F

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

(ROSSELKHOZNADZOR)

VETERINARY jomume
SCIENCE TODAY

BETEPUHAPUA CETOOHA i

JUNE | NIOHb VOL. 13 No. 2 2024

veterinary.arriah.ru/jour

B I OT E c H N 0 |.0 GY DOI 10.29326/2304-196X

Science-based assurance Clinical efficacy studies of the vaccine Adjuvant properties

of the disease freedom against feline panleukopenia, of chitosan derivatives
in reindeer herds of calicivirus infection and viral administered to mice
the Russian Arctic zone rhinotracheitis Carnifel PCH in kittens with anti-rabies vaccine

p.110 p. 164 p.177



AIMS AND SCOPE

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.

The journal is intended for scientists engaged in fundamental and applied research in the field of general
and veterinary virology, epizootology, immunology, mycology, micotoxicology, bacteriology, as well as
practicing veterinarians and doctors of veterinary laboratories and state veterinary services, university-
level teachers for veterinary, biological, medical specializations, graduate and postgraduate students.

LLENN U OBJIACTb (TEMATUYECKNI OXBAT)

Mwccuen nsgaHva agnaeTca npeactaBneHne nHbopmaumy 06 OCHOBHbIX HanpaBIeHUAX Pa3BUTHA
POCCUNCKON 1 MAPOBOW BETEPUHAPHOW HayKU Y MPAKTUKU U NPUBJIeYEHNE BHUMAHMWA HayYHOW
06L1eCcTBEHHOCTY K aKTyaJibHbIM MPO6sieMaM 1 MIHHOBALIMIOHHbBIM pa3paboTkam B 06/1aCTv BETEPUHAPUN.

*KypHan opreHTMpPOBaH Ha yUYeHbIX, 3aHUMAIOLMXCS GyHAAMEHTANbHBIMY 1 NPUKIAAHBIMU UCCIeL0BAHUAMY
B 0611acTu 06LLeN N BETePUHAPHOW BUPYCONOrK, SMIM300TONOMMIU, UMMYHOSOTW, MUKOSOTAK,
MUKOTOKCUKONIOTUW, GaKTePUOOornm, NPakTUKYIOLWNX BETEPUHAPHbIX Bpayel 1 Bpayeii BeTepUHaPHbIX
nabopaTopuii ¥ FoCyfapCTBEHHbBIX BETEPUHAPHDBIX CIYX0, NpenogaBaTenei By30B BETEPUHAPHON,
6V010rMYECKOi, MeMLMHCKOW HanpaBieHHOCTEN, acNMPaHTOB U CTYAEHTOB BY30B U KONNeKel.



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

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

VETERINARY SCIENCE TODAY

Veterinariia segodnia

FREGUENAY: 4 TIMES A YEAR

JUNE VOLUME 13 No. 2 2024
Published since 2012

BETEPUHAPWA CETOOHA

NMEPUOONYHOCTDb: 4 PASA B TO/[

MIOHb TOM 13 N2 2 2024
OcHoBaH B 2012 T.

Scientific Journal “Veterinary Science Today”is included in the information analysis system —
Russian Science Citation Index, Directory of Open Access Journals DOAJ,
as well as in the Web of Science RSCI 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 https://veterinary.arriah.ru/jour

HayuHbin xypHan «BeTepunHapua cerogHa» BXOAUT B «[lepeyeHb peLeH3npyemblX HayUHbIX
N3[aHUI, B KOTOPbIX JOMKHbI ObITb ONy6/1MKOBaHbI OCHOBHbIE Hay4Hble pe3ybTaThl AUccepTaLuii
Ha COMCKaHMe yyeHOoN cTeneHn KaHanaaTa v JOKTOpa HayK» MO HayYHbIM CreLnanbHOCTAM:

- 1.5.10 Bupyconorus (BeTeprHapHble HayKW);
- 4.2.3 IHdpeKumnoHHbIe 60Me3HN 1 UMMYHOJIOT VS XKUBOTHbIX (BETEPUHAPHbIE HAYKN).

HayuHbin )XypHan «BeTepuHapus cerogHs» BKIOUYEH B MHGOPMALVOHHO-aHaNIMTUYECKYIO CUCTEMY
PWHLI, kaTanor xypHanos oTKkpbiToro goctyna DOAJ, a Takxe B CMNCOK XypPHANoB, BXOAALMX
B 6a3y AaHHbIx RSCI Ha nnatdopme Web of Science, n mexayHapogHyto 6a3y aaHHbix EBSCO.

DNEeKTPOHHbIE BEPCUM XKypHana pa3MeLLaloTca B MOIHOTEKCTOBOM popmarTe Ha calite
HayuHor anekTpoHHowm 6ubnuotekn (HOB) eLIBRARY.RU, B katanore DOAJ
1 no agpecy https://veterinary.arriah.ru/jour



Veterinary Science Today. 2024, Vol. 13, No. 2

Veterinariia segodnia

Editor-in-Chief: Konstantin N. Gruzdev — Dr. Sci. (Biology), Professor, Federal Centre

for Animal Health, Viadimir, Russia, https://orcid.org/0000-0003-3159-1969; AuthorlD: 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: j.melano@ya.ru

Published 4 times a year since 2012

Executive Editor: Tatiana Nikeshina, Cand. Sci. (Biology),
Federal Centre for Animal Health, Vladimir, Russia, e-mail: nikeshina@arriah.ru;
https://orcid.org/0000-0002-0959-5915; AuthorlD: 768521, Tel. +7 (4922) 26-15-12, ext. 22-27

Cover photo: fatido / Gettylmages / Aleksandr Plonsky

Editorial Board:

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

Ulan Bator, Mongolia; Scopus Author ID: 26634733300

Fyodor . Vasilyevich — Dr. Sci. (Veterinary Medicine), Professor, Academician
of the RAS, Moscow State Academy of Veterinary Medicine and Biotechnology —
MVAn. a. K. 1. Skryabin, Moscow, Russia; https://orcid.org/0000-0003-0786-5317;

AuthorlD: 285556; ResearchlD: K-9491-2015

Alexander G. Glotov — Dr. Sci. (Veterinary Medicine), Professor, Siberian Federal Scientific
Centre of Agro-BioTechnologies of the Russian Academy of Sciences (SFSCA RAS),
Novosibirsk, Russia; https.//orcid.org/0000-0002-2006-0196; AuthorID: 236129,

Scopus Author ID: 7004340265

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

Schelkovo, Russia; https.//orcid.org/0009-0000-8984-7002; AuthorlD: 563647

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

Academician of the Russian Academy of Sciences, Honorary Scientist of the Russian Federation,
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, Corresponding Member of the RAS,
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), Federal Centre for Animal Health,
Vladimir, Russia; https.//orcid.org/0000-0002-5438-8026; AuthorlD: 721219

Viktor N. Irza — Dr. Sci. (Veterinary Medicine), Associate Professor, Federal Centre for Animal
Health, Vladimir, Russia; https://orcid.org/0000-0001-7489-1772; AuthorlD: 332278

Alexander V. Kononov — Dr. Sci. (Veterinary Medicine),
Federal Centre for Animal Health, Vladimir, Russia;
https://orcid.org/0000-0002-5523-3261; AuthorID: 768208

Petr A. Krasochko — Dr. Sci. (Veterinary Medicine), Dr. Sci. (Biology), Professor,
The Vitebsk State Academy of Veterinary Medicine, Vitebsk, Belarus;
https://orcid.org/0000-0002-4641-4757; AuthorlD: 751960; Scopus Author ID: 6504022390

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

Detached Unit Krasnodar Research Centre for Animal Husbandry and Veterinary Medicine,
Krasnodar, Russia; https.//orcid.org/0000-0003-4744-0823; AuthorID: 359696,

Scopus Author ID: 57192088323

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, AuthorlD: 1049578;
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; AuthorlD: 78150; Scopus Author ID: 7401689971
Mahamat Nguerabe Yamtitina — Cand. Sci. (Veterinary Medicine), Comrat State University,
Komrat, Moldova; https://orcid.org/0000-0002-2738-0408; AuthorlD: 1064174

Artem Ye. Metlin — Dr. Sci. (Veterinary Medicine), Food and Agriculture Organization

of the United Nations, Rome, Italy; https://orcid.org/0000-0002-4283-0171;

AuthorlD: 149714; Scopus Author ID: 6505942586; ResearcherID: Z-2189-2019

Vladimir A. Mischenko — Dr. Sci. (Veterinary Medicine), Professor,

Federal Centre for Animal Health, Viadimir, Russia; https://orcid.org/0000-0003-3751-2168;

AuthorlD: 762858; Scopus Author ID: 7103128956

Natalia V. Mischenko — Dr. Sci. (Biology), Associate Professor, Vladimir State University,
Vladimir, 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; AuthorlD: 94733; Scopus Author ID: 57189580555

Ivan N. Nikitin — Dr. Sci. (Veterinary Medicine), Kazan State Academy of Veterinary

Medicine n. a. N. E. Bauman, Kazan, Russia; https://orcid.org/0000-0002-3981-0882;

AuthorID: 768437; 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; AuthorID: 410076

Valery V. Pronin — Dr. Sci. (Biology), Professor, Federal Research Centre for Virology and Microbiology,
Vladimir, Russia; https://orcid.org/0000-0002-6240-3062; AuthorID: 666636, ResearcherlD: (-3433-2014

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

Federal Centre for Animal Health, Vladimir, Russia;

https://orcid.org/0000-0002-9560-0724; AuthorlD: 49638; Scopus Author ID: 36244177300

Olga V. Pruntova — Dr. Sci. (Biology), Professor, Federal Centre for Animal Health, Vladimir, Russia;
https://orcid.org/0000-0003-3143-7339; AuthorlD: 416163; Scopus Author ID: 6504372679

Rustam K. Ravilov - Dr. Sci. (Veterinary Medicine), Professor, Kazan State Academy of Veterinary
Medicine named after N. E. Bauman, Kazan, Tatarstan, Russia; https.//orcid.org/0000-0001-7210-7470;
AuthorlD: 417736; Scopus Author ID: 6506697664; Researcher ID: Q-1810-2015

Vladimir S. Rusaleyev — Dr. Sci. (Veterinary Medicine), Professor,

Vladimir, Russia; https.//orcid.org/0000-0002-4972-6326, AuthorlD: 731801

Irina P. Savchenkova — Dr. Sci. (Biology), Professor, Federal Scientific Centre VIEV,

Moscow, Russia; https.//orcid.org/0000-0003-3560-5045; AuthorlD: 116034;

Scopus Author ID: 6506749368; ResearcherID: 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;
AuthorlD: 702788

Marijana Sokolovic — PhD/DVM, Croatian Veterinary Institute, Poultry Centre, Zagreb, Croatia;
https://orcid.org/0000-0003-3373-7415; Scopus Author ID: 21835149800

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

Deputy Editor-in-Chief, 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; https://orcid.org/0000-0002-2449-0097; AuthorD: 709795

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, AuthorID: 80671

Sergei V. Fedotov — Dr. Sci. (Veterinary Medicine), Professor, Moscow State Academy of Veterinary
Medicine and Biotechnology — MVA n. a. K. . Skryabin, Moscow, Russia; AuthorlD: 460625

llya A. Chvala — Cand. Sci. (Veterinary Medicine), Federal Centre for Animal Health,

Vladimir, Russia; https://orcid.org/0000-0002-1659-3256; AuthorlID: 705819;

Scopus Author ID: 57204228517

Alexey G. Shakhov — Dr. Sci. (Veterinary Medicine), Professor, RAS Associate Member,
All-Russian Veterinary Research Institute of Pathology, Pharmacology and Therapy of the RAAS,
Voronezh, Russia; https.//orcid.org/0000-0002-6177-8858; AuthorlD: 49638

Irina A. Shkuratova — Dr. Sci. (Veterinary Medicine), Professor, Associate Member of the Russian
Academy of Sciences, Ural Research Veterinary Institute — UrFASRC, UrB of RAS,

Yekaterinburg, Russia; https.//orcid.org/0000-0003-0025-3545; AuthorlD: 482688

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

Ulan Bator, Mongolia; Scopus Author ID: 6602798556

Design and composition: Maria Bondar
Managing Editor: Elena Guseva
Coordinating Editor: Julia Migulina
Content editors of FGBI "ARRIAH":

Julia Nurmukhambetova-Mikhailova, Maria
Proof-readers: Irina Zvereva, Julia Deryabina
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.

g

Circulation: 1175. Price: unregulated
Veterinary Science Today Journal
can be subscribed through

the Ural-Press subscription agency:
Subscription code — 83862;

127015, Moscow, Novodmitrovskaya str.,

5a, str. 4; +7 (499) 700-05-07,
fax: 789-86-36 add. 3777;
e-mail: moscow@ural-press.ru

Founder: 600901, Vladimir, Yur'evets, Federal Centre for Animal Health
Publisher: Veinard, 129626, Moscow,

102 Prospect Mira, bld. 31, office 12

Editorial Board Office: 600901, Vladimir, Yurevets,

Federal Centre for Animal Health

Printing Office: Grand Prix, Creative Commons
152900, Yaroslavl Oblast, Rybinsk, Lugovaya str., 7 Attribution 4.0 License
Approved for print: June 10, 2024
Issued: June 27, 2024




Betepunapua cerogna. 2024, Tom 13, N2 2
Veterinariia segodnTza

TnaBHbIit pepakTop: [py3zaes KocTaHTUH Hukonaesuy — a-p 6uon. Hayk, npodeccop,

OTBY «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

Ille-pepakTop: Menano t0nus, coBeTHuK PykoBoauTena OeaepanbHoii ciyx6bl no BeTepuHapHOMY
1 duTocaHuTapHomy Haasopy (Poccenbxo3Haa3op), r. Mocksa, Poccus, e-mail: j.melano@ya.ru

W3paetca ¢ 2012 roaa, BbIXoAuT 4 pasa B rof

Bbinyckatowmii pepaktop: Hukelwnna TatbAHa, kaHp. 6uon. Hayk,
OTBY «BHUI3X», r. Bnagumup, Poccus, e-mail: nikeshina@arriah.ru;
https://orcid.org/0000-0002-0959-5915; AuthorID: 768521, Ten: 8 (4922) 26-15-12, po6. 22-27

Ooto Ha obnoxke: fatido / Gettylmages / Anekcanap MnoHckuit

PepakunoHHasa Konnerusa:

Bonp6aarap bazapuapaH — PhD B 06nactit BeTepuHapum, MHCTUTYT BeTepUHapHOI MeANLIMHbI,

. Ynax-batop, Mowronus; Scopus Author ID: 26634733300

Bacunesny ®epop MBaHoBIY — A-p BeT. Hayk, npodeccop, akagemuk PAH, OTBOY BO «Mockosckas
rocyapcTBeHHaA akajemua BeTepuHapHoil MeauuuHbl n 6uotexonoruv — MBA um. K. U. Ckpabuxar,
r. MockBa, Poccus; https://orcid.org/0000-0003-0786-5317; AuthorID: 285556; ResearcherlD: K-9491-2015
notoB Anekcanap FaBpunoBuy — a-p Bet. Hayk, npodeccop, OIBYH «Cubupckuii pegepanbHbiii
HayuHbIii LieHTp arpobuoTexHonoruit PAH», r. Hoocubupck, Poccus;
https://orcid.org/0000-0002-2006-0796; AuthoriD: 236129; Scopus Author ID: 7004340265

Tpunb (BeTnaHa AHatonbeBHa — A-p 61on. Hayk, npodeccop, uneH-koppecnoxaeHt PAH,

OIBHY «Bcepoccuiickuii HayuHo-1cCne0BATENbCKMIA M TEXHONOTMYECKUiA MHCTUTYT Bronoruyeckoit
npomblLLNeHHOCTY, T. LLlenkoo, Poccus; https://orcid.org/0009-0000-8984-7002; AuthorlD: 563647
Tyntokux Muxaun MBaHoBUY — 1-p BeT. Hayk, npodeccop, akazemuk PAH, 3acnyxeHHblil peatenb
Haykv PO, OTBHY «DefepanbHbiii HayuHblii LieHTp — Bcepoccuitckiii HayuHo-MccnefoBaTeNbCKMiA
MHCTUTYT KCNEepUMeHTanbHoil Betepunapui um. K. 1. Ckpabuna u . P. Kosanewko», . Mockga, Poccus;
https://orcid.org/0000-0002-7489-6175; AuthorID: 112679; Scopus Author ID: 56114346900;
ResearcherlD: V-4640-2017

3abepexHblit Anexceit imutpueBuy — -p 6von. Hayk, npodeccop, uneH-koppecnonpeHT PAH,
OrBHY «Bcepoccuiickmit HayuHO-UCCNeR0BATENbCKMIA U TEXHONOTUYECKII MHCTUTYT Gronoruyeckoi
NpOMbILLNEHHOCTI, T. LLlenkoBo, Poccus; https://orcid.org/0000-0001-7635-2596; AuthoriD: 91643;
Scopus Author ID: 6507196549; ResearcherID: V-7959-2017

WronkuH Anekceii CepreeBuy — Kanp. Ber. Hayk, OTBY «DeepanbHblii LieHTp 0XpaHbl 380pOBbA
KUBOTHbIX», T. Bnapumup, Poccus; https://orcid.org/0000-0002-5438-8026; AuthorlD: 721219

Wp3a Buktop Hukonaesuy — a-p Ber. Hayk, AoweHT, OTBY «DefiepanbHblii LLeHTP 0XpaHbl 340poBbA
KUBOTHbIX», T. Bnapumup, Poccus; https://orcid.org/0000-0001-7489-1772; AuthorlD: 332278
KoHoHoB Anekcanpp BnagumupoBuy — a-p BeT. Hayk, OBY «DefepanbHblii LeHTp oXpaHbl
370pOBbA XKUBOTHbIX, T. Bnagumup, Poccus; https://orcid.org/0000-0002-5523-3261; AuthorlD: 768208
Kpacouko Metp Anb6uHoBNY — A-p BeT. Hayk, A-p 6uon. Hayk, npodeccop, YO «Butebekas opaeHa
«3Hak lMoyeTa» rocynapcTBeHHan akafemus BeTepUHapHOIl MeAULMHbI, T. Butebek, benapycs;
https://orcid.org/0000-0002-4641-4757; AuthoriD: 751960; Scopus Author ID: 6504022390
KysbmunoBa Enena BacunbeBHa — - BeT. HayK, KpacHoAapckuii Hay4Ho-Mccnej0BaTeNbCkmit
BeTepUHApHbIIi MHCTUTYT — 060cobneHHoe cTpyKTypHoe noapasaenenue OTBHY «KpacHopapckuii
HayuHbIil LEHTp N0 300TeXHUV 1 BeTepuHapum», . KpacHopap, Poccus;
https://orcid.org/0000-0003-4744-0823; AuthorlD: 359696, Scopus Author ID: 57192088323

Jlomaxko H0puii BacunbeBuu — kaHp. BeT. Hayk, AoueHT, PYI «/IHcTuTyT 3KcnepumeHTanbHoi
BetepuHapuu um. C. H. Bbiwenecckoro, r. Munck, benapycs; https://orcid.org/0000-0002-9611-8286;
AuthorlD: 1049578; Scopus Author ID: 55996656700; ResearcherlD: AAE-5001-2019

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

OrA0Y BO «Poccuiickuit yuusepcuTeT Apyx6bl HapoaoB», . Mocksa, Poccus;
https://orcid.org/0000-0002-8464-6380; AuthorlD: 78150; Scopus Author ID: 7401689971

Maxamar Hryepa6e IMTUTHHa — KaHp. BeT. Hayk, KompaTckuil rocyaapcTBeHHbI yHUBEPCUTET,

. Kompat, MongoBa; https://orcid.org/0000-0002-2738-0408; AuthorlD: 1064174

MetnuH Aptem EBreHbeBuY — f-p BeT. HayK, [Ip040BONbCTBEHHAA U CENIbCKOXO3ANCTBEHHAA
opraHu3auua 06beanHeHHbIX Hauwii, r. Pum, Utanus; hitps://orcid.org/0000-0002-4283-0171;
AuthorlD: 149714; Scopus Author ID: 6505942586; ResearcherlD: Z-2189-2019

Mwuwienko Bnapgumup AnekcaHapoBuy — - BeT. HayK, npodeccop,

OIBY «QepepanbHblii LIEHTP OXpaHbl 3A0POBbA KMBOTHBIX», T. Bnagumup, Poccus;
https://orcid.org/0000-0003-3751-2168; AuthorlD: 762858; Scopus Author ID: 7103128956

Muwenko Hatanbsa BnagumuposHa — 4-p 6uon. Hayk, oueHt, Or60Y BO «Bnagumupckuii
rocynapctBeHHblil yhuepcutet um. A. . u H. T. CroneToBbix», . Bnagumup, Poccus;
https://orcid.org/0000-0002-3643-3129; AuthorlD: 66095; Scopus Author ID: 7004534956
HacracueBuy WBan — PhD B 06nactyt BetepuHapuu, MIHCTUTYT rurveHbl 1 TeXHONorm MAca,

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

HepocekoB Butanuii BnagumupoBuy — 1-p Ber. Hayk, npodeccop, HaumoHanbHblii yHuBepcutet
6ropecypcos 1 npupopononb3oBaHua Ykpautbi, r. Knes, Ykpana;
https://orcid.org/0000-0001-7581-7478; AuthorlD: 94733; Scopus Author ID: 57189580555

Hukutun UBan HukonaeBuu — p-p eT. Hayk, OTB0Y BO «Ka3aHckan rocynapcTBeHHan akaemus
BeTepUHapHOil MeAuLmHbI M. H. 3. baymanay, 1. Kasatb, Poccus;
https://orcid.org/0000-0002-3981-0882; AuthorlD: 768437; ResearcherID: F-5330-2019

Mniowmkos Bapum leHHaAbeBNY — A-p C.-X. HayK, npodeccop,
ArpapHo-TexHonoruyeckuit uHctutyT, OTAQY BO «Poccuitckinit yHuBepcuTeT apy»0Obl HapoAoB»,
r. MockBa, Poccus; https://orcid.org/0000-0003-2057-4602; AuthorlD: 410076

MponuH Banepuit Bacunbeny — 1-p 6uon. Hayk, npodeccop, OTBHY «DegepanbHbiii
UCCNEA0BATENbCKMIA LLeHTP BUPYCONOTUI 1 MUKpoGUonorm», r. Bnagumup, Poccus;
https://orcid.org/0000-0002-6240-3062; AuthorlD: 666636; ResearcherID: (-3433-2014
Mpoxsatunosa Jlapuca bopucoHa — KaHg. 61on. Hayk, JOLEHT,

OTBY «OepepanbHblii LIEHTP 0XpaHbl 380POBbA KUBOTHBIX», T. Bnagumup, Poccus;
https.//orcid.org/0000-0002-9560-0724; AuthorID: 49638; Scopus Author ID: 36244177300
MpynToBa Onbra BnagucnasosHa — 4-p 61on. Hayk, npodeccop,

OTBY «DepepanbHblil LIEHTP OXpaHbl 3A0POBbA KUBOTHBIX», T. Bnagumup, Poccus;
https://orcid.org/0000-0003-3143-7339; AuthorID: 416163; Scopus Author ID: 6504372679
PaBunos Pyctam XameToBuy — - BeT. Hayk, npodeccop, OTBOY BO «KazaHckas
rocyAapcTBeHHan akafemua BeTepuHapHoii MeaunLHbl umenn H. 3. baymaHan, r. KasaHb,
Pecny6nuka Tatapctan, Poccus; https://orcid.org/0000-0001-7210-7470;

AuthorlD: 417736, Scopus Author ID: 6506697664, Researcher ID: Q-1810-2015

PycaneeB Bnapgumup CepreeBuy — - BeT. Hayk, npodeccop, r. Bnagumup, Poccus;
https://orcid.org/0000-0002-4972-6326; AuthorID: 731801

CaByeHkoBa WpuHa MetpoBHa — a-p 6uon. Hayk, npodeccop, OTBHY «DegepanbHbiii
HayuHblii LieHTp — Bcepoccuiickuit Hay4HO-UCCNeA0BaTeNbCKII MHCTUTYT SKCNepUMERTanbHoi
etepuHapun um. K. W. Ckpsbuna u . P. KoBanerko», r. Mockga, Poccus;
https://orcid.org/0000-0003-3560-5045; AuthorlD: 116034; Scopus Author ID: 6506749368;
ResearcherlD: D-3777-2014

Camapaxua Mapko — PhD B o6nacTv Betepunapum, npodeccop, 3arpebekiii yHuBepcuTer,
(aKynbTeT BeTepuHapHOIl MeAuLMHbI, I. 3arpe6, XopBaTus;
https://orcid.org/0000-0003-0402-3173; Scopus Author ID: 8410731800

Cupopuyk Anekcanpp AHapeeBuy — 4-p BeT. HayK, npodeccop, r. Mockga, Poccus;
AuthorlD: 508887

Cucarun Nasen Hukonaesuy — a-p BeT. Hayk, npodeccop, uneH-koppecnoHpeHT PAH,

. HwxHuii Hosropog, Poccus; https.//orcid.org/0000-0003-1085-220X; AuthorlD: 702788
Cokonosny Mapbana — PhD B 06nactv BeTepuHapum, XopBaTckuii BeTepuHapHblil HCTUTYT,
LlenTp nTuueBoactBa, r. 3arped, Xopsatus; https.//orcid.org/0000-0003-3373-7415;

Scopus Author ID 21835749800

CrapoB Cepreii KOHCTaHTMHOBMY — KaHJ,. BeT. HayK, CTapLLNIA HAyYHbIA COTPYAHNK,
3aMecTUTeNb rnaBHoro peaaktopa, OrbY «DepepanbHblii LEHTP 0XPaHbl 340POBLA XUBOTHBIX,
. Bnapumup, Poccua; AuthorID: 596191

Cy660TnH Anekcanpp MuxaiinoBuy — a-p 6uon. Hayk, npodeccop,

3amectutens Mpembep-munuctpa Pecnybanku benapyco, r. Mukck, benapycb;
https://orcid.org/0000-0002-2449-0097; AuthorID: 709795

CyneiimanoB CyneitmaH MyXutanHoOBIY — Ai-p BeT. HayK, IPOdeccop, 3acNyeHHblil
zeatenb Haykiu PO, OTB0Y BO «BopoHexckuil rocysapcTBeHHbIt arpapHblit yHuBepcutet
um. umnepatopa letpa I», r. Bopowex, Poccus; https://orcid.org/0000-0002-0461-9885;
AuthorlID: 80671

OepotoB Cepreii BacunbeBuy — 1-p Ber. Hayk, npodeccop, Orb0Y BO «MockoBckas
roCyAAPCTBEHHAA akaZeMina BeTepUHAPHOI MeaNLMHbI v G1oTexHonorn —

MBA um. K. I1. Ckpabuna», r. MockBa, Poccus; AuthorlD: 460625

Ysana Unba AnekcaHapoBuY — Kanp. Ber. Hayk, OTBY «DegepanbHblii LieHTp oXpaHbl
3710pOBbS XUBOTHbIX», T. Bnagumup, Poccus; https://orcid.org/0000-0002-1659-3256;
AuthorlD: 705819; Scopus Author ID: 57204228517

LllaxoB Anexkceil FaBpunoBuY — i-p BeT. HayK, Npodeccop, UneH-KoppecronpeHT PAH,
OTBHY «Bcepoccuiickuii HayyHO-McCnef0BATENbCK NIl BETEPUHAPHBIN MHCTUTYT NaTonoruy,
dapmakonorum 1 Tepanuu Poccenbxozakasemun, . Bopoex, Poccus;
https://orcid.org/0000-0002-6177-8858; AuthorlD: 49638

LlikypatoBa WpuHa AnekceeBHa — i-p BeT. HayK, Npodeccop, unex-koppecnonaeHT PAH,
Ypanbckuit HUBI — cTpykTypHoe noppa3penenue OF6HY YpOAHUL YpO PAH,

r. Exatepun6ypr, Poccus; https://orcid.org/0000-0003-0025-3545; AuthorlD: 482688
JppaHabaarap MKaHumspopx — PhD B 06nacTu BeepuHapum, npodeccop,

JIHCTUTYT BeTepuHapHoii MeaLuHbI, I. YnaH-batop, Monronus; Scopus Author ID: 6602798556

[v3aiin u Bepcrka: borpapb Mapua

OTBeTcTBEHHbIIl pefjakTop: [ycea Enexa

Pepakrop-koopauxatop: Murynuta 0nua

PenakTopbi-koppekTopbl OI'BY «BHUU3X»:

Hypmyxambetosa-Muxaiinosa t0nus, Paryzosa Mapus

KoppexTopbi: 38epesa Hpuna, [lepabua l0nua

MypHan «BetepuHapus cerops» 3apeructpuposat B DepepanbHoii cyxbe

110 Haz30py B chepe CBA3U, UHPOPMALMOHHBIX TEXHOMOT Ui 1 MACCOBBIX
KOMMYHYKaLyii, CBUAETENbCTBO 0 peructpatiyn Ne OC 77-49033 ot 21 mapra 2012r.

MoanucKy Ha HayuHbIil XypHan

Cranpapr>: MoanucHoit MHeKc — 83862;

cTpoenve 4; 8 (499) 700-05-07,
dakc: 789-86-36 f06. 3777;
e-mail: moscow@ural-press.ru

Tupax 1175 3k3emnnapoB. LieHa cBoboaHas

«BeTepuHapua cerofHA» MOXHO 0hpopMUTL
uepe3 ArenTcTBo o noanucke 000 «YPATI-Tpecc

127015, . MockBa, HooamutpoBckas yn., aom 5a,

Yupeputenb: 600901, r. Bnagumup, mp. 0pbeset, OTbY «BHUN3MX»
W3parenn: 000 «BeitHapay, 129626, r. MockBa,

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

Appec pepakuuu: 600901, . Bnagumup,

MKp. I0pbesevy, OrBY «BHUN3MX»

Tunorpadua: 000 «TPAH MPU»,

152900, ipocnasckas 06nactb, r. PoibuHcK, yn. flyroas, 7
Moanucaxo B nevats: 10 uiona 2024 roga

[lata Bbixoza B cBeT: 27 nioHs 2024 roga

Creative Commons
Attribution 4.0 License




Veterinary Science Today. Quarterly Scientific Journal. 2024, Vol. 13, No. 2
Veterinariia segodn’ii

Contents

REVIEWS | EPIZOOTOLOGY

Science-based assurance of the disease freedom in reindeer herds
1 1 O of the Russian Arctic zone

K. A. Laishev, A. A. Yuzhakov

REVIEWS | BOVINE DISEASES
} 1 8 The problem of norovirus infection in animals (literature review)
V. A. Mischenko, A. V. Mischenko, T. B. Nikeshina, 0. N. Petrova, Yu. V. Brovko, A. I. Kushlubaeva

=

EVIEWS | FISH DISEASES

1 4: Infectious hematopoietic necrosis (review)
2 K. A. Balakhnina, V. P. Melnikov

A

=

EVIEWS | BIOTECHNOLOGY

Chelate compounds and their use for correction of trace element deficiencies
] ?) 6 in livestock (review)
A. G. Koshchaev, N. E. Gorkovenko, A. V. Kosykh, D. V. Antipova

ORIGINAL ARTICLES | BOVINE DISEASE
Monitoring of helminth fauna of transhumant cattle
1 4 ?) in the North Caucasus
S. Sh. Kabardiev, Z. H. Musaev, K. A. Karpuschenko, B. I. Shapiev

1 49 Enzyme-linked immunosorbent assay for post-slaughter diagnosis of bovine leukosis
A.R. Mustafayev, M. 0. Baratov

ORIGINAL ARTICLES | PRIMATE DISEASES
Gut microbiota and bacterial associations in monkeys with gastrointestinal diseases
1 5 4: in the setting of helminth infestation
V. A. Kalashnikova, T. P. Egorova, A. V. Demerchyan, V. I. Polyakova,
Ya. I. Lenshina, D. A. llyazyants, I. M. Arshba

ORIGINAL ARTICLES | DISEASES OF SMALL PETS
Clinical efficacy studies of the vaccine against feline panleukopenia, calicivirus infection
1 64 and viral rhinotracheitis Carnifel PCH in kittens
T.S. Galkina, A. A. Komarova, A. M. Kiselev

ORIGINAL ARTICLES | AVIAN DISEASES
1 7 1 On occurrence of some avian bacterial diseases and biosafety provision
T.V. Kurmakaeva, S. S. Kozak, E. S. Baranovich

ORIGINAL ARTICLES | BIOTECHNOLOGY
1 )7 Adjuvant properties of chitosan derivatives administered to mice with anti-rabies vaccine
K. B. Dobroskok, E. I. Yarygina, M. S. Lipatova, M. S. Kalmykova

1 8 3 Studying immunotherapeutic properties of the conjugate based on B(G antigens
with betulonic acid in guinea pigs infected with Mycobacterium scrofulaceum
I. N. Koshkin, V. S. Vlasenko, N. A. Dengis

1 8 9 Use of DIABAX feed additive and a biogenic stimulant in calves during their rehabilitation
after gastrointestinal infections
N.V. Shanshin

ANNIVERSARY DATES

1 9 6 On 75™ anniversary of Valery V. Mikhalishin



BetepuHapus cerogHa. ExexkBapTanbHblii HayuHblil XypHan. 2024, Tom 13, N2 2

Veterinariia segodnia

Cogeprranue

0B30PbI | 3M11300TONOMNA
HayuHoe 0becneueHue In1300TuYeCKoro 6narononyuns B oNeHeBOAYECKUX CTajax
1 1 O ApkTiueckoit 30HbI Poccuitckoit Qeaepatmn
K. A. Naitwes, A. A. l0xakoB

0B30PbI | BONE3HU KPC

1 1 8 Mpo6nema HOPOBMPYCHOI MHOEKLIM XMBOTHBIX (0630p NUTEpaTYpbI)
B. A. MuweHko, A. B. Muwenko, T. b. Hukewnna, 0. H. letpoBa, 10. B. bposko, A. li. Kywny6aeBa

0b30Pbl | BONE3HN Pblb
1 4: VHdEKLMOHHDI HEKPO3 remono3TUYeCKoli TKaHI N0CoceBbIX pbi6 (0630p)
2 K. A. banaxuuHa, B. 1. MenbHuKoB

0B30PbI | BUOTEXHOOTNA
XenatHble COEVHEHNA 1 X UCNOJIb30BaHKeE ANA KOPpeKLn MUKPO3NEMEHTO30B
1 8 6 CeNbCKOX03ANCTBEHHBIX XIBOTHBIX (0630p ﬂMTepaTypr)
A.T. Kowaes, H. E. lopkoBeHko, A. B. Kocbix, [l. B. AHTnoBa

OPUTMHANBHBIE CTATBHU | bOJTE3HI KPC
MoHWUTOPUHT refibMUHTOdAYHbI KPYMHOTO POraToro CKOTa Npi 0TFOHHO-NACTOMLLHOI CUCTEMe BeAEHMA XUBOTHOBOACTBA
1 4 3 B ycnoBuax CeepHoro KaBkasa
C. L. Kabappues, 3. . Mycaes, K. A. KapnyweHko, b. I. lanues

1 1 9 MpumeHeHe MMMYHOGEPMEHTHOr0 aHan3a B Nocney6oiiHON AMarHoCTUKe Neiiko3a KpynHoro poratoro ckota
A.P. Myctadaes, M. 0. bapatos

OPUTMHANDBHBIE CTATBHI | bOTE3HW MPUMATOB
Kuweunaa mukpodnopa u 6akTepuanbHble accoumawim Ha GoHe reibMUHTO3HON UHBA3UM
1 5 4 MY XeNyA0YHO-KULLeYHbIX 3aboneBaHNAX y 06e3bAH
B. A. Kanawnukosa, T. I1. EropoBa, A. B. lemepusH, B. . lonsakosa,
. W. leHwmna, [1. A. Unbazany, U. M. Apwba

OPUTUHANBHbIE CTATBU | BONE3HU MENKUX LOMALLIHWX XWUBOTHbIX
KnuHuueckme nccnefioBaHua no oueHKe 3QOeKTUBHOCTI BaKLMHbI MPOTUB NaHNEAKONEHNM,
1 64 KanuuuBrpo3a 11 BUPYCHOro puHoTpaxenTa Kowek «KapHuden PCH» npu ummyHm3aLmm Kotat
T. C. TankuHa, A. A. Komapoga, A. M. Kucenes

OPUTUHANDBHBIE CTATBI | bONE3HW NMTKL,
1 7 1 K Bonpocy 0 3aboneBaemocTin NTULbI OTAENbHBIMYU baKTepUanbHbIMU 6one3HAMM 1 obecneyeHue bruobesonacHocTn
T. B. Kypmakaesa, C. C. Ko3ak, E. C. bapaHoBuy

OPUTUHANBHBIE CTATHY | BUOTEXHONOT A
1 7 7 AfbloBaHTHbIE CBOIACTBA MPONU3BOAHDIX XUTO3aHa NPI BBEAEHIN MblLLIAM aHTUPAbUYECKO BaKLIMHDI
K. b. lo6pockok, E. U. fipbiruna, M. C. JiunatoBa, M. C. KanmbikoBa

1 8 3 I13yueHne nmmyHoTepaneBTMYECKIX CBOWCTB KOHbIOraTa aHTureHoB bLIXK ¢ 6eTynoHoBOI KUCNOTON HA MOPCKMX CBUHKAX,
uHduumpoBanHbix Mycobacterium scrofulaceum
N. H. Kowkun, B. C. Bnacenko, H. A. lenruc

1 8 9 MpuMeHeHMe KopMOBOIA 406aBKI «[luabakc» 1 GroreHHoro npenapara TensTam,
Nepe6oneBLLIMM Xenya0uHO-KULLIEYHbIMIU UHOEKLMAMI, B BOCCTAHOBUTENbHBII Nepuos;
H. B. lWaHbwun

OBUNENHBIE IATDI
1 9 6 K 75-neTuio Banepus Bacunbesuua Muxanuwuxa



REVIEWS | EPIZOOTOLOGY
0b630Pbl | 3MKU300TONOTNA

R) Cheoktorspaates| [

https://doi.org/10.29326/2304-196X-2024-13-2-110-117

Science-based assurance of the disease freedom
in reindeer herds of the Russian Arctic zone

Kasim A. Laishev, Alexander A. Yuzhakov
St. Petersburg Federal Research Center of the Russian Academy of Sciences, 39, 14™Line V. 0., Saint Petersburg 199178, Russia

ABSTRACT

Reindeer hushandry takes a leading position in the agricultural sector of the Russian Federation Arctic zone. The purpose of the research is to analyze the science-
based assurance of the freedom from highly dangerous infectious diseases in reindeer herds of the Arctic zone. It has been established that diseases such as anthrax,
brucellosis, footrot, rabies are still relevant for the reindeer hushandry and can cause not only significant economic damage, but also diseases in humans. The
analysis of the archival data and literary sources, as well as own research data lead to the following conclusions: the greatest risk of anthrax occurrence and spread
is posed by old carcass sites; to eradicate brucellosis, vaccination of animals along with the general disease control measures is necessary; in case of footrot, special
attention should be paid to the control of blood-sucking insects and warble flies; to prevent rabies in reindeer herds, it is important to avoid contacts between
deer and wild carnivores and consider emergency vaccination. Undoubtedly, the eradication and prevention of the above-mentioned infectious diseases requires
constant epidemiological surveillance, including its element — monitoring, with all necessary special management, animal health measures. There is an obvious
need for constant surveillance of infectious diseases in the Arctic zone of the Russian Federation using GIS technologies. It is important to pay special attention to
the generation of special information layers related to disease characteristics, including deer herd migration routes, sites where anthrax outbreaks were recorded,
and the location of disease-infected facilities.
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HayuHoe obecneyeHne anu3ootuyeckoro bnarononyuusa
B 0J1eHeBOJUeCKIX CTafiaX ApKTUYECKOI 30Hbl
Poccuiickon Oenepauuu

K. A. Naiiwes, A. A. l0xakos
OTBYH «CaHkT-MeTepbyprckmit OepepanbHblit ccnenoBatenbckiii LeHTp Poccuiickoit akagemun Hayk» (OFBYH (16 OULL PAH), 14-a nunma B. 0., 39,
r. CankT-Metepbypr, 199178, Poccua

PE3IOME

(eBepHoe 0N1eHEeBOACTBO 3aHNUMAET BeAyLLee MecTo B CeNbCKOX03AICTBEHHOIA 0TPacv ApKTYeckoii 30HbI Poccuiickoil Oeaepaumu. Lienblo nccnenoBanmii anset-
(A PaCCMOTPEHME BOMPOCOB HayyHOro 06ecneyeHns IMM300TMYECKOro 61arononyyna no 0CHOBHLIM 0060 0MacHbIM MHGEKLIMOHHBIM 60NI€3HAM B 0NleHEBOAYECKIX
(Tapax ApKTuYecKoii 30Hbl. YCTaHOBAEHO, UTO Takue 6one3Hy, kak cubupckas A38a, bpyLennes, HekpobakTepros, beleHCTBO, N0-NpeXHeMy akTyaNbHbl AnA
0/1eHeBOAYECKOI OTPACN 1 He TONbKO HAHOCAT CYLLECTBEHHDI SKOHOMUYECKMI yiLiep6, Ho MOryT ObITb NpUYMHOI 3aboneBaHnA Ntofeit. B pe3ynbrate aHann3a
APXUBHDIX CBEAEHII 11 IUTEPATYPHBIX UCTOYHUKOB, & TaKXe MaTepuanoB cOOCTBEHHbIX UCCNEAOBAHMIN CAenaHbl CledytoLiine BbIBOAbI: HanbonbLuyio yrposy
BO3HUKHOBEHWA 1 PaCMPOCTPAHEHNA CUOMPCKOIt A3BbI NPeACTaBAAIOT CTapble NAZ&XHbIe MecTa; Npu NMKBUAALIAKM OpyLienne3a Hapaay C 06LLeX03ACTBEHHbIMI
MeponpuATUAMI HeobXoAUMa BaKLMHALNA XMBOTHBIX; MPI HeKpobaKTepuose CneayeT 0coboe BHUMAHKe YAenaTb 6opb6e ¢ KpOBOCOCYLUMMIN HACEKOMBIMU
11 0BOJAMIA; ANA HeJONYLLeHNA BO3HIKHOBEHMA GeLLeHCTBA B 0IeHeBOAYECKHX CTaZlaX BaXHO UCKMIOUNTb KOHTAKTbI ONleHeli C AUKIMIA NO0TOALHBIMU U pac-
CMOTPETb BO3MOMXHOCTb IKCTPEHHOI UK BbIHYXAEHHON BaKLMHONPodUAAKTUKIA. HecoMHeHHO, IMKBUAALMA 1 NPOGUNAKTIKA BbILLIEYKA3aHHbIX UHGEKLMOHHbBIX

© Laishev K. A., Yuzhakov A. A., 2024
© Federal Centre for Animal Health, 2024
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6one3Heli TpebyeT NOCTOAHHOrO 3NM300TONOTMYECKOTO HAZ30pa, B TOM UNCHE ro N1eMeHTa — MOHUTOPHUHTA, NPOBEAEHUA HEOOX0AMMbIX CneLManbHbIx obie-
X03A/ICTBEHHbIX 1 leuebHO-NpodunakTuueckux MeponpuaTHil. 0ueBMaHa HeOOXOANMOCTL NOCTOAHHOTO HAZ30Pa 33 MHPEKLMOHHBIMYU 60Ne3HAMU B ADKTUYECKOI
30He Poccuiickoi Oegepaumm ¢ ucnonb3oBauem MNC-TexHonoruii. 0coboe BHUMaHMe BaX<HO yAenATb GOpMUPOBAHUI CeLMani3upoBaHHbIX MHGOPMALUOHHBIX
(J10eB, (BA3aHHBIX € IMU300TYECKIMIN XapaKTEPUCTUKAMU, B TOM YNCTE CNOEB MapLUPYTOB 0IeHbIAX CTajl, TePPUTOPUIL, Ha KOTOPbIX PErUCTPUPOBANIA BCTbILLKN
CMOUPCKOIA A3BbI, CT10EB PACNONOXeHNA HebnaronoayyHbIX no 6one3HAM 06bEKTOB.

KnioueBble cnosa: 0630p, (eBepHble 01eHN, I/IH¢€KL|,I/IOHHI>I9 60one3Hu, 3nM300THYECKaA CUTyauus, HayuHoe obecneyenue

bnaropapHoctu: UccnegoBaxue BbINoAHeHo B pamMkax rocyapcTBeHHO0 3aiaHus no Teme «Pa3paboTka ¢yHAaMeHTaNbHbIX, METOL0NOTMYECKUX 1 TEXHONO-
TUYECKIX OCHOB YBEMYEHIA NPOU3BOACTBA CENbCKOX03ACTBEHHOI NpoayKumm Ha CeBepo-3anage v B ApkTiyeckoii 3oHe PO, 0becneunBatoLLX NpoAoBOSb-
CTBEHHY 1 IKONOTUYECKYHO 6€30MaCHOCTY PETUOHOBY.

[ina untnposanua: Nlaiiwes K. A., 10xakos A. A. HayuHoe obecneyenue anu3ootiyeckoro 6narononyuns B oneHeBOAYECKUX CTafiax ApKTUUecKoii 30Hbl Poc-
cuitckoii Oepepaunn. Bemepunapus ce2o0ns. 2024; 13 (2): 110-117. https://doi.org/10.29326/2304-196X-2024-13-2-110-117

KoHdnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnonaexumu: Naiiwes Kacum AHBepoBuu, A-p BeT. HayK, npodeccop, akapemuk PAH, raBHbIil HayYHbIil COTPYAHUK OTAENA XKUBOTHOBOA-
(TBa U paLoHanbHoro npupogononb3oBanua Apktuku OFBYH (M6 OULL PAH, wocce Moabensckoro, 7, T. Mywkuk, r. CankT-Metepbypr, 196608, Poccus,
e-mail: layshev@mail.ru

INTRODUCTION

animals in 2022. The largest number of reindeer are her-

Reindeer husbandry takes a leading position in
the agricultural sector of the Russian Federation Arctic
zone. The economic significance of this industry is based
on the sustainable management of the scarce food re-
sources of the vast territories of tundra, forest tundra, and
northern taiga. No livestock species, except for reindeer,
can sustainably use about 300 million hectares of the Rus-
sian Arctic pastures [1].

According to the Russian Statistics Agency, the number
of domesticated reindeer in the country is about 1.6 million

ded in the Yamalo-Nenets Autonomous Okrug, followed
by the Nenets Autonomous Okrug, the Republic of Sakha
(Yakutia) and the Chukotka Autonomous Okrug (Fig. 1).

The annual production capacity of reindeer husbandry
is the following:

- about 20 thousand tons of high-quality dietary meat
and offal;

- more than 400 thousand hides;

—more than 100 tons of antlers in velvet and other valu-
able by-products.
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Fig. 1. The number of domesticated reindeer in the regions of the Russian Federation in 2022 (ths animals)
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The prospects for the reindeer husbandry development
are:

- deep processing of products (offal, glands, blood,
hides), as well as promotion of reindeer products among
consumers;

— export of products by large regional farms, optimiza-
tion of supplies to the domestic market by small farms and
private owners;

- development of ethnotourism and related activities
(hunting, fishing, picking wild plants).

The main risk factors for the industry development in-
clude:

1) pastures:

- deliquination, overgrowth and decrease in plant com-
munity performance due to high grazing load;

- reduction of areas suitable for grazing due to commer-
cial exploitation of lands, their use for hydrocarbon and
mineral output, transport infrastructure;

- contamination of plant feeds with heavy metals at
the local level (accidental pollution) and due to global
atmospheric transport;

- changes in the species composition of the plant
community due to global climatic changes, an increase
in the proportion of herbaceous plants in the total phy-
tomass;

2) organizational and economic measures:

- complicated logistics for the supply and export
of products and high transportation costs (up to 50-60%
of the product cost);

— lack of snowmobile maintenance services;

- low wages for reindeer herders, an acute shortage
of qualified personnel (reindeer herders and veterina-
rians);

- low level of social protection and medical care for
reindeer herders and their families, a shortage of women
to start a family due to harsh living conditions;

3) diseases:

- epizootological and epidemiological risks associated
with the endemic areas of anthrax and other infectious
diseases;

Fig. 2. Location of old carcass sites in the Taymyr Peninsula
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- the emergence of new infectious diseases and pests
due to global warming and occurrence of new vectors;

- decreased nonspecific resistance due to lack of feed.

The purpose of this analytical study was to summarize
and analyze data on the situation related to major high-
ly dangerous infectious diseases of reindeer, focusing on
the main causes of their occurrence, as well as measures
to prevent and control them.

MATERIALS AND METHODS

The results of the work are based on the analysis
of archival data and literary sources, as well as on the own
research data. Historical and comparative analysis, struc-
tural analysis, visualization, systematization, analog and
generalization methods were used. The work was carried
out at the St. Petersburg Federal Research Center of the
Russian Academy of Sciences and on the reindeer farms
of the Russian Arctic.

RESULTS AND DISCUSSION

Anthrax. The greatest danger for the occurrence and
spread of the disease is represented by old carcass sites.
In the past, during the outbreaks, in the absence of the di-
sease control tools and methods, the reindeer herders left
diseased and dead animals and migrated further and fur-
ther on with a healthy herd until the outbreak stopped.
Thus, a “trail” of unburied animals remained on the routes
of reindeer herd migrations, forming the so-called carcass
sites, covering the area of tens or even hundreds of square
kilometers. There are more than 100 registered sites in
the Arkhangelsk Oblast and the Komi Republic, more than
60 sites in Yamal, about 40 sites in Taymyr, more than 200 in
Yakutia, there is a high number of them in other northern
regions [2].

The particular danger of such infected territories is that
they do not have concrete, well-defined registered bor-
ders. There are only landmarks, and the areas of sites are
from 1 to 150 km? (Fig. 2).

The question “what to do with such a big number
of carcass sites” has repeatedly been raised for a long time;
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discussions about the feasibility of blanket reindeer vac-
cination in the setting of transport difficulties, high labor
intensity and costs of veterinary and preventive measures
to be taken in reindeer husbandry have been held.

On the one hand, anthrax spores are known to survive
and remain pathogenic in the soil for more than 70 years,
therefore, carcass sites can still be potentially dange-
rous [3]. This is confirmed by anthrax cases among deer in
the state farms“Popigaisky” (1969) and “Oktyabrsky” (1977),
who grazed their herds in old carcass sites.

On the other hand, N. F. Gamaleya noted that anthrax
spores can lose virulence and even be lysed under unfa-
vourable conditions [4]. Ipatenko N. G. et al. emphasized
that Bacillus anthracis spore germination heavily depends
on a number of conditions: minimum temperature of 15 °C,
organic matter content up to 14%, maximum humidity of
50% and minimum pH of 7.0 [5].

It should also be noted that domesticated reindeer
herds are constantly grazing on the carcass sites, and they
are not always vaccinated against anthrax, while a large
number of constantly migrating wild animals are present
in the region, earthworks and mining are actively carried
out [6], however, with the exception of sporadic cases in
the Taymyr Peninsula and in the Republic of Sakha (Yaku-
tia), the disease has not been reported for more than
80 years.

Based on the data available and comprehensive stu-
dies conducted in the Yamalo-Nenets Autonomous Okrug,
it was suggested that anthrax cases in deer herds are of
external origin. In this context, it was decided to exclude
the anthrax vaccination of reindeer from the routine
vaccination plan in this region in 2007. However, in 2016,
an anthrax outbreak occurred in one of the herds of do-
mesticated deer in the Yamalo-Nenets Autonomous
Okrug. The occurrence was explained by the exposure to
the bacteria preserved in soil after unusual heat waves,
which melted the permafrost. The animals were grazed
on pastures where anthrax was reported in 1938-1941.
2,650 reindeer got diseased; 36 people got infected and
one died after coming into contact with diseased and
dead animals [7, 8, 9, 10]. Currently, vaccination against
anthrax in the Yamalo-Nenets Autonomous Okrug is per-
formed to the full extent.

To prevent anthrax infection and induce active artifi-
cial immunity in anthrax-risk areas, a lyophilized vaccine,
containing live spores of strain 55 or STl is widely used.
Immunity is formed 10 days after immunization and lasts
for at least 12 months [2].

Speaking about anthrax prevention in reindeer, the
focus should be made on the current research by scien-

tists from the Pechora Veterinary Department of the Re-
search Institute of Agriculture of the Komi Republic un-
der the guidance of professor E. S. Kazanovsky and the
All-Russian Scientific Research Institute of Veterinary
Virology and Microbiology on the combined prevention
of anthrax and infestations with warble flies. The results
of the studies showed the good compatibility and the
possibility of using iver-, avermectins and anthrax vac-
cine based on 55-VNIIVViM strain in one injection. It has
been established that the pharmaceutical composition
has a high preventive effectiveness against warble fly
parasitizing larvae and induces stable immunity against
anthrax with high antibody titers. Currently, unfortunate-
ly E. S. Kazanovsky's et al. methodological recommenda-
tions have not been approved and are not applied in
practice [11].

Brucellosis. The first suspicion of brucellosis in reindeer
herding farms in the Chukotka Peninsula were expressed
in 1939 by A. V. Rudakov, but in natural conditions, bru-
cellosis was first diagnosed in reindeer in Taymyr by sero-
logical and allergic skin tests in 1948 by I. M. Golosov, and
in 1955V. A. Zabrodin was the first to isolate Brucella strains
from reindeer. For the first time, Brucella species specific for
reindeer were isolated from wild animals by V. A. Zabrodin
in the Taymyr Peninsula from the affected limb of a wild
reindeer. Subsequent studies established a high brucel-
losis prevalence in wild reindeer in the Taymyr Peninsu-
la, in some years reaching 35-40%. Later, when studying
the epizootology of brucellosis, Brucella strains were iso-
lated from other animal species (wolf, blue and white arctic
fox, wolverine, ermine, sable, silver fox). Herewith, based
on their morphological, tinctorial and biochemical proper-
ties, these strains were identical to Brucellas isolated from
domesticated and wild reindeer, and belonged to Brucel-
la suis biovar 4. These studies confirm that brucellosis en-
demic areas have established in certain Arctic territories of
the Russian Federation [12, 13].

In the 60-80s of the last century, brucellosis was
widespread in the reindeer farms of the Taymyr Penin-
sula (Dolgano-Nenets), Evenki, Yamalo-Nenets and Chu-
kotka Autonomous Okrugs, the Kamchatka Oblast and
the Yakut ASSR. The brucellosis prevalence in some herds
reached 30-40%, and the number of clinically diseased
animals was 20-25% [14].

The current brucelosis situation in domesticated
reindeer herds of the Russian Arctic zone is described in
the table.

When analyzing the economic damage to reindeer hus-
bandry from brucellosis infection, it should be borne in
mind that it includes losses from increased infertility and

Li::::leber of reported reindeer brucellosis-infected localities in 2015-2021
RF Subject 2015 2016 2017 2018 2019 2020 2021
Khanty-Mansi Autonomous Okrug 0 0 1 0 0 0 0
Yamalo-Nenets Autonomous Okrug 7 6 6 9 9 7 5
Taymyrsky Dolgano-Nenetsky Municipal District 0 1 1 2 3 1 0
The Republic of Sakha (Yakutia) 45 42 42 37 35 26 21
Chukotka Autonomous Okrug 1 1 1 1 1 1 1
Total 53 50 51 49 48 35 27
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abortions in females, weak, often dead new-born calves,
emergency culling and slaughter of animals showing cli-
nical signs of the disease and positive reactors in diagnos-
tic tests, irreqular economic activities due to quarantine
restrictions in infected herds, additional costs for diagnos-
tic and health improvement measures.

Particularly noteworthy is the risk of reindeer brucello-
sis to the health of humans, especially those who consume
products from diseased animals, mainly non heat-treated
(traditional cuisine of indigenous minorities of the nor-
thern regions), as well as those involved into reindeer herd-
ing or primary processing of reindeer products [15, 16].

Initially, to prevent and control brucellosis many re-
searchers recommended using only general animal health
measures in reindeer husbandry, however, experience
has shown that this is not enough to eradicate brucellosis
in reindeer, since there are brucellosis endemic areas, and
the technological features of this industry do not allow
taking proper and comprehensive actions.

Currently, health status is improved using vaccines
based on Brucella abortus 82 strain in accordance with
the approved guidelines [17].

In the light of my own experience with reindeer brucel-
losis, | would like to note the following:

1. It is impossible to solve the brucellosis problem
in reindeer herds without vaccination. Long-term efforts
were made to eradicate brucellosis without using vaccines
in the Magadan Oblast, but no particular achievements
have been gained.

2. The vaccine based on Brucella abortus 19 strain has
been undeservedly neglected. It is the most stable and
most potent strain. Therefore, it is necessary to recom-
mend the use of this vaccine, especially in the regions
where brucellosis endemic areas have formed (Taymyr,
north-west of the Republic of Sakha (Yakutia) and north-
east of Yamal). The effectiveness of such vaccination has
been confirmed by the positive results of reindeer immuni-
zation in the Taymyr Peninsula. This vaccine is criticized for
its long-term post-vaccination titers, but if administered
in small doses, the titers disappear within 6-9 months, and
long-term post-vaccination titers in reindeer were repor-
ted after the use of vaccines based on other strains.

3. Immunization doses of brucellosis vaccines for rein-
deer should be reviewed and approved. Reindeer are sig-
nificantly smaller than cattle, and it is not feasible to ad-
minister 1/2, 1/4 of the full cattle dose, since it has been
proved in theory and practice that high antigen doses, on
the contrary, suppress the immune system, and conse-
quently, the development of strong immunity.

4.The issue of diagnostic reactions and diagnostic an-
tibody titer in reindeer requires additional studies. Now
some specialists use ELISA to diagnose brucellosis in rein-
deer, and they do not know what to do with positive re-
actors. Are positive titers equal to 1:25, 1:50 so dangerous
if there are no clinical signs and the brucellosis agent has
not been isolated by bacteriological testing?

Footrot. Footrot of reindeer in the Russian North con-
ditions was firstly studied by N. I. Ekkert, who described
its major clinical signs in 1898 [18]. In 1909 E. N. Pavlovsky
wrote that digital suppurative inflammation causing great
damage to the nomads of circumpolar tundra was repor-
ted every year in the tundra and forests of the Arkhangelsk
governorate [19]. The disease can affect 1.5 to 50% of rein-
deer in herds.
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According to I. M. Golosov and B.V. Maslukhin [20], and
state statistical reports, 42,834 reindeer died from footrot
in the Taymyr National District over 16 years (1950-1965).
As noted by I. G. Machakhtyrov [21], in the 90s of the last
century, 10 to 50 thousand reindeer got diseased in the Re-
public of Sakha (Yakutia) as a whole, and the mortality rate
reached 32.1%.

Currently, footrot of reindeer is not included into offi-
cial statistical data, in our opinion, this is due to the need
to impose quarantine restrictions in case of a positive
result, which is not beneficial to animal owners, but this
means, the causative agent is still circulating in reindeer
herds. This is confirmed by studies of the reindeer rumen
microbiome: Fusobacterium necrophorum species were
isolated from more than 50% of animals [22, 23].

Speaking about the prevention of this disease in rein-
deer herds, it should be noted that many scientists are
working on the creation of the specific means to control
this disease in reindeer. Currently, footrot vaccines have
been developed, but they are rarely used in reindeer
husbandry, since they either cause post-vaccination
complications or do not fit into the reindeer husbandry
technology. However, the development of the vaccines
to prevent footrot of reindeer is an important and rele-
vant issue.

Currently, the most effective treatment is the wound
debridement and subsequent antimicrobial therapy with
drugs mainly based on oxytetracycline (for example, Ni-
tox). Combined systemic drugs are now widely used: Tetra-
cine, Fusobaksan-2 and Fusobarin, Necrofar-C, as well as
atopical drug — Necrogel, which can increase the effective-
ness of footrot treatment compared with a conventional
therapy by more than 2-3 times. We believe that work in
this area needs to be continued. Research on antibacterial
aerosols to treat wounds and improve tissue regeneration
as well as long-term protection of wounds from re-infec-
tion are promising.

General animal health and hygiene measures aimed
at increase of natural resistance of the body and protect-
ing from harmful environmental factors are of paramount
importance in the disease control strategy.

First of all, the footrot issue, of course, should be consi-
dered in association with blood-sucking insect and warble
fly control. Together with the scientists from the All-Rus-
sian Scientific Research Institute of Veterinary Entomolo-
gy and Arachnology (Tyumen), we have tested new drugs
to control gnats and warble flies in reindeer herding farms
of the Yamalo-Nenets Autonomous Okrug and the Tay-
myrsky Dolgano-Nenets Municipal District. The production
tests proved that the footrot incidence in herds in which
reindeer were treated against gnats and warble flies was
6.5 times lower than in non-treated herds [24]. Research in
this area should be continued, and first of all they must be
aimed at the development of insecticides and repellents
providing longer protection.

In our opinion, the proper winter grazing and mine-
ral supplementation of animals during winter and early
spring seasons are important for the prevention of foot-
rot and other diseases of reindeer. Together with the staff
of the Naryan-Mar agricultural research station, a con-
centrated feed containing carbohydrates, vitamins and
minerals was developed, which can be successfully used
for feeding reindeer in winter and spring. Economic effi-
ciency of the feed additive use in a 1,800 reindeer herd
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Fig. 3. The dynamics of rabies incidence in the Nenets Autonomous Okrug in 2004-2015

within 40 days is more than 1.2 million rubles. Together
with Biotrof+ LLC, research is being conducted on the to-
pic “Microbiome of Rangifer tarandus rumen in the Russian
Arctic” In the course of the studies microorganisms from
reindeer rumen were obtained, being a potential source
of cellulases and biodegraders of toxins, produced by
micromycetes. Currently, a range of therapeutic and pro-
phylactic drugs are being developed on the basis of these
microorganisms [25].

Rabies. Previously, animal rabies in the Russian Arctic

zone was reported quite rarely and most often it was called

“dikovanie” (the state of being furious). The peculiarities of
rabies manifestation in the high latitudes contributed to
the formation of the concept that an independent animal
disease exists in the tundra zones known as “dikovanie”, or,
in other words, Arctic rabies, but currently the causative
agent of “dikovanie” is recognized as a geographical vari-
ant of the classic rabies virus [26]. In recent years, rabies
has been periodically reported in the Nenets and Yamalo-
Nenets Autonomous Okrugs, and the Republic of Sakha
(Yakutia).

Thus, in the territory of the Nenets Autonomous Okrug,
rabies in carnivorous animals and reindeer is reported an-
nually, creating a complicated epizootological and epide-
miological situation in the regions. The dynamics of the
rabies incidence in this district in 2004-2015 reflects the
problem in 2008, 2013 and 2015 (Fig. 3) [27].

Microscopic examinations using fluorescent antibo-
dies (FA) technique of pathological samples (brain) from
various animal species, which died in the Okrug, 70 (54%)
of 130 samples were positive, among them 37% were
samples from domesticated reindeer, 53% from wild ani-
mals (Arctic foxes — 33%, foxes — 20%), 10% from stray
dogs. Animal cases were reported in the winter-spring
periods (February — March) during active migration and
breeding seasons of wild carnivores. In the same peri-
od or somewhat later (April - May), taking into account
the latency period, cases among domesticated reindeer
were reported.

CONCLUSION

Thus, it has been established that diseases such as
anthrax, brucellosis, footrot, rabies are still relevant for
the reindeer husbandry and can cause not only significant
economic damage, but also diseases in humans. Summa-
rizing the above, the following conclusions can be drawn:
the risk of anthrax occurrence and spread is mostly associ-
ated with old carcass sites; brucellosis eradication requires
animal vaccination along with general animal health mea-
sures; speaking about footrot, special attention should be
paid to the control of blood-sucking insects and warble
flies; to prevent rabies in reindeer herds, it is necessary
to exclude contacts between reindeer and wild carnivores
and consider the possibility of vaccination. Undoubtedly,
the eradication or prevention of the above-mentioned
infectious diseases requires constant epizootological su-
pervision, appropriate special management and animal
health measures.

There is an obvious need for constant surveillance of in-
fectious diseases in the Arctic zone of the Russian Federa-
tion using GIS technologies. It is important to pay special
attention to the generation of special information layers
related to disease characteristics, including deer herd
migration routes, areas where anthrax outbreaks were
recorded, and locations of disease-infected facilities. For
example, if the layers of locations of carcass sites, cyclone
sites infected with a pathogen, migration routes of wild
animals, etc. are known, it is possible to plan the droving
routes that reduce the risk of certain infectious disease
occurrence in deer and, most importantly, to actively intro-
duce comprehensive veterinary and preventive measures.

In conclusion, it should be noted that the review takes
into account only the most significant infectious diseases
of reindeer. Of course, reindeer herding establishments
should take into account foot-and-mouth disease, para-
tuberculosis and other infectious and emergent diseases,
depending on the region. For example, in Taymyr and
Yamal, a head disease has been repeatedly reported, the
etiology of which is still understudied.
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ABSTRACT

Livestock industry efficiency strongly depends on the livability of young animals, mainly during the early postnatal period. Infectious gastroenteritis of newborns
manifested as diarrhea occupies the leading place among the diseases of young animals and brings the production and economic losses. The cause of numerous
gastrointestinal disorders are physiological, hygienic, infectious and other factors. This pathology is reported in 50—80% of newborn calves, while 15-55% of dis-
eased animals die. The investigations of the etiology of numerous diarrhea cases revealed rota-, corona-, parvo-, enteroviruses and bovine viral diarrhea virus in
fecal samples from calves. Inactivated vaccines have been developed in the Russian Federation to prevent viral diarrhea in cattle. Despite their high antigenicity
and field effectiveness, numerous cases of diarrhea in newborn calves have been reported in a number of large livestock farms. In fecal samples collected from
diseased individuals, noroviruses along with the above-mentioned viruses were detected by electron microscopy. The noroviruses were detected in fecal samples
from humans, cattle, pigs, sheep, dogs, cats, mice, as well as in pork and milk samples. The norovirus genome is prone to mutations, resulting in antigenic shifts
and recombination, as well as the emergence and rapid spread of new epidemic and epizootic variants. Epidemiological features of norovirus infection include:
prolonged shedding of the virus by the diseased animals and carriers, various transmission routes (fecal-oral, contact) and high contagiousness. In late 20" and
early 21 century a large number of dairy and meat cattle were imported to the Russian Federation from various countries, including norovirus-infected countries.
All this suggests the need to take noroviruses and other viruses (neboviruses, toroviruses, astroviruses, kobuviruses) into account when investigating the etiology
of numerous diarrhea cases in newhorn calves and necessitates the development of norovirus diagnostic tools and methods, as well as control measures.
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[lpobnema HOPOBUPYCHON MHPEKLINN XKIUBOTHBIX
(0030p nuTEpaTypbI)

B. A. Muwenko', A. B. Muwenko?, T. b. Hukewmnna', 0. H. Metposa’, 10. B. bpoBko?, A. U. Kywny6aeBa*

TOIBY «QefepanbHblil LIEHTP 0XpaHbl 310poBbA XMBOTHBIX» (OTBY «BHUNU3M»), mkp. 0pbesed, . Bnagumup, 600901, Poccus

2OrBHY «DenepanbHbiii HayuHbIil LeHTp — Bcepoccuiickiii HayuHo-1CCNIeloBaTENbCKUIA MHCTUTYT IKCMePUMEHTaNbHOIA BeTepUHapuy

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

3 Tynbckuii dunuan OBY «DefepanbHbilii LieHTP 0XpaHbl 380pOBbA XUBOTHbIX» (Tynbckuii punnan OIBY «BHUIU3XK»), yn. Hekpacosa, 1a, r. Tyna, 300045, Poccua
“Tarapckuit dunuan OBY «DefepanbHbiii LieHTP 0XpaHbl 310pOBbA XUBOTHbIX» (TaTapckuii punuan OTBY «BHUIU3XK»), yn. Pogukbl, 25a/3, 1. KazaHb, 420087,
Pecnybnuka Tatapctan, Poccua

PE3IOME

(OcHoBoIA NOBbILEHNA IPPEKTUBHOCTI XKIBOTHOBOACTBA ABNAGTCA COXPAHHOCTb MOJIOAHAKA, FMaBHbIM 00pa3oM B paHHII MOCTHaTaNbHbIA nepuop. BepyLuee
MecTo cpeau bonesHeil MONOAHAKA 3aHUMAIOT UHGEKLIMOHHDIE FaCTPOIHTEPUTBI HOBOPOXKAEHHDIX XKIUBOTHBIX, KOTOPbIE NPOABAAKTCA AMapeeit U NPUBOAAT K Npo-
113BO/CTBEHHbIM 1 SKOHOMUYECKM NoTepAM. [pUUNHOI MacCoBbIX HapyLLEHMil YHKLMI OPraHoB NULLEBAPEHINA ABNAIOTCA GU3NONOTIYecKHe, CHUTAPHO-TUTIA-
eHnyeckme, MHGeKLMoHHble 1 fipyrue dakTopbl. laHHaa natonorua pernctpupyetca y 50-80% HOBOPOXKAEHHDIX TENAT, BO MHOTIX Cyyadx 0TMeyaeTca rubenb
o1 15 10 55% 60nbHBIX XMBOTHBIX. [Py YCTaHOBNEHNN 3TONOTM MACCOBbIX Anapeil B Npobax Gekanuii TeNAT BbIABAAN POTa-, KOPOHa-, NapBO-, SHTEPOBMPYChI
11 BO36yAuTeNV BUPYCHOI Anapen — 6one3Hu cusnctbix. 1nA npodunakTukm BUPYCHbIX Anapeli KpynHoro poratoro ckota B Poccuiickoii Oepepaumn bbinu pas-
paboTaHbl MHAKTUBMPOBAHHbIE BaKLIMHbI. HECMOTPA Ha UX BbICOKYH0 aHTUTEHHYH aKTUBHOCTb 1 oneByto 3G¢eKTUBHOCTb, B PAAE KPYMHbIX XKUBOTHOBOAYECKIX

© Mischenko V. A., Mischenko A. V., Nikeshina T. B., Petrova 0. N., Brovko Yu. V., Kushlubaeva A. 1., 2024
© Federal Centre for Animal Health, 2024
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X03AIACTB 6blIN 3aperncTpUpoBaHbl CTyyal MaccoBbIX Auapeii HOBOPOXAEHHbIX TenAT. B npobax Gekanuii, 0T06paHHbIX 0T OTAENbHbIX 60MbHbBIX XUBOTHBIX,
HapaAy ¢ BO30yANTENAMM YKa3aHHbIX MHGEKLMIA METOAOM MeKTPOHHOI MUKPOCKONUI BLIABAANNCH HOPOBUPYCbI. Bo36yauTenb HOpOBMpPYCHON MHdeKLMM bbin
06Hapy»eH B npobax heKanuii yenoseka, KPynHoro poratoro CKoTa, CBIMHelf, 0BeLl, C06aK, KOLLeK, MblLLIel, a TaKke B CBUHIHE 1 MOMOKe. [eHOM HOpOBMpYca NoA-
BEpXKEH MyTaLNAM, UTo NPUBOJMT K aHTUTEHHOMY CABUTY U PEKOMOMHALIMAM, @ TaKKe BO3HUKHOBEHMH) 1 ObICTPOMY pacnpoCTpaHEHM HOBbIX SMMAEMUYECKIX
11 3M1300TUYECKIX BAPUAHTOB BO30OYAUTENA. INM300TONOTNYECKIIMU 0COBEHHOCTAMIN HOPOBUPYCHOI MHGEKLUN ABNAIOTCA: ANNTENbHOE BbifeneHe Bo30yauTens
113 OpraHN3ma 6oMbHbIX KMBOTHBIX U KMBOTHBIX-BUPYCOHOCUTENEN, peanu3aLms pa3nuuHbIx nyTeil nepesaun (dekanbHo-opanbHoro, KOHTAKTHOTO) U BbICOKas
KOHTarno3HocTb. B koHue XX 1 B Hauane XXI Beka B Poccuiickyto Oefepavinto 3 pasHbix CTpaH, B TOM UnCIe 1 13 HebnarononyyHbIX no HOPOBYUPYCHOI UHdeKLMK,
6bIn0 33Be3€eH0 60MbLLIOE KONMYECTBO KPYMHOT0 POratoro ckota MOMOYHbIX 1 MACHBIX MOPOA. Bce 370 (BUAETENbCTBYET 0 HEOOXOAUMOCTM YYeTa HOPOBMPYCOB
11 pyrux natoreHoB (He60BYPYCOB, TOPOBYUPYCOB, aCTPOBUPYCOB, KOOYBMPYCOB) NP BbIACHEHNN STUONOTUN MACCOBBIX Cy4aeB Anapeil HOBOPOX/AEHHbIX TENAT,
a Takxe pa3paboTKy CPeACTB U METOL0B ANATHOCTUKN U Mep 60pbObl C HOPOBMPYCHOI MHGEKLIMEN XKUBOTHBIX.

KnioueBbie cnosa: 0630p, Hoposupycwl, Caliciviridae, pnapes, Tendta, CBUHbI, FEHOTUNMbI, FeHOTPYNNbI, 300HO3, eKanbHO-0panbHbIA MyTb 3apaxeHua
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XUBOTHIX (0630p NuTepaTypbl). BemepuHapus ce200ks. 2024; 13 (2): 118—123. https://doi.org/10.29326/2304-196X-2024-13-2-118-123
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Historically, new pathogens of viral gastrointestinal
infections in cattle were described based on electron mi-
croscopy results of faecal samples from newborn diarrheic
calves. Subsequently, other methods, including molecu-
lar biology, began to be used for this purpose. Rotaviru-
ses, coronaviruses, caliciviruses, toroviruses, astroviruses,
kobuviruses, neboviruses and pestiviruses (causing bovine
mucosal complex) were found in fecal samples from diar-
rheic calves using electron microscopy, molecular biology
and fecal immunochemical test) [1, 2, 3,4, 5,6,7,8,9, 10,
11,12, 13]. A study of 269 fecal samples from sheep, goats,
cattle, pigs and rabbits taken from livestock farms in Hun-
gary revealed a new picornavirus, which was classified as
Bopivirus genus [14].

Caliciviruses infecting a wide range of vertebrates,
as well as humans, were separated from the Picornavi-
ridae family in 1979 [12]. The Caliciviridae family unites
a group of RNA viruses with similar morphology and dif-
ferent antigenic properties [15]. Caliciviruses are stable
and highly resistant to physical and chemical exposures
(factors) of the environment; remain infectious at pH 2.7
for 3 hours at room temperature. Viruses are resistant
to ether, chloroform, guanidine, sodium deoxycholate,
as well as to pH 4-5, and are active for 30 minutes when
heated to 60 °C [3, 15, 16, 17]. Calicivirus virions are small
non-enveloped particles 27-40 nm in diameter with ico-
sahedral symmetry (T = 3). A characteristic feature of cali-
civirus capsid architecture is 32 cup-shaped depressions at
each of the icosahedral five-fold and three-fold axes (calyx
is derived from the Latin which means cup). The molecu-
lar weight of the virion is 15 MDa, the sedimentation con-
stant is 170-183 S, the buoyant density in CsCl gradient
is 1.36-1.41 g/cm?. The capsid is comprised of 180 cop-
ies of the major capsid protein VP1 and 1-2 copies of
the minor structural protein VP2, around the VPg-linked
genome.VP1 dimers form 90 arch-shaped capsomers that
form visible 40 A deep and 90 A wide depressions (cups).
The genome of caliciviruses is positive-sense, single-
stranded RNA with a molecular weight of 2.6-2.8 MDa and

7,500-7,700 bp in size. The infectivity of calicivirus RNA is
caused by the VPg peptide covalently linked to genomic
RNA[2,3,16,17,18, 19, 20].The classification of calicivirus-
es was approved by the decision of the International Com-
mittee on Taxonomy of Viruses in 2002. This classification
was based on the results of nucleotide sequence phylo-
genetic analysis [20, 21, 22]. Currently, the Caliciviridae
family comprises pathogens belonging to eleven genera,
among them noroviruses, neboviruses, sapoviruses, vesi-
viruses, lagoviruses, etc.

In 1972, a new virus was discovered by immune elec-
tron microscopy in an infectious stool filtrate derived
from an outbreak of human gastroenteritis in Norwalk,
Ohio. The virus was named Norwalk virus [16, 17, 23], and
the disease was named a norovirus infection. The results
of numerous studies conducted in many countries indi-
cate that all identified noroviruses have closely related
genome structures, but are genetically and antigenically
highly diverse and infect a wide range of mammalian host
species including humans. This virus was detected in bio-
logical samples from cattle [24, 25, 26], pigs [12, 27, 28],
sheep [29], cats [30, 31], dogs [32, 33], and mice [34].

Based on the phylogenetic analysis of the genome
nucleotide sequences, noroviruses were classified into
7 genogroups [16, 18, 35]. Subsequently, separate clusters
(genotypes) and genetic variants were recognized in each
genogroup [11, 16, 18, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43].
Noroviruses are characterized by rapid genetic variabili-
ty [18]. The results of the VP1 phylogenetic analysis sug-
gest that new norovirus strains emerge every 2-3 years
and there is a risk of highly virulent strain occurrence.
About 5% of Norwalk virus population evolve into new ge-
netic variants every year [16, 44]. Recombinations of cali-
civiruses are frequently reported, being the reason of an-
tigenically altered viral strain emergence [16, 39, 45, 46].
The Norwalk virus genome is prone to mutations, result-
ing in antigenic shifts and recombinations, as well as the

! Current ICTV Taxonomy Release. https://ictv.global/taxonomy
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emergence and rapid spread of new epidemic and epi-
zootic variants [17, 18, 24, 41, 45]. The mutation process-
es involve the genome regions responsible for the virus
binding to host receptors on the intestinal mucosal epi-
thelium [16, 41].

Epidemiological features of norovirus infection include:
prolonged shedding of the virus by the diseased animals
and carriers, various transmission routes (fecal-oral, con-
tact) and high contagiousness [16, 18]. Norovirus-contam-
inated feed and water can serve as transmission factors.
The virus reservoir and source are infected (diseased and
convalescent) animals. Bovine norovirus or human noro-
virus are responsible for the infection in cattle [24, 28]. One
gram of feces from a diseased animal contains 108 viral
particles or norovirus RNA copies [2, 8, 16, 17, 18, 38]. It
has been proven that the ingestion of 10 norovirus viri-
ons is sufficient for the development of clinical manifes-
tations [8, 16, 17, 18]. The norovirus infection incubation
period in newborn calves infected with the virus isolated
from cattle is 14-48 hours, the duration of the disease
is from 2 to 30 days. Following the recovery, the virus is still
shed for 5-50 days in the amount of 10* copies of viral RNA
per 1 g of feces. Calves infected with human norovirus start
demonstrating clinical signs 2-6 days post infection [47].

Virions replicate and assemble in the cytoplasm, and vi-
ral particles are released when the cell is destroyed. The rep-
lication cycles of the caliciviruses are similar as far as they
have been explored: viruses interact with a multitude
of cell surface attachment factors (glycans) and co-recep-
tors (proteins) for adsorption and penetration, use cellular
membranes for the formation of replication complexes [48].

Noroviruses propagate in the epithelium cells of small in-
testinal villi, as well as theimmune system cells (macrophages,
dendritic cells, T and B-lymphocytes) [18, 38, 49, 50, 51]. At
the same time, a broadening and blunting of the intestinal
villi, epithelial cell peeling, crypt epithelial hyperplasia, cyto-
plasmic vacuolization, infiltration of the affected cells into
the lamina propria are observed. The lesions are more se-
vere in the small intestine (duodenum, jejunum and ileum),
where mucosal inflammation involving atrophy of intesti-
nal villi and hypertrophy of intestinal glands are detected.
Decreased cell enzymatic activity and development of sec-
ondary disaccharide deficiency are observed. In the setting
of this infection gastric motility disorder frequently occurs.
Increased intestinal epithelial apoptosis, epithelial barri-
er malfunction, and development of diarrhea due to loss
of ions and water from subepithelial capillaries into the lu-
men are observed [16, 18]. Moreover, villous necrosis and
villous atrophy are reported [38, 45, 50, 51]. Norovirus was

Table
Genetic characteristics of noroviruses isolated from fecal samples

Hosts Genogroups

Human @l, GlI, GIV, GVI, GVII
Ruminants (cattle, sheep) Glll, GV

Pigs Gll

Mice q1

Dogs GIV, GVII

(ats Glv
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detected in the epithelial cells of the duodenum, jejunum
and ileum, Peyer’s patches and large intestinal mesenteric
lymph nodes [38].

Macroscopic lesions and clinical signs caused by noro-
virus infection are similar to those caused by rotavirus
and coronavirus infections, which complicates clinical
and post-mortem diagnosis [1, 3, 4, 8, 19, 52]. Noroviru-
ses are detected in fecal samples from cattle of different
ages. The greatest economic losses are caused by noro-
virus infection in calves, who manifest diarrhea, depres-
sion, fever, and digestive disorders. Diarrhea is observed
on days 3-7 post infection and can persist for a month.
Diarrhoea is more severe in 3-week old calves than in
neonatal animals [24]. In addition to norovirus, rota-, co-
rona-, neboviruses, bovine diarrhea virus [53], and other
microorganisms [10, 11] were frequently isolated from
fecal samples collected from diarrheic calves. When in-
vestigating the reasons of gastrointestinal disorders
in newborn calves in England, Belgium, Hungary, Germa-
ny, Italy, the Netherlands, France, Slovenia, Norway, Swe-
den, China, South Korea, India, Iran, Turkey, Egypt, Tunisia,
the USA, Australia and New Zealand, noroviruses were
detected in faecal samples. The results of numerous tests
suggested that norovirus infection is a highly contagious
zoonotic disease with the fecal-oral route of transmis-
sion [11, 20, 28, 29, 36, 38, 39, 40, 41, 44, 49, 53, 54, 55, 56].

The table provides data on the detection of different
norovirus genogroups in different hosts. Each norovirus
genogroup comprises several genetic clusters (geno-
types) depending on the similarity of genetic characte-
ristics [45, 571.

The results of the VP1 phylogenetic analyses suggest
a high frequency of norovirus recombination. Noroviru-
ses of genogroup Il (Gll) isolated from fecal samples of di-
seased humans and pigs are characterized by a high level
of variability [16, 12, 28, 58]. The study of genogroup Gll
norovirus RNA isolated from pig faecal samples in Japan,
the USA and several European countries, revealed that
porcine/human recombinants can emerge in subclinically
infected adult animals, and pigs may be reservoirs of new
human noroviruses [42, 52, 59].

Noroviruses have been shown to undergo extensive ge-
netic recombination. Co-infection of calves with bovine
and human strains of norovirus can produce a recombi-
nant virus with altered virulence properties [46, 60]. Noro-
viruses of genogroup GllI (bovine) and genotype Gll.4 (hu-
man) were simultaneously identified in fecal samples from
diarrheic calves in Canada [12].

There is a high probability that recombinant norovirus
strains can emerge which potentially can transmit to hu-
man population.

The results of the experimental infection of gnotobiotic
calves and piglets with human norovirus confirmed virus
replication and seroconversion in infected animals [45, 47].
Spontaneous infections of piglets with norovirus have
been reported. In this case, diarrhea occurred 2-6 days af-
ter the experimental infection. The data from these studies
led to the assumption that cattle and pigs may serve as
a reservoir of human norovirus, due to viral mutations in
the animal organism and emergence of strains with new
properties. Long-term contacts between humans and vi-
ruses, which previously infected only animals, can lead to
mutations and replication in the intestinal epithelium of
the human [9, 11, 12, 38, 42, 46, 47, 52, 58, 59, 61]. It is
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believed that humans can be infected with bovine and
porcine noroviruses through contaminated animal meat
and milk [46]. The detection of human noroviruses in ani-
mals, as well as the simultaneous presence of human and
animal noroviruses in bivalves, suggests a risk of the hu-
man norovirus transmission [62].

The results of serological tests showed antibodies to hu-
man norovirus in porcine sera in 36-71% of cases [27]. In
the Netherlands, antibodies (IgG) to bovine norovirus were
detected in 28 and 20% of serum samples, collected from
210 veterinarians and 630 animal owners, respectively [49].
In Sweden, 26.7% of blood donors were antibody-positive
for bovine norovirus (GllI.2) [61]. It has been established
that human norovirus has a clear tropism to the canine
intestinal epithelial cells [18].

These data are based on the assumption that zoonotic
transmission is typical for norovirus [20, 45, 46, 59, 61, 63].

CONCLUSION

These data suggest a high prevalence of highly con-
tagious norovirus infection in the world, which is of so-
cial and economic importance. Noroviruses are the most
common cause of epidemic gastroenteritis, responsible
for at least 50% of all gastroenteritis outbreaks in humans
worldwide, and a major cause of foodborne iliness. Noro-
virus infection outbreaks among children have also been
reported in the Russian Federation. Norovirus is extremely
contagious, with an estimated infectious dose as low as
10-1,000 viral particles. Many researchers have revealed
that transmission might occur directly through the fecal-
oral route and there is a potential for zoonotic transmis-
sion. Noroviruses have been found in fecal samples from
humans, cattle, pigs, sheep, dogs, cats, as well as in pork
and milk. Epidemiological features of the norovirus in-
fection include long-term viral shedding with feces in
high concentrations. Transmission of noroviruses occurs
in three general routes typical of acute gastrointestinal in-
fections: waterborne, foodborne, and contacts. At the be-
ginning of the 215 century, a large number of cattle were
imported to Russia from norovirus-infected countries. This
suggests the need for monitoring tests, the development
of diagnostic agents and methods, and measures to con-
trol norovirus and other emergent infections.
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Infectious hematopoietic necrosis (review)

Ksenia A. Balakhnina, Vladimir P. Melnikov
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Aquaculture in the Russian Federation is an integral part of the agricultural industry of the state economy. Countries with high rates of aquaculture growth (Nor-
way, USA, China, Japan, Canada, etc.) and increasing efficiency of fish farming are the cradles of infectious diseases, which, in case of improper control, invade
the territory of other countries and spread to new areas, bearing the risks for the domestic industry too. In recent years, infectious hematopoietic necrosis (IHN)
has caused significant damage to fish farms. In 2020, Estonia suffered heavy losses; more than 65 tons of rainbow trout died and were destroyed during the IHN
outbreak with a mortality rate of 71%. This was the first IHN case in this country. The aggravation of the epidemic situation at Estonian fish farms poses a threat to
the northwestern regions of the Russian Federation, where aquaculture is practiced (the Leningrad Oblast and the Republic of Karelia). In 2022, IHN outbreaks were
reported in France, Italy, Finland, Germany, Denmark and Macedonia. IHN-caused deaths were reported at the river trout farm in Georgia in 2023 for the first time. The
domestic aquaculture depends on the import of eggs and seed material from Norway, Denmark, Finland and other countries, therefore a regular disease monitoring
is urgently needed. The paper provides a brief description of the IHN causative agent, describes its epidemiology, pathogenesis, clinical signs, post-mortem lesions,
diagnostic tests, infection control and prevention measures. We have reviewed 88 literature sources to summarize the information.
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K. A. banaxuuHa, B. 1. MenbHukoB
OIBY «DeepanbHblil LieHTp oXpaHbl 340pOBbA XMBOTHbIX» (OTBY «BHUN3XK»), Mkp. I0pbesel, . Bnagumup, 600901, Poccua

PE3IOME

[Tpon3BOACTBO aKBaKyNbLTYpbI Ha Tepputopuy Poccuiickoil Defepaun ABNAETCA HEOTbEMAEMON YaCTbHO CENbCKOXO3ANCTBEHHOTO CEKTOPA IKOHOMMKI CTPaHbI.
(TpaHbl C BbICOKIM YpOBHEM 1 TeMnamu pa3BuTiA akBakynbTypbl (Hopeerua, CLUA, Kutait, Anonua, Kanaaa u ap.) u pactywieil 3G ¢eKTMBHOCTbI0 NPOU3BOACTBA
pbi6 ABNAKTCA LieHTPaMV BO3HUKHOBEHIA U PacnpoCTpaHeHna MHOEKLMOHHbIX 3ab0neBaHNiA, KOTOpble MPU HeHaANeXallem KOHTPONe NPOHMKAKT Ha Teppu-
TOPYIO APYryX rocyAapCTB 1 PacnpoCTPaHAIOTCA B HOBbIX apeanax, yrpoxan B TOM UiCe U 0TeyeCTBEHHOIA 0Tpacy. B nocneaHue rofbl 3HauuTeNbHbIif yLuep6
PbI6OBOAHBIM X03ACTBAM HAHOCUT MHEKLMOHHBII HEKPO3 FeMON03TINYECKON TKaH N0coceBbIX pbi6. B 2020 1. 6onbLume noTepu noHecna ICTOHMS, e BO BpeMaA
BCMbILLKY JAHHOTO MH(EKLMOHHOTo 3aboneBaHna norubno 1 6bino yHNUTOXeHo 6onee 65 TOHH pajycHoi dopeny, NoKasateNb CMEPTHOCTU NPU 3TOM COCTa-
811 71%. 370 6611 NepBblil Cyyail MHGEKLIMOHHOTO HeKpo3a reMono3TYeCKoli TKaHy B 3T0i cTpaHe. 060CTPEHMe SMN300TNYECKON CUTYaLM Ha PbI60BOAYECKIX
NpeAnpuATMAX JCTOHUM NPeACTaBAAET Yrpo3y CeBepo-3anadHbiM pernoHam Poccuiickoit Oefepauun ¢ pa3BuToi akBakynbTypoli (B JleHuHrpaackoi obnactu
1 Pecny6nuke Kapenuu). B 2022 r. BCNbILLKN MHOEKLIMOHHOTO HEKPO3a reMono3Tnyeckoii TkaHu oTmeyany Bo Opanuuu, Utanuu, Ounnanguu, fepmanim, lanum
1 Makeponuu. A B 2023 r. BnepBble B [py3un oTMeyeHa rubenb pbib oT faHHOTo 3a6oneBaHuA Ha peuHoii Gopeneoii pepme. OTeyecTBEHHOE NPOM3BOACTBO
MpOAYKLIM aKBAKYNBTYPbI 3aBUCUAT OT UMMOPTA UKPbI M NOCAZ0YHOT0 MaTepuana u3 Hopseruu, lanm, QuHRAHZAN 1 APYriX CTPaH, NO3TOMY BO3HMKAeT HeobXo-
AUMOCTb B PerynAapHOM 3MKM300TON0TNYECKOM MOHUTOPUHTe. B (TaTbe JaHa KpaTkas xapakTepucTuka Bo30yauTena uHYEKLMOHHOT0 HeKpo3a reMonosTnyeckoii
TKaHM, ONMCaHbI 3MN300TONOTA, NATOreHe3, KAUHNYECKMe MPU3HAKH, NaTONOro-aHaTOMUYeCKNe N3MEHEHMA, MeTOAbI ANArHoCTUKI, NPOQUAAKTUKI 1 Mepbl
60pb6bl ¢ MHdeKLyeit. 0630p cocTaBneH Ha 0CHOBE aHanN3a 88 NCTOUHIKOB.

KnioueBbie cnosa: 0630p, Bupyc I/IH¢€KL|,I/IOHHOF0 HEKpo3a remono3TUYeCKoil TKaHu, 6onesHn pbl6, 3NMN300TNYECKAA CUTYaLInA
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INTRODUCTION

Infectious hematopoietic necrosis (IHN) is a highly
contagious viral disease of salmonid species, occurring
in freshwater and marine fish and characterized by high
mortality, decreased fish production levels and deformi-
ties that occur in the survivors. The disease may be referred
to by a number of other names such as sockeye salmon
viral disease, Columbia River sockeye disease, Oregon
sockeye disease and Sacramento River Chinook disease.
However, currently the generally accepted name of the
disease is infectious hematopoietic necrosis. IHN is inclu-
ded into the list of dangerous and economically significant
diseases, notifiable to the World Organization for Animal
Health (WOAH) [1]. A wide range of salmonid species, both
farmed and wild, are susceptible to the disease. Juveniles
up to 2-6 months of age are most susceptible. The disease
of the majority of the juveniles causes significant damage
and losses, thus posing threat of complete ruin of the
farmer. The disease is characterized by a high mortality
rate (90-100%), loss of productivity and fish production
efficiency and impaired fish quality and commodity size.
Both freshwater and marine aquacultured fish manifest
the disease. The disease outbreaks in the countries, where
aquaculture is well-developed, cause significant economic
damage [2, 3, 4].

PATHOGEN CHARACTERISTICS

The IHN causative agent is an RNA-containing virus of
the Rhabdoviridae family from the Novirhabdovirus genus,
which was isolated into a separate taxon by the Interna-
tional Committee on Taxonomy of Viruses in 2014". The no-
virhabdoviruses were classified as a separate taxon due to
the presence of the NV gene, which is the major difference
from vesiculoviruses [5]. The virion is a bullet-shaped spi-
ral nucleocapsid, approximately 110 nm long and 70 nm
in diameter (Fig. 1) [6, 7]. There is only one serotype of the
virus. Both low-virulent and high-virulent viruses are re-
ported among field isolates. IHNV is isolated and cultured
in continuous cell lines EPC, AS, BF-2, CHSE-214, FHM, ICO,
RTH-149, RTG-2 and STE-137[8,9, 10, 11, 12, 13].

The IHNV genome is a non-segmented, negative-sense,
single-stranded RNA genome of approximately 11,000 nu-
cleotides. The viral genome codes six proteins in the fol-
lowing order: a nucleoprotein (N), a phosphoprotein (P),
a matrix protein (M), a glycoprotein (G), a non-virion pro-
tein (NV), and a polymerase (L) [14, 15,16, 17,18, 19].

The inner helical ribonucleocapsid core consists
of the ribonuclease genome and N, M and L proteins.

" International Committee on Taxonomy of Viruses (ICTV).
https://ictv.global/taxonomy

The matrix protein (M) attaches to both the G protein on

the internal side of the membrane and to the ribonu-
cleocapsid. The outer membrane consists of a lipid bi-
layer membrane and the glycoprotein (G) that projects

externally and forms noncovalently bound homotrimer
spikes [19, 20, 21, 22].

The N protein of IHNV contains 413 amino acids and has

a molecular mass of 40.5-44.0 kDa. This is the earliest ex-
pressed and most abundant protein produced by the virus

during an IHNV infection. The P protein, previously called

the M1 protein, contains 231 amino acids and has a mole-
cular mass of 25.6 kDa. The M protein, previously called the

M2 protein, is a highly basic protein. It contains a number
of basic amino acids at the N-terminal end that are con-
served among the homologous matrix proteins of other
fish rhabdoviruses. The G protein with a molecular mass of
67-70 kDa contains 508 amino acid residues and forms the

spike-like projections on the surface of the mature virion.
This protein binds to cell receptors and is responsible for
the attachment of the virus to the membrane of the host
cell, cell fusion, syncytia formation and typical cytopathic
effect. The G protein is also the target of neutralizing an-
tibodies [23]. The L encodes a protein of 1986 amino ac-
ids with a predicted molecular weight of approximately
225 kDa and shows similarity to the RNA-dependent RNA
polymerase genes of other rhabdoviruses. The NV gene

was discovered first in IHNV between the G and L genes

Fig. 1. IHNV viewed under an electron microscope [7]

-
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and subsequently in other aquatic rhabdoviruses such
as viral hemorrhagic septicemia virus, Hirame novirhab-
dovirus, snakehead rhabdovirus, and various eel viru-
ses [24, 25]. The NV gene encodes a nonstructural protein,
which can be identified within infected cells but not in
purified virions. This protein is required for efficient repli-
cation of IHNV in vivo [25].

G gene sequencing of North American IHNV isolates
has revealed 3 major genogroups, designated U, M and
L [26, 27, 28]. Representatives of these genogroups circu-
late in certain geographically isolated populations of wild
salmonids. The U genotype group isolates are most spread
in Alaska and British Columbia, and watersheds of coastal
Washington and the Columbia River basin in Washington,
Oregon and Idaho states. The M group contains isolates
from Idaho, the Columbia and Snake River basins, and
a virus from the Washington coast. The L genotype con-
tains most of the viruses from California and the southern
Oregon coast. Molecular genetic methods confirmed that
IHNV European and Asian isolates are of North American
origin [29, 30, 31]. Tests have shown that different viral
genogroups are species-specific. For example, IHNV geno-
group U isolates have been shown to have higher virulence
in sockeye salmon, whereas genogroup M viral isolates
cause a significantly lower mortality in sockeye salmon.
However, genogroup M viruses are highly pathogenic
for rainbow trout, though low mortality rate is reported
in case of infection with genogroup U viruses [32]. Geno-
group L viruses are most virulent in chinook salmon [33].

EPIDEMIOLOGY

Resistance to physicochemical factors and disinfec-
tion. IHNV survives in fresh water at 15 °C for 1 month, es-
pecially if organic material is present. IHNV is heat, acid and
ether labile; readily inactivated by common disinfectants
and drying. The virus is not resistant to high temperatures
and is almost completely inactivated in 15 minutes at 45 °C,
and completely destroyed at 60 °C [34].

Susceptible host species. Fry is the most highly suscep-
tible age group. Fish become increasingly resistant to in-
fection with age until spawning, when they once again
become highly susceptible.

REVIEWS | FISH DISEASES 0B30PbI | BOJTE3HU Pblb

There is a high degree of variation in susceptibility to
infection with different IHNV strains; the same viral strain
can cause infection of different intensity in different fish
species.

A wide range of salmonids are susceptible to the
virus, including Arctic char (Salvelinus alpinus), Atlantic
salmon (Salmo salar), brook trout (Salvelinus fontinalis),
whitespotted char (Salvelinus leucomaenis), brown trout
(Salmo trutta), chinook salmon (Oncorhynchus tshawy-
tscha), chum salmon (Oncorhynchus keta), coho salmon
(Oncorhynchus kisutch), cutthroat trout (Oncorhynchus
clarkii), lake trout (Salvelinus namaycush), masu salmon
(Oncorhynchus masou), marbled trout (Salmo marmo-
ratus), rainbow trout (Oncorhynchus mykiss), mountain
whitefish (Prosopium williamsoni) and sockeye salmon
(Oncorhynchus nerka). The most susceptible to the di-
sease are rainbow trout, chinook salmon, sockeye salmon
and chum salmon. Sockeye salmon juveniles are highly
susceptible IHNV [1, 11, 35, 36].

It is believed that white sturgeon (Acipenser transmon-
tanus), European eel (Anguilla anguilla), tube-snout (Aulo-
rhynchus flavidus), Pacific herring (Clupea pallasii), Shiner
perch (Cymatogaster aggregate), turbot (Scophthalmus
maximus), burbot (Lota lota), Arctic grayling (Thymallus
arcticus), American yellow perch (Perca flavescens) and all
varieties and species of common carp (Cyprinus carpio) [2],
are also susceptible to the disease, but there is not enough
evidence to confirm this fact. Despite the fact that these
species are less susceptible to IHNV, they can serve as
a natural reservoir of infection [37, 38, 39].

Geographical distribution. IHNV was first detec-
ted in fish farms on the North American west coast in
the 1940s [9]. Historically, the geographical range of
this pathogen was limited to the western (Pacific) part
of North America in the territories of the USA and Canada,
where IHN is endemic among populations of wild salmo-
nids [7, 10, 34].

However, the disease was introduced to Europe and
Asia with exported infected fish and eggs in the late 1980s.
Currently, the disease is spread all over the world, includ-
ing Japan, South Korea, Chile, China, Taiwan, Turkey and
many European Union countries [14, 40, 41, 42, 43, 44].

No report available or no
outbreaks were reported
in the area for a disease
present in the country

No information
provided in report
for selected disease(s)

Absent in the country

- Present

Fig. 2. The IHN spread in the world in 2021-2023 (WOAH data) [46]
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Fig. 3. Salmon louse (Lepeophtheirus salmonis) on Atlantic salmon (photo made by the staff of the Reference Laboratory

for Aquaculture Diseases, FGBI "ARRIAH")

In Russia, the IHNV virus was isolated in the Krasnodar Krai
and the Republic of Karelia [45].

From 2021 to 2023 IHNV outbreaks were reported in Es-
tonia, Denmark, Finland, Germany, France and Italy (Fig. 2).

In 2023, IHN-induced deaths of fish were reported at
a river trout farm near Gori in Georgia. By July 12, 2023,
1.1 thousand fish died and 1.5 thousand fish were emer-
gently killed out of 40 thousand on the farm.

Transmission mechanism. The source of infection is
diseased fish, virus carriers and freshly dead fish. IHNV
enters the body through the gill, damaged skin, fins and
oral/gastrointestinal tract. The transmission of IHNV be-
tween fish is primarily horizontal and high levels of virus
are shed from infected juvenile fish. During spawning fish
become highly susceptible to the infection and may shed
large amounts of virus in sexual products. Cases of ver-
tical or egg-associated transmission have been recorded.
Although egg-associated transmission is significantly
reduced by the now common practice of surface disin-
fection of eggs with an iodophor solution [47]. The virus
is transmitted from fish to fish by direct contact, through
water, silt, and fish handling equipment. An oral route
of transmission is possible through cannibalism and feed-
ing on infected fish. Unauthorized movement of eggs
and fish from infected farms also contributes to the viral
spread [9, 48]. Once IHNV is introduced into a farmed stock,
the disease may become established among susceptible
species of wild fish in the watershed. The length that indi-
vidual fish are infected with IHNV varies with temperature.
Survivors of infection with IHNV demonstrate a strong
protective immunity with the synthesis of circulating an-
tibodies to the virus [49]. Reservoirs of IHNV are clinically
infected fish and covert carriers among cultured or wild
fish but a true, life-long IHNV carrier state appears to be
a rare event. Virus is shed via urine, sexual fluids and from
external mucus (more seldom with feces), through gills,
skin and fins [9, 37, 38, 50].

Vectors. Invertebrate vectors have been proposed
to play a role in IHNV transmission. Blood-sucking para-
sites (leeches, copepodes) as well as some piscivorous
birds are potential vectors for IHNV [50].

Study by E. Jakob et al. [51] showed that the salmon
louse (Lepeophtheirus salmonis) (Fig. 3) is capable of IHNV

transmitting under laboratory conditions. Although
salmon lice are often considered not to transfer between
hosts, such transfers have been observed under farmed
and laboratory conditions, particularly when the host fish
were kept at high densities [52]. Lice that were exposed
to IHNV in water or had parasitized experimentally infec-
ted Atlantic salmon were put in different tanks containing
naive Atlantic salmon. Mortalities of 70.6 and 66.6% re-
spectively were observed in the two tanks of fish respec-
tively in 7-9 days. IHNV was recovered from the majority
of exposed fish. The authors concluded that under the ex-
perimental conditions the lice are mechanical vectors [51].

IHNV was isolated from adult Mayflies (Callibaetis sp.)
collected from streams and an abandoned fish hatchery
on a number of occasions [53].

A wide range of farmed fish from freshwater and
the northern European marine environment, and to
a much lesser degree farmed marine Mediterranean fish,
are considered possible vectors of IHNV. Furthermore,
there is evidence for the potential of IHNV transmission
via invertebrates and piscivorous birds, and other animals
may play a role.

Cyprinidae and other freshwater fish, marine fish and
freshwater crustaceans are judged to be potential vectors
of IHNV [54].

Mortality and morbidity. Depending on the species
of fish, farming conditions, temperature, and, to some ex-
tent, the virus strain, outbreaks of infection with IHNV may
range from explosive to chronic. Losses in acute outbreaks
will exceed several per cent of the population per day and
cumulative mortality may reach 90-95% or more [50]. In
chronic cases, clinical signs are less pronounced, losses
are protracted and fish in various stages of disease can be
observed in the pond.

Larvae may die immediately after hatching and mor-
tality rate may be up to 80-90%. Adults are more resistant
and mortality rate among yearlings is most often 20-30%.
Infection with IHNV can produce mortality in water tem-
peratures from 3 to 18 °C. In Alaska, the disease can cause
up to 100% mortality in sockeye salmon at water tempera-
tures as low as 1-2 °C [55].

Disease factors. Older fish are typically more resistant
to clinical disease. But among individuals, there is a high
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Fig. 4. Rainbow trout fry. IHNV infected fish (left) shows
darker coloring [61]

degree of variation in susceptibility to infection with IHNV.
Good fish health condition seems to decrease susceptibi-
lity to overt infection with IHNV, while co-infections with
bacterial diseases (e.g. bacterial coldwater disease), han-
dling and other stressors can cause subclinical infections
to become overt.

The most important environmental factor affecting
the progress of infection with IHNV is water tempera-
ture. In natural conditions, the disease occurs at water
temperatures of 3 to 15 °C and morbidity decreases with
the water temperature increase. IHNV epizootics usually
occur during spring season (end of winter — beginning
of summer) and less often during autumn season (end
of summer and autumn), but if the temperature is suit-
able, the outbreaks can be observed at any time of the
year.The disease is most acute at 10-12 °C. Up to 80-100%
of juveniles may die [11].In 100-500 g fish, the disease, as
arule, proceeds in a chronic form and mortality rate does
not exceed 10-25%. The younger the fish is, the more it is
susceptible to the virus even at higher temperatures. This
is associated with the immature immunity in fry.

IHN outbreak may not occur even if the virus circulates
in the fish population. The disease in fish is provoked
by stressful conditions caused by handling and rearing
violations (transportation, sorting, temperature fluctua-
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Fig. 5. Cephalic bumps on sockeye salmon fry, characteristic
of IHN disease [55]

tions, low oxygen levels, sudden pH changes, metabolite
accumulation in water, etc.) [9, 56].

PATHOGENESIS

The incubation period in case of natural infection in
fingerlings at a water temperature of 10-15 °C is about
7-12 days [57].

Virus entry is thought to occur through the gills, skin,
fins and anterior gastrointestinal track. Harmache A. et al.
proved that that the fin bases are the major portal of en-
try for IHNV in 2006 [58]. IHNV exhibits a specific tissue
tropism for connective tissue while splenic and renal he-
matopoietic tissues are the first and most severely affec-
ted areas. These organs are the sites in which virus is most
abundant during the course of overt infection [34, 50].

Virus multiplication in endothelial cells of blood cap-
illaries, hematopoietic tissues, and cells of the kidney un-
derlies the clinical signs. Impairment of osmotic balance
makes plasma release from blood cells into the interstitial
space and body cavity, and occurs within a clinical con-
text of oedema and haemorrhage [59]. The disease can
progress to a lethal necrosis of the hematopoietic tissues
of the kidney and spleen, a generalized viraemia with as-
sociated necrosis in all tissues. Death is due to renal failure
caused by electrolyte imbalance [60].

Fig. 6. Haemorrhages on the swim bladder, intestine and fat tissue of IHNV infected fish [63]
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Fig. 7. Spleenomegaly in IHNV infected fish [63]
PATHOLOGY

The disease is characterized by sepsis, severe affection
of hematopoetic organs, hemorrhages in organs and tis-
sues.

First clinical signs of classical (acute) IHNV infection
in 0.2-8.0 g fry are: anorexia and depression, lethargy.
Other symptoms include darkening of the skin (Fig. 4),
laying on the bottom or hanging around the water sur-
face and swimming along the sides of the tank to avoid
the currents.

In acute disease there is a sudden increase in fish mor-
tality, but the fish may not show clinical signs and may die
without apparent cause [62]. During outbreaks, fish are
typically lethargic with bouts of frenzied, abnormal activity
(spiral swimming, whirling and flashing), dark coloration,
exophthalmia, pale gills, petechial hemorrhages around
the eyes and fins, less often on the abdomen and behind
the head, ascites (distended abdomen). Some affected
fish show trailing faecal casts (of grey color, sometimes
with blood). The larvae demonstrate multiple hemorrha-
ges in the yolk sac and characteristic cephalic bumps on
the head (Fig. 5). The fry exhibit hemorrhages at the base
of the fins and on the mucous membranes, as well as in
the yolk sac.

A post-mortem examination reveals the accumulation
of a watery, yellowish (sometimes bloody) fluid and there
may be petechial haemorrhages in the visceral mesente-
ries, adipose tissue, musculature, peritoneum, intestine
and swim-bladder (Fig. 6). Necrotic changes and hemor-
rhages are observed in the kidneys and liver. The spleen
is pale. The liver, kidneys and spleen are enlarged (Fig. 7).
Fish may have empty stomachs, intestines filled with yel-
lowish bloody mucus [59, 62].

In some fish over 8 g, usually at the final stage of the epi-
zootic, a nervous form of the disease develops, manifested
by behavior changes (periods of hyperactivity and depres-
sion). Usually there are no clinical signs, with the exception
of a darker coloration, in such fish. This IHN form is due
to damaged central nervous system, that’s why the virus
in such fish can only be detected in the brain. It is assumed
that the virus concentrates in the central nervous system,
where immune surveillance is less effective, replicates to
about 10° PFU/g and destroys brain tissue, resulting in spi-
nal deformities — scoliosis (Fig. 8) of 1-5% of survivors.

<%

The third form of IHN is epitheliotropic, or gill targeting,
is observed in older fish of about 50-100 g of weight. Large
fish can become infected with the IHNV, but the infection
does not become systemic due to the age of the fish or any
other factor. However, the agent replicates very effective-
ly in the epithelial cells of the fins, skin and gills and can
cause serious breathing problems due to anemia, often
hemorrhages in the gills (Fig. 9). Mortality is sporadic, but
due to the fact that larger fish are affected, losses (in the
total weight of the product) can be high. This ultimately re-
duces the economic efficiency of the fish farm (decreased
weight gain and increased feed conversion) [64, 65].

Diseased fish usually demonstrate some of the above
mentioned signs. Only a few affected fish can exhibit
all characteristic clinical signs and gross internal le-
sions during the epizootic. None of the signs described
are considered to be pathognomonic for the disease.
The blood of affected fry shows reduced haematocrit, leu-
kopenia, degeneration of leucocytes and thrombocytes,
and large amounts of cellular debris. As with other hae-
morrhagic viraemias of fish, blood chemistry is altered
in severe cases.

Histopathological findings reveal degenerative necro-
sis in hematopoietic tissues, kidney, spleen, liver, pancre-
as, and digestive tract. Necrosis of eosinophilic granular
cells in the intestinal wall is pathognomonic of IHNV in-
fection [50].

Fig. 8. Scoliosis in sockeye salmon smolts surviving
IHNV infection [55]
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Fig. 9. Anemia and hemorrhages in the gills of IHNV-infected fish [63]

DIAGNOSIS

A preliminary diagnosis should be based on the epi-
demiological data, clinical appearance of the disease
and post mortem findings. The final diagnosis should be
based on the results of the virological examination, includ-
ing isolation and serological identification of the virus, and,
if necessary, a bioassay [9, 13, 39, 62].

The optimal tissue material to be examined is spleen,
anterior kidney, and heart or encephalon. In some cases,
ovarian fluid and milt must be examined.

The “Gold Standard” for detection of IHNV is the isola-
tion of the virus in cell culture followed by its immunolog-
ical or molecular identification.

Various continuous fish cell lines are used to isolate the
virus: EPC, AS, BF-2, CHSE-214, FHM, ICO, RTH-149, RTG-2
and STE-137 [8, 9, 10, 11, 12, 13]. The cytopathic effect
in cell culture can be observed 48-72 hours post inocu-
lation (Fig. 10).

Serological identification of the IHNV is performed us-
ing enzyme-linked immunosorbent assay (ELISA), indirect
fluorescent antibody (IFA) test and neutralization test (NT).
The ELISA advantages are high diagnostic sensitivity and

-
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specificity, itis less laborious and time-consuming [2, 12, 13,
59, 67, 68, 69, 70, 71]. Molecular genetic diagnostic tests
are most rapid and sensitive among all IHNV detection
methods. These include reverse transcription polymerase
chainreaction (RT-PCR) and real-time RT-PCR using primers
targeting G and N genes to detect viral RNA [13, 72, 73,
74,75,76,77,78,791.

PREVENTION AND CONTROL MEASURES

Since there is no treatment against IHN to date and
there are no commercially available vaccines on the mar-
ket of the Russian Federation, the main strategy for the di-
sease control is to ensure biosafety and to culture geneti-
cally resistant fish.

The IHN prevention shall rely on the avoidance of
the disease introduction and spread in free farms, through
the implementation of strict control policies and sound
hygiene practices, compliance with fish farming standards
to exclude or minimize the risk of IHNV introduction into
fish farms [9, 37, 38, 39].

Eggs and fish seed materials shall be supplied from
farms free from infectious diseases, including infectious

Fig.10. Cytopathic effect (CPE) on CHSE-214 cell line 72 hours post-inoculation [66]
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hematopoetic necrosis. Optimal ecological and hygienic
conditions shall be established in fry rearing tanks. Feeds
shall contain only high-quality virus-free raw materials [37].

The seed material and eggs of a new batch shall be iso-
lated and kept in separate ponds or tanks. Disinfection
of eggs is a common practice to effectively mitigate
egg-associated transmission of IHNV in aquaculture prac-
tice. The method is widely practiced in areas where the vi-
rus is endemic [80, 81, 82, 83].

In case of IHN outbreak, the farm shall be recognized
disease-infected and subjected to quarantine restrictions
(according to the order of the Russian Federation Ministry
of Agriculture No. 173 of September 29, 2005 on approval
of the list of quarantinable and highly dangerous fish di-
seases). All diseased fish shall be destroyed. Fish tanks and
water supply channels shall be disinfected with chlorine or
lime. The handling tools shall be treated with formalin, and
the low-value tools shall be destroyed. If no IHN clinical
signs are observed in fish during the year, and the results
of virological examinations are negative, the quarantine
can be lifted [37, 62].

Another control strategy is the farming of virus-resis-
tant populations. Within endemic areas, the use of less sus-
ceptible species (chinook salmon, brook trout, cutthroat
trout, brown trout, etc.) has been used to reduce the im-
pact of infection with IHNV in aquaculture.

Experimental trials of triploid or inter-species hybrids
have shown promise and the genetic basis of resistance to
IHNV has been an active area of recent research [84, 85, 86].

Experimental vaccines to protect salmonids against
infection with IHNV have been the subject of research
for more than 50 years. Research on genetically engi-
neered (recombinant) vaccines against IHN is undertaken
in the USA, Germany and Canada [87, 88].

CONCLUSION

Infectious hematopoietic necrosis is a highly conta-
gious disease, classified by the WOAH as a dangerous and
economically significant notifiable diseases. This disease
can infect a wide range of salmonids and is characterized
by high mortality rates (up to 100%) and impaired fish
quality and commodity size.

The situation analysis demonstrates that IHNV is
the cause of frequent outbreaks in countries where aqua-
culture is practiced, inflicting significant economic losses.
The global epizootic situation remains complicated, espe-
cially in the countries bordering the Russian Federation.
Prevention is the only way to control the disease.
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Chelate compounds and their use for correction
of trace element deficiencies in livestock (review)

Andrey G. Koshchaev, Natalya E. Gorkovenko, Anastasia V. Kosykh, Darya V. Antipova
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ABSTRACT

Livestock and poultry diseases occurring due to mineral or vitamin deficiencies are widely reported and belong to the factors restraining the development of livestock
industry. Almost until the 90s of the last century, the conditions associated with trace element deficiency were prevented and treated using inorganic compounds.
In recent decades, scientists have synthesized chelate metal compounds using organic carriers, determining the high bioavailability of these compounds and
the efficiency that repeatedly exceeds the efficiency of inorganic compounds. Amino acids are preferably used as organic carriers. In addition to their main function,
i.e. replenishing the trace element deficiency, chelate compounds increase the enzymatic activity, the functional activity of the immune system, and are also able
to enhance the absorption of other trace elements, showing a synergistic effect. Due to the immunostimulatory activity resulting from increase in the content
of sialic acids, properdin, ceruloplasmin, gamma globulin protein fraction, the metal chelates (copper, cobalt, iodine) can be used asimmune response modulators.
Iron chelate compounds are used for therapy and prevention of iron deficiency anemias not only in veterinary, but also in human medicine. This paper is based on
data analysis of Scopus, CyberLeninka, PubMed, RSCl and other databases and systematizes scientific knowledge on the problem of designing and synthesizing
metal chelate compounds using organic carriers. The scientific rationale is given for the use of amino acids and organic acids as organic carriers of metal, vitamin
and other compounds. The mechanism of hiological action of chelate compounds and the pathogenesis of trace element deficiencies in animals are considered,
while the advantages of chelate compound use in microelementoses therapy and prevention are specified.
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XenatHble coeiUHEHNA 1 UX UCNONTb30BaHMe
INA KOpPeKLIN MUKPO3/IeMEHTO30B (e/IbCKOX03ANCTBEHHDIX
KMBOTHbIX (0630p NUTEpaTYpbI)

A.T. Kowaes, H. E. TopkoBeHKo, A. B. Kocbix, [l. B. AnTUnoBa
Orb0Y BO «KybaHckuii rocyaapcTenHblii arpapHblil yuusepcutet umenu W. T. Toybununa» (OFBOY BO Kybanckuit TAY), yn. um. Kanununa, 13, r. Kpactopap, 350044, Poccua

PE3IOME

bonesHu cenbckoxo3AiACTBEHHDIX XMBOTHBIX 11 NTULL, 06YCNOBNEHHbIE AeQULMTOM MUHEPANbHBIX KOMMOHEHTOB 11 BUTAMIHOB, PErUCTPUPYIOTCA NOBCEMECTHO
11 ABAAIOTCA OZHUM U3 GAKTOPOB, CAEPMKMBAIOLLMX Pa3BUTHE XKIUBOTHOBOAUECKOI 0TpaCu. MpodunakTika u neyeHne 6one3Heil, CBS3aHHbIX ¢ HeOCTaTKOM
MMKPO3/IeMEHTOB, NpaKTUYeckm 1o 90-X roZ0B NPOLLOro CTONETUA OCYLLECTBAANNCH C UCMONb30BaHIEM HeOpraHyecKkix coeIMHeHUIA. B nocneaHue fecatunetus
YUEHbIMIN CUHTE3MPOBAHbI XENIATHbIE COANHEHNA METANNOB C CMIONb30BAHNEM OPraHUYECKIX HOCUTENEN, UTO 06YCNOBANBAET UX BbICOKYH OMOAOCTYNHOCTD
13QPEKTUBHOCTD, MHOFOKPATHO MPEBOCXOAALLYI0 SOPEKTUBHOCT HEOpraHUYeckiX GopMm. B Kauecte opraHinueckux HocuTeneil npeAnouTUTENbHOE UCMONb30-
BaHVe NOMYYNIN AMUHOKMCNOTHI. XenlaTHble coelMHeHIA, KpOMe CBOEiA 0CHOBHOI QYHKLMI BOCMONHEHNA AeduLiuTa MUKPO3NIEMEHTOB, MOBBILLAIOT aKTUBHOCTb
(epMeHTOB, GYHKLIMOHANbHYI0 aKTUBHOCTb UIMMYHHOIA CACTEMDI, @ TAKXKe CMOCOBCTBYHOT YCBOGHINIO APYTUX MUKPO3NIEMEHTOB, NPOABNAA CUHEPTUYecKil 3PPeKT.
Bnaropaps UMMyHOCTUMYNUMpYOLLEil aKTUBHOCTY 3a CYET YBENMYEHUA COAEPXKAHNA CUaNIOBbIX KICIOT, NponepzaIHa, Liepynonna3muHa, ramma-riobynuHoBoii
dpaKuum 6enKos, xenatbl MeTannos (Meay, kobanbra, iloga) MOryT NPUMEHATLCA B KauecTBe MOAYNATOPOB UMMYHHOT0 OTBeTa. XenlaTHble coefIMHeHIA Xene3a
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UCNONb3YHOT ANA NeYeHns 1 NPOGUNAKTUKY Xene3oLeduUUTHBIX aHeMUii He TONIbKO B BeTEPUHAPHOIA, HO TaKXKe U B ryMaHHoii MefuLyHe. B cTaTbe Ha ocHose
aHanu3a nutepatypbl u3 6a3 ZaHHbix Scopus, CyberLeninka, PubMed, PUHLL u apyrix cucTemat3mpoBaHbl HayuHble 3HaHWA No npobaeme KOHCTpynpoBaHuA
11 CMHTE3a XeNaTHbIX CORANHEHMIl METanmoB C UCMONb30BaHUEM OpraHnyeckux Hocuteneil. [laHo HayuHoe 060CHOBaHYe UCMOb30BaHNA AMUHOKICIOT U Op-
TaHUYeCKNX KNCIOT B KauecTBe OpraHnyeckix HocuTeneil coenHeHIii MeTanoB, BUTAMUHOB 1 APYruX coefMHeHWi. PaccMoTpeH MexaHu3m buonornyeckoro
LeiicTBUA XeNnaTHbIX COeAMHEHMIT Ha NaToreHe3 MIUKPO3IEMEHTO30B JMBOTHBIX, @ TAKXKe OMMCaHbl NPeMMYLLECTBA NPUMEHEHNS XeNlaTHbIX COEAMHEHNIA ANA UX
Tepanuy 1 npodunakTuK.

KnioueBble cnoBa: 0630p, XenarHble COeJMHEHNSA, OpraHnyeckne HoCUTeNu, 6buronoruueckoe aeiicTeue, )Keﬂe30,[l,€¢l/IU,I/ITHaﬂ AHeMUA, naToreHes, HpO(I)I/IﬂaKTVlKa,
JieyeHune

bnaropapHocTu: Pabota BbinonHeHa B pamkax Tembl HIOKP OTB0Y BO Kybackuii TAY Ha 2021-2025 rr. «Pa3paboTka buotexHonorvii npou3BoacTBa 1 nepe-
paboTKIn CeNbCKOX03AICTBEHHOTO CbIPbA ANA NONYYEHUA KOHKYPEHTOCTIOCOOHbIX NPOAYKTOB NUTaHIA, KOPMOB U 61onpenapatos» (perncTpaLmuoHHblii Homep
121032300087-9).
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INTRODUCTION

Prior to the development of chelated drug forms, inor-
ganic mineral compounds were used as supplements in
animal husbandry and veterinary practice. Inorganic forms
of such metals as copper, iron, zinc, manganese, cobalt, etc.
were used for treatment and prevention of poultry and
animal diseases for many years. All of them had high toxi-
city and caused multiple adverse effects [1, 2, 3, 4.

The selection of organic carriers and the study
of the toxicological characteristics of new chelated drugs
open up new opportunities not only for the development
of high and waste-free cultivation technology, but also,
very importantly, for obtaining high-quality and safe
products [5, 6].

According to numerous scientific papers, amino acids
and organic acids have proved to be the best organic
carriers. During chelation mineral compounds and vita-
mins are easily integrated into the organic carrier mol-
ecule and are practically freely delivered to the body
for metabolic processes [7, 8]. Amino acids used as
the organic carrier have a number of advantages over
other carriers, in particular those having a sulfate form.
Such forms of organic compounds are almost complete-
ly involved in the metabolic process and participate in
the biochemical reactions of synthesis of new organic
substrates and energy in the body of animals and birds.
This entails an increase in productivity, preservation,
better absorption of feed nutrients and an increase
in immune status [9]. These organic complexes have
a number of advantages over non-organic forms. One
of the advantages is low toxicity for livestock and poultry,
as well as decreased dosages with the same biological
effect [10, 11]. Besides, the use of chelated drug forms
in many aspects solves the environmental problem,
which is highly acute for ecologists in regions with de-
veloped animal husbandry [12].

A very important point is that the chelate complex is
not hydrolyzed by enzymes of the digestive tract until it is
absorbed in the small intestine and exposed to substances
that can slow down their metabolism. Almost all metals,
with the exception of silver (I) and copper () compounds,
are suitable for the chelation process. Livestock and poul-
try are most sensitive to mineral compounds such as iron,
zinc, copper, cobalt and manganese. These minerals have
specific activity [13, 14, 15]. Chelated mineral compounds
are better absorbed, have a positive effect on the growth
and development of food-producing animals and poultry,
which ultimately affects the quality indicators of the pro-
ducts obtained [16, 17, 18].

The purpose of this paper was to generalize and sys-
tematize scientific knowledge on the problem of con-
structing and synthesizing chelated metal compounds
using organic carriers based on literature analysis. The
Scopus, CyberLeninka, PubMed, RSCl and other databases
were used to conduct scientific research.

The most important stage in the development of che-
lated drug forms is the selection of organic carrier. The
amino acid glycine is used as a source of organic carriers.
This amino acid is a derivative of acetic acid and a repre-
sentative of fatty acids. Its biological function is produc-
ing a calming effect on the processes of arousal in diffe-
rent parts of the central nervous system. It has a nootropic
effect. A dipeptide consisting of two glycine molecules
is included in the composition of drugs with hemostatic
properties. The amino acid glycine is proteinogenic, op-
tically inactive. It occurs in a free state in animals and
plants. This acid is found in the compounds such as glu-
tathione, neuropeptides and antibiotics. This amino acid,
which is also part of the bacterial cell wall, was isolated
from gelatin in the early 19*" century. Glycine is the start-
ing compound for the biosynthesis of interchangeable
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amino acids, this amino acid is the “supplier” of the amino
group in the synthesis of the hemoglobin chromoprotein.
Being a part of the polypeptide chain, it participates in
the formation of the primary structure of all proteins. It
has been proven that glycine participates in the biosyn-
thesis of protoporphyrin — a compound that is a precur-
sor of the pigment chlorophyll and heme. Glycine can
be attributed to neurotransmitters, since all the proces-
ses that it regulates are reduced to metabolic and re-
ceptor actions. The receptors that contain glycine are
located in the parts of the spinal cord and brain. Glycine,
acting on receptors, reduces the release of glutamic and
gamma-aminobutyric acids from them. As a result of
the increased release of glutamate, glycine, along with
glutamic acid, protects the body from overexcitation pro-
cesses. Glycine can exhibit an inhibitory effect both with
gamma-aminobutyric acid receptors and with its own
receptors. Glycine is used as organic carrier in modern
pharmacology for development of chelated compounds
with alkaline and alkaline earth metals such as lithium,
calcium, and magnesium [7, 11].

The research literature contains data on the effect
of chelated compounds of amino acids with lithium
on growth and development of livestock. As a result
of stress, this composition normalizes the work of the hy-
pothalamic-pituitary system, weakening the influence of
stress factors on the body. Chelated lithium compounds
were subjected to comparative studies. Lithium glycinate
and lithium carbonate prevent anemia, have a positive
effect on the body growth and development, but lithium
glycinate demonstrates a stronger effect in commercial
raising of livestock and poultry under stressful situa-
tions [8, 19].

Amino acid compounds with magnesium and calcium
salts exhibit a high biological effect, and are available as
independent medicinal products in the pharmacological
industry. Magnesium glycinate promotes better adsorp-
tion of magnesium in the intestine, making it more acces-
sible for participation in biological oxidation processes in
order to generate energy with adenosine triphosphate,
strengthen bone tissue, and relieve tension in muscle
tone [8, 91.

L-hydroxyproline was isolated at the beginning of the
last century. Currently, this compound is derived from col-
lagen and other proteins as a result of hydrolysis. During
the hydroxylation of proline, the interchangeable ami-
no acid oxyproline is synthesized, being involved in the
metabolic process, two very important biologically ac-
tive compounds are formed from it: pyrrole-2-carboxylic
and glutamic acids [20]. The amino acid hydroxyproline,
in addition to participating in the formation of proteins, is
involved in the synthesis of elastin and collagen. The com-
position of the collagen molecule includes the amino acids
hydroxyproline, glycine, and proline. The collagen protein
molecule itself has the shape of a three-dimensional spiral.
Drugs with anti-inflammatory and antipyretic effects have
been developed on the basis of L-proline, 4-hydroxypro-
line compounds, as well as salts thereof; 4-hydroxyproline
is used as the main substrate in the synthesis of drugs
with antifungal action. At the cellular level, this com-
pound restores damaged cellular structures by affecting
the collagen synthesis, which has found its application
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in cosmetology. Chelated compounds of 4-hydroxypro-
line with various salts of lithium, calcium, and magnesium
are described in the literature, but their physico-chemical
properties and synthesis are not presented. The produc-
tion of 4-hydroxyproline salts with elements such as lithi-
um, sodium, and magnesium is based on neutralization
reaction [2, 21].

Chelated compounds have a wide range of biologi-
cal effects, ranging from increasing the activity of many
important enzymes, as well as ensuring the processes
of body protection from adverse external factors [22].
Some compounds, such as copper and zinc, improve the
absorption of cobalt, providing the so-called synergistic
effect. Excessive protein and iron content slow down the
process of its absorption in the gastrointestinal tract [23].

Numerous scientific studies have addressed the role
of mineral compounds in humans and animals, daily norms
as well as the main sources of intake have been deter-
mined. Biogeochemical provinces with a certain content
of macro- and microelements in soil and plants, as well as
their effect on the physiological state of animals contained
in these zones, have been established [24, 25, 26]. Since
the middle of the last century, scientists of the Kazan State
Academy of Veterinary Medicine named after N. E. Bauman
have been conducting scientific work on the study of che-
lated forms of mineral compounds [5, 8, 11]. The main me-
tal complexes were synthesized on the basis of copper and
organic compounds such as lactocasein and lactoalbumin,
and copper chelates with destructive proteins were ob-
tained, which were isolated from animal tissues and or-
gans[11,27,28].

The positive effect of organometallic compounds on
the synthesis of keratin protein and serum proteins has
been proven. Metallochelates have a pronounced effect
on the production of antibodies in various types of vac-
cination. Injectable forms of chelates of copper, cobalt,
iodine are able to stimulate the protective functions of
the body by increasing the content of sialic acids, proper-
din, cerruloplasmin, gamma globulin fraction of proteins.
These data have been confirmed in both laboratory ani-
mals and experimental livestock populations [2].

Iron deficiency is the most studied form of micronutri-
ent deficiency. Iron deficiency anemia in animals occurs
due to lack of iron being a constituent of the chromo-
protein hemoglobin, which provides oxygen transpor-
tation [29]. Iron is necessary for the implementation of
all vital functions of the body, ensuring its growth, and,
accordingly, the volume of circulating blood. Piglets have
intensive metabolic processes, so they are sensitive to iron
deficiency. Piglets receive iron with maternal milk on the
first day of life, with feed, as well as endogenously during
the breakdown of red blood cells. The composition of
sow milk contains enough biologically active compounds
involved in the synthesis of new compounds, adenosine
triphosphate, but little iron. Due to the breakdown of red
blood cells, maximum one percent of iron enters the blood-
stream daily. It is absorbed from the plasma by cells of the
reticular-endothelial system [30, 31]. This system does not
function well in young animals, the process of iron depo-
sition is disrupted, therefore, its deficiency occurs in the
body. The disease is aggravated by the fact that piglets are
born with low iron reserves of no more than 50 mg. In this
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regard, if there is no external supply of this trace element,
the iron deficiency is detected within a week after birth,
and anemia is recorded a month later [32]. The severity of
the disease is aggravated by the lack of intake of mineral
compounds and vitamins into the body.

Considering the pathogenesis of iron deficiency ane-
mia, it is possible to state a decrease in the amount of he-
moglobin, as well as a decrease in the activity of iron-con-
taining enzymes, especially cytochromes involved in
the biological oxidation chain. Iron, which is part of he-
moglobin, forms a complex consisting of iron and oxygen,
which is actively involved in metabolic processes. With
its deficiency, the phenomenon of hypoxia is observed,
which negatively affects the work of all organs.

Compensatory mechanisms develop in conditions
of hypoxia, that can lead to organ hypertrophy [33]. In
the first days of life, iron deficiency is observed in young
animals of almost all animal species, but in calves, foals
and lambs this condition is temporary and does not turn
into a chronic form. Piglets are more susceptible to this
pathology, the most intense clinical symptoms appear one
and a half months after birth. The degree of pathologi-
cal changes occurring in the body will largely depend on
the etiological factor, local organotropic effects, the de-
gree of toxic effects on the body, as well as the body’s re-
sistance [34].

The manifestation of this disease is characterized by
a lag in growth, a decrease in the natural resistance of
young farm animals, in particular, piglets are sensitive
to iron deficiency. The clinical symptom of iron deficien-
cy anemia is the pale coloration of the visible mucous
membranes which subsequently turn yellow. The ani-
mals are lethargic, stunted in their growth, the bristles
stick up, the skin looks wrinkled. Appetite is either ab-
sent or perverted. Digestive disorders are also noted,
constipation alternates with diarrhea. Blood tests show
a decrease in hemoglobin levels from 10 to 3.5 g/%. The
content of erythrocytes remains normal, but their quali-
tative composition changes, erythroblasts are detected
in blood [32, 35].

To make a diagnosis, the amount of iron and hemo-
globin in blood and parenchymal organs is determined.
A specific marker of anemia is the color index of blood. At
the same time, the feeding diet is analysed. Anemia oc-
curring in the setting of infectious and invasive diseases
is excluded by means of differential diagnosis [35].

Pharmacotherapeutic intervention in iron deficien-
cy anemia should be aimed at normalizing all links of
the pathological process and eliminating all symptoms
of the disease [36]. Iron dextran drug products contain-
ing carbohydrate-binding colloid iron (lll) are of great
scientific importance in the treatment and prevention
of iron deficiency anemia. These medicinal products are
produced in almost all countries of the world. The main
difference between all manufactured preparations is that
the carbohydrates included therein form different chem-
ical compounds, and the iron content ranges from 50 to
200 mg/mL [37, 38]. The advantage of iron dextrans over
drug products containing iron salts is that even one 3 mL
dose injected to the animal has a therapeutic effect and
prevents the development of iron deficiency anemia. With
a significant increase of the dose, the amount of iron in

blood may increase leading to the development of hemo-
siderosis [39, 40].

The opinions of scientists regarding dosages for paren-
teral administration vary. There are developments on com-
bined antianemic drugs. They include copper chloride, so-
dium and cobalt salts, and vitamins B which are of great
importance. The drugs may also contain raw materials of
plant and animal origin, amino acids and biologically ac-
tive compounds. The compatibility of mineral and vitamin
supplements in premixes and compound feeds ensures
their bioavailability [41, 42].

CONCLUSION

To date, a fairly large number of study results have
been obtained on the development of chelated metal
compounds and the rationale of their use for the treat-
ment and prevention of various pathologies of livestock
and humans. Currently, amino acids such as glycine, hy-
droxyproline and others are mainly used for the synthesis
of chelated compounds as organic carriers for alkaline
and alkaline earth metals (lithium, calcium, magnesium).
The effective action of chelated metal compounds is based
on metabolic and receptor reactions. The action of che-
lates depends on a number of factors. Firstly, it depends
on which metal ion is included in the composition of
the compound, and secondly, on the organic carrier used.
Different variants of chelate compositions are used both
for the prevention and therapy of pathologies associated
with iron, cobalt and other macro- and microelement de-
ficiencies in livestock and poultry: for instance, in case of
iron deficiency anemia, lack of cobalt. One of the advan-
tages of chelated compounds is their high bioavailability
due to the presence of organic carrier. This predetermined
their use as preventive and therapeutic drugs that signifi-
cantly surpass their non-organic counterparts. In addition,
the advantage of chelates is the absence of an accumu-
lation effect in animal tissues and organs, which makes
it possible to obtain safe livestock products of high quali-
ty. Thus, the development and reasonable administration
of new chelated compounds is promising as they can be
used to solve a wide range of problems in veterinary me-
dicine.
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Monitoring of helminth fauna of transhumant cattle |
in the North Caucasus
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ABSTRACT

The helminth fauna of cattle in the Russian Federation is represented, on average, by 80 parasite species, including 10 trematode species, 13 cestode species
and 57 nematode species. In Kabardino-Balkaria and Dagestan, up to 65—100% of cattle population are Strongylata and Anoplocephalata infected, up to 87% are
Dicrocoelium infected, up to 40% are Fasciola infected, and up to 23% are Echinococcus infected. Continuous helminth fauna monitoring tests and studies of the
epizootic patterns of helminth infections in transhumant livestock in the North Caucasus are an urgent task. Parasitological examinations were carried out on the
farms of the Kabardino-Balkarian Republic that practise vertical transhumance at different altitudes in 2018—2022. The animals of various ages were observed on
a year-round basis. The examinations covered transhumant cattle in the subalpine and alpine-subnival subzones of the mountain zone of the Republic, 100 an-
imals per subzone. In the subalpine subzone of the mountain zone of Kabardino-Balkaria, 25 helminth species were detected in the transhumant cattle in the
summer and autumn periods, and 7—11 helminth species were detected in the winter and spring periods. The following species prevailed: Dicrocoelium lanceatum,
Paramphistomum cervi, Trichostrongylus axei, Trichostrongylus colubriformis, Oesophagostomum radiatum, Bunostomum trigonocephalum, Nematodirus helvetianus,
Nematodirus spathiger, Ostertagia ostertagi, Teladorsagia circumcincta, Ostertagiella occidentalis, Haemonchus placei. In the alpine-subnival subzone of the mountain
zone of the Republic, 16 helminth species were detected in the transhumant cattle in the summer and autumn periods, and 3—7 helminth species were detected in
the winter and spring periods. The following species were found to prevail in this subzone: Trichostrongylus colubriformis, Bunostomum trigonocephalum, Dicrocoelium
lanceatum, Nematodirus helvetianus, Ostertagia ostertagi, Teladorsagia circumcincta, Haemonchus placei, Oesophagostomum radiatum.
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MOHUTOPUHT renbMUHTOGAYHbI KPYMHOMO POraToro CkoTa

NPy OTFOHHO-NACTOULLHON CUCTEME BeJieHNs XKNBOTHOBOACTBA

B ycnoBusAx (eBepHoro KaBkasa

C. L. Kabapames', 3.T. Mycaes', K. A. Kapnywenko’, b. Ii. llanues?

' MpuKacnuiickuit 30HanbHbII HayYHo-CCNIeA0BATENbCKNIA BeTePUHAPHBII MHCTUTYT — Gunnan OTBHY «DeaepanbHbiii arpapHblit HayuHbIi LeHTp Pecnybnukn Jlarectan»

(Mpukacnuitckuit 3oHanbHblit HUBW — dunuan OFBHY «OAHL| P0»), yn. [laxazaesa, 88, r. Maxaukana, 367000, Pecnybnuka [larectan, Poccus

20rb0Y BO «[larectaHcKuii rocynapcTBeHHbI MeAMUMHCKMI YHUBepcuTeT» MuHMCTepCTBa 3apaBooxpaHeHus Poccuiickoii Oegepauwn (Or60Y BO ITMY Mun3apasa Poccum),

nn. Jlennna, 1, . Maxaukana, 367000, Pecny6nuka farectaH, Poccua

PE3IOME

B Poccuiickoil Oepepaunm renbmuHTodayHa KpynHoro poratoro ckoTta npefcTaneHa B cpesHem 80 Bugamu napasutos, cpeu Hix 10 BugoB Tpemartog, 13 — uec-
T04 1 57 — Hemarog. B KabapanHo-bankapum u [larectane fo 65—100% noronoBbA KpYNHOTO poratoro CKOTa 3apa<eHo CTPOHrAATaMM 1 aHonAoLedanatamu,
10 87% — nmkpouenuamu, 2o 40% — dacumonamu, 20 23% — 3XuHOKOKKamu. [IpoBeieHIe NOCTOAHHBIX MOHUTOPUHTOBbIX UCCNIEA0BAHNIA FeNbMUHTOdAYHDI
11 M3y4eHue GopMUPOBAHINA IMU300TUYECKOTO NPOLIECCa MPY OTFOHHOI CCTEMe BEAeHIA KMBOTHOBO/CTBA Ha (eBepHOM KaBKa3e ABNAETCA aKTyanbHON 3afaueil.
[lapasutonoruyeckue uccnesoBanua BbinonHAnM B 2018—2022 rr. B xo3aiicteax KabapanHo-bankapckoil Pecnybnuki, npakTukytowLnx oTroHHo-nacTouwyHoe
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Dicrocoelium lanceatum, Nematodirus helvetianus, Ostertagia ostertagi, Teladorsagia circumcincta, Haemonchus placei, Oesophagostomum radiatum.
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INTRODUCTION

The North Caucasus is one of the main livestock farm-
ing regions of Russia, which is characterized by well-deve-
loped sheep farming, dairy and beef cattle farming. Global
changes that have taken place in these territories, large
numbers of ruminants concentrated within small areas
and transhumance create conditions for invasion occur-
rence [1, 2, 3,4].

Data on the biology, ecology of agents and the epizoo-
tiology of helminthoses in cattle are required to address
a variety of theoretical and practical tasks: the detection
of infection risk factors in the environment; the assessment
of effectiveness of diagnostic, therapeutic, preventive,
anti-epizootic measures; the improvement of epizootio-
logical surveillance and strategies aimed at the prevention
of parasitic animal diseases [5, 6, 7, 8.

It is known that the development of the epizootic pro-
cess of many diseases, including helminthoses, is influ-
enced by physical and climatic, as well as economic and eco-
logical factors existing in the regions [9, 10, 11, 12, 13, 14].

Transhumance has a significant impact on animal hel-
minthosis situation [15, 16].

Cattle in the Russian Federation is infected, on ave-
rage, with 80 helminth species, including 10 trematode
species, 13 cestode species and 57 nematode spe-
cies[17,18, 19, 201.

In Kabardino-Balkaria and Dagestan, up to 65-100% of
cattle population are Strongylata and Anoplocephalata in-
fected, up to 87% are Dicrocoelium infected, up to 40% are
Fasciola infected, and up to 23% are Echinococcus infec-
ted [21].

In the Chechen Republic, cattle parasites are represen-
ted by 57 species (6 trematode species, 7 cestode species,
44 nematode species) [6, 22, 23, 24].

The specific features of parasite spread depending
on the altitudinal zone (subzone), infection occurrence
indicators, the epizootic patterns of helminth infections
in cattle in the region are under-studied. Therefore, the ef-
fectiveness of helminthosis control in animals will depend
on making use of knowledge of the agent species compo-
sition, epizootiology, seasonal and age-related dynamics,
while taking into account the altitudinal zones (subzones)
of the region [25].

The aim of the study is the monitoring of helminth
fauna and the investigation of the epizootic patterns
of helminth infections in transhumant cattle in the North
Caucasus.

MATERIALS AND METHODS

Monitoring tests were carried out on the farms of
the Republic of Kabardino-Balkaria that practise verti-
cal transhumance at different altitudes in 2018-2022.
Laboratory tests were conducted in accordance with
GOST R 54627-2011 “Agricultural ruminant animals. Me-
thods of laboratory helminthology diagnostics”’. Animal
necropsies were performed using K. I. Skryabin’s method
of complete helminthological necropsy (1928) at the Lab-
oratory for the Study of Invasive Diseases of Farm Animals
and Birds of the Caspian Zonal Research Veterinary Insti-
tute and at the Chair of Veterinary Medicine of the Ka-
bardino-Balkarian State Agricultural University named
after V. M. Kokov.

The animals of various ages were observed on a year-
round basis. The examinations covered transhumant
cattle in the subalpine and alpine-subnival subzones of
the mountain zone, 100 animals per subzone.

' https://docs.cntd.ru/document/1200094391
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The differentiation of invasion in the animals, including
species confirmation, was carried out using the Identifica-
tion guide to cattle helminths [26].

The data obtained were statistically processed with
the Biometrics software (Centre for Biometric Technolo-
gies, Russia).

RESULTS AND DISCUSSION

The tests performed revealed that the helminth fau-
na of transhumant cattle in the subalpine subzone of
the mountain zone of the Republic of Kabardino-Balkaria
is represented by 25 species in the summer and autumn
periods and by 7-11 species in the winter and spring pe-
riods (Table 1).

The trematode and cestode species composition in
the cattle in this altitudinal subzone includes: Dicrocoelium
lanceatum, Fasciola hepatica, Paramphistomum cervi, Echi-
nococcus granulosus, Taenia hydatigena (larvae), Moniezia
expansa, Moniezia benedeni. Depending on the parasite
species, invasion extensity in the animals ranged from 13.0

Table 1

to 57.0%, and invasion intensity ranged from (2.4 + 0.3)
to (142.6 £ 11.4) parasites/animal.

The tests revealed the presence of the following
intestinal and lung nematodes (without intermediate
hosts) at different life cycle stages in the cattle: Oster-
tagia ostertagi, Teladorsagia circumcincta, Ostertagiella
occidentalis, Trichostrongylus axei, Trichostrongylus col-
ubriformis, Trichostrongylus vitrinus, Oesophagostomum
radiatum, Oesophagostomum venulosum, Protosrongylus
hobmaeri, Bunostomum trigonocephalum, Bunostomum
phlebotomum, Haemonchus placei, Cooperia punctata,
Nematodirus filicollis, Nematodirus helvetianus, Nema-
todirus oiratianus, Nematodirus spathiger, Dictyocaulus
viviparous. Depending on the parasite species, signi-
ficant differences in invasion extensity, which ranged
from 12.0 to 88.0%, and invasion intensity, which ranged
from (15.8 + 2.3) to (254.0 + 24.3) parasites/animal, were
detected.

The helminth fauna of transhumant cattle in the al-
pine-subnival subzone of the mountain zone is represented

Helminth fauna of transhumant cattle in the subalpine subzone of the mountain zone
(based on the findings from helminthological dissections of organs and tissues)

Species

Number of infected animals

(attle (n=100)

Mean Il, parasites/animal

1 D. lanceatum (Stiles et Hassall, 1896) 57 57.0 1426+ 114
2 F. hepatica (Linnaeus, 1758) 18 18.0 16.8 £ 2.1
3 P, cervi (Zeder, 1790) 43 43.0 104.0£9.7
4 E. granulosus (Batsch, 1786) 22 22.0 20.2+3.0
5 T. hydatigena, larvae (Pallas, 1766) 13 13.0 9.4+1.0
6 M. expansa (Rudolphi, 1810) 20 20.0 33+05
7 M. benedeni (Moniez, 1879) 19 19.0 24+03
8 T. axei (Cobbold, 1879) 88 88.0 243.6+225
9 T. colubriformis (Giles, 1892) Al 71.0 187.8+19.3
10 T. vitrinus (Looss, 1905) 32 320 1047 £11.8
1 QOes. radiatum (Rudolphi, 1803) 48 48.0 109.2+12.6
12 Qes. venulosum (Rudolphi, 1809) 35 35.0 73.4+83
13 B. trigonocephalum (Rudolphi, 1808) 62 62.0 81.2+75
14 B. phlebotomum (Railliet, 1900) 36 36.0 60.4+6.7
15 N. helvetianus (May, 1920) 69 69.0 159.3+17.5
16 N. spathiger (Railliet, 1896) 55 55.0 1334+ 142
17 N. oiratianus (Rajevskaja, 1929) 38 38.0 97.3+£10.5
18 N. filicollis (Rudolphi, 1802) 25 25.0 66.5+8.8
19 0. ostertagi (Stiles, 1892) 80 80.0 254.0+243
20 T. circumcincta (Stadelman, 1894) 69 69.0 198.6 +20.9
21 0. occidentalis (Ransom, 1907) 53 53.0 111.0+13.6
22 P hobmaeri (Schulz, Orlow & Kutass, 1933) 12 12.0 21.7£3.1
23 H. placei (Place, 1893) 59 59.0 920+83
24 (. punctata (Linstow, 1907) 23 230 41.4+39
25 D. viviparus (Bloch, 1782) 18 18.0 15.8+23

IE —invasion extensity, Il — invasion intensity.
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Table 2

Helminth fauna of transhumant cattle in the alpine-subnival subzone of the mountain zone (based on the findings from helminthological

dissections of organs and tissues)

Species

Number of infected animals

Il range, parasites/animal

1 D. lanceatum (Stiles et Hassall, 1896) 49 49.0 17-113
2 E. granulosus (Batsch, 1786, Rudolphi, 1801) 14 14.0 3-17
3 T. hydatigena, larvae (Pallas, 1766) 6 6.0 2-10
4 M. benedeni (Moniez, 1879) 1 11.0 2-6
5 T. colubriformis (Giles, 1892) 57 57.0 30-144
6 Oes. radiatum (Rudolphi, 1803) 36 36.0 21-115
7 Qes. venulosum (Rudolphi, 1809) 27 27.0 24-90
8 B. trigonocephalum (Rudolphi, 1808) 53 53.0 21-119
9 B. phlebotomum (Railliet, 1900) 32 320 30-80
10 | N. helvetianus (May, 1920) 48 48.0 35-141
11 | N.spathiger (Railliet, 1896) 34 34.0 14-66
12 | 0. ostertagi (Stiles, 1892) 46 46.0 33-150
13 | T.circumcincta (Stadelman, 1894) 45 45.0 20-190
14 H. placei (Place, 1893) 40 40.0 19-121
15 | D.viviparus (Bloch, 1782) N 11.0 4-16
16 | P hobmaeri (Schulz, Orlow & Kutass, 1933) 12 12.0 3-11

|E— invasion extensity, Il — invasion intensity.

by 16 species (Table 2) in the summer and autumn periods
and by 3-7 species in the winter and spring periods.

In the alpine-subnival subzone of the mountain zone,
invasion extensity and invasion intensity in the cattle
ranged from 6.0 to 57.0% and from 2 to 190 parasites/
animal, respectively. The following species were found
to prevail in this subzone: Trichostrongylus colubriformis,
Bunostomum trigonocephalum, Dicrocoelium lanceatum,
Nematodirus helvetianus, Ostertagia ostertagi, Teladorsa-
gia circumcincta, Haemonchus placei, Oesophagostomum
radiatum.

CONCLUSION

Twenty-five helminth species were detected in the cattle
in the subalpine subzone of the mountain zone of Kabar-
dino-Balkaria. The helminth species composition was cha-
racterized by seasonal variations. Depending on the species,
trematode and cestode invasion extensity in the animals
ranged from 13.0 to 57.0%, and invasion intensity ranged
from (2.4 £0.3) to (142.6 + 11.4) parasites/animal. Significant
differences in the extensity of invasion with intestinal and
lung nematodes (18 species) with direct life cycle (with-
out intermediate hosts), which ranged from 12.0 to 88.0%,
and the intensity of invasion, which ranged from (15.8 £ 2.3)
to (254.0 + 24.3) parasites/animal, were detected in
the transhumant cattle in this altitudinal subzone.

The helminth fauna of transhumant cattle in the al-
pine-subnival subzone of the mountain zone is represen-
ted by 16 species with a similarity coefficient of 1. Invasion
extensity and invasion intensity in the cattle ranged from
6.0 to 57.0% and from 2 to 190 parasites/animal, respec-
tively. The following species prevailed: Trichostrongylus

colubriformis, Bunostomum trigonocephalum, Dicrocoelium
lanceatum, Nematodirus helvetianus, Ostertagia ostertagi,
Teladorsagia circumcincta, Haemonchus placei, Oesopha-
gostomum radiatum.

Thus, the current cattle helminthosis situation in the
region requires regular monitoring, as well as the improve-
ment of measures aimed at parasitic disease control.
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Enzyme-linked immunosorbent assay
for post-slaughter diagnosis of bovine leukosis

Arkif R. Mustafayev, Magomed 0. Baratov

Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, 88 Dakhadaeva str., Makhachkala 367000, Republic of Dagestan, Russia

ABSTRACT

Postmortem diagnosis of enzootic bovine leukosis is made on the basis of the results of tests of biological materials from emergently slaughtered or fallen animals
using pathomorphological, histological and molecular genetic methods that have some disadvantages. Results of post-slaughter diagnostic tests for bovine leukosis
with enzyme-linked immunosorbent assay are described in the paper. For this purpose, 83 swabs were collected from different carcass parts including 71 swabs
from carcasses of the animals that were not pre-slaughter tested and 12 samples from the carcasses of the animals that were pre-slaughter tested with immuno-
diffusion assay and found bovine leukemia virus-seronegative (control samples). Sterile scalpels, cotton wool, 5 mL tubes with caps were used for swab collection.
The samples were taken from incisions in carcasses and internal organs of slaughtered animals with sterile cotton-wool swabs and placed in single-use tubes.
Distilled water (or isotonic solution — 0.85% NaCl) was added to the tubes with samples, 0.1 to 0.2 mL per tube depending on the sample size, and the tubes were
|eft at room temperature (22—26 °C) for 1.5—2.0 hours and regularly shaken. Resulting homogeneous substrate was used for enzyme-linked immunosorbent assay
carried out in accordance with the instructions for the test-kit for detection of antibodies against bovine leukemia virus. Specific antibodies to bovine leukemia virus
gp51 antigen were detected in 6 (8.5%) out of 71 swabs subjected to the laboratory tests. Therewith, the antibodies were detected only in 3 swabs (4.2%) when
the swabs were tested with immunodiffusion assay. All 12 control samples from animals that were pre-slaughter tested and found seronegative were negative
when tested with enzyme-linked immunosorbent assay. Therefore, the above-said serological method can be used for post-slaughter diagnosis of bovine leukosis
together with conventional methods.

Keywords: enzootic bovine leukosis, post-slaughter diagnosis, enzyme-linked immunosorbent assay (ELISA), swabs from carcasses and internal organs, specific
antibodies, gp51 antigen of bovine leukemia virus
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[lpumeHeHne MMYHO(QEPMEHTHOTO aHanm3a
B N0C/eY00itHOI ANArHOCTUKe Neilko3a
KPYMHOro poratoro CkoTa

A. P. Mycradaes, M. 0. baparos

[TpuKacnuiickuii 30HaNbHbII HayYHO-NCCNEROBATENbCKINI BeTepUHAPHDIA MHCTUTYT — duanan OTBHY «DepsepanbHbiii arpapHblil HayuHblil LeHTp Pecny6nuky [larectan»

(Mpukacnuitckuit 3oHanbHblit HUBW — dunnan OTBHY «OAHL| PID»), yn. laxagaesa, 88, r. Maxaukana, 367000, Pecny6nuka [Jarectan, Poccus

PE3IOME

Mocney6oitHblil AMarHo3 Ha IH300TYECKUIA NIEiKO3 KPYMHOTO POraToro CKoTa CTaBUTCA Ha OCHOBAHMM Pe3yNbTaToB CCIef0BaHMIi G1onoruyeckoro matepua-
Na, NONYYEHHOTO OT BbIHYKAEHHO YOUTBIX WU NABLLNX XUBOTHbIX, BbINOHEHHbIX NATOMOPGONOTUUECKIM, TUCTONOTUYECKIM U MONEKYNAPHO-TEHETUYECKUM
MeToZamu, 06napalolumin pAAoM HeJloCTaTKoB. B cTaTbe ONMCbIBaIOTCA pe3ynbTaTbl NoCney60iiHOr0 AMArHOCTUYECKOTO NCCNIe0BAHNA Ha NIeAiK03 KpYMHOTo
poratoro ckoTa ¢ NpuMeHeHnemM UMMyHODEpPMEHTHOT0 aHanu3a. [lnd 3Toro ¢ paznnyHbIX YacTeld TyL 1 OpraHoB 6bino 0To6paHo 83 Npobbl CMbIBOB, U3 HUX
71 npoba — OT NPWXM3HEHHO He UCCTIeJ0BAHHBIX KUBOTHBIX, @ 12 Npo6 (KOHTPONbHbIE 00pa3Libl) — OT NPUKI3HEHHO CEPOHEraTUBHbIX B PEAKLMM UMMYHOANG-
dy3un K Bupycy neitkosa ocobeii. [ina B3ATuA npob Obian CMoNb30BaHbI CTepUAbHbIE CKaNbneny, BaTa, IPo6upKiI ¢ konnaukom o6bemom 5 ma. C nomoLybio
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TaMMOHOB U3 CTEPUIbHOIA BaTbl U3 HAAPE30B TYLL W OPraHoB NocneyBoiiHbIX XKBOTHBIX NPOM3BOANNM B3ATHE CMbIBOB, KOTOpble MOMELLAny B OAHOPa3oBble
npo6upku. B npobupku co cMblBamMI B 3aBUCMMOCTY OT pa3Mepa Tamnoa o6asnanm ot 0,1 4o 0,2 MA AMCTUANNPOBAHHOI BOABI (MM M30TOHUYECKOrO PacTBO-
pa — 0,85%-ro pactBopa NaCl), octaBnanu Ha 1,5—2,0 4 npu KomHaTHoii Temnepatype (22—26 °C) n nepuoanyecku BCTpAxuBanu. MonyyeHHblit 0AHOPOAHII
CybCTpaT Mcnonb3oBanyl Ans NPOBeAeHNA UMMYHODEPMEHTHOTO aHani3a B COOTBETCTBUM C MHCTPYKLMeN Mo NpuMeHeHNio Habopa Ans BbIABNEHNUSA aHTUTeN
K BUpYCY Neiiko3a KpynHOro poratoro ckota. B pesynbTate npoBefeHHbIX NabopaTopHbix uccieoBanmil 71 npobbl cMbiBOB B 6 (8,5%) U3 Hux 6binu BbiABAEHDI
cnewnduyeckie aHTUTeNa K aHTreHy gp51 BUpyca Neiiko3a, Npu 3TOM NpI MCCNEA0BAHINM AHHbIX NPo6 B peakLmy UMMYHOZUOOY3UIM aHTUTENa BbIABUAYN
ToMbKO B 3 (4,2%) npo6ax. Bee 12 KOHTPONbHbIX 06Pa3LIOB OT NPIKU3HEHHO CEPOHEraTUBHbIX XKUBOTHbIX MPY NOCTAHOBKE MMYyHOGEPMEHTHOTO aHanu3a Aanu
OTpULATeNbHbIN pe3ynbraT. Takim 06pa3om, JaHHbIil ceponornyeckuii MeTof MOXeT NPUMEHATLCA B NocneyboiiHOIt AnarHoCTUKe Neiiko3a KpynHoro poratoro
CKOTa HapAZy C 06LLENpPUHATLIMI MeToaMM.

KnioueBble cnoBa: 3H300TUYECKMIT NEIKO3 KPYMHOTO POFaToro CKoTa, Nociey6oiiHasn AMarHoCTUKa, UMMYHODEPMEHTHBIN aHas3, CMbIBbI C TYLL W OPraHoB,
Cneunduueckue aHTUTENa, aHTUreH gp51 BUPYCa N1eiiKo3a KpyMHOro poratoro ckota

BnaropapHocTi: Pabota BbINonHeHa B COOTBETCTBIM C rocyAapcTBeHHbIM 3agaHnem FNMN-2024-0016 «BHeapuTb 3QGeKTUBHYI0 KOMNEKCHYI0 cucTemy 60pbOb
CHanbonee pacnpoCTPaHeHHbIMI COLUANBHO 3HAUNMbIMU G0NIE3HAMY CENbCKOXO3ANCTBEHHBIX KMBOTHDIX, TYOepKyNe30M, Neliko30M 1 OpyLienne3om, B yCnoBuax
[Tpukacnuitckoro pernoHa, Ha 0CHOBE YCOBEPLLEHCTBOBAHHDIX CMOCOOOB ANArHOCTIKM» (perncTpaLnoHHbIi Homep 122022400166-0).

[insa untnposanusa: Myctadaes A. P, bapatos M. 0. lTpumeHeHne nmmyHodepMeHTHOT0 aHanu3a B nocney6oiiHoi AMarHoCTKe Neilko3a KpynHoro poratoro
CKoTa. Bemepunapus ce200ns. 2024; 13 (2): 149—153. https://doi.org/10.29326/2304-196X-2024-13-2-149-153

KoHdnukT nHtepecos: ABTopbl 3aABNAIOT 06 OTCYTCTBUN KOHYNMKTA UHTEPECOB.
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X03AIACTBEHHbIX KUBOTHBIX, lpukacnuiickuii 3oHanbHbli HUBW — dunuan OFBHY «OAHL| Pl», yn. [laxanaesa, 88, r. Maxaukana, 367000, Pecnybnuka [larecta,

Poccua, e-mail: mustafaev_arkif@mail.ru

INTRODUCTION

Enzootic bovine leukosis (EBL) is widely spread in many
countries as well as in the Russian Federation. Animals in-
fected with EBL virus are the source of the agent at all di-
sease stages [1, 2, 3]. The peculiarity of the disease is that
it occurs mainly in a chronic form without clinical symptoms
and is characterized by rampant growth of neoplastic blood
cells, that, through malignancy and proliferation, affect al-
most all organs of the animal [4, 5, 6]. The disease progres-
ses through several stages from bovine leukemia virus entry
to the animal’s body to leukosis clinical manifestations:

1) incubation period (it lasts for 8 to 20 days);

2) asymptomatic virus-carrier state (seropositive
animals);

3) hematological stage (changes in composition of
blood formed elements);

4) clinical stage (tumor).

The disease is lifetime diagnosed with serological meth-
ods (immunodiffusion assay, enzyme-linked immunosor-
bent assay (ELISA), etc.) based on detection of antibodies
to bovine leukemia virus antigens developed by the ani-
mals at all stages (except for incubation period). There are
other methods that are used for lifetime diagnosis of EBL
together with serological ones: clinical, cytomorphologi-
cal, hematological, bioassay in animals (mainly in sheep),
etc.[7,8,9,10,11, 12, 13]. Polymerase chain reaction (PCR)
is also used for laboratory diagnosis of the disease [14, 15].

Post-mortem EBL diagnosis is made based on tests
of biological materials collected from emergently
slaughtered and fallen animals using pathomorpholog-
ical, histological and molecular genetic (PCR) methods.
The following lesions are detected during pathomorpho-
logical examination of carcasses and organs of emergently
slaughtered or fallen animals with pathology: proliferative
(tumor) masses, enlarged lymph nodes, changes in the

internal organ size and organ tissue consistency. Patho-
logical manifestations in organs and body systems vary

depending on the bovine leukosis form. For example, in

case of lymphoid, undifferentiated and myeloid forms of
the disease, the lymph nodes are enlarged with gray-white,
firm and waxy cut surfaces, and the spleen may be also

enlarged. In case of myeloid form of leukosis, the spleen

pulp is red-crimson in color with loose consistency and

hemorrhages. In case of hematosarcoma (particularly

lymphogranulomatosis), the spleen is enlarged in about
50% of affected animals. Focal (diffuse) proliferative mas-
ses of grey-pink or gray-white color in the affected organs

(kidneys, liver, skeletal muscles, etc.) are found in animals

with any of bovine leukosis forms. Histological analysis

is carried out when pathomorphological picture is not
obvious. For this purpose, sections of organ pieces (bone

marrow, spleen, lymph nodes, etc.) and tissues (connective,
muscle, etc.) are prepared using specified methods. The

main disadvantages of pathomorphological and histologi-
cal methods are as follows: these methods are not capable

of detecting seropositive for bovine leukemia virus (BLV)

animals at early stage and histological analysis and further
post-slaughter diagnosis of bovine leukosis are time-con-
suming (3-4 days) that may affect the quality of tested

meat and offal [16, 17].

Molecular-genetic method is important for post-slaugh-
ter diagnosis; PCR is used when postmortem picture is
not obvious and hampers diagnosis. This method allows
for detection of BLV proviral DNA integrated in the host
cell genome in organ tissues and muscles. However, PCR
has some disadvantages: high cost of analyses, need
for maintaining environment temperature, nonspecific
reactions, etc.

Serological method was used for post-slaughter diag-
nosis of bovine leukosis during earlier studies. Antibodies
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to BLV antigen were detected with immunodiffusion
test in muscle-tissue fluid (plasma, lymph) collected
from carcasses and offal of slaughtered animals [18, 19].
Despite of substantial benefits of the proposed method
for post-slaughter diagnosis (low cost of the test-kit, easy
test running, etc.) it has some disadvantages. The said
disadvantages are as follows: time required for immuno-
diffusion assay (the test results are read after 48 hours),
low sensitivity of the test, possible inconclusive results
(cross-reactions) [20].

Considering the above, the study was aimed at use of
a new technique for post-slaughter diagnosis of bovine
leukosis with ELISA.

MATERIALS AND METHODS

Eighty-three samples collected from carcasses and offal
of slaughtered animals on the Makhachkala universal mar-
ket No. 2 were the main materials used for the tests for bo-
vine leukosis. Twelve slaughtered animals used for the test
were tested before slaughter and found BLV seronegative
based on the veterinary certificates issued by the Veteri-
nary Units and 71 slaughtered animals used for the test
were not tested for bovine leukosis with immunodiffusion
assay, ELISA, etc. before slaughter.

Swabs were collected from different parts of carcas-
ses and organs for diagnostic tests. Sterile scalpels, cot-
ton wool, 5 mL tubes with caps were used for swabbing.
Small tampons were made from the cotton wool and used
for taking swabs from incisions in carcasses and organs
of the slaughtered animals. Then, the swabs were placed
in single-use tubes, the tubes were properly labelled and
accompanying documents were prepared for their trans-
portation. The accompanying documents contained infor-
mation on the sample collection time and place, sample
number and other data. In the testing laboratory, distilled
water (or isotonic solution — 0.85% NacCl solution) was
added to the tubes with swabs, 0.1 to 0.2 mL per tube de-
pending on the tampon size and then the tubes were left
at room temperature of 22-26 °C for 1.5-2.0 hours and
regularly shaken. Resulting homogeneous substrate from
the tubes was used for ELISA testing in accordance with
the Instruction on use of ELISA test-kit for detection of
antibodies to BLV (Vetbiochem, Russia).

The swabs were taken from carcasses and internal or-
gans (offal) of the slaughtered animals in accordance with
Order of the Ministry of Agriculture of the Russian Fede-
ration No. 269 of 28 April 2022 on approval of the Veter-
inary Rules for animal slaughter and Veterinary Rules for
veterinary and sanitary examination of meat and products
derived from slaughtered (hunted) animals and intended
for processing and (or) marketing’; serological tests were
carried out in accordance with the Methodical Guidelines
for bovine leukosis diagnosis approved by the Veterinary
Department of the Ministry of Agriculture of the Russian
Federation No. 1372/2130 of 23 August 20082

RESULTS AND DISCUSSION

For ELISA tests of 71 samples collected from the cattle
not subjected to lifetime tests for bovine leukosis, 100 pL
of the buffer for sample dilution were added to each
of 75 wells of a strip plate (96-well microplate coated with

" https://www.garant.ru/products/ipo/prime/doc/404684483
2 https://docs.cntd.ru/document/1200118749

specific gp51 antigen of BLV). Control sera (C* and C) in
duplicate were added to 4 out of 75 wells, 4 pL per well,
and test homogeneous substrate (tissue fluid swab dif-
fused with distilled water) was added to other 71 wells,
4 pL per well. The well contents were thoroughly mixed
and the plate was coated with adhesive tape and incu-
bated in a thermostat at temperature of 37 °C for 1 hour.
After incubation the plate was washed thrice with prelimi-
nary prepared working phosphate-buffered saline (PBS)
solution containing Tween-20, by filling the wells with the
PBS solution to the top manually (300 pL per well). Then,
liquid in the wells was decanted and the plate was dried
by tapping against filter paper folded in several layers. The
conjugate solution (peroxidase-conjugated anti-bovine
IgG monoclonal antibodies) were added to the microplate
wells, 100 pL per well, the plate was coated with adhe-
sive tape and incubated in the thermostat at temperature
of 37 °Cfor 1 hour. After incubation the wells were washed
thrice with phosphate-buffered saline solution containing
Tween-20 (300 pL per well) and dried by tapping against
folded filter paper. Then, tetramethylbenzidine solution
containing hydrogen peroxide was added to the plate
wells, 100 uL per well, and the plate was left at tempera-
ture of 22 °C for 10 minutes in a dark place. The reaction
was stopped by adding stop-solution (1 N H,SO,), 50 uL
per well. ELISA results were read by measuring absorbance
with a spectrophotometer at wave length of 450 nm.

For final assessment of ELISA results, mean optical
density values of positive and negative controls were
determined. The relative amounts of anti-BLV antibodies
expressed in international ELISA units (EU) in the negative
control (C) and in test samples were calculated according
tot 2formula:

EU = OD (test sample)

~ 0D (positive control) * 100.

Specific antibodies to BLV gp51 antigen were detec-
ted in 6 (8.5%) out of 71 homogeneous substrate (swab)
samples subjected to laboratory tests with ELISA.

Twelve samples from carcasses and offal of the slaugh-
tered animals subjected to lifetime testing for bovine leu-
kosis with immunodiffusion assay and found BLV-serone-
gative (control samples) were similarly tested with ELISA.
All samples were tested negative.

At the next stage, ELISA-tested samples (71 samples)
were comparatively tested with immunodiffusion assay
and antibodies to BLV antigen were found in 3 (4.2%)
samples (swabs). Results of post-slaughter bovine leuko-
sis diagnosis with immunodiffusion assay and ELISA given
in the table below show that ELISA is more sensitive as
compared to immunodiffusion assay.

Thus, ELISA is able to detect specific antibodies in tissue
fluids (plasma and lymph) to BLV gp51 antigen that sim-
plifies and may facilitate post-slaughter bovine leukosis
diagnosis.

CONCLUSION

Based on the results of post-slaughter tests of swabs
from the animal carcasses and offal for antibodies against
BLV antigen contained in tissue fluids (plasma and lymph),
bovine leukosis was diagnosed with ELISA in 6 (8.5%) out
of 71 swabs and was diagnosed with immunodiffusion
assay in 3 (4.2%) out of 71 swabs. Twelve (12) swabs from
carcasses and offal of the slaughtered animals subjected
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Table

Post-slaughter diagnosis of bovine leukosis with ELISA and immunodiffusion assay

Serological diagnosis of EBL

" Number of samples
in animals

Specific anti-BLV antigens
were detected

No specific anti-BLV antigens
were detected

No lifetime tests for bovine leukosis were carried out

Tested with immunodiffusion assay

Tested with enzyme-linked n

immunosorbent assay

3 (4.2%) 68 (95.8%)

6 (8.5%) 65(91.5%)

Animals were lifetime tested with immunodiffusion assay and found negative

Tested with enzyme-linked

immunosorbent assay after slaughter 12

0 12 (100%)

to lifetime testing for bovine leukosis with immunodiffu-
sion assay and found BLV-seronegative served as control
samples and the said animals were also post-slaughter
tested negative with ELISA.

Thus, post-slaughter ELISA tests showed that this
test-system can be used for bovine leukosis diagnosis to-
gether with conventional methods (postmortem examina-
tion, histology, etc.) [21].
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Gut microbiota and bacterial associations
in monkeys with gastrointestinal diseases
in the setting of helminth infestation

Victoria A. Kalashnikova, Tat'yana P. Egorova, Alvard V. Demerchyan, Veronika I. Polyakova, Yana I. Lenshina, David A. llyazyants, llona M. Arshba
Kurchatov Complex of Medical Primatology, National Research Centre "Kurchatov Institute”, 177 Mira str., Vesyoloye, Adlersky City District, Sochi 354376, Krasnodar Krai, Russia

ABSTRACT

One of the topical issues of current primatology is spontaneous pathology in monkeys, primarily gastrointestinal infections, which are the leading ones in the mor-
bidity and mortality patterns of the animals raised in captivity. Gastrointestinal pathology in monkeys involves complicated infectious processes, most often
of associative type, with the formation of various bacterial and parasitic associations. The study demonstrates the results of gastrointestinal disease and helminth
infestation monitoring as well as of the microbial flora spectrum analysis in monkeys in 2017—2022. Mortality of monkeys due to gastrointestinal diseases in the
specified period amounted to 60.5%. The postmortem study demonstrated that the leading position in this pathology pattern in monkeys was taken by gastro-
enterocolitis (62.5%), with dominated chronic atrophic gastroenterocolitis in the acute phase (53.9%). The analysis of the six-year trend in animal mortality showed
that the percentage of gastrointestinal diseases remained approximately at the same level every year. Helminth infestations were detected in 22.0% of the diseased
animals andin 30.2% of the dead ones. Trichocephalus trichiurus was found in 93.3% of the diseased and in 99.7% of the dead monkeys, Strongyloides sp. —in 12.2%
of the diseased and in 3.3% of the dead animals. Helminths were detected as mono- and less often as mixed infestations. In the isolated microflora, the top position
was taken by the representatives of genus Proteus. The percentage of pathogenic enterobacteria detections was low, and Shigella flexneri was the leader among
them. In monkeys that died from gastrointestinal diseases without parasitic infestation, the pathogenic enterobacteria detection rate was 2 times higher than in
the infested animals. The microorganisms were isolated as monocultures and in associations. The microorganisms were isolated as monocultures and in associations
Proteus spp. were detected more often. Gastrointestinal diseases of helminth-bacterial etiology in monkeys require complex therapy of the animals.

Keywords: monkeys, gastrointestinal diseases, pathogenic and opportunistic bacteria, bacterial associations, helminth infestation
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KuweyHaa mukpodnopa n baktepuanbHble
accouaLmmn Ha GoHe refibMUHTO3HON MHBA3UN
NPU XKenya0UYHO-KIULLIEYHbIX 3a0011eBaHNAX Y 00e3bAH

B. A. KanawHukoBa, T. I1. EropoBa, A. B. [lemepusH, B. . MonskoBa, Al. U. Nlenwwuna, [l. A. Unbazauy, U. M. Apwba
KypuatoBckuit Komnnekc meauumHckoit npumatonorim ObY «HaunoHanbHblii nccneposatenbckinii LeHTp «Kypuatockuit uHcTuTyT (KKMITHULL «KypuaToBckmit uHcTutyT»),
yn. Mupa, 177, c. Becenoe, Annepcknii paiioH, r. Coum, 354376, KpacHogapckuii kpait, Poccua

PE3IOME

0ZHa U3 aKTyanbHbIX Npobem COBPEMeHHOii NPUMaTONoTMi — CNOHTaHHaA NaTonorkA 06e3bAH, B NePBYH 0YEPesb KeNyA0uHO-KULLIeYHble NH EKLNN, AB-
nAloLMecs BeAYLIMMI B CTPYKTYpe 330071eBaeMOCTY 1 CMEPTHOCTY XXUBOTHBIX, Pa3BOAMMbIX B YCTIOBYAX HEBOMH. KenyaiouHo-KuLLeyHaA natonorvs 06e3baH
npezCTaBAeT c060ii CNOXHbIE MHHEKLIMOHHbIE POLLECCHI, YalLie BCero npoTeKaloLLvie No accoLMaTMBHOMY TUMY, C poPMUPOBaHIEM pa3HblX GaKTepuanbHbIX 1 na-
pa3uTapHbIX coueTaHwuii. B uccnesoBaHm npezcTaBneHbl pe3ynbTaTbl MOHUTOPUHIA XKENyA0UHO-KULLEYHDIX 3a60NeBaHMA, reNbMUHTO3HO UHBaA3WY M aHanV3a
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CneKTpa MUKpohnopbl y 06e3bAH, NpoBezieHHbIX B TeueHne 2017—-2022 rr. [6enb 06e3bAH oT 3a60neBaHMii enyA0UHO-KULLEYHOTO TPaKTa B yKa3aHHbIii nepuops
coctamna 60,5%. Mpu nocTMOpTanbHOM UCCNES0BAHINM YCTAHOBNEHO, YTO B CTPYKTYpe AAHHON NaTonioruy y 06e3bAH NMANPYIOLLAA NO3NLMA NPUHABNEKUT Fa-
CTPO3HTepOKoNUTaM (62,5%), Npy 3TOM LOMUHMPOBANM XpOHUUECKMe aTpodUUecKie racTposHTEPOKONUTbI B CTazuy 060cTpeHua (53,9%). AHanu3 suHamuKn
TUOENI XKUBOTHBIX B TeUeHUe 6 JIET N0Ka3al, UTo NPOLIEHT 3a601eBaHMiA XeNy[0UHO-KULLIEYHOTO TPAKTa U3 oA B Fo AepXMTCA NPUMEPHO Ha OIHOM YPOBHE.
[enbmMuHTO3HaA MHBa3NA BblABNEHa Y 22,0% 60nbHbIX 1 30,2% norubLumx XnBoTHbIX. KnweyHble napasutbl Trichocephalus trichiurus o6HapyxeHbl y 93,3%
6onbHbIX 1 99,7% norublunx 06e3baH, Strongyloides sp. —y 12,2% 60nbHbIX 1 3,3% NOrU6LLNX XKUBOTHDIX. [eNbMIHTbI BbIABNIEHDI B MOHOUHBA3NAX, pexe —
B NONMUHBa3NAX. /13 BbifeneHHoil MUKPOGROpbI NepBOe MeCTo 3aHMMAIOT NpeACTaBUTeN PoAa Proteus. TPOLIEHT BbIABNEHUA NATOreHHbIX SHTEpobaKTepuii
HU3KIIA, HO cpepu Hux nuampyert Shigella flexneri. Y norn6Lumx oT Xeny[ouHo-KuLLEUHbIX 3a60neBaHNil 06e3bAH be3 napasuTapHoii MHBa3MM YaCToTa 0BHapyKeHA
MaToreHHbIX SHTePo6aKTepHil B 2 pa3a BbllLe, YeM Y HBA3UPOBAHHDIX XMBOTHbIX. MUKpOOpPraHu3Mbl Gbin BblAENeHbl B BUAE MOHOKYNLTYP U B aCCOLMALMAX.
Yaluie BbIABNANN COUETAHUA Npe/CTaBUTeNeil HopModNopbI ¢ Proteus spp. MenynouHo-KuLLeuHble 3a60neBaHIA Y 00€3bAH reNbMIHTO-6aKTepUanbHoIi 3Tonoruy

Tpe6yIoT KOMMNEKCHOIA Tepaniau XXUBOTHBIX.

KnioueBbie cnoBa: 06e3baHbl, 3a60neBaHNA KeNyAoYHO-KNLLIEYHOTr0 TpaKTa, NaTOreHHble 1 YyCNOBHO-NATOreHHble 6aKT€pVII/I, 6aKTep|/Ial'|be|€ accouumauun,

reJIbMUHTO3HaA UHBa3uA

bnaropapHocTu: Pa6ota BbinonHeHa 3a cyeT cpecTB rocOromxkeTa, BXOAUT B pasaien HayuHbIX UccneioBaHuil «PaspaboTka Mopeneil Hanbonee 3HaunMbIx
BUPYCHbIX MHOEKLIiA YenoBeka Ha NabopaTopHbIX MPUMaTaX C LieNlbIo U3y4eHiA HepeLLeHHbIX BONPOCOB NaToreHe3a it IMMYHOreHe3a, a Takxe CMblTaHuA pas-
pabaTbiBaemblx CPeACTB MPOGUNAKTUKM 11 IeYeHNA, BKIIoYaA M3yyeHre MUKPOOMOMA KILLIEUHIKAY.

[insa uyutupoanus: Kanawnukosa B. A., Eropoa T. 1., [lemepusn A. B., Monakosa B. W., NleHwnna fl. ., Unbazany J. A., Apw6a W. M. Knweunaa mukpodnopa
1 6aKTepUanbHble accoLMaLm Ha GoHe renbMUHTO3HOI UHBA3WM MPY KeNy0uHO-KILLeYHbIX 3a60neBaHuAX y 06e3bAH. Bemepurapus cezodus. 2024; 13 (2):

154-163. https://doi.org/10.29326/2304-196X-2024-13-2-154-163

Koudnukr untepecos: ABTopbl 3aABAAKT 00 OTCYTCTBIM KOHGANKTA MHTEPECOB.

[insa koppecnonpeHuum: KanawHukosa Buktopua AnekceesHa, kana. uon. Hayk, Begywmii HayuHblit cotpysHuk KKMIM HILL «KypuaToBckmit MHCTUTYT»,
yn. Mupa, 177, c. Becenoe, Annepckuii p-H, r. Coun, 354376, KpacHomapckuii kpait, Poccus, e-mail: vikky.aw@gmail.com

INTRODUCTION

Gut microbiota condition is one of the important fac-
tors of animal and human health. Microorganisms enter
the digestive tract immediately after birth and play an
important role in the animal’s life. The basis of the nor-
mal gut flora is known to consist of bifidobacteria and
lactobacilli, Escherichia coli with normal fermentation, en-
terococci. Studies show that changes in the quantitative
and qualitative composition of the gut microbiota lead
to impaired intestinal function and gastrointestinal (Gl)
diseases [1, 2, 3, 4]. Etiological agents of intestinal infec-
tions can be bacteria, viruses, protozoa, helminths, fungi.
However, not only microbial concentration plays a signifi-
cantrole in the development of the intestinal diseases, but
also associations of different types of microorganisms in
which they enter into symbiosis or antagonism and ex-
press pathogenicity factors [5, 6]. Helminths also change
the quantitative and qualitative composition of the gut
microbiota, forming microparasite community [7, 8, 9].

Monkeys are anatomically and physiologically similar
to humans, and show natural susceptibility to many in-
fectious diseases [10, 11, 12]. Observation results demon-
strate that monkeys, both in their natural habitat and
in captivity, suffer from various diseases typical for other
animals and humans. In the Adler apery of the Research
Institute of Medical Primatology (now Kurchatov Com-
plex of Medical Primatology, National Research Centre

“Kurchatov Institute”) monkeys of different species are
kept. According to our annual data, mortality of monkeys
in more than half the cases is due to gastrointestinal dis-
eases [13, 14]. Intestinal diseases of monkeys are complex
infectious processes, most often of an associative type,
with the formation of various bacteria and parasite com-

binations [15, 16]. Intestinal parasites infect various species
of monkeys both in the wild and in captivity, causing seri-
ous diseases of the digestive tract and in some cases lead-
ing to animal death [17, 18, 19, 20]. According to foreign
publications, nematodes are the most common helminths
in monkeys kept in zoos, and they can be transmitted
to humans [21, 22]. In the foreign research publications,
there is data about intestinal parasites isolated from pri-
mates kept in zoos and reserves or from free-living ones,
but these data refer to particular species and small groups
of monkeys [23, 24, 25]. Moreover, these papers describe
only the results of parasitology research.

The relevance of the presented work is determined by
the fact that Gl diseases are the major cause of the mon-
keys’ mortality in the apery. At the same time, intestinal
parasitic infections and bacterial associations that form
intestinal diseases in monkeys are still an understudied
problem. Our previous studies demonstrated the cir-
culation of protozoa and helminths in the monkeys in
the apery and provided some data on the concomitant
microbiota [15, 16]. In this paper, we would like to focus
on the gut microbiota of nematode-infested monkeys
and on the features of bacterial associations during its
formation.

The novelty of the work lies in the fact that our study
was the first to report on the microbial landscape and bac-
terial associations in the setting of the invasion by intesti-
nal parasites Trichocephalus trichiurus and Strongyloides sp.
in non-human primates kept in captivity.

The aim of the study was to examine the structure of
the gut microbiota of monkeys with intestinal diseases
who died due to Gl pathology in the setting of helminth
infestation.

VETERINARY SCIENCE TODAY. 2024; 13 (2): 154—163 | BETEPUHAPUA CETOAHA. 2024; 13 (2): 154-163

155



ORIGINAL ARTICLES | PRIMATE DISEASES OPUTMHAJIbHBIE CTATbY | BOJIE3HW MPUMATOB

Table 1
Characteristics of tested monkeys (2017-2022)

Monkey species Diseased Dead Total
Rhesus macaque (Macaca mulatta) 172 731 903
(rab-eating macaque (Macaca fascicularis) 152 514 666
Southern pig-tailed macaque (Macaca nemestrina) 41 45 86
Green monkey (Chlorocebus sabaeus) 14 79 93
Anubis baboon (Papio anubis) 12 170 182
Hamadryas baboon (Papio hamadryas) 18 438 456

Total 409 1,977 2,386

Table 2
Number of tested dead monkeys (2017-2022)

Number of monkeys

Monkey species

Rhesus macaque n7 204 115 105 124 66 731

(rab-eating macaque 82 92 89 89 90 72 514

Southern pig-tailed 6 5 6 3 8 7 45

macaque

Green monkey N 20 17 17 3 n 79

Anubis baboon 19 32 43 17 45 14 170

Hamadryas baboon 57 55 75 66 105 80 438
Total 292 408 345 307 375 250 | 1,977

Table 3

Characteristics of tested dead monkeys (2017-2022)

Monkey species
with Gl lesions | without Gl lesions
Rhesus macaque 491 240 731
(rab-eating macaque 289 225 514
Southern pig-tailed macaque 21 24 45
Green monkey 52 27 79
Anubis baboon 101 69 170
Hamadryas baboon 242 196 438
Total 1,19 781 1,977
MATERIALS AND METHODS

The study object included 2,386 monkeys of six species
of both sexes aged from 10 days to 35 years, which were
kept in the apery. This number included 409 monkeys
affected with intestinal diseases and 1,977 dead mon-
keys (Tables 1, 2).

The test samples included feces collected by a rectal
smear from live monkeys, in case of dead animals they in-
cluded the contents of three parts of the intestine (small
intestine, caecum, rectum).

Bacteriological, biochemical and microscopic tests were
carried out using routine practical methods'. The test ma-
terial was aseptically collected and delivered to the labo-
ratory, where initial inoculation on the diagnostic nutrient
media was performed: Endo agar, Salmonella-Shigella agar,
5% blood agar, salt egg yolk agar, Yersinia selective agar,
chromogenic Candida agar. The inoculates were cultivated
in the thermostat at 37 °C for 24 hours, dishes with Yersinia
selective agar - at 28 °C for 48 hours, dishes with Candi-
da agar - at 24 °C for 48 hours. Isolation of pure cultures
and their further identification were carried out according
to generally accepted standards: examination of morpho-
logical and tinctorial properties (Gram staining of smears),
hemolytic and lecithinase activity, and examination of
the biochemical properties. The VITEK®2 Compact system
(bioMérieux, France) was also used to determine the en-
terobacteria species. Slide agglutination method with spe-
cific sera was used for determination of the serovars of the
isolated Shigella, Salmonella, Yersinia strains.

Parasite tests. Conventional microscopy procedure of
native feces preparations was used to detect parasite infes-
tation2. To identify helminth eggs, a small amount of feces
from different places of the test portion was ground on
a slide in a drop of 50% glycerol solution until a uniform
transparent smear formation, covered with a coverslip and
subjected to microscopy at 10 x 10 and 10 x 40 magnifica-
tion. The extensity of helminth infestation was determined
by the number of infected animals to the total number of
the tested ones.

In the study of postmortem material, both microscopy
of native preparations and macroscopic examination of
the contents of the large intestine were used, as a result
of which adult helminths were detected.

Statistical data processing and calculations were carried
out using GraphPad Prism 8 software. To assess the signifi-
cance of the differences in the frequency of helminth and
bacteria detections in different monkey species in indivi-
dual test groups the x> goodness-of-fit test was used. All
differences were interpreted as significant at p < 0.05.The x?
test-for-trend was used to determine changes in frequen-
cy indicators depending on the test year. Fisher’s exact
test was used to determine the statistical significance be-
tween helminth infestation extensity and monkey species.

RESULTS AND DISCUSSION

From January 2017 to December 2022, 1,977 dead
monkeys were tested; 1,196 (60.5%) of them demonstra-
ted Gl lesions during the necropsy (Table 3).

Gastrointestinal diseases were often accompanied
with pneumonia, signs of cachexia, exicosis, and dystro-
phy of internal organs. Analysis of the animal mortality
trend over 6 years demonstrated that the percentage
of Gl diseases remained approximately at the same level
every year. As can be seen inTable 4, there was a tendency
for a slight decrease in the number of monkeys died of Gl
diseases in 2022.

' Methodological guidelines for the microbiological diagnosis of

the enterobacteria-induced diseases: approved by the Ministry of Health
of the USSR on 17.12.1984 No. 04-723/3. https://base.garant.ru/71310616
/?ysclid=lvdnbim4fh245607194

2MUC 4.2.3145-13 Laboratory diagnostics of helminth and protozoa
infestations: guidelines (approved by Chief State Medical Officer of

the Russian Federation on 26 November 2013). https://docs.cntd.ru/docu
ment/1200110752?ysclid=lvdnu57iyo743363677
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Table 4
Trend in the monkeys’ mortality due to Gl diseases, 2017-2022

Number of dead / %

Monkey species

Trend test* Total / %

Rhesus macaque

(n=731) 77658 | 140/686 | 79/68.7

<0.0001

75714 85/68.5 35/53.0 (1)

491/67.2

Crab-eating macaque 50/61.0 64/69.6 44/49.4

46/51.7 46/51.1 39/54.2 0.3145 289/56.2

(n=514)

z;’i”f;)" Pigtalldmacaque | g3 | 300 | 3500 | 5B8S | 375 | s | 0ssM | 21467

(Gl:ef;g;“key 9/81.8 8/40.0 11/64.7 15/88.2 2/66.7 7/63.6 0.5575 52/65.8

f‘n"ib;; g‘;‘bm’" 10526 | 12375 | 25581 | 12706 | 34756 | 85 (;2‘12)9 101/59.4

?nai‘m’)as baboon w456 | 201 | 30520 | 284 | 7smia | 47588 <(°+°¢°;" 1/55.3
Total | 177/606 | 254/623 | 201/583 | 181/500 | 245/653 | 138/552 - | 1190605

*p < 0.05 (x? criterion — statistical difference of detections relative to monkey species).
Arrows show the trend of changes in detection frequency over the years upon statistical significance of the test.

Postmortem examination of dead monkeys with Gl le-
sions showed that in 35.3% of cases the Gl lesions were in
the form of enterocolitis (n =422), in 62.5% - gastroentero-
colitis (n=748) and in 0.6% — gastritis (n = 7). Furthermore,
in 0.6% of cases, the intestinal lesions were associated with
infectious pathology, i.e. yersiniosis (n = 4), pseudotuber-
culosis (n=3). Malignant neoplasms were reported in 1.0%
of monkeys: gastric adenocarcinoma (n = 3), intestinal
adenocarcinoma (n = 9). According to the data obtained,
the Gl diseases included dominating chronic atrophic
gastroenterocolitis in the acute stage (53.9%), as well as
chronic forms of enterocolitis. In case of stomach lesions,
only chronic atrophic gastritis was reported in monkeys
(Table 5).

As a result of parasite tests, helminth infestation was
detected in 22.0% of the diseased monkeys and in 30.2%
of the dead ones (Table 6). Two types of intestinal parasites
were detected - Trichocephalus trichiurus and Strongyloi-
des sp.The detection frequency of Trichocephalus trichiurus
was 93.3% in the diseased monkeys (n = 84) and 99.7%
in dead ones (n = 360). Strongyloides sp. were detected

Table 5
Gl diseases and lesions in monkeys (2017-2022)

Number
of animals / %

Gl diseases

Lesions, number / %

in 11 (12.2%) diseased and 12 (3.3%) dead animals. It was
established that Strongyloides sp. mono-infestations were
detected in 6 (6.7%) diseased and 1 (0.3%) dead mon-
keys, in other cases the helminths were detected as part
of mixed infestations.

Table 6 demonstrates that in the crab-eating macaques
with intestinal diseases the helminth detection frequency
was higher than in the dead ones. As for Anubis baboons,
Trichocephalus trichiurus was detected somewhat more
often in the intestines of the dead animals. The frequency
of infection with these parasites in the diseased and dead
rhesus monkeys was almost the same. The same situation
was reported in hamadryas baboons. Over the 6-year
period, a small number of southern pig-tailed macaques
and green monkeys were examined, however, the resul-
ted data demonstrated that helminths were more often
detected in the diseased animals of these species than in
the dead ones. It was noted that Strongyloides sp. were
found only in 3 species: rhesus macaques, green mon-
keys and hamadryas baboons. Thus, the results of the
work showed that Trichocephalus trichiurus often infected

CAGE
(exacerbation)

chronic
with complications

chronic
atrophic

Enterocolitis 422/353 25/5.9 368/87.2 29/6.9 -
Gastroenterocolitis 748/62.5 25/3.3 69/9.2 9/1.2 645/86.2
Gastritis 7/0.6 0 7 0 -
Infectious pathology 7/0.6 - - - -
Malignant neoplasms 12/1.0 - - - -
Total 1,196/100 50/4.2 444/37.1 38/3.2 645/53.9

CAGE - chronic atrophic gastroenterocolitis.
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Helminth infestation extensity in monkeys (2017-2022)

Monkey species

Rhesus macaque

Diseased,
infested / %

Dead monkeys with Gl

lesions, infested / % p<0.05

23/13.4 721147 0.2497

(rab-eating macaque

14/9.2 10/3.5 <0.0001

Southern pig-tailed macaque

23/56.1 9/42.9 <0.0001

Green monkey

9/64.3 16/30.8 0.0662

Anubis baboon

8/66.7 73/723 0.0134

Hamadryas baboon

13/72.2 181/74.8 <0.0001

Total 90/22.0 361/30.2
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non-human primates, and this coincided with the data of
the foreign studies [26, 27, 28].

In 2017-2022, as a result of bacteriological tests of
the feces of the diseased monkeys and intestinal contents
of the dead ones, 1,468 microorganisms were detected
and isolated gut microbiota was characterized by species
diversity; 242 microorganisms were isolated from the feces
of the diseased monkeys. The proportion of gram-negative
gut microbiota was 80.6% (n = 195), gram-positive — 18.6%
(n = 45), yeast-like fungi — 0.8% (n = 2). Representatives
of the Enterobacteriaceae family were found in 43.5% of
the diseased animals with pathogenic enterobacteria iso-
lated in 1.9% of monkeys (n = 8) and opportunistic ones —
in41.6% (n=170). Coccal microorganisms detected in 9.1%
of animals included Staphylococcus spp. (6.6%), hemolytic
Enterococcus spp. (2.2%), gram-positive diplococci (0.3%);
1,226 microorganisms were isolated from the dead mon-
keys, of which 95.4 % belonged to the gram-negative gut
microbiota (n = 1,170), 2.8% belonged to the gram-posi-
tive gut microbiota (n = 34); the proportion of yeast-like
fungi amounted to 1.8% (n = 22). In 96.0% of the dead
animals, enterobacteria prevailed in the isolated gut mi-
crobiota (n=1,148), of which the proportion of pathogenic
ones amounted to 7.2% (n = 83), and opportunistic - to
92.8% (n = 1,065). Gram-positive cocci were found in
the intestines of 1.5% of the dead monkeys (n = 18), while
Staphylococcus spp. was detected in 0.7% of the animals,
hemolytic Enterococcus spp. in 0.3%, and gram-positive
diplococcus in 0.5%. Pathogenic and opportunistic gut
microbiota was not detected in 282 dead and 220 di-
seased monkeys (23.6 and 53.8%, respectively). No bacte-
rial growth was reported after inoculation of the samples
from 3 diseased monkeys onto the nutrient media (0.7%).

The study results demonstrated that representatives of
the genus Proteus dominated in the gut microbiota, their
detection was three times more likely in the dead animals
than in the diseased ones (55.0 and 16.4%, respectively).

Klebsiella spp., Staphylococcus spp., hemolytic Entero-
coccus spp., Enterobacter spp., Pseudomonas aeruginosa
were more often isolated from the diseased animals. Provi-
dencia spp., Enterobacter spp., Shigella flexneri, Morganella
morganii, Klebsiella spp., Citrobacter spp. were more often
detected in the dead animals with Gl diseases (Fig. 1).

Analysis of the bacterial gut microbiota composition
of monkeys indicated (Fig. 2) that non-helminth-infested
animals with the highest frequency demonstrated Klebsiel-

la spp. (7.8% - in the diseased animals, 5.5% - in the dead
animals) and Enterobacter spp. (5.0% — in the diseased ani-
mals, 7.6% — in the dead animals). At the same time, Staph-
ylococcus spp. (6.9%), hemolytic Escherichia coli (6.0%),
Pseudomonas aeruginosa (4.4%) were more often isolated
from the diseased monkeys without parasite infestation,
and Providencia spp. (5.6%), Citrobacter spp. (5.2%), Mor-
ganella morganii (4.4%) were most frequent in the dead
parasite-free animals. As for helminth infested animals,
Staphylococcus spp. (5.6%), Klebsiella spp. (4.5%), Bacil-
lus spp. (4.5%) were most often detected in the diseased
monkeys, and Providencia spp. (16.9%), Morganella mor-
ganii (6.7%) were found in the dead ones.

It was noted that pathogenic enterobacteria were
not detected in the helminth infested diseased animals,
while in the helminth-free monkeys Shigella flexneri were
isolated in 2.5% of cases (n = 8). In dead monkeys with-
out helminth infestation, the frequency of the detection
of pathogenic enterobacteria (Shigella flexneri, rare Sal-
monella serovars, Yersinia spp.) was 2 times higher than
in the infested animals - 8.3% (n = 69) and 3.9% (n = 14),
respectively. As a result, we assume that presence of the in-
testinal helminths can reduce the number of bacterial
pathogens, occupying their niche in the gut biocenosis.

When analyzing the trend in the frequency of isolation
of gut microbiota bacteria over six years, a consistently
high annual percentage of Proteus spp. detections was
established (Table 7).

Monitoring of the isolation of pathogenic and oppor-
tunistic bacteria in monkeys during 2017-2022 showed
decrease in the frequency of detections of Klebsiella spp.,
Morganella morganii, Shigella spp., Pseudomonas spp.,
hemolytic Enterococcus spp. and increase in the frequen-
cy of detections of hemolytic Escherichia coli, Entero-
bacter spp., Providencia spp., Serratia spp., Yersinia spp.,
yeast-like fungi of genus Candida. The decrease in the fre-
quency of detections of Klebsiella spp. and Shigella flexneri
might be associated with the use of Klebsiella phage and
intestinal phage in the treatment of the animals. The high-
est percentage of detections of Citrobacter spp., Klebsiel-
la spp., Morganella morganii, Pseudomonas aeruginosa,
Staphylococcus spp., Bacillus spp., as compared with other
years, was recorded in 2019.

The microorganisms were isolated both as mono-
infestations and mixed infestations. Combinations of nor-
mal flora representatives with Proteus spp. were more
often detected. Thus, in the diseased helminth-infested
monkeys, the association of Escherichia coli + Proteus
spp. was reported in 10.0% of cases, Escherichia coli + En-
terococcus + Proteus spp. — in 4.5% of cases, Escherichia
coli + Enterobacter spp. + Staphylococcus spp. — in 2.2%
of cases. The highest percentage of simultaneous detec-
tions of Escherichia coli + Proteus spp. was also reported
in the diseased helminth non-infested monkeys (9.4%).
Combinations of Escherichia coli + Enterococcus spp. +
Proteus spp. were reported in 4.1% of animals; bacterial
associations of normal flora involving Escherichia coli +
Enterococcus spp. + Klebsiella spp. and Escherichia coli +
Enterococcus spp. + Staphylococcus spp. were detected
in 3.5% of monkeys. Combinations of hemolytic Esche-
richia coli with Enterococcus spp. were reported in 2.5% of
the animals, normal flora with Enterobacter spp. —in 2.2%
of the cases. Associations of Escherichia coli + Serratia
spp., Escherichia coli + Klebsiella spp., Escherichia coli +
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Fig. 1. Gut microbiota composition (or species diversity) in tested monkeys (2017-2022)
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Fig. 2. Effect of helminth infestation on the frequency of detection of the pathogenic and opportunistic bacteria in

monkeys (2017-2022)

Enterococcus spp. + Pseudomonas aeruginosa were detec-
ted in 1.9% of the tested monkeys. The remaining variants
of microbial associations were identified in rare cases.

In the dead monkeys the bacterial associations were
more diverse. Thus, two-component associations were
found in 53.0% of cases, three-component associations in
36.7%, four-component associations in 6.7%, five-compo-
nent associationsin 2.5% and six-component associations
in 0.3% of cases. As in the diseased monkeys, Proteus spp.
were most often detected concurrently with the normal
flora in the dead monkeys (39%). Combinations involv-
ing normal flora with other opportunistic bacteria were
much less common. Thus, co-growth of Escherichia coli
and Enterococcus spp. with the following bacteria were
observed: Providencia spp. — in 3.5% of cases, Entero-
bacter spp. - in 2.9% of cases, Shigella flexneri — in 2.4%

of cases, Citrobacter spp. — in 2.0% of cases, Morganella
morganii — in 1.8% of cases, and Klebsiella spp. — in 1.3%
of cases. In rare cases, Proteus spp. were isolated from
the intestines of the dead animals together with Citro-
bacter spp., Enterobacter spp., Yersinia spp. without normal
flora. The proportion of concurrent detections of Proteus
spp. + Enterococcus spp. amounted to 1.0%.

Associations of yeast-like fungi of genus Candida in
the intestines of the dead monkeys with one represen-
tative of the opportunistic microbiota were detected
more often than with two ones (13 and 4 cases, respec-
tively). Incidence of Candida spp. in association with Pro-
teus spp. (11 monkeys) was higher than with Klebsiella spp.
(3 monkeys) and Pseudomonas aeruginosa (2 monkeys).
Therefore, combinations of pathogenic and opportu-
nistic bacteria with yeast-like fungi in helminth-infested

VETERINARY SCIENCE TODAY. 2024; 13 (2): 154-163 | BETEPUHAPUA CETOAHA. 2024; 13 (2): 154-163

159



160

ORIGINAL ARTICLES | PRIMATE DISEASES OPUTMHAJIbHBIE CTATbY | BOJIE3HW MPUMATOB

Table7
Frequency of microbiota detection in Gl diseased and dead monkeys (2017-2022)

Quantity / %

Detected
microorganisms

Trend test”

Total / %

Citrobacter spp. 8/4.5 13/5.1 17/8.5 13/1.2 3/1.2 6/4.3 0.1953 60/5.0
0.0007

Enterobacter spp. 7/4.0 15/5.9 14/7.0 17/9.4 20/8.2 20/14.5 TS| 93/7.8

Hemolytic 0.0445

Escherichia coli 9/5.1 8/3.1 8/4.0 13/7.2 14/5.7 12/8.7 (1) 64/5.4

Edwardsiella tarda 2/1.1 0 0 1/0.6 2/0.8 0 0.7845 5/0.4

Hafnia alvei 1/0.6 0 1/0.5 0 0 0 0.9010 2/0.2

Klebsiella spp. 11/6.2 13/5.1 27/13.4 24/133 4/1.6 8/5.8 0.3492 87/7.3

Morganella morganii 6/3.4 15/5.9 21/10.4 9/5.0 13/5.3 5/3.6 0.7308 69/5.8

Proteus spp. 86/48.6 168/66.1 121/60.2 103/56.9 171/69.8 77/55.8 0.0914 726/60.7

L 0.0002

Providencia spp. 7/4.0 17/6.7 24/11.9 19/10.5 28/11.4 22/16.0 (1) 117/9.8

Salmonella of rare W11 104 0 0 0 0 0.0279 303

serovars )

Serratia spp. 106 104 105 0 0 10/7.2 o(goTo)z 13/11

Shigella flexneri 0 30/11.8 17/8.5 9/5.0 9/3.7 6/4.3 0.3172 71/5.9

Yersinia spp. 0 3/1.2 2/1.0 6/3.3 0 6/4.3 0(1)3T3)0 17114

Pseudomonas 317 11/43 18/9.0 528 208 0 0.0186 39133

aeruginosa (1)

Bacillus spp. 0 6/2.4 10/5.0 37 0 5/3.6 0.7586 24/2.0

Hemolytic 7/4.0 104 0 106 208 214 0.1159 13/1.1

Enterococcus

Staphylococcus spp. 4723 3/1.2 1/5.5 1/0.6 12/4.9 4/2.9 0.2040 35/2.9

Gr+ diplococcus 1/0.6 5/2.0 0 0 0 0 0.0183 6/0.5
(T4)

Candida spp. 0 208 1135 1106 104 13/9.4 °'(°$;" 2020

*p < 0.05 (y* criterion — statistical difference of detections relative to monkey species).
Arrows show the trend of changes in detection frequency over the years upon statistical significance of the test.

monkeys can aggravate the course of Gl diseases due to
the simultaneous involvement of pathogenicity factors
of various microorganisms and parasites in the develop-
ment of the infectious process.

As for the species composition of the microbiota, the fol-
lowing Enterobacteriaceae species were isolated from
monkeys: Citrobacter freundii, C. diversus, C. amalonaticus,
Enterobacter aerogenes, E. agglomerans, E. cloacae, E. gergo-
viae, Klebsiella pneumoniae, K. oxytoca, K. ozaenae, Proteus
vulgaris, Pr. mirabilis, Pr. penneri, Providencia stuartii, P. rett-
geri, P. alcalifaciens, Serratia marcences, S. odorifera; Entero-
coccus: Enterococcus faecalis, E. faecium; Staphylococcus:
Staphylococcus aureus, S. haemolyticus; as well as yeast-like
fungi: Candida krusei, C. glabrata, C. tropicalis.

In conclusion, it can be noted that an important role in
the development of Gl diseases in monkeys is also played
by weakened immunity due to various external factors,
including stress, breaches of veterinary and sanitary, zoo-
technical and animal hygiene rules of feeding and keeping
monkeys, which lead to normal gut microbiota disorders
and opportunistic microbiota activation. Thus, Gl disea-
ses of helminth and bacterial etiology in monkeys require
complex therapy. When keeping monkeys in captivity,
there is a risk of parasite and pathogenic microorganism
transmission to handlers due to human-animal contact.
The detected Trichocephalus trichiurus and Strongyloi-
des sp. are dangerous to humans, therefore it is necessary
to comply with safety requirements when working with
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the diseased monkeys (regular deworming of animals,
daily cleaning of cages and enclosures, and strict compli-
ance with the personal hygiene rules). Knowledge about
the parasitic and bacterial agents of spontaneous intes-
tinal infections in monkeys is necessary for proper and
safe breeding and keeping of these rare animals in cap-
tivity and for the practical use of monkeys in biomedical
research.

CONCLUSIONS

The following conclusions were made based on the
study results.

1. Trichocephalus trichiurus are prevalent in the non-
humane primates kept in the apery.

2. Etiology of Gl diseases in monkeys involves various
associations of diverse bacteria with prevailing represen-
tatives of the Enterobacteriaceae family.

3. The dominant microorganisms were Proteus spp.,
which were isolated from 16.4% of the monkeys with Gl
diseases, and from 55.0% of the dead animals.

4.The percentage of pathogenic enterobacteria detec-
tions was low (diseased monkeys — 1.9%, dead monkeys —
7.2%), but Shigella flexneri was the leader among them.

5. In helminth non-infested monkeys, the pathogenic
enterobacteria detection frequency was higher than in the
infested ones.

6. Associative Gl diseases of helminth and bacterial etio-
logy require complex therapy of monkeys.

7.When keeping monkeys in captivity, there is a risk of
parasite and pathogenic microorganism transmission to
the handlers due to human-animal contact.
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Clinical efficacy studies of the vaccine
against feline panleukopenia, calicivirus infection
and viral rhinotracheitis Carnifel PCH in kittens

Tatyana S. Galkina, Anna A. Komarova, Alexey M. Kiselev
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Viral infections in cats can cause serious diseases and even death. Vaccines protect animals from diseases by inducing antibody production and cellular immune
response. Primary and booster vaccinations are performed in accordance with the recommendations for the use of vaccines prescribed by the manufactures
depending on the minimum duration of immunity. In case of feline panleukopenia, antibody titers correlate with the protection against infection, as for feline
calicivirus infection and feline rhinotracheitis, there is no such correlation or it is less clear. Vaccination of cats against these diseases has been performed in the
Russian Federation for many years, nevertheless, the feline panleukopenia virus (FPV), feline calicivirus (FCV) and feline herpesvirus (FHV) are still the main
common cause of morbidity and mortality among cats. Virus-carrying cats play an important role in the transmission of respiratory viruses such as FHV and FCV
in the feline population, and the long-term persistence of FPV in the body, stability in the environmental conditions and resistance to disinfecting agents can be
a potential cause of the infection in susceptible kittens. Due to variety of antigenically different FCV strains, the use of the vaccines containing two or more viral
strains may induce a broader heterologous protection. The purpose of this work was to evaluate the effectiveness of the vaccine against feline panleukopenia, feline
calicivirus infection and feline viral rhinotracheitis developed at the Federal Center for Animal Health (Vladimir) subordinate to the Rosselkhoznadzor, containing
2 heterologous FCV strains (Pers strain genotype | and Fauna strain genotype II), FPV Sheba strain and FHV Lavr strain. The product was developed and tested for its
quality in accordance with the requirements of the Russian Federation law. Clinical studies were conducted using 8—12 week-old kittens from different litters born
from seronegative, non-vaccinated cats and kept in the household, in a veterinary hospital and animal shelters. The product has successfully passed comprehensive
quality control and is registered in the territory of the Russian Federation.
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KNnuHnueckne nccnegoBaHmna no oLeHKe
3QPEKTUBHOCTI BAKLIUHbI NPOTUB NaHNENKONeHUH,
KanuumBMpo3a 1 BUPYCHOTO PUHOTPAXeunTa KoLueK
«Kapuugen PCH» npn ummyHn3aumm Kotar

T. C. TankuHa, A. A. KomapoBa, A. M. Kucenes
OIBY «DefiepanbHblii LieHTp 0XpaHbl 380poBbA X1BOTHbIX» (OTBY «BHUIU3X»), mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

BMpy(HbIe I/IH(bEKLl,I/II/I Y KOLLEK NPUBOAAT K CEPbE3HbIM 3aboneBaHuam, HepeaKo CTaHOBACb HleII/IHOI7I NeTaNbHOT0 UCX0AA. BakLmHbI 3aLLMLLAT XUBOTHBIX OT
3aboneBaHui, NHayumpysa 06pa3OBaHMe QHTUTEN 1 KNETOYHbII VIMMyHHbII?I OTBET. nepBVNHaFI n 6y(TEpHaﬂ BaKLMHaLMA NpOBOANTCA B COOTBETCTBUU C PEKOMEH-
AauuaMn no NpUMeHeHNI0 BakLMHHbBIX NpenapaTtoB, NpeaoCcTaBaeHHbIMM opraHmsaumﬂmm—paspaﬁquMKaMM, NCX0AA U3 MUHUMATbHO NPOAOIKUTENBHOCTU
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UMMyHWTeTa. [Tp1 NaHNeiiKoneHNM KOLLeK TUTPbI aHTUTEN KOPPENMPYIOT € 3aLLMTON OT MHQEKLM, UTO KacaeTca KannLMBMPO3a v PUHOTPaXeUTa, TO aHaNoryHas
B3aNMOCBA3b OTCYTCTBYET WU MeHee YeTKas. BakLuHaLmA KoLeK NpoTInB AaHHbIX 3a60neBaHuil fOCTYNHA Ha TeppuTtopum Poccuiickoil DefepaLium yxe MHoro
neT, TeM He MeHee Bupyc nanneiikonenum (FPV), kanuuusupyc (FCV) n repnecaupyc (FHV) npogoniatot 0cTaBaTbCs 0CHOBHBIMM PACpOCTPaHEHHbIMYU NPUYMHAMI
3aboneBaemoCTv U CMepTHOCTM CPeAY NpeaCTaBuTeNeli cemeiicTBa KoLAubyX. KOLUKM-BIPYCOHOCUTENM UTPAKOT BaXHYH PONb B Nepeaye TakiX pecnupaTopHbiX
BUpycoB, kak FHV u FCV, B kowaubeil nonynaumu, a AautenbHas nepcucteHuma FPV B opraHusme, yctoiluBoCTb B OKpYXKaloLLeil cpese U K Ae3nHeKTaHTam
MPVBOAWT K 3apaXeHuio BOCTPUAMYIBBIX KOTAT. BBUAY TOTO, UTO CyLLeCTBYeT MHOXECTBO 061aAal0LLMX aHTUTeHHbIM pa3Hoo6pasuem wrammos FCV, BBeseHue
BaKLVMH, COZepKaLLyX iBa LTamMMa BUpYca unu bonee, GyaeT NpUBOANTL K 60ee LMPOKOMY CMIeKTpY nepekpecTHoii 3awwuuTbl. Lienbio JaHHoit paboTbl 6bino ove-
HUTb 3G deKTUBHOCTD pa3paboTaHHoii Ha 6a3e noaBefoMCTBEHHOTO Poccenbxo3Haa3opy OIBY «DedepanbHblil LLEHT 0XpaHbl 30POBbA XUBOTHbIX» (I. Bnagumup)
BaKLMHbI NPOTUB NaHNeliKoneHu, KanuLUBIPO3a U BUPYCHOTO PUHOTPaXeUTa KoLLek, cocToALedt u3 2 reTeponornyHblx wrammo FCV (wramm «Mlepc» reHotun |
1 wramm «QayHa» revotun Il), wramma «Lle6a» FPV u wramma «/lap» FHV. PazpaboTky 1 KoHTponb KauecTBa npenapata oCyLUecTBAANN COrNacHo TpeboBaHNAM
3aKkoHoaaTenbcTBa Poccuiickoii Oeaepauim. Knuknyeckue nccnesoBanua npoBOAWAY C UCNONb30BaHUEM KOTAT 8—12-He/leNIbHOro BO3pacTa U3 pa3HblX NOMETOB,
PO AEHHDIX OT CEPOHEraTUBHbIX, HEBAKLIMHUPOBAHHDIX KOLLEK U COfepKaBLUMXCA B AOMALUHUX YCI0BUAX, BETEPUHAPHOM roCruTane 1 npuioTax ANA KMBOTHbIX.
[Tpenapat ycneLuHo npoLuen BCeCTOPOHHUIA KOHTPONb KauecTBa 1 3aperncTpupoBaH Ha Tepputopum Poccuitckoit Oeaepawim.

KnioueBbie cnoBa: naHneiikoneHus KoLEK, KanuUUBUPYCHAA MHOEKLMA KOLLEK, BUPYCHbII pUHOTPAXEUT KoLK, NPodUNaKTUKa, 6e3BpesHOCTb 1 3deKTIB-
HOCTb BaKLMHbI

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHUU3M» B pamkax TemaTuKIn HayuHo-MccneoBaTenbekix paboT «PapaboTka KomnneKcHoit
CMCTeMbI KOHTPONA MHOEKLIMOHHBIX 60Ne3Hei KUBOTHBIX 11 COBEPLLEHCTBOBaHNE METOLOB UCCNIe0BAHNA 0CTATKOB 3anpeLLEeHHbIX 1 BPEAHbIX BELLECTB B Opra-
HU3ME XMBOTHbIX, KOpMaXx 1 NPOAYKTaX KUBOTHOTO NPONCXOXIEHUAY.

[insa uutuposanus: fankuxa T. C., Komaposa A. A., Kucenes A. M. Knunuueckne nccnefoanna no oweHke 3Gp¢eKTUBHOCTA BaKLMHbI NPOTUB NMaHmeii-
KOMeHWH, KanuuuBmpo3a 1 BUPYCHOTo puHoTpaxeuTa Kolek «Kapuuden PCH» npu ummynusaunu kotar. Bemepunapus cezodns. 2024; 13 (2): 164-170.
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KoHnukT MHTepecoB: ABTOPbI 3aABNAHT 00 OTCYTCTBUYN KOHGNMKTA UHTEPECOB.

[ina koppecnoHpeHyun: fankuHa TatbAxa CepreeBHa, KaHy. BET. HayK, 3aBefytoLLyuii nabopatopueii npodunakTuKI 6onesHeii MenKux JOMALIHUX XUBOTHbIX
OrBY «BHUN3X», mkp. l0pbesed, . Bnagumup, 600901, Poccua, e-mail: galkina_ts@arriah.ru

INTRODUCTION

Infections caused by the Feline panleukopenia vi-
rus (FPV), Feline calicivirus (FCV) and Feline herpes-
virus 1 (FHV), the main pathogens of cats, are widespread
in all countries of the world and increasingly reported in
Russia every year. Cats without specific immunity can be-
come infected and even die. The viruses can be transmit-
ted not only by diseased animals, but also by virus-carrying
animals (possible healthy carriers) without apparent clini-
cal signs, shedding the viruses into environment with feces,
urine, and nasal discharge [1, 2].

Feline viral rhinotracheitis (Feline herpesvirus 1, FHV) is
a contagious viral disease caused by FHV involving upper
respiratory tract, causing conjunctivitis and keratitis. If the
infections are complicated by secondary bacterial infec-
tions, the disease would be more severe and ultimately
cause the death of the animal. About 80% of cats remain
FHV-infected for the rest of their lives and the virus may
become reactivated periodically, often due to stress or im-
munosuppression [2, 3].

Feline panleukopenia (Feline panleukopenia virus, FPV) is
a highly contagious disease of viral etiology characterized
by fever, acute hemorrhagic enteritis, leukopenia, dehy-
dration and high mortality rates (from 25 to 100%) [1, 4, 5].

Feline calicivirus infection (Feline calicivirus, FCV) is
a highly contagious viral disease characterized mainly by
the involvement of the oral and upper respiratory mucosa.
According to literature data, FCV was detected in 18-30%
of cases suffering from upper respiratory diseases. Virus
carriers are also common (up to 75%), especially among
stray cats [2, 6, 7]. In addition to the common symptoms

of oral ulcers, rhinitis and conjunctivitis, the disease signs
may also include lameness, edema of the head and limbs,
pneumonia, tongue and palate necrosis, gastrointestinal
involvement. Various sources describe a systemic infection
that causes death of up to 60% of diseased animals. FCV
is characterized by a high genetic variability and antigenic
diversity of strains, which significantly reduces the effec-
tiveness of available vaccines [7, 8].

FPV, FHV and FCV are ubiquitous and infect domestic
cats of all breeds and ages, as well as zoo and wild felines.

Live and inactivated mono- and combined vaccines
are used to prevent viral diseases of cats. The vaccination
effectiveness strongly relies on the presence of maternally
derived antibodies (MDA), which usually persist in kittens
up to 8-12 weeks of age, and sometimes even longer.There
is a critical period for kitten vaccination, or «window of sus-
ceptibility», when MDA neutralize the vaccine virus, but
do not protect against infection with field virulent viruses.
The presence of MDA in high titers in kittens blocks the de-
velopment of post-vaccination immunity and, as a result,
affects the immunization outcomes [2, 9, 10, 11]. The level
of MDAs will differ between litters and individual animals
within litters, depending on the antibody levels in the co-
lostrum of the queens and the amount of colostrum in-
gested.Therefore, itis common practice to perform the first
core vaccination at 8-9 weeks of age (or earlier in higher
risk or sheltered kittens), and to administer additional
doses at 2-4-week intervals until the age of 12-16 weeks
orolder with the expectation that one of these vaccinations
will occur after the blocking effect of the MDA has waned,
and before exposure to virulent agents. Three international
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expert groups: the Feline Vaccination Advisory Panel of
the American Association of Feline Practitioners (AAFP),
the Vaccination Guidelines Group of the World Small Ani-
mal Veterinary Association (WSAVAVGG) and the European
Advisory Board on Cat Diseases (ABCD) provided veterinary
practitioners with recommendations on the use of vac-
cines for cats. Despite some differences, all three groups
recommend re-vaccinations for core vaccines at inter-
vals of more than one year. The current recommendation
for vaccination against FHV and FCV infection is primary
vaccination with two injections at an interval of 3-4 weeks
and revaccination after 1 year. Subsequent boosters should
be administered every 3 years, except for higher-risk situa-
tions [4,10,11,12,13, 14, 15].

Unlike vaccines against feline panleukopenia, which
provide long-term complete protection for cats, vaccines
against feline viral rhinotracheitis and calicivirus infection
significantly reduce the frequency of clinical cases, but do
not confer full protection, and vaccine-induced immuni-
ty may decrease over time, requiring regular revaccina-
tion [16, 17, 18]. Therefore, along with the FPV antigen,
FCV and FHV are considered the major components of
the vaccine that all cats should receive regardless of age
and gender [2, 4, 19].

Vaccines against feline calicivirus infection do not pro-
vide complete protection due to considerable antigenic
variability amongst FCV strains [8, 20], this means poor effi-
cacy of the vaccines and inability to completely prevent in-
fection with field virulent strains and further transmission
of the virus among cats [7, 8]. For several decades, com-
mercial vaccines for cats have been based on FCV F9 or 255
vaccine strains or a combination of two G1 and 431 vac-
cine strains, however, some publications state that due
to frequent FCV mutations, these vaccines are not always
effective [16, 17, 21]. In addition, vaccines against feline
calicivirus infection or viral rhinotracheitis do not prevent
infection, but rather reduce the severity of clinical signs
and sometimes viral shedding [6, 9, 10, 21, 22, 23, 24]. Al-
though commercial combined vaccines against feline pan-
leukopenia, viral rhinotracheitis and calicivirus infection
are used worldwide, significantly reducing both morbidity
and mortality rates, nevertheless, these viral diseases are
still common among cats in various countries, including
the territory of the Russian Federation. The development
of the vaccines against these infectious feline diseases re-
quires taking into account the wide variety of FCV geno-
types, as well as the genetic and antigenic variability of
the strains. That is why it is urgently needed to update
the strain composition of core vaccines against feline pan-
leukopenia, viral rhinotracheitis and calicivirus infection.

Thus, the specific protection against FPV, FCV, FHV, and
prevention of the diseases caused by these viruses among
felines are of paramount importance to ensure the favour-
able animal health situation in the country.

Based on the above, the Federal Centre for Animal
Health, subordinate to the Rosselkhoznadzor, was tasked
to develop and register a safe and effective vaccine for cats
against feline panleukopenia, calicivirus infection and viral
rhinotracheitis in the Russian Federation.

MATERIALS AND METHODS

Carnifel PCH vaccine against feline panleukopenia, cali-
civirus infection and viral rhinotracheitis was developed
and tested for quality in accordance with the requirements

of Federal Law No. 61-FZ“On circulation of medicines”and
Order No. 101 of the Ministry of Agriculture of the Russian
Federation“On approval of the Rules for preclinical studies,
clinical studies and bioequivalence studies of veterinary
medicinal products”.

Vaccine. The active ingredients of the Carnifel PCH
vaccine include inactivated FPV (Sheba strain), FCV (Pers
strain genotype | and Fauna strain genotype Il) and FHV
(Lavr strain). Aluminum hydroxide is used as an adsorbent.
All components of the vaccine undergo comprehensive
input quality control, including control of sterility and in-
nocuity in Crandell-Rees Feline Kidney Cells (CRFK) using
three consecutive passages.

Animals. Clinical studies were conducted using
8-12-week-old kittens (n = 37) from different litters born
from seronegative, non-vaccinated cats and kept in
a household, in a veterinary hospital and animal shelters.

Animal handling complied with the ethical standards
adopted by the European Convention ETS No. 123 and ap-
proved by the Bioethics Commission of the Federal Centre
for Animal Health.

Serological tests. Kitten sera obtained before vaccina-
tionand at 7, 14, 21, 28, 35, 42 days post vaccination (dpv)
were tested. Then sera were collected every month for
a year, and tested for antibodies to FPV by haemaggluti-
nation inhibition test (Hl test), and to FCV and FHV by virus
neutralization test (VNT). Before tests sera were inactiva-
ted by heating at 56 °C for 30 minutes.

Haemagglutination inhibition test (HI test). For the pur-
poses of the test 25 uL of heat-inactivated serum was
subjected to 2-fold serial dilutions started at 1:10 with
phosphate buffered saline solution (pH 6.8) in a 96-well
U-bottom microplate. Then an equal volume of FPV con-
taining 8 haemagglutination units was added to the di-
luted sera. Following one-hour incubation, 0.8% porcine
erythrocytes were added to each plate well and incuba-
ted overnight at 4 °C. The reaction was interpreted after
the red blood cells completely settled in the control wells
(in the form of a button). The reaction result was consi-
dered positive if the tested serum contained FPV-specific
antibodies at a titer of > 1:40 (HI titer of > 5.3 log,) and
higher. The antibody titer was expressed as the highest
serum dilution causing complete inhibition of hemagglu-
tination.

Virus neutralization test (VNT). To determine the le-
vel of neutralizing FCV and FHV antibodies, monolayers
of CRFK cells were used.The antibody titer was determined
by serial dilution of serum sample, which was then added
to the standard amount of the virus: 50 pL of diluted se-
rum and 50 pL of an infectious culture medium containing
100 TCID of the selected virus strain, mixed and incuba-
ted for 2 hours at 37 °C and 5% CO,. Then, the antibody-
virus mixture was inoculated into CRFK monolayer cells
in 96-well microplates with CellBIND-treated surface. Each
serum dilution was added to 4 wells. The cultures were
incubated for 5 days at 37 °C and 5% CO,. The reaction
was interpreted using a microscope. The neutralization
titer was expressed as the reciprocal of the highest dilu-
tion at which cell infection was blocked (VNT).

Statistical analysis of the results. Microsoft Excel software
statistical methods were used to process the obtained
data. The mean group titers and standard deviation were
determined. The specific antibody titer was calculated
using Kaerber formula and expressed as log,.
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Fig. 1. Body temperature of animals (kittens)

RESULTS AND DISCUSSION

For clinical studies to evaluate the effectiveness of vac-
cination against FPV, FCV and FHV infections with Carnifel
PCH, outbred 8-12 week-old kittens from different litters
(n = 37) were used. The kittens were vaccinated subcu-
taneously twice at a 21 day interval at a dose of 1.0 cm?.
The animals were monitored and their body temperature
was measured during 10 days post vaccination.

Figure 1 shows the dynamics of the average body tem-
perature in animals after vaccination. It was established
that during 10 days after the first immunization, the body
temperature of the kittens remained within the normal
range; no depression and loss of appetite were observed.

Within the observation period, it was found that during
21 days post first immunization and after booster vacci-
nation, kittens remained healthy, no changes in behavior
and clinical symptoms of FPV, FCV and FHV infection were
noted, which suggests the safety of the vaccine used.

Testing of sera collected from kittens before vaccina-
tion showed that the animals were seronegative to FCV
and FHV (VNT results); FPV specific antibodies (HI test re-
sults) were determined at a titer of < 1:20 (4.3 log,).

Figure 2 shows the dynamics of the humoral immune
response development in kittens to the vaccination with
Carnifel PCH. It was established that the immune system

of animals actively reacted to the antigens included in
the vaccine, the concentration of FCV, FHV and FPV anti-
bodies increased gradually over time. The level of FPV
antibodies was above the threshold value > 1:40 by
14 dpv; the maximum titers (1:640-1:1,280) were recor-
ded at 42 dpv and persisted throughout the entire study
period.

After booster vaccination, at 35 dpv all kittens had high
titers of specific antibodies to FCV, FHV and FPV. For exam-
ple the mean group titer of virus neutralizing antibodies
to FHV (Lavr strain) was 6.3 Iogz, to FCV (Fauna strain) -
6.5 log,, to FCV (Pers strain) - 7.2 log,; the mean group titer
of specific antibodies to FPV (Sheba strain) was at the level
of 10.3 log, (by HI test).

The mean group titers determined at 7, 14, and 21 dpv
significantly differed from the same value at 35 dpv
(p = 0.1). At the same time, the mean titers detected at 35
and 42 dpv were statistically identical (p > 0.05). Biological-
ly this meant that the period up to 35 dpv corresponded to
the active phase of the humoral immunity development,
the period after 35 dpv corresponded to the stabilization
phase. Based on the data obtained, it was concluded that
after double vaccination with Carnifel PCH, a strong hu-
moral immune response in kittens develops by 35 dpv,
i. e. 14 days post booster vaccination.

o = N W

Mean antibody titre to FCV,
FHV (VNT, log,), FPV (HI test, log,)

S = MW oA W~ W

-a-FPV

#— FCV (strain Fauna)
—»—FCV (strain Pers)
—¥=FHV

28 35 42

days

Fig. 2. Development of humoral immune response in kittens following vaccination with Carnifel PCH
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To evaluate the strength of post-vaccination immunity
against FPV, FCV and FHV, blood samples were collected
from kittens every month during a year. Tests of collected
sera showed that during 12 months the mean titer of FHV
specific antibodies was in the range from 4.0 to 6.5 log,,
to FCV (Pers strain) - from 5.5 to 7.0 log,, to FCV (Fauna
strain) - from 5.0 to 6.0 log, (by VNT), to FPV - from 9.0
to0 10.0 log, (by Hl test).

Figure 3 demonstrates that kittens showed a slight
decrease in the level of specific antibodies, which by
14 months of age was the following (mean group titer):
to FHV -3.8log,, to FCV (Pers strain) - 5.5 log,, to FCV (Fau-
nastrain) - 5.2 log,, to FPV - 9.0 log, (by HI test). The kittens
were revaccinated in a year with Carnifel PCH once subcu-
taneously at a dose of 1.0 cm?, and in 30 days more blood
samples were collected for testing. The results showed that
the mean group titer of FHV specific antibodies increased
by 2.3 log,, to FCV (Pers strain) - by 1.6 log,, to FCV (Fauna
strain) - by 1.1 log, (by VNT), to FPV - by 1.2 log, (by HI test).

Thus, based on the data obtained, it was found that
Carnifel PCH induced seroconversion after booster sub-
cutaneous vaccination at a dose of 1.0 cm?® with 21 day
interval between the doses; the duration of immunity was
at least 12 months.

Most cat vaccination guidelines recommend using
a basic vaccination scheme: primary vaccination and sub-
sequent revaccination in ayear[4, 10, 11, 14, 25]. The same
vaccination scheme of cats was used in our study, which
proved its effectiveness for Carnifel PCH vaccination.
The vaccine induced strong immunity and specific antibo-
dies to FPV, FHV and FCV at high titers after revaccination.

CONCLUSION

Based on the conducted studies, it was concluded
that the vaccine causes the development of an immune
response in cats against FPV, FCV and FHV 14 days post
double vaccination with a 21-day interval between the
doses. The duration of the immunity against these di-
seases is at least 12 months. When studying the dynamics
of FPV, FCV and FHV post-vaccination immunity strength
in kittens vaccinated with Carnifel PCH vaccine, its specific
effectiveness was proven. The results of serology by HI test
and VNT demonstrated strong immune response.

During the tests, it was shown that the developed vac-
cine has a good tolerability in kittens at 8-12 weeks of age.
Double vaccination of animals with a 21-day interval be-
tween the doses at a dose of 1.0 cm?® induces antibodies
to FCV, FHV and FPV in high titers. It was found that Car-
nifel PCH vaccine against FPV, FCV and FHV is safe, non-
reactogenic and potent and can be recommended for cats
to prevent these infections.

The risk of cat infection with infectious diseases is high
at any age, so it is important to understand the need for
immunization, which is a tool to keep the diseases under
control. Vaccination of even a single animal significantly
contributes to the prevention of infectious disease spread
in the feline population. The higher the percentage of vac-
cinated animals in a population, the lower the risk of epi-
zootics.
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ABSTRACT

The proportion of infectious diseases in general avian pathology is known to vary significantly, while bacterial infections play a critical role in avian disease occurrence
and incidence. Most of them are registered in the country’s large-scale poultry holdings, poultry farms and backyards and pose a serious risk in terms of epidemic
and veterinary-sanitary aspects. This paper presents the results of analysis of avian colibacillosis and salmonellosis occurrence in 2018—2022, taking into account
the number of outbreaks and diseased poultry for each disease. A retrospective analysis showed that these infections are registered annually in poultry farms of the
Russian Federation, within a 5-year-period the number of poultry with colibacillosis ranged from 66.18% in 2018 to 0.15% in 2021 of the total number of diseased
birds, and the number of Salmonella-infected poultry ranged from 65.91% in 2019 to 0.57% in 2021. In 20182020 219,020 samples of poultry meat and poultry
products were tested for Salmonella, while Salmonella enteritidis, Salmonella typhimurium, Salmonella infantis were detected in 0.80% cases. It should be noted that
in accordance with the requirements of Technical Regulations TR CU 021/2011and TR EAEU 051/2021, no Salmonellais allowed in 25 g of poultry meat. According to
the VESTA automated system, during the study period, incompliances with microbiological safety parameters were detected in 16.11% of poultry meat and poultry
product samples, of which 10.98% of the samples contained mesophilic aerobic and facultative anaerobic microorganisms, and 5.13% contained Escherichia coli.
The data obtained indicate the need for a retrospective analysis of the occurrence of some avian bacterial infections in order to study the animal disease situation
in poultry farms for the purpose of improving the set of measures to ensure the disease freedom in poultry industry, while addressing the laboratory test results.
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PE3IOME

/13BecTHO, 4TO A0NA MHGEKLMOHHbIX 6oNe3Hell B 06LLeil NaTonoruy NTULbI 3HaUYUTENbHO BapbUpYeT, Npuyem B CTPYKType Hebnarononyuus v 3abonesaemo-
i 6aKTepuanbHble MHGEKLMN UMeT peluatoLLee 3HaueHue. bonbluas ux YacTb PerucTpupyeTca B KpynHbIX NTULEBOAYECKMX X03A/CTBAX, Ha NTULeGabpykax
11 B JIMYHBIX NOACOBHDIX X03AIACTBAX HaLLeli CTPaHbl v NPeACTaBAAET CePbe3HYI0 0NACHOCTb B INU300TUYECKOM 1 BETePUHAPHO-CAHUTAPHOM OTHOLLEHNM. B faHHOI
paboTe npe/cTaBReHbl pe3ynbTaTbl aHaNM3a 3a60N1eBaeMOCTI NTULbI KONMOAKTEPUO30M 1 CaNbMOHeNNe30M 3a nepuop ¢ 2018 no 2022 1. ¢ yueTom KonnyecTaa
HebnarononyyHbIX NYHKTOB 1 3a60neBLuUei NTULbI NO Kax ol Gone3Hu. PeTpocneKTUBHbIA aHanu3 NoKasan, uTo B NTULEBOAYECKNX X03AiicTBaX Poccuiickoii
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(enepauny faHHble 6akTepuo3bl perncTpUpyITCA eXerofHo, 3a 5 NeT KonNYecTeo 3abonesLueil konnbakTepro3om NTiLbI Bapbuposano ot 66,18% B 2018 r.
10 0,15% B 2021 1. o7 06LLi€ro0 KoNMuecTBa 3abonesLLUeil NTULDI, @ KONMYECTBO 3a60/eBLLEI CANbMOHENNE30M NTULbI — 0T 65,91% B 2019 T. A0 0,57% B 2021T.
B 2018-2020 rr. Ha Hanuuue canbmoHenn ccnepoBao 219 020 npob mAca NTMLbI M NTULEBOAYECKOIT MpoAyKLMK, 13 HX B 0,80% cyyaes 06Hapy»eHbl Sal-
monella enteritidis, Salmonella typhimurium, Salmonella infantis. CnegyeT 06paTuTb BHUMAaHIe, YTO B COOTBETCTBIM C TPEOOBAHMAMY TEXHUYECKIX PErNameHTOB
TPTC021/2011 n TP EA3C051/2021 He gonyckaeTca NpucyTCTBue CanbMoHenn B 25 r Maca ntuwpl. Mo faHHbLIM aBTOMATU3MPOBaHHOI cucTeMbl «BecTay, 3a uc-
CneflyeMblil nepuoz HeCOOTBETCTBIA MO MIUKPOBMONOrMYeCKIM Noka3aTensm 6e30nacHocTy BbiaBaeHbI B 16,11% npob MAca NTULbI U ITULIENPOAYKTOB, U3 HIX
B 10,98% 06pa3Li0B copepanuc Me30guibHble a3pobHble 1 pakynbTaTUBHO aHa3IPOOHbIE MUKPOOPraHU3Mbl, B 5,13% — baKkTepuy rpynibl KULLIEYHON ManouKu.
MonyueHHble JaHHblE CBUAETENbCTBYIOT 0 HEOOXOAMMOCTY NPOBEJEHMA PETPOCTIEKTUBHOMO aHan|3a 3a6071eBaeMoCT NTULbI OTAENbHBIMM GaKTepUANbHBIMI
NHOEKLMAMIN ANA U3YYeHA MN300TNYECKON CUTYaLm B NTULLEBOAYECKMX X03AMCTBAX C LiefIblo COBEPLLEHCTBOBAHMA KOMMIEKCa MeponpuaTmii no obecneyeHnio
BeTepUHapHOro bnarononyyna NTMLEBOACTBA, MPU 3TOM CieayeT 06paLuaTb BHUMAHUE Ha pe3ynbTaTbl 1abopaTopHbIX UCCNeA0BaHMWIA.

KnioueBble cnoBa: KonnbakTepno3s, canbMoHense3, aHanu3 3a601eBaeMoCTit, MACO NTULbI U NTULEBOAYECKAA NPOAYKLMA, NOKa3aTenu 6uonornyeckoii
6e3onacHocTyn

BnarogapHocTu: Pabota BbinonHeHa B cooTBeTCTBUM ¢ MNaHamin HUP 1 B pamKax TeMaTuKi HayuHo-cCnefioBaTeNbekmx pabot «BetepuHapHoe 6narononyuue
1 obecneyeune 6obesonacHoCTU.

[insa untnposauus: Kypmakaesa T. B., Kozak C. C., bapaHosuy E. C. K Bonpocy o0 3aboneaemocTyt nTuubl 0TAeNbHbIMI 6aKTepuanbHbimu 6onesHamu 1 06e-

cneyene 6uobesonacHocTin. BemepuHapus ce200ua. 2024; 13 (2): 171-176. https://doi.org/10.29326/2304-196X-2024-13-2-171-176
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INTRODUCTION

Commercial poultry farming is known to remain
the leading branch of agricultural production, providing
the population with valuable dietary food. Despite the fact
that veterinary specialists pay special attention to the pre-
vention and control of zooanthroponous avian diseases, as
well as ensuring veterinary and sanitary safety of poultry
products, infectious diseases are still detected in poultry
farms of the Russian Federation. Researchers agree that
avian infectious diseases pose a potential risk of mass
distribution in the population all over the country’s ter-
ritory and result in decreased weight gains and egg yield,
livestock reduction, increased microbial contamination
and deterioration of poultry product quality. According
to some authors, infectious diseases such as Newcastle
disease, avian influenza, Marek’s disease, Gumboro dis-
ease, avian infectious bronchitis, avian infectious laryngo-
tracheitis, colibacillosis, salmonellosis, pasteurellosis and
others take a significant place in the formation of the no-
sological profile of avian infectious pathology and dete-
riorate the animal health situation in commercial poultry
industry. Many foodborne pathogens are widespread in
nature, may persist in the environment for a long time and
remain facultative parasites for warm-blooded, including
food-producing animals. According to veterinary reports,
bacterial diseases (colibacillosis, salmonellosis, pasteurel-
losis, etc.) play a significant role in poultry disease occur-
rence and incidence and develop when maintenance and
feeding conditions are incompliant and the overall animal
body resistance is decreased; they can also be secondary
infections or a result of the virus latently circulating in poul-
try body, which exacerbates the development of infectious
process. Such pathogenic bacteria as Salmonella, Listeria,
pathogenic Escherichia coli strains and other microorgan-
isms occupying a specific place among pathogens com-
mon to animals (including birds) and humans and being
risk factors for occurrence of foodborne toxicoinfections,

still present the greatest danger to poultry farms and poul-
try processing establishments [1, 2, 3,4, 5,6,7,8,9, 10].
According to the statistics of the Federal Service for
Surveillance on Consumer Rights Protection and Human
Wellbeing (Rospotrebnadzor), salmonellosis is one of the
most common zoonotic bacterial infections transmitted
through food (predominantly through poultry products
for most pathogens) and the main cause of group morbidi-
ty among the population. For instance, in 2022 the Rospo-
trebnadzor registered 27 outbreaks of foodborne salmo-
nellosis in 22 Subjects of the Russian Federation, whereas
1,204 people were affected, and 36 major salmonellosis
outbreaks were recorded within 11 months of 2023. Level
of infection in people due to consumption of substandard
products (meat, eggs) varies within significant limits.
Colibacillosis (escherichiosis, colisepticemia, dysentery)
detected in birds is an acute infectious disease caused
by enteropathogenic Escherichia coli, which occurs in
the form of septicemia and is characterized by diarrhea.
Escherichia coli originally called Bacterium coli was first
identified in 1885 by the Austrian scientist Theodor Esche-
rich after whom it received its name. Escherichia coli are
small, polymorphic, gram-negative rod-shaped bacteria
with rounded ends, they have no spores, are well culti-
vated on conventional nutrient media and belong to
facultative anaerobes. Diseased and convalescent birds
are the source of infection, and the pathogen can also
be transmitted by wild birds and rodents. The routes
of infection can be aerogenic, alimentary and transovarial.
According to the researchers, chickens, turkeys, ducklings
and goslings up to 90 days of age are most susceptible to
the infection, adult birds rarely get diseased, humans may
be susceptible. The pathogen persists in the environment
for up to 4 months, dies within 1-2 minutes when heated
to 100 °C, it is sensitive to conventional disinfectants. Clear
2% active chlorine solution, 5% chloraminum B solution,
3% caustic soda hot (45-50 °C) solution, 2% formaldehyde
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solution, 20% suspension of freshly slaked lime (by double
whitewashing with an interval of one hour) are used. The
ante-mortem diagnostic examination of young birds
reveals depression, cyanosis of the head skin, dyspnea,
wheezing, diarrhea, fever, intoxication signs. During
post-mortem examination cyanosis of muscle tissue is
observed, the liver is enlarged, there are fibrin films on
the liver surface, multiple small spot hemorrhages are
found on the serous membranes of internal organs, and
the lungs are hyperemic. Peritonitis and enteritis are re-
corded in adult birds [1,11, 12, 13, 14, 15, 16]. It should be
noted that the final diagnosis is confirmed by laboratory
tests conducted in accordance with regulatory documents.

Young poultry and wild birds are most susceptible to Sal-
monella infection, resulting in salmonellosis (paratyphoid) -
an infectious disease that occurs mainly in the gastroin-
testinal form and, less often, may be systemic. Salmonella
agents belong to the Enterobacteriaceae family of intestinal
bacteria, the Salmonella genus. Salmonellas are morpho-
logically rod-shaped bacilli with rounded ends that do not
form spores and capsules, are well stained with aniline dyes,
gram-negdative, cultured on conventional nutrient media,
classified as aerobic or facultative anaerobes. The pathogen
is quite resistant to environmental factors and sensitive to
conventional disinfectants. Thus, bacteria can survive in soil
within 1-9 months, in frozen meat — within 6-13 months,
in eggs — within up to 13 months, in egg powder - within
up to 9 months; S. enteritidis, S. typhimurium, S. gallinarum,
S. pullorum, S. infantis are the major species in the etiolog-
ical structure of avian salmonellosis. Diseased and con-
valescent birds can be a reservoir of the pathogen, that
is, they can be Salmonella carriers for a long time, which
is especially dangerous as this is a latent source of infec-
tion. The disease can be acute, subacute, chronic and some-
times asymptomatic (in adult chickens, ducks and geese).
Diseased birds demonstrate lethargy, inappetite, weight
loss, conjunctivitis, rhinitis, diarrhea, arthritis, dyspnea,
comb and wattle cyanosis; ducks and geese demonstrate
swelling of the head. During post-mortem examination en-
larged liver, small necrotic fociin the spleen and kidneys are
found in adult birds, inflammations of ovaries, oviduct, and
cloaca are frequently observed as well. In chicks the serous
membrane of the intestine is red, the mucous membranes
of the digestive tract are catarrhally inflamed, there are
streaky hemorrhages in places, the liver is enlarged, with
fibrinous depositions on the capsule and multiple small ne-
crotic foci. Liver degeneration is noted in goslings, whereas
in ducklings the liver is enlarged and has many small ne-
crotic foci [2, 5, 13, 17, 18, 19]. Salmonella bacteria cause
food toxicoinfections in humans; poultry meat, edible eggs
and other poultry products are the pathogen transmission
factors.

The Department of Microbiology of the All-Russia Sci-
entific Research Veterinary Institute of Poultry Science
(A.N.Borisenkova, T. N. Rozhdestvenskaya, O. B. Novikova)
has developed a control system for prevention of bacterial
diseases in commercial poultry farming, which establishes
the main technological links and includes 11 main aspects:
diagnostic monitoring (serological tests, microbiological
tests of faeces samples, cloaca smears); microbiological
monitoring during chicken hatching and rearing; epizoo-
tological monitoring of the production technological
cycle; antibiotic therapy; probiotic-based prevention, dis-
insection, desacarization; deratization; specific prevention;

HACCP-based analysis of critical control points and risk
management (microbiological control of feed, techno-
logical facilities, product yield) [2, 20, 21].

Thus, colibacillosis and salmonellosis are the most
common avian bacterial diseases currently posing a risk
to poultry farming and, in particular, to food product con-
sumers. Therefore, the analysis of colibacillosis and salmo-
nellosis occurrence in poultry farms in the country, as well
as the results of poultry meat and poultry product labora-
tory tests are essential for development of the veterinary
and sanitary service activities to ensure poultry disease
freedom and biosafety, and that determined the direction
of our research.

MATERIALS AND METHODS

Based on statistical data of the Ministry of Agriculture of
the Russian Federation, a retrospective analysis of the coli-
bacillosis and salmonellosis occurrence in poultry farms
in the country in 2018-2022 was carried out, taking into
account the detected outbreaks and the number of infec-
ted birds for each disease. The results of laboratory tests
of Salmonella contamination of poultry meat and poultry
products in 2018-2020 are analyzed.

RESULTS AND DISCUSSION

It was established that in 2018-2022, 827,442 poultry
in 190 outbreak areas got infected with colibacillosis in
the Russian Federation, 176 poultry in 18 outbreak areas
got infected with salmonellosis.

In 2018 colibacillosis was registered in 87 outbreak
areas, salmonellosis - in 7 outbreak areas, while the num-
ber of chicks and young birds infected with colibacillosis
amounted to 547,561 birds, with salmonellosis - 33 birds,
the percentage of the total number of diseased birds
for each disease was 66.18 and 18.75%, respectively.

In 2019 the number of poultry infected with colibacil-
losis amounted to 242,410 birds in 103 outbreak areas
(29.30% of the total number of colibacillosis-infected
poultry), salmonellosis — 116 birds in 6 outbreak areas
(65.91% of the total number of salmonellosis-infected
poultry). In 2020, 2021 and 2022 no new colibacillosis-
infected areas were identified in the Russian Federation,
while the number of diseased birds was 33,560 (4,06%),
1,204 (0,15%) and 2,707 (0.33%) respectively.

In 2020 the number of salmonellosis-infected areas de-
creased to 4 and the number of diseased birds amounted
to 22 (12.50% of the total number of diseased birds with
salmonellosis). In 2021 no new salmonellosis-infected
areas were identified in the Russian Federation, while there
was one diseased bird accounting for 0.57% of the total
number of diseased birds. In 2022 salmonellosis was regis-
tered in one outbreak area, where the number of diseased
poultry was 4 birds (2.27% of the total number of salmo-
nellosis-infected poultry).

Thus, the data provided indicate that these nosological
units are registered annually in the Russian Federation, but
as a result of veterinary and sanitary measures, the num-
ber of colibacillosis-infected poultry in the RF Subjects
decreased from 66.18% in 2018 to 0.33% in 2022, and
the number of salmonellosis-infected poultry decreased
from 65.91% in 2019 to 2.27% in 2022 (Fig.). At the same
time, the data obtained suggest that bacterial diseases still
occupy a specific place in the nosological profile of poul-
try infectious pathology and may pose a danger to poultry
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Fig. Avian colibacillosis and salmonellosis occurrence in the Russian
Federation in 2018-2022 (mean percentage of the total number of diseased
poultry for each disease)

Table 1
Results of tests of poultry meat and poultry products for Salmonella contamination
in 2018-2020

Product name Number of collected samples | Number of positive samples
Poultry meat 120,923 1,716 £15
Chicken eggs 87,259 211
Melange, egg powder 10,838 20+1
Total 219,020 1,757£17
p<0.05
Table 2

Results of tests of poultry meat and poultry products for mesophilic aerobic and
facultative anaerobic microorganisms and coliforms (Total Viable Count)

Number of positive
samples

Number of collected

Parameter
samples

Total Viable Count 2,340 257 +12 10.98

Coliforms 2,340 120+6 5.13

p<0.05

establishments. Therefore, in order to ensure the animal dis-
ease freedom of poultry population and timely implement

a complex of preventive, veterinary and sanitary measures,
it is necessary to constantly monitor and analyze the data

on colibacillosis and salmonellosis occurrence in poultry.

At the next stage of the study, a retrospective analy-
sis of data on Salmonella contamination of poultry meat
and poultry products obtained during laboratory tests
in 2018-2020 was carried out. Results of tests of poultry
products for Salmonella contamination are presented
in Table 1.

According to the data obtained, 219,020 samples
of poultry meat and poultry products were collected for
testing, which included 120,923 samples of poultry meat,
87,259 samples of chicken eggs, 10,838 samples of me-
lange and egg powder. It was established that Salmonella
bacteria were detected in 1,716 £ 15 poultry meat samples,
which is 1.42% of the total number of meat samples col-
lected for testing. Salmonella was detected in chicken eggs
in 0.02% of cases, the proportion of egg product samples

(melange and egg powder) containing bacteria was 0.18%.
Based on analysis of data on Salmonella contamination
in 2018-2020, the following Salmonella serovars were
most often found in poultry products: S. enteritidis, S. typhi-
murium, S. infantis.

The data from the automated VESTA system (laboratory
testing of regulated product samples) in 2018-2020 were
used for the retrospective analysis of the level of contami-
nation with mesophilic aerobic and facultatively anaerobic
microorganisms and coliforms (total viable count) and
Escherichia coli bacteria (coliforms) in poultry meat and poul-
try products. It should be noted that these microbiological
safety parameters are specified in the Technical Regulations
of the Customs Union “On Food Safety” (TR CU 021/2011)
and the Eurasian Economic Union “On Safety of Poultry
Meat and Processed Products Thereof”(TREAEU 051/2021):
the total viable count in fresh meat shall not exceed
10 CFU/g (cm?®), in chicken and quail eggs — not more than
100 CFU/g (cm3); no coliforms are allowed in 1.0 g (cm?®) of
fresh meat and 0.1 g (cm?) of chicken and quail eggs.

During the specified period 2,340 samples were tes-
ted. As the data in Table 2 show, a significant number
of samples do not meet the requirements of regulatory
documents according to the VESTA automated system.

CONCLUSION

According to the Ministry of Agriculture of the Russian
Federation, the retrospective analysis of colibacillosis
and salmonellosis occurrence in poultry farms in the coun-
try in 2018-2022 showed that 827,442 birds got infected
with colibacillosis in 190 outbreak areas, salmonellosis was
registered in 176 birds in 18 outbreak areas during the en-
tire study period. In 2018-2020 219,020 samples of poultry
meat and poultry products were subjected to bacteriologi-
cal testing for the presence of Salmonella. It was found that
Salmonella bacteria were detected in 1.42% of poultry meat
samples of the total number of meat samples collected for
testing, in 0.02% of chicken egg samples, in 0.18% of egg
product (melange and egg powder) samples. Despite
the seemingly small percentage of bacterial detections,
it should be remembered that Salmonella is a pathoge-
nic microorganism and its presence is not allowed in 25 g
of meat products, therefore, the aspects of bacterial avian
disease prevention have not lost their relevance to date.

Based on the results of our own research and litera-
ture data, we came to the conclusion that deterioration
of the animal health situation in poultry farms may affect
the public health due to consuming unsafe Salmonella-
contaminated poultry products. Therefore, it is neces-
sary to ensure assessment of the animal health situation
in poultry farms, epizootic monitoring in regions with de-
veloped poultry farming, improvement of measures for
the prevention and control of poultry infectious diseases
and compliance with veterinary and sanitary requirements
at each production stage to achieve the biological safety
of poultry meat and poultry products.
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Adjuvant properties of chitosan derivatives
administered to mice with anti-rabies vaccine

Ksenia B. Dobroskok, Elena I. Yarygina, Maria S. Lipatova, Marina S. Kalmykova
Moscow State Academy of Veterinary Medicine and Biotechnology — MVA by K. I. Skryabin, 23 Academician Skryabin str., Moscow 109472, Russia

ABSTRACT

Searching for a preparation that would meet all the requirements for modern adjuvants remains a matter of critical importance for specific immunoprophylaxis.
Much information is available now on chitosan positive effect, including its effect on the immune response. The article provides results of the preclinical tests for
different affordable chitosan-based products. For the test purposes, we took the following three products manufactured by LLC Bioprogress (Shchelkovo, Russia):
water-soluble chitosan (succinate) — 2% solution edible chitosan (water-soluble) — 2% solution; edible chitosan (acid-soluble) — 2% solution, as well as anti-
rabies vaccine RABIKOV manufactured by Shchelkovo Biocombinat (Russia). Immunogenic properties of chitosan-based products were tested in 85—-100-day-old
female white laboratory mice weighing 21-35 g. The animals were divided into 37 groups (6 mice in each group). Chitosan-hased products were administered
subcutaneously or intramuscularly, either together with the anti-rabies vaccine or without it. Animals from the control groups received either saline solution or the
vaccine only. There was also a group of intact animals. The experiment demonstrated that the water-soluble chitosan (succinate) administered subcutaneously,
acid-soluble edible chitosan (at a concentration of 1:64 and more), and water-soluble edible chitosan (at a concentration of 1:108) administered subcutaneously
and intramuscularly increase the level of post-vaccination anti-rabies antibodies. Thus, the tested chitosan-based products do not have any negative impact on
the laboratory animals and have immunogenic properties.

Keywords: chitosan, adjuvant, vaccination, immunoprophylaxis, RABIES vaccine, RABIKOV vaccine, cytotoxicity, immunity, antibodies, preclinical tests
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AZ'bIOBAHTHbIE CBOCTBA MPON3BOJHbIX XT0O3aHa
npy BBEIEHUI MbILLIAM aHTUPAONYECKON BAKLIMHDI

K. b. lo6pockok, E. . fipbiruna, M. C. Jlunatosa, M. C. KanmbikoBa
Orb0Y BO «MockoBcKas rocyfapcTBeHHas akazieMus BeTepuHapHoil MeavLmHbl i 6uotexHonorun - MBA umenn K. W. Ckpabuna»
(OTBOY BO MTABMuB — MBA umenn K. W. Ckpabuna), yn. Akapemuka Ckpabuna, 23, r. MockBa, 109472, Poccua

PE3IOME

[ina cneynduueckoii uMMyHoNpOGUNAKTUKM 0COBEHHO aKTyanbHbIM 0CTAeTCA BOMPOC NOMCKa Npenapata, KoTopblii 6bl 0TBeyan Bcem TpeboBaHMAM, Npefb-
ABNAEMbIM K COBPEMEHHbIM aZibloBaHTaM. B nuTepatype MHOTO CBefieHNii 0 NOAOKUTENLHOM BAMAHUN XUTO3aHa, B TOM YMCNE U HA MMYHHYI0 CUCTEMY.
B cTatbe npeacTaBneHbl peynbrathbl AOKANHUYECKIX UCNbITaHUA NPENapaToB Ha 0CHOBE Pa3ANyHbIX GOPM XMTO3aHa, KOTOPblE ABAAIOTCA IKOHOMUYECKM
LOCTYNHbIMM. B KauecTBe UcMbITyeMbIx Gbinu B3ATbI TpU Npenapata npoussoactsa 000 «buonporpeco (r. LenkoBo, Poccua): xuto3aH BofopacTBOPUMbIil
(cyKumHaT) — 2%-it pacTBOp; XUTO3aH NULLEBOI (BOAOPACTBOPUMBIN) — 2%-il paCTBOP; XMTO3aH NULLEBON (KNCIOTOPACTBOPUMDIiT) — 2%-ii pacTBOp; a TaKkxKe
BaKLYHa npoTus belueHcTBa «Pabukos» npounssogcTaa OKI «LLenkockuii 6uokombuHat» (Poccus). M3yueHune uMmyHoreHHbIX CBOIACTB NpenaparoB XuTo3aHa
npoBoaunu Ha 85—100-cyTouHbIX camkax benbix nabopaTopHbIx Mbiiueil Maccoit 21-35 r. usoTHble 6bin1 NogeneHbl Ha 37 rpynn no 6 MbiLueli B KaXA0i.
[Tpenapatbl XuT03aHa NPUMEHANM NOAKOXKHO UAN BHYTPUMBILLIEYHO COYETAHHO C aHTUPABUyecKoil BakLMHON K 6e3 TakoBoiA. AKMBOTHBIM KOHTPOMbHBIX
rpynn BBOAWNM IM60 Gu3noNOruyecKuil pacTBop, N6 TONbKO BaKLMHY. Takxe Obina ChOpMUPOBAHA FPYNNa UHTAKTHbIX XUBOTHBIX. l0Ka3aHo, YTo XMTO3aH
BO/J0PACTBOPUMbIN (CyKLIMHAT) MPU NOAKOXHOM BBEACHMM, XUTO3aH NULLEBOIF (KUCNOTOPACTBOPUMBIN) B KOHLIEHTPaLm 1:64 1 Bbille 1 XUTO3aH NULLEBOI]
(BOZOPaCcTBOPMMBIit) B KOHLEHTpaLmy 1:108 npu NoAKOXKHOM 1 BHYTPUMBILLIEYHOM CMOC06aX BBEZEHIA MOBBILLAIT YPOBEHb NOCTBAKLMHANbHBIX aHTpabu-
yecKmx aHTuTen. Takum 06pasom, uccneyemble npenaparbl Ha OCHOBE XMT03aHa He 0KA3bIBAIOT HEraTUBHOTO BAUAHNA HA OPraHU3M 1abopaTopHBIX KUBOTHBIX
11 0612Ja10T UMMYHOTEHHbIMM CBOIICTBAMY.

© Dobroskok K. B., Yarygina E. I., Lipatova M. S., Kalmykova M. S., 2024
© Federal Centre for Animal Health, 2024
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KntoueBble cnoBa: x1T03aH, afbloBaHT, BaKLMHALWA, MMMyHOﬂpO(I)VIJ'I&KTMKa, BaKLMHa «Pabuec», BaKwHa «PabUKOB», LIUTOTOKCUUHOCTD, UMMYHUTET, aHTU-

Tena, AOKNUHNYecKoe nccneaoBanune

BnarogapHocTu: Pabota BbinonHeHa Ha 6a3e Kadeapbl BUpyconorim 1 Mukpobuonorum umenn akagemuka B. H. Clopura. B xope BbinonHeHua paboTbl KOH-
CyNbTaTUBHYH 11 NPaKTINYeCKyto NOMOLLb 0Ka3biBany cotpyaHukn Orb0Y BO MTABMub — MBA umenn K. I1. Ckpabuna.

[ina untuposanusa: lobpockok K. b., Apbiruna E. 1., lunatosa M. C., KanmbikoBa M. C. AibloBaHTHBble CBOIACTBA NPONU3BOAHDIX XUTO3aHA NPV BBEAEHNM MbiLLAM
aHTMpabnueckoil BakUMHbI. Bemepurapus ce200kA. 2024; 13 (2): 177-182. https://doi.org/10.29326/2304-196X-2024-13-2-177-182

KoHnukT unTepecos: ABTopbl 3aABNAIOT 00 OTCYTCTBIM KOH(NUKTA MHTEPECOB.

[ina koppecnonpenuymnn: Jobpockok Kcenna bopucosHa, acnupaHT Kadeapbl Bupyconorunm n mukpobuonorun umexn akagemuka B. H. Ciopuna
Orb0Y BO MTABMub — MBA umenn K. 1. Ckpabuna, yn. Akagemuka Ckpaduna, 23, r. MockBa, 109472, Poccus, e-mail: dkseny@yandex.ru

INTRODUCTION

Scientists from all over the world are looking for
the best options to ensure effective and safe specific pre-
vention of animal diseases. Despite the progress made in
the vaccine production, searching for a low-cost and safe
adjuvant that would enhance the immune response re-
mains a matter of great importance.

Modern adjuvants shall boost immunity (cell-media-
ted and/or humoral), be easily metabolized and be widely
affordable [1, 2].

Chitosan properties are being actively studied world-
wide [3-20]. Its derivatives are widely used in the pharma-
ceutical manufacturing and in veterinary medicine. Chi-
tosan-based products have shown a variety of biological
properties, including antimicrobial and cholesterol-lower-
ing ones. The chitosan properties increase the dissociation
rate of poorly soluble medicinal products, enhance their
absorption, influence the drug release and create drugs
of prolonged action [2]. It was also noted that chitosan
solution boosts both the humoral and cell-mediated im-
mune response after subcutaneous administration of vac-
cines [15]. It is also possible to inject chitosan as a part of
medicinal products and vaccines [21].

Theavailable literature provides information on chitosan
as an antigen sorbent and a stimulator of the post-vaccina-
tion immune response [3,7,8,9,10,12,13,14,17,18, 19,
20, 22]. Progress made in studying the properties of chito-
san derivatives suggests that they may meet the basic re-
quirements for modern adjuvants.

Previously, in order to find optimal concentrations
of chitosan-based products for administration to ani-
mals, we analyzed the cytotoxicity of various dilutions of
the tested samples in the continuous bovine kidney cell
line PT-80 [6, 11].

The purpose of this research is to study adjuvant pro-
perties of chitosan derivatives in various concentrations,
administered to mice together with an anti-rabies vaccine.

MATERIALS AND METHODS

Chitosan. The following chitosan-containing products
manufactured by Bioprogress (Shchelkovo, Russia) on
the basis of saline solution (NaCl 0.9%), were taken as
starting materials:

- water-soluble chitosan (succinate), 2% solution -
Preparation No. 1;

- edible chitosan (water-soluble), 2% solution - Prepa-
ration No. 2;

- edible chitosan (acid-soluble), 2% solution - Prepara-
tion No. 3.

Anti-rabies vaccines for animals:

- anti-rabies vaccine RABIKOV manufactured by
the Shchelkovo Biocombinat (Russia);

- anti-rabies vaccine RABIES (Intervet International, B. V.,
the Netherlands) was used to compare protective pro-
perties with the domestically produced RABIKOV vaccine
as part of the implementation of import substitution
measures.

Experiment design. Thirty-seven homogeneous groups
of female white lab mice were formed for experimental pur-
poses. The mice weighed 21-35 g and were 85-100 days
old. Six mice were included in each group. The mice were
injected with the tested products (at a volume of 0.3 cm?3),
according to the scheme given in the table.

Before the experiment, all the laboratory animals
stayed in quarantine for 14 days. The experimental mice
were subjected to daily clinical examination and control
weighing. On day 28 postadministration, the animals were
decapitated and pathological material (organs and blood
serum) was taken for further tests.

All animal experiments were conducted in strict
compliance with Interstate Standards GOST 33215-2014,
GOST 33216-2014 as adopted by the Interstate Coun-
cil for Standardization, Metrology and Certification, as
well as in accordance with Directive 2010/63/EU of the
European Parliament and of the Council of 22 Septem-
ber 2010 on the protection of animals used for scientific
purposes.

The mass index of organs is calculated as the ratio
of the organs mass to animal body mass (organ mass
index = Mo’ Manimal)-

Calculating titers of rabies virus-neutralizing antibodies.
In order to observe adjuvant properties of chitosan-based
preparations, we measured the level of rabies virus-neu-
tralizing antibodies in sera from laboratory animals using
diffusion precipitation test, according to the instruction
for “Diffusion precipitation test kit for rabies diagnosis”
produced by the All-Russian Research and Technological
Institute of Biological Industry (Russia).

Processing statistics. The obtained statistics were pro-
cessed using the standard Microsoft Excel 2007 program
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adopted in biology and medicine. The results were consi-
dered reliable at the probability level of p < 0.05.

RESULTS AND DISCUSSION

Preliminary tests in PT-80 cell line have shown that
edible chitosan (acid-soluble) at a concentration of 1:4 has
a cytotoxic effect [6], therefore, during the experiment 1:64
and 1:108 concentrations were used in the lab animals.

During the observation, no deviations in mice behavior
were reported, and there were no specific death cases. Fur-
ther autopsy revealed no pathological lesions at the injec-
tion sites (inflammation, granulation, etc.) or in the internal
organs [6].

The liver is an organ that increases in size due to acute
toxicity and decreases in size due to chronic toxicity. There-
fore, the organ mass index was calculated.

Figure 1 shows that the mean liver mass index in all
mice groups ranged from 0.045 to 0.050. This suggests
that the tested preparations do not have any acute toxi-
city effects.

The spleen is the largest lymphoid organ. Therefore,
to assess the immunity response to the administration of
the tested preparations, the organ mass index was calcu-
lated for experimental mice.

The mean spleen mass index calculated (Fig. 2)
for groups 1-8 and 10-16, either corresponded to the
data obtained for groups 19, 20 and 37, or exceeded
them (p < 0.05). This may suggest that the mice’s immune
system is stimulated by the chitosan-containing prepa-
rations. However, in group No. 9, the mean spleen mass
index was lower than in the control groups. It can be as-
sumed that intramuscularly administered edible chitosan
(water-soluble) at a concentration of 1:64 does not have
any pronounced immunostimulating effect.

To confirm chitosan adjuvant properties, the next step
was to measure the level of rabies virus-neutralizing an-
tibodies in the sera from laboratory mice using diffusion
precipitation test. The experiment results are given in Fi-
gure 3.

The data obtained show that the titres of rabies
virus-neutralizing antibodies post-vaccination without
the tested preparations (groups No. 19 and 20) were
1:32; whereas those groups that were subcutaneously
vaccinated together with water-soluble chitosan (suc-
cinate) in all the tested concentrations (groups No. 2, 4
and 6) showed the antibody level of 1:64. Regardless
of the administration route, edible chitosan (acid-solu-
ble) at all the tested concentrations (groups No. 13-16)
and edible chitosan (water-soluble) at a concentration
of 1:10% (groups No. 11 and 12) stimulate antibody
production.

Water-soluble chitosan (succinate) was administered
intramuscularly at all the tested concentrations (groups
No. 1, 3 and 5), edible chitosan (water-soluble) was ad-
ministered subcutaneously (concentration 1:4, group
No. 8) and intramuscularly (concentration 1:64, group
No. 9) reduced the level of rabies virus-neutralizing anti-
bodies down to 1:8 - 1:16. In this regard, it can be assumed
that the tested preparations (at the given concentrations
and administered using the mentioned routes) suppress
the immune response, since natural chitosan salts are
practically insoluble at pH above 6, which may be prob-
lematic for the delivery of vaccine antigens that are soluble
and stable at neutral pH or higher [2].

Table
Routes of administration of the tested products to the mice groups

Group

Dilution
number

Preparation

Experimental groups

Administration route

Preparations with vaccine RABIKOV

" 1 intramuscularly
. 2 subcutaneously
3 intramuscularly
Preparation No. 1 1:64
4 subcutaneously
5 intramuscularly
1:108
6 subcutaneously
7 intramuscularly
1:4
8 subcutaneously
9 intramuscularly
Preparation No. 2 1:64
10 subcutaneously
n intramuscularly
1:108
12 subcutaneously
13 intramuscularly
1:64
14 subcutaneously
Preparation No. 3
15 intramuscularly
1:10°
16 subcutaneously
Control groups
Saline solution
- 17 intramuscularly
Saline solution (NaCl 0.9%)
- 18 subcutaneously
Vaccine control
Vaccine RABIKOV - 19 subcutaneously
Vaccine RABIES - 20 subcutaneously
Tested products without a vaccine
" 21 intramuscularly
' 22 subcutaneously
23 intramuscularly
Preparation No. 1 1:64
24 subcutaneously
25 intramuscularly
1:108
26 subcutaneously
14 27 intramuscularly
. 28 subcutaneously
29 intramuscularly
Preparation No. 2 1:64
30 subcutaneously
31 intramuscularly
1:108
32 subcutaneously
33 intramuscularly
1:64
34 subcutaneously
Preparation No. 3
35 intramuscularly
1:108
36 subcutaneously
No products administered (intact) - 37 -
179
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Fig. 1. Liver/body weight ratio in the laboratory mice after administration of the tested forms
and concentrations of the chitosan-based products
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Fig. 2. Spleen/body weight ratio in the laboratory mice after administration
of the tested forms and concentrations of the chitosan-based products
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Fig. 3. Post-vaccination antibodly titres against rabies virus antigen as demonstrated
by the diffusion precipitation test
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CONCLUSION

Thus, it has been shown that the tested chitosan-con-
taining preparations do not have a negative impact on
the laboratory animals and have immunogenic properties.

The following preparations can be recommended
as affordable adjuvants: water-soluble chitosan (succi-
nate) for subcutaneous administration; edible chitosan
(acid-soluble) at a concentration of 1:64 and above, as
well as edible chitosan (water-soluble) at a concentration
of 1:108 (administered subcutaneously and intramuscular-
ly). Alongside it, our test results as well as results provided
by other researchers [2] show that water-soluble chitosan
(succinate) administered intramuscularly and edible chi-
tosan (water-soluble) administered subcutaneously at
a concentrations of 1:4 and administered intramuscularly
at a concentration of 1:64 reduce the vaccine efficacy.
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Studying immunotherapeutic properties of the conjugate
based on BCG antigens with betulonic acid in guinea pigs
infected with Mycobacterium scrofulaceum

Ivan N. Koshkin, Vasily S. Vlasenko, Natalia A. Dengis
Omsk Agrarian Scientific Center, 26 Koroleva ave., Omsk 644012, Russia

ABSTRACT

The paper reports on the research into the immunotherapeutic properties of a conjugate based on BCG antigens with betulonic acid after experimental infection of
quinea pigs with Mycobacterium scrofulaceum culture, belonging to nontuberculosis mycobacteria type Il according to the Runyon classification. Fifteen guinea pigs
were used for the experimental purposes, divided into 3 groups. Mycobacterium scrofulaceum was subcutaneously injected into animals of groups 1and 2 (n=10)
atadose of 5 mg. Fourteen days later, a conjugate based on BCG antigens with betulonic acid was subcutaneously injected into animals of group 2 (n =5) at a dose
of 500 pg/mL of protein. Five intact animals were used as controls. During the experiment, neutrophil bactericidal activity was assessed, and histopathological
examination of inguinal lymph nodes was done. The experiment showed that the inoculation of Mycobacterium scrofulaceum into guinea pigs activates cationic
proteins and neutrophil myeloperoxidase, and on experiment day 42 (preceded by mycobacteria withdrawal from the body) their concentration reduced to the level
of the control group. The vaccine administration induced a more active intracellular phagocyte metabolism during the entire observation period, which resulted in
the elimination of nontuberculosis mycobacteria in animals as early as day 7 after treatment with the conjugate. The elimination was confirmed by the absence of
mycobacterial antigen in blood smears tested in indirect immunofluorescence, as well as by histopathological changes in inguinal lymph nodes demonstrated as
areduction of germinal centers within lymphoid follicles.
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N3yueHne UMMyHOTEpaneBTUYECKUX CBOWCTB KOHbIOraTa

aHTureHoB bLK ¢ 6eTynoHOBON KCNOTON HA MOPCKIX CBUHKAX,

MHQUUMpPOBaHHbIX Mycobacterium scrofulaceum

. H. Kowkun, B. C. Bnacenko, H. A. leHruc
OTBHY «Omckuii arpapHbiit HayyHbli LeHTp» (OTBHY «Omckuit AHLL), np. Koponesa, 26, 1. Omck, 644012, Poccua

PE3IOME

B HacToALLeit paboTe NpeACTaBNEeHbI pe3yNbTaTbl U3yyeHIna IMMYHOTEpaneBTUYECKIX CBOICTB Npenapata U3 aHTureHHoro komnnekca bLIK, koHblorupoBaHHoro
¢ 6eTYNOHOBOIA KNCIOTOIA, NOCNE IKCNEPUMEHTaNIBHOTO 3apaeHna MOPCKIX CBIIHOK KynbTypoil Mycobacterium scrofulaceum, oTHocALLeiCA K HeTy6epKyse3HbIM
mukobaktepuam |l Tuna no knaccudukauum Panboa. C 3Toii Lienbio NpoBeSeH OMbIT Ha 15 MOPCKMX CBUHKAX, U3 KOTOPbIX b0 ChOpMIUpOBaHO 3 rpynnbl.
MusotHbim 1-it v 2-ii rpynn (n = 10) nogkoxHo uHokynuposanu Mycobacterium scrofulaceum B fo3e 5 mr, nocne yero ocobam 2-i rpynnbl (n = 5) uepe3 14 ¢yt
MOAKOXHO BBOAUAM KoHbloraT aHTureHoB BLIX ¢ 6eTynoHoBoi Kucnotoii B fo3e 500 MKr/Mn 6enka. lATb MHTAKTHBIX 0cobeil cnyxwunn Kotponem. Mpu npo-
BE/IEHNI IKCNEPUMEHTOB OLEHMBANN QYHKLMOHANBHOE COCTOAHNE BAKTEPULMAHBIX CUCTEM HEITPOPUOB, A TaKKe BbINOAHANM NATOrUCTONOMUYECKME CCTIe-
JZI0BaHUA NaXoBbIX MMdATMYECKX Y3N0B. B pe3ynbrate 66110 YCTaHOBAEHO, YT CEHCMBUNM3ALMA MOPCKIX CBUHOK Mycobacterium scrofulaceum akTtugin3mpyet

© Koshkin I. N., Vlasenko V. S., Dengis N. A., 2024
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JeATENbHOCTb KaTUOHHBIX GEKOB 1 MUENIONEPOKCUAA3bI HEHTPODINOB, 1 N0 Mepe BbIBEAEHNS MIUKOBAKTEPHIi 13 0praH3Ma K 42-M CyT T Hauana SKCnepumeHTa
X KOHLEHTPALWA CHINKanacb A0 YpOBHS KOHTPONbHO rpynnbl. BBeZeHue npenapata uHaywupoBano Gonee BbIpaXeHHOe ycuneHue BHYTPUKNETOUHOTO MeTa6o-
/13Ma GaroLMTOB B TeueHue BCero CPOKa HaboaeHus, CocobCTBYA IMUMMHALIM HETYOEPKYNIE3HBIX MIKOOAKTEPU1 U3 OpraHi3Ma KUBOTHBIX Y3Ke Ha 7-€ CyT
nocsie 06paboTKy KOHBIOTATOM, YTO MOATBEPXKAANOCH OTCYTCTBUEM MUKOBAKTEPUANbHOTO aHTUrEHa B Ma3Kax KpOBY NP UCCTIE0BAHIN B PEaKLM HENPAMOit
UMMYHOGNYOPECLIEHLMM,  TAKXKE NATOrACTONOTMYECKIMIN U3MEHEHUAMM B TAXOBbIX IMMOATUYECKYIX Y3N1aX, KOTOPbIE BbIPAMKAINCh YMEHbLIEHUEM BbIPAXEHHbIX
LIeHTPOB Pa3MHOXEHIA B IUMPATUUECKIX GOANMKYNAX.

KntoueBble cnoBa: HetybepkynesHble MuKobakTepun, Mopckue cBUHKM, 6auunna Kanbmerta — lepena (BLIX), 6eTynoHoBas kucnota, Helitpodunbl, naxoble
nuMdaTiyeckme y3nbl

bnaropaproctu: (ratba nogrotoBneHa npu ¢puHaHcooii nopaepxke MunmnctepcTaa 06pasoBanms u Hayki PO B pamkax npoBefeHyA HayYHo-CCIe0BaTeNb-
ckux pabot no reme FNUN-2022-0035 «Pa3paboTka HOBbIX 11 yCOBEpLLEHCTBOBAHME CyLLECTBYIOLMX CPEACTB 1 METOAOB AMArHOCTUKI M NPOGUNAKTUKM COLMANbHO-
3HaUMMbIX MHOEKLMIA C LieNblo COXpaHeHUA SMN300TYeckoro 6narononyumsa u NonyyeHa KauecTBEHHON 1 6e30nacHoi MPOAYKLMN C yYeTOM reHeTUueckix 6a3
JaHHbIX 11 0cobeHHOCTeli Bo3OyAuTENel, HANPaBAEHWI 11 CeNeKLIAM XVBOTHOBOACTBA, TEXHONOTMI KOPMAEHNA, SKOHOMIYECKNX 1 reorpaduueckux yCnoBuii.
ABTOpbI BbipaxaloT 6narofapHoCTb npodeccopy, AOKTOPY Xumuyeckux Hayk U. B. Kynakoy 3a npegoctasnenue 6eTynoHOBOI KNCNOTbI, CUHTE3UPOBAHHON Ha
kadespe opraHnyeckoii  3konornyeckoil xummn MHctutyta xumun OTAQY BO «TiomeHCKMil rocyAapCTBeHHbIN YHUBEPCUTET.

[ina untuposauusa: Kowknn W. H., Bnacenko B. C., lenruc H. A. 13yueHne ummyHoTepaneBTHYeCKIX (BOACTB KOHblorata aHTureHoB bLIX ¢ 6etynoHoBoil
KUCIOTOI Ha MOPCKIX CBUHKAX, MHdULMpoBaHHbIx Mycobacterium scrofulaceum. Bemepunapus ce2o0n. 2024; 13 (2): 183—-188. https://doi.org/10.29326/2304-

196X-2024-13-2-183-188

KoHdnukT unTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNKTA UHTEPECOB.

[ina koppecnoxpeHumn: Bnacenko Bacunuii Cepreeuy, a-p 61on. Hayk, npodeccop, raBHbIii HayuHblii COTPYAHIK NabopaTopuu 3MM300ToN0MMN v Mep 6opbobl
¢ Tybepkynesom otena BetepuHapun OFbHY «Omckwit AHLL, yn. lepmonToBa, 93, . OMck, 644001, Poccus, e-mail: vvs-76@list.ru

INTRODUCTION

Out of more than 190 currently known species of Myco-
bacterium genus a significant number belongs to non-
tuberculous mycobacteria and over 60 species are patho-
genic to animals and humans [1, 2].

Non-tuberculous mycobacteria may be found ubiqui-
tously in the environment and they pose a serious problem
for in vivo and postmortem diagnosis of bovine tuberculo-
sis as they cause false positive response to administration
of tuberculin due to antigenic determinants in the aller-
gen, which are common to non-tuberculous and patho-
genic mycobacteria. In addition, visible and microscopic
changes induced by non-tuberculous mycobacteria are
in some cases difficult to distinguish from lesions caused
by Mycobacterium tuberculosis and Mycobacterium bo-
vis[2,3,4,5,6].

Owing to a drop in bovine tuberculosis transmission
and strong diagnostic measures taken to detect residual
infection in the territories where disease control programs
arein place, there has been an increase in mycobacterioses
caused by non-tuberculous mycobacteria [7, 8, 9, 10]. De-
spite the growing interest, little data has been published
so far on non-tuberculous mycobacterial infections, and
the available literature is mainly focused on the Mycobacte-
rium avium complex and its subspecies [11,12, 13, 14, 15].

To solve the problem of non-specific reactions induced
by non-tuberculous mycobacteria, specific immunopro-
phylactic or immunotherapeutic tools may be an extra
option to complement lifetime differential tests (simulta-
neous, palpebral tests, etc.). Several recent studies suggest
that cross-reactive response to non-tuberculous mycobac-
teria[16, 17,18, 19]is induced by BCG vaccination, as well
as by immunization with areactogenic conjugates based
on protective antigens, isolated from the BCG vaccine,
with polyions [20]. Conversely, some scientists claim that

previous contacts with non-tuberculous mycobacteria
may have an antagonistic effect, reducing vaccination ef-
fectiveness; however, this concern is only about live BCG
vaccine and did not affect protective properties of inacti-
vated subunit tuberculous vaccines [21, 22, 23, 24].

From our perspective, conjugates based on BCG anti-
gens with betulin and its derivatives (betulonic and betu-
linic acids) may look promising in this regard. In particu-
lar, molecular docking has shown that betulonic acid in
most cases exhibits the highest inhibitory activity against
protein targets that are structural parts of Mycobacterium
tuberculosis and/or Mycobacterium bovis [25].

In connection with the above, the purpose of this work
is to study the immunotherapeutic efficacy of an experi-
mental conjugate based on BCG antigens with betulo-
nic acid.

MATERIALS AND METHODS

The experiment was conducted in Agouti guinea pigs
in accordance with the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental and
Other Scientific Purposes as of 18 March 1986, and was
approved by the local independent ethical committee
of the organization for the care and use of laborato-
ry animals. Experimental animals were grouped based
on common characteristics (weight - 400-500 g, age -
4-5 months).

From 14- to 21-day scotochromogenic mycobacteria
Mycobacterium scrofulaceum (Runyon Il: Scotochromo-
gens) was used to infect experimental animals. It was ad-
ministered subcutaneously into the left groin, at a dose
of 5 mg/mL. Mycobacterium cultures were administered
to 10 animals, further divided into 2 groups: group 1 - in-
fected with Mycobacterium scrofulaceum (n = 5); group 2 -
infected with Mycobacterium scrofulaceum and on day 14
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after the administration, they were treated with conjugate
of BCG antigen with betulonic acid (n = 5). The other five
intact guinea pigs were used as controls.

The experimental conjugate of BCG antigenic comple-
xes with betulonic acid was designed in accordance with
the author’s development. The preparation was adminis-
tered subcutaneously to animals at a dose of 500 pg/mL
of protein. Betulonic acid was synthesized at the Depart-
ment of Organic and Environmental Chemistry of the In-
stitute of Chemistry of the University of Tyumen and was
kindly provided for research by Professor, Dr. Sci. (Che-
mistry) I. V. Kulakov.

Mycobacterial antigen in blood samples was detected
using indirect immunofluorescence in accordance with
the methodological recommendations of N. N. Noviko-
va et al. [26]. Myeloperoxidase activity and number of
neutrophil cationic proteins were measured using ben-
zidine test and bromophenol blue test with phagocyte
distributed depending on the number of cytoplasmic
granules (1%, 2 and 3™ degrees), followed by calcula-
tion of average cytochemical coefficients (ACC) using
standard methods.

Before the start of the experiment and on day 21 post
infection, allergy tests were performed using intradermal
administration of purified tuberculin for mammals. Blood
was sampled for serological tests on day 21 and 42 after
administration of scotochromogenic mycobacteria; and
on days 14, 28 and 42 to assess functional status of neu-
trophils.

The laboratory animals were euthanized under ether
anesthesia followed by total exsanguination on day 45 af-
ter the beginning of the experiment. For histological tests
pieces of inguinal lymph nodes were taken (from region-
al lymph nodes, i.e. the closest ones to the site of myco-

Table 1
Level of neutrophil cationic proteins in animals at different moments post inoculation of Mycobacterium scrofulaceum, M + m

Group of animals
(ytochemical parameters

bacteria inoculation, as well as from the lymph nodes on
the opposite side). The sampled pieces were placed into
cassettes and submerge in 10% neutral buffered forma-
lin, and then the tissue was paraffin-embedded using
MICROM EC 350 (Thermo Fisher Scientific Inc.,, USA). Rotary
Microtome HM 340E (produced by Thermo Fisher Scientific
Inc., USA) was used to cut sample sections, ranging be-
tween 5 and 7 um. Histological tissue preparations were
stained with hematoxylin and eosin, and then examined
microscopically.

Standard methods of variational statistics were used,
such as calculation of arithmetic means (M) and calculation
of errors of arithmetic means (m), to process the obtained
data. Student’s t-test was used to assess significance of dif-
ferences (p) between the two mean values of Mx and My.
The differences in the results were considered statistically
significant at a significance level of p < 0.05.

RESULTS AND DISCUSSION

Inoculation of Mycobacterium scrofulaceum to guinea
pigs enhanced oxygen-independent mechanisms of neu-
trophils, as evidenced by a 1.60 and 1.74-fold increase
in phagocytes with a large number of cytoplasmic gra-
nules (3" degree) containing cationic proteins in group 1
and 2, respectively (p < 0.01), as compared to the control
group. Following these changes, average cytochemical co-
efficients also increased by a factor of 1.65 (Table 1).

Delayed-type hypersensitivity response to a tuberculin
test conducted on day 21 post infection of guinea pigs was
observed only in 60% of animals who had not received
experimental preparation (group 1). Nevertheless, myco-
bacterial antigen was detected in all animals of this group
using indirectimmunofluorescence. Mean induration size
in the reactors was 4.33 + 0.33 mm.

Experimental group 1 Experimental group 2

Day 14 after inoculation of Mycobacterium

1 degree, % 5.00 +0.58 11.33£333 10.00 +3.05
2" degree, % 9.66 = 1.67 16.66 + 2.40 10.00£1.15
34 degree, % 33.00+1.15 52.66 £ 5.78% 57.33 £4.37%
Average cytochemical coefficient, conditional units 1.23£0.02 2.03£0.11%* 2.02£0.12**

Day 28 after inoculation of Mycobacterium (day 14 after administration of the preparation)

1 degree, % 333+0.67 8334285 3.66 +0.88

2" degree, % 14.00 £ 0.58 12.66 +2.40 9.66 + 0.33**
34 degree, % 29.33+2.18 4533 +£1.33** 57.00 + 4.04**
Average cytochemical coefficient, conditional units 1.19£0.06 1.70 £0.05** 1.94 £0.11%*

Day 42 after inoculation of Mycobacterium (day 28 after administration of the preparation)

1% degree, % 533+233 5.00£0.58 266+1.76
2" degree, % 11.00 +0.58 11.66 +0.88 7.00£1.73
31 degree, % 30.00 £ 4.58 3333£273 71.66 £ 2.03***
Average cytochemical coefficient, conditional units 1.17£0.12 1.28 +0.08 2.31£0.08**

*p < 0.05; **p < 0.01; **¥*p < 0.001.
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Enzyme activity of neutrophil myeloperoxidase in animals at different moments post inoculation of Mycobacterium scrofulaceum, M = m

(ytochemical parameters

Control

Group of animals

Experimental group 1 Experimental group 2

Day 14 after inoculation of Mycobacterium

1 degree, % 9.33+0.67 9.66 +0.88 10.33+£3.18
2" degree, % 1233+£1.85 18.66 £ 1.67 19.33+£233
34 degree, % 2133+3.53 42.66 +1.33** 43.00+3.21*
Average cytochemical coefficient, conditional units 0.98 +0.08 1.75 £0.06** 1.78 £0.02%*
Day 28 after inoculation of Mycobacterium (day 14 after administration of the preparation)
1 degree, % 5.66 +0.67 15.00£1.53 10.00 £ 0.58**
2" degree, % 7.33+2.60 14.66 +2.33 13.00+2.08
34 degree, % 23.33+0.88 36.00 + 5.68 44.66 + 4.98*
Average cytochemical coefficient, conditional units 0.90 +0.06 1.52+0.13* 1.70 £0.18*
Day 42 after inoculation of Mycobacterium (day 28 after administration of the preparation)
1" degree, % 7.66 +1.33 7.33+033 5.66 +1.85
2" degree, % 8.66 +2.33 13.66 £3.18 12.66 +1.45
34 degree, % 26.00 +1.00 23.33+2.03 59.33 +0.88%**
Average cytochemical coefficient, conditional units 1.03+0.03 1.05+0.04 2.09 £0.07%**

*p < 0.05; **p < 0.01; ***p < 0,001,

with a large germinal center.
Regional lymph node of
aguinea pig (group 1). Staining
with hematoxylin and eosin,
magnification 50x

186

Fig. 2. Reduction of cortical substance
volume and size of lymphatic follicles
without germinal centres. Regional
lymph node of a guinea pig (group 2).
Staining with hematoxylin and eosin,
magnification 50x

On day 28 following sensitization of guinea pigs with
non-tuberculous mycobacteria type Il (according to
the Runyon classification) the same trend persisted, i.e.
asignificant increase in concentration of neutrophil cationic
proteins in the experimental groups compared to the con-
trol group. The activity of neutrophil antimicrobial peptides
was higher in the group that had been treated with the ex-
perimental preparation on day 14 after inoculation of scoto-
chromogenic mycobacteria (group 2), and was at the same
level that had been observed in the test two weeks before.
In contrast, the metabolic processes in group 1 were less
intensive compared to the previous testing.

After another 14 days, concentration of cationic pro-
teins in guinea pigs of group 1 dropped to the control

levels. Thus, the average cytochemical coefficient with-
in the group was 1.28 + 0.08 c. u., and 1.17 £ 0.12 c. u.
in the control. In contrast, neutrophil oxygen-dependent
metabolism in the animals immunized with the experi-
mental conjugate was more active due to an increase in
the number of highly active phagocytes by 2.39 times
(p < 0.001), thus, leading to a 1.97-fold increase in
the average cytochemical coefficient (p < 0.01).

The administration of Mycobacterium scrofulaceum
to guinea pigs also stimulated neutrophil oxygen-depen-
dent metabolism (Table 2). Thus, the level of the average
cytochemical coefficient of myeloperoxidase increased
with a high degree of confidence (p < 0.01) by 1.79 and
1.82 times in both experimental groups, respectively, due
to a 2-fold increase in the number of highly active phago-
cytes as compared to the control group.

Later, significantly increased myeloperoxidase en-
zyme activity was observed in guinea pigs of experimen-
tal group 2.Thus, the average cytochemical coefficients
in the group after administration of the preparation
were:

- on day 14, 1.70 + 0.18 c. u. versus 0.90 + 0.06 c. u.
(p < 0.05) in the control;

- on day 28, 2.09 + 0.01 c. u. versus 1.03 £+ 0.03 c. u.
(p < 0.001) in the control.

In contrast, as the time after inoculation with myco-
bacteria passed by, experimental group 1 demonstrated
a decrease in the oxygen-dependent metabolism of neu-
trophils to the level of the control group (by day 42 from
the beginning of the experiment).

Indirect immunofluorescence of blood samples tested
on day 42 after inoculation of Mycobacterium scrofulaceum,
demonstrated mycobacterial antigen only in 2 guinea pigs
from experimental group 1.
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Thus, administration of the immunobiological product
enhances functional activity of aerobic and anaerobic
neutrophil bactericidal systems resulting in accelerated
elimination of non-tuberculous mycobacteria from the ex-
perimental animals.

Histopathological tests conducted on day 45 from
the start of the experiment also demonstrate reduced anti-
gen load on the guinea pigs treated with the experimental
conjugate. Thus, an increase in the number of lymphatic
follicles with a large proliferation center was observed in
the regional inguinal lymph nodes of the animals from
experimental group 1 (Fig. 1), where macrophage hyper-
plasia was recorded. Macrophage proliferation was also
found in the cortex. The medullary cords housed mainly
lymphocytes and an insignificant number of plasmocytes.

In contrast, inguinal lymph node cortex in experimen-
tal group 2 was significantly thinner. The lymphoid follicles
were also smaller; moreover, they lacked proliferation cen-
ters (Fig. 2), even if they had such centers, there were only
dendritic reticulocytes in them.

As for the inguinal lymph nodes adjacent to the site
of Mycobacterium scrofulaceum inoculation, significantly
fewer lymph follicles were observed there compared with
the regional lymph nodes in the same group. Fewer proli-
feration centres were observed in them, and fewer macro-
phages were found in the proliferation centres and stro-
ma. The animals treated with the preparation (group 2)
had even fewer lymph follicles in the cortex of the lymph
nodes located opposite to the regional ones.

CONCLUSION

The performed experiments demonstrate that sensi-
tization of guinea pigs with Mycobacterium scrofulaceum
induces hyper-reactivity of neutrophil intracellular bacte-
ricidal components lasting up to 28 days. Further on, there
is a drop in their activity to the level recorded in animals
of the control group. Administration of the experimental
preparation accelerates withdrawal of mycobacteria from
the guinea pigs (on day 7 post administration) owing
to stimulation of phagocytes, which is confirmed by im-
munofluorescence and histological tests.
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Use of DIABAX feed additive and a biogenic stimulant
in calves during their rehabilitation
after gastrointestinal infections

Nikolay V. Shanshin
All-Russian Research Institute of Antler Reindeer Breeding — Department of the Altai Scientific Center for Agrobiotechnologies,
160 Shevchenko str., Barnaul 656031, Altai Krai, Russia

ABSTRACT

The results of the use of DIABAX feed additive alone and in combination with a biogenic stimulant for the correction of biochemical, hematological blood parameters
in young cattle after gastrointestinal infections taking into account the disease and survival rates, as well as their performance indicators are presented. Three
groups of calves at the age of less than 30 days old, two test groups and one control group, were formed for analogous pairs-based trial. Calves of control group
were subcutaneously injected with saline solution at a dose of 8 mL on day 1, 5, 10 of the trial; calves of test group 1 (T-1) were fed with DIABAX feed additive with
milk at a dose of 3.0 mL once a day; calves of test group 2 (T-2) were intramuscularly injected with the biogenic stimulant at a dose of 0.5 mL/10 kg of body weight
onday 1,5, 10 of the trial and also received DIABAX at a dose of 3.0 mL once a day during 15 days. The tests showed that co-administration of the biogenic stimulant
and DIABAX feed additive (in T-2 group) contributed to 100% survival rate in calves, as well as significant increase in calcium and magnesium levels in animal sera
by 14.5-23.8 and 61.2-79.5%, respectively, as compared with the initial levels and the levels in control group; increase in albumin and a-globulin protein fraction
concentrations by 10.1 and 43.2% (p < 0.05), respectively, albumin/globulin ratio — by 17.5%, color index — by 1.1%, increase in the total immunoglobulin G
amount by 2.7 times as compared to the initial values. Daily administration of DIABAX feed additive to calves of T-1 group for 15 days reduced recurrent disease
rate in the calves by 14.4%, resulted in significant increase in calcium and magnesium levels in sera by 10.1and 75.0% (p < 0.05), respectively, as well increase in
immunoglobulin G level by 2.3 times, erythrocyte level — by 3.8%, hemoglobin level — by 8.0%, leukocyte level — by 21.8%, albumin/globulin ratio — by 35.1%
in sera as compared to initial values.

Keywords: calves, disease rate, survival rate, morphological, biochemical blood parameters, biogenic stimulant
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3a60neBaeMOCTH, COXPAHHOCTM, NPOAYKTUBHOCTY XKUBOTHBIX. [InA NpoBezeH!A 0MbiTa N0 NPUHLMMY Nap-aHanoros 6binn chopmupoBaHb 3 rpynnbl Tenar o 30-cy-
TOYHOT0 BO3PACTA: /1BE OMbITHbIE 1 0ZAHA KOHTPONbHAA. TeNIATaM KOHTPONbHOI Fpynbl MOAKOXKHO BBOAMAN GU3MONOruueckiii pacteop B fo3e 8mn 8 1,5, 10-ii SHu
ONbiTa; XIMBOTHBIM 1-i1 onbITHOI rpynnbl (T-1) B TeueHue 15 AHeil ¢ MONOKOM 3aaBany KopmoByt fobaBky «[luabake» B fo3e 3,0 mn 1 pa3 B CyTKy; TenaTtam
2-it onbITHOIA rpynnbl (T-2) BHYTPUMBILLEUHO MHBELMPOBanK buoreHHblit npenapar B 4o3e 0,5 mn Ha 10 Kr Maccbl TenaB 1, 5, 10-i AHI onbiTa v BbinauBany 15 AHeit
noppaa «[uabakc» 8 go3e 3,0 mn 1 pa3 B cyTku. Ha 0CHOBaHMYN NPOBEAEHHDIX NCCIE0BAHMI YCTAHOBAEHO, YTO COBMECTHOE NMPUMeEHeHVe b1oreHHoro npenapara
1 pobaskm «[lnabakc» (8 rpynne T-2) cnocobcTyet 100%-it COXpaHHOCTY TENAT, AOCTOBEPHOMY YBENYEHNIO KaNlbLNA U MarHnA B CbIBOPOTKE KPOBU XKMBOTHbIX
Ha 14,5-23,8 1 61,2—-79,5% COOTBETCTBEHHO MO CPABHEHMIO C UCXOAHBIMI NOKA3aTENAMN U MOKA3aTeNAMN KOHTPONbHOI TPyNMbl, NOBbILLIEHNI0 B CPaBHEHNI
C KOHTPOMbHOIA rpynnoii anbbymuHoBoI 1 a-rnobynuHoBoit dpakumil 6enka Ha 10,11 43,2% (p < 0,05) cooTBeTCTBEHHO, anbOyMIH-TN06yAMHOBOTO KOIGdU-
LmeHTa — Ha 17,5%, LBeTHoro nokasarena — Ha 1,1%, yBenuuexuio 06LLero Konnyectsa MMMyHorn06yniHa knacca G B 2,7 pasa no CpaBHeHHIo ¢ MCXORHBIMM
HaHHbIMN. ExeHeBHoe BbinanBaHue fobasku «luabakc» B TeueHue 15 aHeid (8 rpynne T-1) NpUBOAUT K CHUMKEHWIO KONMYECTBA NOBTOPHbIX 3a60N1eBaHMIA TeNAT
Ha 14,4%, KOCTOBEPHOMY YBENMYEHINIO B CbIBOPOTKE KPOBI Kanbuua 1 MarHua Ha 10,11 75,0% (p < 0,05) O0TBETCTBEHHO, NOBILLEHMHO YPOBHA IMMYHOTTIO-
6ynuHa knacca G B 2,3 pa3a, 3pUTPOLUTOB — Ha 3,8%, remornobuHa — Ha 8,0%, neitkouuToB — Ha 21,8%, anbbyMuH-rno6ynMHOBOro Ko3GduLMeHTa — Ha 35,1%
OTHOCUTENIbHO UCXOAHBIX 3HAUYEHMWIA.

KnioueBble cnoBa: Tenara, 3a6oneBaeM0cn>, COXPAHHOCTb, Mopd)onormqecme, OroxuMIMYecKIne NoKkasaTenn KpoBu, 6VoreHHbIi npenapar

bnaropapHocTu: ABTop BbipaxaeT bnarogapHoctb 000 «fpynna komnanuit KOHCTAHTA» (r. Capack) 1 nnuHo avpekTopy Anekcanapy Anapeesuuy Apbysosy
3a NpefocTaBNeHue KopMoBoii Ao6aBkN «[lnabake» ANA HayuHO-NPONU3BOACTBEHHOTO MCTIbITaHNA.
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KuBoTHbIX BHIIMO — otnena OFBHY OAHLIA, yn. LWesueHko, 160, . bapHayn, 656031, AnTaiickuit kpaii, Poccua, e-mail: shanshin_2012@rambler.ru

INTRODUCTION

Livestock survivability and performance improvement
is one of the important challenges facing the Russian
Federation agro-industrial complex [1, 2]. Calf rearing
are challenging since the newborns’ bodies are poorly
adapted to adverse environmental conditions due to
the morphofunctional immaturity of immune system
and gastrointestinal tract during their first days of life [3].
This, in turn, results in the various gastrointestinal disea-
ses in calves and their deaths [4, 5, 6], as well as the di-
sease recurrence [7, 8].

Therewith, complex rehabilitation procedures includ-
ing use of various biological stimulants enabling vital com-
ponent deficiency filling and contributing to the metabolic
normalization and full-calf body resistance enhancement
are required to maintain the metabolic status and homeo-
stasis of the calves during their recovery [9, 10, 11, 12, 13].

The mechanism of biogenic stimulant action includes
changes in activity of some enzymes due to the biogenic
stimulant attachment to the enzyme protein. Changes
in the enzyme activity results in endocrine restructur-
ing, an increase in tropic hormones secreted by pituitary
gland that stimulate adrenal gland, thyroid and pancreas
functions, etc. They have a favorable impact on trophic
function of the nervous system, enhance thyroid tissue
and adrenal gland functions, stimulate corticosteroid hor-
mone secretion and pancreatic gland function, regulate
gastrointestinal tract secretory and motor functions, gas
and phosphorus metabolism, intermediary metabolism,
reticuloendothelial system and regenerative processes,
improve body state, appetite, assimilation processes that
contribute to higher weight gains [14, 15].

The study was aimed at testing of DIABAX feed additive
and a biogenic stimulant for their effectiveness for cor-
rection of biochemical, hematological blood parameters
in young cattle after gastrointestinal infections.

Test tasks:

1. To test used feed additive and biogenic stimulant
for their effects on morphological and biochemical blood
parameters in calves during their rehabilitation after gas-
trointestinal infections.

2. To test the feed additive and biogenic stimulant
for their effects on disease rate and survival rate in calves,
calf performance during their rehabilitation period.

MATERIALS AND METHODS

Bacteriological tests of calf feces were carried out for
the purpose of diagnosis. Isolated microorganisms were
tested for their sensitivity to antimicrobials with disk dif-
fusion test [16].

A pilot batch of biogenic stimulant was prepared from
raw materials (slaughter waste, category Il offal) kept in
arefrigerator at temperature of +2 up to +4 °C for 5-7 days,
ground and then mixed with an extraction agent at
the Department of the All-Russian Institute of Antler Rein-
deer Breeding, Altai Scientific Center for Agrobiotechno-
logies. The ultrasonic-assisted extraction was carried out;
the final product was filtered, packed, and sterilized in
an autoclave [17]. Administration of the biogenic stimulant
enhances metabolism, body’s resistance and stimulates
body’s functions.

DIABAX, a new feed additive, developed by the
GK KONSTANTA (Saransk) [18] is a viscous fluid of
light-brown color with slight odor, has a bactericidal,
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Table 1
Scheme of tested product administration to calves of test and control groups
Grqup N““.‘ber Administered product
of animals of animals
( 6 Saline solution administered at a dose of 8.0 mL subcutaneously on day 1, 5, 10 of the trial
T-1 7 DIABAX administered daily at a dose of 3.0 mL once a day for 15 days
) 5 Biogenic stimulant administered intramuscularly at a dose of 0.5 mL/10 kg of body weight
onday 1,5, 10 of the trial + DIABAX administered daily at a dose of 3.0 mL once a day for 15 days

bacteriostatic effect on a wide range of microorganisms
and pathogenic fungi owing to potassium iodide and
electrostatically charged polyelectrolyte polydimethyl-
diallylammonium chloride contained in it. DIABAX feed
additive is highly soluble in water, does not change
medium pH level, remains active in acidic and alkaline
media, as well as in protein and fatty media. The prin-
ciple feature of the additive is inhibition of pathogenic
microflora based on its physical, but not chemical effect,
while its components has no adverse effect on normal
gastrointestinal cells of animals. Polyelectrolyte has
an electrostatic charge opposite to the charge of cells
of pathogenic bacteria, fungi and other microorganisms.
When Diabax feed additive interacts with the pathogen
surface. This interaction leads to microorganism cell
membrane is encapsulation that slows down and then
completely inhibits microorganism breathing, nutrition
and reproducibility.

For the trial aimed at testing of the restorative treatment
for its effectiveness in calves during their rehabilitation af-
ter gastrointestinal infections, 3 groups of 10-30 day-old
calves were formed according to the analogous pairs prin-
ciple: two test (T-1, T-2) groups and one control (C) group.
Tested products were administered to the calves according
to the scheme presented in Table 1.

All procedures involving animals were carried out in ac-
cordance with ethical standards laid down by European
Convention ETS No. 123.

The feed additive and biogenic stimulant were tes-
ted for their effectiveness based on the following: mor-
phological tests of blood (total erythrocyte counts, total
leukocyte counts, hemoglobin level) using conventional
methods [19]; biochemical tests of sera: refractometric de-
termination (IRF-22, Russia) of serum total protein, nephe-
lometric determination of protein fractions [20]; ELISA de-
termination of total immunoglobulin G using appropriate
ELISA test-kit; determination of serum mineral content
by unified method using Vital Diagnostics SPb kits (Russia)
and Stat Fax® 1904+ biochemical photometer (Awareness
Technology, Inc., USA); bacteriological tests of biological
material samples in accordance with the Methodological
Guidelines™ 2

MG 4.2.2723-10 Laboratory diagnosis of salmonellosis, Salmonella
detection in food products and environmental samples: methodical
guidelines (approved by Chief Medical Officer of the Russian Federation
on 13 August 2010). https://docs.cntd.ru/document/1200083950?ysclid=
lvgmjzwhv062935169

2 Methodical Guidelines for laboratory diagnosis of animal and avian
pasteurellosis: approved by the Veterinary Department of the Ministry of
Agriculture of the USSR No. 22-7/82 on 20 August 1992. https://docs.cntd.
ru/document/456071306?ysclid=lvgn11uqfc818248150

Blood samples were collected before the trial and
10 days after the trial completion. Mean values was as-
sessed for their reliability of using Student’s — Fisher’s test.

RESULTS AND DISCUSSION

The gastrointestinal disease incidence in calves kept on
the farm periodically rises due to violation of zootechni-
cal and veterinary rules for animal keeping, feeding and
handling during mass calving. The etiological causes are:
diseased animals, convalescent animals, dams - patho-
genic microorganism strain carriers, infected environ-
ment. The following bacteria were detected in feces from
diseased calves subjected to bacteriological tests: Salmo-
nella Dublin, Mannheimia haemolytica, all isolated bacte-
ria strains were pathogenic for white mice. Levofloxacin,
marfloxin, enrofloxacin, norfloxacin, ofloxacin, polymyxin,
kanamycin were found to be effective antimicrobials. At
the final stage of the trial, no pathogenic microorganism
strains were detected during the bacteriological tests
of fecal samples from calves of test and control groups.

Tests of the blood samples collected before the trial
aimed at testing DIABAX feed additive and biogenic sti-
mulant for their effectiveness for correction of biochemi-
cal, hematological blood parameters in calves during
their rehabilitation after gastrointestinal infections
showed decrease in phosphorous level by 19.1%, calcium
level by 9.2%, magnesium level by 46.3% as compared
with the physiological norm and simultaneous increase
in zinc level by 3.5% as compared to the physiological
norm (Table 2).

Calves of both test groups demonstrated normalization
of serum phosphorus level, a significant increase in serum
calcium level by 19.0% in the T-1 group and by 23.8% in the
T-2 group (p < 0.05) as compared to that ones in sera from
control group calves, in serum magnesium level - by 57.1%
in T-1 group and by 61.2% in T-2 group (p < 0.05), serum
potassium level - by 2.2% in T-1 group and by 4.3% in T-2
group 10 days after completion of tested feed additive and
biogenic stimulant administration. There was a positive
dynamics of zinc level decrease by 0.8% in sera from con-
trol group calves, by 5.5% in serafromT-1 test group calves,
by 6.3% in sera from T-2 test group calves as compared
to initial values during the rehabilitation period.

Biochemical tests of calf sera collected before the trial
showed slight decrease in albumin protein fraction by 4.7%,
and a-globulin protein fraction by 23.3%. Decrease in albu-
min-globulin ratio by 31.3% is indicative of imbalance be-
tween the protein fractions, 14.0% decrease in the amount
of immunoglobulins G mainly responsible for humoral im-
munity is indicative of body protective function suppres-
sion in animals used for the trial (Table 3).
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Table 2
Micro- and macroelement levels in sera from calves used for the trial
Mean value for group b & Mg, K, iy
mmol/L mmol/L mmol/L mmol/L pmol/L
Normal range 1.78-2.42 2.50-3.00 0.82-1.23 4.10-4.86 15.40-23.00
| 1.44+0.17 2.27+£0.442 0.44+0.14 490+1.99 23.80£1.56
C 2.10£0.161 2.10+0.111 0.49+0.09 460+0.38 23.60+1.08
+to/from |, % +45.80 -7.50 +11.40 -6.10 -0.80
T-1 1.78£0.121 2.50£0.120* 0.77 £0.02* 470+0.18 22.50£1.52
+to/from |, % +23.60 +10.10 +75.00 -4.10 -5.50
=+ to/from C, % -15.20 +19.00 +57.10 +220 -4.70
T2 1.79+0.152 2.60+0.110% 0.79 £0.03* 4.8+0.67 223+1.27
+to/from |, % +24.30 +14.50 +79.50 -2.00 -6.30
+to/from C, % -14.80 +23.80 +61.20 +4.30 -5.50

*p < 0.05; | —initial values, C— values in control group.

Table 3
Concentrations of total protein, protein fractions in sera from the calves used for the trial

Globulins, %

Total protein,

Immunoglobulin G,

Group of animals o/l Albumins, % A/G ratio, units ma/ml
Normal range 56.9-65.0 38-50 12-20 10-16 25-40 0.83-1.19 >10
I 66.4 +8.42 36.2+8.91 924434 | 158757 | 39.0£5.09 0.57+0.22 8.6+3.39
C 60.0 £1.71 385+£1.21 125153 | 212172 | 278+£1.92 0.63+0.114 14.8+3.45
+to/from 1, % -96 +6.4 +359 +342 -287 +10.5 +72.1
T-1 56.9+2.88 43.5+0.82% 127+076 | 13.6£1.15% | 30.2+1.28 0.77£0.010 19.7+1.78
+to/from|, % -143 +20.2 +38.0 -139 -226 +35.1 2.3-fold increase
+to/from C, % -52 +13.0 +16 -35.8 +86 +222 +33.1
T-2 60.1+3.66 424106 | 17.9+1.27* | 15.0£1.18% | 24.7+2.05 0.74£0.052 23.0£2.16
+to/from |, % -95 +17.1 +94.6 =51 -36.7 +29.8 2.7-fold increase
+to/from C, % 0 +10.1 +43.2 -29.2 -1.2 +17.5 +55.4

*p < 0,05; A/G — albumin/globulin ratio, | — initial values, C — values in control group.

At the final stage of the trial, albumin and a-globu-
lin protein fractions in the calf sera were found to nor-
malize to the physiological norm with a significant
increase (p < 0.05) in albumin levels in T-1 and T-2
groups and a-globulin fraction in T-2 group. In calves
of control group, serum B-globulin level increased
by 34.2% as compared to the initial values and signifi-
cantly differed (p < 0.05) from the test group values. Al-
bumin-globulin ratio in animals of control group and
test groups increased by 10.5% and 29.8-35.1% during
the period of rehabilitation of the calves after gastroin-
testinal infections.

Immunoglobulin G amount reached its physiological
norm in sera from test group calves. Immunoglobulin G
amount increased by 72.1% in calves of control group and
by 2.3-2.7 times in calves of test groups as compared to
the initial values.

Analysis of hematological blood parameters in calves at
the beginning and at the end of the trial showed no sig-
nificant differences between the control and test groups.
There was a positive trend towards an increase in the tes-
ted blood parameters within the physiological norm at
the final stage of rehabilitation of calves in test groups
as compared to the initial values and blood parameters
of calves in control group (Table 4).

In test groups all calves survived (100% survival rate)
during rehabilitation period when the tested feed ad-
ditive and biogenic stimulant were administered to
the calves and then during 60-day clinical observation
period (Table 5). Disease rate was 66,7% in control group
calves that was higher by 14.4 and 40.0% than that one in
T-1 and T-2 groups, respectively.

Increase in average daily weight gains by 33.5%
in T-1 group and by 27.9% in T-2 group as compared
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Table 4
Hematological blood parameters in the calves used for the trial

Group Erythrocytes, Hemoglobin, Leukocytes, Colorindex,

of animals 10™%/L g/L 10°/L units

Normal range 7.40-8.60 99.00-128.00 4.50-12.00 0.70-1.10
| 8.00+1.36 98.00 +17.40 550+1.16 0.87+0.14
C 8.20+0.33 104.00 = 4.67 6.00+0.50 0.90 +0.04
+to/from |, % +25 +6.1 +9.1 +34
T1 8.30+0.60 105.80 +4.33 6.70+0.63 0.90+0.04
+to/from|, % +3.8 +8.0 +21.8 +34
+ to/from C, % +1.2 +1.7 +11.7 0
T2 8.40 +0.42 108.00 = 4.84 6.90 +0.59 0.91+0.06
+to/from |, % +5.0 +10.2 +255 +4.6
+to/from C, % +24 +3.8 +15.0 +1.1

| —initial values, C— values in control group.

Table 5
Disease and survival rates in the calves used for the trial

I T

Decrease in proportion

Group Number £ di d animals in test
ofanirals of animals Number Number of diseased animals in test group
of animals - as compared to control group, %
C 6 4 66.7 1 16.7 -
T-1 7 4 57.1 - - 14.4
T2 5 2 40.0 - - 40.0

to daily weight gains in control group was recorded during
the first control weighing of the calves used for the trail
(30 days after the trial start). During the second control
weighing of the calves preformed 60 days after the trial
start, 55.5-67.7% increase was recorded. Average daily
weigh gain inT-1 group calves and in T-2 group calves was
by 10.6% and 4.3% higher than that one in control group
calves during the whole calf raising period (Table 6).

The test results show that administration of the biogenic
stimulant of animal origin by injections and DIABAX feed
additive (in T-2 group) with milk contribute to 100% survi-
val rate in calves, significant increase in calcium and magne-
sium levels in the animal sera by 14.5-23.8% and 61.2-79.5%,
respectively, as compared to the initial levels and levels
in control group, an increase in albumin and a-globulin
protein fractions by 10.1 and 43.2% (p < 0.05), respective-

Table 6
Average hody weight of the calves by group

Control weighing, kg

ly, as compared to that ones in control group, increase

in albumin/globulin ratio by 17.5%, color index — by 1.1%

as compared to that ones in control group, the total immu-
noglobulin G amount was 2.7 times higher than the initial

value. Daily administration of DIABAX feed additive to calves

of T-1 group for 15 days reduced recurrent disease rate in

the calves by 14.4%, resulted in significant increase in serum

calcium and magnesium levels by 10.1 and 75.0% (p < 0.05),
respectively, as well as in increase in immunoglobulin G le-
vel by 2.3 times, erythrocyte level - by 3.8%, hemoglobin

level - by 8.0%, leukocyte level — by 21.8%, albumin/globu-
lin ratio — by 35.1% as compared to the initial values.

CONCLUSIONS
1. Daily administration of DIABAX feed additive
to calves for 15 days contributed to significant increase

Average daily weight gain, g

. Observation ; ;
CCDEALIER at tgfe tﬁiiir?;ing aftggt(fj\aeytsrial aftgf t(tj1aeytsria| period, days 30%3 r(ligys th(luvrvlﬂgle
start start of observation raising period
C 39.00 +0.61 89.20+10.34 | 10530+5.59 | 126.50 +12.05 113 537/622 774+87.6
T1 38.60 +0.46 85.00+5.23 106.50+8.89 | 143.00+8.78 122 717/967 856 +67.7
T-2 37.20+0.27 73.80 +3.84 94.40 +8.40 136.40 + 8.59 123 687/1,043 807 £70.0

VETERINARY SCIENCE TODAY. 2024; 13 (2): 189-195 | BETEPUHAPUA CETOAHA. 2024; 13 (2): 189-195

193



ORIGINAL ARTICLES | BIOTECHNOLOGY OPUTUHAJIbHBIE CTATbI | BUOTEXHONOT A

in serum calcium, magnesium, albumin, 8-globulin le-
vels (p < 0.05) in T-1 group calves, decrease in number
of diseased animals by 14.4% and 100% survivability in
T-2 group calves as compared to control group calves,
increase in average daily weigh gain by 55.5% as com-
pared to that ones in control group calves during 60-day
observation period.

2. Combination of the biogenic stimulant injections
to calves on day 1, 5, 10 of the trial and adding DIABAX
feed additive to the calf diet for 15 consecutive days con-
tributed to a significant increase in calcium, magnesium,
albumin levels, a-, B-globulin protein fractions (p < 0.05),
decrease in disease rates by 40.0 and 29.9%, as well as an
increase in average daily weight gain by 67.7 and 7.9%
as compared to that ones in control and T-1 groups, re-
spectively, during 60-day observation period with 100.0%
survival rate in T-2 test group calves.
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ANNIVERSARY DATES
OBUNENHbIE JATHI

On 75" anniversary
of Valery V. Mikhalishin

Valery V. Mikhalishin was born on 1 May 1949 in Oze-
rany village, Rahachow District, Gomel Region.

After graduating from the Vitebsk Veterinary Institute
in 1972, Valery V. Mikhalishin worked for one year as
an epizootologist at the lvatsevichi Animal Disease Control
Station, Brest Region, and then as a senior laboratory as-
sistant and junior researcher in All-Union Foot-and-Mouth
Disease Research Institute (Vladimir). From 1975 to 1978,
he studied at the full-time postgraduate school; in 1982
he defended his Candidate of Science thesis. From 1984,
he worked as a Senior Researcher, from 1989 as Acting
Head of the Laboratory for Inactivated Vaccines; from 1991
to 2007 he headed the Laboratory of Biotechnology.

Dr. Mikhalishin’s scientific developments were sum-
marized in his doctoral dissertation, which he successfully
defended in 1997. In 2005, he was awarded the academic
title of Professor. From 2007 to 2009, he headed the De-
partment of Monitoring of Highly Dangerous and Exotic
Animal Diseases. Currently, he is the Chief Researcher
of the Information Analysis Center of the Federal Centre
for Animal Health.

The main area of Valery V. Mikhalishin’s scientific activity
was cultivation of foot-and-mouth disease virus in new-
born animals for the creation of inactivated foot-and-
mouth disease vaccines, development of the methods
for purification, concentration and inactivation of lapi-
nized virus of all seven types. As a result of the experimen-
tal work carried out by Valery V. Mikhalishin and laboratory
staff, a technology for manufacture of polyvalent inacti-
vated culture emulsion and universal FMD vaccines was
developed and introduced into practice.

In recent years, under the leadership of Valery V. Mikha-
lishin, technologies for the manufacture of the inactivated
vaccines against rabies and Aujeszky’s disease based on
the viruses reproduced in a suspension BHK-21/2-17 cell
culture as well as of the viral vaccines for oral vaccination
of wild carnivores against rabies were developed. Techno-
logy for manufacture of inactivated culture vaccines
against all seven types of foot-and-mouth disease virus
was also improved. Still relevant remains the research on
the creation of adjuvant-free vaccines that form early im-
munity.
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The research results were published in more than
200 scientific papers, the novelty of the research was con-
firmed by 30 certificates of authorship and patents, and
awarded medals of the USSR VDNH. Ten Candidate of Sci-
ence theses were defended under the scientific supervi-
sion of Dr. Mikhalishin. Valery V. Mikhalishin is a member
of the Academic and Dissertation Councils of the Federal
Centre for Animal Health.

He transfers his extensive experience in the manufac-
ture of FMD vaccines to young employees of the Labora-
tory for FMD Prevention, participates in the development
of regulatory and technical documentation, prepares re-
commendations for veterinary practitioners on FMD out-
break eradication using effective FMD vaccines with due
account for the regional specifics.

We are sincerely grateful to you, Dr. Mikhalishin, for
your dedication to veterinary science, patience, kind
words in support of young researchers, for your faith, at-
tention and inspiration, for your willingness to help, advise,
guide and cheer. You are, undoubtedly, a worthy example
to follow!

Please accept our sincere wishes for health, well-being,
strength and energy for further fruitful work!
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