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by the CIS Members to Prevent and Control Rabies
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ABSTRACT

Rabies is a fatal viral infection that attacks the central nervous system of mammals, including humans, leading to severe neurological dysfunction. Rabies continues
to be a serious concern worldwide, including within the CIS countries. A comprehensive approach is essential to achieve and sustain freedom from rabies. On May 12,
2016, the Intergovernmental Council for Veterinary Cooperation of the Commonwealth of Independent States (CIS) tasked the Federal Centre for Animal Health with
developing a draft Joint Action Plan for the (IS Member States on Rabies Prevention and Control, to cover the period through 2025. The set was developed and ap-
proved by the decision of the Council of Heads of the (IS Government on June 1, 2018. This paper reviews the implementation results of the Joint Action Plan to 2025
and presents the subsequent plan for 2025-2030, developed with the primary goal of mitigating the risk of rabies outbreak spread throughout the CIS members.
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0 peanu3aumn Komnnekca COBMeCTHbIX JenCTBUiA
rocynapcTs — yyactHukos CHI no npogunaktuke
1 6opbbe ¢ beLeHCTBOM

W.A.YBana', E. B. Yepubiwosa', T. M. benakoa?, A. E. Metnun?

T OIBY «QepepanbHblil LEHTP 0XpaHbl 380poBbA XMBOTHBIX» (OTBY «BHUW3X»), yn. Bapaeiickas, 6, mkp. I0pbese, . Bnagumup, 600901, Poccua
2 NenonHuTenbHblil Komutet CHT, Coduiickan Hab., 34/1, r. Mocksa, 115035, Poccua

3 MpoaoBONbCTBEHHAA 1 CENIbCKOX03ANCTBEHHAA OpraHn3auma 06beanHerHbIx Hauwii, Viale delle Terme di Caracalla, r. Pum, 00153, Uranua

PE3IOME

belueHcTBO — WMpOKo pacnpocTpaHeHHoe MHPEKLMOHHOE 3a60neBaHIe MIEKOMUTAIOLLMX XUBOTHbIX, B TOM YUCTIe YenoBeKa. 3abonesaHue npoABRAeTCA Ha-
pyLueHnem GyHKLMM LEHTPaNbHOIA HepBHOI CUCTEMbI. INN300TUYECKAA CUTYaLMA MO BelleHCTBY B MUPE 0CTAETCA HANPAXEHHON, He OTNMYAETCA CUTyaLma
1 B cTpaHax CHI. [Ina pocTuxeHua cToitkoro 6narononyuua no beweHcTBy Heobxoaum KOMNAeKCHbIi NoAxoA. Pewwexnem MexnpasuTensCTrBeHHOro coeta
10 COTPYAHMYeCTBY B 06nacTu BetepuHapun Coppyxecta Hesasucumbix focyaapcts ot 12 mas 2016 r. OTBY «BHIUIU3X» 6b1n0 nopyyeHo NOAroToBUTb NPOeKT
Komnnekca coBMeCTHbIX AeiiCTBUIA FocyaapcTs — yuactHko CHI no npodunakTuke 1 6opbbe ¢ belweHcTBOM Ha nepurog Ao 2025 r. Komnnekc 6bin paspabotaH
nyTBepxaeH pewweHnem Coeta rnas npasutenbcts CHI ot 1uiona 2018 1. B cratbe noABOAATCA uToru peanu3auun Komnnekca coBMeCTHbIX AeAcTBUE A0 2025 T.
1 0cBeluaeTcA paspabotka Komnnekca coBMeCTHbIX AelicTBUIA Ha 2025—2030 rr., 0CHOBHOIA Lieibio KOTOPOro ABNAETCA MUHUMU3ALMNA PUCKA PACNPOCTPaHeHMs
0yaroB GeLLeHCTBA Ha TePPUTOPUM FOCYAAPCTB — yuacTHUKoB CHI.

Kniouesbie cnoBa: OTBY «BHUW3X», cpanbl CHI, 6elwencTBo, Komnnekc coBMecTHbIX AeACTBMIA, KOHUenumua «EauHoe 340poBbe», NpodunakTuka
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Koudnukr nutepecos: Ysana U. A.u Menun A. E. ABNAI0TCA uneHamu peaKoaneriu, Ho He UMEIOT HUKAKOTo OTHOLLEHIA K PeLLeHNIo 0ny6IMKOBaTb 3Ty CTaTblo.
06 VHbIX KOHGNUKTaX MHTEPECOB aBTOPbI He 3aABNANN.

[ina koppecrnionaeHuym: YepHbiwosa Enexa BnagumuposHa, kaHg. BeT. HayK, 3aBeayloLLnii pedepeHTHoi nabopatopueit no beweHctsy 1 BSE OBY «BHUN3X»,
yn. [Bappeiickas, 6, mkp. I0pbesew, r. Bnagumup, 600901, Poccus, chernishova@arriah.ru

© (hvalal. A., Chernyshova E. V., Belyakova T. M., Metlin A. Ye., 2025

218 VETERINARY SCIENCE TODAY. 2025; 14 (3): 218222 | BETEPUHAPUA CEFOJHA. 2025; 14 (3): 218-222


https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2025-14-1-6-13&domain=pdf&date_stamp=2025-03-13
https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2025-14-3-218-222&domain=pdf&date_stamp=2025-09-15

BRIEF COMMUNICATIONS | ANIMAL RABIES KPATKIE COOBLUEHNA | BELIEHCTBO XIBOTHbIX

Rabies is a widespread, often fatal infectious disease
reported on all continents except Australia and Ant-
arctica (Fig. 1). It affects the central nervous systems of
warm-blooded animals and humans, leading to enceph-
alomyelitis, paralysis, and death.

Although the disease has been eradicated in some
European countries, it remains a serious problem across
much of Eurasia, Africa, and the Americas. According to
the World Health Organization (WHO), approximately
70,000 people die from rabies annually in over 150 count-
ries, with 95% of these cases concentrated in Africa and
Asia. This disparity is due to a lack of awareness about
rabies and limited or absent access to essential preven-
tive measures. The disease is reported in both wild car-
nivores and domestic animals, being the main reservoir
of the virus. Asian countries hold the lead in the number
of human and animal rabies cases. International confer-
ences are organized for World Rabies Day (September 28)
to facilitate the exchange of data on infection control,
diagnostic methods, and up-to-date information on
related drugs. In 2024, the Federal Centre for Animal
Health hosted an international scientific and practical
conference “Breaking Rabies Boundaries” within the
framework of a four-party partnership between WHO,
the World Organization for Animal Health (WOAH),
the Food and Agriculture Organization of the United
Nations (FAO) and the United Nations Environment
Programme (UNEP), dedicated to this day. The confer-
ence was attended by Thanawat Tiensin, FAO Assistant
Director-General, and Chief Veterinarian; Oleg Kobiakov,

the Director of Liaison Office with the Russian Federation;
Batyr Berdyklychev, Head of the WHO Country Office in
the Russian Federation; Vladimir Moshkalo, Head of the
UNEP Regional Office in the Russian Federation; and Bu-
dimir Plavsic, Head of the WOAH Regional Representation
for Europe in Moscow. The conference brought together
more than 400 participants, including experts from inter-
national organizations, leading veterinary specialists from
Russian institutions, government officials, and members
of the public. Based on the conference outcomes, experts
established a rabies control strategy centered on three
key components: public awareness campaigns, manag-
ing stray animal populations via mandatory pet identifi-
cation, and the widespread vaccination of cats and dogs.

The animal rabies situation is tense in many coun-
tries bordering Russia, such as Belarus, Azerbaijan,
Kazakhstan, Mongolia, and China. The Baltic countries
successfully eliminated rabies a few years ago through
an intensive, large-scale oral vaccination campaign.
This approach has since served as an effective model
for nations in the Balkan Peninsula, such as Slovenia,
Croatia, Serbia, North Macedonia, Montenegro,
Albania and Bulgaria, which are now also exemplary
cases of disease eradication. Through comprehensive
programs focused on vaccination, monitoring, and
surveillance, they have successfully eradicated ra-
bies within their territories. Thanks to strict epizootic
surveillance, these countries have reported no major
outbreaks for many years, with only isolated, imported
cases of rabies occurring.

According to WOAH data
(semi-annual and annual reports)
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Rabies situation in the world
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Asia Africa
1. Azerbaijan (24 dom/3 wild) 13. Kyrgyzstan (dom/wild)
2. Armenia (22 dom/3 wild)  14. Malaysia (86 dom)
3. Bhutan (3 dom)

2. Botswana (15 dom)
15. Mongolia (53 dom/7 wild) 3. Burkina Faso (4 dom)

4. East Timor (15 dom) 16. Nepal (129 dom/4 wild) 4. G Bissau (dom) 15. M

1. Algeria (423 dom/1 wild) 12. Mali (dom)
13. Morocco (130 dom)
14. Melilla (3 dom)

America

1. Argentina (38 dom) 15. Panama (66 dom)

2. Belize (dom) 16. Paraguay (dom)
3. Bolivia (13 dom) 17. Peru (104 dom)
(5 dom) 4. Brazil (630 dom) 18. USA (domy/2 wild)

5. Georgia (dom) 17. Oman (14 dom/wild)

6. Isracl (25 dom/28 wild) 18, Pakistan (6 dom)

7. Indonesia (631 dom) 19. Palestinian AT (4 dom)
8. Jordan (dom) 20. Thailand (181 dom)

9. Iraq (8 dom) 21. Taiwan (46 wild)

10. Kazakhstan (dom/wild) ~ 22. Turkey (140 dom/4 wild)
13. Cambodia (dom) 23. Uzbekistan (dom)

12. China (20 dom) 24. Sri Lanka (dom)

5. Egypt (10 dom)

6. Kenya (10 dom/wild)
7. DR Congo (dom)

8. Lesotho (19 dom)

9. Libya (2 dom)

10. Mauritania (dom)

Country (Number of in the i )

16. Namibia (71 dom/46 wild)
(183 dom) 6. Honduras (1 dom)
1 a (39 dom) 7. Greenland (3 dom)
19. Togo (62 dom)

20. Uganda (5 dom/3 wild)
21. Ethiopia (23 dom)

11. Madagascar (132 dom) ~ 22. South Africa (210 dom/63 wild) 11. Costa Rica (12 dom)

5. Venezuela (dom) 19. Ecuador (30 dom)

Europe
1. Hungary (6 dom/12 wild)
2. Moldova (12 donv/2 wild)
3. Norway (1 wild)
4. Poland (9 dom/45 wild)
5. Russia (296 dom/237 wild)
6. Romania (18 dom/8 wild)
7. Ukraine (905 dom/452 wild)
8. France (1 dom)
9. Czech Republic (1 dom)

8. Dominican Republic (5 dom/14 wild)
9. Canada (1 dom/151 wild)
10. Colombia (52 dom)

12. Cuba (24 dom)
13. Mexico (146 dom/15 wild)
14. Nicaragua (1 dom)

Fig. 1. Global rabies situation as of December 30, 2024
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The global increase in dog rabies cases is amplifying
the role of dogs as a viral source, directly endangering
human health. In response, the Russian Federation, as
a member of the WHO, WOAH, and FAQ, is taking steps
to meet the goals of a 2030 global initiative to eliminate
dog-mediated human rabies. This initiative, launched at
the 2015 International Conference on Rabies, requires
action in research, policy, and practical areas. The Russian
Federation’s first steps began in 2000 when the Veteri-
nary Department of the Ministry of Agriculture Russia
designated the All-Russia Research Institute for Animal
Health (now the Federal Centre for Animal Health) as
the national diagnostic center for rabies testing by
Order No. 32 on October 19, 2000. Through this order, the
Federal Centre for Animal Health was entrusted with the
responsibility of monitoring the epizootic situation and
was granted the authority to submit proposals for en-
hancing diagnostic methods, pharmaceuticals, and pre-
ventive measures for rabies in domestic and wild animals.
The decision of the Intergovernmental Council for Veteri-
nary Cooperation of the Commonwealth of Independent
States (CIS) of May 12, 2016 tasked the Federal Centre
for Animal Health with developing a draft Joint Action
Plan for the CIS Member States on Rabies Prevention and
Control, to cover the period through 2025 (hereinafter
referred to as the Joint Action Plan). It was determined
that a sustainable, rabies-free status and a reduction in
economic losses require an integrated approach, encom-
passing the development of diagnostic protocols, eval-
uation of immunization efficacy, large-scale molecular
research in Russia and in the CIS neighboring states, and
analysis of vaccine strain properties. Addressing these
tasks requires active international cooperation through
the exchange of experience, knowledge, and the pur-
suit of joint research. The Joint Action Plan was devel-
oped and approved by the decision of the CIS Council
of Government Heads on June 1, 2018.This decision was
signed by the Governments of the Republics of Armenia,
Belarus, Kazakhstan, Tajikistan, Uzbekistan, Kyrgyzstan
and the Russian Federation.

For the development of the Joint Action Plan, the
Federal Centre for Animal Health was awarded the gold
medal of the Golden Autumn contest in 2018 (Fig. 2).

During the implementation of the 2018-2025 Joint
Action Plan, all CIS members took significant steps to
combat rabies. These included developing and execut-
ing national control plans, conducting diagnostic tests
on wild and domestic animals, and accrediting laborato-
ries to the GOST ISO/IEC 17025-2019 standard. Further-
more, countries assessed the epizootic situation, carried
out preventive immunization, and monitored immune
status. These comprehensive measures have been instru-
mental in advancing disease freedom, reducing infection
risk for humans and animals, and minimizing the eco-
nomic impact of the disease.

The work of the Federal Centre for Animal Health has
also been crucial to rabies control successes. As the CIS's
designated training organization, the Federal Centre
for Animal Health enhances the skills of veterinary spe-
cialists from member states in modern rabies diagnosis,
prevention, and control.

Several countries have established a reserve stock of
essential veterinary drugs to control infectious diseases.
This stock, which includes rabies vaccines and immuno-
globulins for public immunization, supports measures
for prevention, diagnosis, outbreak response, and treat-
ment. Laboratories involved into rabies diagnostics par-
ticipated in interlaboratory comparison tests on a regular
basis.

Scientific research into the molecular epidemiology of
rabies involved creating and replenishing a national col-
lection of field isolates. Analysis confirmed the absence
of vaccine strains among these isolates, demonstrating
the safety of the rabies vaccines in use.

The knowledge gained from this accumulated expe-
rience was disseminated annually through open-source
publications (scientific journals, collections of papers,
conference proceedings) and presentations at interna-
tional conferences, roundtables, webinars and seminars.

The veterinary services of the CIS members consis-
tently informed the public about rabies prevention and
bite response protocols through articles, informational
leaflets, and website postings.

To summarize the results of the Joint Action Plan im-
plementation, the CIS Executive Committee sent letters
to the CIS governments. Responses were received from
the Republics of Armenia, Belarus, Kazakhstan, Tajiki-
stan, Uzbekistan, the Kyrgyz Republic and the Russian
Federation.

A review of reports from CIS member states indicates
that the rabies epizootic situation remains tense (Fig. 3).
Despite this, the implemented measures have yiel-
ded significant results, including a reduction in animal
rabies cases and the prompt execution of laboratory
diagnostics and animal health measures as outlined in
the Joint Action Plan.

This work has established a long-term foundation
for effective rabies prevention and control cooperation
among the CIS members. These results provide a foun-
dation to continue working consistently toward rabies
freedom and eventual eradication throughout the CIS.
Although the territories of the CIS members remain in-
fected due to their natural geography, the work done
in recent years has had a positive impact.
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According to WOAH data
(semi-annual and annual reports)
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Rabies situation in the CIS countries in 2022 - 2024

Russia

Legend:
— infected countries
1. Azerbaijan (77 dom/wild)
2. Armenia (33 dom/wild)
3. Kazakhstan (5 dom/wild)
4. Kyrgyzstan (81dom/wild)
5. Moldova (29 dom/wild)

Country - Number of Outbreaks

6. Rep. Belarus (258 dom/wild)

8. Turkmenistan (dom/wild)
9. Uzbekistan (dom)
10. Ukraine (2911 dom/wild)

7. Russia (2170 dom/wild) data including those for new territories
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Fig. 3. Rabies situation in the CIS members as of December 28, 2024

Since rabies remains a serious problem in the CIS
and the current Joint Action Plan ends in 2025, the
Intergovernmental Council for Veterinary Cooperation
has endorsed a proposal by the Federal Centre for An-
imal Health to extend the plan to 2030. The proposal
emphasized the need to strengthen the close cooper-
ation among the CIS members to achieve and maintain
rabies freedom in each state and across the Common-
wealth.

Draft Joint Action Plan for 2025-2030 developed by
the Federal Centre for Animal Health was discussed in
October 2024 at the 46™ regular meeting of the Inter-
governmental Council for Veterinary Cooperation in
Turkmenistan (Ashgabat) and approved by the repre-
sentatives of the CIS Veterinary Services. In the period
from January 31 to February 21, 2025, the CIS Execu-
tive Committee office (Moscow) approved it at expert
group meetings and on July 18, 2025, it was approved
at a meeting of the CIS Economic Council. The approval
of the Joint Action Plan is on the agenda of the meet-
ing of the Council of Government Heads on Septem-
ber 30, 2025.

The Joint Action Plan for 2025-2030 builds upon
foundational CIS veterinary safety documents, main-
taining continuity with the goals, objectives, and co-
operative frameworks established in the previous plan
up to 2025. The plan incorporates proposals from the
CIS Veterinary Services, recommendations from inter-

national organizations, and lessons learned from ra-
bies control programs in the EU, US, and Canada. Fur-
thermore, the new Joint Action Plan reflects the core
principles of the “Zero by 30" strategy. This strategy is
underpinned by a Tripartite Memorandum of Under-
standing between the WHO, FAO, and WOAH, which
guides countries in developing national rabies erad-
ication plans through a One Health and intersectoral
cooperation framework.

The main goal of the Joint Action Plan for 2025-2030
is to work towards the eradication of dog-mediated ra-
bies in CIS members by minimizing the risk of outbreaks
and their spread.

The implementation of the Joint Action Plan on Ra-
bies Prevention and Control through 2030 will enable
the CIS members to develop national strategies to stop
rabies circulation among domestic and stray carnivores,
primarily dogs; to continue veterinary measures that re-
duce rabies incidence in wild carnivore populations; to
strengthen veterinary services in fulfilling the require-
ments of Article 8.15 of the WOAH Terrestrial Animal
Health Code and to minimize the risk of human rabies
infections.
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Basics of rabies prevention in the Republic
of Belarus (review)
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ABSTRACT

Introduction. Rabies remains one of the most dangerous zoonotic diseases. The Republic of Belarus is affected by animal rabies and the disease is reported in all
regions of the country.

Objective. The work was aimed at assessment of rabies situation in the Republic and summarizing up-to-date approaches to the disease diagnosis and prevention.
Results. Current data on rabies situation in animals and humans in the Republic of Belarus are presented. In the Republic of Belarus, rabies is commonly reported
in wildlife and both the country territory and its neighbouring countries (Poland, Lithuania, Latvia, Ukraine, Russia). Wild carnivores, foxes, raccoon dogs and wolves
are the main reservoir of rabies virus (70% of all reported cases). Domestic carnivores (cats, dogs) are the second rabies reservoir, and sporadic rabies cases are
also reported in livestock animals. The main activities of the Veterinary and Sanitary-Epidemiological Service of the Republic of Belarus, including specific rabies
prevention in domestic carnivores, oral rabies vaccination of wild carnivores and public awareness campaigns are described in the paper, historical and modern data
on the vaccination and its effectiveness, main strategies laid down in the Comprehensive Rabies Prevention Plan for 2021-2025 as well as data on the effectiveness
of the specific activities included in the plan are presented.

Conclusion. In the Republic of Belarus, rabies remains a significant concern, particularly in wild animals. Key rabies control measures primarily involve the oral
vaccination of wild animals and public awareness campaigns. To achieve a sustained reduction in rabies cases in wild and domestic animals and to minimize
human exposure risks, the areas of wildlife oral vaccination shall be expanded, domestic carnivore vaccination programs shall be intensified and their control shall
be enhanced.

Keywords: review, Republic of Belarus, rabies, domestic and wild animals, prevention, oral vaccination
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OcHoBbI NpodunakTUKK beleHcTBa B Pecnybnuke
benapycb (0630p)

N. A. Cy66oTuna’, C. B. lapoBckux’, A. J1. Jlewkesuy?, U. A. flopodeituui’, A. K. NaxoBckuir®

Y0 «Butebckan oppeHa «3Hak MoueTa» rocynapcTBeHHas akazemus BeTepuHapHoii Meauumtbl» (YO «BTABM»), yn. 1-a [losatopa, 7/11,

r. Butebck, 210026, Pecnybnuka benapycb

2TY «PecnybnuKaHCKIii LieHTP rurvieHbl, SNUAEMUONOriaM 1 00LLeCTBEHHOTO 340poBbA», Y. KasuHua, 50, . Munck, 220099, Pecnybnuka benapyco
3 [lenapTameHT BeTepUHapHOTo 1 MPOJ0BONbCTBEHHOO Haj30pa MUHKMCTEPCTBA CENbCKOrO X03AiCTBA M NPOA0BONbCTBYUA Pecnybnuku benapyco,
yn. Kuposa, 15, r. Munck, 220030, Pecny6nuka benapycb

“ 0AO «benButyHudapm», yn. Coetckas, 26, . lonxa, Butebckas obnactb, 211309, Pecnybnuka benapyco

ABSTRACT

BBepenue. Ha coBpemeHHOM 3Tane GelLeHCTBO NPOAOMKAET 0CTaBaTbCA OAHUM U3 CAMbIX ONACHbIX MHOEKLMOHHBIX 3a60neBaHUii 300HO3HOIH NPUPOADI.
Pecnybnuka benapycb ABnAeTcA HebnarononyyHoi no 6eLwueHCTBY XUBOTHbIX, NP 3ToM 3ab0neBaHue PerucTpupyeTca Bo BCeX PernoHax CTpaHbl.

Lienb nccnepoBanua. Lienbio paboTbl ABNANMCH OLiEHKa INU300TYECKOIA CUTYaLIM N0 BeLueHCTBY B pecnybnmke v 06061LeHe COBpeMeHHbIX MOAXOA0B K Ana-
THOCTUKeE M MPpOdUNaKTUKe 3abonesaHus.

Pe3ynbratbl. [IpuefeHbl akTyanbHble AaHHble 06 3MU300TUYECKOI 11 INMAEMIUONOTINYECKOil cuTyauumn no bewweHcTBy B Pecnybnuke benapych. bewewctao
Ha TeppuTOpUY pecnybanKki NpoTeKkaeT B BUAE SMU300TUN NPUPOAHOTO TUNA, B KOTOPYIO OHa Bbina BOBEYEHA COBMECTHO C FPaHIYaLLMMU FoCyAapCTBaMU
(MonbLwa, Nutea, NlatBua, YkpauHa, Poccus). Yalwe Bcero pesepByapom Bupyca belueHCTBa ABNAKTCA AMKUE NNOTOALHbIE XMBOTHble (70% 0T Bcex 3aperu-
CTPUPOBAHHbIX CYYaeB): NUCULIbI, EHOTOBUAHBIE cobaku 1 Bonky. Ha BTopom MecTe — AOMaLLIHVe NNOTOAAHDBIE (KOLKM, C06aKI), B eANHNYHBIX ClTyyasx —

© Subotsina l. A., Darovskych S. V., Leshkevich A. L., Dorofeychik I. A., Lyakhovsky A. K., 2025

VETERINARY SCIENCE TODAY. 2025; 14 (3): 223-231 | BETEPUHAPUA CEFOZHA. 2025; 14 (3): 223-231

223


https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2025-14-3-223-231&domain=pdf&date_stamp=2025-09-15

224

REVIEWS | ANIMAL RABIES 0630PbI | BELIEHCTBO XWUBOTHbIX

CeNbCKOX03AICTBEHHbIE XXBOTHbIE. B (TaTbe 0ncaHbl 0CHOBHbIE HaNpaB/eH!A paboTbl BETePUHAPHOI U CAHUTAPHO-3MIMAEMUONOTNYeCKOii CyX6bl Pecrybnunku
benapycb, BKNiouas cneLuduueckyto NpoGUNaKTUKY belieHCTBA Cpem JOMALLIHUX NNOTOARHDIX XKUBOTHbIX, OPasbHYH0 aHTUPAOUUECKYI0 BaKUMHALMIO AUKUX
MNIOTOARHBIX XXUBOTHBIX 11 MHOOPMALIMOHHYI0 PaboTy C HaceneHuem, NPUBOAATCA UCTOPUYECKHE U COBPEMEHHbIE AaHHbIE 0 BaKLMHALMN U ee 3deKTUBHOCTH,
npeACcTaBneHbl 0CHOBHbIE CTpaTernyeckie HanpasneHua KomnnekcHoro nnaHa npodunakTinkm belueHcTsa Ha 2021-2025 r., npuBeseHbl faHHble 06 3ddexTns-
HOCTY OTAENbHBIX MEPONPUATHIA NNaHa.

3aknioueHue. B Pecnybnuke benapycb npobnema belweHCTBa 0CTaeTCA aKTyanbHON, B NePBYI0 0uepesb 0Ha KacaeTca AnKoii ¢payHbl. OcHoBononaraiowmmm
meTogamu 6opbbbl ¢ 3aboneBaHMeM ABNAIOTCA OpabHaA aHTUPabuyeckan BaKLMHALNA AKX XKUBOTHBIX M MHYOPMALMOHHAA paboTa C HaceneHuem. [na cToii-
KOro yMeHbLUEHVA KONMYeCTBA CNlyyaeB bellieHCTBA B AMKOI M AOMALLIHeil dayHe, a TakiKe ANA CHUMKEHNA prckoB 3aboneBaHina Nloeii cuutaem HeobXoAMMbIM
JLanbHeiiLuee paclumpeHye nnoLLageil opanbHoil aHTUpabuueckoil BaKLMHALMI, a TaKXKe YCUNeHNe KOHTPONA 1 MHTEHCBHOCTY MPOrpaMMbl aHTUpabuueckoit

BaKLMHaLN foOMalLHKUX NNOTOAAHBIX XUBOTHbIX.

KnioueBbie cnosa: 0630p, Pecnybnuka benapycb, 6ewweHcTBo, AOMALLHNE 1 ANKUE XIBOTHbIE, NPOUNAKTIKA, OpabHaA BaKLMHALNA

[ins untnpoBanus: Cy66otuna . A., Napockux C. B., Mlewkesuy A. J1., fopodeitumk W. A., Naxosckuii A. K. OcHobl npodunakTvky beweHcTsa B Pecnybnmke
benapycb (0630p). Bemepurapus ce2o0HA. 2025; 14 (3): 223-231. https://doi.org/10.29326/2304-196X-2025-14-3-223-231

KoHdnukT unTepecoB: ABTopbI 33aABNAKT 06 OTCYTCTBUI KOHGNKTA UHTEPECOB.

[ins koppecnonpeHuym: (yo60TiHa MpuHa AHaToNbEBHA, KaHA. BET. HayK, NPOpPEKTOp N0 yue6Hoii paboTe, AOLEHT Kadeapbl IMU300TONOTMN M UHGEKLMOHHDBIX
6onesteit YO «BIABM», yn. 1-a [loBatopa, 7/11, 1. Butebick, 210026, Pecny6nuka benapycb, irin150680@mail.ru

INTRODUCTION

The Republic of Belarus is a country affected by an-
imal rabies, the disease is reported in all its regions. In
the Republic of Belarus, rabies is commonly reported
in wildlife and affects both the country territory and
territories of its neighbours (Poland, Lithuania, Latvia,
Ukraine, Russia) [1, 2, 3, 4, 5, 6].

The main reservoir of the rabies virus is wild carni-
vores, 70% of all reported cases. Among them, foxes are
primary carriers. Raccoon dogs and wolves are also in-
volved in the epizooty; their high population densities
are supported by favourable environmental conditions
for these species. Domestic carnivores (cats, dogs) are
the second rabies reservoir; sporadic rabies cases are
also reported in livestock animals. However, despite the
fact that rabies cases are reported in animals annually,
no rabies cases have been reported in humans since
201213,7,8,9,10].

For the purpose of rabies prevention, mandatory
anti-rabies vaccination of domestic carnivores (cats
and dogs) and livestock animals is annually carried
out in rabies-affected localities in Belarus. Persons at
high-risk occupations for rabies exposure - including
veterinarians, animal control officers, foresters, game-
keepers, and hunters - also receive pre-exposure rabies
vaccination [9, 11,12, 13, 14].

The ongoing oral immunization of wild carnivores,
implemented since 2004, has significantly improved
the rabies situation in the Republic of Belarus. It should
be noted that chicken heads, into which the vaccine
was directly injected, were used for the first vaccination
programs. In 2007-2010, vaccination of wild carnivores
was carried out throughout the country, and in 2010,
the country’s veterinary service decided to centralize
the vaccination efforts and the baits containing the vac-
cine in a blister were developed and put into practice.

Since 2011, vaccination has been carried out along the
border of the Republic of Belarus with Lithuania, and
since 2012 — with Latvia and Poland.

In 2014, the number of animal rabies cases in the
country decreased. In 2015 the number of animal
rabies cases increased due to the rabies cases de-
tected in uncultivated territories of the Gomel Oblast
(230 cases) and Mogilev Oblast (138 cases). In 2016, the
number of animal rabies cases decreased again, but in
2017-2018 there was an increase in rabies incidence,
539 cases were reported in 2019, and 752 cases were
reportedin 2020.The largest number of rabies cases was
reportedinthe Mogilev(199),Minsk(177)and Gomel (168)
Oblasts. A total of 123 rabies cases were reported in
the Vitebsk Oblast, 52 rabies cases were reported in the
Brest Oblast. The lowest number of rabies cases (33)
was reported in the Grodno Oblast. Analysis of the
data clearly indicates the dependence of the number
of infected animals in different oblasts of Belarus on
the performed/non-performed oral vaccination of wild
carnivores [9, 11, 12]. In the Republic of Belarus, the oral
vaccination is targeted and limited. Over the past two
years, oral vaccination of wild carnivores has not been
carried out in the Gomel and Mogilev Oblasts, which
have traditionally been leaders in the number of repor-
ted animal rabies cases in recent years (for example, in
2020 there was a twofold increase compared to the pre-
vious year, followed by a gradual decline). Vaccination
of wild animals in the Grodno Oblast, including vaccina-
tion performed within the transboundary collaborative
actions, resulted in 2.8 fold-decrease in animal rabies
cases in the Oblastin 2020 as compared to the previous
year, and the number of infected animals was practical-
ly reduced to zero by the reporting year 2024 [9, 10].

Atotal of 2.75 million vaccine baitsare distributed annu-
ally (1,377 thousands baitsin springand 1,377 thousands
baits in autumn) in the Grodno Oblasts, as well as in
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lll;ayl:lI:mics of rabies incidence in the regions where oral rabies vaccination is carried out
Region 2020 2024
Brest Oblast 52 (39 wild + 13 dom.) 9 (8 wild + 1dom.)
Vitebsk Oblast 123 (73 wild + 50 dom.) 28 (20 wild+ 8 dom.)
Grodno Oblast 33 (25 wild + 8 dom.) T wild

wild — wild animals, dom. — domestic animals.

the areas of the Brest and Vitebsk Oblasts bordering
the EU countries (about 56 thousand km?). It should
be noted that there is a steady trend towards a de-
crease in rabies cases in wildlife, owing to, among
other things, the annually expanding area of oral
vaccination of wild carnivores. Thus, reported data shows
a4-fold decrease in rabies cases in the Brest and Vitebsk
Oblasts and a 30-fold decrease in the Grodno Oblast for
the past five years (2020-2024). In the latter, the disease
has been nearly eliminated (Table).

Therewith, in the oblasts where oral vaccination was
not carried out (Minsk and Mogilev Oblasts) or was
performed manually with minimal bait distribution in
some areas (Gomel Oblast), the number of rabies cases
was significantly higher in 2024. This was particular-
ly evident in the city of Minsk and Minsk Oblast and
Mogilev Oblast, where 75 and 49 cases were reported,
respectively.

To achieve full coverage of the country’s territory
the area of aerial wild carnivore vaccination must be
expanded to 129,000 km?2 For the Republic of Belarus,
the estimated vaccination coverage area is 185,000 km?
where 8.52 million baits are to be distributed annually -
4.26 million baits in spring and 4.26 million baits in
autumn -atadistribution density of (24 + 1) baits perkm?
It should be noted that the Republic authorities pay
special attention to the ongoing monitoring and as-
sessment of oral vaccination effectiveness in wild car-
nivores, which is critical for making evidence-based
decisions on the vaccination program continuation,
modification, or cessation.

The comprehensive scheme (program) for assess-
ment of oral rabies vaccination effectiveness in wild
carnivores includes the following key points.

1. Estimation of the vaccination coverage (the area
where the oral rabies vaccination of wild carnivores is
carried out).

2. Registration of oral rabies vaccination duration
and continuity in wild carnivores.

3. Selection of target (sentinel) animal species for
assessing the effectiveness of oral rabies vaccination
of wild carnivores.

4. Assessment of the vaccines used for oral rabies
vaccination for their effectiveness and safety.

5. Calculation of optimal of rabies vaccine bait place-
ment (pattern and quantity) in wild carnivore habitats.

6. Monitoring for evaluation of the oral rabies vacci-
nation results in wild carnivores.

7. Making adjustments to the oral vaccination pro-

gram, if necessary, based on the monitoring results.

The State Veterinary Service is responsible for orga-
nizing the effectiveness assessment, which includes the
following tasks:

— determination of the sampling size and sampling
areas for monitoring purposes;

- determination of the funding source and designa-
tion of the testing laboratory;

- determination of the sampling procedure: persons
involved in the shooting of animals, the place of sam-
ple storage, procedure for sample transportation to the
testing laboratory.

The laboratory tests are aimed at:

- assessment of the level of animal protection based
on the presence of anti-rabies virus antibodies;

- assessment of the vaccine bait uptake by identify-
ing (counting) the animals containing the tetracycline
marker in bone tissue (jaw bone and teeth);

— estimation of morbidity (number of diseased ani-
mals detected during monitoring and number of rabies
cases detected during the year).

Based on the assessment and the above tasks fulfil-
ment outcomes conclusions on the vaccination quality
and on need for its correction or cessation are made.

During the development of oral vaccination pro-
grams, target animal species, being the main disease
vectors in a particular territory, are identified and fur-
ther used as sentinels during oral vaccination monitor-
ing. In the Republic of Belarus, these are foxes, wolves
and raccoon dogs.

The following sampling size for oral vaccination
monitoring was determined: 4 animals per 100 km?
per year, i.e. 2 animals per spring and autumn cam-
paign (according to the resolution “Towards the elimi-
nation of Rabies in Eurasia’, May 27-30, 2007), provid-
ing that principle of sample uniformity (homogeneity)
is met [15].

Non-representative sampling repeated annually
alongside the lack of serological monitoring for anti-
bodies may obstruct a comprehensive evaluation of
oral vaccination effectiveness. This data gap compro-
mises the ability to make evidence-based decisions
regarding the expansion or reduction of vaccination
areas. It can also lead to an erroneous conclusion on
rabies eradication in the area upon the oral vaccination
program completion.

The Department of Veterinary and Food Supervision
of the Ministry of Agriculture and Food of the Repub-
lic of Belarus designated the Medical and Diagnostic

VETERINARY SCIENCE TODAY. 2025; 14 (3): 223-231 | BETEPUHAPUA CEFOZHA. 2025; 14 (3): 223-231

225



226

REVIEWS | ANIMAL RABIES 0630PbI | BELIEHCTBO XWUBOTHbIX

Institution “Vitebsk Oblast Veterinary Laboratory” [9]
accredited according to GOST ISO/IEC 17025-2019' to
perform laboratory monitoring of the oral vaccination
effectiveness based on the following parameters:

- detection of antibodies to rabies virus in sera, blood
plasma or biological fluids by enzyme-linked immuno-
sorbent assay (ELISA);

— detection of a biomarker (tetracycline) in wild car-
nivore teeth;

- detection of the antigen - antibody complex by
fluorescent antibody test (FAT).

For quality assurance purpose, the MDI “Vitebsk
Oblast Veterinary Laboratory” took part in internation-
al comparative tests using the following parameters in
2021:

- detection of antibodies against rabies virus in car-
nivorous sera in the framework of proficiency testing
program (provided by VETQAS, Animal & Plant Health
Agency, Great Britain);

- detection of a marker (tetracycline) in carnivore
teeth/jaws (organized by the Federal Centre for Animal
Health, Russia).

Laboratory tests for rabies diagnosis are carried out
in accordance with the regulatory documentation:
GOST 26075-2013% Methodical guidelines for the de-
tection of antibodies to rabies virus with ELISA in sera,
blood plasma or biological fluids® and for the detection
of a marker (tetracycline) in wild carnivore teeth*.

When monitoring oral vaccination effectiveness, en-
suring the quality of the samples collected for laborato-
ry testing is crucial. The samples are collected jointly by
the Veterinary Service and hunting farms (e.g., hunters,
rangers) or environmental protection agencies (e.g.,
foresters) representatives. Jaw sections with canines
and incisors as well as biological fluids of the animal
(blood, transudate, thoracic fluid) are collected for
laboratory tests.

The oral rabies vaccine uptake is determined by the
fluorescent method: a marker (tetracycline) contained
in baits is detected in teeth and mandibular bone tissue.
Test materials (lower jaw with canines and incisors) are
stored and transported in frozen state.

The age is taken into account when bait uptake is
determined. Because the tetracycline marker is per-
manent, it is not possible to ascertain when the bait
was consumed. Therefore, the proportion of tetracy-
cline-positive results is usually higher in adults than in
young animals. To evaluate the outcomes of the latest
vaccination round, a cohort of young animals should be
selected. However, age assessment is often neglected
since young animals constitute a significant proportion
of the population.

! https://nil39.ru/docs/GOST-17025.pdf (in Russ.)

2 https://docs.cntd.ru/document/1200104625 (in Russ.)

? Methodical guidelines for the detection of antibodies to rabies virus
with ELISA in sera, blood plasma or biological fluids: approved by the MDI
“Vitebsk Oblast Veterinary Laboratory” on 12 May 2021. (in Russ.)

4 Methodological guidelines. Detection of a marker (tetracycline) in

wild carnivore teeth: approved by the MDI“Vitebsk Oblast Veterinary
Laboratory”on 11 June 2021. (in Russ.)

The level of animal protection (seroprevalence) is as-
sessed by determination of virus neutralizing antibody
levels (IU/mL). It should be taken into account that
0.5 IU/mL is considered to be the level of antibodies
(determined by virus neutralization test) that reliably
protects against infection with rabies virus. For rabies
eradication, the proportion of protected animals (tar-
get species) in the population should be at least 70%.
This level of protection prevents infection, even after
contact between a rabid animal and vaccinated ani-
mals. When the virus transmission rate falls below one,
the epizootic subsides. Maintaining a high and uniform
level of animal protection in a vaccinated area is crucial
because low-immunity pockets can serve as persistent
reservoirs for natural infection. This can facilitate the
spread of disease to other regions after oral vaccination
program cessation.

The quality of biological samples collected for lab-
oratory diagnosis is of great importance. The main bio-
logical sample to be collected for tests for rabies is the
animal brain, its most important parts: medulla oblon-
gata and cerebellum as well as Ammon’s horn and ce-
rebral cortex.

For optimal preservation, biological samples shall be
stored frozen or chilled. Preservation in buffered saline
supplemented with 10% formalin is acceptable only in
extreme cases. It is critical to note that this latter me-
thod affects the test result quality, making virus isola-
tion impossible. Preservation in buffered saline solution
supplemented with glycerine (50%) is also allowed,
however, this method also produces lower-quality
results [16, 17].

The MDI “Vitebsk Oblast Veterinary Laboratory” car-
ries out the following tests: fluorescent antibody test,
mouse inoculation test (bioassay), ELISA and neutral-
ization test.

Fluorescent antibody test (other names: immunoflu-
orescence assay (IFA), direct fluorescent antibody test
(dFAT) offers the following advantages being rapid
(providing results within 2-3 hours), highly sensitive
and specific, relatively cheap. Disadvantages of the FAT
include the lack of instrumental recording, which intro-
duces subjectivity in result interpretation.

The mouse inoculation test (bioassay) demonstrates
high sensitivity and specificity when performed on fresh,
non-decomposed samples. However, this method has
several significant disadvantages: it is a prolonged pro-
cedure, requiring up to 30 days to complete; it is costly;
and its sensitivity drastically decreases with putrefied
samples leading to false-negative results. Furthermore,
the technique poses an increased biohazard risk to the
operator due to handling infected animals and syringe
as well as a potential risk to the environment. It also
faces growing ethical concerns and public opposition
to the use of tests in animals. It should be noted that
bioassay for rabies detects only infectious (active) virus.
Therefore, if a pathogen has been inactivated, a bioas-
say might show a negative result (no live virus) even
with positive antigen or genome detection, because
the components of the virus are still present but the vi-
rus itself is not active. In addition, if the biomaterial has
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a toxic effect, it is impossible to obtain a result. Mouse
deaths are confirmed as rabies-specific using the FAT.

The enzyme-linked immunosorbent assay (ELISA) de-
signed for virus antigen detection provides significant
advantages, including high specificity, a high-through-
put capacity for processing numerous samples quickly,
and a simple test procedure, instrumental recording of
the results; undiminished sensitivity when testing non-
fresh (decomposed) pathological samples. But at the
same time, ELISA demonstrates lower sensitivity when
used for testing fresh pathological samples compared
to FAT. However, the World Organisation for Animal
Health (WOAH) recommends that ELISA, due to its of-
ten lower sensitivity compared to gold-standard meth-
ods, be used for rabies diagnosis only when followed by
confirmatory testing.

Virus neutralization test — VNT (such as rapid fluo-
rescent focus inhibition test — RFFIT) is used for testing
anti-rabies immunity level for the purpose of assess-
ment of oral vaccination effectiveness. The principal
advantage of the VNT is its ability to precisely quantify
virus-neutralizing antibodies, a key feature that estab-
lishes it as the diagnostic “gold standard”. However,
the VNT has several disadvantages. These include a
prolonged procedure lasting several days, stringent
requirements for operators’ qualifications and experi-
ence, cell culture maintenance, high operational costs.
Furthermore, the test can be compromised by the toxic
effects of certain samples on the cell monolayer and
necessitates the use of fixed rabies virus.

When assessing rabies occurrence in wildlife, it is es-
sential to recognize that monitoring and epizootolog-
ical surveillance are interdependent and serve as key
components of successful oral vaccination programs.
A decrease in reported rabies cases is a key indicator of
successful oral vaccination programs (provided that on-
going passive surveillance is carried out and laboratory
testing of suspected animals is performed).

A decision on oral rabies vaccination cessation is
made when no rabies cases have been reported for
at least two years.

The rabies situation in the country requires the con-
stantand vigilant attention of the Sanitary and Epidemio-
logical Service of the Ministry of Health of the Republic
of Belarus [10, 13, 18]. A change in the epizootic pattern
increases human exposure to rabid animals, including
mass exposure events (more than 5 injured persons),
thereby raising the risk of rabies in the human popula-
tion. Annually, approximately 18,000 to 20,000 people
receive post-exposure prophylaxis for rabies following
contact with animals. Of these, 400 to 700 human cases
involve confirmed exposure to rabid animals. In 2024,
the largest number of post-exposure treatments was
reported in the Minsk and Mogilev Oblasts, while the
minimum number of post-exposure treatments was
registered in the Grodno Oblast [10, 18, 19, 201.

Control of natural rabies reservoirs, primarily through the
mass oral vaccination of wild carnivores, is the most effective
strategy for ensuring public safety. This approach is essential
given the rising number of animal rabies cases and the cen-
tral role wild carnivores play as the main reservoir of the virus.

Successful rabies prevention requires constant and
coordinated actions taken by the concerned ministries
and departments, executive authorities, and research
institutions. Only an interdepartmental approach can
successfully combine the efforts of these organizations.
This strategy served as the basis for the Comprehensive
Rabies Prevention Action Plan (hereinafter referred to
as the Comprehensive Action Plan) in the Republic of
Belarus (2021-2025)°. The Plan was approved in 2021
(No. 06/204-211/321). One of its main tasks was to or-
ganize the vaccination of wild carnivores against rabies.

The Comprehensive Action Plan goal is to prevent
rabies in both wild and domestic animals, as well as
to ensure epidemiological and public health safety, to
prevent human rabies by drastically reducing natural
rabies cases through vaccination of wild carnivores; to
carry out specific anti-rabies preventive measures in
pets and livestock animals; to reduce human exposures
to rabies following the contact with animals, including
rabid animals, that will ultimately reduce the number
of persons receiving rabies post-exposure treatment.

According to the Comprehensive Action Plan, re-
sponsible authorities (Ministry of Agriculture and
Food, Ministry of Health, Ministry of Nature, Ministry of
Forestry, Ministry of Housing and Communal Services,
executive committees in oblasts and raions of the Re-
public of Belarus) shall carry out relevant measures, the
main of which are the following:

- censusing of wild carnivores including foxes, raccoon
dogs, wolves: number of animals per km? of hunting
grounds;

— monitoring of rabies situation in the world including
rabies situation in border areas;

—mapping of wild carnivore density in hunting grounds;

- procurement of blister vaccine baits for oral immu-
nization of wild carnivores taking into account the bait
distribution area;

- briefing for persons involved in oral vaccination of
wild carnivores;

- aerial distribution of blister vaccine baits across the
target vaccination zone and recording the bait release
coordinates;

- control shooting of wild carnivores being natural ra-
bies reservoirs in the target zone, at least 2 animals per
100 km? of hunting grounds and delivery of samples
to the diagnostic departments of regional veterinary
stations (taking into account the population size);

- sampling and delivery of pathological samples
(jaws and blood) collected from the animals shot with-
in the vaccine quality monitoring and control to the
laboratories;

—laboratorytests of the samples (blood —for antibodies,
jaws — for markers) collected from the shot animals;

- collection and delivery of biological samples (brains
of dead rabies suspects) for laboratory testing to moni-
tor and record animal rabies cases;

- laboratory tests of brain samples from dead rabies
suspects for animal rabies case monitoring and recording;

*https://s3-minsk.cloud.mts.by/datastorage/belitsa/library/321_Plan_for_
rabies_prevention.pdf (in Russ.)
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Fig. 1. Feeding oral immunization baits to wolves

— capture of stray dogs and cats in residential areas;

- measures taken to prevent the incursion of wild and
stray animals on organizational facilities and premises;

- censusing of pets (dogs and cats) with annual data
updating;

- oversight of adherence to pet and livestock keeping
regulations by private owners and agricultural organiza-
tions;

- procurement of anti-rabies parenteral vaccine for im-
munization of pets and farmed animals;

- vaccination of pets (dogs and cats) against rabies;

- establishing and maintaining continuously renewed
stock of anti-rabies vaccine and immunoglobulins in the
regions and in city of Minsk sufficient to meet simultane-
ous demand for at least 20 persons;

— provision of post-exposure treatment to the exposed
persons following the contact with animals;

- compiling the lists of persons at high risk of rabies
virus infection (veterinarians, hunters, foresters, persons
engaged in trapping and keeping stray animals, and oth-
ers) and submission of these lists to regional public health
authorities, as well as authorities responsible for official
sanitary surveillance;

— preventive vaccination of persons at high risk of rabies
virus infection;

- public awareness campaign across all media (in-
cluding Internet resources) to raise awareness of rabies
prevention measures among the persons of various age
and professional groups, including: manifestations of
rabies virus infection, actions to be taken in case of con-
tact with animals, including rabid and rabies suspected
animals, the consequences of refusing or interrupting
rabies post-exposure treatment, as well as the rules for
pet and livestock keeping, such as timely registration
of animals and timely vaccination of animals against
rabies.

Another area of the State Veterinary Service activ-
ities is the continuous monitoring and specific rabies
prophylaxis improvement, when necessary, among
wild carnivores kept in zoos, stray animals and animals
keptin shelters. These animals pose a substantial risk to
staff, and their rabies vaccination history is often uncer-
tain. In such situations, parenteral rabies prophylaxis is
highly risky and difficult. Consequently, current efforts
include analysing and evaluating existing rabies vac-
cination methods for carnivores in shelters and zoos.
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Fig. 2. Feeding oral immunization baits to foxes

This work is coupled with the development of improved
anti-rabies vaccine baits and an assessment of their ef-
ficacy in these controlled environments (Figs. 1 and 2).

To enhance disease control and cost-effectiveness,
the efforts are focused on development of improved
designs of the baits for captive and stray carnivores and
wildlife. Experimental bait models are being developed
by the OJSC “BelVitunipharm” specialists. “Rabivit-VBF’,
rabies vaccine-containing bait, series No. 19 (22 g), was
taken as a basis (prototype) and improved: its shape,
size and composition were changed. New types of baits
were experimentally tested in various groups of animals
in order to identify the most effective form for the bait
uptake. The tests were carried out in the Vitebsk Zoo
and “Dobrik”, Vitebsk shelter for stray animals, where
oral baits were fed to wolves, foxes, raccoon dogs,
domestic dogs and cats.

Our own tests performed for evaluation of oral ra-
bies vaccination for its effectiveness yielded the follow-
ing results.

1. According to video surveillance, animals actively
consumed improved baits of all types (both old and
new) within the first two days, but showed a distinct
preference for the new ones.

2. It was observed that wild animals, particularly fo-
xes, often do not consume baits at the drop point but
instead relocate them for later consumption. This be-
haviour is a critical factor to consider during the visual
assessment of bait uptake.

3. In the experiment conducted under near-natural
conditions in the Vitebsk Zoo, the average uptake of all
new-formulation baits was high, reaching 82%.

4. It was found that under adverse weather condi-
tions, including heavy rain, the tested baits retained
their original shape and form. Bait uptake was the high-
estin the evening and at night.

Thus, the experiment results indicate that the most
modified baits tested meet the specified parameters
and are suitable for the oral rabies vaccination of car-
nivores and wild animals in the Republic of Belarus.
The new-formulation baits are cost-effective and will
increase the effectiveness of oral rabies vaccination for
wild carnivores across the country.

According to the Ministry of Health of the Republic
of Belarus, in recent years, mass exposures of humans
to rabid animals have become an alarming trend. While
most incidents involve pets (dogs and cats) and live-
stock (sheep, goats and cattle), exposures to wild an-
imals (foxes, raccoon dogs, hedgehogs), though less
frequent, are also a significant concern. In agriculture,
mass exposures are often occupational, whereas those
with pets and wild animals typically result from human
negligence, a lack of understanding about the severity
of the risk, and the potential threat of rabies. Particu-
larly noteworthy is the contemporary “selfie epidemic”
spreading among the public. In several cases, it was the
reckless pursuit of a photo with a wild animal - not a
lack of knowledge about the disease - that led to mass
exposures to a rabid animal. The public’s frequent re-
fusal to vaccinate pets was the second major factor
contributing to their infection and the most common
cause of mass exposures to rabid domestic animals. The
reason for this is the pet’s so-called “indoor lifestyle”and
the pet owner’s belief that it has little to no contact with
the outside environment or other animals. Ignoring the
potential risks of infection, despite possible or actual
contact with wild or stray animals, leads to pet infec-
tions and, subsequently, to mass human exposures.

The growing populations of wild animals including
ungulates (e.g., deer, roe deer), carnivores, and omni-
vores (e.g., foxes, raccoon dogs, wolves, lynx, bears) in
several regions of the Republic of Belarus is a significant
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contributing factor. This increase elevates the risk of
rabies spread among animal populations, thereby
amplifying the biological threat to humans. This is
particularly true for high-risk groups such as hunters,
gamekeepers, foresters, staff of nature reserves and
national parks, zoologists, and others whose pro-
fessional or scientific activities involve contact with
wildlife.

It is also crucial to intensify public awareness cam-
paigns on rabies prevention, targeting various demo-
graphic and professional groups, with a primary focus
on children. The most vulnerable group - elementary
school students —is of particular concern. This includes
personal meetings between humane medicine prac-
titioner, veterinarians and parents as well as dissemi-
nation of information through mass media platforms.

To facilitate easy and accessible understanding of
the importance and danger of rabies for various de-
mographic and professional groups, informational
materials (posters, presentations, educational films)
are being developed. Furthermore, different speakers
are selected to best engage each target audience:
educational sessions for children are conducted by
students, Master’s Degree candidates, or postgrad-
uates from the Vitebsk State Academy of Veterinary
Medicine, educational sessions for adults are conduc-
ted by the State Veterinary Service stuff-members and
officers of the Epidemiological Service of the Ministry
of Health of the Republic of Belarus. This tailored ap-
proach ensures the message is delivered in the most
relatable and effective way for each audience, maxi-
mizing both comprehension and retention of critical
information about rabies [10].

Special attention is also given to public awareness
campaign targeting pet owners and to control of pet
registration and vaccination by municipal services
and the State Veterinary Service. These activities aim
to clarify pet keeping regulations for the public, em-
phasizing the critical importance of timely animal reg-
istration and anti-rabies vaccination.

CONCLUSION

Thus, rabies remains a significant concern in the
Republic of Belarus, particularly in wildlife. Given the
increasing density of wild ungulate, carnivore, and
omnivore populations, the risk of rabies infection is
rising among both livestock animals and pets as well
as humans. Intensive ongoing efforts for rabies preven-
tion are taken. Key rabies control measures primarily
involve the oral vaccination of wild animals and public
awareness campaigns. To achieve a sustained reduction
in rabies cases in both wild and domestic animals, and
to lower the disease risk to humans, we consider it es-
sential to further expand the geographic coverage of
oral rabies vaccination campaigns, ultimately encom-
passing the entire territory of the Republic of Belarus.
Concurrently with the expansion of the oral rabies
vaccination program for wild carnivores, it is necessary
to enhance the control and intensity of the anti-rabies
vaccination program for dogs and cats.
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Rabies in the Russian Federation: A 35-year review
of trends, patterns, and influencing factors

Alexey M. Gulyukin, Alexander A. Shabeykin
Federal Scientific Centre VIEV, 24/1 Ryazansky prospekt, Moscow 109428, Russia

ABSTRACT

Introduction. Sylvatic rabies cases characterized by a consistently high incidence among wild and domestic animals are reported in the Russian Federation.
The epizootic cycle of rabies is maintained through the biological reservoir of Lyssavirus rabies in wild canid predators, primarily the red fox (Vulpes vulpes). Fox
ecology and behavior determine the spatial spread of rabies, its seasonal incidence patterns, and the species composition of animals involved in the epizootic cycle.
Objective. The rabies spatiotemporal analysis of 35-year monitoring data to study determinants and patters of the current disease situation.

Materials and methods. Using Microsoft Access (relational database management system www.microsoft.com) the data on rabies outbreaks in the Russian
Federation, rabies vaccination among wild animals and natural and agricultural zoning were aggregated. For spatial analysis, all epizootiological data were geocoded
and visualized as vector map layers within the GIS thematic project. The GIS project was constructed using QGIS Desktop platform (www.qgis.org).

Results. The current rabies distribution area covers most of the Russian regions. The area of persistently high rabies incidence primarily encompasses the forest-
steppe, mixed forest, and broadleaf forest biomes of the East European Plain. In the Russian Federation, the maximum number of rabies cases is reported among
foxes. Rabies epizootics in natural ecosystems exhibit spillover effects, leading to active transmission among multiple domestic animal species. The primary risk
group involves dogs, cats and cattle. Oral rabies vaccination of wild carnivores established a significant downward trend in animal rabies incidence while reducing
amplitude fluctuations in long-term epizootic cycle.

Conclusion. The observed decline in rabies incidence across the Russian Federation has not been accompanied by a proportional reduction in the disease’s geo-
graphic distribution. These findings underscore the need to modify current control measures and implement a comprehensive program for complete elimination
of circulating Lyssavirus rabies strains from infected ecosystems.
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0630p COBpeMeHHOM 3M1300TNYECKON CUTYaLN MO OeLLeHCTBY
B Poccuinckoil Qepiepaumu. luHamnka nsmeHeHnit 3a 35-netHuit
nepuoj, 3aKOHOMepPHOCTU, BAUAKLLE GAKTOPbI

A. M. Tyniokun, A. A. Wa6eitkun
OIBHY «@enepanbHblit HayuHblil LieHTp — Bcepoccniickuii HayuHO-1CCNefoBaTeNbCKUA MHCTUTYT IKCNepuMeHTanbHoi BetepuHapuy umenn K. . Ckpabuna u fl. P. Kosaneko
Poccuiickoii akagemum Hayk» (OTBHY OHL| BB PAH), Pazanckuii npocnekT, 24/1, r. Mocksa, 109428, Poccua

PE3IOME

BsepeHue. Ha repputopun Poccuiickoil Oeaepaium peructpupyrotca 3nu300Tim bellieHCTBa NPUPOAHOTO TN, KOTOPbIe XapaKTepu3yIoTca CTabunbHo BbICOKOI
UHLIAEHTHOCTBIO CPeAM AMKUX 1 JOMALLHMX XMBOTHbIX. HenpepbIBHOCTb 3MM300TUYeCKOro NpoLiecca belueHcTBa obecneunBaetca bronorinyeckoii pesepaavyeit
BUpYca Lyssavirus rabies B nonynAunAX ANKMX XULLHUKOB CeMeiiCTBa NCOBbIX, PEUMYLLECTBEHHO B nonynauuy pohxeii nucuupl (Vulpes vulpes). dkonorua u 3to-
NIOTWA NUCUL NpeJonpeaendIoT TEppUTOPMIO PaCNPOCTPaHeHNA BELLeHCTBa, Ce30HHYI0 AMHAMUKY MHLMAEHTHOCTI U BUSOBOI COCTAB XMBOTHBIX, BOBNEKAeMbIX
B 3NM300TUYECKMIA NpoLiecC.

Lienb nccnepoBanua. NposezieHue NPOCTPAHCTBEHHO-BPEMEHHOTO aHa3a laHHbIX MOHUTOPUHTa elLeHCTBA 3a 35-NeTHHil nepuos AnA MccnefoBaHNA dak-
TOPOB, ONpe/enaioLLX 0C06eHHOCTM COBPEMEHHOI SMN300TUYECKON CUTYaLIMM.

Martepuanbi u metoabl. Ha nnatdopme pendumoHHoil cuctembl ynpasnenua 6azamu aaxHbix Microsoft Access (www.microsoft.com) 6bim arpernpoBabi
[JaHHble 0 BCblLUKaX OelueHcTBa Ha Tepputopum Poccuiickoii Oefepauun, o NpoBeaeHMN aHTUPabuueckoii BaKUMHALMUM CPeM AUKIX KMBOTHBIX, a TaKKe
0 NPUPOJHO-CENbCKOX03ANCTBEHHOM PailOHUPOBaHMN. [InA BLINOHEHUA NPOCTPAHCTBEHHOTO aHaN3a BCA INN300ToNOrMYeckan MHPOPMaLNA 6a3bl AaHHBIX
6bina reokoaMpoBaHa 1 NpeAcTaBneHa B Buae HAbopoB BEKTOPHDIX KapT B TeMaTyeckoM NpoeKTe reoHdopMaLMoHHoil cuctembl. MoctpoeHne MC-npoekTa

© Gulyukin A. M., Shabeikin A. A., 2025
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npoBoAunoch Ha nnardopme QGIS Desktop (www.qgis.org).

Pe3ynbTatbl. (0BpeMeHHbIil Ho30apean beLeHCTBa 0XBATbIBAET TEPPUTOPUI, KOTOPas 3aTparuBaeT 60MbLLyt yacTb pernoHos Poccuiickoil Oepnepauyn. OcHos-
HaA 30Ha (TabNbHO BbICOKOI MHLIMAGHTHOCTM BelLeHCTBa NPUXoAMTCA Ha 61uoMbl necocTenel, CMeLLAHHBIX W LUMPOKONMCTBEHHDIX NecoB BoctouHo-Eponeit-
(KO paBHUHbI. Ha Tepputopun Poccuitckoii Oeaepaumn MakcumanbHoe KouecTBo Cyyaes beleHCTBa perucTpupyeTca cpesm anciL. In300Tun belleHcTBa
B NPUPOAHbIX IKOCMCTEMAX CONpoBOXAatoTcA IdpekTom «nepenusa» (spillover effect) ¢ akTMBHbIM pacnpocTpaHeHuem 6one3Hn Cpefin pasnnuHbIX BU0B
AOMALLHMX XMBOTHBIX. OCHOBHYIO rpynny SNN300TONOrMYECKOT0 PUCKA COCTABAAIOT COBKN, KOLLIKY 11 KpYNHbIN poraTblil ckoT. OpanbHas aHTMpabuyeckan Bak-
LIMHaLMA AUKUX XULLHUKOB 06ecneunna GopmMupoBaHIe BbIPaXKeHHOTO TPEHAA Ha CHINKeHMe 3a601eBaeMOCTY XUBOTHbIX GELIEHCTBOM C OAHOBPEMEHHbIM
yMeHbLUEHVeM aMNANTYAbI KonebaHuii KpUBOiA MHLMAEHTHOCTY B NEPUOALI MHOFONETHIX INM300TUYECKMX LIMKNOB.

3aknioueHue. PerncTpupyemoe CHINKEHUE MHLMAEHTHOCTY GelueHCTBa Ha TeppuTopui Poccuiickoil OesepaLum He CONPOBOXAALTCA 3HAUMMBIM YMeHbLUEHEM
nnowlasm Hooapeana. 310 CBUAETENbCTBYET 0 Heo6X04MMOCTI KOPPEKLIMM NPOBOAUMbIX NPOTUBOINNU300TUYECKIX MEPONPUATII ¢ pa3paboTKoii nporpaMmbl
1o 06ecneyeHIto NOMHOA SNMMUHALIMY LMPKYAMPYHOLLNX NONEBbIX LUTAaMMOB Lyssavirus rabies u3 HebnarononyyHbix 3KocucTeM.

KnioueBble cnoBa: anu3ootnyecknit npouecc, beweHctso, Lyssavirus rabies, Ho3oapean, pe3epsyap Bupyca, 6a3a AaHHbIX, reouH(OPMALMOHHAA CMCTeMa,
MPOCTPAHCTBEHHbIN aHaNN3

bnaropgapHocTu: UccnegoBaHue BbiNOHEHo B pamMKax rocyAapcTBeHHoro 3agaqua no reme FGUG-2025-0005.

[ina yutuposanua: [yniokud A. M., LWabeiikux A. A. 0630p coBpemeHHoI 3Nn300TMYecKoii cuTyauum no bewweHctsy B Poccuiickoii Oepepauum. JuHamuka
U3MEHEHNIA 3a 35-NIETHNIA Nepuop, 3aKOHOMEPHOCTY, BINALME GaKTOPbl. Bemepurapus cezo0ns. 2025; 14 (3): 232—240. https://doi.org/10.29326/2304-
196X-2025-14-3-232-240

Koudnukr untepecos: ABTopbl AekNapypyioT 0TCYTCTBIE ABHBIX U MOTEHLMANbHBIX KOHONMKTOB UHTEPECOB, CBA3aHHbIX ¢ MyBAMKaLyeil HacToALLeli CTaTbU.

[ina koppecnonpexuun: WabeitknH AnekcaHap AnekcaHapoBuy, A-p BeT. Hayk, 3aBedytoLuuii nabopatopueii obeii snusootonorum OTGHY OHL BI3B PAH,

PazaHckuii npocnekT, 24/1, r. Mockga, 109428, Poccus, viev@mail.ru

INTRODUCTION

Rabies is a viral disease of the sylvatic cycle that
causes fatal meningoencephalitis in all mammalian
species [1]. Clinical rabies in animals and humans can
be induced by infection with any of the 18 known types
of viruses of Lyssavirus genus [2]. Lyssaviruses circulate
within conspecific populations of mammals, known
as biological reservoirs, and are maintained in natural
ecosystems. The vast majority of lyssaviruses circulate
in bat populations (Chiroptera) [3]. An exception is the
Lyssavirus rabies species, which possessed biological
mechanisms that ensure the replacement of the reser-
voir host [4, 5, 6]. The adaptation of Lyssavirus rabies to
sustained circulation within terrestrial Carnivora pop-
ulations has facilitated its global spread and establish
ment in diverse ecosystems worldwide [7].

Lyssavirus rabies is responsible for the overwhelm
ing majority of all reported rabies cases [8, 9]. Since
the mid-20%™ century, the red fox (Vulpes vulpes) has
served as the primary reservoir host and main vector
for Lyssavirus rabies transmission [10, 11]. In Arctic eco-
systems, the Arctic fox (Alopex lagopus) is the primary
reservoir for Lyssavirus rabies [12]. In forest biomes, the
Lyssavirus rabies may be maintained in fox and raccoon
dog (Nyctereutes procyonoides) populations [13]. How-
ever, the role of raccoon dogs as a key biological reser-
voir of rabies virus in the Russian Federation remains
debated [14].

Although sylvatic (fox) rabies results in fewer hu-
man infections compared to urban canine rabies,
it causes significant morbidity and mortality among
diverse domestic and wild animal species [15].
Infection of non-reservoir animal species represents
a spillover event that terminates the epizootic chain,
as these dead-end hosts cannot sustain further
transmission [16].

It was proved that three species of lyssaviruses are
circulating in bat populations in the Russian Feder-
ation [17, 18, 19]. However, given the diversity of bat
species and their habitats, this list is likely incomplete.
Strains of European bat lyssavirus 1 (EBLV-1, formerly
Lyssavirus hamburg) have been confirmed to circulate
in serotine bat (Eptesicus serotinus) populations across
the European subcontinent. The circulation of Lyssa-
virus Irkut virus strains was detected in a population of
the greater tube-nosed bat (Murina leucogaster). In the
Russian Federation, the distribution of this bat species
and its maintained lyssavirus extends into climatically
suitable areas of Siberia and the Far East. In the foothills
of the Caucasus, the circulation of Lyssavirus caucasicus
strains (West Caucasian bat lyssavirus) was detected in
the population of the common bent-wing bat (Miniop-
terus schreibersii).

Due to the largely isolated nature of insectivorous
bat colonies, lyssavirus transmission from bats to other
species or humans occurs only sporadically and does

VETERINARY SCIENCE TODAY. 2025; 14 (3): 232-240 | BETEPUHAPUA CETOAHA. 2025; 14 (3): 232-240



ORIGINAL ARTICLES | ANIMAL RABIES OPUTHATIbHBIE CTATbY | BELIEHCTBO XWUBOTHbIX

3000
2500
22000
5 1500
) —
2
< 1000
o
2 500
0
—_ N VO C — N T
RERBIREIRREREIEIERE
—————————— L5 W o, G o O o W 5

e Livestock

w)

omestic carnivores

Fig. 1. Annual rabies incidence curves in the major species groups

not currently represent a widespread epizootic or epi-
demic threat on a global scale.

The preservation and amplification of lyssavirus
strains within their natural biocenoses depend on
their sustained circulation among reservoir host popu-
lations. Furthermore, the epizootic dynamics of rabies
are shaped by the landscape and climatic conditions
of ecologically favorable yet epidemiologically high-
risk ecosystems [20]. Analyzing the spatiotemporal dy-
namics of animal rabies incidence across natural and
agricultural zones enables the identification of high-risk
areas and key ecological factors influencing epizootic
stability in different ecosystems [21].

MATERIALS AND METHODS

Using Microsoft Access (relational database man-
agement system www.microsoft.com), data from
reports of the Veterinary Department under the
Ministry of Agriculture of the Russian Federation
on rabies outbreaks and rabies vaccination among
wild animals were aggregated. The database was
structured to categorize all records by time period,
administrative region, and affected animal species.
All epizootiological data were georeferenced to
administrative regions and cross-referenced with
Russia’s natural and agricultural zoning data [22].
Graphical visualization and statistical data were
processed using Microsoft Excel Data Analysis ToolPak
(www.microsoft.com).

For spatial analysis, records of all rabies outbreaks
were georeferenced and linked to unique identifier
(ID) codes from the attribute tables of administra-
tive boundary vector layers of the Russian Federation.
This enabled the creation of thematic vector layers
incorporating epizootiological data within the GIS

project. The GIS project was constructed using QGIS
Desktop platform (www.qgis.org).

STUDY RESULTS

Analysis of 35 years of epizootiological monitoring
data reveals continuous temporal variation in rabies
epizootic indicators across the Russian Federation.
These fluctuations affected all key epidemiological pa-
rameters, particularly annual incidence rates and the
relative contribution of different animal species to epi-
zootic transmission.

As shown in Figure 1, the most pronounced inci-
dence fluctuations occurred in wildlife populations.
Until 1997, the number of reported rabies cases among
wild animals was significantly lower than the number
of cases among livestock and pets, which can be ex-
plained by the lack of active and passive monitoring
tests among wildlife. Over the following decade, di-
agnostic methods improved and the number of tests
among wild animals increased. During this period, in
the absence of oral vaccination for wild carnivores, the
epizootic process exhibited distinct multi-year cycles
characterized by 2—-4 year intervals between peak inci-
dence rates. This pattern reflects autocorrelation in the
epizootic process, wherein pathogen-induced mortal-
ity affects reservoir host population density.

In the middle of the 35-year period under review,
the use of rabies oral vaccines of wild carnivores was
initiated. Following the intensification of wildlife ra-
bies vaccination efforts, both a progressive decline in
disease incidence and stabilization of epizootic cycle
amplitudes were observed [9].

Comparison of the incidence curves in Figure 1 re-
veals that the rabies incidence in domestic carnivores
and farm animals directly correlates with the number
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of cases in wild animals. This correlation is evident with-
in epizootic cycles, though long-term trends. Following

2007, incidence rates declined more substantially in

livestock populations compared to domestic carnivores.
The technological modernization of livestock produc-
tion in recent decades has coincided with a reductionin

total herd sizes, including grazing animal populations.
The total number of cattle, according to Rosstat, was: in

1990 - 57,043.0 thousand animals; in 2007 - 21,501.6

thousand animals; in 2023 - 17,068.2 thousand animals

(as of the end of the year). While farm animal popula-
tions have remained stable or decreased in some areas,
the number of cats and dogs, particularly in rural areas

and small towns - has increased, raising the potential

for wildlife interactions [23].

The past decade to decade-and-a-half has represen-
ted a period of relative stability in ecological and epide-
miological drivers influencing rabies epizootic dynam-
ics. During this period in the Russian Federation, oral
rabies vaccination campaigns targeting wild predators
have been conducted on a regular basis. The minimum
amount of oral vaccine used per year was in 2014-2015
(5.5 and 5.0 million doses, respectively). In other years, this
figure ranged from 12.0 million doses (2013) to 26.4 mil-
lion doses (2020). On average, about 16 million doses
of oral rabies vaccine were used annually. That is why,
2013-2024 period was chosen for the study of the rabies
epizootic process patterns.

It was found that rabies was most often detec-
ted among foxes, dogs, cats, cattle and raccoon
dogs (Fig. 2).

Contemporary rabies epizootics in the Russian Fed-
eration are characterized not only by multi-annual in-
cidence cycles but also by distinct seasonal patterns,
largely determined by the biological and behavioral
characteristics of the red fox as the principal viral res-
ervoir and vector.

Rabies incidence reaches its annual nadir in early
summer, corresponding to the fox cub-rearing period
when adult vulpine hosts exhibit minimal migratory ac-
tivity and restricted home ranges. At the end of summer,
young foxes become more active, dispersing from their
birth areas to establish their own territories, thus in-
ducing an autumn increase in morbidity. The sharpest
increase in rabies cases among foxes typically occurs
in March, due to the increased activity and interactions
between animals during the winter mating season
(Fig. 3).

An analysis of data on rabies-infected localities over
this period shows that the current rabies distribution
area involves most of the Russian Federation regions.
Excluding the four new regions, rabies cases have been
reported in 78 regions of the country over the past
12 years, and rabies outbreaks have been reported
annually in 39 of them. The high incidence and spatial
density of rabies outbreaks in the new regions, based
on the observation data for the last two years, makes it
possible to classify these territories as a high-risk zone.

Over the 12-year period, 30 regions of the country
can be classified as the most severely infected, with
over 80% of rabies outbreaks reported (Table 1).

The highest incidence rates over the 12 years were
reported in the Central and Volga Federal Districts.
Herewith, a comparative analysis of six-year intervals

Small ruminants Deer  Wolves Other species
2% 1% 1% 4%
Racoon dogs \\ / Foxes
6% \ 36%

(attle
9% \

Cats
17%
Dogs
24%

Fig. 2. Percentage of rabies cases by animal species in 2013-2024

14pp Jan
Dec 1200 Feb
Nov Mar
Oct Apr
Ma
Sep 4
Jul
. FOX
== Dog
=== Racoon dog
Cat
— Cattle

Fig. 3. Dynamics of seasonal rabies incidence in animals involved
in the rabies process (according to monitoring data for 2013-2024)
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in these regions demonstrated substantial decline
in rabies incidence.

As evidenced by Table 1, the decline in disease in-
cidence occurred asynchronously across regions, with
some areas showing minimal change or even increased
case numbers.

The current rabies distribution area is mainly asso-
ciated with warmer regions of the Russian Federation.
A negligible number of cases was reported in the bi-
omes of the northern territories.

Table 1
The subjects of the Russian Federation with the highest rabies incidence in 2013-2024

A characteristic geographical pattern shows that
rabies outbreaks have lower spatial density in the sub-
zones of the northern and middle taiga regions. The
limited monitoring data from boreal forests reflects
both low human population density and inherently low
rabies prevalence, as evidenced by consistently min-
imal cases among domestic carnivores - suggesting
ecological factors naturally limit disease transmission
in these ecosystems. Rabies epizootics in boreal forests
naturally attenuate due to three key ecological factors:

Federal . . ‘ Rabies cases reported Pgrcentage relation-
District Russian Federation Subject ship between the two
In total 2013-2018 2019-2024 periods, %

Central Moscow Oblast. 1,501 1221 280 23
Volga Saratov Oblast 1,229 842 387 46
Central Belgorod Oblast 1,220 996 224 22
Central Lipetsk Oblast 931 852 79

Volga Republic of Tatarstan 811 719 92

Ural Chelyabinsk Oblast 797 437 360 82
Volga Penza Oblast 791 470 321 68
Central Voronezh Oblast 734 522 212 f
Central Tambov Oblast 733 493 240 49
Central Vladimir Oblast 684 443 pzy| 54
Southern Volgograd Oblast 680 478 202 4
Central Smolensk Oblast 665 3n 294 79
Central Tver Oblast 656 501 155 31
Volga Republic of Udmurtia 646 524 122 23
Volga Orenburg Oblast 565 453 112 25
Volga Nizhny Novgorod Oblast 563 309 254 82
Volga Samara Oblast 530 255 275 108
Central Bryansk Oblast 509 434 75 _
Central Yaroslavl Oblast 507 m 9% 23
Ural Sverdlovsk Oblast 466 N 145 45
Ural Tyumen Oblast 425 214 M 99
Central Tula Oblast 14 365 49

Central Ryazan Oblast 382 245 137 56
Volga Kirov Oblast 370 315 55

Siberian Krasnoyarsk Krai 309 110 199

Siberian Novosibirsk Oblast 298 184 114 62
Central Kursk Oblast 295 257 38

Siberian Republic of Khakassia 287 156 131 84
Southern Astrakhan Oblast 248 180 68 38
Central Kaluga Oblast 238 150 88 59
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. - 2013-2018

Fig. 4. Location and number of rabies outbreaks reported in the administrative regions

of the Russian Federation in 2013-2018 and 2019-2024

low predator population densities resulting from lim-
ited prey availability, landscape barriers that restrict
host movement, and winter snow cover that impedes
migratory transmission.

Comparative spatial analysis of rabies outbreaks be-
tween 2013-2018 and 2019-2024 revealed decreased
outbreak density (cases per unit area) while the geo-
graphic extent of affected regions remained stable
(Fig. 4).

The observed spatial heterogeneity in rabies out-
break distribution reflects environmental factors in-
fluencing wild predator ecology - particularly those
affecting host abundance and dispersal patterns. Con-
sequently, current epizootic risk zones show a strong
correlation with agroecological provinces and zones.

Between 2013 and 2024, rabies was detected
in 42 agroecological provinces of Russia, with over 50%
of cases concentrated in two high-risk zones: the Mid-
dle Russian forest-steppe and the Southern Taiga Forest
ecosystems (Fig. 5).

The association between rabies occurrence and
natural ecosystem characteristics influences both the
spatial distribution of outbreaks across administrative
units and regional variations in affected animal species
(Table 2).

The spatial distribution of rabies cases varies signifi-
cantly among different species. In colder regions, rabies
cases predominantly occur in wild animals, whereas in
warmer regions, domestic carnivores represent the
main epizootiological risk group. This pattern can be
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Manych-Don dry
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2% \

A

South Russian steppe
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Sub-Ural steppe
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West Siberian forest-steppe
7%

Other 35 agroecological

Middle Russian
provinces forest-steppe
20% 28%

N/

/

Middle Russian south taiga-forest
26%

Fig. 5. Distribution of rabies outbreaks reported in 2013-2024
by agroecological provinces of the Russian Federation

attributed to the intensive interpenetration of natural
and anthropogenic landscapes in southern regions,
where human activity and ecosystems are deeply in-
tertwined.

The lowest rabies incidence among foxes during
2013-2024 was reported in the Caucasian Mountain
natural area. Of the 192 recorded rabies cases, only 7
(4%) occurred in foxes. Furthermore, this area shows no
seasonal peak in animal rabies incidence during March,
which is characteristic of fox rabies in lowland biomes.

Table 2

DISCUSSION AND CONCLUSIONS

Rabies persistence in the Russian Federation is main-
tained by the virus’s reservoir in wild fox populations.
Between 2013 and 2024, foxes accounted for 36% of all
reported rabies cases. The most extensive and infected
zone comprises two agroecological provinces: the Mid-
dle Russian forest-steppe and Middle Russian south taiga-
forest. The ecological conditions of the East European
Plain’s forest-steppe zone and adjacent southern taiga
(mixed and deciduous forests) support robust canid

Rabies infected animals of various groups by territories (according to monitoring data for 2013-2024)

Federal Wild animals Pet animals Farm animals

District

Total animals Infected, % Total animals Infected, % In total Infected, %

North-Western 218 60 61 17 85 23
Central 4,909 49 4,410 44 m 7

Volga 2,77 43 2,823 44 876 14
Southern 362 24 935 61 243 16
North Caucasian 61 n 290 51 223 39
Ural 1,244 60 559 27 259 13
Siberian 928 53 359 21 4438 26
Far Eastern 110 48 61 27 57 25

VETERINARY SCIENCE TODAY. 2025; 14 (3): 232-240 | BETEPUHAPUA CETOAHA. 2025; 14 (3): 232-240



ORIGINAL ARTICLES | ANIMAL RABIES OPUTUHATIBHBIE CTATbI | BELLEHCTBO XNUBOTHbIX

predator populations through abundant food resources
while facilitating widespread rabies transmission across
the region. The synergistic effect of these ecological
and epidemiological factors sustains the epizootic cy-
cle, maintaining consistently high rabies incidence rates
across the region.

Domestic animals — particularly dogs, cats, and cattle -
collectively represent the most frequently reported ra-
bies cases among other species, collectively comprising
approximately 50% of total disease incidence. All cases
of infection among these species can be regarded as
a side effect of the sylvatic cycle spillover. While dogs
account for approximately 24% of animal rabies cases
in Russia, the question of a sustained urban rabies cycle
(urban rabies) in the Russian Federation remains com-
plex. However, with a well-developed veterinary service
and a government-funded rabies vaccination program,
the probability of the virus establishing stable, indepen-
dent circulation in the dog population is extremely low.
Due to their behavior, domestic carnivores are the most
common victims of rabid foxes invading settlements.
As such, they serve as clear sentinels for sylvatic rabies
outbreaks, especially in areas with insufficient disease
monitoring. However, in some territories, primarily in
the North Caucasus, the epidemiology of rabies exhib-
its distinct characteristics that sharply contrast with the
rest of the country. In the Caucasian Mountain natural
area, rabies incidence in foxes is reported as 4%, with no
observed seasonal increase in March. This evidence sup-
ports the hypothesis of persistent, independent canine
rabies circulation in localized zones [24]. This possibility
is supported by studies demonstrating the genetic isola-
tion of Caucasus-region rabies virus strains. Furthermore,
the region’s geographical proximity to the canine rabies
enzootic area of Asia Minor provides a plausible expla-
nation for this distinct epidemiological pattern [25, 26].

Oral vaccination campaigns targeting wild predators
over the past 15 years have driven a significant reduction
in the overall incidence of animal rabies in the Russian
Federation [27]. The most pronounced decline occurred
in fox population. During this period, several short-term
increases in incidence interrupted the overall down-
ward trend. The most significant peak in animal rabies
incidence occurred in 2015, resulting from a dramatic re-
duction in the oral vaccination of wild predators during
the preceding year (2014-2015). The decline in rabies
incidence among domestic dogs and cats has been less
pronounced in recent years, which is likely attributable
to their actively growing populations.

A comparative spatial analysis of rabies outbreaks
over the last two six-year periods reveals that, despite
the overall incidence decline, the virus persists in histor-
ically endemic areas and has not been eliminated. While
this strategy significantly reduces epizootic and epide-
miological risks, any reduction in the oral vaccination of
wild predators would likely lead to a rapid deterioration
of the rabies situation. To date, Russia’s successful rabies
eradication using oral vaccine baits has been confined to
regions that are either geographically isolated from the
main disease distribution area, like Kaliningrad Oblast, or
located on its periphery, such as Leningrad Oblast and
the Republic of Karelia [28, 29].

The current epizootic situation necessitates
a new disease control strategy focused on containing

and reducing the disease distribution area. The scientif-
ic foundation for territorial rabies eradication programs
should be based on the principles of systemic epizooto-
logy. This discipline analyzes pathogen spread within the
context of local ecosystems and the impact of existing
disease control measures [21].
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Phylogenetic analysis of rabies virus isolates recovered
from animals in Volgograd Oblast
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ABSTRACT

Introduction. The Lower Volga region, including the Volgograd Oblast, remains one of Russia’s most rabies-affected areas to date. Data on the genetic diversity
of rabies viruses (RABVs) currently circulating in the Volgograd Oblast are insufficient, making phylogenetic analysis of RABV isolates from this region a relevant
scientific objective.

Objective. The study aims to conduct a phylogenetic analysis of current RABV isolates recovered from animals in the Volgograd Oblast, based on the full-length
nucleoprotein gene sequence.

Materials and methods. Brain tissue samples from animals diagnosed with rabies were used. The obtained nucleotide sequences of the RABV nucleoprotein
gene were analyzed using the Bayesian strict molecular clock method. The spatial distribution of RABV isolates was described using Natural Earth physical map.
Results. Full-length nucleoprotein gene sequencing was performed for 13 RABV isolates collected in the Volgograd Oblast. Phylogenetic analysis revealed that the
RABV population in this region comprises distinct genetic variants of genetic group , formed at different times. Genetic relationship to the isolates from Kazakhstan,
Ukraine, Moldova and Central/Southern Russia indicates intensive RABV circulation in Southern European Russia. Notably, distinct virus variants were detected
on the left and right banks of the Volga River.

Condusion. All studied RABV isolates collected in the Volgograd Oblast belonged to genetic group Cand exhibited high genetic diversity among variants.
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OunoreHeTYeCKMI aHANN3 U30NATOB BUPYCa
beLeHCTBa, BbIENEHHBIX OT XMBOTHbIX HA TEPPUTOPUM
Bonrorpagckoii obnactu

C. A.Yynun', E. B. YepHbiwoBa', P. . Yepubiwes', K. H. [py3paes’, A. H. Cnupuponos’, A. B. Bapkentun’, H. A. Hasapos',

W. 1. 3apBa? A. J1. bOTBUHKMH?

1 OIBY «DeepanbHblii LieHTP 0XpaHbl 3710poBbA XUBOTHbIX» (OTBY «BHUWU3X»), yn. [Bapaeiickas, 6, mkp. l0pbesew, . Bnagumup, 600901, Poccua

2Orb0Y BO «MpkyTckuil rocynapcTBeHHblit MeAULMHCKII yHUBepcuTeT» MuHcTepCTBa 3apaBooxpaeHus Poccuiickoii Oepepauyn (OTBOY BO UTMY Munzapasa Poccun),
yn. Kpacxoro Bocctanms, 1, 1. UpkyTcek, 664003, Poccua

PE3IOME

BeepeHue. HuxHee MoBomkbe, B ToM uucne Bonrorpagckan 06nactb, BINOTb 40 HACTOALLEr0 BpeMeHW OTHOCUTCA K UNCY Haubonee HeBnarononyuHbix
no betueHcTBY peruoHoB Poccun. (BeieHA 0 reHeTUYeCkoM pa3Hoobpa3un Bo36yauTena GelueHCTBa B COBPeMeHHbIii nepuog and Bonrorpaackoii obnactv npea-
CTaBNEeHbI HEOCTATOUHO, NO3TOMY QUNOTEHETUYECKMI aHANN3 U30NIATOB BIUPYCa DELIEHCTBA U3 3TOTO PerMoHa NPeCTaBISETCA aKTyaNlbHOIl HayuHOI 3aaueil.
Llenb uccnepoBanms. NpoBefeHie GUIOTEHETUUECKOTO aHaNN3a COBPEMEHHDIX U30/IATOB BIPYCA GELLEHCTBA, BbIAENEHHbIX OT XUBOTHbIX Ha TEPPUTOPUN
Bonrorpazckoii 06nacTu, Ha 0CHOBaHUY NONHOPa3MePHOi NOCNIEA0BATENbHOCTY FeHa HYKNIEONPOTENHA.

Matepuanbi 1 MmeTogbl. /cnonb30Bank roNoBHOI MO3I XUBOTHBIX € IMAarHO30M «BELUEHCTBO». AHANKU3 MONYYEHHbIX HYKNIEOTUAHBIX NOCNEA0BATENbHOCTEN
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reHa HyKneonpoTeuHa BUpYca OELUEHCTBA MPOBOAWIYN C TOMOLLbHO OaiieCOBCKOro MeToAa CTPOrX MOMEKyNAPHbIX YacoB. JlaHawadTHo-reorpaduyeckas kapta
Natural Earth ncnonb3oBaHa Ans onucaHua NpocTpaHCTBEHHOTO pacnipefeneHna U301AToB B36yauTens beleHcTBa.

Pesynbratbl. OnpefieneHa nonHopasmepHas NoCef0BaTeNbHOCTb reHa HyKneonpoTeuHa 13 u3onAToB BUpYca belweHcTBa u3 Bonrorpapckoii obnacti. Guno-
reHeTUYeCKuil aHanu3 NO3BONMA YCTaHOBUTb, UTO NPpeACTaBUTeNV NoNyNALMM Bo30yAUTeNa GelueHCTBa U3 3T0r0 PernoHa 0THOCATCA K Pa3NInuHbIM reHeTUYeckum
BapuaHTam rpynnbl C, chopmupoBaBLUMMCA B pa3Hoe Bpems. [eHeTiueckoe poACTBO ¢ u3onaTamu u3 KasaxcraHa, MonoBbl, LEHTPaNIbHbIX 1 0XHDbIX PErioHOB
Poccum, ¢ YKpauHbl CBUAETENbCTBYET 06 MHTEHCUBHOM NepeMELLeHN BUPYCa OELIEHCTBA Ha tore eBponeiickoil uacTu Poccun. B T0 e Bpems pasHble BapuaHTbI
BUpYCa beLueHCTBa 06HapyXeHbl Ha 1eBoM v NpaBom beperax Bonru.

3aKnioueHue. Bce 3yyenHble n3onatbl Bo36yauTena beweHcrsa u3 Bonrorpapckoit 06nacTv npuHaanexani k revetuyeckoli rpynne C v 0TAMYaniCch BbiCOKUM
reHeTUyeckuM pa3HoobpasvieM BapuaHToB.

KnioueBbie cnoBa: BUpyc belleHCTBa, GunoreHeTuueckuii aHanus, reetuyeckas rpynna C, Bonrorpaackas obnactb

bnaropapHoctu: Pabota BbinonHeHa B pamMKax rocyapCTBEHHOTO 3afaHusa «BbifBneHue Bo36yauTeNeli TpaHCrpaHnuHbIX 3a6011eBaHHiA XUBOTHBIX, U3yueHue
ux 6Monornueckux CBOICTB, 0C0BEHHOCTEN 3aHOCa 11 PACNPOCTPaHEHUsA Bone3Heil, BbI3bIBaeMblX AaHHbIMU BO3OYAUTENAMM.

[insa untuposanusa: Yynue C. A, YepHbiwosa E. B., Yephbiwes P.C., py3aes K. H., Cnupuaonos A. H., BapkentuH A. B., Hazapos H. A., 3apsa . [1., botBuHkmuH A. 1.
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14 (3): 241-248. https://doi.org/10.29326/2304-196X-2025-14-3-241-248
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ony6nuKoBaTb 3Ty CTaTblo. PyKonuch NpoLLNa NPUHATYI0 B XypHane npoLezypy petieH3vupoBaHua. 06 MHbIX KOHOANKTaX MHTEPECOB aBTOPbI He 3aABNANY.
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INTRODUCTION

The application of molecular genetic studies in epizoo-
tology has significantly enhanced surveillance capabilities
for zoonotic infections. Data on intra-species diversity
and genetic lineage relationships of pathogens, obtained
through phylogenetic analysis of both individual gene se-
quences and complete genomes, provide critical insights
into pathogen origins, spatial distribution patterns, and
their significance in human and veterinary pathology.
These advances have established and continue to de-
velop two emerging fields: molecular epidemiology and
genomic epidemiological surveillance [1, 2].

Multiple genetically distinct rabies virus (RABV) groups
with distinct geographical distributions have been identi-
fied in the Russian Federation [3, 4, 5, 6, 71. Representatives
of genetic group C ("steppe") [3] demonstrate the widest
distribution, currently spanning territories from Eastern
Europe through southern Siberia to Kazakhstan and north-
eastern China [6, 8, 9, 10, 11]. Since the mid-20t" century,
the red fox (Vulpes vulpes) has served as the primary RABV
reservoir in this region. Current epidemiological models
suggest that fox-mediated rabies epizootics originated
in 1939 in East Prussia (Polish Corridor), subsequently
spreading westward to France and Belgium and eastward
to the Baltics, Ukraine, Belarus and western Russia within
20-30 years [12, 13]. Cartographic analyses clearly docu-
ment this progressive expansion of fox rabies across the
European territories of the former USSR [14]. By the early
21 century, these epizootics had reached previously
rabies-free Siberian regions, including Krasnoyarsk Krai
and Transbaikalia, after decades of absence [7, 15].

A wild rabies outbreak was documented in the Volga
River Delta in 1942 [13]. This region, along with East Prus-
sia, is believed to have been one of the epicenters of fox
rabies spread in the USSR [13, 16]. To this day, the Lower
Volga region, including the Volgograd Oblast, remains one
of Russia’s most rabies-endemic areas [7, 16]. Nearly the
entire territory of the Volgograd Oblast is enzootic for the

disease [17, 18]. Although the fox is considered the RABV
primary reservoir in this region, up to 38% of all recorded
cases in recent decades have involved dogs and cats, while
wild animals accounted for no more than 25% [19]. Nota-
bly, in 4 out of 6 human rabies cases reported after 2000,
transmission occurred via dogs and cats [7, 20]. To date,
nucleotide sequences of the nucleoprotein gene (N gene)
have been published for only two RABV isolates from ani-
mals in the Volgograd Oblast, both belonging to genetic
group C [3]. Given the limited data on the genetic diversity
of current RABVs in the region, a phylogenetic analysis of
the virus isolates from the Volgograd Oblast remains a rel-
evant and necessary research objective.

The aim of the study was to conduct a phylogenetic
analysis of currently circulating RABV isolates recovered
from animals in the Volgograd Oblast, based on the com-
plete nucleoprotein (N) gene sequence.

MATERIALS AND METHODS

A total of 13 RABV isolates collected from animals in
the Volgograd Oblast in 2018-2021 were studied (Table 1,
Fig. 1).

RNA was extracted from animal brain tissue, and two
overlapping genome fragments containing the full-length
nucleoprotein (N) gene of RABV were amplified by reverse
transcription polymerase chain reaction. Following purifi-
cation, the fragments were subjected to Sanger sequenc-
ing as previously described [5]. The resulting sequences
were deposited in the international GenBank database
(accession numbers provided in Table 1).

The phylogenetic analysis was performed using the
Bayesian approach in the Bayesian Evolutionary Anal-
ysis Sampling Trees (BEAST X) software package [21].
A model suitable for constructing a phylogenetic tree was
preliminarily evaluated using the MEGA X program, with
the Bayesian information criterion (BIC) and the corrected
Akaike information criterion (AlCc) determined. Based on
the test results, the Hasegawa-Kishino-Yano model with
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Table 1
Information on RABV isolates recovered from animals in the Volgograd Oblast

Coordinates of
populated localitites

Isolate full name Host animal GenBank accession
latitude longitude number
1| 490_2/2018/Volgograd 50.19760 4269182 2018 dog 0P311892
2| 490_4/2018/Volgograd 49.98361 46.68835 2018 dog 0311893
3| 1563/2018/Volgograd 50.99677 4435670 2018 dog 0P311840
4 | 1299/138/2021/Volgograd 51.07931 4251306 2021 cattle 0P311869
5| 1299/139/2021/Nolgograd 50.08529 45.40216 201 dog 0P311870
6 | 1299/141/2021/Volgograd 4838944 4235912 201 dog 0P311871
7 | 1299/142/2021/Volgograd 48.09285 4259016 2021 cattle 0P311872
8 | 1299/143/2021/Nolgograd 50.24182 41.83726 201 dog 0311873
9 | 1299/144/2021Volgograd 49.85802 4233575 2021 dog 0P311874
10 1299/145/2021/Volgograd 49.35021 45.07359 2021 marten* 0P311875
1 1299/146/2021/Volgograd 49.73250 43.48296 2021 Gttle 0P311876
12 1299/147/2021/Volgograd 48.24536 4264595 2021 aat 0P311877
13 1299/148/2021/Volgograd 49.85802 4233575 2021 Wolf** 0P311878

* marten — Martes sp.; ** wolf — Canis lupus.

a4-category gammadistribution (HKY + G; BIC=21,360.059;
AlCc = 17,664.682) was selected [22]. A phylogenetic tree
reflecting the posterior probability of the formation time
of internal (ancestral) and terminal nodes with a 95% con-
fidence interval (95% Cl) was constructed using the strict
molecular clock method, with heterochronic calibration to
the year of sample isolation, a random initial tree model
with a constant population size, and a Markov chain Mon-
te Carlo (MCMC) chain length of 1 x 108 with sampling
every 1 x 10° steps. The posterior prognostic verification
was performed for all taxa belonging to the genetic group
C of the RABV.

The reliability of the MCMC was assessed using the
Tracer program by analyzing the BEAST X output data [23].

The tree was annotated using the TreeAnnotator util-
ity and the settings of outlier removal (burn-in = 10%,
10,000,000 states), maximum clade confidence (MCC), and
maintaining a given length.

Visualization of the phylogenetic tree was performed
using the FigTree v.1.4.5 program [24].

The QGIS 3.2.1 program and the Natural Earth elec-
tronic landscape-geographic map were used for carto-
graphy. The points were plotted on the map according to
the geographic coordinates of settlements where rabies
cases were detected.

RESULTS AND DISCUSSION

The full-length nucleotide sequence of the N gene
(1353 nt) was determined for 13 RABV field isolates col-
lected from animals in ten raions of the Volgograd Oblast
in 2018-2021. The map shows the locations where iso-
lates were detected (Fig. 1).

According to preliminary analysis, all studied isolates
belong to RABV genetic group C. Therefore, to construct
the phylogenetic tree, full-length sequences of all avail-
able isolates from this group identified in the Russian
Federation with known collection years were retrieved

from the GenBank database. Additionally, BLAST (Basic
Local Alignment Search Tool, https://blast.ncbi.nIm.nih.
gov/Blast.cgi) analysis of the studied sequences revealed
closely related isolates from Kazakhstan, Moldova, Po-
land, and Ukraine, which were also included in the phy-
logenetic analysis. To clearly represent group C, several
isolates from other genetic groups circulating in Europe
and European Russia were included as genetic variants
(excluding Arctic-related clade representatives due to
their distant genetic relationship). In total, 178 full-length
N gene sequences were analyzed, including 121 sequen-
ces from genetic group C. For improved figure readability,
the isolate groups phylogenetically distant from the tes-
ted ones were collapsed. The resulting phylogenetic tree
is presented in Figure 2.

According to the tree topology, all the studied isolates
belong to the genetic group C, the modern range of which
within the Russian Federation extends from the western
borders and regions of the central zone of the European
part of the country to the steppe and forest-steppe terri-
tories of Siberia, everywhere going beyond the borders
of Russiain the south [3, 6, 5, 11]. RABV of genetic lineage
C was isolated from both wild carnivores and domestic
and farm animals in the Volgograd Oblast.

All studied isolates are unique compared to previously
identified isolates, including those from the Volgograd
Oblast, and form several groups with a high posterior
probability estimate (PPE) with each other and with pre-
viously studied isolates from Russian and foreign regions.

Thus, isolate 490_4/2018/Volgograd shows significant
similarity (99.85%) with isolate Rab-8-4, identified in the
Turkestan Oblast of Kazakhstan. The estimated time of
evidence of the most recent common ancestor (MRCA)
for this group is 2015.9 (95% Cl — from 2012.1 t0 2016.93),
the PPE of the group is 1.0.

Isolates 1299/143/2021/Volgograd and
1299/148/2021/Volgograd show the greatest relationship
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Fig. 1. Distribution of RABV isolates collected from animals in the Volgograd Oblast (the isolates listed
in Table 1 are numbered)

with isolates previously identified in the Vladimir, Li-
petsk, Nizhny Novgorod and Ryazan Oblasts (more than
98.67%). The MRCA for this group is 2007.95 (95% CI -
from 2002.48 to 2009.67), the PPE of the group is 1.0.

The group of isolates (490_2/2018/Volgograd,
1299/138/2021/Volgograd, 1299/139/2021/Volgograd,
1563/2018/Volgograd) shows the greatest affinity (more
than 98.9%) with the isolates previously identified in
the Nizhny Novgorod and Lipetsk Oblasts (but with oth-
ers than in previous cases). The MRCA for this group is
2001.43 (95% Cl — from 1994.02 to 2002.65), the PPE of
the group is 1.0.

Another five isolates from the Volgograd Oblast
(1299/142/2021/Volgograd, 1299/147/2021/Volgograd,
1299/141/2021/Volgograd, 1299/144/2021/Volgograd,
1299/146/2021/Volgograd) form a group with a high
PPE (1.0) with isolates from the Belgorod, Lipetsk, Ryazan,
Smolensk, Kursk, Nizhny Novgorod, Moscow Oblasts, as
well as with isolates identified in other countries - Mol-
dova, Ukraine and Poland. It is noteworthy that this rela-
tively genetically dense group occupies an extremely vast

area, stretching at least 1,000 km from north to south and
2,000 km from west to east. The MRCA for this group was
1996.13 (95% Cl from 1989.12 to 2003.42).

Isolate 1299/145/2021/Volgograd genetically differs
significantly from other Volgograd isolates and shows the
greatest (although not very close) relationship with iso-
lates identified in the Astrakhan Oblast (98.74%). It forms
a group supported by a high PPE (0.98) with RABV iso-
lates identified in the Orenburg and Astrakhan Oblasts, as
well as in Kazakhstan. The MRCA for this group is 1978.98
(1974.35-1983.97).

Two isolates (2070f and 2072f) identified in the Volgo-
grad Oblast by I. V. Kuzmin et al. [3] in 2003 differ signifi-
cantly from the studied isolates from this region. Isolate
2070f forms a group with isolate 1350/2008/Krasnodar
from the Krasnodar Krai (PPE — 1.0; MRCA — 1984.33; 95%
Cl1-1977.17-1989.78), and isolate 2072f, although having
a genetic relationship with isolate 2070f (99.1%), but their
group has a very low posterior probability support - 0.19.

The number of analyzed isolates collected from various
animal groups generally reflects the morbidity structure
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observed during 2020-2024. Over 50% of these isolates
were derived from canine and feline specimens (Table 2).

Thus, the key characteristic of the RABV population
in the Volgograd Oblast is its remarkable heterogene-
ity, possibly the highest among well-studied regions to
date. At the same time, nearly all representatives of the
Volgograd RABV population have close genetic relatives
in other regions of Russia and abroad, suggesting active
viral spread. According to published data, increased epi-
zootic activity in the Volgograd Oblast was recorded in
1988, 1991, 1997, 1998, and 2001 [17]. The Volgograd
RABV population comprises multiple genetic variants,
which emerged at different times, as evidenced by the
estimated age of their last common ancestors. It is plau-
sible that peaks in epizootic activity coincide with the
introduction of new viral variants. Following their spread,
these variants establish themselves among susceptible
hosts in the region, continue to evolve, and ultimately
contribute to the highly diverse genetic profile observed
in the current population.

The localization features of different RABV subgroups
are noteworthy. The Volgograd Oblast occupies the cen-
tral part of the southeast of the Russian (East European)
Plain within three natural zones: forest-steppe, steppe and
semi-desert [25]. Isolates collected in the forest-steppe
and steppe regions of the northern part of the Volgograd
Oblast on the right bank of the Volga (490_2/2018/Volgo-
grad, 1563/2018/Volgograd, 1299/138/2021/Volgograd,
1299/139/2021/Volgograd, 1299/143/2021/Volgograd,
1299/144/2021/Volgograd, 1299/148/2021/Volgograd)
are genetically related to isolates from the Middle Volga
and central regions of Russia. This likely results from the
absence of natural barriers to wild carnivore migration
in northern directions, combined with high fox pop-
ulation densities in adjacent areas [26]. RABV isolates
1299/141/2021/Volgograd, 1299/142/2021/Volgograd,
1299/147/2021/Volgograd, which are similar to the iso-
lates found in Ukraine, Moldova, Poland, and western/
central regions of European Russia, were identified in the
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Fig. 2. Phylogenetic tree constructed using the full-length nucleotide sequence of RABV N gene and a strict molecular

clock algorithm. Isolates collected from animals in the Volgograd Oblast are highlighted in red. Numbers (0-1) indicate
posterior probability values for specific groups; the same parameter is indicated with the color of branches (see color scale
for interpretation). The horizontal timeline at the bottom shows the estimated years of the most recent common ancestor
for this or that group, with blue bars at nodes representing 95% confidence intervals for this value. The pink circle marks

the most recent common ancestor of genetic group C. Black diamonds denote the studied isolates, while triangles represent
two previously characterized isolates from the Volgograd Oblast
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Table 2

Data on rabies confirmation in animals from the Volgograd Region (2020-2024*) and sources of virus isolates for phylogenetic analysis

Animal categories

Confirmed rabies cases Number of tested isolates

% )

Livestock (cattle, small ruminants, horses) 42 233 3 23.1
Domestic carnivores (dogs, cats) 109 60.6 8 61.5
Wild carnivores (foxes, wolves, etc.) 29 16.1 2 154

Total 180 100 13 100

* Data for 2024 (9 months).

southwestern Volgograd Oblast on the right bank of the
Tsimlyansk Reservoir. Isolates from the left bank of the
Volga (490_4/2018/Volgograd, 1299/145/2021/Volgo-
grad) show genetic similarity to strains from southern and
eastern neighboring regions, reflecting shared landscape
characteristics with the semi-deserts and dry steppes of
Kazakhstan and Astrakhan Oblast. Major water barriers
(Tsimlyansk and Volgograd Reservoirs and the Volga-Don
Canal), which cross the entire region northeast to south-
west, freeze for only 2-3 months annually [25] and conse-
quently serve as effective natural barriers to rabies spread
for most of the year. We obtained only two isolates from
the left bank of the Volga, both distinct from the right-
bank strains. Thus, isolate 1299/145/2021/Volgograd
(recovered in the Bykovsky Raion), clusters with strains
from Orenburg and Astrakhan Oblasts (exact origins un-
known) and Kazakhstan. Isolate 490/4/2018/Volgograd
(identified in the Pallasovsky Raion) shows closest rela-
tions to some Kazakhstan strains and one strain (being
the only exception) from the Nizhny Novgorod Oblast.
Notably, raions with highest animal rabies incidence
(Nikolaevsky, Bykovsky, Leninsky, Oktyabrsky) [19] are
all located on the left Volga bank. The Volga-Akhtuba
floodplain appears to function as a significant ecological
corridor connecting Volgograd and Astrakhan Oblasts,
which is supported by the genetic similarity of the iso-
lates from these areas (1299/145/2021/Volgograd). The
limited number of studied isolates prevents definitive
conclusions. However, these findings warrant attention
for ongoing research and strategic planning of fox oral
vaccination programs.

CONCLUSION

All studied RABV isolates collected from animals in the
Volgograd Oblast belong to genetic group C. Within this
lineage, the RABV population in this region demonstrates
exceptionally high genetic diversity. The genetic related-
ness of these isolates to strains from Kazakhstan, Ukraine,
Moldova and central/southern Russian regions suggests
intensive host-mediated viral movement. This epidemio-
logical pattern requires careful consideration when plan-
ning and implementing anti-epidemic measures.
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Construction of Newcastle disease virus LaSota strain-based

internal sample for rabies diagnosis with RT-PCR

Sergei A. Chupin
Federal Centre for Animal Health, 6 Gvardeyskaya str., Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. The following factors can impact the reliability of polymerase chain reaction results: operator errors, amplifier malfunction, presence of reaction
inhibitors in the sample, poor reagent quality and others. All this can lead to the so-called false negative results.

Objective. Construction of the internal control based on heterologous Newcastle disease virus for detection of rabies virus by polymerase chain reaction.
Materials and methods. Freeze-dried live vaccine against Newcastle disease based on LaSota strain produced by the Federal Centre for Animal Health (Russia)
was used as an internal control. RNA extraction from samples was performed with “Ribosorb” reagent kit (Central Research Institute for Epidemiology of the
Rospotrebnadzor, Russia). Promega Corporation reagents (USA) and oligonucleotides manufactured by the Syntol Company (Russia) were used for the reverse
transcription polymerase chain reaction.

Results. LaSota strain of Newcastle disease virus was selected as the target for the internal control. The corresponding primers were designed. Experiments showed
that the PCR system for the internal control did not compete with the PCR system for the rabies virus when they were used together. The main parameters of reverse
transcription and polymerase chain reaction were optimized. The developed method was validated using several key parameters: correctness, specificity, sensitivity,
repeatability (intermediate precision under same conditions), and reproducibility (intermediate precision under different conditions). Validation results have shown
that the method characteristics comply with the required ones.

Conclusion. Newcastle disease virus LaSota strain-based internal control system has been constructed for use together with reverse transcription polymerase chain
reaction assay for rabies virus detection that allows control of the assay stages in each reaction tube. This internal control after its proper optimization can be also
used in experimental studies carried out at relevant research institutions for PCR diagnosis of the diseases caused by other RNA-viruses.

Keywords: reverse transcription polymerase chain reaction, rabies virus, internal control, Newcastle disease virus, NDV, diagnosis
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Pa3paboTka cucTembl BHYTPEHHEr0 KOHTPOAA Ha 0CHOBe
wramma «J1a-Cota» BUPYCa HbIOKACNCKOI B0Ne3HN
npu anarHoctuke bewwencrea merogom OT-MLP

C.A. Yynun
OIBY «DefepanbHblii LieHTp oxpaHbl 30poBbA XUBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepenue. Ha JocToBepHOCTL pe3ynbTaTos, nonyyaembix npu nposegeHuy MLP-guardocTuku, MoryT BInATh Takie $akTopsl, Kak oLIMOKY onepaTopa,
Henonazky B pabote amnnudukatopa, Hanuuue B 06pasLie MHMOUTOPOB PeaKLMH, HIU3KOE KaUeCTBO PeakTUBOB 1 Apyroe. Bce 370 MoXeT NPUBOATL K NOABNEHMIO
TaK Ha3bIBAEMbIX NIOXHOOTPULLATENbHbIX Pe3yNbTaToB.

Lienb uccnepoBanma. Paspabotka cucteMbl BHYTPEHHEr0 KOHTPONA Ha 0CHOBE reTeposiornyHoro BUPYCa Hblokacnckoil GonesHn npu feTekuum Bupyca
beLueHcTBa METOOM NONMMEpPA3HOi LeMHOM peakLim.

Marepuanb! n meTofbl. B kauecTBe BHYTPEHHEro KOHTPONbHOTO 06pa3ua Ucnonb3oBanach «BakwMHa NPOTMB HbOKACCKOI 6one3Hu u3 wramma «/la-Cota»
cyxas xuBas» nponssoactea OrbY «BHUN3M» (Poccua). PHK n3 06pa3wios Bbigenanu ¢ nomoLwbio Habopa pearenTos «PYB0-cop6» (DBYH «LleHTpanbHbiit HayuHo-
UCCnenoBaTeNbekiii MHCTUTYT anuaemuonorum» PocnotpebHaasopa, Poccua). [1na nonumepasHoii LienHoli peakuyi ¢ 06paTHOi TpaHCKpUNLMeN MCnonb3oBay
peakTuBbl prpmbl Promega (CLUA) n onuronykneotuabl nponsoactea 000 «Cunton» (Poccus).

© Chupin S. A., 2025
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Pe3ynbrartbl. B kauectBe 06beKkTa AnA BHYTPEHHEro KOHTPONbHOrO 06pa3ua BbibpaH Wwramm «/la-Cota» BUpYca HbloKacnckoii bonesHu. lpoBeaeH Au3aitH
npaiimepos. B cepum 3kcnepumeHToB yctaHoneHo, uTo MLP-cucTema Ana BHYTPEHHeEro KOHTPONbHOro 06pasua He KoHKypupyer c MLP-cuctemoit Ans Bupyca
6eLueHCTBa MU MX COBMECTHOM 1CNONb30BaHMM. ONTUMU3NPOBaHbI 0CHOBHbIE NapaMeTpbl 06paTHOit TPAHCKPUNLIK 1 NoNMMepa3Hoil peakumu. MpoBedeHa
BanUAauma pa3paboTaHHoIl METOAMKY, B X0Ae KOTOPOIA onpeaenanuch Takue XxapakTepucTUKK, Kak NpaBUIbHOCTb, CNELNUUHOCTb, YyBCTBUTENBHOCTD,
MPOMEXYTOUHas MPELN3UOHHOCTb B YCOBUAX MOBTOPAEMOCTH (CXOAUMOCTb) U MPOMEXYTOUHAA MPELU3NOHHOCTb B YCOBUAX BOCTPOU3BOAUMOCTH
(Bocnpou3BopmMmocTh). lo pe3ynbTatam BanuaaLmm nonyueHHble XapakTepucTUKN METofia COOTBETCTBYIOT TpebyembIM.

3akntoueHue. Ha ocHose Wwramma «/la-CoTa» BUpYyCa Hblokacnckoii 6onesHu papaboTaHa cucTeMa BHYTPEHHEro KOHTPONbHOro 06pasuia AnA UCnonb3oBaHMA
COBMECTHO C METOAKOI BbIABIIEHUA BUPYCa BeLeHCTBa METOZOM NoANMepa3HOii LIeNHOI peaKLy € 06paTHON TpaHCKpUNLMelt, N03BONALLAA KOHTPOANPOBATb
XOA BCEX 3TanoB aHanu3a B Kaxzoil peakumoHHoii npobupke. [laHHaa cucTema npu Hapnexaleil ONTUMU3ALMN NOTEHLMANLHO MOXKET NPUMEHATLCA
TaKXe B IKCMepUMEHTANIbHbIX HayYHbIX UCCIel0BAHUAX B COOTBETCTBYIOLMX NPOQUAbHBIX HayuHbIX opranu3aumax npu NUP-anarHoctuke 3aboneBaHuii,
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INTRODUCTION

The following factors can impact the reliability of poly-
merase chain reaction (PCR) results: operator errors, ampli-
fier malfunction, presence of PCR inhibitors in the sample,
poor reagent quality and others [1]. This can produce false
negative results, where the test reads negative despite the
presence of the target agent in the sample. Use of internal
controls is one of the most effective approaches aimed at
making PCR assays more reliable [2]. Internal control is a nu-
cleic acid that is added to the tested sample and undergoes
all or some assay stages alongside the tested sample. In this
case, specific amplification of the internal control nucleic
acid fragment is observed, confirming that the entire PCR
process functioned correctly.

To date, various PCR-based methods for rabies virus
genome detection, using both classical PCR [3, 4, 5, 6, 7,
8, 9], and real-time PCR [10, 11, 12, 13, 14, 15, 16, 17, 18],
have been described in the literature. However, only some
of them include internal control use.

In general, internal controls are widely used in PCR diag-
nostics of various pathogens. There are various strategies
for designing internal controls. Thus, J. Coertse et al. used
artificially synthesized RNA, the sequence of which corre-
sponded to a fragment of the rabies virus CVS strain ge-
nome [19]. Smith J. et al. used ribosomal RNA as an internal
control, which, according to them, has degradation kinetics
similar to viral RNA [20]. Some studies have described the
internal control constructed from MS2 bacteriophage [21,
22, 23, 24]. Genetically engineered virus-like particles were
also used [25, 26, 27]. Plasmids containing an insert with

sequences complementary to the target PCR primers are
a common and effective tool for constructing internal con-
trols [28, 29, 30, 31]. Also, internal controls based heterolo-
gous viruses are described [32, 33].

Polymerase chain reaction assay developed and
described by A. E. Metlin et al. [34] having high sensitivity
and specificity and providing reliable results have been
used together with other methods at the Reference Lab-
oratory for Rabies and BSE of the Federal Centre for Ani-
mal Health (Vladimir) for several years. However, modern
quality standards mandate higher reliability of test results.
Therefore, the study was aimed at construction of internal
control system and subsequent its use in PCR diagnosis of
rabies for the purpose of testing quality improvement.

MATERIALS AND METHODS

Animal brain samples submitted at the Reference Labo-
ratory for Rabies and BSE of the Federal Centre for Animal
Health (Vladimir) for testing for rabies virus were used.

ARRIAH strain of rabies virus (infectious activity in cell
culture - 6.0 Ig TCID, /mL) from the Federal Centre for An-
imal Health Collection of Microorganism Strains was used
for optimization of reverse transcription polymerase chain
reaction (RT-PCR) and as a positive control.

Freeze-dried live vaccine against Newcastle disease
based on Newcastle disease virus LaSota strain manufac-
tured by the Federal Centre for Animal Health (Vladimir)
was used as an internal control: the vaccine filling vol-
ume —4,000 doses, Newcastle disease virus (NDV) content -
4 x 10°7 EID, ).
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RNA was extracted from the samples with RIBO-sorb
reagent kit (Central Research Institute of Epidemiology of
the Rospotrebnadzor, Russia) according to manufacturer’s
instruction.

RT-PCR was performed as described by A. E. Metlin
et al. [34].

Amplicon software tool (version b08) [35] and the se-
quence of NDV LaSota strain (GenBank accession num-
ber — JF950510) were used for the designing primers.

Promega reagents (USA) were used for RT-PCR.

The primers were synthesized at the LLC Syntol (Russia).

PCR products were analysed by electrophoresis in
2% agarose gel with ethidium bromide staining. GelDoc
gel-documenting system (Bio-Rad Laboratories, Inc., USA)
was used for electrophoregram capturing.

Resulting amplicons were sequenced with the primers
used for RT-PCR and BigDye Terminator Cycle Sequencing
kit (Applied Biosystems, USA) on ABI Prism 3100 capillary
DNA sequencer (Applied Biosystems, USA).

For validation, rabies virus RV-97 strain (obtained from
the Federal Centre for Animal Health Collection of Micro-
organism Strains) was used as a positive standard control
sample and distilled water was used as a negative standard
control sample. Brain samples from various animals that
tested positive for rabies virus with immunofluorescence
assay (IFA) served as positive controls. Brain samples from
various animals that tested negative for rabies virus with
IFA served as negative control samples.

The method was assessed for its accuracy by testing the
positive standard control sample in ten repeats and the
negative standard control sample in ten repeats.

Ten brain samples confirmed negative for rabies virus
with IFA were tested to determine the method specificity.
Specificity was calculated as the percentage of true neg-
ative results to the total number of tests according to the
following formula:

Sp=(TN/ (TN + FP)) x 100%,
TN - true negative result;
FP - false positive result.

Ten brain samples confirmed positive for rabies virus
with IFA were tested to determine the method sensitivity.
Sensitivity was calculated as the percentage of true pos-
itive results to the total number of tests according to the
following formula:

Se = (TP/ (TP + FN)) x 100%,
TP - true positive result;
FN - false negative result.

To assess the intermediate precision under same condi-
tions (repeatability), single positive sample was analysed
in triplicate under the same measurement conditions
using the same equipment, operator, laboratory, and with-
in a short time period.

To assess intermediate precision under different con-
ditions (reproducibility), single positive sample was ana-
lysed under varying conditions. This included testing the
sample in triplicate on three different days by the same
operator, and in triplicate on the same day by two different
operators.

RESULTS AND DISCUSSION

Heterologous viruses with similar genome structure
(DNA/RNA, one/two strands) are one of the most optimal
types of internal controls for detection of viruses with mo-
lecular diagnostic methods. This strategy provides end-to-

where

where

end control over the assay workflow, from nucleic acid ex-
traction through reverse transcription to PCR. In this case,
the control is designed to be as similar as possible to the
test sample and is processed through all analytical stages
in the same reaction vessel (tube).

LaSota strain of NDV included in freeze-dried live vac-
cine against this disease, was selected as an internal control.
The reason was that NDV, being a member of Paramyxo-
viridae family, has single-stranded negative-sense RNA
genome similar to the rabies virus. Moreover, the vaccine
can be served as a ready-to-use internal control requiring
only dilution with water. This eliminates time-consuming
steps such as virus cultivation and titration.

Six different pairs of primers were designed. The prim-
ers corresponded to the region of genes encoding nucleo-
protein, phosphoprotein, and matrix protein, as well as
to the 3'-non-coding region of NDV LaSota strain genome.
The primers have been designed taking into account the
annealing temperature at which the target reaction takes
place (55 °C).The internal control amplicon (approximately
700 bp) was deliberately designed to be longer than the
target fragment (384 bp). This ensured that the target frag-
ment was amplified with a competitive advantage over the
internal control during PCR assay [36]. The primer design
was tested for its specificity using the Primer-BLAST Inter-
net service (www.ncbi.nlm.nih.gov/tools/primer-blast).

The synthesized primer pairs were tested for their
functionality with anti-ND vaccine based on NDV LaSota
strain (Fig. 1).

Three best combinations of primers were selected
based on the test results: LASF107 - LASR800, LASF2086 -
LASR2793, LASF2318 - LASR3026. Each primer pair was
tested in conjunction with the target PCR for rabies virus
to assess potential interference between the two amplifi-
cation systems. The combined use of the two systems, in
all three variants, was shown to produce no undesirable
effects. In addition, a ten-fold serial dilution of the vaccine
was used to assess the analytical sensitivity of the internal
control detection with the selected primer pairs. The pair
of LASF107 — LASR800 primers showed the highest sen-
sitivity (dilution of the initial vaccine - 1:10,000) so they
were finally selected for the internal control. This pair of
primers enabled amplification of a 693 nt-fragment of NDV
genome. The specificity of the amplified internal control
fragment was confirmed by nucleotide sequencing.

A series of experiments demonstrated that the sensi-
tivity of the internal control detection system decreases
as the concentration of rabies virus increases. In contrast,
the sensitivity of the rabies virus detection system remains
unchanged with increasing the internal control concentra-
tion. Thus, the internal control system does not compete
with the rabies virus detection system. This is particularly
important for diagnostic accuracy when the viral load in
the sample is low. However, to increase the reliability of
the target PCR, it was decided to use the internal control
at working concentration slightly above the minimum -
1:1,000 dilution of the original vaccine. Figure 2 demon-
strates the operation of both primer systems in the pres-
ence of the internal control.

A series of experiments was performed to optimize the
key parameters of reverse transcription and polymerase
chain reaction. The optimal PCR parameters were found
as follows: concentration of magnesium ions - 3 mM,
concentration of primers — 40 mM. The internal control
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(10 pL of the vaccine diluted to 1:1,000 with water) was
added to the test sample (50 pL of brain suspension or
100 pL of culture fluid) at the stage of RNA extraction.

Thus, the method enabling rabies virus detection in the
samples with simultaneous monitoring of the assay work-
flow quality in each reaction tube has been developed.
During the assay, known rabies virus-positive and known
rabies virus-negative samples (external positive and neg-
ative controls) were also tested along with test samples.
Internal control was also added to the external positive
and negative controls, 10 pL per each. The presence of a
693 bp DNA fragment and the absence of a 384 bp frag-
ment in the PCR products confirmed that the assay had
been performed correctly.

Fifty-two samples confirmed positive for rabies virus
with IFA and forty-eight samples confirmed negative with
IFA were tested with the developed method. In all cases,
the rabies virus detection results were identical to IFA re-
sults. A 693 bp fragment was always present in the PCR
products when negative samples were tested, which was
indicative of the internal control genome fragment am-
plification, i.e. the absence of a false positive result. When
rabies virus-positive samples were tested, a 693 bp frag-
ment was not always amplified. That was expected since
the target reaction had a competitive advantage over the
reaction with the internal control - all the resources in
the reaction tube were consumed for the target fragment
synthesizing. However, the 384 bp fragment was consis-
tently detected in PCR products when the rabies virus-pos-
itive samples were tested. That was indicative of the pres-
ence of the rabies virus in the sample.

The developed method was validated using several
key parameters: accuracy, specificity, sensitivity, repeat-
ability (intermediate precision under same conditions),
and reproducibility (intermediate precision under differ-
ent conditions) to confirm its reliability. When the method
was tested for its accuracy, the results consistent to the
sample statuses (positive or negative) were obtained for
all samples. Thus, the calculated accuracy of the valida-
ted method was 100%. When the method was tested for
its specificity, all known rabies virus-negative samples

were tested negative with the method under validation.
Therefore, the calculated specificity of the method under
validation was 100%. When the method was tested for its
sensitivity, all positive rabies virus-positive samples were
tested positive with the method under validation, so the
calculated sensitivity of the method under validation was
100%. The method demonstrated good repeatability in
triplicate tests. Thus, the method under validation was
shown to have absolute repeatability. The method demon-
strated good reproducibility in all cases. Thus, the method
under validation was shown to have absolute reproducibil-
ity. Validation results showed that defined characteristics
of the method comply with the required ones.

Despite the variety of internal control designs available,
each has its own advantages and disadvantages. Thus,
artificially synthesized RNA [19] is prone to degradation by
RNases, enzymes that are typically ubiquitous in samples.
The ribosomal RNA used by J. Smith et al. [20] is, in princi-
ple, more resistant to RNases due to its well-developed ter-
tiary structures. However, the reliability and effective range
of this resistance remain to be determined. MS2 bacterio-
phage, being a viral particle, lacks this disadvantage as it
has a protein shell that protects it from RNases. However,
phage cultivation is an additional stage of the work. Arti-
ficially created virus-like particles offer many advantages,
including presence of protective protein shell, customizing
the genome nucleotide sequence with tailored proper-
ties, and incorporation of the desired nucleic acid type.
However, the creation of such particles is technologically
complex and their maintaining is labour-intensive. The
development of plasmids serving as internal controls in
numerous domestically produced commercial diagnostic
kits requires minimal economic investment, as the produc-
tion processes are already well-established. However, this
plasmid-based strategy limits the type of nucleic acid to
DNA. When used for RNA virus diagnosis, it fails to con-
trol for critical steps such as reverse transcription. In our
opinion, the use of heterologous viruses is one of the most
successful strategies for designing internal controls, as it
combines the advantages offered by multiple alternative
approaches. Firstly, they possess a robust protein shell that

Fig. 1. Electropherogram of the PCR products using different combinations of primers for amplification Newcastle
disease virus LaSota strain genome fragment. Each combination is given in duplicate. The numbers indicate the lanes
with the following primer combinations: 1 - LASF815 - LASR1500; 2 - LASF1632 - LASR2337; 3 - LASF2086 — LASR2793;
4—LASF2318 - LASR3026; 5 - LASF2598 — LASR3296, 6 — LASF107 - LASR800. M — molecular weight marker

GeneRuler 100 bp Plus DNA Ladder (Thermo Fisher Scientific) fragment length is 100 bp
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provides protection against RNases. Secondly, a virus can
be selected whose nucleic acid type — whether DNA or
RNA, single-stranded or double-stranded-matches that of
the target virus. Thirdly, these are ready-made biological
objects that are relatively easily propagated in cell cultures.
When using a finished product such as a vaccine (as in our
case), even the cell culture cultivation and titration stages
are omitted.

It should be noted that the developed internal con-
trol based on LaSota strain of NDV can also be used
either directly or after optimization (e.g., if PCR parameters
of the internal control system mismatch the ones of the
target system) for diagnosing diseases caused by other
RNA viruses.

CONCLUSION

Newcastle disease virus LaSota strain-based internal
control has been constructed for use together with reverse
transcription-polymerase chain reaction assay for rabies vi-
rus detection that enables control of the assay workflow in
each reaction tube. This internal control system was tested
for its reliability using clinical samples containing and not
containing rabies virus. The constructed internal sample
was successfully validated. This internal control after pro-
per optimization can be also used in experimental studies
aimed at PCR diagnosis of the diseases caused by other
RNA viruses carried out at relevant research institutions.
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in pathogenic Enterobacteriaceae:
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ABSTRACT

Introduction. The widespread antibiotic resistance among representatives of the Escherichia coli species is an acute problem for livestock and poultry farms, since
this pathogen is the most frequently registered component of the etiological structure of gastrointestinal diseases in young farm animals and poultry, and is also
often detected in diseases of other organs and systems. Even now, in many farms, the use of antibacterial drugs to treat diseases caused by this pathogen is difficult
due to the circulation of strains with multiple resistance to most antibiotics used in veterinary practice. It is known that over time, the sensitivity of a microorganism
to various groups of antibacterial drugs changes, often quite significantly. Sensitivity monitoring can help contain the spread of antibiotic resistance and optimally
select drugs for use in therapy.

Objective. Analysis and systematization of the research results presented in the scientific literature on the resistance of Escherichia coli to antibacterial drugs.
Materials and methods. A search was conducted for scientific papers on this topic in scientific journals and materials of scientific and practical conferences.
Results. This article presents and summarizes literature data on trends in Escherichia coli resistance to antibacterial drugs.

Conclusion. Escherichia coli resistance is most often demonstrated to 8-lactam antibacterial drugs, aminoglycosides, as well as tetracyclines, macrolides (erythromy-
cin) and lincosamides (lincomycin). In almost all studies, Escherichia coli exhibits polyresistance (resistance to two or more drugs) and in some cases, multiresistance
(resistance to at least one drug from three or more groups). The results of susceptibility determination in many studies differ significantly from each other, which
is associated with different conditions for the formation of antibiotic resistance in bacteria on different livestock enterprises. For a more accurate assessment of
the dynamics of the spread of antibiotic resistance within the Escherichia coli species, it is necessary to continue studying the sensitivity to antimicrobial drugs
of various strains detected in livestock and poultry farms, as well as from environmental objects.
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[lpeid reHoB aHTMONOTUKOPE3UCTEHTHOCTH
naToreHHbIX 3HTepobaKkTepuit
Ha npumepe Escherichia coli
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PE3IOME

BBepeHue. LLInpokoe pacnpocTpaHeHue aHTUBMOTUKOPE3UCTEHTHOCTU Cpe A NpeAcTaBuUTeNeit BUAa Escherichia coli ABnAETCA 0CTpOi NPoBAEMOi KUBOTHOBOAYECKMX
W ITULLEBOAYECKIX XO3ATICTB, NOCKOMbKY 3TOT BO30YAMTENb ABNAETCA Hanbonee Yacto perucTpupyeMbiM KOMIOHEHTOM STHONOTMYECKOI CTPYKTYPbI XKENYAOUHO-
KWLEYHbIX 3200/1eBaHNii MOSIOAHSAKA CENIbCKOX03SI/ACTBEHHbIX MBOTHbIX 11 MTULIbI, @ TAKXe HEPEAKO BbIABNAETCA NPy 3a60/1eBaHNUSAX APYrUX OPraHoB 1 CUCTEM.
Y3Ke ceilyac BO MHOTVX X03AICTBAX 3aTPYAHEHO NPUMEHEHME aHTUBAKTEPUANbHBIX NPENapaToB 1A NeyeHna 3a601eBaHNIA, BbI3BAHHbIX aHHbIM NaTOTeHOM,
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BBMAY LUPKYNALMY LWTAMMOB, 061aZialoLLMX MHOXKECTBEHHOI YCTOIUNBOCTBIO K BONbLUMHCTBY NPUMEHAEMbIX B BETEPUHAPHOI NPaKTUKe aHTUOUOTUKOB.
113BeCTHO, UTO CO BpeMEHeM UyBCTBUTENIbHOCT MUKPOOPraHi3Ma K Pa3iMuHbIM rpynnam aHTubakTepuanbHbIx NpenapaTos U3MEHAETCA, U HEPEKO BecbMa
3HauuTeNbHO. MOHUTOPUHT UyBCTBUTENBHOCTY MOXET MOMOUb B CAEPKVBAHUN PACIPOCTPAHEHNA aHTUOUOTUKOPE3NCTEHTHOCTM 1 ONTUMAIbLHOM Nogbope
MpenapaToB AnA NpUMeHeHIA X B Tepaniu.

Lienb nccnepoBanua. AHanus v cacTeMaTin3aLina npeacTaBAeHHbIX B HAyYHOM NuTepaType pe3ynbTaTos UCCef0BaHMIi No U3yyeHuto yctoiiunsocTy Escherichia
coli K aHTMBaKTepuanbHbIM Npenapatam.

Martepuanbi 1 meToabl. lpoBeseH NoNCK paboT No 3asABNEHHOI Teme B HaYUHbIX XXypHanax 1 Matepuanax HayuHo-NpakTueckux KOHhepeHLMil.
Pe3ynbratbl. B cTatbe npepcTaBneHbl 1 0606LeHb NUTepaTypHble faHHble 0 TEHAEHLUAX B Pe3nCTeHTHOCTU Escherichia coli k anTubakTepuanbHbim
npenapatam.

3aknioueHme. YctoitunocTb Escherichia coli valwe npoABnAaeTca k f-nakTaMHbIM aHT6aKTepuanbHbIM Npenapatam, aMUHOMMKO3MAAM, a TaKXe TeTpaLnKNMHaM,
MaKponMaam (3pUTPOMILIMHY) M IMHKO3aMIAAM (TUHKOMULMHY). TpakTIueCKI BO BCEX NCCNE[0BAHMAX YCTAHOBIIEHO, UTO BbIAENEeHHble 30naTbI Escherichia coli
XapaKTepu3yloTca NOANPE3NCTEHTHOCTbIO (YCTORUMBOCTLIO K ABYM 1 Bonee npenapatam), a B HEKOTOPBIX CYUAAX U MYNLTUPE3UCTEHTHOCTbIO (YCTOAYMBOCTbIO
N0 KpaiiHeii Mepe K 0OfHOMY npenaparty 13 Tpex u 6onee rpynn). Pe3ynbTaTbl onpefeneHua YyBCTBUTENbHOCTU BO MHOTUX UCCTIEI0BAHNAX 3HAUUTEbHO
OT/IAYAIOTCS APYT OT APYTa, UTO CBA3aHO C HEOANHAKOBBIMU YCTIOBUAMY GOPMUPOBAHUA aHTUOUOTUKOPE3UCTEHTHOCTY Y BaKTEPHUii Ha Pa3HbIX XUBOTHOBOAYECKMX
npeanpuaTax. [lns 6onee TOUHON OLIEHKI AMHAMUKY PAcPOCTPaHEHA aHTUOUOTUKOPE3UCTEHTHOCTY BHYTPU BURa Escherichia coli Heobxopmmo npogomkatb
U3yyeHue YyBCTBUTENbHOCTU K aHTUMUKPOGHBIM NpenapaTam pasiuuHbIX LITAMMOB, BbIABIIAEMbIX B XUBOTHOBOZUECKYX U MTULEBOAYECKMX X03AICTBAX, a TaKKe

U3 06bEKTOB OKpyatoLLel cpefbl.

KntoueBbie cnosa: 0630p, aHTH6MOTUKY, pe3uCTeHTHOCTb, Escherichia coli, konubakTepno3

[ina untuposauus: Mumeros H. B., Manukosa K. 1. [ipeiid reHoB aHTMOMOTMKOPE3UCTEHTHOCTM NATOreHHbIX IHTepobakTepuii Ha npumepe Escherichia coll.
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KoHdnukT nHTepecoB: ABTOpbI 3aABNAKT 00 OTCYTCTBUM KOHGNUKTA UHTEPECOB.

[ina koppecnonpenunn: Manukosa Kcenna MasnosHa, ctygent, OTb0Y BO Bopowexckuii TAY, yn. Muuypuna, 1, r. BopoHex, 394087, Poccus,

malksenia2020@mail.ru

INTRODUCTION

Escherichia coli is a significant opportunistic pathogen
in animals, often causing colibacillosis, but its role ex-
tends beyond this primary disease. This microorganism
is frequently found in diseased animals and humans,
particularly in gastrointestinal, obstetric, gynecological,
respiratory, and urinary tract infections. E. coli are catego-
rized into 7 pathotypes, including enterotoxigenic (ETEC),
enteropathogenic (EPEC), enterohemorrhagic (EHEC), and
shigatoxin-producing (STEC). Additionally, there’s a cate-
gory for strains that are pathogenic to birds.

Colibacillosis remains a major challenge in animal hus-
bandry, particularly in industrial poultry farming, where
it ranks among the most prevalent bacterial infections
in birds (is detected in 40-70% of disease cases). A critical
complicating factor is the widespread antimicrobial resis-
tance (AMR) in E. coli isolates, with resistance observed
against all major classes of antibacterial drugs — in some
cases reaching 100% [1, 2, 31.

The significance of this study is underscored by two
critical factors: the substantial economic losses inflic-
ted on livestock production by colibacillosis, and the es-
calating global prevalence of antimicrobial-resistant
E. coli strains associated with this disease. The sensitivity
of pathogens to antibiotics can change over time, making
ongoing monitoring of antimicrobial resistance crucial,
especially for pathogens like E. coli.

This study summarizes the data available in the lite-
rature on the resistance dynamics of E. coli isolated from
different farm animal species to antibacterial drugs.

Antimicrobial resistance is the ability of microorga-
nisms to resist the effects of antimicrobial agents, including
antibiotics. The early years 1945-1963 following Fleming’s
1945 discovery were marked by a belief that the pharma-
ceutical industry could constantly develop new antibio-
tics faster than bacteria could develop resistance. Later,
the discovery of plasmids, which can transfer resistance
genes between bacteria, highlighted a major route for re-
sistance spread and increased concern (1963-1981). This
concern grew into a global problem perception from
1981-1992, leading to increased research and funding
(1992-2013). Since 2013 the problem continues to worsen
due to the emergence of new resistance mechanisms and
the increasing spread of resistant microorganisms among
populations [4, 5].

The use of alternative products like bacteriophages,
probiotics, phytobiotics, and antimicrobial peptides
is increasingly important in the treatment of bacteri-
al diseases. However, antibacterial drugs are still very
widely used for treatment in livestock and poultry farm-
ing. Moreover, the use of antibiotics to prevent disease
and boost productivity in agriculture is the reason for
the creation and accumulation of AMR genetic determi-
nants in Escherichia species. This, in turn, leads to AMR
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developement and contamination of raw materials
and food products [6, 71.

The purpose of this study was to summarize the scien-
tific literature data on E. coli AMR resistance dynamics.

MATERIALS AND METHODS

This study was conducted through systematic analysis
of literature data on antibiotic resistance patterns in di-
verse E. coli strains isolated from pathological specimens
and biological samples obtained from companion animals,
livestock, and poultry.

RESULTS AND DISCUSSION

In 2011 N. N. Shkil presented the results of testing
of 21 pathological and biological samples from aborted
and stillborn bovine fetuses; 71 samples from newborn
calves; 67 samples from calves aged 10 days to 1 month;
47 samples from 1-3-month-old calves and 18 samples
from > 3 month old calves. Pathogenic microorganisms
were isolated in 32% of samples from animals exhibiting
clinical signs of gastrointestinal disease, while respira-
tory syndrome was observed in 68% of affected calves.
Escherichia were isolated from 38% of the samples. Iso-
lation tests were conducted annually from 2001 to 2010.
As established by the author, in 2001, 50% of the isolated
Escherichia bacteria exhibited high sensitivity to amino-
glycosides. In subsequent years, the increased sensitivi-
ty to quinolone/fluoroquinolone drugs was established,
which peaked in 2006 (66%). By 2007, resistance rates
to these agents had reached parity with aminoglyco-
sides. Subsequently, in 2009-2010, bacterial isolates
demonstrated significantly greater sensitivity to amino-
glycosides (50%) compared to fluoroquinolones (15%).
The author observed a consistent inverse relationship
in antimicrobial susceptibility patterns, where increased
sensitivity to one drug class frequently corresponds with
decreased sensitivity to another class within the same
temporal period. Furthermore, these susceptibility
trends demonstrate cyclical fluctuations, characterized
by multi-year periods of increasing sensitivity followed
by subsequent declines in subsequent years [8]. E. coli
have, apparently, developed a robust mechanism for ac-
quiring resistance to fluoroquinolone antibiotics. Anti-
sense RNA produced by the micF gene does indeed in-
hibit porin protein synthesis at the translation level. This
has a positive effect on the sigma factor content related
to multiple stress resistance o° in cells. The most signifi-
cant fluctuations in E. coli resistance are associated with
this phenomenon [9].

The analysis of dynamics in sensitivity of E. coli strains
from diseased calves to antimicrobial drugs by N. E. Gor-
kovenko and Yu. A. Makarov revealed resistance to enro-
floxacin in 6.5% isolates in 2006; by 2007 their number
increased to 36.4%, and in 2010 reached 90.0%. The num-
ber of polymyxin-resistant E. coli isolates in 2006 was
23.3%, in 2010 — 75%. Neomycin resistance was revealed
in 64.0 and 81.8% in 2006 and 2010, respectively. Thus,
an increasing resistance to enrofloxacin, polymyxin and
neomycin, which significantly reduces the therapeutic ef-
fectiveness of these antibiotics is observed. Tetracycline
resistance in 2006-2008 was approximately 70%, in 2009
it decreased to 60%, and in 2010 it reached 100%. Re-

sistance to chloramphenicol in 2006 and 2007 was 60
and 55%, respectively; in 2008-2009 it increased to 80%,
and then decreased significantly. Resistance to strepto-
mycin and kanamycin was increasing from 2006 to 2008,
an then decreased in 2009. It reached 100% for both
drugs in 2010.

Consistent with previous findings, these data reveal
cyclical fluctuations in antibacterial resistance patterns.
Despite these periodic variations, the overall trend demon-
strates progressive escalation of resistance, ultimately cul-
minating in pan-resistance and complete loss of clinical
efficacy for some antimicrobial agents [10].

The research presented by D. A. Zhelyabovskaya et al.
in 2017 suggests that 71.4% of the studied E. coli strains
(015, 018, 026) isolated from the intestines of newborn
calves are polyresistant. These isolates demonstrated re-
sistance to erythromycin (95.2%), tetracycline and penicil-
lin (90.5%), kanamycin (85.7%), ampicillin (76.2%), strepto-
mycin and gentamicin (71.4%) [11].

Analysis by N. M. Al-Hammash and A. V. Ignatenko
of E. coli isolates from a dairy farm revealed high resis-
tance prevalence: 94% to benzylpenicillin, erythromycin,
and lincomycin; 83% to tetracycline; 61% to ampicillin;
56% to neomycin; 44% to chloramphenicol; 37% to
pefloxacin; 33% to polymyxin; and 28% to cephalexin.
The isolates demonstrated intermediate susceptibility
to neomycin (55%), polymyxin (50%), furadonin (27%),
chloramphenicol (16%), and kanamycin (14%). They
were susceptible to the following antibacterials: genta-
micin (83%), kanamycin (78%), cephalexin (74%), fura-
donin (72%), pefloxacin (62%), chloramphenicol (39%),
neomycin (39%), ampicillin (33%). Isolates showed 100%
susceptibility only to ceftriaxone, while absolute resis-
tance was observed to oleandomycin, clindamycin, and
oxacillin [12].

In the study by S. N. Zolotukhin et al. 34.8% of E. coli
isolates showed susceptibility to gentamicin, 34.2% were
resistant and 31.5% were moderately resistant. Ampicil-
lin was active against 57.8% of E. coli isolates, 27.3% were
resistant to it, and 14.4% showed moderate resistance.
The highest sensitivity was found to ceftriaxone (84.7%),
ciprofloxacin (74.2%) and chloramphenicol (60.6%). The
test results demonstrated that none of the antibiotics
completely inhibited microbial growth (100% inhibition).
Most strains were polyresistant to erythromycin, chloram-
phenicol, streptomycin, tetracycline, neomycin, ampicillin,
gentamicin, and penicillin [13].

Between 2016 and 2020, M. E. Ostyakova and
. S. Shul’'ga examined the gut microbiota (enterobioceno-
sis) of newborn calves affected by gastrointestinal disor-
ders. In the course of this work, the resistance of E. coli
strains to certain antibacterials was analyzed. The results
of the study are the following: isolates showed resistance
to benzylpenicillin, ofloxacin, ciprofloxacin and erythro-
mycin. This suggests multidrug resistance of the isolated
strains. 91.7% of the isolates were sensitive to polymyxin,
70.6% to cefazolin, 65.5% to streptomycin, 62.5% to amox-
icillin / clavulanic acid combination. Therefore, these anti-
biotics are the drugs of choice for the treatment of intesti-
nal infection caused by E. coli [14].

In the characterization of diarrheagenic E. coli museum
strains for pathotypes and AMR genes by Yu. |. Pobolelova
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and S. P. Yatsentyuk, EPEC E. coli was the most prevalent
pathotype, accounting for 29% of cases relative to other
pathotypes. The determination relied on fragments
of AMR determinants to f-lactam atibiotics (blaTEM,
blaSHV genes), florfenicol (floR), chloramphenicol (cat1,
cmlA), streptomycin (aadAT1 gene), gentamicin (aac3-1V
gene). Among the studied strains, 36% had resistance
genes to at least one of the antimicrobials under study,
and 5 strains demonstrated resistance to two antibiot-
ics simultaneously: 2 strains to chloramphenicol and
streptomycin, 2 more to streptomycin and florfeni-
col, and 1 strain to chloramphenicol and florfenicol. In
total, the chloramphenicol resistance genes catl and
cmlA were identified in 3 and 4 strains, respectively;
the streptomycin resistance gene aadAT7 was identified
in 17 strains, and the florfenicol resistance gene floR was
identified in 4 strains. Resistance genes to gentamicin
and B-lactams were not detected [15].

Researchers A. A. Golikova and O. A. Manzhurina con-
ducted experiments on susceptibility of E. coli strains
isolated from colibacillosis-affected calves to 16 antimi-
crobials of various pharmacological classes. The authors
established the susceptibility of E. coli 020 strain to
the following antibiotics: ampicillin, amoxicillin, tetracy-
cline, chloramphenicol, gentamicin, polymyxin, norfloxa-
cin, enrofloxacin and streptomycin. Strain 033 showed
sensitivity to the same antimicrobials as 022, but was
resistant to gentamicin and streptomycin and sensitive
to furazolidone and furadonin. E. coli 0137 demonstra-
ted susceptibility to ampicillin, amoxicillin, tetracycline,
chloramphenicol, gentamicin, polymyxin, furazolidone,
furadonin, norfloxacin, enrofloxacin, and strepto-
mycin [16].

According to E. A. Sazonova, in 2020-2022, E. coli strains
tended to develop multidrug resistance to first-generation
cephalosporins, penicillins, tetracyclines, macrolides, lin-
cosamides, sulfonamides, and streptomycin. Antimicrobial
resistance was reveled in 02, 078, 0115, 0126, 015, 018,
0119, 033,041, 0101, 0137, 0157:H7 serovariants isolat-
ed from swine colibacillosis cases.

At the same time, the E. coli resistance to various anti-
bacterial drugs changed as follows: 44.0% to cephalexin
in 2020, 71.4%in 2021, 100.0% in 2022; 29.1% to cefazolin
in 2020, 50.0% in 2021, 31.5% in 2022; 6.9, 14.3, 15.3%
to ceftriaxone; 73.7, 50.0, 48.7% to amoxicillin; 73.7, 78.7,
81.3% to ampicillin; 80.5, 57.1, 64.3% to tetracycline; 84.5,
100.0, 99.1% to doxycycline; 30.9, 71.4, 72.5% to strepto-
mycin; 83.4,100.0, 92.3% to erythromycin; 85.7,92.8,91.3%
to rifampicin; 11.4, 7.1, 10.6% to norfloxanin; 18.3,7.4,2.3%
to enrofloxacin; 10.3, 7.2, 11.3% to ciprofloxacin in 2020,
2021 and 2022 accordingly. These figures demonstrate
that antibiotic-resistant E. coli strains are highly prevalent.
Moreover, the antimicrobial resistance increases over
time, sometimes (for example, to cephalexin, doxycycline,
erythromycin) reaching 100% [171].

Tishchenko A. S. et al. reported that E. coli strains
(K99:0141, F41:026, F41, K88:0157) from calves and pig-
lets with enteric diseases exhibited resistance to amoxi-
clav, tetracycline, gentamicin, oxacillin, azithromycin, and
ceftazidime, highlighting challenges in veterinary anti-
microbial therapy. While fluoroquinolones (ciprofloxacin
and pefloxacin) demonstrated the highest antibacterial

activity among tested agents, the observed intermediate
resistance levels diminish their clinical efficacy. Amoxiclav,
oxacillin, gentamicin, and azithromycin demonstrated the
lowest antibacterial effect [18].

According to|. N. Zhdanova et al., E. coli strains 08, 015,
020,0101,0115,0157 were isolated from calves and adult
cattle in the farms of the Perm Krai in 2020-2021. These
strains revealed resistance to ampicillin and cefazolin
(61.5% for each) and high resistance to ceftriaxone (23.1%),
cefoxitin (30.7%), chloramphenicol (61.5%) and tetra-
cycline (79.5%). The isolates were sensitive to imipenem
and tobramycin (100%), meropenem (97.4%), amikacin
and moxifloxacin (92.3%) [19].

Makavchik S. A. and Sukhinin A. A. studied microorga-
nisms isolated from the milk of mastitic cows in 2021-2022.
E. coli cultures were susceptible to neomycin and carba-
penems (100%) and resistant to cephalexin (75%), tetra-
cycline (30%), cefotaxime (30%), gentamicin (14%) and
ciprofloxacin (7%). The collected data demonstrate a con-
cerning trend of rapidly increasing resistance to cephalo-
sporins, tetracyclines, and aminoglycosides among clinical
isolates [20].

The results of studies conducted by A. S. Lokteva et al.
demonstrated that E. coli 0141 and 033 strains isolated
from samples from dead pigs in 2017-2022 turned out to
be pan-resistant. Over 90% of pathogenic isolates exhibi-
ted polyresistance, with this concerning prevalence per-
sisting throughout the entire study period [21].

The article by I. M. Donnik describes that the majori-
ty of bacteria isolated from samples of cervical scrapings,
from mammary secretions, nasal and oral swabs of ani-
mals, manure, feed and contact surfaces and equipment
were resistant to antimicrobials. Escherichia were resis-
tant to rifampicin, semi-synthetic penicillins and tetracy-
clines (64-67%); approximately 44% of isolates demon-
strated low sensitivity to 3-5 antibiotics of different classes;
28% among them to third-generation cephalosporins:
ceftriaxone and cefotaxime. The bacteria exhibited high
sensitivity to fluoroquinolones: ciprofloxacin, enrofloxacin,
and ofloxacin (82%) [22].

Kochkina E. E. and Morozova N. V. assessed antimi-
crobial resistance in E. coli strains isolated from cats
with genitourinary tract disorders. The study revealed
that isolates exhibited the sensitivity to cephalo-
sporins (71 £ 10.7%), moderate resistance was observed
to aminoglycosides (83.3 * 8.8%) and synthetic penicil-
lins (66 + 11.1%) and resistance to macrolides and fluoro-
quinolones. The sensitivity of the strains to individual an-
tibiotics is presented as follows: all studied cultures were
sensitive to cefepime; 83.3 + 8.8% were sensitive to cef-
triaxone and cefazolin; 83.3 + 8.8% showed moderate
resistance to cefotaxime, enrofloxacin, and gentamicin;
66.7 = 11.1% showed moderate resistance to amoxiclav;
and 50 + 11.8% showed moderate resistance to cipro-
floxacin; 16.7 + 8.8% exhibited moderate resistance
to ceftriaxone and cefazolin. The authors report the ab-
solute resistance to tylosin [23].

When assessing antibiotic resistance before using
antibacterial drugs, N. N. Muzyka and A. V. Beletskaya
isolated E. coli from various bird species. The isolates
exhibited sensitivity to gentamicin (19.0%), florfeni-
col (16.6%), enrofloxacin (14.3%), spectomycin (14.3%),
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norfloxacin (7.1%), trimethoprim (4.7%), tilmicosin (4.7%),
doxycycline (2.4%) and lincomycin (2.4%). Moderate sen-
sitivity was observed for tilmicosin (11.9%), doxycycline,
florfenicol, norfloxacin and spectinomycin (4.7% each),
trimethoprim, lincomycin and gentamicin (2.4% each).
Thus, the overall sensitivity rate to antibacterial drugs
was 20% or lower [24].

In 2023, A.S. Krivonogova et al. published the article“An-
tibiotic resistance of Enterobacteriacea in the microbiomes
associated with poultry farming” In this study, the mini-
mum inhibitory concentration (MIC) was determined for
the reference strain E. coli ATCC 25922 against ciprofloxacin,
meropenem, cefepime, and ampicillin. The control strains
were cultured during 37 days. This period corresponds
to the period of broiler raising in commercial poultry
farms from hatching to slaughter. The study demonstra-
ted that the reference strain E. coli ATCC 25922 exhibited
resistance to ciprofloxacin (MIC = 0.06-0.12 mg/L), mero-
penem (MIC = 0.12 mg/L), ampicillin (MIC = 2-4 mg/L),
and cefepime (MIC = 0.5 mg/L). Under these conditions,
antibiotic resistance did not arise because the studied
microorganisms lacked active resistance determinants in
their genomes and had no opportunity for horizontal gene
transfer due to isolation from other microbes.

The sensitivity to antibacterial drugs of microflora iso-
lated from chicken cloacal swabs and litter at different
stages of poultry rearing was also analyzed. All E. coli iso-
lates exhibited sensitivity to ampicillin (MIC: 2.0-4.0 mg/L)
and ciprofloxacin (MIC: 0.06-0.12 mg/L). Meropenem was
active against 74% of isolates at MIC 0.06 mg/L and against
all isolates at MIC 0.12 mg/L. 50% of isolates were resis-
tant to cefepime at MIC 0.125 mg/L, while 100% of isolates
were susceptible to it at MIC 0.5 mg/L [25].

The results demonstrate that subinhibitory antibiotic
concentrations promote pathogen survival and facilitate
the development of resistance through vertical gene
transfer. These studies demonstrate that carbapenem
resistance in pathogenic E. coli serotypes severely limits
therapeutic options, underscoring their critical status
in clinical management and necessitating improved anti-
microbial stewardship and infection control measures.

A group of authors studied the antibiotic sensitivity
of pathogenic coliform cultures circulating in a commer-
cial poultry farm in the Omsk Oblast. E. coli 037,0115, and
02 serovariants were isolated from pathological samples
from chickens and chicks of different ages in 2018. These
isolates exhibited 100% sensitivity to fluoroquinolone for-
mulated into “Triflon” and “Enroflon K" drugs. At the same
time, the strains showed absolute resistance to tetracy-
cline, and most strains were resistant to tylosin, gentamicin,
doxycycline, and chloramphenicol [26].

Isakova M. N. et al. studied 127 E. coli isolates from bo-
vine mammary secretions and cervical swabs. Phenotypic
resistance to rifampicin, semi-synthetic penicillins, and
tetracyclines was prevalent among the studied isolates.
The cultures showed a weaker resistance to azithromycin,
chloramphenicol and tobramycin. Among the tested iso-
lates, 28.46% demonstrated intermediate resistance to
third-generation cephalosporins, while 49.02% carried
the blaDHA resistance gene [27].

In 2023 M. S. Alexyuk et al. conducted the monitoring
of E. coli antimicrobial resistance in the Republic of Ka-

zakhstan. During 3 months, fecal samples from calves
with escherichiosis clinical signs were collected on private
farms in the Almaty region. 30 E. coli isolates were recov-
ered from the biological samples; 6 of them were presum-
ably identified as O157:H7. Study results revealed that only
4 isolates were susceptible to all tested antibiotic classes,
while 7 isolates exhibited resistance to a single antibiotic.
The majority demonstrated multidrug resistance (defined
as non-susceptibility to > 3 antibiotic classes). Five iso-
lates showed resistance to 7 antibiotic classes, and one of
the isolates proved to be resistant to all 8 classes of antibi-
otics. Most isolates were resistant to ampicillin, tetracycline,
gentamicin, florfenicol, and trimethoprim. Resistance
to enrofloxacin and amoxicillin / clavulanic acid combina-
tion was less prevalent. Almost all isolates were found to
be sensitive to colistin. Some strains exhibited intermedi-
ate resistance to gentamicin and amoxicillin / clavulanic
acid combination [28].

In the study by M. Yu. Syromyatnikov et al. the anti-
microbial resistance genes of E. coli isolated from the in-
testines of 2-5-day-old diarrheic piglets were analyzed.
Bioinformatic analysis identified 26 antibiotic resistance
genes, including: aminoglycoside resistance (Aac6-Aph2,
Aacé6-If; StrA, StrB); B-lactam resistance (AmpC1_Ecoli;
OXA-10, OXA-14, OXA-16, Penicillin_Binding_Protein_Ecoli,
TEM-143, TEM-166, TEM-215, TEM-76, TEM-95); quinolone
resistance (QnrB19, QnrB5, QnrD, QnrV(C4); sulfonamide
resistance (Sull); tetracycline resistance (TetD); trimetho-
prim resistance (DfrA1, DfrA14, DfrA27); phenicol resis-
tance (CmlA5, CmIAT; FloR). Among 4 detected quino-
lone resistance genes, QnrD turned out to be prevalent:
almost 60% of the genes in this sample. E. coli strains
harboring this resistance plasmid are predicted to exhibit
broad-spectrum resistance to most antimicrobial agents
commonly used in veterinary practice. Among 10 iden-
tified B-lactam resistance genes, Penicillin_Binding_Pro-
tein_Ecoli was the most prevalent (24%). The prevalence
of OXA-16 was 9%, AmpC1_Ecoli - 15%, OXA-10 - 12%,
OXA-14 - 11%. The prevalence of TEM-143, TEM-166,
TEM-76, and TEM-95 genes was 6% in total and only 1%
of the findings were for TEM-215. Among the phenicol
resistance genes, CmIA5 (52%) and CmIA1 (44%) were
most prevalent. The most common trimethoprim re-
sistance determinant was DfrA14 gene (64%). Among
the aminoglycoside-associated genes, StrA (35%) and
StrB (31%) were the most prevalent. Tetracycline and
sulfonamide resistance genes collectively represented
3% of the total relative abundance of resistance genes.
Among the remaining sequences, no individual resis-
tance group exceeded 10% in relative abundance. Spe-
cifically, resistance genes for tetracyclines, aminoglyco-
sides, and sulfonamides each accounted for less than 1%
of the total [29].

High-throughput sequencing revealed that QnrD, en-
coding quinolone resistance, was the most prevalent re-
sistance gene identified.

CONCLUSION

The literature review indicates that E. coli frequently
demonstrates resistance to: -lactam antibiotics (partic-
ularly benzylpenicillin, penicillin, and cephalexin); ami-
noglycosides (primarily streptomycin and gentamicin);
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tetracyclines, macrolides (erythromycin) and lincos-
amides (lincomycin). The majority of studies demonstrate
that E. coli exhibit polyresistance (resistance to = 2 antimi-
crobial agents), with many strains showing multiresistance
(non-susceptibility to = 1 agent from > 3 antimicrobial
classes).

Nevertheless, antibiogram results can vary significant-
ly between studies. This can be attributed to the uneven
distribution of antibiotic resistance mechanisms within
the microbial populations (microbiocenosis) of individu-
al livestock farms. The specific combination of resistance
mechanisms in E. coli populations varies between farms
and depends on multiple factors: circulating serovars and
their genetic backgrounds; spectrum of antibiotics used
and their application methods; presence of resistance de-
terminants in farm environments; disinfection efficacy, as
subinhibitory disinfectant concentrations may promote
microbial adaptation. These factors collectively shape:
the specific array of antibiotic resistance genes circulat-
ing within the farm’s microbial community; phenotypic
resistance mechanisms (including biofilm formation and
bacterial persistence) and adaptive resistance (transient
survival advantages under antimicrobial pressure). This
represents one of the most critical challenges in treating
E. coli infections, as the expanding resistance profile in-
creasingly compromises optimal antimicrobial selection.

The literature review revealed key trends in E. coli
antimicrobial resistance and confirmed the escalating
challenge of antibiotic resistance in animal production
systems. Consequently, comprehensive antimicrobial
resistance surveillance is required, encompassing both
livestock production facilities and their surrounding en-
vironments where resistant microorganisms may persist
and spread. Monitoring of antimicrobial susceptibility
trends will enable evidence-based updates to therapeutic
guidelines for E. coli infections in livestock. In addition, it's
crucial to continue the development and implementation
of alternative therapies for infectious diseases that don't
rely on antibiotics.
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The role of purinergic signaling
and cytokine network in the inflammatory process
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ABSTRACT

Introduction. Inflammation is a complex biological process essential for host defense against pathogens and tissue repair. This process is regulated by
a variety of signaling molecules, among which purines and cytokines play an important role. Purinergic signaling mediated by adenosine triphosphate,
adenosine monophosphate, and other nucleotides plays a key role in regulating immune responses and inflammatory processes. The cytokine network,
including interleukins, tumor necrosis factor a and other molecules, is also an important component of inflammation, providing communication between
cells of the immune system and regulating their activity. Understanding the purinergic signaling and the cytokine network interaction mechanisms is
crucial for developing innovative treatments for inflammatory diseases.

Objective. To synthesize current research findings on the role of purinergic signaling and the cytokine network in inflammatory processes within animal
models.

Materials and methods. 55 scientific publications by Russian and international authors (2000-2021) investigating the effects of nucleotides, nucleosides,
and purinergic receptors on immune response development, macrophage activation, and cytokine release mechanisms were analyzed. Source databases
included eLIBRARY.RU, CyberLeninka, PubMed, NCBI, ResearchGate, CABI, and Google Scholar.

Results. The analysis explored mechanisms of the inflammatory response, including the role of various cells and molecules — cytokines and receptors —
in the regulation of the immune response. The latter plays an important role in activating immune system cells and regulating inflammatory reactions.
The process of adenosine triphosphate dephosphorylation by (D39 and (D73 enzymes, which promotes the production of adenosine and the activation
of anti-inflammatory mechanisms, is discussed. The functions of pro-inflammatory cytokines such as interleukin-1, tumor necrosis factor a and inter-
leukin-6 are analyzed in the context of macrophage activation and neutrophil migration to the site of inflammation. The importance of requlating these
processes is emphasized in order to prevent excessive inflammatory response and ensure homeostasis. The mechanisms of transition between the phases
of inflammation are examined, including the role of anti-inflammatory cytokines such as interleukin-10 and transforming growth factor 8 in controlling
neutrophil activity and resolving the inflammatory process.

Conclusion. Further study of this topic can deepen the modern knowledge of scientists about the mechanisms of inflammation and create the basis for
the development of innovative therapeutic strategies aimed at treating diseases caused by disorders of the immune system.
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2Orb0Y BO «Kypckuii rocysapcTBeHHbiii arpapHblii yHuBepcutet umen 1. . Msanoa» (Kypckmii TAY), yn. Kapna Mapkca, 70, r. Kypck, 305021, Poccua

PE3IOME
BBepeHue. BocnaneHue npeactasnaet co6oit cnoxHblii Guonoruueckiii npoLecc, HanpaBneHHblii Ha 3aLYUTy OpraHU3ma OT MaToreHoB U BOCCTAHOBNEHME
MOBPEXAEHHbIX TKaHeil. ITOT NPoLIeCC perynupyeTca MHOXECTBOM CUTHAbHbIX MONIEKYN, CPEAM KOTOPbIX BaXHOE 3HaUeHUe MMEKOT MYPUHbI 1 LIUTOKMHDI.
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MypuHepriyeckan CUrHanu3aLma, onocpesoBaHHas afeHo3MHTPUdochaTom, aeHO3MHMOHODOCHATOM 1 PYrUMIN HYKNEOTUAAMM, UTPAET KNIOYeBYH posib
B PEryNALIMM MMMYHHBIX PeaKwuil 1 BOCnanuTenbHbIX NpoLeccoB. LIMTOKMHOBaA ceTb, BKAOYAIOLLAA UHTEPNEiKMHbI, GaKTOP HEKPO3a onyxonu a U Apyrue
MOneKyIbl, Takxe ABNIAETCA BaXHbIM KOMMOHEHTOM BocnaneHis, 06ecneunBas KOMMYHUKaLIMIO MEX Ly KNETKaM UMMYHHOI CUCTEMbI W PErynipys UX akTUB-
HoCTb. [ToHVMaHKe MeXaHV3MOB B3aUMOAICTBIA MEXY NYPUHEPTUYECKOI CUrHaNN3aLmeli 1 LUTOKUHOBO CETbH0 IMEET BaXHOe 3HaYeHue A pa3paboTku
HOBBIX CTPATErYiA IeYeHA BOCTANUTENbHIX 3a00M1eBaHMA.

Llenb nccnepoBanua. 0606LeHne pe3ynbTaToB UCCNEL0BAHMIA MO 3HAUEHMH PO MYPUHEPTIYECKON CUTHANN3ALMM 1 LUTOKHOBOIA CETV B BOCMANK-
TeNbHOM MPOLECCe Y XKUBOTHBIX.

Marepuanbi u meTogbl. [poBeieH aHaNN3 55 HayuHbIX Ny6AMKaLWMIE POCCUIICKIX U MHOCTPAHHDIX aBTOPOB 3a nepuog ¢ 2000 no 2021 r., uccnepyowmx
BNUAHUE HYKNIEOTUO0B, HYKNEO3MA0B 1 NYPUHEPTUYECKNX PELLeNTOPOB Ha GOPMUPOBaHIE UMMYHHOTO OTBETA, a TAaKKe MeXaHU3Mbl aKTUBALMN Ma-
KpodaroB U BbieneHIa LIMTOKMHOB. [InA NoucKa UCTouHNKOB UCNonb3oBanuch 6asbl faHHbIX eLIBRARY.RU, CyberLeninka, PubMed, NCBI, ResearchGate,
CABI u Google Scholar.

Pe3ynbTatbl. PaccMoTpeHbl MexaHi3Mbl BOCNanUTeNbHOrO 0TBETA, BKNIOUAA PoNib Pa3NMUHBIX KNETOK 1 MONIEKYN, TaKUX KaK LUTOKMHDI U peLienTopbl,
B Perynaumum MMMYHHoil peakumi. locneH1e UMEIOT BaXHOe 3HAUEeHVe B aKTUBALMI KNETOK MMMYHHOIA CUCTEMbI 11 PerynaLymin BoCNanuTeNbHbIX peak-
umit. 06cyxnaetca npouecc sepochopunupoBanua afeHo3nHTpUocdara ¢ yuactem depmentos (D39 u (D73, uto cnocobcTByeT 06pa3oBaHMio ajeHo-
311Ha 1 aKTMBALWM NPOTUBOBOCMANMTENbHbIX MeXaH3MOB. [TpoaHanu3npoBaHbl GYHKLMM NPOBOCMANUTENbHDBIX LIUTOKIHOB, TAKWX KaK UHTepNeiikuH-1,
$aKTOp HeKPO3a OMyX0N a U MHTEPNEIKNH-6, B KOHTEKCTe aKTUBALMM MaKkpOharoB 1 MUrpaLum HeATpodunoB K mecty Bocnanexns. Moguepkuaetca
BAXHOCTb PEryNALMM 3TUX NPOLIECCOB ANA NPeAOTBPALLEHNA Upe3MEPHOT0 BOCANUTENBHOTO 0TBETA M 06ecreyeHIns romeocTasa. PacCMOTPEHbI MeXaHu3-
Mbl iepexozia Mexay Gazamin BocnaneHus, BKIoYatoLLue posib NPpOTUBOBOCMANUTENbHBIX LUTOKIHOB, TAKUX KaK MHTepreiikiH-10 u TpaHchopmupyioLLuit
dakTop pocTa B, B KOHTPONeE AKTUBHOCTU HERTPOGUNOB 1 paspeLLeHNI BOCTANUTENLHOTO NPOLecca.

3aknioueHue. [lanbHeiiluee n3yyeHne JaHHON Tembl COCOOHO Yry6UTb COBPEMEHHDBIE 3HAHUA YUEHbIX 0 MEXaHI3MaX BO3HUKHOBEHWSA BOCMaeHIA
1 CO31aTb OCHOBY ANA Pa3paboTKin MHHOBALMOHHBIX TepaneBTUYECKIX CTPATEruii, HaNPaBNEHHbIX Ha IeueHNe 60e3Hei, 00YCIOBNEHHDIX HAPYLIEHUAMM
UMMYHHOIi CUCTEMbI.

KnioueBble cnoBa: 0630p, HykneoTuabl, pewentopsl, nypuHepruyeckaa perynauus, (D39, (D73, ATO, A0, AM®, ageHo3uH, Makpodary, LIUTOKMHbI,
NHTEPNENKMHbI

bnaropapHocTu: Pabota BbinonHeHa npu nogaepxke MuxobpHayku Poccum B pamkax rocyaapcraenHoro 3agatua OTBHY «Kypckuit OAHL» (tema
FGZU-2022-0004). ABTOpbI 6naroapAT peLieH3eHTOB 3a UX BKNAZA B IKCMEPTHYI0 OLieHKY paboTbl.

[ina uutnposanua: Mocarux B. B., Ucakosa E. A., Poixkosa I 0., Mocarua W. 1. Ponb nypuHeprnyeckoli curHanu3aumui 1 WUTOKMHOBO CeTH B BOC-
nanuTenbHoM npovecce. BemepuHapus cezo0Hs. 2025; 14 (3): 263—273. https://doi.org/10.29326/2304-196X-2025-14-3-263-273

KoHdnukT nHTepecos: ABTopbl 3aABAAIOT 06 OTCYTCTBUM KOHGNUKTA MHTEPECOB.

[ins koppecnoupeHyun: Mocarud Bnagumup Bnagumuposu, a-p 6uon. Hayk, CTapLumii HayYHblii COTPYAHMK Nabopatopum BeTepUHAPHON MeSULUHBI 1 610-
TexHonoruit OTBHY «Kypckuit OAHLL», yn. Kapna Mapkca, 706, r. Kypck, 305021, ugnoe_nebo@list.ru

INTRODUCTION

system functions. These components are involved

Currently, innovative medicinal products are
widely used in human medicine and veterinary
medicine. The development of liposome-based me-
dicinal products for targeted delivery of medicinal
substance attracts the attention of scientists all over
the world. Special attention is paid to the creation of
immunomodulating liposomal medicinal products
that specifically affect the macrophage component
of the immune system. Scientists from the Laborato-
ry of Veterinary Medicine and Biotechnology of the
Federal Agricultural Kursk Research Center are work-
ing in this field. They proposed and tested a method
for obtaining liposomal immunotropic composition
for the pre-nosological prevention of pathologies in
cattle of different ages in the settings of the Uchkhoz
Znamenskoye of the Kursk State Agrarian University.

The immune system is a complex mechanism that
helps to protect the body from pathogenic microor-
ganisms. Nucleic acids, purinergic receptors, and cy-
tokines play an important role in regulating immune

in a wide range of processes: from cell signaling
to providing energy for active immune responses.
Nucleotides such as adenosine triphosphate (ATP)
act as key mediators in intercellular communication
and intracellular signaling. Purinergic receptors that
respond to extracellular nucleotides promote the
activation of inflammatory processes and regulate
the behavior of immune cells. Nucleosides, required
for DNA and RNA synthesis, support the division and
growth ofimmunocompetent cells, thus playing a vi-
tal role in adaptive immunity [1, 2]. By understanding
how these mechanisms function, we can simulate
potential inflammatory processes in animal models
and develop methods to prevent pathologies.
Inflammation plays a key role in the animal im-
mune response, protecting against infection, injury,
and other harmful factors. This process is a complex
and well-coordinated reaction that includes the acti-
vation of various cells of the immune system, release
of cytokines and other mediators, as well as changes
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in blood circulation and vascular permeability. In-
flammation is the body’s initial defense against
infection. When pathogens like bacteria, viruses,
or fungi invade tissues, local immune cells such as
macrophages and dendritic cells are triggered to ini-
tiate an immune response. When cells recognize a
pathogen, they start to release pro-inflammatory cy-
tokines, signaling molecules that attract other white
blood cells to the site of infection. The inflammato-
ry process recruits neutrophils and monocytes from
the bloodstream to affected tissues. Neutrophils are
the first responders to inflammation, phagocytosis
of pathogens and releasing antimicrobial substan-
ces.Once in the tissues, monocytes differentiate into
macrophages, which continue to destroy pathogens
and promote tissue repair. Inflammation is not only
aimed at fighting infection, but also at eliminating
tissue damage [3, 4, 5].

Macrophages play an important role in the heal-
ing process by removing dead cells and cellular de-
bris. They also release growth factors involved in tis-
sue regeneration [4, 6, 7, 8, 9]. By presenting antigens
to T lymphocytes, inflammation helps activate the
adaptive immune response. Dendritic cells captur-
ing pathogens during inflammation migrate to the
lymph nodes, where they present antigens to T cells.
This leads to the development of a specificimmune
response against specific pathogens. Although in-
flammation is necessary to protect the body, but its
excessive or prolonged activity can lead to tissue
damage and the development of chronic diseases.
Therefore, it is important to have mechanisms for
regulating the inflammatory response, such as anti-
inflammatory cytokines (for example, interleukin
IL-10) and other molecules that help resolve inflam-
mation once the threat is eliminated. For veteri-
nary medicine it is important to understanding the
mechanisms of inflammation. Chronic inflammation
is associated with a number of diseases in animals,
including allergies, autoimmune disorders and met-
abolic diseases [2, 10].

The interaction of purinergic receptors with the
cytokine network is an important aspect of the reg-
ulation of the immune response and inflammatory
processes in the body. Purinergic receptors such
as P2X and P2Y are activated by nucleotides such
as adenosine and ATP and are important in the
immune response in animals. Purinergic receptors
regulate macrophage phagocytosis. This leads to
the release of pro-inflammatory cytokines such as
interleukin-18 (IL-18) and tumor necrosis factor a
(TNF-a), which play an important role in initiating
and maintaining the inflammatory response. Ad-
enosine signaling through P1 receptors (A2A and
A2B) can suppress pro-inflammatory cytokines
and promote anti-inflammatory cytokines, nota-
bly IL-10. This establishes a balance between pro-
inflammatory and anti-inflammatory signals, that is
crucial for preventing excessive inflammation and

subsequent tissue damage. Purinergic receptors
regulate leukocyte migration to inflammatory sites
by detecting extracellular nucleotides like ATP re-
leased from damaged cells. This activation triggers
immune cells to release chemoattractants such as
IL-6 and IL-8, which in turn recruit and increase the
number of immune cells at the site of inflammation
[11]. Purinergic signaling interacts with other cellu-
lar pathways, including those associated with Toll-
like receptors (TLRs). This interaction can enhance or
modulate the response to infection or tissue dam-
age. Purinergic receptors play an important role in
maintaining immune homeostasis. They help regu-
late immune response activation and suppression,
which is crucial for preventing autoimmune disea-
ses and chronic inflammation [12, 13, 14, 15].

Thus, the interaction between purinergic re-
ceptors and the cytokine network is a complex,
dynamic system vital for regulating immune re-
sponses and inflammatory processes. Understand-
ing these interactions could facilitate the develop-
ment of novel therapeutics for inflammatory and
autoimmune diseases.

This study aims to systematize data reflecting
the importance of purinergic signaling and the
cytokine network in the development of inflam-
matory processes.

MATERIALS AND METHODS

This review is based on an analysis of 55 scientific
publications by Russian and international authors,
investigating the role of purinergic signaling and
cytokine networks in regulating inflammatory re-
sponses. The literature search was conducted using
major digital repositories, including eLIBRARY.RU,
CyberLeninka, PubMed, NCBI, ResearchGate, CABI,
and Google Scholar. Key search terms comprised
the following: “purinergic regulation’, “cytokine net-
work”, “CD39",“CD73",“ATP", “ADP","AMP’, “adenosine”’,
“macrophages’, “cytokines’, “interleukins” and “tumor
necrosis factor”.

Publications were selected based on the follow-
ing criteria: relevance to the research topic, scientific
significance, methodological clarity, and the inclu-
sion of a robust analytical discussion comparing the
results with existing literature.

RESULTS AND DISCUSSION

Purinergic signaling in animals involves the inter-
action of purines, such as adenosine and ATP, with
purine receptors that are located on the surface
of cells. These receptors are divided into two main
groups: P1 (adenosine) and P2 (ATP receptors) [2, 3,
4]. Adenosine functions as an anti-inflammatory and
pro-healing molecule by interacting with P1 recep-
tors, leading to reduced pro-inflammatory signals
and enhanced immune cell regulation. Specifically,
it suppresses the production of inflammatory cyto-
kines and promotes tissue repair, playing a vital role
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in healing processes. On the contrary, ATP, particular-
ly through P2 receptors, acts as a“danger signal” that
activates immune cells like macrophages, leading to
the release of pro-inflammatory cytokines such as
IL-18 and TNF-q, thus promoting inflammation even
tissue damage. ATP release is triggered by various
cellular stress factors, including inflammation, hy-
poxia, apoptosis, and necrosis [3, 4, 51.
Inflammation and hypoxia (low oxygen) condi-
tions promote the release of ATP and ADP (adenos-
ine diphosphate) from cells, leading to increased
extracellular adenosine levels [1, 11]. Hypoxia and
HIFs increase extracellular adenosine concentrations
by transcriptionally regulated genes involved in its
adenosine metabolism and receptor expression [12,
13, 14,15, 16, 17]. The critical role of extracellular ad-
enosine metabolism is demonstrated in mice. Mice
with genetic defects in ectonucleoside triphosphate
diphosphohydrolase-1 (CD39) and ecto-5"-nucleoti-
dase (CD73), exhibit reduced extracellular adenosine,
leading to impaired adenosine signaling, even when
ATP levels are normal or high. Adenosine signaling
plays a key role in the lung’s response to damage.
Adenosine has complex and multifaceted effects on
inflammation, repair, and remodeling by binding to
G protein-coupled receptors on cell surfaces [18, 19,
20], causing both protective and destructive reac-
tions. Its anti-inflammatory and protective-regener-
ative roles are primarily mediated through A2A and
A2B receptor activation (A2AAR, A2BAR). Converse-
ly, elevated adenosine levels can activate A1 (A1AR),
A2BAR, and A3 (A3AR) receptors, promoting a pro-
inflammatory state and dysregulated tissue remod-
eling that exacerbates chronic lung diseases [10, 21].
The role of purine nucleotides, nucleosides and
purinergic signaling in acute and chronic inflam-
mation has been extensively studied, particularly
with regard to ATP, ADP and adenosine. In health
ATP is found in mammalian cells. In disease, such as
inflammation or ischemia, ATP is released from in-
tracellular stores due to cellular necrosis [19, 20, 22,
23]. During apoptosis, pannexin hemichannels con-
trol ATP release into the extracellular space, where
ATP serves as a phagocyte chemotactic signal [24].
Inflammatory cells, like neutrophils, and endotheli-
al cells can release ATP into the extracellular space
through connexin hemichannels [25, 26, 27, 28]. ADP
can be released from intracellular platelet granules.
ATP signals pass through receptors, initially desig-
nated as P2 receptors [25], and then reclassified into
P2X receptors (ligand-gated ion channels) and P2Y
receptors (G protein-coupled receptors). Mice with
deleted P2 receptors are viable and they exhibit pro-
tection against inflammatory diseases like asthma,
vascular inflammation, and “graft-versus-host dis-
ease” [18, 29, 30, 31, 32]. Pharmacological antago-
nism of P2 receptors has been shown to suppress
inflammation in various conditions, including in-
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flammatory bowel diseases, lung inflammation and
ischemic reperfusion injury [26, 31, 33].

Adenosine’s interaction with P1 receptors, which
are G-protein coupled receptors, occurs in the ex-
tracellular environment. These receptors are cat-
egorized into four subtypes: A1, A2A, A2B, and A3.
A1and A2A receptors are known for their high affinity,
while A2B and A3 receptors exhibit significantly low-
er affinity. All subtypes of adenylate cyclase affect
the enzyme’s function and the subsequent produc-
tion of cyclic adenosine monophosphate (cAMP).
The A2A and A2B receptors activate the process,
while the A1 and A3 receptors inhibitit[2, 10,11, 12].

The ATP molecule interacts with P2-purinergic
receptors on the cell surface. These receptors are
divided into two main types: P2X and P2Y. The P2X
receptors are ion channels. This means that when
ATP binds to the P2X receptor, it opens a channel
allowing certain ions to enter the cell. Sodium (Na*),
calcium (Ca?*), and potassium (K*) ions pass through
these channels. Thus, ATP, binding to the P2X recep-
tor, triggers the process of moving these ions inside
the cell (the flow of ions depends on the concentra-
tion gradient and electrical potential). This process
plays an important role in cell signaling and various
cellular functions [4, 5]. P2Y receptors are specialized
proteins located on the cell’s outer membrane and
capable of recognizing ATP and ADP, as well as a
number of similar substances. Upon binding a sub-
stance, the receptor activates a G protein, which then
influences enzymes like adenylate cyclase and phos-
pholipase C, and regulates ion channels, ultimately
altering ion movement and thereby affecting degree
of ion penetration into the cell. These receptors are
present on the surfaces of the immune system cells
and the endothelium - a layer of cells lining the walls
of blood vessels from the inside [14, 15, 16].

Experiments on genetically modified mice lack-
ing P2X and P2Y receptors have demonstrated that
their absence does not impair normal development
or reaching adulthood in animals. However, studies
focusing on mice deficient in the P2X2 and P2X3
receptor (P2X receptor subtype) revealed immune
dysregulation, characterized by an increased num-
ber of immune cells and enlarged spleen (that is an
important part of the body’s immune system). This
phenotype indicates that P2X2 and P2X3 receptors
play a critical role in modulating immune function;
their absence may lead to an overly reactive immune
response and immune system hypertrophy. These
findings are supported by the work of A. Surprenant
et al. [6] and E. Kaniewska et al. [7].

Research demonstrates that P2Y receptors play a
complex role in regulating cellular activity and im-
mune responses. Although the absence of P2X/P2Y
receptors is not lethal, specific loss of the P2X2 and
P2X3 subtypes results in pronounced alterations in
immune system function [6, 15].
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It has been established that ATP can be actively
released from intact cells in response to stimuli like
mechanical deformation, hypoxia (low oxygen), and
acetylcholine, without causing cell damage [7, 11,
12]. For example, ATP release from intact cells was
first observed in neurons secreting ATP into the syn-
aptic cleft [13]. However, it has been shown that the
underlying mechanism is very complex and includes
stretch-activated channels, potential-dependent
anion channels, P2X7 receptors, as well as connexin
and pannexin hemichannels [14].

Contrasting to intracellular ATP, primarily utilized
as energy, extracellular ATP is considered to be a
powerful signaling molecule through the nucleo-
tide-selective P2 receptors. Extracellular ATP is rap-
idly metabolized to adenosine by ectonucleotidases
[25]. The ectonucleotidases consist of four family
types including ectonucleotide pyrophosphatase/
phosphodiesterase (ENPP) family, ectonucleoside
triphosphate diphosphohydrolase (ENTPDase) fam-
ily, alkaline phosphatases (AP), and CD73 [15, 16].
Extracellular adenosine, an intermediate metabo-
lite of nucleotides, can undergo three processes:
conversion to inosine by adenosine deaminase, re-
conversion to AMP by adenosine kinase, and cellular
reuptake through concentrative nucleoside trans-
porters (CNTs) or equilibrative nucleoside transpor-
ters (ENTs) [15, 17, 18].

Purinergic receptors have been widely studied in
signaling systems in response to extracellular ATP
and related nucleotides. Purinergic receptors consist
of three major families based on their structural and
biological properties [19]. The G-protein-coupled
P2Y receptors recognize ATP and several other nu-
cleotides, including ADP, uridine triphosphate (UTP),
uridine diphosphate (UDP), and UDP-glucose [20].
P2X receptors function as ATP-gated ion channels
that facilitate the influx and efflux of extracellular
cations, including calcium ions, which only respond
to ATP [20, 22]. To date, P2Y receptors consist of eight
subtypes, a family of P2Y1, P2Y2, P2Y4, P2Y6, P2Y11,
P2Y12,P2Y13,and P2Y14. P2X receptors have seven
subunits that may form six homomeric (P2X1-P2X5
and P2X7R), and at least seven heteromeric (P2X1/2,
P2X1/4,P2X1/5,P2X2/3,P2X2/5,P2X2/6,and P2X4/6)
[21, 22, 23]. The conversion of ATP/ADP to adenos-
ine by ectonucleotidases terminates P2R signaling
within the extracellular compartment. Adenosine
can signal through four distinct G-protein-coupled
receptors (P1 receptors): A1, A2A, A2B, and A3 [24,
25, 26]. The purinergic receptor subtypes are widely
distributed throughout the immune cells and the
central nervous system (CNS) [25, 27, 28].

Extracellular ATP and ADP are rapidly converted
to AMP, which is then further metabolized to adeno-
sine [30].

Adenosine can signal through four distinct G-pro-
tein-coupled receptors: ATAR, A2AAR, A2BAR, and

A3AR [1, 34]. The subtypes of adenosine receptors
are expressed differently in each target cell. A2AAR
is largely expressed in immune cells such as neu-
trophils [35, 36] and lymphocytes, while A2BAR is
largely expressed in vascular endothelial cells [37,
38]. Adenosine receptor knockout mice are viable,
and no human pathologies have been attributed to
mutations and defects of adenosine receptors. How-
ever, adenosine receptors, beyond their basic phys-
iological roles, have been extensively studied in the
context of various diseases and pathological condi-
tions. For example, adenosine’s chronotropic effects
via A1AR is essential in the treatment of supraven-
tricular tachycardia. A2AAR serves anti-inflammatory
functions in neutrophils, diminishing inflammatory
cell activation at various sites [19, 39, 40, 41]. A2AAR
antagonists exert benefits in Parkinson’s disease.
A2BAR contribute to tissue adaptation in response
to inflammation, ischemia, and hypoxia [42, 43, 44].
A3AR functions in aqueous humor production in the
eye [45], and agonism of A3AR has proven effective
in the treatment of dry eye [46].

Extracellular adenosine can be transported into
the cell via concentrative or equilibrative nucleoside
transporters known as CNTs and ENTs. Diffusion-lim-
ited, these channels allow adenosine to diffuse freely
across the cellular membrane, following its concen-
tration gradient [21]. Adenosine movement into
intracellular space diminishes adenosine signaling
[45]. Adenosine signaling can also be terminated by
deamination of extracellular adenosine to inosine by
cell surface CD26-conjugated adenosine deaminase
(ADA) or via phosphorylation back into AMP via ade-
nosine kinase [22]. Genetic deficiency of ENTs is not
lethal. ENT-deficient mice exhibit elevated adenosine
levels that provide protection during disease states
like organ ischemia [41]. Pharmacologic blockade of
ENT with dipyridamole, resulting in accumulation of
extracellular adenosine causing coronary artery va-
sodilation, is employed in stress echocardiography
to identify coronary atherosclerotic lesions. ENT an-
tagonism is also used to inhibit platelet aggregation
and prevent recurrence of stroke and to preserve
the patency of hemodialysis grafts. ADA-deficient
mice exhibit elevated extracellular adenosine levels,
which result in severe pulmonary inflammation and
fibrosis. In human, a defect in the ADA gene causes
severe combined immunodeficiency (SCID) resulting
from metabolites of adenosine exerting cytotoxic ef-
fects on lymphocytes. ADA-deficient associated SCID
has been successfully treated with ADA gene thera-
py [39]. The anti-inflammatory effects of cyclospo-
rine may be partially due to inhibition of adenosine
kinase, resulting in elevated adenosine levels [40].

Extracellular nucleotides, which activate puri-
nergic receptors, are regulated by enzymes like
CD39 and ENPP. CD39 breaks down ATP to AMP and
phosphates, influencing hydroxyapatite formation
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(calcification), while the inorganic pyrophosphate
(PPi) formed by ENPP can inhibit calcification. How-
ever, the activity of tissue alkaline phosphatase can
convert PPi to phosphate, which initiates calcifica-
tion [44, 471.

Experiments show that the purinergic signal-
ing system, including CD39 and CD73, is actively
involved in aortic valve calcification. In particular,
studies on porcine aortic valves have shown high ex-
pression of CD39 and CD73 in both endothelial and
interstitial cells. Adding extracellular nucleotides to
cell cultures reveals distinct activity levels for CD39
and CD73, suggesting their different roles in proces-
ses like calcification.

Invitro experiments using vascular smooth muscle
cells have demonstrated that 3-glycerophosphate
and uridine adenosine tetraphosphate (Up4A) pro-
mote calcification by activating P2X and P2Y recep-
tors. Conversely, inhibition of specific purinergic
receptors, such as P2Y, has been shown to reduce
valve calcification, highlighting their potential as
therapeutic targets.

It has been shown that P2Y2 receptor, activated in
various tissues by stress or damage, promotes tissue
regeneration by activating multiple signaling path-
ways. Many studies show that ATP and P2Y2 recep-
tor-mediated signaling influence diverse biological
processes, including chemotactic signal production
and immune cell activation, thereby promoting mi-
gration, proliferation, differentiation, and inflamma-
tory mediator release [48].

Adenosine triphosphate has also been implicated
to induce chemotaxis of neutrophils via actin polym-
erization and direct cell orientation by feedback sig-
naling involving P2Y2R [49]. The subsequent P2Y2
receptor activation will amplify gradient sensing of
chemotactic signals (e.g., N-formyl peptides and IL-8)
by stimulating F-actin to the leading edge. Chemo-
taxis of neutrophils to sites of infection is critical for
immune defense and for the physiological downreg-
ulation of neutrophil-driven inflammation [50].

Therefore, the ATP-P2Y2 receptor signaling sys-
tem exerts a dual effect. It protects the host from
infection, promotes the repair of damaged tissues,
and enhances pulmonary clearance of harmful sub-
stances. However, if dysregulated, this same healing
response can drive chronic inflammation and patho-
logical fibrosis [19, 34].

The P2Y6 receptor also plays an ambivalent role
in inflammatory diseases. The receptor is crucial for
innate immune responses against bacterial infection
any studies show that P2Y6 receptor activation is in-
volved in the release of chemokines from immune
cells, such as monocytes, dendritic cells, eosinophils,
and recruiting monocytes/macrophages during in-
flammation or infection [48].

In neurodegenerative diseases, microglia are en-
gaged in the clearance of dead cells or dangerous
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debris, which is crucial for the maintenance of brain
functions. Extracellular ATP regulates microglial mo-
tility dynamics in the intact brain, and its release from
the damaged tissues mediates a rapid microglial re-
sponse toward injury [43]. Moreover, UTP and UDP
released from injured neurons have been shown to
enhance microglial phagocytic capacity for dying
cells via activation of P2Y6 receptor, serving as an
“eat-me”signal for microglia. This signal is considered
to be animportant initiator of the clearance of dying
cells or debris in the CNS [48].

When the endothelium or epithelium is inflamed,
the signaling pathway mediated by the P2Y6 recep-
tor exert a negative effect. Idiopathic inflammatory
bowel diseases include, in particular, Crohn’s disease
and ulcerative colitis. These chronic conditions arise
from a dysregulated inflammatory response to in-
testinal microbiota in genetically susceptible individ-
uals. Experimental studies of colitis have shown an
increase in the expression of both P2Y2 and P2Y6
receptors in intestinal epithelial cells [41, 45, 46].

Similarly, P2Y6 receptor plays an important role in
acute and chronic allergic airway inflammation, and
selective blocking of P2Y6 receptor or P2Y6 receptor
deficiency in structural cells reduces symptoms of
experimental asthma. Recently, P2Y6 receptors have
not only been found to be up-regulated in murine
atherosclerotic plaques, but also to play a key role in
inflammatory diseases.

Thus, P2Y6 receptor activation plays a role in in-
nate immunity against infection whereas P2Y6 re-
ceptor over-activation can result in harmful immune
responses and chronic inflammation [48].

P2X7 receptor is highly expressed inimmune cells,
in particular, mast cells, macrophages, microglia
cells and dendritic cells. The best-investigated and
most widely accepted P2X7 functions are it role in
inflammation and immune signaling. The P2X7 re-
ceptor plays a central role in the immune system’s
response to bacterial and parasitic infections by
acting as a crucial link in the signaling pathways in-
volved in inflammation and pathogen control. It has
been shown to be involved in the killing of intracel-
lular pathogens such as Mycobacterium tuberculosis,
Chlamydia trachomatis, and Leishmania amazonensis,
either by killing the microorganism or by inducing
apoptosis of infected macrophages [19]. In addition,
this receptor is involved in the development of fever
by stimulating the production of prostaglandin E2
(PGE2) and IL-18 [20].

The P2X7 receptor is widely recognized to medi-
ate the pro-inflammatory effects of extracellular ATP.
However, as a recent study has shown, this receptor
can function as one of the scavenger receptors in-
volved in the recognition and removal of apoptotic
cellsin the absence of extracellular ATP and the P2X7
receptor a promising target for the development of
new drugs [30, 44].
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In the CNS, P2X7 receptor activation promotes
neuroinflammation by causing the release of proin-
flammatory cytokines, such as IL-18 and TNF-a
as well as activation of mitogen-activated pro-
tein kinases and nuclear factor kappa-light-chain-
enhancer of activated B cells, resulting in upregu-
lation of proinflammatory gene products, including
cyclooxygenase-2 and the P2Y2 receptor. In P2X7
receptor knock-out mice, amyloid 8 (AB) triggered
increase of intracellular Ca?*, ATP release, IL-1f se-
cretion, and plasma membrane permeabilization in
microglia [25]. In fact, in vivo inhibition of P2X7 re-
ceptor in mice transgenic for mutant human amyloid
precursor protein indicated a significant decrease of
the number of hippocampal amyloid plaques [48].
Thus, the identification of extracellular ATP and P2X7
receptor as key factors in AB-dependent microglia
activation unveils a non-conventional mechanism
in neuroinflammation and suggests new possible
pharmacological targets.

Extracellular ATP and P2X7 receptor signaling also
contributes to the development of smoking-induced
lung inflammation and emphysema. P2X7 receptor
knock-out mice exhibit decreased inflammatory re-
sponses, including a reduction in pulmonary fibrosis
in a mouse model of lung inflammation. Inhibition
of this receptor may be a new possible therapeutic
target for the treatment of chronic obstructive pul-
monary disease [29, 30].

The purinergic P2X7 receptor is associated with
activation and release of IL-1 and IL-18, which is
strongly implicated in the multiple inflammatory
pathways involved in the pathogenesis of rheu-
matoid arthritis (RA). P2X7 receptor has also been
shown to be expressed by synoviocytes from RA
joints and contributes to modulation of IL-6 release.
P2X7 receptor activation also plays a novel and direct
role in tissue damage through release of cathepsins
in joint diseases. Although, AZD9056, a P2X7 recep-
tor antagonist, has been shown to reduce articular
inflammation and erosive progression [38], clinical
trials with the P2X7 receptor antagonist in patients
with RA failed to inhibit disease progression [19, 39].
Similarly, the effect and safety of AZD9056 in Crohn’s
disease is still under clinical trial.

Taken together, P2X7 receptor signaling not only
plays a critical role in mediating appropriate inflam-
matory and immunological responses against invad-
ing pathogens, but also contributes to a wide range
of chronic inflammatory diseases when activated
inappropriately.

Studies have also shown that pathological dysreg-
ulation of purinergic signaling can lead to serious
diseases such as autoimmune disorders, cardiovas-
cular problems, and cancers [51]. Elucidating the
molecular mechanisms underlying this dysregula-
tion will enable the development of novel diagnos-
ticand therapeutic strategies. Consequently, further
research into the purinergic regulation of inflamma-

tion is paramount, as it opens avenues for innovative
treatments aimed at improving patient quality of life
and reducing the population-level disease burden.

In addition, it was found that adenosine, formed
as a result of ATP metabolism, has an anti-inflamma-
tory effect, suppressing the activity of immune cells
and reducing the severity of the inflammatory pro-
cess. Adenosine signalling has long been a target for
drug development.

Thus, the study of the mechanisms of purinergic
regulation of inflammation is an important aspect
of modern medicine and biology. It has been es-
tablished that ATP and ADP play a significant role
in activating immune cells and initiating inflamma-
tory responses. These nucleotides activate P2X and
P2Y receptors, which initiates a series of signaling
pathways that lead to the release of cytokines and
chemokines.

Cytokines are a diverse group of small signaling
proteins that produced by a wide variety of cells,
including immune cells, endothelial cells, and fibro-
blasts. They perform multiple functions, including
attracting and activating immune cells, stimulating
cell proliferation and differentiation, and inducing
the synthesis of other inflammatory mediators.

It is important to note that the purinergic system
closely interacts with the cytokine network. For ex-
ample, ATP and ADP can stimulate the production of
cytokines such as IL-16, TNF-a as well as interferon-y
through activation of the corresponding receptors.
In their turn, cytokines can modulate the expression
of purinergic receptors and influence the metabo-
lism of ATP and adenosine. Thus, the interaction
between these two systems is a key factor in deter-
mining the nature and intensity of the inflammatory
response. Cytokines are key players in orchestrating
cellular interactions during inflammation, both pro-
moting and suppressing the cooperation between
different cell types [4]. Acting as a chemoattractant,
ATP stimulates phagocytes to produce reactive
oxygen species and macrophages to produce pro-
inflammatory cytokines [1, 2, 3, 4].

Pro-inflammatory cytokines are small protein
molecules produced by cells of the body’s immune
system, mainly by macrophages, T cells, and dendrit-
ic cells. They are pivotal in initiating and sustaining
inflammation, orchestrating interactions among
immune components, and stimulating protective re-
sponses to infections and tissue damage. These cyto-
kines, acting together in a cascade, aim to eliminate
pathogens and repair damaged tissues. Excessive
production of pro-inflammatory cytokines can lead
to harmful consequences if not properly regulated.
This overproduction can damage tissues and con-
tribute to the development of chronic inflammato-
ry diseases, autoimmune disorders, and even sepsis.

Pro-inflammatory cytokines include IL-1, TNF-q,
and IL-6. These substances cause local and system-
ic changes characteristic of acute inflammation

VETERINARY SCIENCE TODAY. 2025; 14 (3): 263-273 | BETEPUHAPUA CETOAHA. 2025; 14 (3): 263-273

269



[9, 10]. IL-1 plays a pivotal role in the immune re-
sponse by orchestrating key defense mechanisms
and initiating tissue repair [2]. Following antigen
exposure, secretion of mature interleukins begins
after approximately 2 hours, peaks between 24 and
48 hours, and subsequently declines rapidly [9, 11].

The chain of inflammatory processes is triggered
by the activation of endothelial cells [11, 12, 13, 14,
15]. Cytokines released at the inflammatory site act
on the endothelium (the inner blood vessel lining),
triggering the recruitment of specificimmune cells
to form an infiltrate tailored to the stimulus. The
appearance and accumulation of leukocytes at an
inflammatory site is a process involving changes
in the activity of adhesion molecules both on the
surface of leukocytes and endothelial cells, as well
as variations in the inflammatory substances pro-
duced by these cells [16, 17]. Tissue damage trig-
gers a cascade of events leading to acute inflam-
mation, characterized by neutrophil migration from
blood vessels [17, 18, 19]. Specific interleukins (IL-1,
IL-6, IL-8, IL-12) activate endothelial cells to produce
adhesion molecules (E-selectin, P-selectin, ICAM1,
VCAM1), these adhesion molecules then facilitate
the movement and passage of white blood cells
(leukocytes) from the bloodstream into inflamed
tissues, a process essential for immune response
and tissue repair [11, 18, 19, 20]. This process is fur-
ther enhanced by endothelial cell contraction and
widening of intercellular space. In an inflammatory
response, activated endothelial cells are essential
by releasing chemokines like MCP1 and IL-8, and
cytokines such as IL-1, IL-6, and GM-CSF, which at-
tract and activate immune cells like neutrophils and
monocytes to the site of injury [18]. Endothelial cell
stimulation also leads to the expression of phos-
pholipids on their surface [11, 12, 13].

Cytokines IL-1, IL-6, GM-CSF, and TNF-a increase
circulating neutrophil counts by stimulating their
production in the bone marrow, promoting their
release, and enhancing their survival [21, 22, 23].

Neutrophils are the initial responders to injury
and are later replaced by monocyte-derived mac-
rophages, a process driven by chemokines secreted
by the neutrophils themselves that attract these
subsequent immune cells to the site of inflamma-
tion [21, 23]. Neutrophils play a crucial role in the
inflammatory process by migrating from the bone
marrow into the bloodstream, adhering to blood
vessel walls, and ultimately penetrating the tissue
to reach the site of inflammation. Once at the site,
they form a leukocyte “shaft’, engage in phagocy-
tosis, release destructive lysosomal enzymes, and
ultimately undergo self-destruction [23]. Chemok-
ines, secreted by neutrophils, act as signaling mol-
ecules that trigger the release of neutrophils from
the bloodstream and guide their migration towards
the site of infection. IL-8 plays an important role in
attracting white blood cells [21, 24, 25].
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The first effect of IL-8 on neutrophils is to trigger
their activation, specifically by activating their con-
tractile cytoskeleton and causing the formation of
broad cytoplasmic extensions. These changes are
noticeable after 20-30 seconds and they reach their
highest intensity after about 1.52 minutes [26]. Neu-
trophils use constitutively expressed L-selectin on
their membrane to initiate rolling and slow down
within capillaries. IL-8, released in the affected area,
binds to receptors on neutrophils, prompting them
to rearrange their surface molecules to better adhere
to the blood vessel lining (endothelium) and to acti-
vate expression of integrins LFA-1 and Integrin-1 on
the surface of macrophages (Mac1). The interaction
of specific adhesive molecules on neutrophils and
endothelial cells causes rolling neutrophils to stop
their movement, allowing them to penetrate the tis-
sue and migrate towards a chemoattractant source
[27]. IL-8 stimulates the release of neutrophils from
postcapillary venules [2], leading to their migration
into acute inflamed areas [28]. IL-8 also increases
calcium levels within neutrophils, prompting their
migration and activating the pentose phosphate
pathway, which, in turn, boosts the production of re-
active oxygen species, which are involved in fighting
off pathogens. Furthermore, IL-8 causes the release
of enzymes from neutrophils through degranulation.
IL-8 production is increased by the paracrine action
of TNF-a and IL-1 on nearby macrophages [2, 9, 10].

Anti-inflammatory cytokines are small signaling
molecules secreted by immunocompetent cells, in-
cluding regulatory T cells, macrophages and others,
to limitinflammation and prevent excessive immune
responses. By doing so, they help restore immuno-
logical homeostasis and mitigate the risk of damage
to healthy tissues [49, 50, 52].

Anti-inflammatory cytokines are vital compo-
nents of the immunoregulatory system, preventing
excessive immune responses (hyperinflammation)
and mitigating damage from chronic inflammation.
For instance, transforming growth factor 8 (TGF-f3)
and IL-10 are key cytokines that protect the gastro-
intestinal tract’s mucous membranes from the ag-
gressive effects of the intestinal microflora [40, 53].

An imbalance between pro-inflammatory and
anti-inflammatory cytokines can disrupt the body’s
ability to regulate the immune response, leading to
a range of diseases, such as chronic inflammation,
autoimmune diseases, and allergies.

Some anti-inflammatory cytokines exert an inhib-
itory effect on neutrophils, significantly suppressing
their production of pro-inflammatory cytokines [54].
TGF-B further inhibits inflammation by preventing
leukocyte adhesion to the endothelium and re-
ducing the secretion of superoxide radicals and
monokines (IL-1, IL-6, TNF-a) [2, 4, 18, 21, 29]. IL-10
and TGF-f suppress both monocyte and neutrophil-
mediated inflammation by blocking the transcription
of genes responsible for producing inflammatory
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cytokines in neutrophils [18]. IL-6 inhibits the syn-
thesis of IL-1 and TNF-a [2, 4, 18, 21]. Furthermore,
it stimulates the production of the IL-1 receptor an-
tagonist and promotes neutrophil apoptosis. Thus,
IL-6 acts as a negative regulator in the complex net-
work of cytokines, it helps to reduce inflammation
by controlling neutrophil activity and shaping their
functional phenotype during the resolution of an
inflammatory response [4, 30]. Furthermore, neu-
trophils can modify their response to monokines by
altering their receptor expression, specifically, they
can reset their receptors into a state of increased ac-
tivity, which potentially alters their susceptibility to
monokine signaling. Additionally, detached neutro-
phil receptors act as “traps”, reducing the availability
of cytokines and thus diminishing their effect on
other cells.

Neutrophil recruitment is a tightly controlled
process essential for shifting inflammation from its
acute phase to the resolution and repair phase car-
ried out by monocytes and macrophages. Excessive
neutrophil activity, however, can be harmful, leading
to impaired function and undesirable immune reac-
tions [4]. In mammals, the leukocytic stage of inflam-
mation - spanning from the initial insult to the peak
of neutrophil death in the affected tissue - typically
lasts 12 to 24 hours [23]. Cytokines thus play a cen-
tral role in orchestrating an effective inflammatory
response. They ensure balance through bidirectional
regulation — both enhancing and suppressing sig-
nals — and by determining the precise sequence of
the process’stages.

The interaction between purinergic signaling and
the cytokine network is a critical regulatory mecha-
nism for inflammation. For instance, ATP activation of
P2 receptors stimulates pro-inflammatory cytokine
release. These cytokines then elevate ATP levels, fur-
ther activating purinergic signaling and creating a
self-amplifying, pro-inflammatory cycle that can
contribute to various diseases.

Conversely, adenosine counteracts this by activat-
ing P1 receptors, which suppresses pro-inflammato-
ry cytokines and promotes anti-inflammatory ones
[43, 55].

CONCLUSION

The investigation of purinergic signaling and cy-
tokine networks is a rapidly growing field in mod-
ern medicine and biology. A review of extensive lit-
erature reveals a remarkable diversity of molecular
mechanisms regulating inflammation, confirming
the pivotal role of purinergic receptors and cyto-
kines in both maintaining homeostasis and driving
pathology.

A key aspect of this regulation is the crosstalk
between purinergic signaling and cytokines, which
fine-tunes macrophage and T cell activity. This inter-
action determines outcomes in infectious diseases,
autoimmunity, and cancer. Critically, an imbalance

between pro-inflammatory and anti-inflammato-
ry signals can lead to chronic inflammation, a key
precursor to serious conditions like cardiovascular
disease, diabetes, arthritis, and cancer.

The data obtained indicate that drugs modulating
purinergic receptors and cytokine levels could effec-
tively treat inflammatory diseases of various origins.
For instance, compounds stimulating the synthesis
of anti-inflammatory metabolites like adenosine
may suppress excessive immune activation and
mitigate tissue damage in autoimmune pathologies.
Conversely, blocking receptors for pro-inflammato-
ry agents can help prevent both acute and chronic
inflammation.

Consequently, elucidating the interactions be-
tween purinergic systems and cytokine networks is
vital for creating innovative medicinal products to
treatimmune regulatory disorders and mitigate the
complications of excessive inflammation. Progress in
this field promises to enhance quality of life and re-
duce the societal burden of common diseases driven
by pronounced inflammatory processes.
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Validation and application of qPCR test kit
for detection of Mycoplasma dispar DNA

Mohammad Abed Alhussen, Olga E. Fedorova, Alena 0. Krotova, Olga P. Byadovskaya, Alexander V. Sprygin
Federal Centre for Animal Health, 6 Gvardeyskaya str., Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Currently, Mycoplasma dispar is widely spread and circulating in livestock farms around the world, including in the Russian Federation. The imple-
mentation of a real-time polymerase chain reaction test kit for detecting Mycoplasma dispar DNA in veterinary practice is highly relevant, as this pathogen can
cause respiratory diseases in cattle and contribute to calf mortality, leading to significant economic losses in livestock production.

Objective. To introduce a newly developed real-time polymerase chain reaction test kit Mycoplasma dispar DNA detection kit into veterinary practice and determine
its major validation parameters.

Materials and methods. Mycoplasma dispar reference strain (ATCC No. 27140) was cultured in 1699 Revised Mycoplasma Medium recommended by the Amer-
ican Type Culture Collection. DNA was extracted using a commercial kit, real-time polymerase chain reaction was performed using pre-selected parameters. The
major validation parameters of the test kit were determined: analytical sensitivity, analytical specificity, amplification efficiency, repeatability and reproducibility.
Applicability of real-time polymerase chain reaction test kit for detection of Mycoplasma dispar DNA was demonstrated.

Results. The Mycoplasma dispar DNA detection test kit demonstrated an analytical sensitivity (detection limit) of 10 copies/uL (100 copies/reaction), 100%
specificity (exclusive to Mycoplasma dispar DNA), 99.01% amplification efficiency, and an average repeatability coefficient of variation of 0.91%. Reproducibility
coefficient of variation ranged from 0.66% to 1.26% across 5 replicates and was 0.91% across 15 replicates. The test kit was validated using 228 biological samples
from cattle from 13 regions of the Russian Federation, while Mycoplasma dispar DNA was detected in 39.47% of the samples tested.

Conclusion. The developed Mycoplasma dispar DNA test kit has demonstrated high validation performance and is suitable for diagnosing bovine mycoplasmosis.
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Banupauua n npumeHeHue TeCT-cuCTeMbl Ha 0CHOBE MeToa
[P B pexxume peanbHoro Bpemenu ana soiasnenuna JHK
Mycoplasma dispar

M. A6epn Anxyccen, 0. E. DepopoBa, A. 0. KpotoBa, 0. M. bbagoBckas, A. B. Cnpbirun
OIBY «DeepanbHblii LieHTp 0XpaHbl 30poBbA X1BOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. B HacToAwee BpemA HabNKAAeTCA WIMPOKOE pacnpocTpaHeHue U akTUBHAA LMpKynauua Mycoplasma dispar B XUBOTHOBOAYECKIX X03ANCTBAX
10 Bcemy Mupy, B ToM uncie 1 B Poccuiickoii Degepaumu. AKTyanbHOCTb BHepeHNA B BETEPUHAPHYI0 NPAKTUKY TECT-CACTEMbI HA OCHOBE NONUMEPA3HOIA LeNHO
peakuuy B pexime peanbHoro BpemeHin Ana Bbiasnenna IHK Mycoplasma dispar 06ycnoBneHa BaxHoii poniblo laHHOT0 B030yAuTeNA B pa3BUTM KOMNEKCa
pecnupatopHbix 601e3Heli KPyMHOro poraToro CK0Ta, NPUBOAALLNX K 3HAUNTENbHBIM IKOHOMUYECKIM NOTEPAM B XXMBOTHOBOACTBE, B TOM UMCNe ABAAILLNXCA
MpUYNHON Napexa TenAT.

Lienb uccnepoBanua. Onpesenenue 0CHOBHbIX BaNNAALMOHHbIX XapaKTEPUCTUK U BHeZpeHWe B BETEPUHAPHYI0 NPaKTUKY pa3paboTaHHoil TecT-cucTembl
ana soianenus IHK Mycoplasma dispar meTogiom nonumepasHoii LienHoil peakLyui B pexxume peanbHoro BpemeHu.

Marepuanbi u metopbl. Pedepentblit wramm Mycoplasma dispar (ATCC N 27140) kynbTiuBUpOBany Ha nuTatenbHoii cpege 1699 Revised Mycoplasma Medium,
pekomeHzoBaHHoil American Type Culture Collection. IHK Bbigenanu c ucnonb3oBaHmnem kommepueckoro Habopa, noctaHoska [LP B pexime peanbHoro BpemeHn
0CyLLECTBAANAC N0 3apaHee NoA06paHHbLIM NapameTpam. bbinu onpeaeneHbl 0CHOBHbIE BanlAALUOHHbIE XapaKTEPUCTUKIN TeCT-CUCTEMBI: aHANUTIYeCKas
YyBCTBUTENbHOCTb, aHANUTUYECKas CMeLnUUHOCTb, IPGeKTUBHOCTL amnandUKaLMn, NOBTOPAEMOCTb 11 BOCTPOU3BOAMMOCTD. MToKa3aHa BO3MOXKHOCTb
MpaKTUYeCKOro NpUMeHeHNs TecT-cucTembl Ha ocHoge MLIP B pexume peanbHoro Bpemen ana Boiasnexna IHK Mycoplasma dispar.

Pe3ynbTatbl. AHanuTUYeckan uyBCTBUTENbHOCTb (Mpesen obHapyeHua) TecT-cuctembl no Boiasnexuio JHK Mycoplasma dispar coctasuna 10 konmit JHK/Mkn
(nnm 100 konuid [IHK/peakumto), cneunduuroctb — 100% (aetextupyet Tonbko JHK Mycoplasma dispar), 3¢dexTuHocTb amnandukaumm — 99,01%, cpeaHee
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3HaueHue Ko3dduumenTa BapuaLum npu oueHke nostopaemoctn — 0,91%, Bocnpoussogumocti — 0,66—1,26% B pamkax 5 nosropeHnii n 0,91% B pamkax
15 noTopeHmii. Anpobaumto TeCT-cucTeMbl IPOBOAMAYN Ha 228 npobax buomatepuana, 0To6paHHbIX OT KPYMHOTO PoraToro ckota u3 13 pernoHoB Poccuiickoii
Oegnepaumn, npu 31om IHK Mycoplasma dispar 6bina 06HapyxeHa B 39,47% uccnesyembix npoo.

3aknioueHue. PaspabotanHas Tect-cuctema ana Boiasnenua JHK Mycoplasma dispar nposeMoHCTpupoBana BbicoKue BanuAaLMOHHble MOKa3aTenin U MOXeT
6bITb NCNONb30BaHa B AMArHOCTUKE MUKOMNA3M03a KPYMHOro poraToro CKota.

KnioueBbie cnosa: Mycoplasma dispar, Tect-cuctema, MLP-PB, BHyTpeHHMil KOHTPONbHbIN 06pa3eLl, UyBCTBUTENBHOCTb, CNeLNdUUHOCTD, IOGEKTUBHOCTD
amnandukaLmm

bnaropapHocTu: Pabota BbinonHeHa 3a cueT cpeacTs OTBY «BHUN3X» B pamkax HayuHo-uccnegoBaTeNnbckux pabot no Teme «BetepuxapHoe bnarononyume».
[ina yutuposanua: Abes Anxycced M., Oegoposa 0. E., Kpotosa A. 0., bbagosckaa 0. 1., Cnpbirun A. B. Banupauma n npumenenme Tect-cuctem
Ha ocHoBe MeToza [1LIP B pexme peanbHoro BpemeHu ana biasnenna JHK Mycoplasma dispar. Bemepunapus cezons. 2025; 14 (3): 274-282. https://doi.

0rg/10.29326/2304-196X-2025-14-3-274-282

Koudnukr untepecos: ABTopbl 3aABAAKT 00 0TCYTCTBIM KOHGAMKTA MHTEPECOB.

[ina koppecnonpeHumnn: Abe Anxyccen Moxammag, KaHg. BET. HayK, MAaALUIMIA HayYHblit COTPYAHNK pedepeHTHoIt nabopaTopui 6one3Heil KpynHoro poratoro
ckoTa OTBY «BHUN3X», yn. [Bappeiickas, 6, mkp. I0pbesew, r. Bnagumup, 600901, Poccus, alhussenmohammed85@hotmail.com

INTRODUCTION

Mycoplasma dispar is a globally prevalent pathogen
responsible for respiratory diseases in cattle, particularly
in calves. M. dispar infection typically manifests as muco-
purulent inflammation of the upper respiratory tract with
frequent lung involvement, resulting in substantial eco-
nomic losses in cattle production [1, 2, 3].

Mycoplasma dispar, a member of the genus Mycoplas-
ma (class Mollicutes), lacks a cell wall, is pleomorphic, and
has a compact 803 kb genome with a low G + C composi-
tion (28.5-29.3 mol%) [4, 5].

Mycoplasma dispar requires a specific medium to en-
able growth and its colonies do not show - especially
during the early passages - the typical “fried-egg” ap-
pearance. In addition, M. dispar are not always inhibited
by hyperimmune serum, making conventional identifica-
tion difficult in the early stages [5]. M. dispar glucose fer-
mentation aligns with its phylogenetic cluster (hominis
group), but unlike some mycoplasmas, it lacks arginine hy-
drolysis. Tetrazolium reduction occurs under both oxygen
conditions. The bacterium has no phosphatase activity
[6, 7, 8]. M. dispar produces an outer capsule consisting of
a polysaccharide identified as a polymer of galacturonic
acid [9]. The capsule appears to be produced during infec-
tion in response to mammalian host cells, and may exert
an inhibitory effect on the activity of bovine alveolar mac-
rophages and prevent their activation [10].

It has been reported that mycoplasma can be inhibited
by alveolar macrophages if anti-capsular polysaccharide
antibodies are present [9].

Mycoplasma dispar was first isolated from the lungs
of pneumonic calves in England in 1969. Then these my-
coplasmas were reported from Denmark, Belgium, the
Netherlands, France, Australia, the USA, Canada, Korea
and Japan [8]. In Europe, M. dispar infection was reported
from the UK, and recently from Brazil and Italy [11, 12, 13,
14, 15]. In the Russian Federation, testing of 1,186 biolog-
ical samples collected from cattle with respiratory and/or

reproductive diseases from 34 different regions during
2015-2018 revealed M. dispar DNA in 37.15% of samples
by agarose gel electrophoresis of polymerase chain reac-
tion (PCR) products [16].

Mycoplasma dispar is transmitted between animals
through respiratory secretions and can be detected in
the respiratory tracts of both healthy calves and those
with pneumonia [3]. Mycoplasma infections, particularly
when combined with other respiratory pathogens under
suboptimal conditions, represent a significant threat to
animal health and productivity in high-density livestock
operations [17, 18]. In the Netherlands, M. dispar was iso-
lated from 92% of pneumonic calves and from only 40%
of healthy calves [7, 19]. In Denmark M. dispar was found
in over half of calf lungs showing either fibrino-necrotising
or suppurative bronchopneumonia [20]. Other bacterial
pathogens, including Histophilus somni, Pasteurella mul-
tocida, Arcanobacterium pyogenes, and Mannheimia hae-
molytica, were co-detected with mycoplasmas. M. dispar
is detected frequently from pneumonic calves in the UK,
and is believed to be the cause of a severe pleuropneumo-
nia similar to the WOAH (World Organization for Animal
Health) listed contagious bovine pleuropneumonia [21].

Few detailed studies have been carried out to establish
the exact role of M. dispar in bovine respiratory disease
(BRD) which is a chronic condition affecting beef cattle in
feedlots and dairy calves. It is estimated to cost the USA
cattle industry alone over US $4 billion in production los-
ses, treatment and prevention [21].

Calves affected by BRD are usually treated with anti-
microbials even though some of these are not effective
against mycoplasmas [22]. Consequently, there is a real
danger of the emergence of resistance as a result of chron-
ic therapies with multiple antimicrobials, which is already
observed for the other BRD bacterial pathogens [23].

The pathogenicity mechanisms have been identified
in M. dispar and include its ability to produce hydrogen
peroxide and biofilm, both well-known virulence factors.
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Studies have shown that M. dispar is able to colonize the
epithelial cells of the respiratory tract exerting cytostatic
and even cytopathic effects on bronchial and bronchiole
cells, potentially impairing the clearance of bacteria [9, 21,
24]. Furthermore, M. dispar has been shown to be immu-
nosuppressive in the host [25]. For these reasons M. dispar
isincluded with M. bovis amongst the agents that cause or
exacerbate BRD [8, 21]. M. dispar is causally associated with
exudative bronchitis and interstitial pneumonia in calves,
with transmission occurring primarily via airborne respira-
tory droplets and sustained close contact [26].

Mycoplasma dispar causes purple to red consolidation
mainly in the cranioventral areas of the lung [27]. M. dispar
were shown to be capable of causing a mild sub-clinical
bronchiolitis with lymphoid cuffing in gnotobiotic calves
[10]; occasional cases of mastitis were also reported [28].
Other authors report that M. dispar is frequently related to
alveolitis, in which neutrophils, macrophages, and edema
liquid aggregate in the alveolar wall and spaces [26, 29].
Field cases of subclinical pneumonia from which M. dispar
was isolated had similar lesions [30].

The genomic information of M. dispar in publicly
available databases is limited. The genome succession of
M. dispar reference strain ATCC 27140 was delivered in
the GenBank in 2015. Based on the phylogenetic analysis
of 16S rRNA gene sequence M. dispar was clustered with
M. ovipneumoniae, M. flocculare and M. hyopneumoniae,
isolated from sheep and goats [31].

Controlling mycoplasmosis effectively requires
a multi-faceted approach that includes minimizing envi-
ronmental stress, ensuring proper animal husbandry, and
maintaining good air circulation within facilities. Measures
to prevent infection of calves from adult animals are re-
quired [8].

Timely diagnosis is one of the key components in bo-
vine mycoplasmosis control. Laboratory confirmation of
M. dispar infection is clinically important, as this globally
distributed pathogen significantly impacts livestock
health and production [18, 32, 33, 34].

Conventional identifying bovine mycoplasmas through
isolation on nutrient media is a crucial first step, as it allows
for detailed examination of their cultural, morphological,
and biological characteristics. This method also enables
the establishment of a clinical isolate bank, which can sup-
port future development of improved prevention, control,
and eradication strategies for mycoplasmosis, as well as
facilitate antimicrobial resistance monitoring [8, 18, 33,
34]. However, it should also be noted that this method is
laborious and requires 7-10 days for diagnosis [3, 18, 34].

While not widely used, serological tests like radial he-
molysis, ELISA [35], and passive hemagglutination have
been reported for detecting M. dispar antibodies [36,
37]. The authors described that weak antibody presence
against M. dispar in cattle, despite its surface-lung location,
might be due to the relatively low sensitivity of the sero-
logical tests used, rather than the animal’s immune system
failing to mount an adequate response [35].

While PCR has significantly improved mycoplasma de-
tection, it was not until 2004 that a PCR method specific
to the M. dispar genome was reported [38]. Both specif-
ic and universal oligonucleotides were utilized to detect
single nucleotide polymorphisms in the 16S rRNA gene
sequence. The PCR/DGGE technique (denaturing gradient
gel electrophoresis) was also described, which can detect

and identify more than 70 different mycoplasmas, includ-
ing M. dispar [39, 40].

Contemporary diagnostics can achieve high efficiency
through real-time PCR (gPCR), enabling rapid and precise
detection of specific mycoplasma genomic loci in biolog-
ical samples [18, 32, 34, 41].

The use of fluorescently labeled TagMan probes that
bind to a specific sequence within the amplified DNA re-
gion (the interprimer segment) significantly enhances the
specificity of PCR-based assays. Real-time PCR, unlike tradi-
tional PCR, doesn’t require post-amplification handling of
the sample, reducing the risk of contamination and lead-
ing to faster, more efficient analysis.

The incorporation of an internal control sample (ICS)
in commercial qPCR assays ensures result reliability by de-
tecting PCR inhibition, thereby preventing false-negative
interpretations [42]. An important need in qPCR test kit
development is incorporating ICSs to monitor both nucleic
acid extraction and the subsequent amplification process
[43, 44, 45, 46].

It is also worth noting that, in accordance with the
WOAH requirements, it is recommended to include ICS
into each PCR test for quality control [47].

Tools for the molecular identification of mycoplasma
genomes, including of M. dispar, enable not only to mon-
itor the animal disease situation in domestic farms, but
also to control both the import of animals and their use
for production purposes [34, 48].

Currently, there are no commercially available domes-
tic qPCR test kits to detect M. dispar DNA in the Russian
Federation, and therefore the development of a specific
gPCR diagnostic test kit and its introduction into veteri-
nary practice is an urgent task [34].

The purpose of this work was to determine the main
validation characteristics of the qPCR test kit for detec-
tion of M. dispar DNA developed by the Federal Centre for
Animal Health, and to introduce it into veterinary practice.

MATERIALS AND METHODS

Bacteria and viruses. The M. dispar reference strain (ATCC
No. 27140), delivered from the collection of strains of mi-
croorganisms of the Federal Centre for Animal Health, and
biological samples collected from cattle of various age
groups (stabilized blood; nasal and tracheal swabs; pie-
ces of lungs, trachea and lymph nodes; pleural fluid) were
used.

To assess the analytical specificity of the developed
test kit, the following bacterial strains were used: M. bo-
vis ATCC No. 25523, M. bovigenitalium ATCC No. 19852,
M. bovis Kaluga 2020, Mycoplasma mycoides subsp. my-
coides SC (MmmSC) Madugri-8 DNA (Federal Research
Center of Virology and Microbiology, Russia), Mycoplas-
ma mycoides subsp. mycoides SC (MmmSC) “T1/44/AR-
RIAH’, and other bacterial and viral agents responsible
for analogous diseases in cattle: Escherichia coli "EC-21",
Mannheimia haemolytica “No. 1412", Pasteurella multocida”
No. 1414", M. bovigenitaliumisolate, M. dispar isolate, M. bo-
vis isolate, bovine parainfluenza 3 virus “VGNKI-4", bovine
respiratory syncytial virus “Vologda/2020’, bovine viral
diarrhea virus “NADL-ARRIAH".

Mycoplasmadispar culture. The M. dispar reference strain
(ATCCNo.27140) was cultured onthe 1699 Revised Mycoplas-
ma Medium nutrient medium recommended by the Amer-
ican Type Culture Collection, which contained 7.5 g of brain
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I’?ilr):il:old cycle (Ct) values of optimized real-time polymerase chain reaction temperature-time profile for M. dispar DNA detection (n = 3)
S e | Mok
Profile 1
Heating of the reaction mixture 95°C 5 minutes 1
Denaturation 95°C 15 seconds 25 46+ 0.37
Primer annealing and elongation 60°C 60 seconds (fluorescence measurement 40
of Green/FAM, Red/Cy5)
Profile 2
Heating of the reaction mixture 95°C 5 minutes 1
Denaturation 95°C 10 seconds
Primer annealing 60°C 20 seconds (fluorescence measurement 40 26.30+0.86
of Green/FAM, Red/Cy5)
Elongation 72°C 20 seconds
Profile 3
Heating of the reaction mixture 95°C 5 minutes 1
Denaturation 95°C 10 seconds
Primer annealing 58°C 20 seconds (fluorescence measurement 55 28.87£0.15
of Green/FAM, Red/(y5)
Elongation 72°C 20 seconds

heart infusion broth; 40.0 pL of 10x Hank’s Balanced Salts
Solution; 10.0 pL of 0.25% phenol red solution; 200.0 pL of
heat inactivated porcine serum; 100.0 pL of 5% lactalbu-
min hydrolysate in 1x phosphate buffer solution; 20.0 pL
of yeast extract and 660.0 pL of distilled water. The bacte-
ria were cultured in an incubator at (37 £ 0.5) °C and 5%
CO, for 5 days. After incubation, turbidity in test tubes and
discoloration of the medium (yellowing) were observed,
M. dispar-like colonies formed on a solid nutrient medi-
um; M. dispar biological activity was determined by colony-
forming unit counting (CFU/uL) [49, 50].

DNA was extracted using a commercial Ampli Prime
Ribosorb kit (Central Research Institute of Epidemiology,
Rospotrebnadzor, Russia) in accordance with the manu-
facturer’s instruction.

Real-time PCR protocol. The reaction mixture for am-
plification per one reaction contained the following
components: PCR-buffer-B for Tag DNA polymerase 10x
(Syntol, Russia); 5 U/uL of SynTag DNA polymerase with
enzyme-inhibiting antibodies (Syntol, Russia); 25 mM of
aqueous solution of magnesium chloride MgCl, (Syntol,
Russia); 100 mM of aqueous solutions of four deoxynu-
cleoside triphosphates (ANTP): dATP, dGTP, dTTP, dCTP
(@a common mixture of dNTP is prepared and diluted with
nuclease-free water to a concentration of 10 mM of each
dNTP; Fermentas, Lithuania); direct primer (100 pmol/pL),
reverse primer (100 pmol/uL) and a TagMan probe
(100 pmol/pL) to detect a region of the gene encoding M. dis-
par16S rRNA (Syntol, Russia); direct primer (100 pmol/uL),
reverse primer (100 pmol/pL) and TagMan probe
(100 pmol/pL) for detection of artificially synthesized ICS
(Syntol, Russia) [51]. The resulting volume of the reaction
mixture was adjusted to 15 pL with deionized, nuclease-
free water (Eurogen, Russia). After that, 15 pL of the reaction

mixture and 10 pL of the DNA matrix of the tested sam-
ples were added to the prepared tubes. Amplification was
performed in a Rotor-Gene real-time PCR cycler (QIAGEN,
Germany).

A plasmid construct containing the oligonucleotide
sequence of the genome region (with an initial concen-
tration of 2 x 107 copies/pL) and M. dispar genome specif-
ic region (target fragment) was used as a positive control
sample.

Deionized, nuclease-free water (Eurogen, Russia) was
used as a negative control sample (NCS) and as a negative
PCR control.

Validation. The validation parameters of the test kit
were determined according to the recommended method
by S. A. Bustin et al. guidelines for publication of devel-
oped quantitative PCR protocols [52].

40
a5 33.58
y =-3.346x +19.673
2=
_ 30 R>=0.9832
Q
<
% 25
= 19.03__
S 20 —
2
£
£ 15

1 0 -1 -2 -3 -4
10-fold dilution

Fig. 1. Linear correlation of real-time polymerase chain reaction results

for 10-fold dilutions of the M. dispar genome DNA
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Table 2 To assess the specificity of the developed qPCR, biolog-
Specificity assessment of the developed real-time polymerase chain reaction kit ical samples containing Mycoplasma DNA and viral and
for M. dispar DNA detection (n = 3) bacterial nucleic acids which can cause similar diseases

GPCR result GPCR result in cattle were tested. The test kit sensitivity was assessed
Genetic material Strain Green/FAM Red/(y5 using known positive biological samples containing

(M. dispar DNA) (ICS DNA) M. dispar DNA.

o e o The limit of M. dispar DNA detection (analytical sensitiv-
Escherichia col B2 neg. + ity) of the developed test kit was assessed using a positive
Mannheimia haemolytica “No. 1412" neg. + control sample containing M. dispar DNA with an initial

; . . concentration of 2 X 107 copies/uL, each dilution was tes-
Pasteurella multocida No. 1414 neg. + ted in 5 replicates.
Mycoplasma bovigenitalium ATCC No. 19852 neg. + PCR amplification efficiency was assessed using serial
- ) 10-fold dilutions of a positive sample of biological material
Mycoplasma bovigenitalium Isolate neg. + containing M. dispar DNA in 3 replicates and calculated
Mycoplasma dispar ATCC No. 27140 pos. + according to the formula:
) ) E = (10"5P¢ — 1) x 100%,
Mycoplasma dispar isolate pos. + where slope is standard curve (plot of Ct vs. log,  input
Mycoplasma bovis ATCC No. 25523 neg. + template concentration).
. " B The data were statistically analyzed using Microsoft Ex-
Mycoplasma bovis Kaluga 2020 neg + cel, including calculations of mean values with standard
Mycoplasma bovis isolate neg. + deviations (+ SD), regression analysis, and coefficients of
Mvcoplasma mycoides subs variation. The coefficient of variation (CV) for reproducibil-
yaop YColaes SUDSP. “T1/44/ARRIAH" neg. + ity and repeatability should not exceed 10%.
mycoides SC (MmmS() . - .
Intermediate precision (reproducibility) was assessed
Mycoplasma mycoides subsp. Maduari-8 by testing the same sample in 5 replicates in 3 indepen-
. gri neg. + g
mycoides SC (MmmS() dent qPCR runs (n = 15 total replicates).
Bovine parainfluenza virus-3 VGNKI-4 neg. + RESULTS AND DISCUSSION
Bovine respiratory syncytial virus | “Vologda/2020” neg. + The Federal Centre for Animal Health developed and
Bovine viral diarrhea virus “NADL-ARRIAH" neg. 4 validated Russia’s first qPCR test kit for Mycoplasma dispar
DNA detection, incorporating an ICS.
Nuclease-free water - neg. + The use of ICS improve PCR reliability and accuracy, par-

neg. — M. dispar DNA was not detected; pos. — M. dispar DNA was detected; ticularly by identifying reaction inhibition. The Laborato-
"7 |CS DNA was detected. ry Technology Committee of the American Association of

Veterinary Laboratory Diagnosticians (AAVLD) has recom-
mended to its membership that all new molecular assays

Table 3 being validated and implemented include an inhibition
Variability of real-time polymerase chain reaction Ct values for M. dispar (n = 15) monitoring strategy based on internal validation for the
Standard Coefficient host, target species, and sample matrix combination being
Replicate Ctvalue [MeanCtvalue|  deviation of variation tested [53].
) (G, %) The initial validation step involved identifying a tem-
perature profile that optimizes both the sensitivity and
! 27.09 amplification efficiency of the test kit.
2 26.76 The gPCR temperature-time profile was optimized us-
3 26.51 26.74 022 0.82 ing pre-established reaction component concentrations to
achieve consistent threshold cycle (Ct) values. The results
4 26.68 . .
are given in Table 1.
5 26.64 The following qPCR temperature-time profile was con-
1 27.41 sidered optimal for M. dispar DNA detection: 5 minutes at
95 °C (heating of the reaction mixture), followed by 40 PCR
2 27,50 cycles consisting of DNA denaturation for 15 seconds at
[ 3 27.54 27.36 0.18 0.66 95°C, primer annealing and cDNA elongation for 60 seconds
4 27.13 at 60 °C.
Validation testing confirmed that the developed kit
> 2.0 eliminates false-positive results when challenged with
1 26.58 DNA from bovine respiratory disease-associated bacte-
) 26.93 ria. It was shown that the test kit has 100% analytical
specificity for M. dispar (Table 2), which is higher than
i 3 2732 27.00 034 1.26 demonstrated by J. B. W. J. Cornelissen et al., in which
4 2738 the specificity was 98.2% [54]. The oligonucleotides
5 26.77 were verified using the NCBI BLAST database, confirm-
ing no significant homology with other Mycoplasma
Total 27.03 055 091 species and demonstrating specificity for the M. dispar

genome.
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The amplification efficiency was evaluated using serial
10-fold dilutions of a positive sample containing M. dispar
DNA. Based on the obtained Ct values for each dilution,
the amplification efficiency (E) was 99.01%, which was
more significant than the 97.49% efficiency demonstrat-
ed by J. B.W. J. Cornelissen et al. during the development
of a single PCR [54]. Linear correlation value (R2) was
0.9832 (Fig. 1).

In-laboratory precision under reproducibility condi-
tions was evaluated by examining how consistently mea-
surements are obtained when varying personnel, time,
and equipment. The tests were performed using biologi-
cal material containing and not containing M. dispar DNA.
Recent studies have shown that the results of M. dispar
DNA detection using the developed test kit are fully con-
sistent with the expected results and do not depend on
time, personnel, or equipment.

Intermediate precision under reproducibility (repeat-
ability) conditions was assessed by testing the same
sample in five replicates in three independent qPCR runs
(n =15 total replicates).

The threshold cycle (Ct) mean value in three PCR runs
ranged from 26.74 to 27.36 with a standard deviation (SD)
of 0.18 to 0.34. The coefficient of variation (CV) of 0.91%
is well within the acceptable range of 10%. When sum-
ming up the results of three gPCR runs, the mean Ct value
and the standard deviation was 27.03 and + 0.25, respec-
tively (Table 3).

At the next stage, the detection limit (analytical sen-

Table 4
Analytical sensitivity (detection limit) of the real-time polymerase chain reaction test
kit for M. dispar DNA detection

M. dispar DNA detection, replicate

Ll expMeittceI:i“:gstu}}f%
2% 10 DNA copies/uL pos. | pos. | pos. | pos. | pos. 100
2% 10°DNA copies/pL pos. | pos. | pos. | pos. | pos. 100
2% 10° DNA copies/pL pos. | pos. | pos. | pos. | pos. 100
2% 10° DNA copies/pL pos. | pos. | pos. | pos. | pos. 100
2% 10° DNA copies/uL pos. | pos. | pos. | pos. | pos. 100
2 % 102 DNA copies/uL pos. | pos. | pos. | pos. | pos. 100
20 DNA copies/pL pos. | pos. | pos. | pos. | pos. 100
10 DNA copies/pL pos. | pos. | pos. | pos. | pos. 100
5 DNA copies/pL neg. | pos. | neg. | pos. | neg. 40

pos. — M. dispar DNA was detected;
neg. — M. dispar DNA was not detected.

Table 5
Requirements for the control results following amplification

sitivity) was determined for M. dispar DNA isolated from Uimesin g el e
serial 10-fold dilutions of an artificially synthesized DNA Green/FAM channel | Red/Cy5 channel
sequence corresponding to a specific region of the M. dis- ]
par genome, starting at an initial concentration of Negative PCR control absent absent
2 x 10" DNA copies/uL. Each dilution was tested in five  yegative control sample NCS absent <35
replicates (Table 4).
It has been established that for the developed  M.dispar positive control <35 <35
PCR-based test kit, the detection limit of M. dispar DNA
is 10 DNA copies/pL (100 DNA copies/reaction). Analysis and interpretation of the results. Both fluo-
In studies conducted by L. McAuliffe et al., DGGE of the  rescence channels (Green/FAM and Red/Cy5) shared iden-
16S ribosomal DNA PCR product was used to differentiate  tical qPCR parameters: dynamic background adjustment,
32 mycoplasma species. This method is a valuable tool for  slope correction, 10% emission cutoff, linear scale quanti-
quickly identifying various Mycoplasma species, especially ~ fication, and a detection limit of 0.05 (Fig. 2). Results are
when specific PCR tests are not available [39, 40]. However, interpreted according to whether fluorescence curves in-
artifacts introduced during PCR or the subsequent DGGE  tersect the threshold line, corresponding to the presence
analysis lead to skewed results when this method is used  orabsence of threshold cycles (Ct) in both Green/FAM and
for quantitative analysis of a-diversity or relative opera-  Red/Cy5 channels. These data are displayed in the corre-
tional taxonomic unit abundance [55]. sponding amplification plots and result tables generated
While some researchers have used conventional PCRto by the thermocycler.
detect M. dispar [31, 38, 56], qPCR offers faster and more ac- The result of qPCR is considered reliable provided that
curate results without the need for gel electrophoresis [57].  the correctresults are obtained for the negative PCR control,
0.5
0.6
0.4 05
fo2 g
= Z02
o1 0.1
- threshold s Fhreshol q 2
25 30 35 25 30 35 40

20
Cycle

S 10 15

20
Cycle

40 S 10 15

Fig. 2. Fluorescence curves: A — Green/FAM channel (M. dispar DNA); B — Red/Cy5 channel (internal control sample DNA)
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the NCS (extraction control) and M. dispar positive control.
The control requirements are described in Table 5.

The results for the tested samples should be interpreted
in accordance with Table 6.

Using the developed test kit, 228 biological samples
collected from cattle with respiratory clinical signs were
tested, which were received by the Federal Centre for An-
imal Health, in 2024 from 13 regions of the Russian Feder-
ation.The results are given in Table 7.

Table 6
Interpretation of the results for the tested samples

Threshold cycle (Ct) value
Green/FAM channel Red/Cy5 channel Result
(M. dispar DNA) (Ics)
absent <35 M. dispar DNA not detected
<35 detected or absent M. dispar DNA detected
>35 <35 inconclusive’
absent or > 35 absent or > 35 not reliable?

're-test relevant samples, starting from the DNA extraction stage, if the test yields the same
results, it can be assumed that M. dispar DNA has been detected in the original sample;
2re-test the relevant samples, starting from the DNA extraction stage.

Table 7
Identification and detection of M. dispar genome in biological samples using
the developed test kit in 2024

Pathological samples (stabilized
blood, pieces of lungs, trachea and
lymph nodes, pleural fluid)

Swabs
(nasal, tracheal)

Total Number Number
number of positive Uiz Mgl of positive

of samples samples el samples
Voronezh Oblast - - 52 0
Vologda Oblast - - 2 0
Vladimir Oblast 12 10 24 4
Moscow Oblast 22 8 2 2
Nizhny Novgorod Oblast 10 0 10 4
Republic of Chuvashia 10 10 - -
Krasnodar Krai - 2 0
Republic of Tatarstan 24 24 2 2
Ryazan Oblast 10 0 4 4
Yaroslavl Oblast - - 4 0
Republic of Mari El - - 2 2
Orenburg Oblast 6 2 8 6
Samara Oblast 16 6 6 6
Total 10 60 18 30

u_u

— samples from this region were not received for testing.

It was established that M. dispar DNA detection rate in
biological samples was 39.47%.The findings demonstrate
widespread prevalence of M. dispar among cattle popula-
tions across Russian farms in 2024.

CONCLUSION

This study established the validation parameters and
demonstrated the utility of the “"MIC-DISPAR qPCR” kit
for detecting Mycoplasma dispar DNA via real-time poly-
merase chain reaction. The assay exhibited high analytical
specificity and sensitivity, with excellent repeatability and
reproducibility across various test conditions (coefficient
of variation range: 0.66-0.91%) The amplification efficien-
cy (E) was 99.01%, and the detection limit was 100 DNA
copies/reaction. These validation parameters represent
essential criteria for assessing polymerase chain reaction
test kit reliability.

Inclusion of an exogenous internal controls example
prevents false-negative result interpretation. Using the
developed test kit M. dispar DNA was detected in 39.47%
of the tested samples received from different regions of
the Russian Federation by the Federal Centre for Animal
Health, in 2024, which indicates the relevance of M. dispar
diagnostic tests. In this case, the internal controls example
serves as an indicator of the extraction stage and the pres-
ence of possible inhibitors.

While the test’s validation framework could be exten-
ded to include related mycoplasmas (e.g., M. bovirhinis,
M. flocculare, and M. ovipneumoniae), current data lack evi-
dence of these pathogens circulating in cattle and small
ruminants within the Russian Federation. M. ovipneumo-
niae is the primary cause of mycoplasmal pneumonia in
sheep and goats, and the risk of its transmission to cattle
is minimal [58, 59, 60]. The demonstrated high specifici-
ty of the oligonucleotides (confirmed by BLAST analysis)
supports the test kit's suitability for M. dispar diagnostics
in cattle.

Thus, this test kit can serve as an effective tool in veteri-
nary laboratory practice for the detection of M. dispar DNA
in biological samples from cattle.
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Development and application of ELISA test system
for assessing humoral immunity
against SAT2 topotype XIV foot-and-mouth disease virus

Natalia N. Lugovskaya, Yulia S. EI'kina, Maxim A. Shevchenko, Ykhlas M. Gochmuradov, Nadezhda D. Klyukina, Dmitry V. Mikhalishin, Alexey V. Borisov

Federal Centre for Animal Health, 6 Gvardeyskaya str., Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Foot-and-mouth disease (FMD) is a highly contagious, economically significant disease of cloven-hoofed animals, characterized by vesicular symp-
toms. There are seven known foot-and-mouth disease virus (FMDV) serotypes (A, 0, C, SAT 1, SAT 2, SAT 3 and Asia 1), whichimmunologically differ from each other.
Special attention has been recently paid to FMDV of SAT2/XIV topotype (South African Territories 2) due to its rapid spread. One of the key methods of FMD control
is vaccination and assessment of the susceptible animal immune status.

Objective. Development and testing of an enzyme-linked immunosorbent assay (ELISA) system based on the indirect liquid-phase blocking ELISA for the deter-
mination of antibodies to structural proteins of SAT2/XIV FMDV in order to evaluate the effectiveness of an FMD vaccine based on SAT-2/XIV/2023 FMDV antigen
in the process of its production and subsequent use.

Materials and methods. The test material included experimental serum samples collected from cattle, pigs and white mice. The developed ELISA test system
for assessing the level of post-vaccination antibodies against SAT2/XIV FMDV was validated through comparative testing with commercial test-kits: Test-kit for
the determination of SAT 2 FMDV antibodies (Federal Centre for Animal Health, Russia) and “Solid-phase competitive ELISA for antibodies specific to FMDV serotype
SAT 2" (IZSLER & The Pirbright Institute, Italy/Great Britain).

Results. The effectiveness of the proposed test system in detecting the induction of antibodies against SAT2/XIV FMDV was higher than that of other ELISA
systems with the pronounced topotype specificity to the SAT2/VII FMD agent. Specific antibodies were detected in individual cattle on day 7 post vaccination.
High diagnostic sensitivity (90%), specificity (98%) and accuracy (95%) ensured high degree of the ELISA results consistency with the known diagnostic status of
the tested animals (k-criterion — 0.896).

Conclusion. Thus, the ELISA system for assessing humoral immunity against SAT2/XIV FMDV, which is 100% homologous with the vaccine strain and demonstrates
high diagnostic parameters, is a reliable tool for assessing the quality of the SAT2/XIV FMD vaccine.

Keywords: serotype SAT 2 FMDV, ELISA, humoral immunity
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PazpaboTka 1 npumeHeHne UMMYHODEPMEHTHOIA
TeCT-CUCTeMbI 1A OLEHKN FyMOPabHOT0 UMMYHUTETA
npoTMB BUPYCa ALLypa Tonotuna SAT2/XIV

H. H. NyroBckas, 10. C. Enbkuua, M. A. lesyenko, bl. M. fToumypapos, H. [I. Kniokuna, [1. B. Muxanuwun, A. B. bopucos
OTBY «DefepanbHblit LieHTp oxpaHbl 380poBbA XuBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. fliuyp — BbICOKOKOHTArMo3Has, 3KOHOMUYECKHN 3HaUUMasa 60Ne3Hb NAPHOKOMBITHBIX XKUBOTHbIX, XapaKTepU3yIoLLaaca Be3MKYAPHLIMU CUMNTOMA-
mu. [A3BecTHbl 7 cepoTunoB Bupyca Autypa (A, 0, C, SAT 1, SAT 2, SAT 3 u Asia 1), ummyHonoruyeckm oTnvatLLmxca mexay cooii. B nocnestee Bpems ocoboe
BHUMaHue yaensetca Tonotuny Bupyca Awypa SAT2/XIV (South African Territories 2) BBuay ero 6bicTporo pacnpoctpaHeHus. OZHUMM U3 OCHOBHbIX METOL0B
60opb6bl € ALLYPOM ABNAKTCA BaKUNHONPOUNAKTIKA 11 OLieHKA MMMYHHOTO CTaTyca NorofoBbA BOCMPUUMUMBbIX KUBOTHBIX.
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Lienb uccnepoBanua. Pa3pa6oTka v UCnbiTaHne MMMYHOGEPMeHTHOI TeCT-CUCTEMbI Ha 0CHOBE HENPAMOTO XUAK0ha3HOro GNoKMpyioLLLero BapuaHTa UMMYHo-
$EepMEHTHOro aHanu3a AnA onpeseNneHna aHTUTeN K CTPYKTYpHbIM 6enkam Bupyca Awypa tonotuna SAT2/XIV ana oueHKmM 3QOeKTUBHOCTI NPOTUBOALLYPHOI
BaKLMHbI Ha 0CHOBE aHTUreHa BUpYca AlLypa Wwramma SAT-2/XIV/2023 npu ee npou3BOACTBE M NOCNELYHOLLEM NPUMEHEHUH.

Marepuanbi u meTofbl. MccnesyembiM Matepuanom Cyunn SKcnepuMeHTanbHble 06pa3Lbl CbIBOPOTKM KPOBM KPYMHOr0 POraToro ckoTa, CBUHeiA 1 enbix
mblwwedt. MicnbiTanue pa3paboTtaHHoit MIMMYHOepMEHTHOI TeCT-CUCTEMbI 1A OLLEHKIN YPOBHA NOCTBAKUMHANbHDBIX aHTUTEN K BUPYCY ALypa TonoTuna SAT2/XIV
MPOBOAAY B CPABHEHUN C KOMMEPYECKUMY Habopamu: AnA onpeaeneHna aHTuTen K upycy awypa SAT 2 (OTBY «BHUN3M», Poccua) n Solid-phase competitive
ELISA for antibodies specific to FMDV serotype SAT 2 (IZSLER & The Pirbright Institute, ranua/Benukobputatus).

Pesynbratbl. JOYeKTMBHOCTL NPeANOXEHHOI TeCT-CUCTEMbI B PErvCTpaLyi BbipaboTki aHTUTeN K BUPYCY ALypa Tonotuna SAT2/XIV 6bina Bbilue, yem y Apyrux
UMMYHODEPMEHTHBIX TeCT-cucTeM, 06n1ajatoLLnX BbIpaXKeHHOI TonoTUNOCNeLMPUUHOCTLIO K Bo3byauTento Alwypa Tonotuna SAT2/VII. Y otaenbHbix ocobeit
KpYMHOro poraToro ckota cneuuuyeckue aHTUTeNa BbIABNANM Ha 7-€ CyT Nocse BakLMHaLMK. Bbicokne 3HaueHna AuarHocTuyeckoil uysctuTenbHocti (90%),
ANArHoCTUYecKkoi cneunduuHocT (98%) 1 AnarHoCTMUeckoi ToYHOCTH (95%) onpeseninu BbICOKYI CTeneHb COrNacoOBaHHOCTY Pe3yNbTaToB peakLuui MMMy-
HO(EepMEHTHOr0 aHanu3a C U3BECTHbIM AArHOCTUYECKUM CTaTYCOM 06CneayeMbIX XUBOTHBIX (k-Kputepuil — 0,896).

3akniouenue. Takum 06pa3om, UMMYHODepMeHTHaA TeCT-CCTEMa ANA OLEHKN yMOPanbHOro IMMYyHUTETa NPoTIB BUpYca Alypa Tonotuna SAT2/XIV, umeto-
was 100%-1o cTeneHb FoMONOrMN ¢ BAKLMHHBIM LUTAMMOM, 06MajjatoLias BbICOKUMY AUAarHOCTUYECKUMM NOKa3aTeNAMU, ABNAETCA HAieXKHbIM UHCTPYMEHTOM
OLIeHKN KauecTBa BaKLyHbI NpoTu Aypa SAT2/XIV.

KnioueBbie cnosa: Bupyc Awlypa cepotuna SAT 2, uMMyHOGEPMEHTHbII aHani3, ryMOpabHblil UIMMYHUTET

bnaropapHocTu: Pabota npoBeaeHa 3a cuet cpeacte ObY «BHUN3X» B pamkax HayuHo-UccnefoBaTenbekux pabot no Teme «BetepuxapHoe bnarononyune.
ABTOpbI BbIpaxatoT 6narofapHoCTb COTPYAHIUKAM cekTopa buoTexHonorum nabopatopuy npodunaxtvky Awypa OrbY «BHUN3X»: Bemywemy BeTepuHapHoMy
Bpauy A. A. XaputoHoBoii, rasHbiM cneuuanuctam E. A. Pasrynaesoii u 0. 0. byauHoii — 3a BbINONHeHe 0TAeNbHbIX 3TanoB paboTbl.

[ina yntuposauus: Jlyrosckas H. H., Enbkuna 10. C., Wesyenko M. A., foumypagos bl. M., Kniokuna H. 1., Muxanuwun 1. B., bopucos A. B. Pazpabotka u npu-
MeHeHYe IMMYHOGePMEHTHON TeCT-CuCcTeMbl ANA OLIeHKM FyMOPanbHOT0 UMMYHUTETa NpoTyB Bupyca Awypa Tonotuna SAT2/XIV. Bemepunapus cezodus. 2025;

14 (3): 283-293. https://doi.org/10.29326/2304-196X-2025-14-3-283-293

KoHdnukT unTepeco: ABTopbl 3asBNAIOT 06 OTCYTCTBIAM KOHOMMKTA UHTEPECOB.

[ina koppecnoupenumn: JlyroBckas Hatanua HukonaeBHa, KaHa. 6Mon. Hayk, BeRyLMil HayuHblil COTPYAHUK NabopaTopuu NpOGUNAKTUKK ALLypa
OIBY «BHUU3X», yn. [Bappeiickas, 6, mkp. I0pbesew, r. Bnagumup, 600901, Poccus, lugovskaya@arriah.ru

INTRODUCTION

Foot-and-mouth disease (FMD) is a highly contagious,
economically significant disease of cloven-hoofed an-
imals, which is characterized by vesicular symptom:s.
There are seven known FMDV serotypes: A, O, C, SAT 1,
SAT 2, SAT 3 and Asia 1, which immunologically differ
from each other.

The disease causative agent in the susceptible an-
imals is an Aphthovirus of the Picornaviridae family,
which is a capsid enclosing a positive sense RNA chain.
The capsid of an icosahedron structure with a sedimen-
tation coefficient 1465, is formed of 60 copies of a proto-
meric subunit consisting of four structural proteins (SP):
VP1-VP4.VP1-VP3 surface polypeptides carry epitopes
responsible for the FMDV serotype specificity and in-
ducing production of the virus neutralizing antibodies.
The priority polypeptide is VP1, which features the ma-
jor antigenic site located within the G-H loop region.
The internal protein VP4 is highly conserved across
the serotypes of the pathogen, and antibodies against
VP4 epitopes do not confer protection against the
infection [1, 2].

Domesticated animals, mainly cattle, pigs, sheep,
goats, buffaloes (Bubalus bubalis), as well as camels and
New World camelids, are FMD susceptible. However, the
FMDV is sometimes isolated from wild cloven-hoofed
animals such as wild pigs, antelopes and deer. Cross-
infection between wild and domestic cloven-hoofed
animals is therefore possible through direct or indirect
contact. In sympatric species, this is one of the most
likely routes of FMDV transmission. The primary FMDV

reservoir is cattle, as this species is characterized by the

virus carrier phenomenon. The virus carriers are individ-
uals in whose oropharynx the virus persists for more

than four weeks after infection. In cattle, this condition

usually persists for up to six months, but in some indi-
viduals it lasts for up to three years. In wild animals, the

virus carrier state was proven only for African buffaloes

(Syncerus caffer), some individuals of which maintained

the virus for five years, and in the herd the pathogen

can circulate for 24 years or more. This characteristic
of cattle significantly complicates FMD control efforts,
particularly in the disease endemic areas. Such areas in-
clude a number of countries in Africa, Middle East, and

Asia, as well as in a limited area of South America [1],
which in turn creates a serious risk of FMD spread

outside the endemic territories.

The FMD control consists in timely preventive mea-
sures, such as effective epidemiological disease control;
vaccination of domestic and farm animals against FMD;
movement control of wild cloven-hoofed animals in
border areas at risk of the pathogen introduction from
the FMD-infected countries; monitoring tests to assess
the immunity level of farm and domestic animals, in-
cluding retrospective FMD diagnosis. Since the viruses
of different serotypes induce virtually no cross-immu-
nity, and the vaccines, which are based on strains differ-
ent from the field ones, may provide weak protection
even within the same serotype, the development of
vaccine formulations requires meticulous strain selec-
tion to ensure maximum possible protection of the ani-
mal population against FMD in a specific region [1, 2].
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Recently, special attention has been paid to sero-
type SAT 2 FMDV, which is exotic for many regions of
the world, including for Russia. The name itself, which
is an English abbreviation of South African Territories,
indicates the origin of this serotype. FMD outbreaks
caused by serotype SAT 2 virus, whose representatives
are characterized by high genetic variability and are
divided into 14 topotypes (I-XIV), are periodically re-
ported in the African continent [3]. Until recently, the
FMD epidemic situation in Africa was generally asso-
ciated with the members of serotype SAT 2 topotype
VII (SAT2/VII), but in 2022, rapid spread of SAT 2 topo-
type XIV (SAT2/XIV) virus started, which resulted in its
spread outside the endemic territories. FMD outbreaks
caused by SAT2/XIV topotype virus were reported in
2023 in some Eurasian countries, including Iraq, Jordan,
and Turkey.

Serotype SAT 2 FMDV, which circulated in Iraq in
2023, is closely related to the virus isolates recovered in
Ethiopia in 2022 (SAT2/ETH/3/22 and SAT2/ETH/2/22).
Both viruses were isolated from the infected cattle in
March 2022. According to the reports, the virus current-
ly isolated in Jordan is also related to the specified Iraqi
virus. The spread of the exotic foot-and-mouth disease
virus to large susceptible cattle and buffalo populations
in Iraq poses risk to numerous animal populations in
Iran, Turkey, as well as a number of other countries in
the Middle East, and raises serious concern [4].

Close cooperation with the CIS and Middle East
countries, trade and economic ties of the Russian Fed-
eration with the African countries, where preventive
vaccination of livestock against serotype SAT 2 FMDV is
not carried out, increase the risk of this serotype FMDV
introduction into our country. This is why greater rele-
vance is now placed on the production of the vaccines
against serotype SAT 2 FMDV, including SAT2/XIV FMDV,
as well as on the development and introduction of di-
agnostic test systems to assess the effectiveness of the
vaccination and the strength of the immunity against
this topotype virus in farm and domestic cloven-hoofed
animals and to detect post-infection FMDV antibodies
in the sera of the unvaccinated animals.

The Federal Centre for Animal Health has developed
and successfully tested a mono- and polyvalent vaccine
based on the antigen of FMDV strain SAT-2/XIV/2023 [4].
The strain was obtained by adapting the FMDV iso-
late recovered at the Federal Centre for Animal Health
from the bovine pathological material delivered from
the Hashemite Kingdom of Jordan in August 2023 to
the reproduction in the primarily trypsinized porcine
kidney monolayer cell line, in the continuous cell cul-
tures BHK-21/SUSP/ARRIAH, IB-RS-2, PSGK-30, as well
as in cattle and pigs. SAT-2/XIV/2023 strain was depos-
ited in the All-Russian State Collection of Exotic FMDV
Types and Other Animal Pathogens of the Federal Cen-
tre for Animal Health in 2023 and was proposed for
the manufacture of vaccine products and diagnostic
tools [5, 6]. This necessitated the development of an
enzyme-linked immunosorbent assay (ELISA) system
to objectively and reliably evaluate the antigenic and
immunogenic properties of the FMD vaccine based on

SAT-2/XIV/2023 virus antigen, as well as the immune
background and intensity of post-vaccination immu-
nity in the susceptible animals.

The paper describes the stages of the development
and testing of the ELISA system based on an indirect
liquid-phase blocking enzyme-linked immunosorbent
assay intended for assessment of the humoral immuni-
ty against SAT2/XIV FMDV.

MATERIALS AND METHODS

Serum samples. Experimental serum samples collec-
ted from cattle, pigs, and white mice served as the ELISA
test material.

Preparation of immunospecific reagents. The anti-
gen of FMDV strain SAT-2/XIV/2023 intended for the
production of ELISA-specific components (antigen,
capture (coating) and detector antibodies) was isola-
ted from the inactivated virus-containing BHK-21 cell
suspension according to the following procedure. At
the first stage, the antigenic source materials were pu-
rified from cellular debris by low-speed centrifugation
(Avanti J-26 XP; Beckman Coulter, USA) for 30 minutes.
The supernatant was discarded and used to precipitate
the viral antigen with 8% polyethylene glycol of molec-
ular weight 6,000 g/mol (PEG 6,000) and 0.85% NaCl
for 18-20 hours at (6 + 2) °C. The precipitated antigen
was pelleted using Avanti J-26 XP centrifuge (Beckman
Coulter, USA) at 6,000 rpm and 4 °C for 60 minutes. The
supernatant was removed, and the pellet was re-sus-
pended in 1/500 of the original volume of the starting
material using phosphate buffered saline solution (PBS)
at pH 7.4.The resulting suspension was then thorough-
ly homogenized with 50% chloroform and fractiona-
ted at 3,000 rpm and 4 °C for 15 minutes using Allegra
X-22R Centrifuge (Beckman Coulter, USA). The upper
aqueous fraction was an intermediate substance in
the form of a concentrated, partially purified antigen,
hereinafter referred to as a precipitate of the antigen
of FMDV strain SAT-2/XIV/2023 (AQ, . e SAT2/XIV).
A, ccipitare 2AT2/XIV was then fractionated using a dis-
continuous sucrose density gradient comprising suc-
cessive layers of 20, 30, 40, 50% sucrose in PBS on Opti-
ma L-80 XP Ultracentrifuge (Beckman Coulter, USA) at
24,000 rpm and 4 °C for 3 hours.

The antigenic fractions were analyzed spectrophoto-
metrically at 260 nm wavelength and by electrophoretic
separation of protein molecules in the polyacrylamide
gel. 30-50% sucrose fractions containing VP1-VP3 SP
(an intact FMDV SAT-2/XIV/2023 antigen representing
146S particles), free from impurities or comprising their
minimal amount, were combined, labeled as 146S-Ag
SAT2/XIV and then used to manufacture the immuno-
specific components of the liquid-phase blocking ELISA
(LPB-ELISA): FMDV capture and detector antibodies as
well as antigen.

Rabbits and guinea pigs were immunized twice with
146S-Ag SAT2/XIV at a dose of approximately 0.3 and
0.15 mg/animal, respectively. The antigen intended
for administration was mixed with ISA-206 adjuvant in
equal proportions. The bleeding was performed on day
35 post the first vaccination.
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All animal experiments were conducted in strict
compliance with the interstate standard for the ac-
commodation and care of laboratory animals GOST
33215-2014, adopted by the Interstate Council for
Standardization, Metrology and Certification, as well
as in accordance with the requirements of Directive
2010/63/EU of the European Parliament and of the
Council of 22 September 2010 on the protection of an-
imals used for scientific purposes.

Standard panel of strain-specific bovine and porcine
serum samples was used to select the working dilutions
of the LPB-ELISA components, including capture and
detector antibodies, antigen and rabbit anti-guinea pig
IgG secondary antibody immunoperoxidase conjugate.
The panel included both homologous and heterolo-
gous samples obtained for other FMDV serotypes, as
well as normal serum, collected from the animals not
vaccinated against FMD.

ELISA. The test was carried out according to the rec-
ommendations of the World Organization for Animal
Health (WOAH) for LPB-ELISA [1] and instructions for
use of the ELISA test kit for detection of antibodies
against FMDV SP using the optimal concentration of
immunospecific reagents selected during the test sys-
tem development. Diagnostic LPB-ELISA test-kit for
the detection of antibodies to SAT 2 FMDV (SAT2/VII
topotype) SP manufactured by the Federal Centre for
Animal Health, as well as a commercial test-kit for the
detection of antibodies to serotype SAT 2 FMDV “Solid-
phase competitive ELISA for antibodies specific to
FMDV serotype SAT 2, hereafter SAT2-IZSLER" (IZSLER
& The Pirbright Institute, Italy/UK) were also used ac-
cording to the manufacturer’s instructions.

The virus neutralization test (VNT) of the FMDV was
performed in the continuous porcine kidney cell line
IB-RS-2 in accordance with the WOAH recommendations.
Microneutralization technique with 96-well flat-bottom
cell culture plates was used for the virus neutralization.
Approximately 10> TCID, /0.05 mL (tissue culture in-
fective dose of the virus, causing death in 50% of the
cells) of the virus was added to the tested and control
serum samples two-fold diluted with Eagle’s nutrient
medium (permissible range 10'*-10>* TCID, /0.05 mL.
The sera were incubated for 1 hour at 37 °Cwith 5% CO,,
then 0.05 mL of IB-RS-2 cell culture suspensions at a
concentration of 10 cells/mL were added to each plate
well and incubated under the same conditions for 48—
78 hours. The test results were recorded as the virus
cytopathic effect (CPE) developed in the control wells
with the infected cell culture and without test animal
sera. The virus-neutralizing antibody (VNA) titer was
defined as the highest serum dilution that inhibits the
viral cytopathic effect (CPE) by 50% [1].

Alignment of amino acid sequences. The amino acid
sequences of VP1 protein of the FMDV of different SAT 2
topotypes were aligned according to information
obtained from GenBank NCBI and the Federal Centre
for Animal Health database: SAT2/ETH/2/2022 (Gen-
Bank: WKE35517.1); SAT2/JOR/11/2023 (GenBank:
WURO05443.1); SAT-2/XIV/2023 (the Federal Centre for
Animal Health database); SAT2/ETH/2/91 (GenBank:
WKE35516.1); SAT2/ERI/4/98 (GenBank: AAR09103.1);
SAT2/LIB/39/2012 (GenBank: AFU55195.1); SAT2/EGY/
Ismailia/2018 (GenBank: QZE50286.1); SAT2/EGY/Beni-
Suef-2/2018 (GenBank: QEI49588.1); SAT2/EGY/Dakahlia/
2017 (GenBank: AXR97922.1)[7,8,9,10,11,12,13, 14].

FMDV isolate Topotype Location Amino acid sequence
SAT2/ETH/2/2022 v 1 ttsagegadv vtidptthgg aarptrrvht dvaflldrst hvhitnkttin idlmdtkeka
SAT2/J0R/11/2023 X 1 | R T
SAT2/XIV/2023 XIwv 1 S U S o
SAT2/ETH/2/91 AV 1 —_——————— svt-a—i— ————————— R
SAT2/ERI/4/98 VII 1 —t--8-—-- nVgeg-—K—- @-———————= ———— B Y—————— e
SAT2/LIB/39/2012 WII 1 —t--5-——— nvgeg—k— e-—-—————— ——— —g——8-V W-————- K——
SAT2/EGY/Ismalia/2018 VII g | ERelLR t--8-——— IVGEg-—K—— €-————— - ———— g8~V V———Ti—————
SATZ/EGY/Beni-Suef-2/2018 WVII 1
SAT2/EGY/Dakahlias2017 WII 1
SAT2/ETH/2/2022 XIv 61 Ivgailrsat yyfcdleiac vgdhkrvywg pngapratgl gdnpmvishn rvtrfaipyt
SAT2/J0R/11/2023 XIv 6l | - R e e S S G TR, e R
SAT2/XIV/2023 XIv g1 | - e e e e o e T S NS & B
SAT2/ETH/2/91 XIv 61 ——— - e f— ———t-t- ————§—— g
SATZ/ERI/4/58 WVII 61 e - =———t——f—- ---——-ft--- ——————yakg g--—-———— E-
SAT2/LIB/3%/2012 VII 61 XL g
SATZ/EGY/I=smalia/2018 VII 61 e ——e-t-—f--
SAT2/EGY/Beni-Suef-2/2018 WII 61 —e-tk-f——
SAT2/EGY,/Dakahlia/2017 WII 61 §m ——— e P e e [
SAT2/ETH/2/2022 XIv 121 aphrllstvy ngectynkss tairgdravl vakyadnkht lpstfnfghv tadapvdvyy
SAT2/J0R/11/2023 XV T P s U = = W T T I . N S
SAT2/XIV/2023 xv 0 I 2SO e R R e bl
SAT2/ETH/2/91 XIv B N d-k-a- ———-—————— e | ot SIS D i
SNT2/ERT/4/98 VII 191 | ——mmmmm t-ta ———————— P R wi- —gq———fF- v-k——
SAT2/LIB/3%/2012 VII 121 | ——mmmmm d-——fy ———————— B A t-— - -w-k
SAT2/EGY/Ismalia/2018 VII 1905 | pessememesma v-k—py as—-———— B s PO SN ARS. S —
SNT2/EGY/Beni-Suef-2/2018 VII B N B i v-t-pv ap-——————i S C— st-- ——p-————-8- -v-k--———
SAT2/EGY/Dakahlia/2017 VII 121 —————————— ————-ketp ——————— o L+ SO e, N T AR
SAT2/ETH/2/2022 Xv 181 rmkraelycp rallpaynha grdrfidapig wekgl
SAT2/J0R/11/2023 XIv 181 | ——————— —_— I
SAT2/XIV/2023 XIv 181 | ————————- —_— L E
SAT2/ETH/2/91 XV ALY | e —-d-v pe
SAT2/ERI/4/98 VII 181 | —————————— P —d-- --rgtl
SAT2/LIB/39/2012 VII 181 E N s
SAT?/EGY/Ismalia/2018 VII 181 PO D . v M S .
SAT2/EGY/Beni-Suef-2/2018 WII 181 B e s S S o
SAT2/EGY/Dakahlias2017 WIT 181 —————————— —p—————fg—— §————————— ——T-L

Fig. 1. Amino acid sequences of VP1 polypeptide of serotype SAT 2 topotype XIV and VIl FMDV obtained from NCBI and
Federal Centre for Animal Health databases (up to 216 a.r.), G-H loop area is highlighted in red
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SAT-2/KEN/19/2017
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SAT-2/B0T/P3/98 ]SAT-2/III

SAT-2/ZIM/5/81 ] SAT-2/11
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Fig. 2. Location of SAT-2/XIV/2023 strain on serotype SAT 2 FMDV
phylogenetic tree. The dendrogram is based on the comparison of VP1 gene

nucleotide sequences. Topotypes I-XIV are in square brackets

Polyacrylamide gel electrophoresis. Electrophoretic
separation of proteins in polyacrylamide gel was per-
formed as previously described [15, 16].

Statistical analysis was carried out using online re-
sources, including MedCalc’s Diagnostic test evaluation
calculator (https://www.medcalc.org/calc/diagnostic_
test.php), Kappa Calculator (https://www.easycalcula-
tion.com/statistics/cohens-kappa-index.php).

RESULTS AND DISCUSSION

Development of SAT2/XIV-ARRIAH test system.
The effectiveness of the vaccine, immune background
and anti-FMDV immunity strength in the susceptible
animals are assessed by the level of the specific virus
neutralizing (protective) antibodies in the sera of an-
imals after vaccination or infection. In the laboratory
diagnostics, two key methods are used to examine se-
rum samples for the antibodies to the FMDV SP: VNT
and ELISA [1,2,17,18,19].

The developed ELISA system, designed primarily to
evaluate the antigenic and immunogenic activity of
the FMD vaccine containing genotype SAT2/XIV FMDV
antigen, is based on LPB-ELISA. This ELISA variant, rec-
ommended by the WOAH as one of the key methods
of retrospective FMD diagnosis aimed at the monitor-
ing the FMD vaccine immunogenicity, assessing the
immunity strength, and FMD monitoring tests, has

been adapted for the Federal Centre for Animal Health,
optimized, and modified. An undeniable advantage

of the LPB-ELISA is that the formation of the 'antigen -
antibody' complex occurs in the liquid phase, i.e., under
conditions that closely mimic the natural environment.
In this case, there is no deformation of the virion and

the antigenic sites do not change, which makes it sim-
ilar to the VNT in cell culture or chicken embryonated

eggs [1,17,18,19].

When creating the test systems for FMD diagnosis,
the developers strive for the ELISA serotype specificity.
Indeed, within the serotype, the FMDV:s of different ge-
netic lineages, as a rule, reveal a serological relationship.
However, when testing the primarily vaccinated young
animals, the test systems for detecting the certain se-
rotype FMDV antibodies produced by different manu-
facturers may demonstrate strain/genotype specificity.
This is of great importance in assessing the antigenic
and immunogenic activity of a FMD vaccine. It is es-
sential to carefully select the tool to obtain the most
objective and reliable information.

Two test systems were earlier developed at the
Federal Centre for Animal Health to assess humoral
immunity against SAT 2 topotype VIl FMDV based
on SAT2/LIB/39/2012 and SAT2/ERI/98 strains, which
demonstrated a high degree of relatedness and, as a
result, interchangeability [3]. These test systems were
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Antigenic relatedness of subtype SAT 2 FMDV strains determined
in the virus neutralization test, r

Serum samples

I nean M FMDV neutralization test*
mean

SAT2/LIB/39/2012 SAT2/ERI/98 SAT-2/X1V/2023

SAT2/1IB/39/2012 1.0 0.36 0.06
SAT2/ERI/98 0.69 1.0 0.16
SAT-2/XIV/2023 0.14 0.16 1.0

*1,2 0.3 - dlose relatedness; r, < 0.3 — low relatedness.
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supposed to be able to provide a full-scale ELISA moni-
toring of the effectiveness of the vaccine containing the
antigen of the new FMDV strain. Data on the genetic
and serological matching of SAT 2 FMDV strains and
isolates of topotypes VIl and XIV were analyzed, and
the feasibility of developing a new test system for SAT 2
FMDV of topotype XIV was considered.

To identify the genetic relationship (homology) be-
tween topotypes VIl and XIV, amino acid sequences of
SAT 2 FMDV VP1 protein were compared. As can be seen
in Figure 1, the vaccine FMDV strain SAT-2/XIV/2023

had 100% homology with the FMDV isolate recovered
in the Hashemite Kingdom of Jordan in 2023 (SAT2/
JOR/11/2023) in the amino acid sequence of VP1 poly-
peptide. Both viruses differed from SAT2/ETH/2/2022
isolate recovered in Ethiopia in 2022 by one amino acid
substitution in the G-H loop region and by 20 substi-
tutions from another Ethiopian isolate SAT2/ETH/2/91.

These viruses belong to topotype XIV of SAT 2 sero-
type and significantly differ from the isolates of SAT 2
topotype VIl virus, which directly affects the antigenic
matching of SAT 2 virus strains belonging to different
topotypes. The phylogenetic tree of the SAT 2 FMDV
in Figure 2, based on the comparison of VP1 gene nu-
cleotide sequences clearly demonstrates the topotypic
(genotypic) differences between the virus strains.

When studying the antigenic matching of the vaccine
strain SAT-2/XIV/2023 (topotype XIV) and FMDV strains
SAT2/LIB/39/2012 (topotype VII) and SAT2/ERI/98 (topo-
typeVIl), alow degree of relatedness between the strains of
different topotypes was established in VNT in IB-RS-2 cell
culture: 0.06-0.16. Meanwhile, strains SAT2/LIB/39/2012
and SAT2/ERI/98 showed close relatedness between each
other: 0.36 and 0.69, respectively (Table 1), which indicat-
ed good cross-protection between these FMDVs.
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Sucrose gradient fractions

Fig. 3. Isolation of 146S-Ag SAT2/XIV during fractionation of SAT2/XIV Ag

A - sedimentation profile of SAT2/XIV Ag

precipitate

using sucrose gradient ultracentrifugation:

precipitate

with wavelength 260 nm at 1:10 dilution;

B - electrophoregram of sucrose gradient fractions, including SP VP1, VP2, VP3 of SAT-2/XIV/2023 FMDV strain
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1 2
Fig. 4. 12% polyacrylamide gel electrophoresis
of SAT-2/XIV/2023 FMDV antigen:
1=SAT2/XIVAG,, . iate before fractionation by sucrose
gradient ultracentrifugation; 2 — 1465-Ag SAT2/XIV

Thus, when developing an enzyme-linked immu-
nosorbent assay system to assess the antigenicity and
immunogenicity of the vaccine against SAT2/XIV FMD,
the production strain SAT-2/XIV/2023 was selected.

Special attention was paid to the extraction of 146S
component from the inactivated virus-containing
suspension of BHK-21 cell culture (1465-Ag SAT2/XIV)
when preparing specific LPB-ELISA reagents for the
detection of antibodies to SAT2/XIV FMDV SP. It is an
intact antigen with sedimentation coefficient of 146S,
that is, an antigen with an unaltered structure, repre-
senting virions that have lost their infectivity during the
inactivation process. This antigen consists of a capsid
enclosing inactivated RNA. The integrity of the capsid
ensures the immunogenicity of the FMD vaccine, since
the surface polypeptides VP1-VP3 induce the produc-
tion of the virus neutralizing strain/serotype-specific
antibodies. Use of highly purified 146S antigen during
the ELISA "liquid phase", when an immune complex
with specific antibodies is formed in the test sample, as
well as for the immunization of rabbits and guinea pigs
for the production of capture (coating) and detector
antibodies, respectively, allows for the determination
of the level of humoral immunity against FMD with the
highest possible reliability.

The use of antigens with a lower degree of purifi-
cation in the ELISA, i.e. partially purified antigen (an-
tigenic precipitate) or antigen-containing cell suspen-
sion, which are characterized by the presence of ballast
proteins in the form of residual cell debris and serum
albumin, can lead to biased test results.

During antigen fractionation by ultracentrifugation
in a 20-50% sucrose gradient, the majority of 146S par-
ticles accumulated at the interface between the 30 and
40% sucrose layers as an opalescent band. The gradient
fractions collected at 1 mL were analyzed spectropho-
tometrically at a wavelength of 260 nm to construct
SAT2/XIV AG,,. ipiare S€dimentation profile and by electro-
phoretic separation of protein molecules in a 12% poly-
acrylamide gel (Fig. 3B).

Fractions with the highest accumulation of VP1-VP3
structural polypeptides and the lowest content or ab-
sence of impurities were selected for 146S antigen. As a
result, after combining the fractions, 1465-Ag SAT2/XIV
was obtained with a protein concentration of ap-
proximately 0.55 mg/mL. Figure 4 shows an electro-
phoregram of SAT-2/X1V/2023 FMDV antigen in 12%
polyacrylamide gel before and after fractionation by
sucrose-gradient ultracentrifugation.

Table 2
ELISA and VNT results of serum samples collected from cattle vaccinated against
SAT2/XIV FMD (adsorbed monovalent vaccine)

Test system

SAT2/XIV- SAT2/VII-

Serum

PL 2500, | Pl 2500, | =070 | N = 2100y
25 25 pos/n pos/n
pos/n pos/n
s odpy | Defore 0/16 0/16 0/16 0/16
o vaccination
whole dose 0/5 0/5 0/5 0/5
1/4 0/5 0/5 0/5 0/5
Sy, 3 PV
1/16 0/5 0/5 0/5 0/5
control 0/1 01 0/1 01
whole dose 1/5 0/5 0/5 0/5
1/4 1/5 0/5 0/5 0/5
S,o, 7 dpv
1/16 1/5 1/5 0/5 0/5
control 0/1 01 0/1 01
whole dose 5/5 4/5 3/5 3/5
1/4 4/5 2/5 1/5 3/5
S, 14 dpv
1/16 2/5 1/5 0/5 1/5
control 01 01 0/1 0/1
whole dose 5/5 4/5 3/5 4/5
1/4 4/5 1/5 1/5 2/5
S, 21 dpv
1/16 2/5 1/5 0/5 1/5
control 0/1 0/1 0/1 0/1

S, — bovine sera; Pl — inhibition percent; TDOSVNA — positive (protective) titre of virus
neutralizing antibodies; pos/n — number of positive reactors against total number of the

animals in the group; dpv — day post vaccination.
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Table 3
ELISA results of serum samples collected from white mice immunized with
an adsorbed monovalent vaccine against SAT2/XIV FMDV

Test system
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Serum samples | Vaccine dose SAT2/XIV- SAT2/VII- SAT2-IZSLER
ARRIAH ARRIAH Pl > 70%
PL>50% | Pl >50% ms= 00
whole dose 67.5% 64.4% 30.6%
S, 14dpv 1/4 64.9% 50.1% 14.9%
116 21.1% 5.9% 22.3%
whole dose 71.6% 65.3% 32.5%
1/4 63.5% 48.0% 43.7%
S, 21 dpv
116 12.5% 1.7% 1.8%
control 6.1% 0.35% 2.4%

S —white mouse sera; P — inhibition percent; dpv — day post vaccination; positive Pl values

mur

are in bold.
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The resulting 146S-Ag SAT2/XIV was used to man-
ufacture immunospecific components of LPB-ELISA:
capture and detector antibodies, and FMDV antigen.

The test system for the determination of SAT2/XIV
FMDV SP antibodies demonstrated specificity and
sensitivity in determining the immune status of the
tested animals when using immunospecific reagents
in the following working dilutions: capture antibo-
dies - 1:1000, detector antibodies — 1:5000, FMDV anti-
gen - 1:1000, or 0.55 pg/mL, commercial anti-species
conjugate — 1:1500, or 0.75 pg/mL.

When interpreting the ELISA results, it is necessary
to establish qualitative assessment criteria. For this
purpose, the cut-off value is determined - a positive
and negative threshold (PNT) that allows classifying the
tested biological samples as positive or negative for a
specific infectious agent.

In the developed SAT2/XIV-ARRIAH test system, the
qualitative analysis of the ELISA results is based on a
PNT of 50% PI (percentage of inhibition) [1]. The cal-
culation was performed based on the data obtained

Table 4
ELISA results of serum samples collected from cattle and pigs before and after vaccination against serotype SAT 2 FMD and challenge

Test system

during testing of 176 serum samples collected from
clinically healthy cattle and pigs not vaccinated against
FMD. Mean Pl and standard deviation from the mean
(SD) were obtained. The mean PI for this serum sam-
ple panel (n = 176) was 21.09%, SD - 14.67%. The PNT
was calculated by the formula: PNT=PI__+2SD and
amounted to 50.43%.

Thus, the PNT value for the qualitative characteristics
of the serum samples tested for the presence of SAT2/XIV
FMDV antibodies using the proposed test system cor-
responded to the predicted 50% PI, which indicated
the optimal choice of working dilutions of the immu-
nospecific components that determined the accuracy
and objectivity of the analysis.

Trials of SAT2/XIV-ARRIAH test system. SAT2/
XIV-ARRIAH ELISA system was evaluated during the
assessment of the antigenicity and immunogenicity of
SAT2/XIV monovalent adsorbed FMD vaccine in com-
parison with other test systems for SAT 2 FMD diagno-
sis (Table 2). For this purpose, fifteen black-and-white
bull calves were vaccinated once with the vaccine at
different doses: whole dose, 1/4 dose and 1/16 dose,
with five animals per each vaccine dose. One control
animal was not vaccinated. Blood for testing in ELISA
and VNT was collected from all animals on day 0, 3,7, 14,
21 post administration of the vaccine against SAT2/XIV
FMD. The serum samples were tested for SAT 2 FMDV
antibodies using the following ELISA systems: SAT2/XIV-
ARRIAH based on SAT-2/XIV/2023 strain; SAT2/VII-ARRIAH
based on SAT2/LIB/39/2012 strain; SAT2-IZSLER, and
SAT-2/XIV/2023 VNT.

As can be seen from Table 2, the effectiveness of
SAT2/XIV-ARRIAH test system was higher in record-
ing the specific antibody production as compared to
other test systems under study. Already on day 7, one
seropositive animal was detected in each of the three
groups of vaccinated cattle, and one positive reactor
was detected using SAT2/VII-ARRIAH test system. In
the other two reactions, the specific antibodies were
detected only on day 14. As a result, the number of
positive reactors detected using ELISA and VNT on day
14-21 post administration of different vaccine doses

Samples SAT2/XIV-ARRIAH SAT2/VII-ARRIAH SAT2-IZSLER
serum Plpm >50% PIPM > 50% Plpm >70%
Spor 0dpv 232 0/16 - 13.9 0/16 - 223 0/16 -
S, 0dpv 25.1 0/37 - 303 0/37 - 20.2 0/37 -
Smr 16-28 dpv SAT2/LIB/39/2012 68.2 28/30 93.3 83.7 29/30 96.7 90.2 29/30 96.7
S,, 14-35 dpv SAT2/LIB/39/2012 70.1 14/15 93.3 89.5 1515 100.0 87.6 1515 100.0
Sy, 21-45 dpv/dpi SAT2/ERI/98 59.5 23/35 65.7 80.3 27135 771 89.1 29/35 82.9
Syor 14-21 dpv SAT-2/XIV/2023 76.8 30/30 100.0 63.8 24/30 80.0 72.6 18/30 60.0

S,.,, — bovine sera; Spc, — porcine sera; Pl — inhibition percent; pos/n — number of positive reactors against total number of the animals in the group;
SP — seropositivity (number of positive reactors); dpv/dpi — day post vaccination/infection.

VETERINARY SCIENCE TODAY. 2025; 14 (3): 283-293 | BETEPUHAPUA CEFOJHA. 2025; 14 (3): 283-293



ORIGINAL ARTICLES | BOVINE DISEASES OPUTIHANIbHbBIE CTATBY | BONE3HI KPYMHOTO POTATOTO CKOTA

was the following: SAT2/XIV-ARRIAH - 22/30 (73.3%),
SAT2/VII-ARRIAH - 13/30 (43.3%), SAT2-IZSLER - 8/30
(26.7%), SAT2/XIV-VNT - 14/30 (46.7%), which indica-
ted an undeniable advantage of SAT2/XIV-ARRIAH test
system as for its diagnostic sensitivity.

An experimental saponin-containing vaccine with
inactivated FMDV strain SAT-2/X1V/2023 also induced
humoral response when administered to the laboratory
white mice. Animals weighing 24-26 g were vaccinated
once with the vaccine at different doses: whole dose,
1/4 dose and 1/16 dose, at 0.4 mL per animal (13 ani-
mals for each vaccine dose). Eleven control mice were
not vaccinated. Blood was collected in pools on days
14 and 21 after vaccination. The results are presented
in Table 3. As in the experiment with cattle, SAT2/XIV-
ARRIAH test system demonstrated higher sensitivity as
compared to other test systems for SAT2/VII topotype.

The vaccine containing SAT-2/X1V/2023 FMDV anti-
gen, as well as SAT2/XIV-ARRIAH diagnostic test kit sup-
plied with the vaccine, were tested in the field, namely
in Jordan. According to the data provided by the Jor-
danian side, both the monovalent adsorbed vaccine
against SAT2/XIV and the homologous test system for
evaluating the effectiveness of manufactured by the
Federal Centre for Animal Health vaccine demonstra-
ted convincing results of the vaccine’s antigenicity af-
ter double vaccination of cattle. All vaccinated animals
(10 animals) demonstrated protective antibody level
with Pl = 84.58 + 12.56, while the unvaccinated
controls (2 animals) did not show any antibodies to the
SAT2/XIV FMDV (Pl =35.34+2.21).

To confirm the reliability of the ELISA data, 163 se-
rum samples collected from pigs and cattle were tes-
ted using the following test systems: SAT2/XIV-ARRIAH,
SAT2/VII-ARRIAH, SAT2-IZSLER. The results of parallel
serum tests before and after whole-dose vaccination
against SAT2/XIV FMD agent (vaccine based on strain
SAT-2/X1V/2023) and SAT2/VII FMD agent (vaccines
based on strains SAT2/LIB/39/2012 and SAT2/ERI/98),
as well as after challenge with FMDV strain SAT2/ERI/98
are shown in Table 4.

The analysis of the resulted data demonstrated pro-
nounced topotype specificity of the test systems for this
panel of samples. The bovine sera against FMDV SAT-2/
XIV/2023 antigen tested positive in 100% of cases using
ELISA SAT2/XIV-ARRIAH test system, and in 80 and 60%
cases using SAT2/VII-ARRIAH and SAT2-IZSLER, respec-
tively. While seropositivity of animals against SAT2 to-
potype VI FMDV in SAT2/VII-ARRIAH and SAT2-IZSLER
test systems was 91.27 and 93.2%, respectively, in SAT2/
XIV-ARRIAH test system it amounted to 84.1%.

Determining diagnostic parameters of SAT2/XIV-
ARRIAH test system. During SAT2/XIV-ARRIAH valida-
tion, such basic diagnostic parameters as sensitivity,
specificity, accuracy, and the k-criterion were deter-
mined as described earlier [20]. Table 5 shows the data
on statistical processing of ELISA results for 301 serum
samples collected from unvaccinated cattle and from
cattle vaccinated against SAT2/XIV FMDV.

As evident from the results, 90% diagnostic sensitivi-
ty, 98% diagnostic specificity, and 95% diagnostic accu-

Table 5

Diagnostic parameters of the test systems for detecting antibodies to SAT 2 FMDV SP,
defined for the SAT2/XIV topotype

Test systems used

SAT2/XIV-ARRIAH

sensitivity

90.24%
(83.58-94.86%)

Diagnostic parameters (n = 301),
(95% confidence interval)

specificity

98.31%
(95.15-99.65%)

accuracy

95.02%
(91.91-97.18%)

K-criterion®

0.896

SAT2/VII-ARRIAH

55,0%
(41.6-67.9%)

98,1%
(89.9-100.0%)

75.2%
(66.2-82.9%)

0.516

SAT2-IZSLER

40,0%
(27.6-53.5%)

100,0%
(93.3-100.0%)

68.1%
(58.7-76.6%)

0.385

*K-criterion — consistency between ELISA test results of individual serum samples
and the animals' diagnostic status; < 0 — no consistency; 0-0.20 — insignificant;

0.21-0.40 — low; 0.41-0.60 — moderate; 0.61—0.80 — significant; 0.81—1.00 — high.

racy of SAT2/XIV-ARRIAH ELISA system demonstrated a
high degree of consistency between the ELISA results
and the known diagnostic status of the tested animals
(k-criterion - 0.896).

Currently only one test system for retrospective FMD
diagnosis, capable of detecting SAT2 FMDV SP antibo-
dies using ELISA is reliably known to be available on
the global market. This is Solid-phase competitive ELISA
test kit for antibodies specific to FMDV serotype SAT 2
produced by IZSLER & The Pirbright Institute (Italy/
United Kingdom) [21].

The use of monoclonal antibodies in diagnostic ELISA
systems for serotyping specific FMDV antibodies is
designed to create the versatility of analysis within a
specific FMDV serotype (the possibility of detecting an-
tibodies induced against different FMDV strains of the
same serotype in the tested sera or blood plasma with
the same sensitivity), that is, the test system should
have wide serotype specificity.

However, in the case of SAT2-IZSLER test system,
pronounced topotype specificity was observed. When
testing samples of monospecific bovine or porcine sera
against SAT2/VIl and SAT2/XIV FMDV using SAT2-IZSLER,
the highest number of positive results was obtained
for sera against topotype SAT2/VII, while antibodies to
topotype SAT2/XIV were detected with lower efficien-
cy than in case of SAT2/XIV-ARRIAH test system. This
indicates that the use of SAT2-1ZSLER kit to study the
antigenicity and immunogenicity of the FMD vaccine
comprising SAT-2/XIV/2023 FMDV antigen, does not
allow for an objective and reliable assessment of the
vaccine effectiveness using ELISA. Thus, the ELISA sys-
tem for assessing humoral immunity against SAT2/XIV
FMDV, which has a 100% degree of homology with the
vaccine strain and high diagnostic performance, is an
indispensable and currently irreplaceable tool for eval-
uating vaccine quality in ELISA.

CONCLUSION

The developed test system based on a liquid-phase
blocking ELISA variant for detection of SAT2/XIV FMDV
SP antibodies is specific and sensitive. The uniqueness
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of the test system consists in a 100% degree of homo-
logy with the vaccine products, which allows for the
most reliable and effective assessment of the antigen-
ic and immunogenic properties of the vaccine during
its production and subsequent use in the field. During
validation trials, this test system demonstrated high di-
agnostic sensitivity (90%), diagnostic specificity (98%),
and diagnostic accuracy (95%), indicating a strong con-
sistency between ELISA results and the known diagnos-
tic status of the tested animals (k-criterion - 0.896).
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ABSTRACT

Introduction. Bacterial communities significantly affect the overall productivity of agricultural establishments, as animal health, milk production, and food quality
and safety depend on them. Zoonotic bacteria not only have a negative impact on animal health, but also pose a risk to public health, so monitoring of the microbial
species diversity on dairy farms to determine the predominant pathogen species and antibiotic resistance profiles is essential.

Objective. Study of bacterial species diversity on a dairy farm and monitoring of antibiotic resistance spread in Escherichia coli and Proteus mirabilis isolates in order
to enable timely development of measures containing the spread of antibiotic-resistant microorganisms.

Materials and methods. To achieve this goal, microorganisms were identified by MALDI-ToF mass spectrometry and antibiotic susceptibility of the isolated
cultures was determined using the disc diffusion test.

Results. The species diversity of microorganisms isolated from samples of cattle limb wound exudates, feces, and feed was established. Opportunistic and pathogenic
Escherichia coli and Proteus mirabilis turned out to be the predominant microorganisms, and their antibiotic resistance profiles were determined. One of the Esch-
erichia coli isolates was found to be multi-resistant; only a combination of amoxicillin and clavulanic acid proved effective in inhibiting the growth of this culture.
Alarge proportion of Proteus mirabilis isolates were resistant to drugs included in the group of fluoroquinolones and sensitive to all other tested antibacterial agents.
Conclusion. The factorsinfluencing the microbial species diversity in wound exudate, feces and feed were reported. Determination of Enterobacteriaceae antibiotic
resistance profiles will allow for the rotation of antibacterial drugs on the studied livestock farms.
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BumoBoe pa3HoobOpasue MUKPOOPraHu3MoB
1 pacnpocTpaHeHne aHTUONOTUKOPE3NCTEHTHDIX
JHTepoOAKTePNil HA MONIOYHBIX pepmax

B. 1. 3y6apeBa’, H. A. bes6opogosa’, I1. T. AmuxeBa?, A. C. Kpuonorosa', 0. B. CokonoBa’, . A. Llikypatosa', M. H. UcakoBa’

T QIBHY «Ypanbckuii denepanbHblil arpapHblii HayuHo-UCCTe0BaTENbCKIIA LIEHTP Ypanbckoro oTaeneHus Poccuiickoii akagemun Hayk» (OFBHY YpOAHUL] YpO PAH),
yn. benutckoro, 112a, r. Ekatepunbypr, 620142, Poccua

2000 «KBonutn Meg», yn. MawwmHas, 1, r. Ekatepunbypr, 620142, Poccus

PE3IOME

BBepeHue. bakTepuanbHble (0061LeCTBa CYLLECTBEHHO BAUAIOT Ha 06LLYI0 NPOM3BOAMTENBHOCTD CNIbCKOXO3ANCTBEHHDIX NPEANPUATHIA, O HUX 3aBUCUT 30PO-
Bbe KMBOTHbIX, POM3BOACTBO MOJIOKA, KaUECTBO 1 6e30MacHOCTb NULLEBbIX NPOAYKTOB. 300H03HbIE HAKTEPUI HE TONIbKO OKA3bIBAIOT HeraTvBHoe BO3ZelCTBIE Ha
6narononyuue XUBOTHbIX, HO U NPeACTABAAIOT PUCK ANA 06LLECTBEHHOTO 34PaBOOXPAHEH!A, NO3TOMY MOHUTOPUHT BUA0BOr0 pa3H000pa3iia MUKPOOPraHU3MOB
Ha MONOYHbIX pepmax AnA onpeeneHua npeobnagatoLLux BIAOB Bo3byauTenelt M npoduneil aHTHOMOTUKOPE3UCTEHTHOCTI MEET BaXHOe 3HaueHMe.

Lienb uccnepoBaHua. /13yuetne BigoBoro pastoobpasus 6akTepuanbHbix CO0BLLECTB Ha MONOYHOIT GepMe U MOHUTOPUHT PacnpOCTPaHeH!s aHTUOMOTUKO-
pe3ucTeHTHOCTYH y u3onaToB Escherichia coli v Proteus mirabilis ana cBoeBpemeHHoii pa3paboTki Mep o cepnBaHMI0 pacnpocTpaHeHUs YCTOUMBDIX K aHTH-
6aKTepuanbHbIM npenapatam MUKpOOpraHi3MoB.
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Martepuanbl u meTofbl. [InA fOCTVXEHUA NOCTAaBNEHHOI Lenn NPOBOAUNM MAeHTUdMKaLMo MuKkpoopraHuamos MeTogom MALDI-ToF macc-cnektpomeTpum
11 onpeaenany aHTMOUOTUKOUYBCTBUTENLHOCTD BbIAENEHHbIX KYNBTYP C MOMOLLbIO ANCKO-ZUPPY3UOHHOTO MeToAa.

Pe3ynbTatbl. Y(TaHoBNEHO BIA0BOE Pa3HO06pa3ne MUKPOOPTaHU3MOB, BblAeNEHHbIX 113 NP6 IKCCYAaTa C NOBEPXHOCTU PaH KOHEUHOCTell KpYNHOro pora-
TOr0 CKOTa, Gekanuii u 06pa3Los kopma. MpeobnasatoLMmm MUKpoopraHu3Mami 0Ka3anucb ONMOPTYHUCTYECKHe 1 naToreHHble Escherichia coli w Proteus
mirabilis, AnA HUX onpeaeneHbl Npodunn aHTU6MOTUKOPe3ncTeHTHOCTU. OANH U3 U30nAToB Escherichia coli 6bin MyNbTUPE3NCTEHTHBIM, TONBKO KOMOUHALMA
AMOKCULUNAMHA U KNIaBYNIaHOBOI KICNIOTbI NPoABIMAA 3QOEKTUBHOCTD B NOAABNEHNN POCTa AaHHOI KyNbTypbl. bonblias gona usonatos Proteus mirabilis
o6nasana ycToiuMBOCTbIO K Npenaparam u3 rpynnbl GTOPXMHONOHOB U YyBCTBUTENBHOCTBIO KO BCEM OCTaNlbHBIM MCCNe0BaHHBIM aHTUOaKTepHanbHbIM
CpencTBam.

3aknioueHue. 0TMeueHbl pakTopbl, BNUAILLYE HA BUZOBOE PazHo06pa3ie MUKPOOPraHU3MOB B paHeBOM KccyaaTe, dekanusax 1 kopmax. OnpezeneHue npo-
duneii aHTUOMOTUKOPE3UCTEHTHOCTY IHTEPOOAKTEPHIl NO3BONUT NPOBECTY POTALMI0 aHTMOAKTEPUAbHBIX MPENapaToB B UCCIeA0BAHHBIX KUBOTHOBOAYECKUX
OpraHuM3aumaXx.

KntoueBbie cnoBa: MuKpobHble co06LLeCTBA, aHTUOMOTUKOPE3NCTEHTHOCTD, BIAOBOE Pa3Hoobpasue baKkTepuii, KpynHbIiA PoraTblii CKOT, NaToreHbl OKpyXa-
foLLieit cpespl
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INTRODUCTION

Bacterial communities circulating on dairy farms sig-
nificantly affect food safety, quality of dairy products, and
animal health [1]. “One Health” is critically important for
understanding the antibiotic resistance spread; it implies
interaction between humans, animals and environment,
which is especially important due to the common nature
of antimicrobial-resistant bacteria in humans and ani-
mals [2]. Half a billion people in the world are engaged in
animal husbandry and are directly exposed to zoonotic mi-
croorganisms [3]. Residual amounts of antimicrobials and
antibiotic-resistant pathogens are often found in animal
waste and pollute the soil environment and wastewater.
Escherichia coli serves as a reservoir for multiple antibiotic
resistance determinants, which can transmit to animals
and humans through various transmission routes: direct
animal contact, products of animal origin, and environ-
mental exposure [4]. Proteus mirabilis is an opportunistic
pathogenic microorganism of the Enterobacteriaceae fami-
ly that causes inflammatory diseases of the skin, respirato-
ry tract, urinary tract and gastrointestinal tract. After E. coli,
it is the most common opportunistic and zoonotic bac-
terium found in various animals such as chickens, ducks,
turtles, cattle and other domestic animals [5]. P. mirabilis
is found in various environments: wastewater, soil, and
gastrointestinal tract of animals and humans [6]. Failure
to comply with the recommendations for prescribing anti-
microbials in animal husbandry contributes to the spread
of antibiotic resistance.

The relevance of this work is determined by the fact
that studying the composition of bacterial communities
circulating in livestock facilities will allow identifying pri-
ority microorganisms affecting animal health. The novelty

of the research lies in acquiring new data on the composi-
tion of the microbiota of cattle feed, wound exudate and
feces and identifying the prevalence of Enterobacteriaceae
antibiotic resistance in agricultural organizations across
the Sverdlovsk Oblast.

The aim of the study was to examine the species di-
versity of bacterial communities, as well as to monitor
the spread of antibiotic-resistant enterobacteria (E. coli
and P. mirabilis) on dairy farms.

MATERIALS AND METHODS

The research was conducted in 2023-2024 at the De-
partment of Animal Genomics and Selection of Ural Fe-
deral Agrarian Scientific Research Center, Ural Branch of
the Russian Academy of Sciences and at the laboratory of
Quality Med LLC (Ekaterinburg). The activities were carried
out in four agricultural organizations in the Sverdlovsk
Oblast that are engaged in Holstein cattle breeding. A total
of 61 samples were collected: exudate from the surfaces
of limb wounds (25), feces (22), and feed samples (14).

Fecal samples from cows were collected with a swab
probe into the tubes with modified Cary-Blair medium,
which is specifically designed for intestinal pathogen trans-
portation and their viability preservation (FecalSwab™,
Copan, Italy). Samples of the remaining biological mate-
rials were placed in tubes with Amies transport medium
(ESwab®, Copan, ltaly).

In the laboratory of Quality Med LLC, the quadrant
streaking method was used to inoculate 10 pL of the bio-
material suspension with a sterile calibrated loop onto
the following nutrient media: Columbia agar (Bio-Rad
Laboratories, Inc., France) with 5% defibrinated sheep
blood (E&O Laboratories Ltd., Scotland); Ploskirev agar
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Table
Antibacterial drugs used for assessing the antibiotic susceptibility of microorganisms
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(State Research Center for Applied Microbiology and Bio-
technology, Russia); GRM-agar (State Research Center for
Applied Microbiology and Biotechnology, Russia); UriSe-
lect 4 chromogenic medium (Bio-Rad Laboratories, Inc.,
France); Sabouraud agar with 2% glucose and chloram-
phenicol (SIFIN diagnostics GmbH, Germany). The inocu-
lated Petri dishes were transferred into the thermostat at
(37 £ 1) °C and incubated for 24 hours.

The grown colonies were identified by MALDI-ToF mass
spectrometry using a Vitek® MS instrument (bioMérieux,
France). For this purpose, the bacterial biomass was ap-
plied to a slide spot, covered with 1 pL of matrix solution
(a-cyano-3-hydroxycinnamic acid), air-dried at room tem-
perature, and analyzed by mass spectrometry to acquire ri-
bosomal protein spectra. The data were compared against
reference databases using MYLA® software (bioMérieux,
France). Genus and species identification of the isolates
was performed with semi-quantitative and quantitative
characterization (CFU/gram and CFU/sample).

Antibiotic susceptibility was determined according to
the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) standard method, using Mueller - Hin-
ton agar (Bio-Rad Laboratories, Inc., France) and antibio-
tic discs (Bio-Rad Laboratories, Inc., France) impregnated
with predefined drug concentrations (Table). The ADAGIO
automatic analyzer (Bio-Rad Laboratories, Inc., France) was
used to read the antibiograms. When interpreting the sus-
ceptibility categories, the EUCAST criteria were applied
(E. A. Elshafiee, S. M. Nader, S. M. Dorgham, D. A. Hamza;
version 12.0, effective from 01.01.2022). Despite the fact
that, according to Order No. 771 of the Ministry of Agri-
culture of the Russian Federation of 18 November 2021,
ceftazidime, cefepime, cefotaxime, ceftriaxone, and cefo-
perazone are prohibited for veterinary use, many of these
antibacterial substances were previously included in
the medicines used in the inflammatory diseases thera-
py in cattle, and therefore these drugs were also used
to evaluate the antibiotic resistance profile of E. coli and
P. mirabilis isolates.

Group of antibiotics Active substance concentration, pg

Cefixime third-generation cephalosporins 5
Cefpodoxime . i )
Ceftazidime third-generation cephalosporins 10
Cefepime
Cefotaxime second-, third-, fourth-genera-

. ) ) 30
Cefuroxime tion cephalosporins
Ceftriaxone
Cefoperazone third-generation cephalosporins 75
Marbofloxacin
Enrofloxacin
Levofloxacin fluoroquinolones 5
Ciprofloxacin
Norfloxacin
Gentamicin aminoglycosides 10
Amoxicillin semi-synthetic penicillins 30
Amoxicillin / semi-synthetic penicillins / 20/10
Clavulanic acid beta-lactamase inhibitors
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RESULTS AND DISCUSSION

A total of 189 isolates were identified using MALDI-ToF
method.

Among opportunistic and pathogenic microorga-
nisms, the largest proportion in the tested wound exudate
samples (n = 86) was taken by (Fig. 1): P. mirabilis (9.30%),
E. coli and Trueperella pyogenes (8.14% each), Bacteroides
pyogenes (6.98%), Aerococcus viridans and Prevotella mela-
ninogenica (5.81% each), Aeromonas hydrophila and Can-
dida catenulata (4.65% each), Bacillus altitudinis/pumilus,
Mannheimia haemolytica, Streptococcus agalactiae (3.49%).

According to S. C. Liegenfeld et al. [7], the following
microorganisms are most often detected in the infected
wound microbiota: gram-negative organisms — Pseudo-
monas aeruginosa, Acinetobacter baumannii, Enterobacte-
riaceae, E. coli, Klebsiella pneumoniae, Serratia marcescens,
Enterobacter spp., Proteus spp. and Bacteroides spp.;
gram-positive organisms — Staphylococcus aureus, Strep-
tococcus spp., Enterococcus spp., Micrococcus spp., Coryne-
bacterium spp., Streptococcus pyogenes, Corynebacterium
diphtheriae and coagulase-negative staphylococci. The in-
formation on the species diversity of wound microflora
published by the authors, therefore, differs from our study
results.

Prevalence of P. mirabilis in animal food products and
by-products is understudied [8]. P. mirabilis, as well as
E. coli detections in wound exudate are most likely associ-
ated with fecal contamination of the wound surface. T. pyo-
genes spp. bacteria are part of the microbiota of the skin
and mucous membranes of the upper respiratory tract,
gastrointestinal tract, and genitourinary tract of animals
and they are opportunistic microorganisms. They cause
various purulent infections such as metritis, mastitis,
pneumonia and abscesses leading to significant econom-
ic damage to the livestock production [9]. B. pyogenes is
a representative of the oral microbiota of cats and dogs,
the bites of these animals are the main risk factors of hu-
man infection. This bacterium can cause a number of in-
flammatory diseases, including skin and soft tissue infec-
tions, osteomyelitis, metritis, and liver abscesses [10, 11].
Anaerobic bacterium P. melaninogenica, detected during
the study, is involved in the footrot development and
progression in cattle [12]. Representatives of the phylum
Aeromonas cause diarrhea-associated diseases in piglets
and pigs, colts and horses; abortions and reproductive di-
seases in mares, septic arthritis in colts, septicemia in dogs,
mastitis in cows, polyarthritis in calves; and A. hydrophila
has been identified as the only source of infection in bo-
vine wounds [13]. S. agalactiae is a microorganism capable
of inducing chronic mastitis in cows. Moreover, streptococ-
cus of this species can colonize the gastrointestinal tract
of dairy cows, and in case the wound surfaces on the limbs
are contaminated with the feces, the microorganism can
be detected in the wound exudate [14].

A significantly lower species diversity of opportunistic
and pathogenic microorganisms was identified in bovine
fecal samples (n = 59): E. coli — 28.81%, Aspergillus niger
complex — 15.25%, Bacillus licheniformis — 8.47%, P. mirabi-
lis and Enterococcus hirae — 6.78% each, other representa-
tives of the fungal microbiota were reported (Fig. 2).

A decrease in the diversity of the fecal microbiota
may be associated with an increase in concentrated
feed in the diet [15]. A high-concentrate diet reduces
the acetate-to-propionate ratio and rumen pH, adversely
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Fig. 1. Species diversity of bacterial communities isolated from wound exudates of cattle (n = 86)

affecting overall health and performance of cattle [16].
Against this background, dysbiosis develops, which can
lead to the increased populations of specific bacteria,
such as opportunistic E. coli [16], whose predominance in
the fecal microbiota of cattle was identified in our studies.
Environmental contamination with fecal E. coli increases
the risk of coliform mastitis in cows [17] and inflammatory
diseases of the reproductive system [18].

In the feed samples (silage, haylage, and compound
feed, n = 44) the predominant opportunistic and patho-
genic species were the following: Bacillus altitudinis/
pumilus — 9.09%, Aspergillus niger complex, Bacillus cereus,

Candida krusei, Candida rugosa, and P. mirabilis — 6.82%
each (Fig. 3).

The microorganisms typically found in silage include:
Bacillus pumilus, B. licheniformis, B. coagulans, B. sphaeri-
cus, and B. cereus. Emergence of B. cereus spores in the si-
lage is inevitable when the proper feed harvesting and
storing technologies are violated. B. cereus spores pass
through the gastrointestinal tract of cattle unchanged
and are excreted with the feces; during milking, they can
be transferred to the raw milk via contaminated nipple
surfaces [19]. Presence of Candida spp., in particular C. kru-
sei, in feed samples is an adverse indicator, since these

30
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v
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Fig. 2. Fecal microbiota species diversity in cattle (n = 59)
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Fig. 3. Species diversity of microorganisms isolated from feed samples (n = 44)

microscopic fungi can induce mycotic mastitis in cows [20].
During our study, A. niger was detected in silage samples,
which can have both positive and negative effects on cows’
health. This aspergillus species produces -glucosidase,
an enzyme that breaks down cyanogenic glycosides
(toxic to cattle) thus reducing the cyanide poisoning risk
and improving the silage quality [21]. At the same time,
aspergillosis in cattle, especially caused by A. niger, can

lead to mycotic abortions and mastitis [22]. Detection

of pathogenic microorganisms in the feed samples indi-
cates the need to develop and implement measures aimed

at improving the technological processes of feed harvest-
ing, storage and quality control in the examined livestock

raising institutions.

E. coli and P. mirabilis isolates were selected to deter-
mine the antibiotic susceptibility, since these microorgan-
isms proved to be predominant in almost all types of tes-
ted biological materials. Moreover, they are important in
inducing diseases in both animals and humans.

The disk diffusion test results demonstrated that
E. coli cultures (n = 17) were resistant to fluoroquinolo-
nes (35.29%) and cephalosporins (11.76%). At the same
time, 80.0% of Escherichia coli isolates recovered from fe-
ces were sensitive to cefuroxime only after the increased
exposure. The highest isolates’ resistance was detected
to amoxicillin — 41.18%, but their resistance to amoxicillin /
clavulanic acid decreased by 29.42%. Resistance to genta-
micin was found in 17.65% of the isolates (Fig. 4).
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Fig. 4. Resistance of E. coli isolates to antibacterial drugs (n = 17)
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Fig. 5. Resistance of P. mirabilis isolates to antibacterial drugs (n = 10)

The multidrug-resistant phenotype, which is defined
as resistance to at least one agent from three or more
antibiotic classes, was identified in one E. coli isolate.
A combination of amoxicillin and clavulanic acid proved
effective in suppressing this isolate’s growth. Among
the multidrug-resistant pathogens widespread on dairy
farms, E. coli is of particular concern, as some strains can
cause foodborne infections in humans [4]. During R. Man-
ishimwe et al. experiments [23], E. coliisolates demonstrat-
ed resistance to tetracycline (8.2%), ceftriaxone (56.8%),
ciprofloxacin (77.3%) and a combination of nalidixic acid
and ciprofloxacin (54.5%); that is, the frequency of resis-
tant E. coliisolate occurrence was significantly higher than
that detected in our studies.

All E. coli isolates recovered from wound exudate
samples, with the exception of one resistant to amoxicillin,
were found to be sensitive to all tested antibiotics. Alhar-
biN.S. et al. revealed that more than 50% of E. coliisolates
recovered from wound discharge were resistant to ce-
fazolin, ampicillin, cefuroxime, ciprofloxacin, mezlocillin,
moxifloxacin, piperacillin, and tetracycline; 70% of the iso-
lates produced extended-spectrum beta-lactamases [24].

Resistance to fluoroquinolones was observed in 60.0%
of P. mirabilis isolates (n = 10) recovered from the wound
exudate samples (Fig. 5). All isolates were susceptible
to drugs of the cephalosporin group, with the exception
of cefuroxime, to which 80% of isolates demonstrated sus-
ceptibility only upon the increased exposure. Resistance
to amoxicillin and its combination with clavulanic acid
was reported in 40% of the isolates recovered from the
feces and wound exudate; 40% of isolates recovered from
the wound discharge were resistant to gentamicin. In ge-
neral, it is worth noting that the drugs of the cephalospo-
rin group are effective against P. mirailis.

Previous studies have revealed that high prevalence of
P. mirabilis strains resistant to penicillins, cephalosporins,
and sulfonamides in chickens is a direct consequence
of the use of antimicrobials in poultry farming [25, 26].
The spread of antibiotic-resistant P. mirabilis in food-

producing animals and in the environment of the agricul-
tural establishments is an urgent public health problem.
Transmission of P. mirabilis of multidrug resistant pheno-
type from animals to humans through the consumption
of contaminated food or through close contact with ani-
mals has already been described [8, 25].

During the studies, the species diversity of bacteria
isolated from exudate samples collected from the wound
surfaces on cattle limbs, feces and feed was established
using the MALDI-ToF method. The data obtained can be
used at the agricultural establishments to prescribe ratio-
nal antibiotic therapy for both wound infections and other
inflammatory diseases associated with these pathogens.

CONCLUSION

As a result of the studies, a significantly greater species
diversity was revealed in the samples of wound exudate,
which may mainly be associated with fecal contamination
of limb wounds. The fecal microbiota was characterized by
a lower species composition, which may be due to the oc-
currence of dysbiosis resulted from the increased propor-
tion of the concentrated feed in the diet of cattle, while
the prevalence of opportunistic E. coli (28.81%) was found
in fecal samples. The predominance of pathogenic A. niger,
B. cereus, and C. krusei species in feed samples indicates
the need to change the technological processes of feed
harvesting, storing, and quality control in the studied live-
stock organizations.

The antibiotic resistance profiles of E. coli and P. mi-
rabilis were established. In E. coli cultures isolated from
feces, the resistance was mainly found to drugs from
the groups of fluoroquinolones (35.29%) and cephalo-
sporins (11.76%). Notably, nearly all Escherichia isolates
recovered from wound exudates demonstrated suscepti-
bility to all tested antimicrobial agents. One E. coli isolate
revealed a multidrug-resistant phenotype, and a combi-
nation of amoxicillin and clavulanic acid proved effective
in suppressing its growth. It was found that almost all
P. mirabilis isolates were resistant to antibacterial drugs
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from the group of fluoroquinolones, while the drugs from
the group of cephalosporins proved effective against
P. mirabilis. To prevent further growth of antimicrobial
resistance, rotational use of antibacterial drugs on dairy
farms should be implemented according to the identified
Enterobacteriaceae resistance profiles.
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of Bacillus strains isolated from poultry large intestine

Nina I. Malik, Nataliya A. Chupahina, Ivan A. Rusanov, Evgeniy V. Malik, Liya A. Malenkova, Nadezhda S. Samokhvalova, Mikhail V. Surogin
The Russian State Center for Quality and Standardization of Veterinary Drugs and Feed, 5 Zvenigorodskoe shosse, Moscow 123022, Russia

ABSTRACT

Introduction. Censuses of phylogenetic diversity of bacteria colonizing the intestinal tract of clinically healthy poultry conducted over the past decade indicate
that up to 60% of genera present in the gut microbiome contain spore-forming bacteria, accounting for 30% of total gut microbiota. Benefits associated with using
probiotics containing Bacillus spore-forming bacteria have been documented. Analysis of the prevalence of hemolytic and potential biofilm-forming activity, as
well as antibiotic resistance in poultry gut spore-forming microbiota is essential for understanding the true role of aerobic spore-formers of the Bacillus genus in
avian gut microbiome ecology.

Objective. Identification and investigation of biological characteristics (hemolytic activity, potential biofilm-forming capacity and antibiotic resistance) of Bacillus
bacterial isolates obtained from the large intestine of poultry.

Materials and methods. Spore-forming bacteria were isolated from cecal content through sample heat treatment. Phenotypicidentification was performed using
AP 50CHB hiochemical test panels (bioMérieux, France). Hemolytic properties were assessed using Columbia agar (HiMedia Laboratories Pvt Ltd., India) supple-
mented with 5% sterile defibrinated sheep blood; catalase activity was assessed using 10% hydrogen peroxide according to General Pharmacopoeia Monograph
GPM.1.7.2.0012.15; antibiotic sensitivity was assessed with disk diffusion test involving standard antibiotic-impregnated disks (5-30 pg/disk). Biofilm-producing,
spore-forming bacteria were tested qualitatively using brain-heart infusion agar (BHI; HiMedia Laboratories Pvt Ltd., India) supplemented with Congo red and
5% sucrose.

Results. It was established that the cecal aerobic spore-forming microbiota in poultry comprised B. licheniformis, B. subtilis/amyloliquefaciens, B. mycoides,
B. megaterium and B. cereus. All tested isolates were catalase-positive and lacked a-hemolytic activity. Some isolates demonstrated f-hemolytic activity.
The overwhelming majority exhibited biofilm-forming phenotypes and showed susceptibility to tested antibiotics.

Conclusion. Vegetative forms of Bacillus spore-forming bacteria may potentially persist in or temporarily associate with the complex gut ecosystem. Hemolytically
active intestinal isolates cannot be considered safe until the effects of this virulence factor on animals are clarified. These findings provide a basis for selecting
candidate Bacillus strains for probiotic development.
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NneHTuduKaLma n Hekotopble buonoruyeckine
(BOIACTBA U30n4T0B bakTepuii poaa Bacillus,
BbIJENEHHbIX 13 TONCTOr0 OTAENA KULLEYHMKA NTULbI

H. N. Manuk, H. A. Yynaxuna, 0. A. Pycanos, E. B. Manuk, J1. A. ManenkoBa, H. C. Camoxsanosa, M. B. Cyporuu
OIBY «Bcepoccuitckmii rocyaapcTBeHHblii LieHTp kauecTsa v CTaHZapTM3aLMm NeKapCTBEHHbIX CPEACTB ANA XUBOTHBIX 1 kopmos» (OTBY «BIHKM»),
3BeHuropoackoe wocce, 5, r. MockBa, 123022, Poccua

PE3IOME

BBepeHue. llpoBeaeHHan 3a nocieHee iecATUneTHE Nepenuch GpunoreHeTUYeCKoro pa3Hooopasna bakTepuii, KONOHU3UPYIOLLMX KMLIEUHBIA TPAKT KIIUHU-
Yecki 340poBOIA NTULIbI, NOKa3bIBaeT, uTo A0 60% PoAdB, NPUCYTCTBYIOLMX B MUKPOOUOME KILLIEYHNK], COflepXaT criopoobpasylolLue 6aKTepuu, v 3Tu pogbl
cocTaBAAoT 30% 0T 06l KULLEYHOI MUKPOOUOTBI. BbiN 3aperucTpUpoBaHbl NPeNMYLLECTBA, (BA3AHHDIE C UCTIONb30BaHIEM NPOOUOTIKOB, COREPMKALLMX
cnopoobpasytoume bakTepum poga Bacillus. AHanu3 WnpoTbl pacnpoCTpaHEHUA reMOAUTIYECKO 1 NOTEHLMANbHOI 61nonneHK006pa3yioLLeil aKTUBHOCTY, @ TAKXkKe
AHTUOMOTUKOPE3UCTEHTHOCTI Y KULLEYHOI NONYAALIUM COpobMOTHI NTULLI He06X0AMM ANA MOHUMAHINA UCTUHHOI Ponk a3pobHbIx cnopoobpa3oBarteneii posa
Bacillus B 3k0n0rvin KuLeYHoro MUKpobUoMa NTULbI.
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Lienb pa6orbli. VineHTudukauna n uccnesoBame 61onoruyeckix xapakTepucTik (remonuTuyeckan akTMBHOCTb, NOTEHLMaNbHaA CNOCOBHOCTD K BronneHKo-
06pa30BaHMIo 1 aHTUOMOTUKOPE3UCTEHTHOCTD) U30NATOB baKTepuii poaa Bacillus, BbIeneHHbIX 13 TONCTOTO OTAENA KULIEYHNKA NTULLbI.

Martepuanb! u meToabl. Boigenexue cnopoobpasytowux 6aktepuii U3 COAepMKUMOro Cenblx 0TPOCTKOB TOACTOTO KULLIEYHMKA NTULbI NPOBOAMAYN NyTeM Npo-
rpeBaHna 06paswos. DeHoTUNIYECKYI0 MAEHTUGUKALMIO N30NATOB OCYLLECTBAANN C UCNONb30BaHUEM Broxumuyeckux TecT-naHeneit APl 50CHB (bioMérieux,
OpaHuma). femonuTiyeckme CBOICTBA ONPeAensny Ha konymbuiickom arape (HiMedia Laboratories Pyt Ltd., inaua) c sobaBnennem 5% crepunbHoil ge¢ubpunm-
POBaHHOII KPOBY 6apaHa; KaTanasHyt akTMBHOCTb — B TecTe ¢ 10%-11 nepekucbio Bogopoaa no 00C.1.7.2.0012.15; uyBCTBUTENLHOCTb K aHTUOMOTUKAM — ANCKO-
Anddy310HHBIM METOZOM CO CTaHAAPTHBIMY AUCKaMU, UMNPETHUPOBAHHBIMM aHTUOUOTUKAMY B KOHLIEHTpaLmAX oT 5 40 30 ug/disk. CkpuHUHT cnopoobpasytoLumx
6aKTepuil — NpoAyLIEeHTOB 6rionneHKN NPOBOANNN KauecTBEHHbIM METOAOM Ha cepAieyHo-Mo3roBoM arape (HiMedia Laboratories Pvt Ltd., MHawns) c sobaBnenmnem
UHAMKATOPa KOHTO KPacHoro 1 5% caxapo3bl.
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ACHEHNA J1eiCTBUA 3TOr0 GaKTopa BUPYNEHTHOCTM Ha OPraHW3M XMBOTHBIX. Pe3ynbTaThl UCCNIe0BaHMIE MOTYT BbITb UCMONb30BaHbI NPK OTOOPE KaHAUAATHbIX
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INTRODUCTION

The gut microbiota is crucial for maintaining host
health by supplying essential nutrients, regulating en-
ergy balance, modulating immune responses and pro-
tecting against pathogens. Consequently, restoring and
maintaining its stability with beneficial bacteria - rather
than antibiotics — has been proposed as a strategy to
prevent adverse effects on gut health [1].

A census of the phylogenetic diversity of bacteria
identified in the intestinal tract of healthy poultry con-
ducted over the past decade shows that up to 60%
of the genera present in the gut microbiome contain
spore-forming bacteria, and these genera account for
30% of the total gut microbiota [2, 3].

In microbiome research, spore-forming bacteria
are considered a distinct functional group within the
broader microbiota. The term “sporobiota” has been
proposed to describe the total collection of these bac-
teria in a given microbial community [4].

Endospores are formed by members of Firmicutes,
a large, diverse and morphologically complex bacte-
rial phylum [5]. Within it, species of the genus Bacillus
(family Bacillaceae) have attracted the most scientific
attention due to their significant role in modulating the
intestinal microbiota [6].

While spore-forming bacteria of the genus Bacillus
are primarily associated with the soil microbiome [7],

their presence in the intestine is attributed to the con-
sumption of feed and water. It has been conventionally

assumed that Bacillus species enter the intestine exclu-
sively in their spore form [8]. However, accumulating

evidence suggests that some Bacillus species exhibit a

bimodal life cycle, capable of both growth and sporu-
lation not only in the environment but also within the

gastrointestinal tract [9, 10].

Spore-forming bacteria of the genus Bacillus are
widely used in animal feed to promote animal growth
and inhibit pathogens [11, 12]. The probiotic mecha-
nisms of these microorganisms involve synthesizing an-
timicrobial compounds and lactic acid [13], enhancing
non-specific immunity [14], and producing enzymes
such as amylase, lipase, protease, pectinase and cellu-
lose [15]. Specifically, Bacillus subtilis stimulates growth
of beneficial gut microbiota, increases intestinal micro-
biome diversity [16], modulates regulatory systems for
intestinal epithelium renewal and immune cell activity
[17],and mitigates the adverse effects of various factors,
particularly antibiotic therapy [18, 19].

It has also been shown that B. subtilis plays an
important role in stimulating the development of
gut-associated lymphoid tissue and that sporulation of
live bacilli is considered critical for this process [20, 21].

Survival and colonization within the digestive tract
are essential for the microbiota to exert its physiolog-
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Hemolytic activity and biofilm-forming capacity
of spore-forming bacterial isolates from poultry cecal appendages

Isolate species identification Total

using the standardized
API 50CHB system

B. licheniformis

Number of iso-
lates — potential
biofilm producers

number
of isolates

26 0 4 6 23

B. subtilis/amyloliquefaciens 16 0 3 1 16

B. megaterium

B. mycoides

5 0 0 0 5

B. cereus

7 0 5 1 5

Unidentified species n 0 5 4

not tested

Total 68 0o [ 19| B 51

304

ical functions [22]. For spore-forming bacteria, a key

prerequisite for intestinal colonization is the adhesion

of spores to the intestinal mucosa and subsequent bio-
film formation, a process that enables the transition of
planktonic cells to attached forms [21, 23].

The term “biofilm” is used to describe a structured
community of bacterial cells embedded in a self-pro-
duced polymeric extracellular matrix and adhered to
an inert or living surface [24]. This polymeric extracel-
lular matrix is a complex system composed of exopoly-
saccharides, the TasA protein, lipids, nucleic acids and
various heteropolymers, all of which are secreted by
microorganisms into the extracellular environment [25].
Studies have shown that the TasA protein and exopoly-
saccharides are key components of the Bacillus biofilm

Fig. 1. Hemolytic activity of Bacillus isolates cultured
on sheep blood-supplemented SCD agar at (37 + 1) °C
for 24 hours

matrix. TasA is an amyloid protein that has been impli-
cated in the formation of the biofilm matrix by various
microorganisms, including spore-forming bacteria [26,
27,28, 29].

Bacterial biofilms can protect bacteria from environ-
mental stressors, host immune responses and antimi-
crobial agents, including antibiotics [30].

The use of Congo red dye to assess bacterial amyloid
synthesis, and thus identify mucus or biofilm-forming
organisms like Staphylococcus sp., was first proposed by
D. J. Freeman et al. [31]. This method distinguishes bio-
film-forming Staphylococcus colonies from non-form-
ing ones based on their morphology and color on Con-
go red agar. Subsequent studies confirmed the utility of
this assay for detecting potential biofilm formation in
a broad spectrum of gram-positive and gram-negative
microorganisms, including spore-forming bacteria of
the genus Bacillus [32, 33, 34].

Recent data indicates that Bacillus sporulation
is more active within biofilms than in planktonic
cultures [35].

The growing threat of antibiotic-resistant patho-
biont spread has brought to the forefront research
focused on assessing the antibiotic resistance of the
commensal gut microbiota as potential donors of re-
sistance determinants.

In light of this problem, it has been suggested that
spore-forming bacteria may play a significant role in
the dissemination and accumulation of antibiotic resis-
tance genes due to their ability to withstand antibiotic
treatment [36, 37]. However, the extent of antibiotic
resistance and the biofilm-forming capacity among
members of the intestinal sporobiota remain largely
unknown.

Previous studies on the spread of antibiotic resis-
tance and the biofilm-forming ability of Bacillus bac-
teria were focused on a limited number of species and
did notinclude isolates derived from poultry gut micro-
biota [38, 39, 40, 41].

The prevalence of hemolytic activity within the in-
testinal population of aerobic Bacillus bacteria remains
insufficiently studied. Furthermore, the role of their
hemolysins in maintaining intestinal mucosal integrity
is unclear, and it has not been established that hemo-
lysin production is harmless to the host. Non-hemolytic
(y-hemolytic) strains are generally considered safe for
their hosts, while strains exhibiting hemolytic activity
are deemed pathogenic [42, 43].

Given the modern understanding of the gut micro-
biota’s role in maintaining gut colonization resistance,
this knowledge gap leads to a lack of understanding re-
garding the true role of aerobic Bacillus spore-formers
in the poultry gut microbiome and the specificity re-
quired for their selection and application as probiotics
[44, 45].

The relevance of this work is that the safety assess-
ment of aerobic spore-forming Bacillus bacteria, which
are widely used in the production of probiotic feed ad-
ditives, is associated not only with species identification
but also with the individual characteristics of the strains.

The novelty of the obtained data lies in the study of
specific biological properties of isolates from the ceca
of commercial poultry, thereby evaluating the pros-
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pects of using Bacillus bacteria for developing probiotic
feed supplements.

The aim of this work is to investigate the biological
properties of Bacillus isolates (hemolytic activity, po-
tential for biofilm formation, and antibiotic resistance)
obtained from the large intestine of poultry, with the
goal of selecting promising strains for use in the bio-
technology of probiotic production.

MATERIALS AND METHODS

Spore-forming bacteria used in this study were iso-
lated from samples of the cecal content of clinically
healthy poultry obtained from farms in the Moscow
Oblast that are free from infectious diseases. Birds were
euthanized in the animal facility using CO, and subjected
to necropsy according to a standard protocol. All animal
procedures complied with the ethical standards set by
European Convention ETS No. 123.

The ceca were isolated by applying ligatures at the
junction with the rectum, excised, placed in separate
containers and transported to the laboratory under
a cold chain (2-8 °C). Within maximum 30 minutes of
obtaining the isolated ceca, the contents of each were
extruded into sterile disposable dishes and labeled. The
resulting aliquots of each chyme sample were diluted
1:100 with buffered peptone water and resuspended by
vigorous mixing to obtain a homogeneous suspension.

To isolate spore-forming bacteria, the aliquots were
heated in a water bath at 65 °C for 45 minutes [46].

To obtain isolated colonies, the heated aliquots were
streaked onto Tryptic Soy Agar (SCD agar; HiMedia Labo-
ratories Pvt Ltd,, India). Cultivation was carried out under
aerobic conditions at (37 + 1) °C. The cultures were exam-
ined after 18, 24, and 36 hours of incubation.

Colonies exhibiting morphological characteristics
of the Bacillus genus were selected and purified by
repeated streaking on SCD agar. After 18 and 24 hours
of cultivation, following visual assessment of growth
and microscopy of gram-stained smears, isolates of
spore-forming bacteria were subcultured into Tryptic
Soy Broth (TSB; SCD broth; HiMedia Laboratories Pvt Ltd.,
India), and broth cultures of vegetative cells were used
for further work.

Phenotypic characterization. A phenotypic character-
ization of the spore-forming bacterial isolates was per-

formed based on morphological properties, Gram stain-
ing,hemolytic activity, catalase activity, biofilm-forming
capacity and antibiotic susceptibility. All tests were per-
formed in duplicate.

Isolate identification. Phenotypic identification of the
spore-forming bacterial isolates was conducted using
commercial disposable biochemical diagnostic test
panels APl 50CHB (bioMérieux, France). This test classi-
fies bacterial strains based on their ability to ferment 49
different carbohydrates. Results were analyzed using the
APIWEB™ software (bioMérieux, France).

Hemolytic activity test. The hemolytic properties of
the spore-forming bacterial isolates were determined
using Columbia agar (HiMedia Laboratories Pvt Ltd., In-
dia) supplemented with 5% sterile defibrinated sheep
blood. Twenty-four-hour cultures of the isolates were
stab-inoculated onto the agar surface. The reaction
was recorded 24 hours after incubation at (37 £ 1) °C.
Anisolate was considered a-hemolytic if colonies caused
a green or brown discoloration of the surrounding me-
dium, B-hemolytic if true lysis of erythrocytes resulted in
a clear, transparent zone surrounding the colonies, and
y-hemolytic (non-hemolytic) if no reaction was observed
in the surrounding medium [47].

Catalase test. The catalase activity of bacterial iso-
lates was determined using a 10% hydrogen peroxide
solution [48]. The liberation of oxygen, evident by the
formation of gas bubbles, indicated catalase production.

Antibiotic susceptibility test. The antibiotic susceptibil-
ity of Bacillus sp. isolates was tested using the disk diffu-
sion method [49]. Standard antibiotic-impregnated discs
(HiMedia Laboratories Pvt Ltd., India) with the following
concentrations (5 to 30 pg/disk) were used: ciprofloxacin
(Cip 5), rifampicin (Rif 5), enrofloxacin (Ex5), doxycycline
(Do10), gentamicin (Gen10), neomycin (N30), cefazolin
(Cz30), norfloxacin (Nx10), benzylpenicillin (P100),
pefloxacin (Pf5), kanamycin (K30), lincomycin (L15),
azithromycin (AZM15), nalidixic acid (NA30), chloram-
phenicol (C30), oxytetracycline (030), imipenem (Ipm10),
oleandomycin (OI15), clindamycin (Cd2), clarithromycin
(CIr15), oxacillin (Ox1), ampicillin (Amp25).

Eighteen-hour agar cultures of spore-forming bacte-
ria were adjusted to a 0.5 McFarland standard; 250 pL of
the culture was swabbed onto the surface of SCD agar
plates, and antibiotic discs were dispensed (8 per plate)

Fig. 2. Bacillus isolates cultured on Congo red-supplemented BHI agar at (37 + 1) °C for 24 hours
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Table 2
Antibiotic sensitivity profiles of 57 spore-forming isolates determined using disk diffusion method

Number of antibiotic-sensitive isolates

Antibiotic disc type B. licheniformis

(n=26)

B. subtilis/ amyloliquefaciens

B. cereus
(n=7)

B. megaterium
(n=3)

B. mycoides
(n=5)

(n=16)

1| Ciprofloxacin (5 pg/disk) + + + + +
2| Rifampicin (5 pg/disk) 2 1 1 + +
3| Enrofloxacin (5 pg/disk) + + + + +
4 | Doxycydline (10 pg/disk) + + + + +
5 | Gentamicin (10 pg/disk) + + + + +
6 | Neomycin (30 pg/disk) + + + + +
7 | Cefazolin (30 pg/disk) 3 + 1 + 3
8 | Norfloxacin (10 pg/disk) + + + + +
9 | Benzylpenicillin (100 pg/disk) + + + + +
10 | Pefloxacin (5 pg/disk) + + + + +
11 | Kanamycin (30 pg/disk) + + + 1 +
12 | Lincomycin (15 pg/disk) 8 3 1 + +
13 | Azithromycin (15 pg/disk) + 2 + + +
14 | Nalidixic acid (30 pg/disk) + + + + +
15 | Chloramphenicol (30 pg/disk) + + + + +
16 | Oxytetracycline (30 pg/disk) 2 2 + 1 1
17 | Imipenem (10 pg/disk) + + + + +
18 | Oleandomycin (15 pg/disk) + + + + +
19 | Ampicillin (25 pg/disk) + + + + +
20 | Clindamycin (2 pg/disk) + + + + +
21 | Clarithromycin (15 pg/disk) + + + + +
22 | Oxacillin (1 pg/disk) + + + + +

using a dispenser (HiMedia Laboratories Pvt Ltd., India).
Plates were then incubated at (37 = 1) °C for 20-24 hours.
Strains were classified as resistant (R) if the inhibition
zone diameters for the antibiotics listed in EFSA (Euro-
pean Food Safety Authority) documents exceeded the
threshold level for Bacillus strains [50]. For antibiotics
lacking reliable interpretive criteria, Bacillus strains ex-
hibiting inhibition zones of less than 12 mm around the
antibiotic disc were considered resistant.
Determination of biofilm producers. Screening of
spore-forming bacteria as potential biofilm produ-
cers was performed using a qualitative method by de-

tecting extracellular amyloid proteins on Brain Heart
Infusion Agar (BHI agar; HiMedia Laboratories Pvt Ltd.,
India) supplemented with Congo red indicator and 5%
sucrose [31].

A 24-hour broth culture of the test isolate was stab-
inoculated onto Congo red BHI agar and incubated for
48 hours at (37 = 1) °C. The color and morphology of
the resulting colonies were assessed visually.

The interaction of Congo red with amyloid proteins
of the biofilm produces a compound that gives colonies
a dark red or dark brown color with a black base. Weak
biofilm producers typically remain pink, though some
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darkening in the center may be observed. Isolates inca-
pable of forming biofilms produce white or very light
pink colonies [51].

RESULTS AND DISCUSSION

During the study, a total of 68 strains of aerobic
spore-forming bacteria of the genus Bacillus were iso-
lated and identified to the species level.

Phenotypic data confirmed that the isolates ob-
tained from the contents of the ceca of the large intes-
tine of clinically healthy birds belonged to spore-form-
ing bacteria.

The identified isolates of spore-forming bacteria
were represented by 5 species: Bacillus licheniformis,
Bacillus subtilis/amyloliquefaciens, Bacillus megateri-
um, Bacillus cereus and Bacillus mucoides. A number of
isolates could not be identified using the standardized
API 50CHB system.

Microscopic examination of the isolated cells re-
vealed a diverse collection of rod-shaped bacteria pro-
ducing endospores of various sizes and shapes.

The colonies of spore-forming bacteria exhibited
significant polymorphism. B. licheniformis isolates,
after 18-24 hours of growth on SCD agar, formed raised,
medium-sized colonies colored white or beige, with
a flower-like shape.

When cultured on SCD agar, B. subtilis/famyloliquefa-
ciens isolates grew into large white, medium-sized col-
onies with a lighter central point, or rough undulating
colonies of a white-cream color with a dry, finely wrin-
kled structure, slightly raised above the agar surface.

Bacillus megaterium isolates on SCD agar formed
sharply defined colonies of a dirty white color.

Morphologically, the colonies of B. mucoides and
B. cereus isolates were identical and appeared as
rough, spreading, rhizoid, greyish-white colonies with
undulating edges, or as wrinkled, milky-colored colo-
nies with wavy edges.

The isolated spore-forming bacteria were assessed
for their safety based on hemolytic activity (Table 1).

Allisolates of spore-forming bacteria obtained from
the chyme samples of birds’ ceca lacked a-hemolytic
activity. Growth on blood agar revealed a wide zone of
hemolysis, characteristic of 3-hemolytic bacteria, in 14
out of the 57 studied isolates of the species B. licheni-
formis, B. subtilis/amyloliquefaciens, B. megaterium, and
B.cereus (Fig. 1). It was found that 9isolates of spore-form-
ing bacteria exhibited y-hemolytic activity.

The majority of the studied isolates of spore-form-
ing microorganisms grown on Congo red BHl agar were
classified as potential biofilm producers based on their
dark red colonies with a black base, with the exception
of 3 isolates of B. licheniformis, 1 isolate of B. megateri-
um, and 2 isolates of B. cereus, which formed light pink
colonies (Fig. 2).

Antibiotic susceptibility tests showed that the ma-
jority of the studied isolates of spore-forming bacteria
were sensitive to all 22 antibiotics tested (Table 2).

Only 4 isolates of spore-forming bacteria were resis-
tant to rifampicin, 7 — to cefazolin, 12 - to lincomycin,
and 6 — to oxytetracycline. Some isolates were resistant
to 2 antibiotics, but the majority of isolates exhibited
resistance to maximum one antibiotic.

CONCLUSION

Based on the test results, the identified species of
spore-forming bacteria of the genus Bacillus isolated
from the ceca of commercial poultry included: B. li-
cheniformis, B. subtilis/famyloliquefaciens, B. mycoides,
B. megaterium and B. cereus; a number of isolates could
not be identified.

All studied isolates were catalase-positive and
lacked a-hemolytic activity. Some isolates exhibited
B-hemolytic activity, which precludes their classifica-
tion as non-pathogenic.

The potential ability of the isolated strains to form
biofilms, which indirectly characterizes their capacity
to survive in the intestine, was additionally investiga-
ted. The vast majority of isolates were classified as po-
tential biofilm-forming phenotypes and demonstrated
susceptibility to all 22 tested antibiotics.

Hemolytically active intestinal isolates of spore-form-
ing bacteria cannot be considered safe until the effect
of this virulence factor on the animal organism is elu-
cidated.

The research results can be used for the selection
of candidate strains of bacteria of the genus Bacillus
chosen as probiotics
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Antimicrobial resistance of Salmonella spp.
detected in animal products in 2022—-2024

Olga A. Akulich, Natalya B. Shadrova, Galina S. Denisova
Federal Centre for Animal Health, 6 Gvardeyskaya str., Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Although antibiotics represent one of humanity’s greatest discoveries, theirimproper use can cause significant harm and lead to severe consequences.
Objective. Testing of animal product samples followed by Salmonella spp.isolation, typing, identification and assessment of their antimicrobial resistance dynamics.
Materials and methods. The study was carried out at the Department for Microbiological Testing of the Vladimir Testing Laboratory of the Federal Centre for Animal
Health. The disc diffusion test was used to determine bacteria resistance to antibiotics. The sizes of the microorganism growth inhibition zones were interpreted
according to the Russian recommendations “Determination of the sensitivity of microorganisms to antimicrobial drugs” (IACMAC, version 2025-01), prepared on
the basis of the European Committee on Antimicrobial Susceptibility Testing (EUCAST) recommendations and using CLSI M100 standard. PETSAL® monovalent and
polyvalent 0- and H-sera (The Saint Petersburg Scientific Research Institute of Vaccines and Serums of the FMBA of Russia) were used for serological identification.
Antimicrobial resistance genes (blaCTX-M, blaOXA10, blaDHA, blaDES, blaKPC, blaOXA48-like, blaNDM, blaVIM) were identified by real-time polymerase chain
reaction using the RESISTOM test systems (“LITECH” Co. Ltd., Russia).

Results. Forty-two Salmonella spp. isolates were recovered from animal product samples in 2022—2024. . Enteritidis was the most frequently isolated serovar, and
Salmonella spp. were predominantly isolated from poultry meat products. The detected isolates demonstrated maximum resistance to benzylpenicillin, erythromycin,
norfloxacin, and tetracycline. Most of the isolates showed multiple resistance to several antimicrobials. Increased resistance to cephalosporins, fluoroquinolones,
tetracyclines, aminoglycosides, chloramphenicol/levomycetin and sulfamethoxazole/trimethoprim was demonstrated for Salmonella spp. isolates. No antimicrobial
resistance genes were detected when the isolates were tested with real-time polymerase chain reaction.

Conclusion. The study demonstrated widespread antimicrobial resistance, including multiple resistance, among Salmonella spp. isolates detected in animal
products in 2022—-2024.
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AHTUOMOTUKOPE3NCTEHTHOCTL bakTepuin popa Salmonella,
BbIAB/IEHHbIX B NPOAYKLIAN XXUBOTHOO MPOUCXOXAEHNA

B 2022-2024 .

0. A. Akynuy, H. b. lapposa, . C. leHncosa
OIBY «DefepanbHblii LieHTp oxpaHbl 300poBbA XuBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, r. Bnagumup, 600901, Poccua

PE3IOME

BBepenue. Hecmotpa Ha TOT akKT, uTo aHTOMOTMKYN — BeNnyaiiLLee OTKPbITUE YeN0BeYeCTBa, OHU MOTYT HAHECTI OTPOMHbIIA YLLiep6 11 NPUBECTY K Cepbe3HbIM
nocneaCTBUAM NPy HeLienecoobpasHom MCNoNb30BaHNN.

Lienb nccnepoBanua. Vccnefosanue 06paswoB XMBOTHOBOAYECKOI NPOAYKLMM C NOCNeAyLUM BbiAeneHeM n3onatoB 6aktepuii popa Salmonella,
X TUNUPOBAHMEM, ONPeAeNeHNeM U OLEHKOI ANHAMIKM Pa3BUTIAA AHTUOMOTUKOPE3UCTEHTHOCTH.

Matepuanbl n metopbl. Paboty BbinonHAnM Ha 6ase otaena Mukpobuonornyeckux uccnesosaHnii Bnagumupckoii ucnbitatensHoil naboparopuu
OIBY «BHUW3X». na onpenenenua ycToiiunoCcTvt 6akTepuil K aHTUOMOTUKAM NPUMEHANN SNCKO-ANGY3MOHHII MeTOA. 3HaUeHNA 30H 3aZePXKu PoCTa MUKPO-
OpraH|u3MOB MHTEPNPETUPOBANNCH COTNACHO POCCUIACKIM PeKoMeHAaLMAM «OnpedeneHue YyBCTBUTENbHOCTY MUKPOOPraHU3MOB K aHTUMIKPOGHbIM Npenapa-
Tam» (MAKMAX, sepcua 2025-01), noarotoBReHHbIM Ha 0CHOBe pekoMeHaaL i EBponeiickoro KoMUTeTa No onpeaeneHinto YyBCTBUTENbHOCTY K aHTUMUKPOO-
Hbim npenapatam (EUCAST) u ¢ ucnonb3osanuem ctangapta CLSI M100. Ceponoruueckyio uaeHTUMKaLIMG0 NPOBOAUIN € TOMOLLbE MOHO- U MONMBASIEHTHBIX
0- u H-coiBopotok «METCAM»® (OTYN CN6HUMBC OMBA Poccun). Tenbl anTubnotukopesuctentHoctn (blaCTX-M, blaOXA10, blaDHA, blaGES, blaKPC,
blaOXA48-like, blaNDM, blaVIM) onpesenanu meTofom nonumepasHoii LIENHON peakLi B peXume peanbHoro BpemMeHu ¢ NpUMeHeHUeM TeCT-CUCTeM cepunt

© Akulich 0. A., Shadrova N. B., Denisova G. S., 2025
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«PE3UCTOM» (000 HN® «/luTex», Poccus).

Pe3ynbratbl. llpn nccnegoBaqum 06pasios npoayKLMN X1BOTHOTO nponcxoxaenus B 2022—2024 rr. BbiagneHo 42 n3onata 6aktepuit poga Salmonella.
Hanbonee yacto fetekTupyemblit u3onat — . Enteritidis, a npesanupyloLLmii NpoayKT, B KoTopom 06HapyxuBany 6akTtepuu poga Salmonella, — npopyKuma u3 maca
NTULBI. BbIABNEHHbIE M30NATHI UMENN MAKCUMANbHYIO0 PE3NCTEHTHOCTb K BeH3UNNEHULMANNHY, SPUTPOMULINHY, HOPGNOKCALIMHY U TETPALMKANHY. BONBLIMHCTBO
13 HUX NPOABUAN MHOXECTBEHHYH YCTOIUNBOCT CPa3y K HECKONbKIM aHTUMMKPOOHBIM npenapatam. OTMeueH pocT pe3UCTEHTHOCTY K LieGanocnopuHam,
(TOPXMHONOHAM, TETPALMKANHAM, aMUHOTTIMKO3AAM, XNOpaMEHNKONy/NeBOMULIETUHY U CyNbhameToKca3ony/TpumeTonpumy. lpu uccnefoBaHM MeToA0M
MoNMMepPa3HOi LEMHOM peakLinv B peXume peanbHOro BpeMeHN reHbl aHTUOMOTUKOPE3UCTEHTHOCTI He 06HapYeHbI.

3aKnioueHue. [l0Kka3aHo 3HauUTeNbHOE PACIPOCTPAHEHUe YCTORYNBOCTY K AHTUMUKPOOHBIM Npenaparam, B TOM YMCe MHOXECTBEHHON, CPeau U30NATOB
bakTepuit posa Salmonella, BblABNEHHbIX B NPOAYKLNM XXMBOTHOTO NPOUCXoXaeHnA B 20222024 rr.

KnioueBbie cnoBa: ﬁaKTepvm pona Sa/monella, aHTI/I6I/IOTVIKOpESVICTeHTHOCTb, reHbl aHTI/I6VIOTVIKOp€3|/ICTeHTHOCTI/I, aHTI/I6I/IOTI/IKI/I, YYBCTBUTEJIbHOCTD K aHTU-
MI/IKpOﬁHbIM npenapatam, noJiMmepasHad LenHasA peakLUna B pexume peanbHoro BpeMeHu

bnaropapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbckux pabot «BetepuHapHoe bnarononyune.

[ina untuposanua: Akynny 0. A, Wapposa H. b., lenncosa I C. AHTMOMOTMKOpE3NCTEHTHOCTD baKTepuil posa Salmonella, BbIABNEHHBIX B NPOAYKLIM XUBOT-

HOro nponcxoxaenna B 20222024 rr. Bemepunapus ce200us. 2025; 14 (3): 310-318. https://doi.org/10.29326/2304-196X-2025-14-3-310-318
Koudnukr untepecos: ABTopbl 3aABAAKT 00 0TCYTCTBIM KOHGAMKTA MHTEPECOB.
[insa koppecnonpenuyun: Akynuy Onbra AnzpeeBHa, acnupaHt OFbY «BHUN3M», yn. Bapaeiickas, 6, MKp. Opbesel, . Bnagumup, 600901, Poccua,
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INTRODUCTION

In 2024, the World Health Organization (WHO) pub-
lished a list of 24 antibiotic-resistant bacterial pathogens.
Listed gram-negative bacteria, including Salmonella spp.,
are of great concern due to their resistance to the latest
generation of antimicrobials [1].

Antimicrobial resistance is a global challenge requiring
a coordinated approach and actions at all levels: human
health, agriculture, environment management, food pro-
duction (WHO classified antimicrobial resistance among
the top ten global public health threats in 2019) [2, 3, 4].

Incorrect and uncontrolled use of antibiotics is the
main factor leading to the antimicrobial resistance devel-
opment. Agricultural workers are particularly at risk given
the fact that up to 50-80% of all antibiotics are used in the
agriculture sector [5, 6].

Considering that human, animal, plant and environ-
mental health, including ecosystems, are closely interre-
lated and interdependent, the WHO, FAO (Food and Agri-
culture Organization of the United Nations), UNEP (United
Nations Environment Programme) and WOAH (World Or-
ganization for Animal Health) have joined efforts to com-
bat antimicrobial resistance within the framework of the
One Health concept. The WHO established the Global Anti-
microbial Resistance and Use Surveillance System (GLASS)
providing standardized methods and in 2001 published
the WHO Global Strategy for Containment of Antimicrobial
Resistance. In 2022 the WHO launched the Global Genomic
Surveillance Strategy for Pathogens with Pandemic and
Epidemic Potential (2022-2032) [71.

The FAO has called for halting the use of antimicrobials
for the infection prevention and as growth promoters in
livestock and aquaculture sectors as a part of the combat-
ing antimicrobial resistance. Additionally, the FAO/WHO
Codex Alimentarius Commission on Food Standards ad-
opted strict standards on the maximum permissible limits
for medicinal product residues.

Moreover, world leaders adopted a political declaration
at the 79" session of the United Nations General Assembly,
in which they committed to achieving specific targets to
combat antimicrobial resistance.

In Russia, antimicrobial resistance is also regulated by
legislation. In 2017, the National Strategy of the Russian
Federation for Preventing the Spread of Antimicrobial
Resistance in the Russian Federation to 2030 outlining
the official policy aimed at limiting the spread of antimi-
crobial resistance was approved by Russian Federation
Government Order No. 2045-r. In 2024, the Action Plan
for the Implementation of the Strategy for the Prevention
of the Spread of Antimicrobial Resistance in the Russian
Federation by 2030 addressing the key areas such as reg-
ulatory measures, public awareness, systemic monitoring
and other aspects related to antimicrobial resistance for
2025-2030 was approved by Russian Government Order
No. 2214-r.

Therewith, list of veterinary medicinal products restric-
ted for therapeutic use (approved by Order No. 771 of
the Ministry of Agriculture of the Russian Federation of
18 November 2021) has been put in effect since 2022, and
procedure for prescribing veterinary medicinal products
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and the list of prescription veterinary medicinal products
(approved by Order No. 776 of the Russian Federation Min-
istry of Agriculture of 2 November 2022) have entered into
force since 2025.

In 2024, the first BRICS International Conference on
Antimicrobial Resistance was held in Moscow.

For the purpose of medicinal product residue control
in food products, the following amendments were made
to the Technical Regulations of the Customs Union by
Decision No. 70 of the Council of the Eurasian Econom-
ic Commission of 23 June 2023: permissible limits for
75 medicinal products were established, as well as new
requirements for providing information on used veterinary
medicinal products were laid down.

Continuous monitoring for changes in the antimicro-
bial susceptibility of pathogens is one of the measures for
combating the antimicrobial resistance spread.There is an
on-line antimicrobial resistance map platform and other
antimicrobial resistance services: web products designed
for antimicrobial resistance surveillance for analysis of the
data on antimicrobial resistance in Russia.

Salmonella spp. are one of the four main causes of di-
arrheal diseases in the world. Annually, diseases caused
exclusively by Salmonella spp. claim the lives of more than
200,000 people worldwide [8, 91.

Over the last 10 years, salmonellosis has remained
a significant concern in the Russian Federation due to the
existing risks of infection in intensively developing agri-
cultural sector. Thus, according to the Federal Service for
the Oversight of Consumer Protection and Welfare (Ros-
potrebnadzor) reports, salmonellosis incidence per
100,000 population was as follows in the Russian Federa-
tion: 24.68 cases in 2024; 21.45 cases in 2023; 17.10 cases
in 2022 and 13.61 cases in 2021" %34,

The most frequently detected serovars causing disea-
ses in all countries are: S. Enteritidis, S. Typhimurium and
S. Infantis. The frequency of other serovars detection de-
pends on the region [10, 11].

Currently, there is arise in antibiotic-resistant infections,
including those caused by Salmonella. At the same time,
antimicrobial-resistant Salmonella pose a significant threat
to the human and animal life due to their widespread prev-
alence and ability to contaminate water sources, among
other transmission routes. Food products are the main
factor in Salmonella transmission [12, 13, 14].

In the view of the above, the study was aimed at testing
samples of animal products from three Central Russian re-
gions (Vladimir, Kostroma and lvanovo Oblasts), followed by
Salmonella isolation, identification, typing and their assess-
ment for antimicrobial resistance dynamics in 2022-2024.

MATERIALS AND METHODS

Tests were carried out at the Department for Microbio-
logical Testing of the Vladimir Testing Laboratory, Federal
Centre for Animal Health. Forty-two Salmonella isolates
recovered from animal products in 2022-2024 were used
for tests.

Reagents and nutrient media: buffered peptone water
(HiMedia Laboratories PvtLtd., India), Rappaport—Vassiliadis
magnesium medium (RVS-broth; Merck KGaA, Germany),

selenite broth (Merck KGaA, Germany), tryptic soy agar
(TSA; Scharlab S.L., Spain), xylose lysine deoxycholate
agar (XLD-agar; State Research Center for Applied Micro-
biology and Biotechnology, Russia), bismuth sulphite agar
(Merck KGaA, Germany), Mueller - Hinton agar (State Re-
search Center for Applied Microbiology and Biotechnology,
Russia).

Microbiological tests were performed according to
GOST 31659-2012 “Food products. Method for the detec-
tion of Salmonella spp.. The weighted portion of the prod-
uct (25 g) was placed in a sterile bag containing 225 cm? of
buffered peptone water, homogenized for 1 min and then
incubated at 37 °C for 18-20 hours.

The prepared cultures (1 mL) were re-inoculated into
selective enrichment media: RVS-broth (10 mL) and sel-
enite broth (10 mL) and incubated at temperature of
(41.5 £ 1.0) °C and 37 °C, respectively, for 24 hours. Then,
the material from each tube was re-inoculated by streak-
ing using bacteriological loop according to GOST 26670-91

“Food products. Methods for cultivation of microorganisms”
onto two selective agar media: XLD-agar and bismuth sul-
fite agar, and then incubated at 37 °C for (24 + 3) hours.

To identify selected colonies demonstrating growth
characteristic of Salmonella spp. and to prepare isolated
colonies the materials were re-inoculated and then culti-
vated onto dried TSA supplemented with yeast extract at
a temperature of 37 °C for (24 + 3) hours.

The grown colonies were typed as Salmonella with
API 20E biochemical tests (bioMérieux, France) and en-
zyme-linked immunosorbent assay using a Mini Vidas
analyser (bioMérieux, France).

Serologicalidentification.During the study, Salmonellaspp.
isolates recovered using slide agglutination test with
PETSAL® dry diagnostic adsorbed mono- and polyvalent
O- and H-sera (The Saint Petersburg Scientific Research In-
stitute of Vaccines and Serums of the FMBA of Russia) were
serologically identified. The serological variant of the strain
was identified using serological formula in accordance with
Kauffman - White scheme according to MG 4.2.4070-24

“Laboratory diagnosis of salmonellosis, detection of Sal-
monella in food products and environmental objects: me-
thodical guidelines” (approved by the Chief Medical Officer
of the Russian Federation on 27 September 2024).

Determination of antimicrobial resistance. The recovered
Salmonella spp. isolates were tested for their susceptibili-
ty to antimicrobials with disc diffusion test according to
MG 4.2.1890-04 “Determination of the susceptibility of mi-
croorganisms to antibacterial drugs: methodical guidelines”.

Antibiotics (paper disks produced by the Saint Petersburg
Pasteur Institute, Russia): azithromycin 15 pg; amikacin 30 ug;
amoxicillin 20 pg; ampicillin/sulbactam 10 pg; benzylpenicil-
lin 10 U/6 pg; gentamicin 10 pg; doxycycline 30 pg; imipen-
em 10 ug; kanamycin 30 pg; levofloxacin 5 pg; meropenem
10 ug; norfloxacin 10 pg; sulfamethoxazole/trimethoprim
23.75/1.25 pg; streptomycin 10 ug; tetracycline 30 pg; chlor-
amphenicol/levomycetin 30 pg; cefazolin 30 pg; cefotaxime
30 pg; cefuroxime 30 pg; ciprofloxacin 5 pg; erythromycin 15 pg.

Bacterial suspension (optical density — 0.5 according
to the McFarland standard) prepared from day-old cul-
tures of Salmonella spp. isolates grown on TSA was used

! https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_ID=21796 (in Russ.)
2 https://www.rospotrebnadzor.ru/upload/iblock/b50/t4kqksh4b12a2iwjnha29922vu7naki5/GD-SEB.pdf (in Russ.)
3 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_ID=27779 (in Russ.)
* https://www.rospotrebnadzor.ru/upload/iblock/b8a/u6lsxjabw032jkdf837nlaezxu3ue09m/GD_SEB.pdf (in Russ.)
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Fig. 1. Frequency of Salmonella spp. isolate detection in animal product

samples in 2022-2024, by isolation source

for antibiotic resistance determination. VITEK BIOMERIEUX
model DENSICHEK (France) densitometer was used for the
suspension density determination.

Molten TSA not later than 15 minutes after its prepa-
ration was poured into sterile Petri dishes, (100 mm in
diameter), 20 mL per Petri dish. The bacterial suspension,
was inoculated by streaking onto dried Mueller — Hinton
agar with sterile cotton swab, then the discs were placed
onto the agar (4 discs per Petri dish). After placing anti-
biotic discs, the Petri dishes were incubated at 37 °C for
(18 £ 2) hours. The results were assessed according to the
microbial growth inhibition zones formed around the
discs, measured at accuracy of 1 mm on a dark matte sur-
face at a distance of about 30 cm from the eyes using a
ruler at an angle of 45°.

The results were interpreted according to the Russian
recommendations “Determination of microorganism sus-
ceptibility to antimicrobials” (IACMAC, version 2025-01)
prepared on the basis of the recommendations of the
European Committee for Antimicrobial Susceptibility Test-
ing (EUCAST), and using CLSI M100 standard. The EUCAST
susceptibility assessment and interpretation approaches
are currently considered theoretically sound [15, 16, 17].

Real-time polymerase chain reaction. Sorb-GMO-B kit (Syntol,
Russia) was used for the extraction of Salmonella spp. DNAs.

Salmonella spp. isolates were examined for their mole-
cular and genetic properties as well as for antimicrobial
resistance genes (blaCTX-M, blaOXA10, blaDHA, blaGES,
blaKPC, blaOXA48-like, blaNDM, blaVIM) using RESISTOM
test systems (Lytech, Russia) according to the manufac-
turer’s instruction.

RESULTS AND DISCUSSION

Forty-two Salmonella spp. isolates were detected
in animal product samples: 15 isolates in 2022, 11 isolates
in 2023, 16 isolates in 2024.

The morphological and cultural properties of Samonella
spp. isolates were characteristic of their family and genus.

Figure 1 shows that Salmonella spp. were most often
detected in poultry meat products - 36 isolates (85.7%),
particularly in chicken meat - 24 isolates (57.1%). There-
with, according to the European Centre for Disease Preven-
tion and Control (ECDC), poultry meat and poultry meat
preparations are the most commonly infected with Salmo-
nella spp. at the stage of their distribution in the European
Union. Turkey meat and turkey meat products as well as
pork were also found to be highly contaminated [10, 18].

Serological identification showed that the most Salmo-
nella spp. isolates belonged to 0:9 (D1) group - 18 isolates
(42.9%) and to O:7 (C1) group - 13 isolates (30.9%), 7 isolates
(16.7%) belonged to O:4 (B) group, 4 isolates (9.5%) belonged
to O:8 (C2-C3) group. The results are shown in Figure 2.

Serotyping showed that the most often detected
Salmonella spp. were as follows (Fig. 3): S. Enteritidis — 14
(33.3%), S. Blegdam — 3 (7.1%), S. Derby — 2 (4.8%). There-
with, S. Enteritidis and S. Derby were more often detected
in duck products, while S. Blegdam — in chicken meat. Also,

9.5%

42.9% = 0:9 (D1) group

= 0:4 (B)group
30.9%
0:7 (C1) group

0:8 (C2-C3) grouy

16.7%

Fig. 2. Identification of O-groups of Salmonella spp. isolates
recovered from samples of animal products in 2022-2024
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Fig. 3. Serotyping of Salmonella spp. isolates recovered from animal product samples in 2022-2024

among 17 non-typeable Salmonella spp. isolates (40.5%),
11 isolates (26.2%) were classified to the O:7 (C1) group.

During the study, Salmonella spp. isolates were tested
for their resistance to 21 antimicrobials. The results are
shown in Figure 4.

Salmonella spp. isolates recovered from animal prod-
ucts in 2022-2024 demonstrated relatively high level of
common resistance to some antibiotics.

Examined Salmonella spp. isolates were the most fre-
quently resistant to erythromycin (80.9%), benzylpenicillin
(78.6%), norfloxacin (69.0%) and tetracycline (40.5%).

It should be noted that all Salmonella spp. isolates were
susceptible to meropenem and imipenem.

In 2025, the “European Union summary report on anti-
microbial resistance in zoonotic and indicator bacteria from

humans, animals and food in 2022-2023" was published.
It states that most Salmonella spp. isolates are also resis-
tant to tetracycline and sulfonamides. Moreover, there is
atrend for increase in resistance to ciprofloxacin and third
generation cephalosporins in several countries [19].

These and other studies [20] indicate that Salmonella spp.
susceptibility monitoring is crucial because of their increas-
ing resistance to some critically important antimicrobials.

Also, tests showed that 90% of Salmonella spp. isolates
were resistant to more than one of the tested antibiotics.
In addition, 38% of the isolates were resistant to more than
three classes of antimicrobials.

Figure 5 shows that 13 isolates (31.0%) demonstrated
resistance to three antimicrobials, 8 isolates (19.0%) - to two
antimicrobials and 5 isolates (11.9%) — to eight antimicrobials.

Antimicrobials
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Fig. 4. Antimicrobial resistance of Salmonella spp. isolates recovered from animal products in 2022-2024
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Fig. 5. Number of Salmonella spp. isolates demonstrating multiple antimicrobial resistance recovered from animal

product samples in 2022-2024

The isolate resistant to 6 antibiotics and the isolate re-
sistant to 19 out of tested 21 antibiotics were detected
during the study. Both isolates belonged to O:4 (B) group
and were detected in chicken meat.

According to the official report“On the state of sanitary
and epidemiological welfare of the population in the Rus-
sian Federation in 2024, the majority of resistant Salmonel-
la spp. were detected in poultry meat, eggs and products
thereof (97.2%) and in meat and meat products (95.1%) °.

According to some authors, most of the Salmonella spp.
isolated from the products are resistant to at least one
class of antimicrobials. For example, the ECDC informs that
in the European Union Salmonella-infected people often
demonstrate resistance to antimicrobials, therewith more
than 20% of such patients demonstrate resistance to at
least three classes of antimicrobials. Moreover, according
to the WHO, resistance to fluoroquinolones and cephalo-
sporins is increasing every year [1, 18, 21, 22].

Currently, reports on multiple resistance of Salmonella
spp.are appearing more frequently. Tests of Salmonella spp.
detected in pig products have shown their high resistance
to tetracycline, streptomycin, and sulfamethoxazole/tri-
methoprim [23, 24].

Tests of Salmonella spp. isolates recovered from pig
products performed during this study showed similar
results: 80% of the isolates demonstrated high resistance
to erythromycin.

The Federal Service for Supervision of Consumer Rights
Protection and Human Welfare in its official report for 2024
indicated that Salmonella spp. demonstrated resistance
to one or more antimicrobials with the highest resistance
observed to tetracycline, ciprofloxacin and sulfamethox-
azole/trimethoprim.

Thus, excessive antibiotic use fuels multiple antimi-
crobial resistance leading to longer and more expensive
treatment, as well as fatal outcomes and economic losses,
thereby posing a great threat [25, 26].

Figure 6 shows dynamics of increase in Salmonella
spp. isolates resistant to antimicrobials of the same class
in 2022 to 2024.

®https://www.rospotrebnadzor.ru/upload/iblock/b8a/u6lsxjabw032jkdf83
7nlaezxu3ue09m/GD_SEB.pdf (in Russ.)

The use of cephalosporins, in particular the third gen-
eration cephalosporins, for salmonellosis treatment has
long been the most promising option owing to their high
efficacy against Salmonella spp., resistance to bacterial
beta-lactamases, excellent bioavailability, and favourable
safety profile, especially in short-term treatment regimens.
Fluoroquinolones are also effective antimicrobials against
salmonellosis owing to their good cellular penetration.
However, Salmonella spp. are increasingly developing
resistance to this class of antimicrobials worldwide [27, 28].

The study results (Fig. 6A) have shown that resistance
of Salmonella spp. to cephalosporins has increased since
2022: resistance to the first generation cephalosporin (ce-
fazolin) has increased by 18.0% (5 isolates (31.3%) out of
16 recovered isolates were resistant in 2024), resistance to
the second generation cephalosporin (cefuroxime) has in-
creased by 50.0% (8 isolates (50.0%) out of 16 recovered
isolates were resistant in 2024) and resistance to the third
generation cephalosporin (cefotaxime) has increased by
6.3% (1 isolate (6.3%) out of 16 recovered isolates was
resistant in 2024, previously no resistant isolates were
detected).

Figure 6B shows the similar results for norfloxacin
(second generation fluoroquinolone): the resistance has
increased by 15.0% (12 isolates (75.0%) out of 16 recov-
ered isolates were resistant in 2024), as well as resistance
to levofloxacin (third generation fluoroquinolone) has in-
creased by 49.2% (10 isolates (62.5%) out of 16 recovered
isolates were resistant in 2024).

The resistance of isolates to chloramphenicol/levomyce-
tin (increased by 37.5%) and sulfamethoxazole/trimethoprim
(increased by 17.5%) has changed in 2022-2024 (Fig. 6C).

High increase in resistance to tetracyclines was detec-
ted in 2022-2024 (Fig. 6D): resistance to tetracycline (first
generation) increased by 29.6% (9 isolates (56.3%) out of
16 recovered isolates were resistant in 2024), resistance
to doxycycline (second generation) increased by 30.0%
(8 isolates (50.0%) out of 16 recovered isolates were resis-
tantin 2024).

At the same time, an increase in aminoglycosides re-
sistance was observed (Fig. 6E). Thus, amikacin (third gen-
eration) and kanamycin (first generation), resistance has
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increased by 12.5% (2 isolates (12.5%) out of 16 recovered
isolates were resistant in 2024). Streptomycin (first genera-
tion) resistance increased by 10.8% (6 isolates (37.5%) out
of 16 recovered isolates were resistant in 2024).

No antimicrobial resistance genes, blaCTX-M, blaOXA10,
blaDHA, blaGES, blaKPC, blaOXA48-like, blaNDM, or
blaVIM, were found in the recovered Salmonella spp. iso-
lates during the study.

CONCLUSION

Forty-two Salmonella spp. isolates were detec-
ted during the study; the predominant serovars were
as follows: S. Enteritidis — 14 (33.3%), S. Blegdam — 3 (7.1%),
S. Derby - 2 (4.8%).

Significant spread of resistance, including multiple
resistance, has been shown. Salmonella spp. isolates
demonstrated maximum resistance to erythromycin
(80.9%), benzylpenicillin (78.6%), norfloxacin (69.0%) and
tetracycline (40.5%). All Salmonella spp. isolates were sus-
ceptible to meropenem and imipenem.

Most isolates of Salmonella spp. demonstrated resis-
tance to three antimicrobials at once (31.0%), and one

isolate was also found to be resistant to 19 out of 21 anti-
microbials used for the study.

In addition, an increase in resistance of Salmonella spp.
isolates to the following antimicrobials was shown: ceph-
alosporins - resistance to the first generation (cefazolin)
increased by 18.0%, resistance to the second generation
(cefuroxime) increased by 50.0%, resistance to the third
generation (cefotaxime) increased by 6.3%; fluoroquino-
lones - resistance to the second generation (norfloxacin)
increased by 15.0%, resistance to the third generation
(levofloxacin) increased by 49.2%; tetracyclines - resis-
tance to the first generation (tetracycline) increased by
29.6%, resistance to the second generation (doxycycline)
increased by 30.0%.

Besides, resistance of isolates to chloramphenicol/levo-
mycetin increased by 37.5% and to sulfamethoxazole/tri-
methoprim increased by 17.5% during the study period,
2022 -2024.

Resistance to aminoglycosides has also increased: resis-
tance to amikacin (third generation) and kanamycin (first
generation) has increased by 12.5%; resistance to strepto-
mycin (first generation) has increased by 10.8%.
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No antimicrobial resistance genes (blaCTX-M,
blaOXA10, blaDHA, blaGES, blakPC, blaOXA48-like,
blaNDM, blaVIM) have been detected in the recovered
Salmonella spp.

Continuous monitoring of animal product quality en-
ables prompt detection of shifts in bacterial populations,
facilitating the development of effective strategies for re-
ducing the transmission of resistant strains and genes to
humans. However, monitoring for antimicrobial resistance
trends in isolated strains supports rational antibiotic use
in veterinary and clinical medicine. This is essential for ef-
fective salmonellosis surveillance under the One Health
framework

REFERENCES

1. WHO Bacterial Priority Pathogens List, 2024: bacterial pathogens of
public health importance to guide research, development and strategies
to prevent and control antimicrobial resistance. Geneva: World Health Or-
ganization; 2024. 56 p. https:/iris.who.int/bitstream/handle/10665/37677
6/9789240093461-eng.pdf?sequence=1

2.World Health Organization. Ten threats to global health in 2019. https://
www.who.int/news-room/spotlight/ten-threats-to-global-health-in-2019

3.World health statistics 2024: monitoring health for the SDGs, Sustainable
Development Goals. Geneva: World Health Organization; 2024. 86 p. https://
iris.who.int/bitstream/handle/10665/376869/9789240094703-eng.pdf

4.Tarin-Pell6é A., Suay-Garcia B., Pérez-Gracia M.-T. Antibiotic resistant
bacteria: current situation and treatment options to accelerate the develop-
ment of a new antimicrobial arsenal. Expert Review of Anti-Infective Therapy.
2022; 20 (8): 1095-1108. https://doi.org/10.1080/14787210.2022.2078308

5.DiK.N.,Pham D.T, TeeT.S., Binh Q. A, Nguyen T. C. Antibiotic usage
and resistance in animal production in Vietnam: a review of existing liter-
ature. Tropical Animal Health and Production. 2021; 53 (3):340. https://doi.
org/10.1007/s11250-021-02780-6

6. Mukhina E., Artemieva M., Sakunts L., Tozhiboeva B. The social prob-
lem of antibiotic resistance. Universum: Medicine & Pharmacology. 2017; (6).
https://7universum.com/ru/med/archive/item/4898 (in Russ.)

7. Manyi-Loh C., Mamphweli S., Meyer E., Okoh A. Antibiotic use in
agriculture and its consequential resistance in environmental sources: po-
tential public health implications. Molecules. 2018; 23 (4):795. https://doi.
org/10.3390/molecules23040795

8. Aleksandrowicz A., Carolak E., Dutkiewicz A., Btachut A., Waszczuk W.,
Grzymajlo K. Better together — Salmonella biofilm-associated antibiotic re-
sistance. Gut Microbes. 2023; 15 (1):2229937. https://doi.org/10.1080/1949
0976.2023.2229937

9.Wang B. X, Butler D. S. C.,, Hamblin M., Monack D. M. One species, dif-
ferent diseases: the unique molecular mechanisms that underlie the patho-
genesis of typhoidal Salmonella infections. Current Opinion in Microbiology.
2023; 72:102262. https://doi.org/10.1016/j.mib.2022.102262

10.Li S, He Y,, Mann D. A,, Deng X. Global spread of Salmonella Enter-
itidis via centralized sourcing and international trade of poultry breeding
stocks. Nature Communications. 2021; 12:5109. https://doi.org/10.1038/
$41467-021-25319-7

11. Egorova S. A, Kaftyreva L. A,, Pomazanov V. V. Current trends in the
development of resistance to clinically significant antibiotics in Salmonella
(review of literature). Russian Clinical Laboratory Diagnostics. 2020; 65 (5): 308
315. http://dx.doi.org/10.18821/0869-2084-2020-65-5-308-315 (in Russ.)

12.World Animal Protection: Global public health cost of antimicrobial
resistance related to antibiotic use on factory farms. https://www.world-
animalprotection.org.in/globalassets/pdfs/reports/english/global-pub-
lic-health-technical-report.pdf

13. WHO estimates of the global burden of foodborne diseases: food-
borne disease burden epidemiology reference group 2007-2015. Geneva:
World Health Organization; 2015. 254 p. https://iris.who.int/bitstream/han-

dle/10665/199350/9789241565165_eng.pdf?sequence=1

14.Wu S., Hulme J. P. Recent advances in the detection of antibiotic
and multi-drug resistant Salmonella: an update. International Journal of Mo-
lecular Sciences. 2021; 22 (7):3499. https://doi.org/10.3390/ijms22073499

15. Determination of the sensitivity of microorganisms to antimicrobial
drugs: Russian recommendations. Version 2025-01. Smolensk: Smolensk
State Medical University; Interregional Association for Clinical Microbiology
and Antimicrobial Chemotherapy; 2025. 208 p. https://www.antibiotic.ru/
library/ocmap2025 (in Russ.)

16. European Committee on Antimicrobial Susceptibility Testing. Rou-
tine and extended internal quality control for MIC determination and disk
diffusion as recommended by EUCAST. Version 15.0, valid from 2025-01-01.
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST _files/
QC/v_15.0_EUCAST_QC_tables_routine_and_extended_QC.pdf

17.Clinical and Laboratory Standards Institute. Performance Standards
for Antimicrobial Susceptibility Testing. 35" ed. CLSI supplement M100.
Clinical and Laboratory Standards Institute; 2025. 428 p.

18. Salmonellosis. In: European Centre for Disease Prevention and Con-
trol. Annual Epidemiological Report for 2022. Stockholm: ECDC; 2024. https://
www.ecdc.europa.eu/en/publications-data/salmonellosis-annual-epide-
miological-report-2022

19. The European Union summary report on antimicrobial resistance in
zoonotic and indicator bacteria from humans, animals and food in 2022-2023.
EFSA Journal. 2025; 23 (3):9237. https://doi.org/10.2903/j.efsa.2025.9237

20. Vitkova O. N., Belousov V. I, Ivanova O. E., Bazarbaev S. B. Study
of antibiotic resistance of Salmonella isolates from animals and fodders of
animal origin on the territory of the Russian Federation. Veterinaria Kubani.
2015; (2): 11-15. https://elibrary.ru/tppjdx (in Russ.)

21.Rakitin A. L., Yushina Y. K, Zaiko E. V., Bataeva D. S., Kuznetsova O. A.,
Semenova A. A, et al. Evaluation of antibiotic resistance of Salmonella
serotypes and whole-genome sequencing of multiresistant strains iso-
lated from food products in Russia. Antibiotics. 2022; 11 (1):1. https://doi.
org/10.3390/antibiotics11010001

22. Mendybaeva A. M., Ruzauskas M., Aleshina Yu. E., Alieva G. K., Mu-
kanov G. B., Ryshchanova R. M. Opportunistic and pathogenic microflora
antibiotics resistance risk assessment extracted from animal products.
Bulletin KrasSAU. 2022; (2): 147-156. https://doi.org/10.36718/1819-4036-
2022-2-147-156 (in Russ.)

23. Patchanee P, Tansiricharoenkul K., Buawiratlert T., Wiratsudakul A.,
Angchokchatchawal K., Yamsakul P, et al. Salmonella in pork retail outlets
and dissemination of its pulsotypes through pig production chain in Chi-
ang Mai and surrounding areas, Thailand. Preventive Veterinary Medicine.
2016; 130: 99-105. https://doi.org/10.1016/j.prevetmed.2016.06.013

24. Possebon F. S, Tiba Casas M. R, Nero L. A, Yamatogi R. S., Araujo J. P. Jr,,
Pinto J. P. A. N. Prevalence, antibiotic resistance, PFGE and MLST characteri-
zation of Salmonella in swine mesenteric lymph nodes. Preventive Veterinary
Medicine. 2020; 179:105024. https://doi.org/10.1016/j.prevetmed.2020.105024

25.Solov'yeva A. S., Shubin F. N., Kuznetsova N. A. Antibiotic resistance
of Salmonella enteritidis sticks allocated in the Far Eastern and Siberian Fed-
eral Districts. Health. Medical ecology. Science. 2017; (5): 15-21. https://doi.
0rg/10.5281/zenodo.1115444 (in Russ.)

26. Baquero F. Threats of antibiotic resistance: an obliged reappraisal.
International Microbiology. 2021; 24 (4): 499-506. https://doi.org/10.1007/
510123-021-00184-y

27.Wen S. C. H., Best E., Nourse C. Non-typhoidal Salmonella infections
in children: review of literature and recommendations for management.
Journal of Paediatrics and Child Health. 2017; 53 (10): 936-941. https://doi.
org/10.1111/jpc.13585

28.Konyali D., Guzel M., Soyer Y. Genomic characterization of Salmonella
enterica resistant to cephalosporin, quinolones, and macrolides. Current Mi-
crobiology. 2023; 80 (11):344. https://doi.org/10.1007/500284-023-03458-y

Received 27.06.2025
Revised 01.08.2025
Accepted 08.08.2025

INFORMATION ABOUT THE AUTHORS / NHOOPMALINA 06 ABTOPAX

Olga A. Akulich, Postgraduate Student, Federal Centre for Animal
Health, Vladimir, Russia; akulich.olgand@yandex.ru

Natalya B. Shadrova, Cand. Sci. (Biology), Head of Department
for Microbiological Testing, Federal Centre for Animal Health,

Akynuu Onbra AHAapeeBHa, acnupaHt OIBY «BHUU3XK»,
r. Bnagumup, Poccus; akulich.olgand@yandex.ru

LlagpoBa Hatanba bopuncoBHa, KaHa. 6UON. HayK, 3aBefyoLLnii
oThenomM MMKpobuonorndeckmx nccnegosanuin OreY «BHAN3MK»,

VETERINARY SCIENCE TODAY. 2025; 14 (3): 310-318 | BETEPUHAPUA CETOAHA. 2025; 14 (3): 310-318

317



318

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIIKPOBUONOT WA

Vladimir, Russia; https.//orcid.org/0000-0001-7510-1269, r. Bnagumup, Poccus; https://orcid.org/0000-0001-7510-1269,

shadrova@arriah.ru shadrova@arriah.ru

Galina S. Denisova, Cand. Sci. (Biology), Head of the Vladimir  [leHucoBa lanuHa CepreeBHa, KaHg. 610N. HayK, pyKoBoguTenb

Testing Centre, Federal Centre for Animal Health, Vladimir, Russia;  Bnagmmmpckoit ncnbitatenbHoi nabopatopun OIBY «BHUAN3XK»,

https://orcid.org/0000-0003-0714-3912, skitovich@arriah.ru r. Bnagumup, Poccus; https://orcid.org/0000-0003-0714-3912,
skitovich@arriah.ru

Contribution of the authors: Akulich O. A. - testing, obtained data analysis and interpretation, paper text preparation, figure
creation; Shadrova N. B. - formulation of key goals and objectives, paper text editing and approval of final paper text; Denisova G. S. -
conceptualization, formulation of key goals and objectives, paper text editing.

Bknap aBTopoB: Akynuu O. A. - npoBefieHMe UCCNeOBaHWNIA, aHaNM3 Y MHTeprnpeTauns NoyYeHHbIX AaHHbIX, MOArOTOBKA TEKCTa
CTaTbW, co3faHue pucyHKos; LLlagposa H. b. - popmynunposka kntoueBbIx Lieniei 1 3aay, pefakTMpoBaHue TeKCTa CTaTby U YTBEPXKAeHMe
OKOHuaTenbHOro BapuaHTa; leHncosa . C. - opmupoBaHue naen, GopmynnpoBKa KnloueBbix Lienei 1 3afiay, peAakTrpoBaHe TeKcTa
cTaTbu.

VETERINARY SCIENCE TODAY. 2025; 14 (3): 310-318 | BETEPUHAPUA CEFOJHA. 2025; 14 (3): 310-318



ANNIVERSARY DATES
IOBUNENHDIE JATHI

On the 75"
anniversary of Vladimir S. Rusaleyev

Vladimir S. Rusaleyev was born on July 6, 1950 in Mur-
mansk. After graduating from an agricultural technical
school and completing military service, he studied at the
Troitsk Veterinary Institute in the Chelyabinsk Oblast from
1971 to 1976.From 1976 to 1980, he worked at the Kostanay
Regional Veterinary Laboratory, first as a veterinarian and
later as a head of a department.

From January 1980 to December 1982, he took a post-
graduate course at the All-Union Research Institute of Vet-
erinary Virology and Microbiology (Volginsky, the Vladimir
Oblast), working as a junior researcher. In 1983, he defen-
ded his candidate’s thesis.

From 1984 to 1985, V.S. Rusaleyev completed advanced
training courses in molecular biology and genetic engi-
neering at the Biological Center of the USSR Academy
of Sciences (Pushchino, the Moscow Oblast). In 1986, he
took a training course in highly dangerous infections at
the Stavropol Anti-Plague Research Institute of the USSR
Ministry of Health.

Starting in 1987, Vladimir Rusaleyev worked as a senior
lecturer and later as an Associate Professor at the Kostanay
Agricultural Institute. In January 1991, he was admitted
as a doctoral candidate at the Laboratory of Bacterial In-
fections of the All-Russian Research Veterinary Institute
(Kazan). In October 1992, he successfully defended his
doctoral thesis.

In September 1993, Dr. Rusaleyev joined the All-Russian
Research Institute for Animal Health as a senior researcher
to facilitate research in the bacteriological field. In 1994, he
was elected as a leading researcher, and in 1995, he was
appointed as head of the Microbiology Laboratory, which
he ran until 2012. During this period, Dr. Rusaleyev super-
vised training of 10 Candidates and 1 Doctor of Science.
In 2005, he was awarded the academic title of professor.

Vladimir S. Rusaleyev’s research work mainly focused
on studying pathogens of economically significant animal
diseases, such as salmonellosis, pasteurellosis, porcine
polyserositis, porcine pleuropneumonia, atrophic rhinitis,
and others. Under his supervision, some bacterial isolates
were recovered and studied, and were later on deposited
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as industrial strains. Inactivated antibacterial vaccines
were developed, registered, and produced, which were
widely and successfully used to prevent the aforemen-
tioned diseases.

Dr. Rusaleyev has authored over 200 scientific papers
and patents for inventions and has been awarded medals
from the Exhibition of Achievements of National Economy
(VDNKh).

From 2012 to 2022, V. S. Rusaleyev held the position
of Scientific Secretary and actively participated in training
personnel through postgraduate programs and the dis-
sertation council of the Federal Centre for Animal Health.

Dr. Rusaleyev is now retired after a distinguished career,
while his successors continue to work productively in vari-
ous fields of veterinary science.

We extend our heartfelt congratulations to Dr. Rusaleyev on

this significant milestone and wish him prosperity, enduring
vitality, and a long, joyful life!
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On the 75"
anniversary of Konstantin N. Gruzdev

On July 24, 2025, Konstantin N. Gruzdev - Doctor of
Biological Sciences, Professor, three-time laureate of the
Russian Federation Government Prize in Science and Tech-
nology, and Honored Veterinarian of the Russian Federa-
tion — celebrated his 75" birthday.

Dr. Gruzdev was born on July 24, 1950, in Nurlat, Tatar
ASSR. In 1972, he graduated with honors from the Kazan
Veterinary Institute named after N. E. Bauman. Following
his studies, he served in the Soviet Army and later worked
as the chief veterinarian of the Yermishinsky Raion in the
Ryazan Oblast. From 1974 to 2003, he was associated with
the All-Russian State Center for Quality and Standardiza-
tion of Veterinary Drugs and Feed (Moscow), where he pur-
sued postgraduate studies and advanced through various
roles - from junior and senior researcher to head of the
laboratory, head of the virology department, and deputy
director of the institute.

In 1979, he defended his dissertation and earned the
degree of Candidate of Veterinary Sciences. By 1993, he
had attained the title of Doctor of Biological Sciences, and
in 1999, he became a Professor of Virology.

From 2003 to 2007, he served as Director of the Fed-
eral State-Financed Institution Federal Center for Animal
Health Protection (Vladimir). During this challenging
period in the institute’s history, Dr. Gruzdev dedicated
immense effort and energy to implementing sweeping
reforms. He spearheaded fundamental changes in the in-
stitution’s operational framework, including revisions to
its governing statutes, the establishment of new research
and production divisions, and the creation of innovative
structural subdivisions.

From 2007 to 2010, he served as Head of the Veterinary
Service and Director of the Veterinary Department of the
Vladimir Oblast Administration.

In 2011, he founded and led the laboratory for Afri-
can swine fever at the Federal Centre for Animal Health.
Since 2013, Dr. Gruzdev has been the Chief Scientist of
the Information and Analytical Center at the Federal
Centre for Animal Health, where he continues to pursue
multifaceted scientific research. Additionally, he serves as
Editor-in-Chief of the quarterly journal “Veterinary Science
Today", which is listed among the peer-reviewed scientif-
ic publications recommended by the Higher Attestation
Commission (VAK).

Under the direct supervision and personal involvement
of Dr. Gruzdev, studies were conducted on pathogenicity
and immunogenicity factors, genetic markers of classical
swine fever, transmissible gastroenteritis, porcine repro-
ductive and respiratory syndrome, African swine fever, and

rabies. Additionally, he also developed groundbreaking

methods for the genodiagnostics of viral animal diseases.

Dr. Gruzdev is the author or co-author of over 350 works,
including 9 monographs, a scientific manual, a reference
book, and 2 popular science editions. The scientific priority
of his research is supported by 9 authorship certificates
and 15 patents.

Under his supervision, 4 doctor’s and 12 candidate’s
theses were prepared and successfully defended.

Dr. Gruzdev served as Russia’s focal point in the Europe-
an Association of Veterinary Virologists and held multiple
key roles, including:

« Member of the Expert Council on Biosafety under the
Russian Ministry of Industry and Science;

« Member of the Operational Headquarters of the Russian
Government for coordinating measures to prevent the
spread of avian influenza and African swine fever;

+ Member of the Expert Council of the Higher Attestation
Commission (VAK).

Currently, he collaborates with the World Organization
for Animal Health (WOAH) on African swine fever and
serves as an expert for GF-TADs on the same issue.

For outstanding professional achievements in the field
of veterinary medicine, Dr. Gruzdev was awarded a WOAH
(Paris) certificate on October 11, 2018.

Dear Dr. Gruzdev, we wish you good health and many more
years of fruitful scientific work!
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