peakLui

A. M. TumuHa, A. C. ikoBnesa, M. B. TumaHos, M. B. bupioueHkoBa, E. C. OpnoBa
OIBY «OeepanbHblil LieHTp oxpaHbl 340pOBbA XMBOTHbIX» (OT'BY «BHUI3X»), . Bnagumup, Poccus

PE3IOME

(CeroHa BHMMaHue BCero MMpoBOro coobLLeCTBa NPUKOBAHO K 0AHOI 06LLeit npobneme — pacnpoCcTpaHeHuio HOBOI KopoHaBupycHoil ukdekumn (COVID-19).
CkoHua Aekabpa 2019 r. kopoHasupyc SARS-CoV-2 oxBatin 60nbLIMHCTBO CTpaH Mupa, 1 11 MapTa 2020 r. BcemmpHoli opranu3aumeii 3apaooxpaHenms bbina
06bABNeHa naHaemua. MobanbHoe pacnpoctpanenue COVID-19 He orpaHuumnoch YenoBeyeckoii nonynALmelt, 1 BO3HIKNA HeO6XOAMMOCTb TeCTUPOBAHUA [10-
MALLHUX 1 CeNIbCKOX03AICTBEHHDIX XKUBOTHDIX, HAXOAALLNXCA B KOHTaKTe C yenoBekoM. loanaeTca Bce 60nbLue coobLueHuii o BbiasneHm SARS-CoV-2 y Hopok,
XOPbKOB, C06aK, KOLLEK, TUTPOB, NIbBOB U APYruX XUBOTHbIX. OCHOBHbIM MeTofoM AuarHocTuki COVID-19 Ha cerofHAWHWI feHb ABNAETCA NoAuMepasHas
LieMHas peakwus, 0iHaKo Bee CYLLECTBYHLLVE B HACTOSLLIEE BPEMSA TeCT-CUCTeMbl NPEAHA3HAYAKTCA AA BbIABNEHUA BUPYCa y NMiofieid. B (TaTbe npefcTaBneHbl
[JaHHble o pa3paboTke MeToda 06Hapy»eHna PHK Bupyca SARS-CoV-2 B 6uomatepuane 0T XUBOTHBIX CTOMOLLbIO NOAVMEPA3HOI LIeMHO peaKLyi B peanbHoM
BpemeHu. B npoLiecce npoBefieHHbIX UCCNieoBaHMii BbIGpaHa onTManbHas cuCTeMa npaiimepoB 1 30Hz, 0TPaboTaHbl YCOBUA peaKLiyy, OnpeeneHbl 0CHOBHbIE
BaNAALMOHHBIE XapaKTepUCTUKI MeTOAA (UYBCTBUTENbHOCTD, CeLMdUUYHOCTb, BOCTPON3BOAUMOCTb). B pe3ynbTaTe npoBeeH1a BanuaaLmuy yCTaHoBNEHO, YTo
OH 0TBEYAET TPEOOBAHNAM, NPEABABNAEMbIM K KAUECTBEHHBIM METOAAM U3MEPEHMI/UCTILITAHINI, U MOXKET NPUMEHATBCA B AMATHOCTYECKUX UCCNEA0BAHNAX.
Ha ocHoBe pa3paboTaHHoro MeTozia co3aaHa TecT-cuctema ans Bbiasnexna PHK Bupyca SARS-CoV-2 B 6uomatepuane oT XWBOTHbIX, KOTOPad BHeApeHa B BeTe-
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PUHApHYI0 NPaKTUKY. TpoBeAEHbI CKPUHMHTOBbIE UCCNeA0BAHIA MONYAALMIA XKUBOTHbIX U3 Pa3anyHbIX pernoHoB Poccuiickoil OefepaLiui ¢ Lienbio BbiABNEHNA
reHoMa HoBOTO KopoHaBupyca. [okasaHo, uTo cpean TPaBOAAHbIX XMBOTHbIX Poccuiickoii Oepepauyn Bupyc SARS-CoV-2 He BcTpeyaetca. Cpean AOMALUHNX
KUBOTHBIX-KOMNaHboHOB cneumanuctamu OTBY «BHIU3MX» 6bin 3adukcpoBaH nuLb 04UH NONOKUTENbHBIN CyYail.

KnioueBble cnoBa: HoBblit KopoHaBupyc SARS-CoV-2, nonnmepasHas LenHas peakuma B peanbHoM BPeMeHH, TeCT-CUCTeMa, G1oMaTepuan ot KUBOTHbIX

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-nccneoBaTeNbCkux pabot «BetepuHapHoe 6narononyune».
AgTopbl bnarosapat cotpyaHukoB ObY «HUW rpunna um. A. A. CmopopmHueBa» Mun3apaBa Poccum 3a npefocTaBneHHble 06pasubl Guomartepuana, noyyeHHoro
oT Ntofieli.

[insa uutuposanua: Tumuxa A. M., flkosnesa A. C., Tumanos M. B., buptouexkosa M. B., OpnoBa E. C. Paspabotka Tect-cuctembl Ana o6Hapyexna PHK Bupyca
SARS-CoV-2 B 6romatepuane 0T XMBOTHbIX METOAOM NONMMEPa3HOii LieNHOI peakwn. Bemepurapus ce2o0Hs. 2023; 12 (1): 45-51. DOI: 10.29326/2304-196X-

46

2023-12-1-45-51.

KoHdnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNMKTA UHTEPECOB.

[ina koppecnoxaenymnn: TumuHa AHHa MuxaiinoBHa, KaHANAAT BeTePUHAPHDIX HayK, CTapLLWI HayuHblit COTPYAHUK pedepeHTHOIt nabopaTtopuu no 0co6o
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INTRODUCTION

Similar to MERS-CoV and SARS-CoV novel corona-
virus SARS-CoV-2 induces severe pneumonia in humans
(COVID-19). It is one of the RNA-viruses of family Corona-
viridae, lineage Beta-CoV B.

The first human cases of pneumonia of unknown ori-
gin were reported in Wuhan city, Hubei Province, China [1].
The novel coronavirus was isolated from the respiratory
epithelial cells and identified as the disease agent [2].
In 2020, the majority of the countries reported the di-
sease cases in humans, and the World Health Organiza-
tion (WHO) announced COVID-19 pandemic [3, 4].

In patients COVID-19 is demonstrated with such pro-
nounced clinical signs as fever, dry cough, dyspnea, rhi-
norrhea, acute tonsillitis, interstitial infiltrate in lungs [5].

Bat coronavirus (Rhinolophus sinicus) is considered to
be the ancestor of SARS-CoV-2. The virus was transmit-
ted from bats to humans via intermediate host, which
was failed to be established [6-10]. Global spread
of SARS-CoV-2 is not limited to human population. There
are currently lots of reports of the novel coronavirus de-
tected in animals: minks, dogs, cats, tigers and lions. Expe-
rimental infection demonstrated that ferrets and cats are
highly susceptible to SARS-CoV-2 and they can transmit
the virus from the infected animals to the healthy ones
through contacts and air [11-17].

Susceptibility of the animals to SARS-CoV-2 could be
explained by the fact that the receptor for the virus entry
is angiotensin-converting enzyme 2 (ACE2), which is near-
ly identical and similar in humans and such animal species
as mustelids, felines, suids and simian [16, 18, 19]. There is,
therefore, a possibility of SARS-CoV-2 reservoir formation
in pet population, and, hence, COVID-19 epidemic surveil-
lance should involve diagnostic and monitoring tests of pets.

The recommended method of COVID-19-speci-
fic laboratory diagnosis is SARS-CoV-2 RNA detection
using polymerase chain reaction (PCR). This tool is ideal
for the primary screening owing to its high sensitivity
and specificity [20-23].

Currently a sufficient amount of test-kits for SARS-CoV-2
detection in humans have been developed, but they are
not intended for the analysis of biological samples from
animals [24-27]. Therefore, development of a reliable, sen-
sitive and specific method for COVID-19 diagnosis in ani-
mals is a relevant objective.

The research was aimed at the development of a test-kit
for SARS-CoV-2 RNA detection in biological samples from
animals using real-time polymerase chain reaction.

MATERIALS AND METHODS

Biological samples. The original SARS-CoV-2 isolate re-
covered from a human was kindly provided by the Smoro-
dintsev Research Institute of Influenza (Ministry of Health
of the Russian Federation). Biological samples collected
from humans (nasal and oral swabs) and animals (nasal
swabs, lungs) were used in the research. The test objects
included both domestic animals (pigs, cattle, sheep, goats)
and wild animals (boars, elks, deer, Manchurian wapiti, roe
deer, yaks, antelopes, European bison, Caucasian turs, red
deer, saiga antelopes, ibexes, musk deer, dzerens). For test-
ing food products swabs were collected from the surfaces
of meat products and meat preparations as well as from
their package.

Reference strains. Specificity of the method was tes-
ted using the viruses belonging to Coronaviridae family:
SARS-CoV-2, transmissible gastroenteritis virus (TGEV)
and porcine epidemic diarrhoea virus (PEDV), porcine re-
spiratory coronavirus (PRCoV), bovine coronavirus (BCoV),
avian infectious bronchitis virus (IBV), as well as hetero-
logous viruses: porcine reproductive and respiratory
syndrome virus (PRRSV), porcine parvovirus (PPV), por-
cine circovirus type 2 (PCV-2), Aujeszky’s disease virus
(ADV), infectious bursal disease virus (IBDV), influenza A
virus (IAV), infectious bovine rhinotracheitis virus (BHV-1),
parainfluenza-3 virus (bPIV-3).

RNA extraction from 10%-suspension of the biological
samples was performed using 6 M guanidinium thiocya-
nate and glass fiber filters GF/F [28]. Nucleic acid was
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handled in the environment controlled according to
MU 1.3.2569-09 “Organization of laboratories using nu-
cleic acid amplification methods for the work with materi-
als containing microorganisms |-V pathogenicity groups”.

Polymerase chain reaction. The test procedure is de-
scribed below. Reaction PCR mixture was formulated,
which contained 5 pL of 10x Tag-polymerase buffer,
3 mM Mg?*, 0.2 mM dNTPs, 2 units of Tag-DNA polymerase,
5 pmol of each primer, 5 uL of DNA solution and water
added to final volume of 50 pL. The reaction was per-
formed using Mastercycler DNA amplification machine
(Eppendorf, Germany). The test procedure included re-
verse transcription at 42 °C for 15 minutes and 35 amplifi-
cation cycles at the following temperatures: denaturation
at 94 °C for 30 seconds, annealing of primers at 55 °C for
30 seconds and elongation at 72 °C for 40 seconds. The test
products were analyzed using 0.001% ethidium bromide
2% agararose gel electrophoresis at 50 mA.

Molecular cloning of SARS-CoV-2 N gene was performed
using CloneJET PCR Cloning Kit (Thermo Fisher Scientific,
USA) according to the manufacturer’s instructions.

Nucleotide sequences. SARS-CoV-2 nucleotide sequen-
ces deposited in GenBank database were used in the study.
The nucleotide sequences were analyzed using BioEdit
software.

Real-time reverse transcription-polymerase chain reaction
(real-time RT-PCR). Conditions and modes of the reaction
are described below. All reactions were performed using
C1000 Touch™ thermocycler and CFX96 detection sys-
tem (Bio-Rad, USA).

Statistical processing of the data was performed using
validation analytical techniques [29, 30]. The following
performance properties were determined: sensitivity and
specificity, precision under the repeatability and reprodu-
cibility conditions.

RESULTS AND DISCUSSION

Design of primers. By the start of the works on the deve-
lopment of the test-kit, the WHO had published several

procedures on COVID-19 laboratory diagnosis on its web-
site. As a result of their analysis, primers and probe was
selected from the extensive list of oligonucleotides recom-
mended for COVID-19 detection. The selected primers and
probe were proposed by the Center for Disease Control
and Prevention (CDC, USA):

Primer 1 - GACCCCAAAATCAGCGAAAT;

Primer 2 - TCTGGTTACTGCCAGTTGAATCTG;

Probe - ROX ACCCCGCATTACGTTTGGTGGACC BHQ2.

The chosen oligonucleotides are complimentary
to SARS-CoV-2 N gene.

Development and validation of the method for SARS-
CoV-2 RNA detection using real-time RT-PCR. Reaction mix-
ture composition, temperature and time of the reaction
were specified during the optimization procedure.

The reaction was performed with 25 pL of the mixture
containing 0.5 pL (5 pm) of direct and indirect primers,
0.5 uL (5 pm) of the probe, 2.5 L of the 10x PCR buffer,
4 pL of 25 mM MgCL, 0.7 uL of 25 mM dNTPs, 0.2 pL (1 unit)
of Tag-DNA-polymerase, 0.4 pL (20 units) of M-MLV-
reverse transcriptase, 1 pyL of nuclease-free water and
5 uL of RNA.

The amplification program included reverse transcrip-
tion phase at 42 °C for 15 minutes followed by denatura-
tion at 95 °C for 5 minutes and 40 cycles of PCR itself (de-
naturation at 95 °C for 15 seconds, annealing at 55 °C for
15 seconds and elongation at 60 °C for 20 seconds).

Ct < 35 was taken as the reaction threshold value, when
the sample was considered positive.

Specificity of the method was tested using several
types of viruses of Coronaviridae family (SARS-CoV-2,
PRCoV, BCoV, TGEV, PEDV, IBV) and other agents of farm
animal diseases (PPV, PCV-2, ADV and PRRSV, IBDV, AV,
BHV-1, bPIV-3), as well as RNA/DNA extracted from por-
cine, bovine and chicken tissues. The positive reaction was
observed only with SARS-CoV-2 RNA, thus being indicative
of the specificity of the method (Fig. 1).

The sensitivity was assessed by testing serial 10-fold
dilutions of SARS-CoV-2 RNA.

1000 T

2500 L CHTTURDRURRT U 5
2000 Lo ...........................

1500 Lo TP PR L
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Fig. 1. Detection of SARS-CoV-2 in animal biological samples using real-time PCR:

1 - SARS-CoV-2-containing nasal swab;

2 - SARS-CoV-2-negative sample (TGEV, PEDV, PRCoV, BCoV, IBV, PRRSV, PPV, PCV-2, ADV, IBDV, influenza A virus, BHV-1,

bPIV-3, tissue RNA of non-infected pigs, cattle, chickens)
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Table 1
Samples used to test sensitivity of the developed test-kit

Sample No. Status of the sample
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Result obtained using the test-kit being validated, Ct

(interpretation of the result)

1 SARS-CoV-2 RNA sample positive 14.21 (positive)
2 SARS-CoV-2 RNA sample positive 14.47 (positive)
3 SARS-CoV-2 RNA sample positive 16.16 (positive)
4 SARS-CoV-2 RNA sample positive 18.49 (positive)
5 SARS-CoV-2 RNA sample positive 21.81 (positive)
6 SARS-CoV-2 RNA sample positive 19.56 (positive)
7 SARS-CoV-2 RNA sample positive 23.33 (positive)
8 SARS-CoV-2 RNA sample positive 24.04 (positive)
9 SARS-CoV-2 RNA sample positive 22.98 (positive)
10 SARS-CoV-2 RNA sample positive 23.21 (positive)

The sensitivity was determined as a percentage of po-
sitive results obtained in the test-kit being validated to
the total number of tests and its was calculated according
to the formula:

Se = (TP /(TP + FN)) x 100%,

where TP - true positive result;
FN - false negative result.

All tested SARS-CoV-2 RNA-containing samples
demonstrated positive result with the test-kit being vali-
dated (Table 1). Therefore, the calculated sensitivity of
the validated test-kit amounted to 100%.

Assessment of the test-kit reproducibility. The reprodu-
cibility was assessed by testing one positive sample and
one negative sample in 10 repeated tests performed under
the changed measurement conditions: by the same ana-
lyst in parallel tests performed on different days (10 days)
and by two different analysts in parallel tests (in 10 repeti-
tions). Precision was assessed by the degree of agreement
between the repeated measurements of the same sample.
The validated test-kit demonstrated absolute precision, i.e.
the positive sample always demonstrated positive result
and the negative sample — negative result.

It was therefore established that in its characteristics
the real-time RT-PCR is compliant with the requirements
to the high quality measurement/test methods and can
be used in diagnostic studies.

Following the validation results, methodical guidelines
were developed for the detection of SARS-CoV-2 RNA
using real-time polymerase chain reaction. These guide-
lines were further used for COVID-19 diagnosis in animals.

Development of test-kit for SARS-CoV-2 RNA detection
using real-time RT-PCR. Production of recombinant plas-
mid containing SARS-CoV-2 N gene. Any test-kit intended
for general use shall meet safety requirements, therefore,
a decision was taken to use the recombinant plasmid
as positive control.

SARS-CoV-2 N gene region was PCR amplified using
coronavirus RNA extracted at the Smorodintsev Research
Institute of Influenza (Ministry of Health of the Russian
Federation). Primers targeted at the conservative genome

region were used for the reaction. Clones containing
SARS-CoV-2 N gene region were resulted from the trans-
formation by the ligase mixture of pJET1.2/blunt vector
and amplified fragment of the viral gene of the competent
Escherichia coli JM109 cells. Presence of specific DNA re-
gion was checked using nucleotide sequencing.

The recombinant plasmid physical map is shown in
Figure 2.

At the next stage, real-time RT-PCR test-kit was deve-
loped, which contained specific oligonucleotide primers
and fluorescent-labeled oligonucleotide probe. Test con-
ditions were also selected using newly developed diagnos-
ticum contributing to the minimal risk of the test sample
contamination and excluding any biased assessments of
the results.

For user’s convenience the real-time RT-PCR test-kit
for detection of SARS-CoV-2 RNA consists of the following
components:

No. 1 — RT-PCR mixture;

No. 2 - Taqg DNA-polymerase enzyme;

No. 3 - M-MLYV reverse transcriptase;

No. 4 — positive control;

No. 5 - negative control.

Bla
(Amp")

Eco47IR-SARS-
CoV-2-N

pJET1.2/SARS-CoV-2-N

Rep(pMB1)

Fig. 2. Physical map of the recombinant plasmid
pJET1.2/SARS-CoV-2-N
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Table 2
Testing biological samples collected from herbivorous animals for SARS-CoV-2 using “SARS-CoV-2 real-time RT-PCR test-kit”

pigs 980 0
wild boars 174 0
cattle 220 0
sheep and goats 20 0
wild even-toed ungulates
(elks, deer, Manchurian wapiti, roe deer, yaks, antelopes, European bison, 638 0
Caucasian turs, red deer, saiga antelopes, ibexes, musk deer, dzerens, etc.)

Fig. 3. “SARS-CoV-2 real-time RT-PCR test-kit” for detection
of SARS-CoV-2 RNA in animal biological samples using
real-time polymerase chain reaction

Deionized water is used as negative control, and plas-
mid DNA containing inserted SARS-CoV-2 N gene fragment
was used as positive control. Each test-kit comes with the
manufacturer’s instructions (Fig. 3).

Real-time RT-PCR is performed in one step using pro-
grammable amplifier of any model and mixture of PCR
reagents and enzymes. RNA can be extracted from
the tested samples using any convenient method or com-
mercial test-kit. Negative and positive controls are added
to the relative samples.

The results are interpreted according to the presence
(or absence) of fluorescence curve intersection with
the threshold set at the appropriate level thus correspon-
ding to the presence (or absence) of the cycle threshold
value (Ct) in the relative column in the table of results.
The result is considered positive if the fluorescence accu-
mulation curve for the relative sample has a typical sig-
moidal shape and intersects the threshold line.

There are currently lots of reports of SARS-CoV-2 de-
tection in animals (minks, ferrets, cats, dogs, etc.). There
is also evidence of the virus detection in herbivorous ani-
mals (deer). During the developed method implementa-
tion biological samples available in large amounts were
used (nasal swabs, esopharyngeal fluids, internal organs,

blood) and collected from pigs, cattle, sheep, goats, and
wild cloven-hoofed animals. However, no SARS-CoV-2 was
detected in these animal species (Table 2). We also failed
to detect the viral RNA in the samples of raw meat, meat
preparations and in the swabs from their package.
In2020-2021, the FGBI“ARRIAH" carried out SARS-CoV-2
RNA screening tests of the animal populations in 20 re-
gions of the Russian Federation using the developed test-
kit. The published earlier results [11] demonstrated that
out of 1,466 tested biological samples from different ani-
mal species, only one esopharyngeal swab collected from
the domestic cat in Tyumen demonstrated SARS-CoV-2
RNA [11]. The genome of the novel coronavirus was not
detected in any of the biological samples collected from
the herbivorous animals. Therefore, use of the developed
“SARS-CoV-2 real-time RT-PCR test-kit” demonstrated pos-
sibility of SARS-CoV-2 detection in pets.

CONCLUSION

The performed studies resulted in the development of
the method for SARS-CoV-2 RNA detection using RT-PCR,
determination of the validation specifications of the me-
thod and preparation of the “SARS-CoV-2 real-time RT-PCR
test-kit”. The test-kit was used for the analysis of a large
number of samples collected from various animal species.
The proposed test-kit was put into veterinary practice
for the detection of SARS-CoV-2 RNA in animal biologi-
cal samples within primary and confirmatory diagnosis,
for research purposes and monitoring of SARS-CoV-2
spread in animals. The resulted performance specifica-
tions of the test-kit comply with the criteria applicable to
the high-quality laboratory test methods.
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Comparative assessment of immunodiffusion

and enzyme-linked immunosorbent assay
used for bovine leukosis diagnosis
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(aspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, Makhachkala, Republic of Dagestan, Russia

SUMMARY

The implementation of animal health improvement and disease prevention activities with respect to bovine leukosis involves a need for timely detection of
cattle infected with bovine leukaemia virus (BLV) on livestock farms. That is why early diagnosis using more sensitive and highly accurate methods is of particular
importance. The paper presents the results of cattle serum tests for bovine leukosis with enzyme-linked immunosorbent assay (ELISA) and immunodiffusion (ID),
as well as the comparative assessment of their effectiveness. A total of 440 cattle blood samples were subjected to serological testing with immunodiffusion;
37 (8.4%) of them tested positive for bovine leukaemia virus. The cattle blood samples were submitted from the Kumtorkalinsky (127), Karabudakhkentsky (122),
Buynaksky (89) Raions, from Makhachkala (56) and Kaspiysk (46). Seropositivity was 17 (13.4%), 8 (6.6%), 5 (5.6%), 4 (7.1%) and 3 (6.5%), respectively. For
the comparative assessment of the diagnostic tests, 100 (5 ID-positive and 95 ID-negative) serum samples were taken and tested with ELISA. As a result, specific
antibodies against BLV gp51 antigen were detected in 4 ID-negative serum samples. All ID-positive serum samples also tested positive with ELISA. All in all,
9 virus carriers were detected with ELISA, that is 44.4% more than with immunodiffusion. Thus, enzyme-linked immunosorbent assay is characterized by a higher
sensitivity, as compared with immunodiffusion, and allows for improved detection of infected animals. However, alongside the advantages, this technique has
certain disadvantages, one of which is the high price of the diagnostic test kit for anti-BLV antibody detection and the equipment required.

Keywords: bovine leukaemia virus, specific antibodies, seropositivity, comparative assessment, immunodiffusion, enzyme-linked immunosorbent assay, sensitivity
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CpaBHUTENbHblE aCNeKTbl UarHOCTUKM
Neliko3a KpynHOro poraroro CKoTa

NPy NPUMEHeHUU peakLmn UMMYHOLUPPY3UU
N UMMYHO(QEPMEHTHOT0 aHanm3a

A. P. Myctadaes, M. 0. bapatos
[TpuKacnuiickuii 30HaNbHbII HayYHO-NCCNEeROBATENbCKII BeTepUHAPHbIA UHCTUTYT — dunnan OTBHY «DepepanbHbiii arpapHblil HayuHblil LieHTp Pecnybnukm
[Narectan» (Mpukacnuitckuit 3oHanbHblit HUBU — dunnan OTBHY «OAHL PLL»), r. Maxaukana, Pecny6nuka [larectan, Poccus

PE3IOME

lpu npoBeneHnN 0310POBUTENBHO-NPOYUNAKTIYECKIX MEPONPUATUI MK Neiiko3e KPYNHOTO POraToro cKoTa BO3HMKAeT Heo06XoAMMOCTb (BOEBPEMEHHOTO
BbIABMEHNA MHGULMPOBAHHOTO BUPYCOM Jeiik03a NOron0BbA B KMBOTHOBOAYECKMX X03AiicTBX. [103TOMY BaXKHOE 3HaueHIe MeET PaHHAA MarHoCTInKa ¢ npu-
MeHeHueM 6oniee YyBCTBUTENbHbIX 1 BbICOKOTOUHbIX METOAOB. B CTaTbe NPUBOAATCA pe3ynbTaTbl CCIeA0BAHNA CbIBOPOTOK KPOBY XKUBOTHBIX Ha NIEIK03 KpynHOro
pOratoro ckota MeTo;0M IMMYHOQEPMEHTHOrO aHanu3a 1 B peakLiyin UMMYHOZNPY3uI 1 u3yueHns ux 3pdeKTUBHOCTU B CpaBHUTENbHOM acnekTe. Beero cepo-
NIOTMYECKUM METOLOM C IpUMeHeHeM peakuinu uMmyHoAnddy3um bbino uccnenoBao 440 npob KpoBY KpYMHOro poraToro ckoTa, u3 Hux 37 (8,4%) okazanucb
CepononoxuTenbHbIMM K BUPYCY Neiiko3a. pobbl KpoBY XMBOTHBIX ObinK nonyueHbl u3 KymropkanuHckoro (127), Kapabygaxkentckoro (122), byiiHakckoro (89)
paiioHoB, . Maxaukanbl (56) 1 r. Kacnuiicka (46). Cepono3uTBHOCTb COOTBETCTBEHHO cocTaBuna 17 (13,4%), 8 (6,6%), 5 (5,6%), 4 (7,1%) u 3 (6,5%). C uenbio
CPaBHUTENbHOrO aHaN3a AMarHOCTUYeCKMX TecToB 6bino oobpaHo 100 npob cbiBopoTok kpoBy: 5 — PUJ-nonoxutensHbix n 95 — PUJ-oTpuuaTenbHblx, KoTopble

© Mustafayev A. R., Baratov M. 0., 2023
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UCCNEe0BaNN METOZOM MIMMYHODEPMEHTHOTO aHann3a. B peynbTarte B uebipex PYl-oTpuatenbHbix npobax BblABIEHbI CMeLMbUYecKIe aHTUTENA K aHTUTEHY
gp51 BUpYca Neiiko3a KpynHoro poratoro ckota. Mpu 31om Bce PUJ-no3uTiBHble Npobbl CbIBOPOTOK KPOBM METOZ0M MMMYHOGEPMEHTHOTO aHanu3a Takxke
onpezeneHbl KaK Cepono3uTUBHbIE. B 00LLieii COXHOCTU UMMYHODEPMEHTHBIM aHan3oM Gbino BbIABNEHO 9 BUPYCOHOCUTENENA, uTo Ha 44,4% bonblue, Yem
00HapyeHO C NOMOLLbIO peakLuu uMmyHoanddy3uI. Takium 06pazom, METOA UMMYHODEPMEHTHOTO aHau3a B CPaBHEHUN C peakuueil nMMyHoauddy3um
XapaKTepu3yeTca 6osee BbICOKOI UyBCTBUTENHOCTbIO U NO3BONAET AOMOMHUTENbHO BLIABAATL MHGULMPOBAHHBIX XUBOTHBIX. OAHAKO AaHHbII METO Kpome
MPEVMYLLECTB UMEET U PAZ HEZOCTATKOB, OLHUM 3 KOTOPbIX ABNAETCA BbICOKAA CTOUMOCTb AMArHOCTUYECKOTO HaBopa ANA BbIABNEHNA AHTUTEN K BUPYCY Neiiko3a
KPYMHOr0 POraToro cKoTa v UCMob3yemoro 06opyaoBaHus.

KnioueBbie coBa: BUPYC Neiiko3a KPYMHOro poratoro cKoTa, Crewuduyeckie aHTUTeNa, Cepono3nuTUBHOCTb, CPABHUTENbHbIIA aHaN3, peakLns UMMyHoORUG-
dy3um, IMMyHOGEPMEHTHbIT aHann3, YyBCTBUTENBHOCTb 1 CELMOUYHOCTD MeToa

[ina yutuposanua: Mycragaes A. P, bapatos M. 0. CpaBHUTeNbHbIe acneKTbl AUarHOCTUKK Neiiko3a KPYMHOTO POraToro CKOTa Npu NpuMeHeHUN peakLum
ummyHouddy3um n nMMyHohepMeHTHoro aHanu3a. Bemepunapus ce200us. 2023; 12 (1): 52-56. DOI: 10.29326/2304-196X-2023-12-1-52-56.

KoHnuKkT MHTepecoB: ABTOPbI 3aABNAHOT 00 OTCYTCTBUYN KOHGAMKTA UHTEPECOB.

[ins koppecnonpenuun: Mycradaes Apkud PamasaHoBuy, kKaHaMAaT BeTepUHAPHbIX HayK, BeyLLMii HayuHblii COTPYLHUK NabopaTopun MHGeKLMOHHOI naTo-
IOTVN CeNIbCKOXO3AMCTBEHHBIX XKUBOTHbIX, MpuKacnuiickiii 3oHanbHblit HUBI — dunuan OTBHY «OAHL| PLl», 367000, Poccus, Pecnybnuka larectan, r. Maxaukana,

yn. [laxagaesa, 4. 88, e-mail: mustafaey_arkif@mail.ru.

INTRODUCTION

Under current conditions of animal husbandry, a con-
tinuous control over the movement of cattle latently
infected with bovine leukemia virus (BLV) is largely ab-
sent. Despite measures taken to combat bovine leuko-
sis caused by this virus, the disease tends to be widely
spread worldwide, including in the Russian Federation
Subjects [1-5]. The main reasons for this include factors
such as late slaughter of BLV infected animals, lack of ani-
mal health improvement and disease prevention activi-
ties, untimely diagnostic testing, etc. That is why early
diagnosis using more sensitive and highly accurate tests
and methods is of particular importance [6-11].

At present, immunodiffusion (ID) being a standard and
proven method is commonly used for bovine leukosis di-
agnosis at all the veterinary laboratories, diagnostic units,
veterinary clinics of the Republic of Dagestan. The advan-
tage of immunodiffusion over other techniques is that ID
testing of one sample is 5-7 times cheaper as compared
with similar test systems. Other advantages are that it is
easy to perform and does not require any special equip-
ment, thus being easily applicable at the diagnostic units
in the distant areas of the Republic. However, immuno-
diffusion has certain disadvantages such as non-specific
reactions, low sensitivity of anti-BLV antigen antibody
detection, test reading not earlier than after 48 hours, as
demonstrated by multiple studies on bovine leukosis di-
agnosis [12-14].

Given these drawbacks, animal serum samples should
be tested for bovine leukosis using enzyme-linked im-
munosorbent assay (ELISA); besides, there is a need
for the comparative assessment of both techniques
for their effectiveness. Many authors provide in their
papers the evidence of ELISA being a more sensitive
method when it comes to the detection of specific anti-
bodies against BLV antigen as compared with immuno-
diffusion [15-16]. ELISA can be applied within animal
health improvement and disease prevention activities

with respect to bovine leukosis, since they necessitate
the timely detection of BLV infected cattle on livestock
farms [16-20].

In view of the above, the aim of the study was to per-
form the comparative assessment of ELISA and immu-
nodiffusion test systems used for animal serum tests
for detection of specific antibodies against BLV antigen
in accordance with methodical guidelines.

MATERIALS AND METHODS

Animal serum samples submitted from different farms
of the Karabudakhkentsky, Kumtorkalinsky and Buynaksky
Raions, as well as from Makhachkala and Kaspiysk were
used as material for diagnostic tests for bovine leukosis
with immunodiffusion and ELISA.

Immunodiffusion tests were carried out using the test
kit for serological diagnosis of bovine leukosis manu-
factured by the FKP “Kursk Biofactory — BIOK Company”
(Russia). This test system is designed for detection of anti-
bodies against BLV glycoprotein antigen with agar gel
precipitation test.

ELISA tests involved the use of the test kit for detection
of specific antibodies against BLV gp51 in the individual
and pooled samples of cattle blood serum or plasma and
milk manufactured by the OO0 “Vetbiokhim” (Russia).

All the diagnostic tests were performed in accordance
with the “Methodical guidelines for diagnosis of bovine
leukosis”.

RESULTS AND DISCUSSION

The diagnostic tests of 440 cattle serum samples
for bovine leukosis with immunodiffusion were carried
out at the Laboratory of Infectious Pathology of Farm

" Methodical guidelines for diagnosis of bovine leukosis: approved by
the Veterinary Department of the Ministry of Agriculture of the Russian
Federation on 23 August 2000 No. 13-7-2/2130. Available at: http://docs.
cntd.ru/document/1200118749.
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Table

Results of diagnostic tests of animal serum samples submitted from farms of the Republic of Dagestan

for bovine leukosis with immunodiffusion and ELISA

Raions Tested with immunodiffusion (ID) Tested with ELISA

and municipalities | per of samples ID(+) %

out of ID (-) out of ID (+) ELISA (+)

Kumtorkalinsky 127 17 13.4 48 2 3(+1)
Karabudakhkentsky 122 8 6.6 29 1 3(+2)
Buynaksky 89 5 5.6 8 2 2
Makhachkala 56 4 7.1 5 0 1(+1)
Kaspiysk 46 3 6.5 5 0 0
Total 440 37 8.4 100 (95 +5) 9(9.0%)

Animals of the Caspian Regional Research Veterinary In-
stitute — Branch of Dagestan Agriculture Science Center
in 2022. Of these, 37 samples (8.4% of the test animals)
tested positive for bovine leukemia virus. The cattle
serum samples were submitted from the following
raions and municipalities: the Kumtorkalinsky Raion -
127, the Karabudakhkentsky Raion - 122, the Buynak-
sky Raion - 89, Makhachkala - 56 and Kaspiysk — 46. The
seropositivity in these raions and municipalities was
17 (13.4%), 8 (6.6%), 5 (5.6%), 4 (7.1%), 3 (6.5%), respec-
tively (Table).

At the next stage of the study, 100 cattle serum samples
with different serological statuses (based on the immuno-
diffusion test results) were taken from the 440 samples for
ELISA testing: from the Kumtorkalinsky Raion - 50 (48/2),
from the Karabudakhkentsky Raion - 30 (29/1), from the
Buynaksky Raion — 10 (8/2), from Makhachkala - 5 (5/0)
and from Kaspiysk — 5 (5/0). ELISA revealed the presence
of specific antibodies against BLV gp51 in 4 samples that
had tested negative with immunodiffusion. ELISA tests

also detected specific antibodies against BLV antigen in
all the ID-positive serum samples.

Thus, a total of 9 virus carriers were detected with ELISA,
i.e. 44.4% more than with immunodiffusion (Figure).

The results presented in the Table and the Figure show
that ELISA is a more sensitive method. It should be noted
that non-specific reactions were observed in some ani-
mal serum samples tested with ELISA and the test results
for 6 samples were found to be inconclusive. This is probab-
ly due to the fact that ELISA is associated with certain limi-
tations; in particular, hemolyzed and contaminated ani-
mal serum samples, as well as those subjected to multiple
freezing and thawing are not suitable for testing. However,
as regards bovine leukosis diagnosis, this technique has
certain advantages such as high sensitivity in detection
of specific antibodies against BLV gp51, fast availability
of test results, the use of a minimal amount of test ma-
terial (4 pL of serum). The main disadvantages of ELISA
include the high price of the diagnostic test kit, as well as
the need for availability of a spectrophotometer (reader)

100

9

‘ 9.0%

3 5.0%

m Number of serum samples tested with
immunodiffusion and ELISA

= Number of immunodiffusion- and ELISA-
seropositive animals

w Infected animals (%)

+4
44.4%
D>

J T T

Immunodiffusion ELISA  ELISA

1

> Immunodiffusion

Fig. Comparative assessment of the results ofimmunodiffusion and ELISA tests of animal serum samples

for antibodies against bovine leukemia virus
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at the laboratory to be used to measure optical density at
a wavelength of 450 nm.

In the light of the above, it can be concluded that ELISA
is characterized by a higher sensitivity, as compared with
immunodiffusion, and allows for improved detection of
BLV infected animals.

CONCLUSION

The comparative assessment of immunodiffusion and
ELISA used for bovine leukosis diagnosis shows that ELISA
is characterized by higher specificity and sensitivity than
immunodiffusion. The ELISA tests of 100 cattle serum
samples detected 9 BLV-carriers, whereas only 5 samples
had tested positive with immunodiffusion. Thus, the ELISA
tests detected about 44.4% more reactors. Such high
percentage can be possibly attributed to a small size
of the sample of cattle serum samples out of those tes-
ted with immunodiffusion. In case of a large-scale ELISA
testing for bovine leukosis, the percentage of detected
BLV infected animals would probably be lower, ranging
between 15 and 30% and thus being consistent with the
data provided by other researches in their papers [11, 18].
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Spatiotemporal analysis

of African swine fever spread in wild boar population
in Russian Federation, 2007-2022
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SUMMARY

African swine fever is a transhoundary disease of all members of Suidae family and it causes economic damage to the pig industry and ecology of wild boar as
a species. The ASF epidemiology is complex and it is specified by the mechanisms of the agent’s transmission in susceptible animal populations. Choice of mea-
sures aimed to control and prevent the disease spread in the wild boar population depends mainly on the routes of the disease introduction and stage or phase of
the epizootic process. Prevention of the ASFV introduction from an infected region to a free one is the backbone in the infection prevention. Therefore, the research
was aimed at the spatiotemporal analysis of African swine fever outbreaks in the wild boar population in the Russian Federation in 2007—2022 and identification
of geographical areas that pose risk of new disease epidemics. The analysis was performed using retrospective space-time scan statistics, which does not require
data on the wild boar population and which can be used for the assessment of the possibility of new ASF outbreak occurrence upon availability of just data on the
reported disease cases and outbreaks. As a result of spatiotemporal cluster analysis, 24 clusters of ASF outbreaks were identified based on the laboratory-confirmed
data on the infection in boars found dead, and 22 clusters in hunted wild boars. The analysis results demonstrated spatial heterogeneity of the outbreak cluster
distribution in population of wild boars died of the disease and a significant expansion of the passive surveillance geography. Importance and necessity of the
enhanced passive surveillance of African swine fever in susceptible animals is demonstrated. The proposed method can be used for reqular scanning of a geographic
region for the presence of developing zones and areas at risk of re-emerging ASF outbreaks in the wild boar population at different spatial scales.
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Acknowledgement: The study was supported by the Ministry of Education and Science of the Russian Federation in the framework of the State Assignment of
the Federal Research Center for Virology and Microbiology FGNM-2021-0003.

For citations: Zakharova 0. 1., Blokhin A. A., Burova 0. A., Yashin . V., Korennoy F. I. Spatiotemporal analysis of African swine fever spread in wild boar population
in Russian Federation, 2007—-2022. Veterinary Science Today. 2023; 12 (1): 57-65. DOI: 10.29326/2304-196X-2023-12-1-57-65.

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

For correspondence: Olga . Zakharova, Researcher, Department of Epizootology and Risk Assessment Associated with Animal Health, NNRVI — Branch of the
FRCVM, 603950, Russia, Nizhny Novgorod, ul. Veterinarnaya, 3, e-mail: olenka.zakharova.1976@list.ru.

YNIK 619:616.98:578.842.1:616-036.22:639.111.14(470)

[lpOCTPaHCTBEHHO-BPEMEHHOI aHanu3 pacnpocTpaHeHus
aQPUKAHCKOI YYyMbI CBUHEN B MONYNALMUM JUKNX KabaHOB
Ha Tepputopun Poccuitckoin Qegepauun 8 2007-2022 .

0. 1. 3axapoBa’, A. A. bnoxun’, 0. A. Byposa', U. B. lmn’, ®. U. KopenHoii?

! DepepanbHoe rocyaapcTBeHHoe blofKeTHOE HayuHoe yupexeHue «DefepanbHblii UCCTIe10BaTENbCKMIA LIEHTP BUPYCONOrMN U MUKPOBMONOTHI»

(OTBHY OULIBuM); Huxeropopckuii HayuHO-McCe0BaTENbCKNIA BETEPUHAPHBII MHCTUTYT — Gunian DefepanbHoro rocyAapCcTBEHHOTO 610KETHOTO HayuHOro
yupexaexna «OesepanbHblil nccnesoBaTenbckiii LeHTp Bupyconorn u mukpobuonorumy (HHUBU — dunuan OTBHY OULIBUM), . Huxuuit Hosropog, Poccua
2QOTBY «DeiepanbHblii LIEHTp 0XpaHbl 310poBbA XNBOTHbIX» (OTBY «BHIUI3X»), r. Bnagumup, Poccus

PE3IOME

AdpuKaHckas uyma CBUHeIl ABAAETCA TPAHCrpaHNUHOI GoNe3HbI0 Bex NpefCcTaBuTeNell cemelicTBa Suidae, PUHOCALLER IKOHOMUYECKIIA yLLep6 CBIUHOBOAYECKOI
OTPaC 11 3KONOTMY KabaHa kaK Buaa. INk300ToNorina adpUKaHCKoIl UyMbl CBUHEN CIIOXKHA v ONPeAenaeTca MexaH3Mamu nepeaaun Bo36yauTens B nonynaLmnax
BOCPUMMYMBDIX XMBOTHbIX. Bbi6op Mep 60pb0bl 1 Npedynpex aeHua pacnpocTpaHeHua 3a6oneBanuA B NonynALyM KabaHoB 3aBUCAT B OCHOBHOM OT NyTeii 3aHO-
€a, CTajum un Gazbl AMU300TUYECKOro NpoLiecca. [peAoTBpaLLeHIe 3aH0Ca BUPYCa adpUKAHCKOIT YyMbl CBITHEI 3 Heba1arononyYHOro peroHa B 6naronoyyHblil
ABNAETCA 0CHOBOI MPOGUNAKTUKI MHDEKLMN. B (BA3M € 3TUM Liebto NCCe0BaHMiA ABINCA NPOCTPAHCTBEHHO-BPEMEHHOIT aHaN3 04aroB adpUKaHCKOIi UyMbl

© Zakharova 0. 1., Blokhin A. A., Burova 0. A., Yashin I. V.., Korennoy F. 1., 2023
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CBUHeil B nonynAwwy kabaos B Poccuiickoit Oegepaumy 8 20072022 IT. 1 0603HaueHMe reorpaduueckinx TeppuTopuii, npeacTaBAoLLMX PUcK BOSHUKHOBEHUA
HOBbIX 3MU300THiA. AHanU3 NpoBezeH C TOMOLLbIO PETPOCTIEKTUBHOI CTAaTUCTUKI NPOCTPAHCTBEHHO-BPEMEHHOTO CKAHNPOBAHNA, KOTOPaA He TpebyeT faHHbIX
0 UMCTIEHHOCTY MOMYNALMY KabaHa 11 KOTOpYIo MOXKHO MCT0Ib30BaTh iNA OLLEHKM BO3MOXHOTO BO3HUKHOBEHIA HOBBIX 04aroB apUKaHCKOIi uyMbl CBUHEH, Korjia
JAOCTYMHbI TONIbKO JIaHHbIE 0 3aPerncTpUpOBAHHbIX Cyuasx U ouarax 6one3Hu. Mpu BbINONHEHUM NPOCTPAHCTBEHHO-BPEMEHHOTO KNIACTEPHOTO aHank3a bbio
BbIABNEHO 24 KNacTepa 04aroB ahpUKaHCKOi UyMbl CBUHEI, 3aperucTpUpPOBaHHbIX Ha 0CHOBAHMUI 1aBOPATOPHO MOATBEPXK AEHHBIX AHHBIX 06 MHOULMPOBAHNN
KabaHoB, HaiiZleHHbIX MepTBbIMIA, 1 22 KNacTepa — KabaHoB, A0ObITbIX Ha 0XoTe. Pe3ynbTaTbl IPOBEAEHHOT0 aHaN3a NPOAEMOHCTPUPOBAY NPOCTPAHCTBEHHYH
HEOZHOPOAHOCTb pacnpefeneHA KNacTepoB 04aroB MHGEKLMN B NONyNALMN KabaHoB, NaBLUKX 0T 6ONIE3HN, a TAKXKe CYLLECTBEHHOE paclLuperime reorpadu-
YecKoro 0XBaTa TeppUTOPUY BCIIEACTBIE MPUMEHEHNA NACCUBHOTO MOHUTOPUHTA. MoKa3aHa BaXKHOCTb U HEO6XOAUMOCTb NPOBEAEHNA YCUNEHHOTO NaCCUBHOTO
MOHUTOPMHTA aQPUKAHCKOi UyMbl CBIHEli cpefiin BOCTPUMMUIBBIX XXUBOTHBIX. lpeainaraemblii METOA MOXHO UCMOb30BaTb ANA PEryNAPHOTO CKaHNPOBaHMs
reorpaduueckoro peruoHa Ha BEPOATHOCTb GOPMIPOBAHINA 30H U TEPPUTOPUI PUUCKA HOBBIX BCMIbILLEK adPUKAHCKOI UyMbl CBIHEI B MONYAALUN ANKOTO KabaHa
Ha TEPPUTOPUAX PA3NNUHOTO NPOCTPAHCTBEHHOTO MaciUTaba.
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INTRODUCTION

African swine fever (ASF) is a viral, contagious disease
infecting domestic pigs and wild boars and causing signi-
ficant damage to the pig industry and ecology of the spe-
cies at large. The ASF epidemiology is complicated and
is determined by the mechanisms of the pathogen trans-
mission in susceptible populations [1-3]. Unlike successful
ASF control in domestic pigs, which entails stamping out
of the on-farm population, cleaning and disinfection of
the contaminated facilities, the disease eradication in wild
boars is a challenge [4]. Due to geographical and regional
features of wild boar habitats, there is no standard control
strategy of the epidemic process, which can be applied
for all ASF affected areas [5, 6]. Standard prophylaxis pre-
ferably includes measures required to prevent the virus
spillover from the affected regions to the disease-free
ones [7, 8].

The role of wild boars and density of their population is
a disputable factor of ASFV transmission and is still under
discussion. However, many scientists and world experts
agree that a reduction of the wild boar abundance miti-
gates the risk of ASFV spillover and transmission both
in the hot spots and in the observation zone [7, 9].

Studies on ASF spread in wild boars in the Eastern Euro-
pean countries show that the disease can persist even at
a very low level of prevalence and low population density,
unless the infected dead animals and their remains are
timely eliminated [10-12].

Measures taken to control and prevent ASF spread
in wild boars are chosen, mainly, based on the routes
of introduction and the stage of the epizootic process.
In addition, the territory status is an important factor to
be considered when choosing ASF preventive measures.

The territory status refers to the situation recorded at
the moment of the outbreak registration: disease-free,
previously disease-affected, not adjacent to a hot spot -
the observation zone. Early detection of the infected
wild boars is an important link in the disease control stra-
tegy [13].

Methods chosen to detect an increased concentration
of the disease outbreaks (clusters) play a significant role
in modern epidemiological studies, in public health and
preventive veterinary medicine. Their use makes it pos-
sible to identify possible etiological and pathogenic rea-
sons behind the epidemics, as well as to choose optimal
solutions to eliminate the infections [14].

Time, space and space-time scan statistics [15-21] are
widely used now to identify and evaluate clusters of vari-
ous diseases, including both human and animal infections
and non-infectious pathology [18, 19].

Most analytical methods in epidemiology used for early
detection of animal diseases are purely time-based. These
methods are useful to report outbreaks that simultaneous-
ly cover all the areas of the monitored region, but may lag
behind in case of local epizooties, which are confined to
a certain geographical area. However, purely time-based
methods can be used simultaneously for all overlapping
parts of the region that differ in size, in order to include
all possible disease cases and occurring outbreaks. Never-
theless, this approach causes serious problems, since
it includes multiple laboratory tests, which give much
more false results than the nominal significance level can
show [22, 23].

This work represents retrospective space-time scan sta-
tistics, which do not require data on the number of wild
boars in areas at ASF risk, and which can be used, if there
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Fig. 1. History of ASF outbreaks reported in the wild boar population (dead animals and remnants thereof - N = 592;

hunted animals — N = 562)

is only information on registered dead animals (or their re-
mains) or hunted animals, detected after biomaterial tests.
This method can be used to regularly scan geographical

regions of various size in order to determine ASF risk zones

and territories inhabited by wild boars. For each region,
this method considers both potential one-day outbreaks

and sporadic outbreaks, so that to spot a rapidly spreading

epizooty [20-23]. Therefore, the purpose of the research

was to conduct a spatiotemporal analysis of ASF out-
breaks and to determine the infection trend in wild boars

in the affected subjects of the Russian Federation with

the possible identification of geographical territories that

pose a risk of local epizooties.

MATERIALS AND METHODS

Our research focused on a retrospective data analysis
of ASF outbreaks registered in wild boars. The data were
taken from the official reports of the FGBI “Center for Vete-
rinary Medicine” (Moscow)'. The term “outbreak” refers to
a territory officially notified by the veterinary services
of the RF Subject, with given geographical coordinates,
where ASFV-infected wild boars are detected. In turn,
an individual animal (or a carcass) is considered as a case?.
Information on the ASF outbreaks registered in wild boars,
detected both within passive monitoring and hunting, in-
cluded the period from 2007 to 2022.

The spatiotemporal analysis was based on the total
number of ASF outbreaks in wild boars in the affected
Subjects of the Russian Federation. The cluster analy-

" FGBI“Center for Veterinary Medicine”. Epidemic situation. Available at:
https://xn----8sbfkcavba6bf4aedue4d.xn--p1ai/o-nas/informatsiya/
epizooticheskaya-obstanovka (date of access: 23.01.2023).

2WOAH. Terrestrial Animal Health Code. Available at: https://www.woah.
org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-
online-access (date of access: 26.01.2023).

sis is based on the Kulldorff’s space-time scan statisti-
cal method [24]. This method makes it possible to identify
clusters of the geographical area under study, where ASF
outbreaks (or other studied phenomenon) were grouped
more densely than would be expected according to
the null hypothesis, which assumes their random distribu-
tion. The analysis uses a cylindrical moving scan window
where the vertical dimension represents time. As input
data, point objects, i.e. ASF outbreaks, are tested, infor-
mation on the number of cases is given for each outbreak.

The spatiotemporal cluster analysis reveals circular re-
gions (clusters), within which an increased number of ASF
outbreaks was detected (as compared with a hypothe-
tical random distribution). Additional characteristics of
the clusters are: radius, start and end date, duration, statis-
tical significance (p-value), the ratio between the observed
number and the expected number of outbreaks within the
clusters (ODE). The last characteristic can be considered
as a relative risk of outbreak occurrence within the clus-
ter, as compared with the outbreaks registered outside.
The SaTScan v8.0 software® was used for the cluster analy-
sis, ArcMap 10.8.1 (Esri, USA) was used to visually map the
obtained results.

RESULTS

Retrospective analysis of ASF outbreaks in wild boars in the
Russian Federation, in 2007-2022. Current ASF outbreaks
reported in wild boars in Russia affect small areas, such
as hunting farms, with the virus showing a strong tenden-
cy to establish itself in the population within a particular
area, i.e. to become enzootic. The enzootic process in ASF
outbreaks, confirmed by laboratory tests of the material

3 SaTScanTM v8.0: Software for the spatial and space-time scan statistics.
2009. Available at: https://www.satscan.org (date of access: 23.01.2023).
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Table 1
Characteristics of ASF outbreak clusters in wild boars found dead in the Subjects of the Russian Federation, 2007-2022

Number of ASF

Number of ASF

Cluster | Cluster radius, outbreaks outbreaks Cluster Cluster Cluster

No. km observed expected started on ended on lasted for, days

1 157.88 34 29 1.72 02.08.2015 23.07.2016 356 <0.001
2 82.22 35 33 10.60 04.02.2018 25.05.2019 44 <0.001
3 121.25 45 6.5 6.92 23.02.2020 24.10.2020 244 <0.001
4 142.14 24 136 17.64 04.11.2007 10.10.2009 706 <0.001
5 158.22 15 0.53 28.30 26.06.2011 04.08.2012 405 <0.001
6 158.96 32 5.57 575 29.04.2012 06.12.2014 951 <0.001
7 146.71 16 1.02 15.69 16.07.2017 18.11.2017 125 <0.001
8 68.97 21 2.2 9.55 18.08.2019 22.02.2020 188 <0.001
9 126.48 1 0.46 23.91 22.11.2009 21.08.2010 272 <0.001
10 145.87 9 0.23 39.13 26.09.2021 22.01.2022 118 <0.001
n 40.09 8 0.15 53.33 21.12.2014 28.03.2015 97 <0.001
12 118.03 12 0.88 13.64 29.07.2018 28.09.2019 426 <0.001
13 90.69 13 1.17 1.1 25.10.2020 03.04.2021 160 <0.001
14 88.42 6 0.09 66.67 07.06.2020 25.07.2020 48 <0.001
15 114.54 12 1.06 11.32 07.07.2013 31.08.2013 55 <0.001
16 12717 5 0.05 100.00 17.07.2022 23.07.2022 6 <0.001
17 99.65 9 0.5 18.00 29.10.2017 07.07.2018 251 <0.001
18 105.43 8 0.35 22.86 25.10.2020 12.12.2020 48 <0.001
19 9.86 5 0.06 83.33 29.06.2014 19.07.2014 20 <0.001
20 79.69 7 0.35 20.00 29.09.2019 28.12.2019 20 <0.001
21 68.13 5 0.1 45.45 24.11.2013 08.03.2014 104 <0.001
22 2N 3 0.02 150.00 07.01.2018 13.01.2018 6 <0.001
23 21.14 5 0.15 3333 28.08.2016 10.12.2016 104 <0.001
24 159.34 12 1.97 6.09 13.09.2020 05.02.2022 510 <0.001

ODE — observed/expected (this is the ratio of the observed number to the expected number of ASF outhreaks within the cluster, given that the distribution
is consistent with the null hypothesis, i.e. the value of the indicator determines the relative risk of new outbreaks within the cluster).
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from the dead and hunted boars in the affected RF Sub-
jects, is characterized by sporadic outbreaks in the same
geographical areas. History of ASF outbreaks in wild boars
is shown in Figure 1.

As we can see, there is a positive trend in infection de-
tection both in dead and hunted animals. This trend may
be explained by an increase in the number of the tested
animals and by the improvement of veterinary surveil-
lance in the RF Subjects®. Despite this, there are differen-
ces in the number of ASF outbreaks detected among dead
wild boars (51.3% of the total number of the registered
ones) and hunted wild boars (48.7%).

Spatiotemporal cluster analysis of ASF outbreaks in wild
boars in the RF Subjects (in 2007-2022). Twenty four reli-
able clusters were identified by the cluster analysis of ASF
outbreaks registered in dead wild boars in the affected
regions of the Russian Federation (from 2007 to 2022).
The peculiar characteristics of the clusters, as shown by
the SaTScan software, are given in Table 1.

As Figure 2A shows, ASF clusters were mainly distribu-
ted in the center of the European part of Russia, as was
demonstrated by the tests of material taken from dead
wild boars. These clusters are located in the central and
northwestern regions of the European part of the Russian
Federation. In the Far East (Fig. 2B), the long-term presence
and registration of ASF outbreaks in some parts of the Pri-
morsky Krai and nearby result from a dense population
of wild boars (more than 1 animal per 1000 ha)°.

The spatiotemporal analysis has shown that the fol-
lowing geographical territories in the following clus-
ters demonstrate the greatest probability of ASF reg-
istration in the wild boars who pose a relative risk of
the disease transmission (Table 1): No. 11 (ODE = 53.33),
No. 14 (ODE = 66.67), No. 16 (ODE = 100.00),
No. 19 (ODE = 83.33), No. 22 (ODE = 150.00). Clusters
No. 2, 4, 6, 12, 24 were characterized by the longest per-
sistence of ASF agent associated with the virus persistence
in the environment.

“ FGBI “Center for Veterinary Medicine”. Epidemic situation. Available at:
https://xn--—--8sbfkcavba6bf4aedue4d.xn--p1ai/o-nas/informatsiya/
epizooticheskaya-obstanovka (date of access: 23.01.2023).

® FNITS Hunt. Hunting resources. Available at: http://www.ohotcontrol.ru/
resource (date of access: 23.01.2023).
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Fig. 2. Clusters of detected ASF outbreaks reported in the wild boar population (found dead) in the ASF-infected regions
of the Russian Federation: A — European part; B - Far East (2007-2022)

The spatiotemporal analysis of ASF outbreaks
(from 2007 to 2022) revealed 22 reliable clusters follow-
ing detection of ASF pathogen or antibodies to the virus
in hunted wild boars. Their main characteristics are given
inTable 2. Based on the analysis results, it was determined
that the greatest probability of new ASF epizooties (rela-
tive risk) is observed in the territories of the following
clusters: No. 9 (ODE = 66.67), No. 11 (ODE = 71.43), No. 13
(ODE = 35.29), No. 16 (ODE = 50.00), No. 20 (ODE = 150.00),
No. 21 (ODE = 57.14). Clusters No. 4, 5, 10, 12, 14, 18 are
the longest to preserve ASF pathogen. Within the radius
of these clusters, local enzootic territories were formed
in the RF Subjects of the Far East, the Volga Region and
the Center of the European part of the Russian Federa-
tion (Fig. 3A and 3B).

Based on the analysis of ASF clusters in wild boars,
a steady spatiotemporal transmission trend is observed:
the beginning of epizooties was observed in the North
Caucasus and Southern Federal Districts (southern zone) -
clusters No. 4, 8, 11. Later, there was a shift of clusters to
the central and northern regions of the Russian Federa-
tion - clusters No. 5, 10, 15, 17, 19, 22, 23, their territories
are characterized by higher animal population density. In
recent years, the ASF epizooty has significantly expanded
its geographical scope up to the Far East, where a signifi-
cant number of ASF outbreaks in wild boars were regis-
tered from 2019 to 2022.

DISCUSSION

Wild boars play an important role in ASF epizootic cycle
as regards the intra-population transmission, and poten-
tial transmission to domestic animals. Epizootological sur-
veillance of ASF in wild boars is ensured either by testing
all sick or dead animals for the virus genome or for anti-

bodies to the virus (passive monitoring), or by testing all
harvested wild boars, i.e. trapped, drive-hunted or shot
dead during hunting or with the purpose of the popula-
tion control (active monitoring) [2].

Information collected by the European Food Safety
Agency (EFSA) from the Baltic States and Poland, indicates
that passive surveillance increases a likelihood of earlier
ASF detection. According to the data provided by many
foreign researchers, most primary ASF cases in wild boars
were registered during passive observation [25-27].

Research into ASF transmission in Eastern European
countries has shown that the disease can persist with
very low prevalence among susceptible animals, even if
the density of wild boar population is low due to inten-
sive hunting. Since ASF in wild boars has now become
enzootic for many European countries, the question still
remains unanswered, which type of monitoring (passive
oractive) is most effective to detect the virus, taking into
account low prevalence and low population density. This
is especially important, given that most countries, includ-
ing the Russian Federation, are trying to eradicate ASF
through progressive management of pig population
aimed at reduction of wild boars [28, 29]. Even with a very
low population density, there is a window of uncertainty,
when ASF still circulates in animals, but practically is not
detected, which complicates any further management,
including a possible strategy of the disease eradica-
tion [30].

An idea was put forward by scientists from many
countries that highly lethal animal infections, such
as ASF, are self-limiting, which means that an epizooty
rapidly reduces the number of susceptible populations
due to the mass mortality [31]. The faster ASF spreads,
the faster it reduces the wild boar population. If such
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Table 2
Characteristics of spatiotemporal ASF outbreak clusters reported in wild boars hunted in the infected regions of the Russian Federation, 2007-2022

Number of ASF

Number of ASF

Cluster | Cluster radius, outbreaks outbreaks Cluster Cluster Cluster lasted for,

No. km observed expected started on ended on days

1 151.99 79 16.80 4.70 15.09.2013 24.05.2014 251 <0.001
2 147.60 38 3.65 10.40 16.08.2015 30.07.2016 349 <0.001
3 153.10 28 2.22 12.61 01.07.2012 23.03.2013 265 <0.001
4 152.56 24 1.44 16.67 18.11.2007 02.01.2010 776 <0.001
5 80.57 19 1.44 13.19 05.11.2017 18.05.2019 559 <0.001
6 158.84 n 0.40 27.50 26.09.2021 30.10.2021 34 <0.001
7 66.25 12 0.69 17.39 22.10.2017 28.04.2018 188 <0.001
8 158.69 9 0.37 2432 07.03.2010 19.02.2011 349 <0.001
9 24.84 6 0.09 66.67 04.01.2015 07.02.2015 34 <0.001
10 145.18 n 0.74 14.86 14.11.2021 19.11.2022 370 <0.001
n 18.83 5 0.07 4 09.06.2013 22.06.2013 13 <0.001
12 158.04 10 0.85 11.76 02.02.2020 20.02.2021 384 <0.001
13 2.1 6 0.17 35.29 14.07.2019 19.10.2019 97 <0.001
14 119.05 13 1.67 7.78 30.06.2019 02.01.2021 552 <0.001
15 18.06 6 0.20 30.00 31.03.2013 20.07.2013 m <0.001
16 119.70 5 0.10 50.00 17.01.2021 04.03.2021 76 <0.001
17 84.63 6 0.21 28.57 17.09.2017 16.12.2017 90 <0.001
18 141.01 6 0.23 26.09 17.01.2010 12.02.20M 391 <0.001
19 155.43 6 0.29 20.69 27.10.2019 18.01.2020 83 <0.001
20 42.10 3 0.02 150.00 24.11.2019 30.11.2019 6 <0.001
21 144.23 4 0.07 57.14 12.01.2020 07.03.2020 55 <0.001
22 153.55 5 0.18 27.78 14.08.2016 12.11.2016 90 <0.001

ODE — observed/expected (this is the ratio of the observed number to the expected number of ASF outbreaks within the cluster, given that the distribution is
consistent with the null hypothesis, i.e. the value of the indicator determines the relative risk of new outbreaks within the cluster).

an infected population is simultaneously shot for sani-
tary or recreational purposes, then the number of wild

spread of ASF in the wild shall be mainly prevented by
an active search for dead animals and notification of

62

boars dramatically reduces. Following the decrease in
the number of animals, number of interspecies contacts
also reduces, and epizooties turn into enzootic outbreaks.
Eventually, ASF virus hides due to hunting activities. How-
ever, its re-emergence within a few months after lurking
in the environment shall be naturally expected. Thus,
the epizootological cycle of ASF in wild boars demon-
strates that the virus has become enzootic in the affec-
ted territories and regularly spills over into disease-free
areas [6, 29, 32].

The direct transmission can episodically peak after
the breeding season, when the size of the animal popu-
lation doubles and the growing animals (2-6 months
old) explore the habitat, thus, intensifying interspecies
contacts; or as a result of animal regrouping or gathering
around feedlots [33-35].

Based on the data available in literature and following
our own analysis of all the registered outbreaks, it was
concluded that the passive monitoring reveals more ASF
outbreaks than the active one, and the search for remains
of wild boars proportionally increases the probability
to detect infected wild boars [34, 36]. Therefore, further

the relevant veterinary authorities. Such an approach
is crucial for understanding epizootological situation at
any phase of ASF epizooty, regardless of the wild boar
population density [37].

The ASF clusters identified after testing material from
hunted wild boars are mainly isolated from each other and
look like non-overlapping geographical locations (Fig. 3A
and 3B), which means the disease registered outbreaks are
evenly distributed, very likely, due to established hunting
quotas.

The wild boar hunting quota is set based on the density
and total number of animals, in accordance with the ap-
proved regulations on permissible withdrawal, and is com-
pared with the one indicated in the application submit-
ted by hunting provider. Therefore, the potential number
of wild boars is either kept at a constant level to preserve
and regulate the number of animals, or is inflated to meet
the interests of hunting providers by increasing the num-
ber of the set quotas.

The ASF clusters identified after testing biomaterial
from dead animals (Fig. 2A and 2B), generally do not coin-
cide with the clusters identified after testing the hunted
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Fig. 3. Clusters of detected ASF outbreaks reported in the wild boar population (hunted animals) in the ASF-infected regions
of the Russian Federation: A — European part; B - Far East (2007-2022)
boars, which may suggest ASF virus circulation in  the importance of these activities. Moreover, it is neces-
the non-hunting territories. It may also mean that not  sary to sustainably reduce the abundance of wild boars.
all samples from the shot animals are sent for laborato-  The spatiotemporal cluster analysis revealed local epizoo-
ry tests; dead boars are detected late and are untimely  ties, helped to study peculiarities of their emergence
destroyed by owners/tenants of hunting sites without  in the context of dividing ASF outbreaks into groups
laboratory test results. following tests of biomaterial from the detected dead
As the FGBI “Center for Veterinary Medicine” informs  and hunted wild boars or their remains. Understanding
on the number of registered ASF outbreaks, most boars  the trends and patterns of ASF transmission in the wild
who died from ASF were found in the summer-autumn  boars, makes it possible to improve the measures taken
period. This fact can be apparently associated with active  within the boundaries of the risk zone where the epizoo-
human economic activity, including hunting. The space- ties may occur.
time non-coincidence between ASF clusters (both in wild
boars dead from the disease or shot), may prove the ef- REFERENCES
fectiveness of passive monitoring measures, and makes 1. De la Torre A., Bosch J., Sdnchez-Vizcaino J. M., Ito S.,
it possible to identify significantly more infected animals, Munoz C,, Iglesias |., Martinez-Avilés M. African swine fever
thus, expanding the ASF detection scope. survey in a European context. Pathogens. 2022; 11 (2):137.
The short-term ASF clusters identified in the spatio- DOI: 10.3390/pathogens11020137.
temporal analysis and registered after detection of dead 2. EFSA, Bafos J. V., Boklund A., Gogin A., Gortézar Ch.,
animals; suggest that the pathogen currently circulatesin ~ Guberti V., et al. Epidemiological analyses of African
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Evaluation of the effectiveness of blood-drop

agglutination test for chicken tuberculosis diagnosis

M. 0. Baratov
Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, Makhachkala, Republic of Dagestan, Russia

SUMMARY

Due to the increased role of opportunisticinfections, mycobacterioses, parasitocenoses, etc. the detectability of nonspecific reactions to PPD-tuberculin has sharply
increased, which makes it difficult to make a diagnosis and brings laboratory test methods to the fore. The aim of the study was to determine practical significance
of blood-drop agglutination test in comparison with allergy test, and frequency of avian tuberculosis lesions on internal organs. For comparative assessment of
these techniques 4,086 chickens were tested, including 2,000 young chicks aged 6—9 months and 2,086 adult poultry. In order to compare the results of allergy and
serological tests, necropsy was performed for reacting chickens, identified using blood-drop agglutination test and demonstrating positive results using both meth-
ods. Low effectiveness of the allergy test in comparison with the serological test was established. The blood-drop agglutination test made it possible to additionally
identify 311 adult chickens seropositive for tuberculosis in poultry farms. The effectiveness of this serological method in young birds and poor matching of results in
comparison with an allergy test have been shown. The necropsy findings confirmed the practical significance of the serological test; generalized tuberculosis process
was noted in all birds positively reacting in blood-drop agglutination test. The dependence of internal organ lesions on poultry-keeping conditions was determined
in tuberculosis-affected farms in the autumn and spring periods. Internal organ lesions were found in 835 birds out of 1,072 tested poultry. In the autumn period
the intestines were affected in most cases (57.2%), lung lesions were found in the least cases (8.2%), and in the spring period tuberculosis lesions were more often
detected in the lungs (43.8%), less often in the intestines (35.5%). In the winter period, the morbidity predominantly occurs due to dust infection, and in summer,
birds become infected via alimentary route, which explains the results obtained. The identification of a significantly larger number of diseased chickens, both in
advanced form and at an early stage, makes it possible to recommend a blood-drop agglutination test for the diagnosis of tuberculosis. The involvement of internal
organs directly depends on the poultry keeping system and should be taken into account when veterinary and sanitary measures are performed.
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OueHKa YOPeKTUBHOCTU KPOBAHO-KaneNbHO peakLni
arrNTUHALMY NPU JUArHOCTUKe TyOepKynesa Kyp

M. 0. bapatos
[TpuKacnuiickuii 30HaNbHbII HayYHO-NCCNE[OBATENbCKII BeTepUHAPHbIA UHCTUTYT — dunnan OTBHY «DepnepanbHbiii arpapHblil HayuHbIiA LieHTp
Pecny6nuku [larectan» (Mpukacnuiickuit 3oHanbHblit HUBW — dunuan OTBHY «OAHL| PI»), r. Maxaukana, Pecny6nuka [larectan, Poccua

PE3IOME

B cBA311 ¢ BO3pOCLLeli PoNbHo ONNOPTYHUCTUYECKIX MHGEKLII, MIKOOAKTEPHO30B, Napa3uTOLLEH030B 11 . Pe3KO YBeANUUNach BLIABNAEMOCTb HecneLnduyeckux
peakuuii Ha MM111-TybepKynuH, 4To 3aTpyAHAET NOCTaHOBKY AMArH03a v BbIBOAMT Ha NepBbiii naH nabopaTopHble MeToAbl MccnefoBaHuA. Lienblo HacToswwei pabo-
Tbl ABUNOCH ONpe/ieNeHie NpaKTUYEeCKoi 3HAUMMOCTI KPOBAHO-KaneNbHOI peaKLyyi arrioTHALMY B CPaBHEHNIN C anepriiyeckoil npo6oil v YacToTbl nopaxeHnsa
BHYTPEHHINX OpraHoB Npu TybepKyne3e nTuw, [l npoBe/ieHA CPaBHUTENBHOI OLIEHKIN aHHbIX METOAOB 6bino nccnenoBaxo 4086 kyp, 3 Hux 2000 rosi. cocTasnan
MONOAHAK 6—9-MecAuHoro Bopacta v 2086 ron. — B3pocnas nuua. B Lienax conoctaBneHna peynsratos annepriyeckux 1 ceponornyeckinx nccnefoBanmil npo-
BOAWNY NATONOr0-aHaTOMIUYeCKoe BCKPbITUE Kyp 13 YCNa PearnpyloLLyX Ha aniepre, BbIABAEHHbIX C MOMOLLbH KPOBAHO-KaneNnbHON peakLui arrioTMHaLmn
11 IONIOXKUTENbHO pearupyloLLux no 06oum MeTofam. YcTaHoBNEHa HU3Kas IPOEKTUBHOCTD annepruyeckoil Npobbl B cpaBHEHIM C CEPONOTUYECKOI peakLueli.
KpoBAHo-KkanenbHaA peakLys arrioTUHaLMY N03BOAMAA SONONHUTENbHO BbIABUTD B NTULIEBOAYECKNX X03A/CTBaX 311 Cepono3uTUBHbIX Ha Tybepkyne3 B3pocsblx
Kyp. Moka3aHa 3gYeKTUBHOCTb JAHHOTO CEPONOrNYECKOro METOAiA U HA MOIOAHAKE NTIL C HU3KMM COBMajieHNeM pe3yNbTaToB B CPABHEHUN C annepriyeckoi
npo6oii. Pe3ynbrathl NaToNoro-aHaTOMMYeCKoro BCKpbITAA NOATBEPANMN NPAKTUYECKYI0 3HAUMMOCTb CePONOTINYECKOil PeaKLiii, BO BCEX CyYadX Y NONOXMTENb-
HO pearupyloLLIX B KpOBAHO-KanebHO peakLuy arraioTUHaLMKM 0cobeii 0TMeueHa reHepanu3auua Ty6epkynesHoro npowecca. 3aBUCUMOCTb NOPAKEHHOCTH
BHYTPEHHWX OPraHoB OT YCIOBIIA COZEPXaHIA NTULbI ONPEAeNANN B HebnarononyyHbIx no Tybepkynesy xo3ailCTBax B 0CEHHMIA 1 BeCeHHNIi nepuopbl. Bbiasuan
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nopaxeHue BHYTPeHHUX opraHoB y 835 ron. u3 1072 nccnegoBaHHbIx 0cobeid. B oceHHuii nepuos B 60nbLUMHCTBE Clyyaes 6bin nopaxeH KiwweyHnk (57,2%),
B MeHbLUNHCTBE — erkie (8,2%), a B BeCeHHMIt nepuog Ty6epKynesHble N3MeHeHUA yallie 06HapyxmuBanu B nerkux (43,8%), pexe — B KwweyHuke (35,5%).
B 3umHuii nepuop cofepxanus rmaBHas npuuvHa 3a601eBaemMoCTi — NbineBas MHGEKLIAA, B NETHHIA Xe NepuoA NTULbI 3aparkaloTcs aMMeHTapHbIM nyTem,
yeMm 1 06BACHAKTCA NONyYeHHbIe Pe3ynbTaTbl. BbifBNeHe 3HauNTENbHO GoMbLLIEro KonuuecTBa 6oNbHbIX Kyp, NPUYeM Kak B 3amyLieHHoii hopme, TaK 1 Ha
paHHeii CTauu, JaeT BO3MOXKHOCTb PEKOMEHZ0BATb KDOBAHO-KAMeNbHYI0 PeaKwyio arrioTUHaLMIA ANA ANarHoCTUKY Ty6epKyne3a. opaxeHHOCTb BHYTPEHHUX
0OpraHoB HaX0AMTCA B IPAMOIi 3aBUCUMOCTIA OT CUCTEMbI COAEPKaHNA NTULIbI 11 JOMKHA YUUTHIBATLCA NPU NPOBEAEHUM BETEPUHAPHO-CAHUTAPHDIX MEPONPUATHIA.

KnioueBbie cnoBa: Tybepkynes, Kypbl, KpOBAHO-KanenbHas peakwna arrioTUHALK, NaToN0ro-aHaToMUyeckoe UccieoBaHme, NTULEBOACTBO, ANATHOCTUKA,
[INA-Ty6epKynuH, aHTUreH, KPoBb

[ina untupoBauus: bapatos M. 0. OueHka 3pHEKTUBHOCTU KDOBAHO-KANENbHOI PeakLu arrioTUHALIMIA NPU ANArHOCTUKe TyGepkynesa Kyp. Bemepurapus
ce20014. 2023; 12 (1): 66—72. DOI: 10.29326/2304-196X-2023-12-1-66-72.

Kondnukr nntepecos: ABTop 3asBnAeT 06 OTCYTCTBUN KOHOANKTA NHTEPECOB.

[ina koppecnonpeHuun: bapatos Maromes OmMapoBuy, IOKTOp BETEPUHAPHBIX HAyK, IMaBHbIN HayYHbI COTPYAHUK, 3aBeaytoLLnii nabopatopueit MHGeKwun-
OHHOI1 NAaTONOMNM CENbCKOXO3ANCTBEHHbIX MBOTHBIX, MpuKacnuitckuii 3oHanbHblit HUBW — dunuan OTBHY «OAHL PLl», 367000, Poccua, Pecnybnuka Jlarectan,

r. Maxaukana, yn. [laxapaesa, A. 88, e-mail: alama500@rambler.ru.

INTRODUCTION

Despite the fact that most of the commitments and
goals set within animal tuberculosis control programs
have been achieved, tuberculosis in both animals and
humans currently remains one of the most complex and
significant concerns [1-3].

After the change of socio-economic formation, dis-
ruption of established links in the livestock management
system and a sharp decline in the industry’s potential,
it became urgent to develop effective methods for control
of infectious diseases, in particular avian tuberculosis [4-6].

According to some authors, with the transfer of poul-
try farming to commercial basis and reduction in poultry
raising time period under optimal veterinary and sanitary
conditions on complete feed, the problem of avian tuber-
culosis has become less notable [7, 8].

At the same time, the emerging increase in the num-
ber of poultry in private farms, where uncontrolled and
unsystematic movement of both poultry and products
is typical, causes certain difficulties in carrying out animal
health, managerial and anti-tuberculosis measures. Under
these conditions, poultry can become a source of constant
circulation of mycobacteria in the environment [9].

According to the literature data, in some farms tuber-
culosis-affected chickens became the source of infection
in cattle. In certain cases, milkers who kept chickens in back-
yard farms were Mycobacterium avium vectors [10-17].

In this regard, timely detection of chickens with tu-
berculosis is of great practical importance for improving
the health of farms affected with this disease. The current-
ly practiced diagnostic methods do not allow detecting
all birds with tuberculosis [18-20]. This is evidenced by
the fact that after the double tuberculinization and iso-
lation of birds reacting to PPD-tuberculin, chickens with
a pronounced form of tuberculosis are subsequently de-
tected in disease-free herds according to necropsy find-
ings [20-24].

The issue of improving and finding new, more effective
methods of tuberculosis diagnosis in chickens has been

of interest to researchers for a long time. So, for this pur-
pose, scientists began to test serological methods based
on immunological tests, for example, the agglutination
test. In this regard, a tuberculosis antigen was prepared
from avian Mycobacterium avium culture [25-32].

Some researchers carried out the hemagglutination
test using the blood sera of tuberculosis patients [33-36].

In order to find approaches to the development
of more advanced methods of avian tuberculosis diagno-
sis and taking into account the detectability of chickens
with a 50% infection rate among non-reactors to tuber-
culin, the antigen (strain 9 with pronounced antigenic
properties) was prepared for blood-drop agglutination
test (BDAT) at the All-Union Institute of Experimental
Veterinary Medicine (now the Federal Research Center —
All-Russia Research Institute of Experimental Veterinary
Medicine named after K. I. Scriabin and Ya. R. Kovalenko
of RAS).

In 1955 A. V. Prokhorov et al. conducted BDAT of an-
tigen prepared from Mycobacterium avium cultures and
compared its results with those of a tuberculin test. At the
same time, it was found that a higher number of diseased
chickens were detected using the serological method
rather than when the allergy test was implemented. Thus,
out of 23,355 birds tested using the allergen, 756 (3.2%)
birds with tuberculosis were identified. Out of 22,599
non-tuberculin reactors, tuberculosis was diagnosed in
2,079 (8.4%) birds when tested with BDAT [23].

Similar results were obtained by other researchers
who consider BDAT to be an effective method of avian
tuberculosis diagnosis that can be used for identification
of diseased chickens both at the initial disease stage and
at the stage of systemic infection [37, 38].

Subsequently, in order to detect a mixed infection
(pullorum infection and tuberculosis), a complex antigen
was manufactured at the Lithuanian Veterinary Research
Institute, which is a mixture of the GNKI pullorum antigen
and the tuberculosis antigen of the Lithuanian Veterinary
Research Institute [39].
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In order to isolate the maximum number of infected
birds, many researchers recommend conducting a com-
prehensive study using two methods: BDAT and tubercu-
linization [38].

Unfortunately, no data on the scientific significance
and practical effectiveness of the blood-drop agglutina-
tion test in the diagnosis of chicken tuberculosis is avail-
able in the literature. Due to the fact that many aspects
of this test’s performance remain unstudied, there conti-
nues to be a multiplicity of concepts about the justifiability
and relevance of this test.

It is important to note that due to the increased role
of opportunistic infections, mycobacterioses, parasito-
cenoses, etc., the detectability of nonspecific PPD-tubercu-
lin reactions has sharply increased, which, of course, com-
plicates the diagnosis and brings laboratory test methods
to the fore. In this regard, in order to identify chickens af-
fected with tuberculosis, the necessity of serological test
methods is justified, though their role, in our view, is often
underestimated.

The aim of the study was to compare the effectiveness
of the serological test method (BDAT) with the allergy test,
as well as to assess lesions in birds’ internal organs in cor-
relation with the chicken keeping system.

MATERIALS AND METHODS

BDAT studies in the diagnosis of avian tuberculosis
were carried out in farms of the Republic of Dagestan in
the period from 2015 to 2021.

A blood-drop agglutination test using whole blood and
antigen was used in combination with intradermal allergy
diagnostic testing.

One or two drops of antigen (prepared in the laboratory
from a day-old meat-peptone agar culture) were pipetted
onto a clean slide. Blood was taken from the axillary vein,
transferred to the slides and mixed with the antigen. The
reaction was considered positive if the mixture became
lighter and flakes were formed due to adhesion of mic-
robes to antibodies, and it was considered specific, if ag-
glutination occurred within one minute.

For comparative assessment of BDAT and allergy test
4,086 chickens were tested, including 2,000 6-9 month-
old young birds and 2,086 adult birds.

In order to compare the results of allergic, serologi-
cal and post-mortem tests, 300 chickens were subjected
to diagnostic slaughter: 100 birds reacting to allergen,
100 birds identified with BDAT and 100 birds having posi-
tive reactions in both diagnostic tests.

To establish the correlation between internal organ
lesions and the poultry keeping system, 1,072 birds were
slaughtered: 579 - in the autumn, 493 - in the spring.

Allergy tests were carried out in accordance with the

“Guidelines for the use of (PPD) tuberculins in mammals
and birds"" using avian PPD-tuberculin via intradermal in-
oculation into the wattle at a dose of 0.1 mL. The test result
(the formation of swelling at the injection site) was read
after 30-36 hours.

During the simultaneous test, two allergens (dry pu-
rified tuberculin and dry purified complex allergen from
atypical mycobacteria, CAM) were intradermally inocu-

' Guidelines for the use of (PPD) tuberculins in mammals and birds.
Available at: http://www.agrozoo.ru/text/vetprep_html/238.html.

lated into both sides of the chicken wattles at a dose
of 0.1 mL: after that differences in severity of reactions
to these allergens were determined?.

All animal handling procedures were performed in ac-
cordance with the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (ETS No. 123).

RESULTS AND DISCUSSION

Comparison of the effectiveness of the BDAT and
the allergy test was carried out in farms with the capaci-
ty of 2,086 adult poultry considered relatively free from
tuberculosis.

The total number of adult poultry in OO0 “Buynaksky
poultry farm” was 3,678 birds, no PPD-tuberculin reactors
were detected there according to the results of scheduled
allergy tests over the past 5 years. There were 1,200 ani-
mals in the farm SPK“Buglen’, positive tuberculin reactors
were detected, but the diagnosis was not confirmed later.
The diagnosis was not confirmed among adult poultry
(768 birds) in the farm “Kazbek” either. No positively re-
acting birds were found in the flock of 630 birds in the
IP “Ruguzh”. The test results for adult poultry are shown
in Table 1.

It was established that more diseased birds were ad-
ditionally detected using the BDAT: in OOO “Buynaksky
poultry farm” - 3 birds, SPK“Buglen” - 78 birds, KFKh “Kaz-
bek” - 227 birds and IP “Ruguzh” - 3 diseased chickens.
The matching of the results of the allergy test and BDAT
was noted in 73.90-75.40% of cases.

Testing of young animals of 6-9 months of age was car-
ried out in two farms: on the poultry farms OO0 “Karabu-
dakhkentskaya” and at KFKh “Tarki’, where over the past
5 years no poultry was subjected to allergy tests. It was
possible to identify both seropositive and positively res-
ponding to tuberculin birds.

As the results presented in Table 2 show, tuberculosis
can be detected with BDAT in birds at an early age. So,
18 birds (1.3%) were detected serologically at the poultry
farm OOO «Karabudakhketskaya», and 12 diseased birds
(2.0%) were detected in the farm KFKh “Tarki”. The mat-
ching of BDAT and the allergy diagnostic test results
in young animals ranges from 12.5 to 27.8%.

It should be noted that the sensitivity of BDAT at
the poultry farm OO0 “Karabudakhkentskaya” was higher.
Comparing allergy test and serological test results, it can
be concluded that a high level of seropositivity indicates
the threat of reactivity of the tuberculosis latent form.
The high information value of specific antibody detection
using BDAT gives grounds to use this test for monitoring in
the system of comprehensive infection prevention.

The necropsy results for poultry that reacted to the al-
lergen and were identified using BDAT are shown in Table 3.

During necropsy of positively reacting chickens tes-
ted with the BDAT, the tuberculosis systemic process was
noted in 13% of the tested birds; lesions of the spleen and
intestine were observed in 26% of birds, of liver and intes-
tine —in 14% of tested birds, of liver, intestine and spleen —

2 Guidelines for conducting a simultaneous allergy test using
tuberculin and a complex allergen from atypical mycobacteria (CAM)
in the diagnosis of tuberculosis in animals: approved by the Ministry
of Agriculture of the USSR of November 27, 1978.

Available at: https://base.garant.ru/70526680.
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Table 1
Comparative study of agglutination and allergy test in adult poultry

Name R — Diseased chickens identified with Matching of BDAT

of establishment poultry, birds

and allergy test

Allergy test, birds BDAT, birds results
000 “Buynaksky poultry farm” 1,221 - - 3 0.25 - -
SPK“Buglen” 400 161 40.25 239 59.75 19 73.90
KFKh “Kazbek” 365 69 18.90 296 81.10 52 75.40
IP“Ruguzh” 100 - - 3 3 - -
Table 2

Comparative study of agglutination and allergy test in young poultry

Diseased chickens identified with Matching
Name Number of tested of BDAT and allergy

of establishment poultry, birds

Allergy test, birds BDAT, birds test results
000 “Karabudakhkentskaya” 1,400 5 0.36 18 130 5 27.80
KFKh “Tarki” 600 16 270 12 2.00 2 12,50

in 3% of birds. Tuberculous nodes were detected in the fol-
lowing organs: liver (9%), intestine (7%) and spleen (3%).

During necropsy of chickens identified based only on
the results of an intradermal allergic test, systemic tuber-
culosis was detected in 9% of cases, lesions of the spleen
and intestine - in 24% of cases, liver and intestine —in 16%
of cases, liver, spleen and intestine — in 1% of cases. As
for other organs, lesions were detected in the liver (3%),
intestine (4%) and spleen (2%).

Necropsy of chickens with positive reactions detected
during diagnostic testing performed by both methods
showed the presence of systemic infection in 12%, le-
sions of the spleen and intestine in 18%, liver and intestine
in 15%, liver, spleen and intestine in 2%, liver, intestine and
oviduct in 4%, liver, intestine and lymphoid tissues in 1%
of the birds subjected to examination. Tuberculous nodes
were observed in some organs: liver (6%), intestine (2%)
and spleen (1%).

Table 3

In general, tuberculosis in chickens is accompanied by in-
ternal organ lesions typical for this disease. Yellowish-gray
or grayish-white tubercles of various shapes and sizes are
noted. At the initial stage, some organs are affected with
the formation of nodes ranging in size from a poppy seed to
a pinhead, clearly visible and separating from healthy tissue.

In advanced cases, there are tuberculous tubercles
in several or all internal organs. Sometimes solid knots
reaching the size of a hazelnut are formed. Large nodes are
often located close to each other, they can merge, forming
conglomerates up to 4 cmin size.

Lesions are often observed in several organs, primarily
the liver, spleen, and then others, with uniform nodules
of the same size.

In general, tuberculosis of chickens is accompanied
with patchy lesions in internal organs.

In connection with the above, it seemed reasonable
to study correlations between internal organ lesions and

Comparison of parameters of internal organ lesions in chickens with tuberculosis

Lesion location

Positive results obtained using

allergy test allergy test + BDAT

Systemic form 13 9 12
Spleen and intestine 26 24 18
Liver and intestine 14 16 15
Liver 9 3 6
Intestine 7 4 2
Liver, intestine and spleen 3 1 2
Spleen 3 2 1
Liver, intestine and oviduct - - 4
Liver, intestine and lymphoid tissues - - 1
There were no macroscopically visible lesions 25 | 39
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Liver 83 16 33 10.2
Spleen 27 52 18 5.6
Intestine 26 5 2 0.6
Liver and intestine 122 234 22 6.8
Systemic form 74 14.6 22 6.8
Liver, spleen and intestine 93 18.5 61 18.9
Intestine and spleen 27 6.4 - -

Liver, spleen and lungs 27 5.2 32 9.9
Intestine, mesentery and lungs 10 1.9 - -

Intestine and lungs 8 15 - -

Oviduct 6 1.1 - -

Spleen and lungs 3 0.5 2 0.6
Liver, spleen and intestine 3 0.5 2 0.6
Muscles 2 0.4 - -

Liver and lungs 1 0.38 28 14.9
Lungs 2 0.4 14 43
Liver, intestine and lungs - - 8 24
Liver, lungs and oviduct - - 12 3.7
Liver and gizzard - - 2 0.6
Liver, spleen and oviduct - - 10 3

Lungs and kidneys - - 2 0.6
Lungs, liver and kidneys - - 12 3.7

the poultry keeping system. For that, poultry in tubercu-
losis-affected farms were tested after winter and summer
periods — in spring and autumn. The results are shown
in Table 4.

It has been established that lesions of internal organs
were detected in 796 birds out of 1,072 birds subjected
to diagnostic slaughter at different times. According to
the frequency of lesions, the liver, intestine and spleen
come first, however many cases of systemic tuberculosis
process are also recorded. Along with this, tuberculous le-
sions are observed in the lungs, oviduct, kidneys, gizzard,
cloaca.

As the results of the post-mortem dissection conducted
in the autumn period showed, tuberculous nodes were
most often found in the intestine (56.2%), less frequent-
ly in the lungs (8.9%), and as regards the spring period:
in most cases — in the lungs (39.0%) and in the least cases -
in the intestine (33.6%). The poultry keeping conditions
are likely to be the reason for this. In winter, dust infection
seems to prevail, and in summer, birds become infected
via alimentary routes.

CONCLUSIONS

1. For avian tuberculosis diagnosis, it is necessary
to conduct a comprehensive study with simultaneous per-
formance of a blood-drop agglutination test and a double
intradermal allergy test.

2.The blood-drop agglutination test makes it possible
to identify a significantly larger number of chickens with
tuberculosis both at the systemic infection stage and at
an early stage of the disease.

3.The liver, spleen, intestine in birds with tuberculosis
are most often affected, and other organs get affected to
a lesser extent.

4. The lesions in the intestine and lungs are directly
correlated with the poultry keeping conditions. Lesions
in the lungs prevail in the winter period, and lesions in
the intestine are more common in summer.
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Clinical and morphological features

of salmonellosis in cows and calves affected by heat stress
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SUMMARY

Exposure to abnormally high temperatures in the Middle Urals has led to chronic heat stress in cattle. Despite the measures taken to protect the dairy herd from
overheating (fans, irrigation with cool water, livestock sunshades), the heat stress undermined the immunity of animals, thus, leading to an excessive rise in Salmo-
nella population in the gastrointestinal tract, increased intestinal permeability, and could also be the cause of increased virulence of such serotypes as — Salmonella
choleraesuis, that are not typical for cattle. The simultaneous presence of two pathogens of Salmonella enterica subsp. enterica species: i.e. Salmonella enteritidis
and Salmonella choleraesuis — caused a number of clinical and morphological changes in adult cows. In cows, the infection manifested itself by persistent diarrhea
with mucus, reduced milk production and intoxication. In calves, the disease was accompanied by septic signs, severe intoxication, hyperthermia (40.5-41.0 °C),
severe dehydration (more than 7%) and death. Histopathological examination of bovine parenchymal organs revealed changes typical for salmonellosis pathological
process: specific salmonella granulomas were found in parenchymal organs (liver, spleen). Some pathological processes typical for sepsis were found in other paren-
chymal organs (kidneys, heart). The nature of pathological changes indicates that there is a septic process that spreads both hematogenically and lymphogenically,
and the structure of granulomas most likely indicates that such a pathogen as Salmonela choleraesuis circulates in cattle.

Keywords: salmonellosis, cattle, heat stress, morphological changes of parenchymal organs, salmonella granuloma

For citation: Drozdova L. ., Shilova E. N., Shkuratova l. A., Ryaposova M. V. Clinical and morphological features of salmonellosis in cows and calves affected by heat
stress. Veterinary Science Today. 2023; 12 (1): 73-78. DOI: 10.29326/2304-196X-2023-12-1-73-78.

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

For correspondence: Irina A. Shkuratova, Doctor of Science (Veterinary Medicine), Professor, Associate Member of the Russian Academy of Sciences, Director of the
Ural Scientific Research Veterinary Institute — Branch of the FSBSI UrFASRC, UrB of RAS, 620142, Russia, Ekaterinburg, ul. Belinsky, 112a, e-mail: Shkuratova@bk.ru.

YK 619:579.842.14:616-022.6:636.2

KnuHuko-mopdonoruueckne 0cobeHHOCTH CalbMOHeNNe3a
Y KOPOB 1 TENAT Ha GOHe TeNNOBOr0 CTPeCCa

N. . Dipo3poBa, E. H. Lnnosa, W. A. likypatosa, M. B. PanocoBa
OTBHY «Ypanbckuit desepanbHblil arpapHblii HayuHO-1CCIe[OBATENbCKNIA LIEHTP YpanbCkoro oTaeneHna
Poccuiickoii akagemun Hayk» (OTBHY Yp@®AHILL YpO PAH), r. Exatepunbypr, Poccus

PE3IOME

Bo3gelicTBue aHomanbHo BbICOKUX Temnepatyp Ha CpeaHem Ypane npuBeno Kk pa3BuTIIo XpOHYECKOO TEMMOBOTO CTPecca y KpymHoro poratoro ckota. Hecmotpa Ha
Mepbl, KOTOPble NPUHUMANCh NA 3aLLUTbI MOMIOYHOTO CTa/A OT Neperpesa (BEHTUNATOPbI, OPOLUEHIA NPOXNAAHON BOZON, CO3/aHIe 3aTeHeHNA ABOPOB), TeNNOBO
CTpecc oCnabnan UMMyHHYI0 CUCTEMY KMBOTHBIX, 4TO MPUBOAUNO K YPe3MEPHOMY YBENUYEHNHO NOMYNALMM CANbMOHENN B XKENYAOUHO-KULLEYHOM TPaKTe Y KUBOTHDIX,
HapyLLIeHVIO MPOHMLIAEMOCTY KULLEYHO CTeHKY ANA 6aKTepuii, a Takxe Mor GbITb PUUMHON NOBbILLERIA BUPYNEHTHOCTY ANA KPYMHOFO POraToro CKoTa He CBOACTBEHHbIX
M cepotunoB — Salmonella choleraesuis. OnHoBpemeHHoe NpucyTCTBYE ABYX NaToreHoB BuAa Salmonella enterica subsp. enterica: Salmonella enteritidis v Salmonella cho-
leraesuis — BbI3Ban0 KOMIEKC KMHUKO-MOP(ONOTUYECKINX 3MeHeHMii B OpraHu3me B3poCsbiX KopoB. Y KOPOB MHGEKLIA NPOABIANACH CTOIKON CIM3UCTOI Anapeeii, no-
Tepeii ypoBHA NaKTaLMM 1 Pa3BUTIEM UHTOKCUKALMW. Y TENAT 3a60neBaHe CoNpoBOXAAN0Ch CENTUUECKIMM ABNIEHUAMI, BbIPAXKEHHOI UHTOKCMKaLMei, runeptepmmeit
(40,5—-41,0°C), pa3BuTiem 3HauuTenbHoro (6onee 7%) 06e3BoxmBaHMA 1 rnbenblo. [pu ruCToNornyeckom Uccef0BaHNN NapeHXMMaTo3HbIX OPraHoB KOPOB BbIABNEHbI
U3MeHeHNs, XapaKkTepHble AnA Pa3BUTUA NATONOTYECKOro MPOLIECca, CBOMCTBEHHOTO CaNnbMOHeNNe3y: B NapeHXMMaTO3HbIX OpraHax (neueHu, ceneseke) 06HapyxeHbl
cneLduyeckme canbMoHenNe3Hble rpaHynembl. B Apyrux napeHxvMaTo3HbIX 0praHax (Moukax, cepavie) 06Hapy»eH KOMMNEKC NaToNoruyeckiX poLeccoB, XapaKTepHbIX
LN cencica. XapakTep natonornueckux M3MeHeHuii CBUAETENbCTBYT 0 Pa3BUTUN CENTUYECKOro MPOLIeCCa, PacpOCTPAHALLEroca Kak reMatoreHHo, Tak n iuMdoreH-
HO, MIPUYEM CTPOEHMUE FPaHyseM, CKopee BCero, yka3biBaeT Ha LIMPKYNALYIO B OpraHU3Me KpYMHOro poratoro CkoTa Takoro Bo36yautens, kak Salmonella choleraesuis.

KnioueBble cnoBa: canbMoHensies, KpynHblil poraTblil CKOT, TEM0BOIA CTPeCC, M0p¢0ﬂ0FquCKM€ M3MeHeHUA NapeHXNMAaTO3HbIX OpraHoB, CalibMOHEeN1Ie3HaA rpaHynema

bnarogapHoctu: Pabota BbinonHeHa npu GuHaHcoBoi nopaepxke MuHo6pHayku Poccun B pamkax Mporpammbl ¢yHZaMeHTaNbHbIX HayuHbIX UCCNEfO0BaHMi B Poc-
cuitckoii Qegepanm Ha {oArocpoyHbIi nepuog (2021-2030 roabl) no Hanpasnexuio «4.2.1.5 Pa3paboTka TexHON0r Ui NPUMKI3HEHHOTO YNpaBAeHNA KauecTBOM XUBOT-
HOBOAYECKOr0 CbIpbA ANA NOYYeHNA BbICOKOKAUYECTBEHHbIX 1 6e30MacHbIX NPOAYKTOB NUTAHMAY.
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KoHnukt untepecos: ABTopbl 3aABAAIOT 00 OTCYTCTBIM KOH(NUKTA MHTEPECOB.
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WCCNef0BaTeNbCKoro BETePUHAPHOTo UHCTUTYTA — CTPYKTYpHoro noppasaenexna OIbHY YpOAHUL YpO PAH, 620142, Poccus, r. Ekatepunbypr, yn. benunckoro,

0. 112a, e-mail: Shkuratova@bk.ru.

INTRODUCTION

Salmonellosis is one of the most severe human toxico-
infections with a pronounced zooanthroponotic nature
of transmission [1-4].

Dairy cattle are a permanent salmonellosis reser-
voir [5-7]. The enzootic outbreaks are permanently caused
by bacteria carriers that excrete Salmonella in concentra-
tionsupto 10" CFU/g perdayin faecesand 10-10° CFU/mL
in milk and colostrum [8, 9]. C. L. Holschbach et al. [10]
together with A. G. Glotov et al. [11, 12] found that 20%
of clinically diseased and 5% of clinically healthy cows
periodically or continuously shed the pathogen into
the environment. Asymptomatic Salmonella carriers who
shed bacteria with faeces can be reported among adult
cattle at all production stages. The clinical manifestation
of the disease is usually associated with calves of one
month of age and older [11-15]. However, on some farms
salmonellosis clinical signs are registered in cows as well.
According to some researchers [16, 17], the disease is sea-
sonal (late summer/autumn), which may be explained
by high ambient temperature and heat stress impact.
At the same time, Salmonella isolates from asymptomatic
cattle and from cattle with clinical manifestation usually
do not differ in serogroup, serotype or sensitivity to anti-
microbial drugs [15].

As encyclopedic data on bovine salmonellosis suggest,
it is an infectious disease that affects young cattle from
the age of 10 days, characterized by a pathological pro-
cess in the digestive organs, and, in case of a chronic form,
it also affects the pulmonary system and almost all body
systems. Granuloma formation in livers revealed by histo-
logical examination of organs is the main morphological
feature of salmonellosis-affected animals [10-12].

This paper describes a case of salmonellosis on a dairy
farm in adult cows and calves, which, in our opinion, is as-
sociated with abnormal average monthly temperatures of
the spring-summer period. Alongside with that, both cli-
nical and morphological changes typical for salmonellosis
were detected.

The scientific novelty of the research is related to
the fact that new atypical pathomorphological changes
were detected in cattle, i.e. salmonella-caused hepatic
granulomas (more similar to granulomas found in pigs
with Salmonella choleraesuis infection) and thromboendo-
phlebitis, which is also unusual for cattle.

The purpose of this research is to characterize patho-
morphological and histological signs in cattle associated

with the simultaneous detection of two Salmonella spe-
cies in these animals — Salmonella enteritidis and Salmo-
nella choleraesuis.

MATERIALS AND METHODS

The research was carried out within Long-term program
of basic research in the Russian Federation (2021-2030),
scientific project “Developing technologies for lifetime
quality management of livestock raw materials to obtain
high-quality and safe food” in the Department of veteri-
nary laboratory diagnostics with the testing laboratory of
the FSBSI UrFASRC, UrB of RAS, as well as in independent
laboratory OOO “Quality Med” (Ekaterinburg).

For microbiological tests, faecal samples were taken
from the rectum of each cow with clinical signs of diarrhea,
disposable gloves were used. Samples of parenchymal or-
gans (lungs, liver, spleen, lymph nodes) were taken from
the dead calves in compliance with the rules on sampling
biomaterial for microbiological tests'. In total, samples
from 12 animals were examined.

The tested biomaterial was inoculated into nutrient
media: 5% sheep blood agar (Columbia agar, Bio-Rad,
France; defibrinated sheep blood, E&O Laboratories Ltd,
UK); yolk-salt agar (nutrient agar for cultivation of micro-
organisms - GRM-agar, Federal Budgetary Institution of
Science “State Research Center for Applied Microbiolo-
gy and Biotechnology”, FBIS SRCAMB, Russia); chromo-
genic agar (UriSelect4 Agar, Bio-Rad, France); Endo agar
(FBIS SRCAMB, Russia); Sabouraud agar with 2% glucose
and chloramphenicol (SIFIN diagnostics GmbH, Germa-
ny); 500 pL were inoculated into a test tube with 4.5 mL
of magnesium medium (FBIS SRCAMB, Russia) and after
24 hours of incubation, they were re-inoculated to bis-
muth sulfite agar (FBIS SRCAMB, Russia).

Then the inoculated Petri dishes were placed in
a thermostat with aerobic conditions at a temperature
of (37 £ 1) °C, the dishes with blood agar were incubated
in the environment containing 5% CO.,. The inoculations
were incubated for 72 hours, growth assessed after 24, 48,
72 hours.

The grown colonies were identified by MALDI-ToF
mass spectrometry (matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry) using mass

' Rules on sampling pathological material, blood, feed and sending
them for laboratory tests, as approved by the Veterinary Department
of the Ministry of Agriculture of the USSR on June 24, 1971.
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spectrometer Vitek® MS (bioMérieux, France). For this pur-
pose, the bacterial mass was applied to a spot on the slide,
coated with 1 pL of the matrix (a-cyano-3-hydroxycinnam-
icacid), dried at room temperature, then the mass spectra
of ribosomal proteins were read by the device and com-
pared with the database using the Myla software.

To diagnose clostridial infection in the biomaterial
using polymerase chain reaction (PCR), “RealBest-Vet
DNA Clostridium difficile/Clostridium perfringens” test kits
were used. A set of reagents “RealBest-Vet DNA Clostridi-
um difficile tcdA/tcdB/CDT” (AO Vector-Best, Russia) was
used to type Clostridium toxin formation. Multiplex test
systems made in Russia were used to detect antimicrobial
resistance Erm gene in bacteria (A, B, C), blaCIT/blaDHA,
blaCTX/blaOXA. Real-time amplification was done using
QuantStudio™ 5 equipment (Thermo Fisher Scienti-
fic, USA).

In addition, faeces samples from cows and calves with
clinical signs of diarrhea were tested for rotavirus and
coronavirus antigens, bovine viral diarrhea and Escherichia
coli enterotoxemic strain (K99). Solid phase enzyme-linked
immunosorbent assay (AG-ELISA) was used for the tests,
i.e. the kits “IDEXX Rota-Corona-k99 Ag Test", “IDEXX SNAP
BVDV Antigen Test” (IDEXX, USA). SUNRISE reader (Tecan
Austria GmbH, Austria) was used for reading results.

Parenchymal organs and tissues from adult cows and
calves that died of typical signs of salmonellosis were sub-
jected to histological tests. The material for histological
test was fixed in 10% formalin (aqueous solution), poured
into paraffin, the sections were stained with hematoxylin
and eosin according to generally accepted methods and
examined under an Olympus microscope (Japan) at vari-
ous maghnifications from 100 to 600.

RESULTS AND DISCUSSION

A salmonellosis outbreak in cattle was first recor-
ded in September 2020 after an abnormally hot spring-
summer season. An average monthly temperature
of March in the Sverdlovsk Oblast was positive for the first
time in the history of weather records, and the annual
temperatures set an absolute record, amounting to an
abnormal 5.3 °C, which is 0.7 °C higher than the previous
record in 2008.

The research was carried out on a dairy farm with
2,500 cows. A large outbreak in cows of the 2" and 3" lac-
tation and in first-calf heifers was detected. The cows are
kept under loose housing. Newborn calves are grown in-
dividually in cages up to 2 months of age.

During the test period, the air temperature in the room
where the animals were kept reached 29.5 °C, the humidity
was 42%, the air velocity was 0.6 m/s. High air tempera-
ture combined with low humidity and lack of ventilation
resulted in a heat stress in cows. The animals developed
rapid respiratory rate up to (61.60 + 5.30) breaths per
minute, short breathing; with the heart rate reaching
(119.80 £ 4.21). According to some researchers [16, 18], pro-
longed exposure to heat damages the animals’ health, im-
pairs their overall resistance, as well as reproductive traits.

The cattle vaccination program on this farm includes
the use of a vaccine against a number of acute respiratory
viral infections, which contains an inactivated component
against viral diarrhea. The vaccination is carried out an-
nually, starting from the age of 30 days, tetravalent inac-

tivated vaccine HIPRABOVIS® 4 (Laboratorios Hipra, S. A.,
Spain) is used. The animals were not vaccinated against
clostridiosis and salmonellosis.

The cows demonstrated clinical signs of salmonellosis,
including mucus-filled diarrhea, dehydration of the first
degree (less than 5%), and a decrease in productivity
by 14%. The number of animals with clinical manifestation
of salmonellosis was 23%. No hyperthermia was observed
in adult cows.

On the same farm, gastrointestinal disorders were regi-
stered in calves, accompanied by septic phenomena, se-
vere intoxication, hyperthermia (40.5-41.0 °C), significant
(more than 7%) dehydration and death among the young.
The disease developed in 93% of calves in the facilities, at
the age of 7-14 days, was characterized by a sharp onset
and an acute course. The lethality was 20.8%. 80% of death
cases were reported in the first 2 days of the disease, the
disease evolved into a subcute form in 20% of calves with
a following death reported at the age of 25-30 days.

AG-ELISA was used to exclude the antigen of bovine
viral diarrhea virus, which can rival Salmonella for its ability
to cause diarrhea in adult animals.

Tests of biological material from cows with diarrhea
revealed pathogens of the genus Salmonella, the species
Salmonella enterica subsp. enterica: Salmonella enteri-
tidis, which is a bovine pathogen, and Salmonella cho-
leraesuis, which is a non-typical pathogen for this spe-
cies [5, 10, 19, 20].

Rotavirus (by AG-ELISA) and Clostridium perfringens
(by PCR) were detected in addition to salmonellosis agent
in calves with clinical signs of the disease.

Histological liver analysis (Fig. 1) of both cows
and calves revealed a specific morphological sign of sal-
monella infection - granuloma [21].

Moreover, these granulomas had some distinctive fea-
tures and differed from the granulomas typical for bovine
salmonellosis. The ones we detected were more similar to
the granulomas found in pigs infected with the Salmo-
nella choleraesuis serotype. Complete lysis of granuloma
cells was observed in granulomas of this kind, in addition
to that, there were cells necrotized as a result of karyor-
rhexis and karyopyknosis. Pronounced congestive hypere-
mia was observed at the same time in hepatic microvascu-
lature with signs of fatty liver degeneration (Fig. 2).

Alongside with it, we detected a rapid hematoge-
nous intra-organ spread of infection with formation
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Fig. 1. Granuloma in the liver. Hematoxylin and eosin stain
(100x magnification)
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Fig. 2. Congestion in hepatic microvasculature and fatty
liver. Hematoxylin and eosin stain (400x magnification)

Fig. 3. Thromboendophlebitis in cow’s liver (granuloma
in the vessel lumen). Hematoxylin and eosin stain
(200x magnification)

Fig. 4. Granuloma in the spleen without signs of necrosis.
Hematoxylin and eosin stain (200x magnification)

of thromboendophlebitis in cow liver slides, which is
a characteristic feature of porcine salmonellosis and
a rather rare phenomenon for cattle (Fig. 3).

An important sign of sepsis is the lesion of the spleen,
where specific salmonella granulomas are also found due
to hemorrhagic infiltration (Fig. 4).

At the same time, granulomas were found in other
parts of the spleen, represented by necrotic masses similar
to granulomas in the liver (Fig. 5).

In other parenchymal organs (kidneys, heart) there was
a number of pathological sings typical for sepsis: damage

Fig. 5. Necrotizing granuloma in spleen. Hematoxylin and
eosin stain (100x magnification)

to the endothelium, i.e. desquamation in the vessel lumen,
fibrinoid necrosis of the vessel walls, loops of glomeruli,
leukostasis, the release of single neutrophils through the
vessel wall, activation of the coagulation system - single
blood clots in capillaries and venules, increased vascu-
lar permeability - diapedetic hemorrhages. Granuloma
formation was also detected in the lungs, in addition
to catarrhal pneumonia with pronounced prolifera-
tion of the interstitial stroma with a sharp expansion of
the lymphatic vessels lumen and granulation tissue cells
in them (Fig. 6, 7).

Fig. 6. Granulomatosis caused by catarrhal pneumonia.
Hematoxylin and eosin stain (100x magnification)

[
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Fig. 7. A sharp expansion of the lymph vessels lumen
in the overgrown interstitial lung tissue. Hematoxylin
and eosin stain (200x magnification)
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CONCLUSION

Exposure to abnormally hot temperatures in the Mid-
dle Urals has led to chronic heat stress in cattle. Despite
the measures taken to protect the dairy herd from over-
heating (fans, irrigation with cool water, livestock sun-
shades), heat stress impaired the animals’immune system,
thus leading to an excessive rise in Salmonella population
in the gastrointestinal tract, increased intestinal perme-
ability, and could also be the cause of increased virulence
of such serotypes as — Salmonella choleraesuis that are not
typical for cattle [16, 17].

The simultaneous presence of two pathogens: i.e. Sal-
monella enteritidis and Salmonella choleraesuis — caused
a number of clinical and morphological changes in adult
cows. The infection manifested itself by persistent diar-
rhea, reduced milk production and development of in-
toxication.

Histological examination of the parenchymal or-
gans of cows revealed changes typical for salmonellosis
pathological process. The nature of pathological changes
suggests that there is a septic process spreading both
hematogenically and lymphogenically. The structure
of granulomas most likely indicates the circulation of Sal-
monella choleraesuis in cattle.
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Organization of live animal transportation

process in the Russian Federation

M. A. Shibayev, I. M. Klinovitskaya, A. V. Belchikhina, A. K. Karaulov
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SUMMARY

The paper covers the issues of organization of live animal transportation process in the Russian Federation as one of the factors of epidemiological risk associated
with the spread of infectious animal disease pathogens. The legal framework, regulating the organization of live animal transportation using different vehicles, as
well as quantitative data on live animal movements, taken from state veterinary information system“VetlS” (“Mercury” and“Cerberus” components) were analyzed.
The analysis showed that live farmed animals are moved using all transportation means available, motor vehicles, planes, trains, ships as well as by driving. It was
established that the major means of transport used to move live animals in the territory of the Russian Federation are motor vehicles. According to the analysis results
4.49 billion animals, including 4.41 billion poultry, 79.8 million large and small ruminants, pigs, horses, fur animals and bees were moved within the country in 2021.
At the same time the number of issued veterinary accompanying documents for movements of cattle, poultry and pigs (i.e. in fact the transportations themselves)
is much higher than the number of movements of other species. It was revealed that today only the movement of animals by railway is regulated in one way or
another. The paper presents the suggestions to introduce the procedures aimed at improvement of biological safety and animal welfare during transportation. The
results of the analysis performed can be used to optimize the control of animal transportation in the territory of the Russian Federation by competent authorities.
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OpraHu3aumsa npoLecca nepeBo3km XKNBbIX XKUBOTHbIX
B Poccuiickon Oepepauuu

M. A. Lin6aes, N. M. KnuHoBuukas, A. B. benbunxuna, A. K. Kapaynos
OIBY «DeepanbHblil LieHTp 0XpaHbl 380poBbA XnBOTHBIX» (OTBY «BHUI3X»), r. Bnagumup, Poccua

PE3IOME

Marepuansi cTaTby 0CBeLLAHOT BONPOCHI OPraHU3aLui NpoLecca nepemeLLieHIna XUBbIX XUBOTHBIX B Poccuiickoil DesepaLinin Kak OHOT0 U3 BaxKHelwmX dak-
TOPOB IMU300TONONMYECKOT0 PUCKA PaCNpOCTpaHeHUA Bo30yauTeneit HHOEKLMOHHbIX Gone3Hell XUBOTHBIX. [IpoBeeH aHanN3 HOPMATUBHO-3aKOHOAATENbHOI
6a3bl, pernameHTUpyIoLLeil BONPOCbI OPraHM3aLyi NepeBo3Ki XKIUBbIX XKIBOTHBIX PasnnUHbIMY BIAAMU TPAHCTIOPTA B CTPaHE, a TaKMKe KONMYECTBEHHDIX aHHbIX
0 NepemeLLEeHIN XUBbIX XUBOTHbIX 3 FOCYAAPCTBEHHOI MHOOPMALMOHHOI cucTeMbl B 06nacTin BeTepuHapum «BeTUC» (komnoHeHTbl «Mepkypuii» 1 «Llepbep»).
B pamKax BbIN0HEHHOTO MCCNeA0BaHNA BbIN0 ONpefeneHo, YTo nepemeLLieHie XXUBbIX CeNbCKOX03ANCTBEHHbIX KMBOTHBIX MO TEPPUTOPUN CTPaHbI NPOUCXO-
ZUT BCEMI BUAAMM OCTYMHOTO TPAHCMOPTa: aBTOMOOUNbHBIM, BO3AYLLHBIM, XeNe3HOA0POXHbIM, BOAHBIM, a TakKe CNocoboM neperoHa. YCTraHoBAeHo, uTo
OCHOBHbIM CMI0CO60M NepeMeLLeHNA XIBbIX XKIUBOTHBIX N0 TeppuTopuy Poccuiickoil Deaepauum ABNAETCA aBTOMOOUIbHBIN TPaHCNOPT. Pe3ynbTathl aHanu3a
ZeMOHCTPUpYIoT, uTo 3a 2021 1. o TeppUTOPUM CTPaHBbI 6bIN0 NepemelLieHo 4,49 MAPA ron. XXUBOTHBIX, U3 KOTOPbIX 4,41 MNPA rof. COCTABAAT XWBad NTULA,
nopAaKa 79,8 MIH rofl. — KpynHblil U MeNKuid poraTblil CKOT, CBUHbM, NIOLUAZN, MYLUHbIE 3BepU U NYenbl. B T0 e Bpema KonuuecTBo 0hopMieHHbIX BeTepy-
HapHO-COMPOBOANTENbHBIX JOKYMEHTOB ANA Lieneil nepemelLieHns KpyMHOro PoraToro ckoTa, MTULbI 1 CBUHeIA (T. €., N0 CYyTH, CAMMX TPAHCMIOPTHBIX COObITUI
UK GaKToB NepeBO3KM XKMBOTHbIX) 3HAUMTENbHO NPeBANNPYET OTHOCUTENbHO NepeMeLLIeHA APYTX BUAOB XUBOTHBIX. BbiABAeHO, UTO Ha CErofHALIHNIA AeHb
B TOV UM HOI Mepe 3aKOHOAATeNbHO PerynnpyeTca ToNbKo NepeBo3Ka XKUBOTHbIX XKeNe3HOA0POXHbIM TPaHCNOpTOM. B paboTe BbickasaHbl NpeAnoxeHna no
BHeZIPEHUH0 NPOLIeYp, HaNPaBMEHHbIX Ha NOBbILLEHKe Grionornyeckoil 6e30MacHOCTY NPoLecca nepeBO3KI KMBOTHBIX 11 0becrieueHme 6narononyums XuBoTHbIX.
Pe3ynbTaTbl NPOBEAEHHOT0 aHANMTUYECKOTO UCCNIES0BAHMA MOTYT ObITb MCMONb30BaHbI B pAMKaX ONTMIA3ALIAM KOHTPOAA NPOLIECca NepeBO3KY XKIUBbIX UBOTHbIX
no Tepputopui Poccuitckoit Oefepaun o CTOPOHbI KOMNETEHTHDBIX OPraHoB.

© Shibayev M. A., Klinovitskaya I. M., Belchikhina A. V., Karaulov A. K., 2023
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KntoueBbie cnoBa: XvBble XUBOTHbIE, nepeBo3Ka XUBOTHDIX, 6narononque WUBOTHbIX, BETEPUHAPHO-CONPOBOAUTENIbHBIE AOKYMEHTbI, KOHTPONb, 6uoso-
rnyeckan 6e30macHoCTb

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUN3X» B pamkax TemaTuku HayuHo-nccneaoBatenbekux pabot «BetepuHapHoe 6narononyune».
ABTOpbI BbIpaXatoT 671aroapHOCTb KOMNEKTUBY MHOOPMALIMOHHO-BbIYMCTIATENBHOTO LieHTPa PocceNbX03Ha30pa 3a NPeA0CTaBIeH e HEKOTOPbIX KONMYECTBEH-
HbIX AHHBIX.
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INTRODUCTION

Thanks to available modern vehicles and developed
logistics, animals are transported over long distances in
arelatively short time. Transportations can occur frequent-
ly during animals' lifetime. Animals that are moved to par-
ticipate in sports competitions or exhibition events are
most frequently moved. On average, three to four trans-
portations occur during the lifetime of food-producing
animals [1].

With animals and livestock products, infectious di-
sease agents can be moved over considerable distances,
crossing physical and administrative boundaries. Despite
the existing mechanisms for movement control over ani-
mal consignments, there is a certain probability of animal
disease agent spread to disease free territories. The Food
and Agriculture Organization of the United Nations (FAO)
describes animal transportation as an event “ideal for
the spread of diseases”. Moreover, this can occur under
the influence of various both controlled and uncon-
trolled factors. For example, the movement of animals
with a latent or subclinical infection, in case of biased
laboratory results, non-comprehensive clinical examina-
tion of animals, violation of quarantine conditions, etc.
In addition, the illegal movement of infected or contami-
nated live animals and livestock products contributing
to uncontrolled spread of infectious diseases over consi-
derable distances and in various directions is also of great
significance [2-6].

A certain number of transport events happening
during the animal life and the fact that each event makes
the spread of an infectious disease possible emphasizes
the need to ensure appropriate biosafety measures during
animal movement [1, 6].

The purpose of this work was to analyze measures
to ensure the biological safety of live animal movement
across the territory of the Russian Federation and to de-
velop proposals for correction and optimization of this
process.

MATERIALS AND METHODS

The theoretical basis of the study was the analysis of
the legal framework regulating live animal transportation
by various means of transport in the Russian Federation.

The practical basis for the analysis of quantitative data
on the movement of live animals across the territory of
the Russian Federation in 2021 was the official information
from the state veterinary information system“VetlS” (com-
ponents “Mercury” and “Cerberus”).

The quantitative (humerical) data were processed using
Microsoft Office Excel software.

The generally accepted methods of data analysis
were used: generalization and formalization of informa-
tion, methods of comparative analysis and descriptive
statistics.

RESULTS AND DISCUSSION

Quantitative and species structure of animals moved
across the territory of the Russian Federation. The movement
of live farmed animals, such as cattle, small ruminants, pigs,
horses, poultry (chickens, geese, ducks, turkeys), fur ani-
mals (rabbits, foxes, minks, arctic foxes), as well as bees in
the territory of the Russian Federation in 2021 was ana-
lyzed. Herewith, the categorization of the selected animal
species based on their purpose did not matter, whether it
is breeding, slaughter or rearing.

The units of measurement in the analysis were ani-
mals, with the exception of bees, which were accounted
for in bee colonies / bee packages. That is why further in
the text the term “animals” will be used taking into account
the above statements. The choice of these categories
of animals is explained by the results of a preliminary ana-
lysis, which showed that exactly these groups of animals
provide the absolute majority in the volume of moved live
animals, i.e. the influence of other animals on the results
is insignificant.

The results of the analysis demonstrate a huge number
of animals moved by different means of transport (Fig. 1).

4.49 billion animals were moved during the specified
time period among them 98.2% is live poultry (4.41 bil-
lion animals). The number of other animals presented in
the study was about 79.8 million animals It should also
be taken into account that during a certain time the same
animals could be moved several times depending on the
production cycle of their rearing and slaughter. Since
in this case the number of moved animals is described,
then, of course, the number of their movements will be
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of transport

Species and number of animals moved by all means

Pigs — 71,411,842

Fur animals —
1,903,807

Cattle —4,560,276

Poultry - 4,416,300,322 I

Sheep and goats —
1,746,332

Horses - 180,148 ]

Bees— 81,539 I

Poultry —
691,658

b

Cattle -
679,596

Pigs -
563,083

Number of veterinary accompanying documents issued

Horses — 50,842

Fur animals - 13,812

Sheep and goats —
53,498

Bees — 1,654

Fig. 1. Number of live animals moved in the territory of the Russian Federation in 2021

disproportionately less, since in most cases animals are
moved in consignments, and veterinary and accompa-
nying documents (VADs) are issued for a consignment
of animals, and not for a specific animal. The latter is more
typical for moving pets, i.e. companion animals, as well
as for moving animals for personal use and individuals of
special breeding value.

The analysis of the data showed that the largest num-
ber of VADs was issued for the movements of cattle, poul-
try and pigs, which significantly prevails over the number
of movements of other animal species by tens and hun-
dreds of times (Fig. 1). This should be taken into account
during arrangement and conducting of surveillance over
live animal movements across the territory of the Russian
Federation, as well as during forecasting of the epide-
mic situation in a certain territory and in the country as
a whole, since the movement of live animals should be
considered as a social/economic factor or circumstance
that determines the likelihood of epidemic situation com-
plication, i.e. the movement of animals is nothing more
than an epidemiological risk factor.

Means of transport used to move live animals in the ter-
ritory of the Russian Federation. Due to the fact that va-
rious animal species are transported by different means
of transport, and the ways of moving live animals across
the country were analyzed.

The results presented in Figure 2 show that in the ma-
jority of cases the animals are moved across the country
by road, namely 99.9% of the total number of moved
animals. Out of the animals transported by other means
of transport, the largest number were moved by driv-
ing or using public transport, little more than 6 million
animals. As for the number of issued VADs for animal
movements by various means of transport, the results
of the analysis suggest that the largest number of docu-
ments were issued for movements of animals by road
(about 2 million VADs) and public transport/driving
(about 73 thousand VADs).

To determine the species structure of animals trans-
ported across the country by various means of transport,
the available quantitative data were analyzed. The results
showed that farmed poultry (including day-old chickens)
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of moved animals

Motor vehicles—
4,489,989,605

Ration between means of transport and a number

Drive / public transport —
6,055,944

Planes — 76,113

Ships — 53,900

Trains — 8,704

Number of issued veterinary
accompanying documents

Motor vehicles—
1,980,867

Drive / public transport —
72,936

Planes — 249

Trains— 49

Ships — 69

Fig. 2. Means of transport used to move live animals in the territory of the Russian Federation in 2021

is the main category of animals transported by air, rail,
road and water transport. Separately, it is worth noting
that driving or public transport are used in the vast ma-
jority of cases for movement of cattle and pigs. Other ani-
mal species are moved using the above-mentioned ways
much less frequently. More detailed results of the analysis
are presented in Figure 3.

Speaking about the number and ratio of issued VADs
for transportation of animals by various means of trans-
port, i.e. in fact, the transportation events themselves or
the facts of animal transportation, it should be noted that
the quantitative and species distribution does not differ
from the one which is shown in Figure 3, with the excep-
tion of the length of digits.

Based on the results of the analysis, it can be logically
concluded that in order to control the movement of live
animals across the territory of the Russian Federation,
the greatest resources (organizational, human, mate-
rial, etc.) should be provided specifically for automobile
and, to a certain extent, for public transport, as they are
the major means of transport used to move animals, and
consequently, they are also the leading factors of the epi-
demiological risk of spread of animal disease agents. How-

ever, the redistribution and concentration of resources
in these areas should not have an impact on and weaken
the control over the movement of animals by other means
of transport. In addition, control over the movement
of animals should be organized and adjusted taking into
account the data obtained in this work, i.e. taking into ac-
count the species structure of animals transported by one
or another type of transport.

Legislative aspects of animal movement in the Russian
Federation. As shown in the previous section of this work,
animals are moved across the territory of the Russian
Federation using various types of transport (road, rail,
water, air), as well as by driving and using public trans-
port. There is no doubt that animals should be transpor-
ted in compliance with certain requirements and rules
aimed at:

- prevention of the animal disease agent spread, when
the moved animal acts as a potential source of such agents;

- protection of the transported animal from the envi-
ronmental pathogens;

- assurance of animal welfare during transportation,
i.e. creation of optimal comfortable conditions for trans-
portation and sticking to“five freedoms” concept: freedom
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from hunger and thirst, freedom from discomfort, freedom
from pain and injury, freedom from fear and distress, free-
dom to express normal and natural behavior [7].

A study of the Russian Federation legislation in this
area has shown that currently the movement of animals
across the country as a whole is regulated by the pro-
visions of the Russian Federation Law dated 14.05.1993
No. 4979-1 “On veterinary medicine” [8]. In particu-
lar, article 13 of this law specifies that animals must
be transported or driven along the routes agreed with
the authorities responsible for federal official veterinary
control (supervision) and in compliance with the re-
quirements for the prevention of animal disease occur-
rence and spread. Indeed, live animals (as well as other
regulated goods) are currently moved in the territory
of the Russian Federation in accordance with the “Vete-
rinary rules of Russian Federation regionalization” and
the “Decision on establishment of infectious animal
disease statuses in the Russian Federation regions and
movement conditions of goods regulated by state vete-
rinary surveillance” (approved by the Rosselkhoznadzor
on 20.01.2017) [9, 10], which establish the regionalization
procedure of the Russian Federation territory and the de-
tailed procedure of the regulated goods movementin ac-
cordance with the animal disease statuses of the regions.
Despite the fact that these documents contain certain
requirements for the actual movement of animals, they
are of a framework and limited nature. Perhaps a more
detailed interpretation of these requirements was not
the goal of these documents’ development and enforce-
ment. The fact is that at the time of their promulgation,
anumber of regulatory documents regulating the animal
movement were in force in the country.

Number of animals moved by planes

Fur animals —

r 214
Bees—121 I
Pigs =115

Sheep
and goats - 33

For example, the basic and fundamental act regulating
the transportation of animals by rail is the “Rules of animal
transportation by railway” [11]. The analysis of these re-
quirements showed that despite the fact that the rules are
not of veterinary nature and are approved by the Russian
Federation Ministry of Transport, they contain the mini-
mum necessary provisions for regulating the procedure
and conditions of animal transportation by rail, including
in veterinary and sanitary aspect.

As for the transportation of animals by air, previously
this process was regulated by the “Guidelines on cargo
transportation by the USSR domestic airlines” [12]. This
manual contained certain requirements for the transpor-
tation of animals by aircraft, but since 18.10.2021, this do-
cument has become invalid on the territory of the Russian
Federation.

Despite the fact that animals are moved across the
country, including by water transport, there are no rules
governing this process in open sources.

As for the rules for transportation of farm animals
by public transport and by driving, there are also no exis-
ting regulatory documents in open sources. It is worth
noting that the previous “Temporary animal health rules
of driving (transportation) of farmed animals to distant
pastures” [13] have become invalid on the territory of
the Russian Federation since April 2020.

Regarding the requirements for the transportation
of animals by road, previously this type of movement
was regulated by the “Animal health rules of transpor-
tation of animals, poultry, fish, food products and raw
materials of animal origin by motor vehicles” (approved
by the USSR State Agricultural Committee on 30.01.1986
No. 432-5) [14]. These rules prescribed the animal

Sheep
and goats — 4,445

Poultry — 75,605

Cattle - 12

Cattle - 449

Horses-13 | Number of animals moved by road

Number of animals moved by ships \
Poultry — 4,411,206,000 e e O

Pigs —71,026,867 I
" Cattle - 4,211,203 I

Bees~8

Number of animals moved by driving / public
transport

— Poultry - 4,465 |
Horses - 1,855 |

Fur animals — 643 I

Fur animals -
1,846,297
Number of animals moved by railway

Sheep

Horses — 168,761 |

Bees - 80,956

I{' Horses— 29 [

Pigs — 13

Poultry - 53,409 Fur animals =0

Bees—0

Sheep
and goats—0

Fur animals - 28 l

Fig. 3. Species and quantitative distribution of animals moved by different means of transport

in the territory of the Russian Federation in 2021
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transportation in sufficient detail, taking into account
their type, quantity, duration of transportation, etc. How-
ever, as in previous cases, the document became invalid
on the territory of the Russian Federation in 2020.

In addition, until 2018, the “General rules of transpor-
tation by road” [15] were in force, which contained mini-
mum requirements for the transportation of animals
and specific requirements for the technical condition
of vehicles. However, in 2018, these rules became inva-
lid, and now the current document is the Ordinance of
the RF Government No. 2200 dated 21.12.2020 “On ap-
proval of rules of cargo transportation by motor vehicles
and amendment of paragraph 2.1.1 of the Russian Fede-
ration Traffic Code” [16]. At the same time, with regard to
the transportation of live animals, this document contains
only a single mention that special vehicles are required
for animal transportation, as well as an indication that
after the transportation of animals and poultry, vehicles
and containers must be washed and, if necessary, disin-
fected. The entire process of animal transportation shall
be regulated by legislation. Moreover, the governmental
regulation should cover the vehicles themselves. However,
the above-mentioned Ordinance of the RF Government
does not explain the term“special vehicle for animal trans-
portation” and does not contain requirements for such
vehicles. In general, there are currently no existing regu-
latory documents containing requirements for vehicles
for animal transportation. This fact dictates the need
for prompt correction of the legislative gap in this area.
At the same time, it is possible to complement and amend
existing regulations and develop an independent sepa-
rate document. In any case, government regulation
should address such aspects of movement as:

- requirements for moved animals, taking into account
their species-age characteristics, physiological state and
disease status, including infectious disease status;

- requirements for the vehicle and animal handlers;

- requirements for loading and unloading of animals;

- requirements for transportation conditions (stocking
density in the vehicle, feeding, watering and resting of ani-
mals, fixation and cages/containers, etc.).

In other words, this document must contain the neces-
sary and sufficient requirements to ensure an appropriate
level of biosafety and biosecurity of animals, minimization
of zoonotic risks, protection from extreme environmen-
tal conditions, as well as the transportation conditions
that guarantee the above-mentioned “five freedoms”.
At the same time, the document should contain both
general requirements and take into account the physio-
logical characteristics and behavioral needs of different
animal species, including wild and aquatic, as well as fish
and insects.

Due to the high importance and relevance of the issue,
we will focus separately only on the requirements for the
vehicle and animal handlers. In particular, in our opinion
and through the lens of foreign experience, the following
procedures are proposed to be introduced in the country:

- animal transportation should be licensed by the go-
vernment and relevant permits should be issued;

—authorized carriers must be added to the appropriate
database available to stakeholders;

- authorized carriers must maintain a standard journey
log on a mandatory basis;

—the vehicle must be subject to mandatory certification
by the competent authority;

- the vehicle must be designed, constructed and opera-
ted in such a way as to minimize the risk of injury to ani-
mals and ensure their safety;

- the vehicle must be equipped with watering and
feeding systems, as well as ventilation and temperature
monitoring devices;

- the vehicle must be designed to contain the manure,
litter or feed, and to permit thorough cleaning and dis-
infection after each transportation of animals, i.e. the ve-
hicle must be made from the materials that can withstand
repeated cleaning and disinfection;

- the vehicle must necessarily be equipped with record-
ing equipment and a navigation system for displaying and
recording data along the route, i.e. vehicles must be desig-
nated, but not adapted for the specified purposes;

- drivers and animal handlers should receive appro-
priate training (confirmed by a relevant certificate)
on technical and administrative aspects of the Russian
Federation and the Eurasian Economic Union (EAEU)
legislation concerning the protection of animals during
transportation, and covering at least such themes as
animal physiology, practical aspects of animal handling,
dealing with emergencies, safety rules, emergency re-
sponse procedures, etc;

- live animals shall be transported only by authorized
carriers using certified vehicles, equipment and appropri-
ately qualified personnel;

- animal transportation routes shall avoid areas/zones
under veterinary and sanitary restrictions due to any infec-
tious disease, as well as areas with dense and/or vulnerable
animal populations;

- transportation routes shall have approved parking
places for animal resting and feeding;

- competent authority shall envisage control mea-
sures at any stage of the journey to identify compliances/
non-compliances with the current legislation [1, 17-21].

The procedures proposed above should be integrated
with the existing state veterinary information system“VetIS”
and, in particular, with its components such as “Cerberus”
and “Mercury” responsible for movements of goods regu-
lated by the veterinary service, including live animals, since
the identification of non-compliances of carriers, vehicles
or animal handlers with the established requirements
would automatically ban the movement of live animals.

CONCLUSION

The results of the study showed that live farmed ani-
mals are moved across the territory of the Russian Fede-
ration by all modes of transport: by road, by air, by rail,
by water, as well as by driving in various amounts. The spe-
cies distribution of moved animals shows that agricultural
poultry makes up the bulk of transported animals. How-
ever, the number of veterinary accompanying documents
issued for the movements of cattle, poultry and pigs sig-
nificantly prevails over the number of movements of other
animal species.

In fact, today, only the movement of animals by rail
is legally regulated. With regard to the movement
of animals by other modes of transport, no existing
regulatory documents have been identified. Conse-
quently, the question arises about the completeness
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and sufficiency of control over this process in the ab-
sence of existing regulations. In particular, this applies
to the movement of animals by road, used to transport
a huge number of animals in our country, which is not
commensurate with the number of animals transported
using the others modes, i.e. the main way of moving live
animals across the country.

The proposals made in this paper on the regulatory
regulation and transportation of animals should serve as
a basis for the creation of conditions to ensure the welfare
of animals during transportation, protect animals from en-
vironmental factors, including animal disease pathogens,
and to reduce the risks of pathogens spread in the Russian
Federation.
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Analytical hierarchy process as a tool

supporting a decision-making for assessment of the risk
of transhoundary infectious animal disease introduction
to the Russian Federation and previously disease-free territories
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SUMMARY

The livestock industry is increasingly taking its place in the economy of the Russian Federation. Its export potential is actively growing. Already, up to 10% of
agricultural products are exported to foreign markets. The demand for food steadily increases during crises, which in turn increases the role of the veterinary
service, whose tasks include protecting the country’s territory from the introduction of infectious diseases of animals from foreign countries; implementation
of measures to prevent and eliminate infectious and other diseases in agricultural, domestic, zoo and other animals, fur-bearing animals, birds, fish and bees,
as well as the implementation of plans of the regional veterinary service in the field of animal hushandry. The article assesses the validity of the possibilities and
use of modern methods of analyzing and predicting the spread of animal morbidity, identifying cause-and-effect relationships and the extent of the spread of
particularly dangerous animal diseases. The authors propose to consider the possibility of using the mathematical method of hierarchy analysis as a scientifically
sound decision-making support tool when assessing the risk of introducing trans-border infectious animal diseases into previously prosperous territories of the
Russian Federation. This approach can be used in the process of choosing the most appropriate alternative from several risk assessment options. The Hierarchy
Analysis Method is a mathematical tool for a qualitative systematic approach to solving decision-making problems. This method was developed by the American
scientist Thomas Lewis Saati in 1970, since then it has been actively developing and widely used in practice. The hierarchy analysis method can be used not only
to compare objects, but also to solve more complex management and forecasting tasks.
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method, decision-making support
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MeToa aHanu3a nepapxuii Kak MHCTPYMEHT noaaepKiA
PUHATIA PELLIeHNIA NPY OLIEHKe PUCKa 3aHOCA TPAHCTPAHNUHBIX
MHPEKLINOHHDBIX 60N1e3HEN XKUBOTHbIX Ha TEPPUTOPUIO
Poccnitckoin Oeepauyy v Ha paHee GnarononyyHble TeppuUTOpUn

H.B. Jle6epes’, A. C. Uronkun', K. H. Tpy3nes’, [l. I. Cnupun?, M. A. ®apyx?, H. B. Epmuno?, I. I. Epemun?
T OIBY «QepepanbHblil LIEHTP oXpaHbl 380poBbA XUBOTHBIX» (OTBY «BHUI3X»), r. Bnagumup, Poccua
2 OBY «48 LleHTpanbHblil HayuHo-UcCe0BaTENbCKNIA MHCTUTYT» MuHO60pOHbI Poccum (48 LIHUU MO PO), r. MockBa, Poccua

PE3IOME
OTpaCl'Ib *KUBOTHOBOACTBA BCE yBEPEHHEE 3aHNMAET (BOE MECTO B 3KOHOMUKE Poccuiickoii (Denepaumm. AKTUBHO pacTet ee 3KCNOPTHbIIA NOTeHLMan. Yxe ceitvac
Ha BHeLLHYe pbIHKN 3KcnopTupyetea Ao 10% I'IpOVIBBOLlVIMOVI nNpoAYyKLM1N CENbCKOro X03AiCTBa. Cnpoc Ha NpoAoBONbCTBUE TabunbHo YBEJINYIBAETCA B NepUoL
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KPU31COB, 4TO, B (B0 0YEpE/lb, MOBBILLIAET POfib BETEPUHAPHON (YOI, 3aa4aMit KOTOPOiA ABNIAETCA OXPaHa TePPUTOPUM CTPAHDI OT 3aHOCa 3apasHblx Gone3Heit
JKUBOTHbIX U3 MHOCTPAHHbIX FOCYAAPCTB, Peani3aLs MeponpuaTIl No npeaynpexaeHnio v INKBIAALIAM MHGEKLIMOHHDIX U MHbIX 60Ne3Hel CeNbCKOXO3ANCTBEH-
HbIX, IOMALLIHIAX, 300MaPKOBbIX 1 PYriX UBOTHbIX, MYLUHbIX 3BEpeil, NTHLL, Pbi6 ¥ NYEN 1 OCYLLECTBIIEHNUE PErUOHAbHbIX MINIAHOB BETEPUHAPHOTO 0BCNYKIUBAHNUS
KMBOTHOBOZCTBA. B CTaTbe aeTca 060CHOBaHME 11 OLIEHKA BO3MOXKHOCTI MCMOJIb30BaHIA COBPEMEHHbIX METO0B 1A aHaNM3a 1 MPOTHO3MPOBAHIA PACTPOCTpa-
HeHWA 3a00/1eBAEMOCT KUBOTHBIX, BbIABIIEHNA MPUYMHHO-CIIEACTBEHHbIX (BA3€ii, MACLITa0a pacnpoCTpaHeHus 0060 0nackbix 60N1e3Hel KUBOTHbIX. ABTOpaMM
MPEANAraeTca K PaccMOTPEHII0 BO3MOXHOCTb MPUMEHEHIS MATeMATUYECKOTO METOAA aHau3a MepapXiMil B KaueCTBe Hay4HO-060CHOBAHHOTO HHCTPYMEHTA
NOAAEPKKM NPUHATAA PELUEHIIA IPU OLIEHKE PUICKA 3aHOCA TPAHCTPAHNYHbIX UHOEKLMOHHBIX 60Ne3HEI UBOTHDIX Ha paee GnarononyuHble Tepputopun Poc-
anitckoii Oepepanyun. JlaHHblil NOAX0A MOXET ObITb UCNONb30BAH B NPOLiECce BbIG0pa Haubosee akTyanbHoi anbTepHaTUBbI M3 HECKONbKIX BApHAHTOB OLEHKIA
pucka. Metop aHanu3a nepapxmii — MatemaTyeckitii MHCTPYMEHT KaueCTBEHHOTO CUCTEMHONO MOAXO0AA K PELLEHIO NPo6AIEM NPUHATUA PELLeHNiA. ITOT MeToz
pa3paboTaH amepuKaHckim yueHbim Tomacom Jlbioncom Caatt B 1970-X rofiax, € Tex Nop OH aKTUBHO Pa3BUBAETCA U LWMPOKO UCMONb3YETCA Ha npakTuke. Metoz
aHa/u3a nepapxmit MOXHO MPUMEHATb He TONbKO 1A CPABHEHIA 00BEKTOB, HO 1 1 pelLeHia 6onee CIoMKHbIX MPo6em ynpaBeHna 1 NPpOrHo3upoBaHNs.

KntoueBble c/10Ba: TpaHCrpaHnuHble MHOEKLIMOHHbIE 60NIE3HM KMBOTHbIX, GNAronosyyHas TeppuTOpHs, OLIEHKa PUCKa, SKOHOMIYECKNIA YLLiepd, INU300THYECKaA
CUTYaLWs, METOZl aHanw3a nepapxmii, NofAepKKa NPUHATUA peLLeHuit

BnaropapHocTy: ABTOPbI BbIPAXaIoT 651aroapHOCTb PYKOBOAUTENHO MHGOPMALIMOHHO-AHANUTIAYECKOTO LieHTPa YNpaBReHs BETHA30pa KaHANAATY BeTepi-
HapHbIX HayK AHTOHY KoHcTaHTHOBIYY Kapaynosy.
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MEHT NOAAEPKKIN NPUHATIAA PELLIEHI MPU OLieHKe PUCKA 3aHOCA TPAHCTPaHNYHbIX MHEKLIMOHHBIX 60ne3Heli IUBOTHbIX Ha TeppuToputo Poccuiickoil Depepauumn
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INTRODUCTION

The Russian Federation continues to increase the do-
mestic production of animal products, thus contributing
to the enhancement of food security of the country, facili-
tating the availability of food products to the population,
provision of raw material for industries [1]. Though still
dependent on external economic factors, the livestock
sector confidently begins to occupy an important place
in the country’s economy. Its export potential is active-
ly growing. Up to 10% of agricultural products are al-
ready exported to foreign markets. The demand for food
is known to steadily increase during crises. The demand
for agricultural products is also influenced by demo-
graphic factor. By 2030, 765 million new consumers
will appear in the world; of these, 340 million will live
in Africa, 126 million - in India, 30 million — in China [2].
The government investment policy has produced certain
results — modern livestock and poultry facilities for pro-
duction of pork, milk, poultry meat and eggs have been
built. At the same time, the spread of infectious animal
diseases, in particular zoonoses, has escalated due to
globalization processes. According to the Veterinary Law
of the Russian Federation, the tasks in the veterinary field
are as follows: to protect the territory of the country from
the introduction of contagious animal diseases from
foreign countries, to take measures for the prevention
and elimination of contagious and other diseases of ag-
ricultural, domestic, zoo and other animals, fur-bearing
animals, birds, fish and bees, as well as to implement
regional plans on the veterinary services to be provi-
ded to animal farming sector. A specific feature of Russia

is a long land border with the neighbouring countries
infected with transboundary animal diseases [3].

Transboundary animal diseases (TADs) are epidemic
diseases, which are highly contagious or transmissible
and have the potential for rapid transmission; they can
easily spread across borders and reach epidemic propor-
tions. The control/management, including eradication,
of transboundary animal diseases require cooperation
between several countries [4-6]. As defined by the World
Organisation for Animal Health, such diseases include Af-
rican horse sickness, African swine fever (ASF), bluetongue
disease, Newcastle disease, swine vesicular disease, vesicu-
lar stomatitis, high pathogenic avian influenza, rabbit
haemorrhagic disease, lumpy skin disease, classical swine
fever, contagious bovine pleuropneumonia, Rift valley fe-
ver, sheep pox and goat pox, rinderpest, peste des petits
ruminants, foot-and-mouth disease [7]. These infections
result in huge economic losses due to the direct and in-
direct damage, as well as due to the imposition of trade
restrictions.

In particular, an epidemic of classical swine fever in
the Netherlands in 1997 led to the destruction of 10 mil-
lion pigs; the estimated damage was US $2.3 billion [8].
Foot-and-mouth disease was responsible for pig indus-
try collapse in Taiwan in the same year. The disease af-
fected more than 6 thousand farms, 4 million pigs were
depopulated, losses amounted to US $560 million [9].
The financial losses associated with a foot-and-mouth
outbreak in Great Britain in 2001 amounted to £3.1 bil-
lion (US $4.4 billion) only for agricultural sector and
food industry [10]. An example of the negative effect
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of transboundary animal diseases on the economy
is an ASF epidemic on the island of Hispaniola in 1978.
Total pig depopulation on the island resulted in a dra-
matic fall of rural population living standards [11]. The
situation recurred in 2021 after ASF introduction at first to
the Dominican Republic and then to the Republic of Haiti.
To ensure timely disease containment, TADs shall be no-
tifiable to the World Organisation for Animal Health [12].

According to Order of the Ministry of Agriculture of
the Russian Federation No. 62 of 9 March 2011, TADs are
included in the List of contagious and other animal di-
seases [13].

While infection transmission was limited to its natural
ranges in the past years, there are practically no natural
barriers for the spread of TADs, first and foremost zoonotic
and anthroponotic ones, under the new conditions of ac-
tive international trade and logistics flows [14].

Official trade in animals and animal products is regu-
lated by international and national legislation. But it is
almost impossible to control the illegal movement of an-
imals in informal trade, which results in transboundary
transmission of infections. The most common source of in-
fection is meat products; besides, fomites also play a role.
Live animals can be a TAD source in case of their contacts
with healthy livestock on shared pastures, especially in
the mountain areas [15, 16].

In recent years, emerging infections have been in-
creasingly reported. This not only changes the geography
and structure of global epidemiology, but also dictates
the need to rethink measures to prevent the introduc-
tion and spread of animal diseases and methods for their
eradication, as well as to search for scientifically sound
approaches to decision-making.

MATERIALS AND METHODS

The studies involved the collection and analysis of in-
formation on the epidemic situation, the application
of probability and risk assessment methods with respect
to infectious animal disease introduction to the Rus-
sian Federation and pathogen-free areas of the country,
methods and practices of managerial decision-making in
the veterinary and other fields of activities. The paper also
presents the characteristic of TADs. The following com-
monly accepted data analysis methods were used: com-
pilation and formalization, a comparative analysis method,
methods of descriptive statistics.

RESULTS AND DISCUSSION

Transboundary animal diseases are a global challenge.
At the same time, the scientific papers available do not
fully reflect the specific epidemiological features of such
infections, the patterns of their spread within a country
or a group of countries, in particular the risk they represent
for pathogen-free areas. The preparedness of the Veterinary
Services of the countries and regions for proper and rapid
detection, investigation and control of outbreaks is im-
portant for prevention of transboundary animal disease in-
troduction via different pathways. The analysis performed
showed that many countries, especially the developing
ones, do not have adequate veterinary and diagnostic
capacities to undertake the necessary actions [15, 17-24].
However, in case of introduction of some highly dange-
rous diseases, the above-mentioned measures turn out

to be ineffective, even when taken in the developed coun-
tries. For example, at the time of ASF (genotype Il) spread
in the European Union and China, no progress was madein
the identification of the source of infection in any of the af-
fected countries (Hungary, Romania, Bulgaria and Belgium).

The epidemiological analysis methods employed are
often framed by guidelines that are descriptive in nature.
Only in the beginning of the twenty-first century, papers
appeared, in which state-of-the-art geoinformation re-
search techniques, computer programmes and technolo-
gies (for example, ArcGIS) began to be used for the analysis
of epidemic spread among livestock [25, 26]. The applied
use of the geoinformation system in the veterinary field
involves the visualization of data on outbreak occurrence/
spread, the generation of dynamic and planimetric maps,
the identification of correlation between morbidity trends
and economic, climatic, geographical, social and other fac-
tors [27]. The system allows for the analysis and prediction
of morbidity spread, the establishment of the cause-and-
effect relationship between increased morbidity and en-
vironmental-geographical risk factors, as well as the iden-
tification of geographical factors of localization and
the extent of highly dangerous livestock disease spread
in order to provide a scientific basis for the targeted moni-
toring of the epidemic situation, etc. [28].

The phylogenetic analysis of infection agents enables
the identification of the most probable virus introduction
sources and transmission pathways. For example, the phylo-
genetic analysis of a British isolate of FMD virus (2001)
demonstrated its similarity to a South African one [24, 29].
North American strains of porcine epidemic diarrhea virus
were found to be similar to the Chinese ones [30]. The ge-
netic analysis of an ASF genotype Il agent from China re-
vealed its probable Eastern European origin [31].

The staff members of the Information Analysis Centre
of the FGBI“ARRIAH" undertake great efforts towards justi-
fication of possibilities and application of modern analysis
methods for animal disease spread prediction. The specia-
lists collect and analyze information on the epidemic situ-
ation in the foreign countries, analyze the risk of highly
dangerous disease introduction to the Russian Federation,
in particular during the import/export of animals and agri-
cultural products; they are also involved in mapping, mo-
delling, data base creation and maintenance.

The ArcGIS add-in facilitating the identification
of spatio-temporal regularities has found its practical
use in the veterinary field. Being based on the notion
of the spatio-temporal cube, it enables the detection
of temporal trends of increase/decrease in outbreak con-
centration on the basis of their positional relationship,
the analysis of locations and trends of hot spot occurrence,
as well as the analysis of data in each particular location.

The following ArcGIS integral geospatial statistics tools
are used for the detection and visualization of spatio-
temporal disease spread trends: standard deviational el-
lipse, standard distance, mean center. The geospatial data
analysis allows for the detection of spread trends, the iden-
tification of risk factors, epidemic forecasting [28].

The geographical approach helps to create geospa-
tial-referenced data bases on animal diseases. Data vi-
sualization through maps provides a visual presentation
of the epidemic situation with the possibility of prelimi-
nary visual analysis thereof [32].
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The “trend-based Poisson random walk” model is used
to calculate the prognostic values of the number of ASF
outbreaks. Modelling is performed with @Risk software us-
ing the Monte Carlo simulation technique with 10,000 ite-
rations. The modelling result is presented as a mean ex-
pected number of outbreaks, as well as 95% confidence
interval [33].

Bifurcation analysis technique is also applied [14].

The application of descriptive routine and newly deve-
loped methods allowed to conclude that the probability
of TADs occurrence is influenced by several factors:

- the presence of susceptible animals;

—animal population density;

— provision of appropriate recording and identification
of animals;

- geographical environment;

- climatic conditions of a region;

- the presence of infection transmission vectors;

- animal management system and animal production
management;

- anthropogenic factor activity;

- animal disease control methods applied;

- the level of the Veterinary Service performance;

- the existence of the normative framework for TADs
control;

- the existence and implementation of federal and re-
gional programmes;

- monitoring of infectious animal disease agent circu-
lation;

- overall development level of a region/country;

- the extent of inter-agency collaboration;

- implementation of close control and surveillance over
animal and animal product movement in compliance with
the Decision on the establishment of statuses of the Rus-
sian Federation regions with respect to contagious animal
diseases and conditions for the movement of commodi-
ties subject to official veterinary surveillance;

- the level and consistency of awareness-raising ac-
tivities among the general public regarding the threat
of contagious animal diseases, in particular transboundary
ones, as well as the economic impact of their introduction
and spread [4, 5, 34-38].

All the aforementioned and some other mathemati-
cal methods of epidemic situation analysis are used by
the Veterinary Service to assess the risk of TAD introduc-
tion to the previously disease-free regions of the Russian
Federation and timely prevent the threat of their spread.
The timely implementation of anti-epidemic measures
in case of an outbreak is the key factor for prevention
of the disease spread across the pathogen-free area.

Risk is defined as the probability of an undesirable out-
come. This potential is frequently employed to forecast
various situations.

Risk assessment is a scientific method for the calcula-
tion, with the highest possible objectivity, of the harmful
impact of the identified hazard or risk source on the health
of humans, animals or the economy. A risk factor is a bio-
logical, chemical or physical agent or actions that may
inflict harm to, or have a negative effect on, health/per-
formance.

Risk analysis comprises three independent, but closely
related, elements: risk assessment, risk factor manage-
ment, risk communication.

Methodologically, there are the following risk as-
sessment approaches: qualitative, semi-quantitative
and quantitative. A qualitative method is the simplest and
lowest cost one, it allows to quickly obtain information in
its general form. Such risk analysis method (“decision tree”)
was suggested in the USA in the late 1950s. The analysis
of agent introduction risk performed with a qualitative
method in order to assess the probability of the agent
spread involves the use of system modelling.

The semi-quantitative risk assessment seeks to rank risk
levels (high, medium, low) based on the score estimates
generated by a group of experts.

It should be noted that a semi-quantitative method
is more informative, but requires accurate data, time
and special training [21, 39-45]. Risk assessment can
help to identify pathogen introduction pathways and po-
tential impact. But qualitative information on unofficial
disease introduction pathways is either absent or can be
incomplete, and this makes it difficult to measure actual
risks. However, this knowledge is necessary for the de-
velopment of awareness-raising, prevention and epide-
miological surveillance programmes based on actual
risks [46].

The above-mentioned methods complement one
another and are applied simultaneously during deci-
sion-making (risk assessment). A qualitative analysis allows
to assess the risk of disease introduction to the previously
disease-free area, a quantitative method is used to as-
sess the potential disease spread and associated losses,
and a semi-quantitative method is employed to assess
the overall risk in such situation [47]. All this can be regar-
ded as information support for managerial decision-
making process.

Making a decision is the most critical moment. De-
cision-making is choosing among multiple alternative
courses of action to achieve the target goal as the final
stage of managerial process. It is essential that a decision-
maker has confidence that the decision-making procedure
is correct and desirable. The main stages in the manage-
rial decision-making process include: setting of the goal,
assessment of the situation, identification of the problem
and making a decision to resolve it [48]. The decision-maker
should understand the methods supported by theoretical
and practical knowledge on decision-making, in particular
in the veterinary field, be competent to identify approa-
ches to maintain disease freedom of relevant areas and
prevent the entry of TADs agents, be able to apply theore-
tical knowledge to analyze disease manifestations, to com-
prehensively utilize intellectual tools to address the arising
practical issues.

Analytical Hierarchy Process (AHP) is a mathemati-
cal tool for a qualitative systematic approach to handle
challenging problems in decision-making. Rather than
prescribing a “correct” decision, AHP helps the deci-
sion-maker to interactively find the variant (alternative)
that best suits the decision-maker’s understanding of
the problem and requirements to resolve it. This method
was developed by Thomas Lewis Saaty, an American sci-
entist, in 1970s [49, 50]; since then it has been actively
refined and widely used in practice. Analytical Hierarchy
Process can be used not only to compare objects, but also
to address more complicated management and prediction
challenges [51].
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Hierarchy is a system, the levels of which are arranged
and numbered in such a way that:

1) the lowest level contains the ranking alternatives;

2) nodes of levels with greater numbers can dominate
only the nodes of levels with lesser numbers.

Thus, the links in the hierarchy define one-direction
pathways — from the top to the alternatives via intermedi-
ate levels represented by nodes-factors (Fig.).

The main advantage of AHP is its versatility - this
method can be used to tackle various tasks such
as the analysis of possible scenarios of the situation deve-
lopment, resource allocation, client ranking, as well as HR
decision-making.

The main disadvantage of AHP is the need for large
amounts of information from experts. This method is best
suited for cases when the major portion of data is based
on the decision-maker’s preferences during the process
of selection of the best decision from among multiple al-
ternatives.

In a typical decision-making situation:

- several decision variants are considered;

— a criterion is established, based on which the extent,
to which one or another decision is appropriate, is deter-
mined;

- circumstances, in which the problem is addressed,
as well as reasons that influence making one or another
decision, are known.

Goal setting in AHP application: let us assume that there
are multiple alternatives (decision variants):V,,V,, ... V,. For
our goal of determining TAD risk, these are high, mode-
rate and low. Each alternative is assessed based on the set
of criteria: C,, C,, ... C . For example, the following assess-
ment criteria are used for ASF introduction risk analysis:
feed, contacts with wild animals, contacts with domestic
animals, contacts with blood-sucking insects, anthropo-
genic interference, transport-associated criterion and
housing conditions. It is required to determine the level
of risk of the disease introduction to the previously free
areas.

Let us consider the steps of AHP application.

Step 1 is the preliminary ranking of criteria, as a result
of which they will be ranked in descending order of their
importance (significance).

Step 2 is the pair-wise comparison of the criteria accord-
ing to their importance using a nine-point scale and an
appropriate n X n matrix (table).

The pair-wise comparison system yields the result that
can be represented as an inverse symmetric matrix. A ma-
trix element (i, j) is the intensity of the hierarchy element i
with respect to the hierarchy elementj, which is estimated
using a 1-9 intensity scale, where estimates mean the fol-
lowing:

- equal importance - 1;

— moderate dominance - 3;

- significant dominance - 5;

- strong dominance - 7;

- very strong dominance - 9;

- for intermediate values even numbers are used - 2,
4,6,8.

The following questions are mainly asked during the
pair-wise comparison of the elements A and B:

- which of them is more important or has a greater im-
pact;

Criterion 1 Criterion 2 Criterion 3

Criterion 4

Alternative 1 Alternative 2 Alternative 3

Fig. Simple AHP hierarchy.

To avoid confusion in AHP diagrams, links connecting alternatives and their
covering criteria are often omitted or artificially reduced in number

- which of them has a higher probability;
- which of them is more preferable?

Step 3 is the construction of a matrix. If the element i
is more important than the element j, a whole number
is entered in the C;C, cell corresponding to the row i and
column j, and the reciprocal value is entered in the G cell
corresponding to the row j and column i (Table 1).

For example, if the weight of the criterion C, (feed)
is moderately higher than that of C, (animal movement),
3is entered in the C :C, cell (at the intersection of the first
row and the fourth column), and the reciprocal value (1/3)
is entered in the C,.C, cell (the fourth row, the first column).
If the element j is more important than the element j,
a whole number is entered in the CJ.:CI. cell, and the recip-
rocal value is entered in the C:C cell. If i and j are judged
to be equal, 1 (unity) is entered in both cells.

The table is filled in row by row, starting from the most
important criterion. At first, whole number estimates are
entered, and the corresponding fraction estimates (being
the reciprocals of the whole numbers) are entered auto-
matically. The moreimportant a criterion is, the more whole
number estimates will be entered in the corresponding

Table 1
Model table for comparison of ASF introduction risk criteria

Normalized priority

Geometric

means vector, NPV
(formula 3)
(1
CZ
(n
Total formula 2
/. formula 4
Consistency index, CI formula 5
Consistency ratio, CR formula 6
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row of the matrix, and these estimates will be higher. Since
each criterion is equal to itself in importance, the main
diagonal of the matrix will always consist of unities. It is
obvious that the sum of components is equal to unity.
Each component of the normalized priority vector (NPV)
represents animportance estimate for the corresponding
criterion (for example, the first component represents
the importance estimate for the first criterion).
Geometric mean calculation for each row of the matrix:

a, = Vproduct of the 1 row elements;

a,= Vproduct of the 2" row elements;

Vproduct of the n™ row elements. (1)

a
n

Calculation of the sum of geometric means:

Ya =a +a,+...+a_ ()
NPV component calculation:
a
1*NPV component = -— ;
P (a)
a
2" NPV component =—=;
P (va)
a
n®" NPV component =—"-. 3
Ponent =) ¢

A check for consistency of local priorities by calculating
three parameters:
- matrix eigenvalue:

A = Z0f 1t column x 1 NPV + X of 2" column x

m.

X 2" NPV + ... + Zof n*" column x n" NPV; (4)
- consistency index:

(Amax B n )
==y ©)
- consistency ratio (%):
cl
CR= RI’ (6)

where Rl is random consistency index, which is deter-
mined theoretically for a case when estimates in the matrix

Table 2
Random consistency index

Matrix size

RI 0 0 0.58 0.90

are presented randomly and depends on the matrix size
only, as shown in Table 2 (step 4).

Estimates in the matrix are considered to be consistent
when CR < 10-15%; otherwise, they should be reconsi-
dered.

Step 5is the pair-wise comparison of the variants (levels
of risk) for each criterion in the same way as the criteria have
been compared, and the corresponding tables are filled in.

A check for consistency of local priorities is carried out
for each table by calculating three parameters (step 4).

Step 6 is the determination of the global criterion (prio-
rity) for each variant (levels of risk):

C(V,) =V, for T* crit. x T NPV +V, for 2" crit. x
X 2" NPV + ... +V, for n™ crit. x n'" NPV, (7)

C(Vv)), C(V,) ... C(V,) are calculated in a similar way,
butV, in the expression should be replaced by V,,V, ...V, ,
respectively. Table 3 is filled in.

Step 7. Determination of the best judgement, for which
Cvalue is the highest.

Step 8. The check of the judgement for its consistency:

— calculation of overall consistency index:

OClI = Cl, x 1** NPV component + Cl, x
x 2" NPV component +...+ Cl_x n"NPVcomponent; (8)

— calculation of overall consistency ratio:

odl
OCR= ORI’ 9)

where ORI is determined according to Table 1 at the level
of Rl for the matrices of comparison of the variants accord-
ing to the criteria. The judgement is considered to be con-
sistent when OCR < 10-15%; otherwise, the matrices
of comparison of the variants according to the criteria
should be revised.

An example is the assessment of risk of TAD introduc-
tion to the previously free areas.

Let us assume that it is required to determine the level
of risk of TAD introduction to the previously free region 1.

1.12 1.24 132 1.4 1.45 1.49

Table 3
Model table - calculation of final priorities

I R I

1*NPV component values
from Table 2 are indicated

2" NPV component values
from Table 2 are indicated

n" NPV component values Final priorities (formula 7)

from Table 2 are indicated

v, Q(v)=

a (I value for C_is indicated (I value for C is indicated (l value for C isindicated the sum.of.the columnis
L L 2 2 n n indicated

od is calculated according to formula 8

0CR is calculated according to formula 9

VETERINARY SCIENCE TODAY. 2023; 12 (1): 87-96 | BETEPUHAPUA CETOAHA. 2023; 12 (1): 87-96



ORIGINAL ARTICLES | GENERAL ISSUES OPUTUHATNBbHBIE CTATbY | OBLLIE BOMPOCHI

Z?):::rison of transhoundary animal disease introduction risk criteria
C G C C, G G, G Geometric means NPV
C 1 7 7 7 7 7 7 53 0.5
G 177 1 5 1 7 5 1 1.6 0.15
G 177 1/5 1 1/5 173 13 3 0.4 0.04
C, 177 1 5 1 5 3 1 14 0.13
( 177 17 3 1/5 1 13 13 0.4 0.04
G, 177 1/5 3 13 3 1 1 0.7 0.07
G 177 1 13 1 3 1 1 0.8 0.07
TOTAL (sum) 1.9 105 243 10.7 263 17.6 143 10.6 1
. 8.17
a 0.19
(R 0.14
On 14 January 2021, 12 dead wild boars infected with ~ Table 5

a TAD agent were detected in the neighbouring region 2
close to the border with the free region.

On 25 February 2021, the TAD agent genome was de-
tected in the sausage brought to the free region 1 from
the distant region 3.

On 14 October 2021, it was reported that veterinarians
had detected infected animal products in the previous-
ly free region 1. The TAD agent genome was detected
during laboratory tests of frozen meat delivered to the
region 1 from the region 4, to which, judging from docu-
ments, the product had been delivered from the region 5.

Here we note three alternatives: V, - high risk, V, - mo-
derate risk and V, - low risk. Each alternative is assessed
using the following list of criteria: C, - feed, C, - anthro-
pogenic interference, C, - contacts with wild animals,
C, - contacts with domestic animals, C, - contacts with
blood-sucking insects, C, - housing conditions, C, - trans-
port-associated criterion.

The pair-wise comparison of the criteria according
to their importance is carried out using a nine-point scale
and a 7 x 7 matrix. The facts given above should also
be taken into consideration.

Table 4 is filled in row by row, starting from the most
important criterion, using the formulas (2-6). Rl value ac-
cording to Table 2 will be 1.32.

The estimates in the matrix can be considered consis-
tent, since CR = 0.14 falls within CR < 10-15%.

When comparing the variants (levels of risk) with one
another, we will consider them to be equally probable.

Then we determine the best judgement, for which
the value of each criterion is the highest.

Based on the highest sum of the column for V,
(31 points), we conclude that the risk of TAD agent intro-
duction to the free region 1 is high.

The calculation of overall consistency ratio according to
the formula (9) gives OCR = 0.14% and the judgement can
therefore be considered consistent.

CONCLUSION

Given the interconnectedness and dense logistics net-
work among the countries as regards trade in live animals

Comparison of criteria for transhoundary animal disease risk level

v, v, v,
q 7 3 1
d 7 3 1
d 7 3 1
¢ 1 1 1
C, 1 1 1
¢ 1 1 1
d 7 3 1

and animal products, the introduction and further spread
of highly dangerous diseases, in particular transboundary
ones, to the disease-free areas, remain a serious threat
to the entire livestock industry at present and will remain
such in the near future.

The potential application of Analytical Hierarchy Pro-
cess as a decision-making tool for assessment of the risk
of transboundary animal disease occurrence and intro-
duction will allow to adequately understand the level
of threat and undertake preventive measures in advance.
However, when using this methodology, account should
be taken of the need for reliable quantitative and quali-
tative data.
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