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Methodological approaches for the prevention and
eradication of caprine arthritis-encephalitis in international
goat herds: A review

Vyacheslav Yu. Koptev', Natalia 0. Likhacheva?, Nikolay A. Shkil', Irina M. Yurkova?

' Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences, Institute of Experimental Veterinary Science of Siberia and the Far East,
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ABSTRACT

Introduction. Caprine arthritis-encephalitis (CAE) is a chronic viral disease of goats caused by a lentivirus from the Retroviridae family (small ruminant lentivirus
group, SRLV). Infection typically involves prolonged asymptomatic carriage, progressing to debilitating lesions in the joints, central nervous system, lungs, and
mammary gland. Transmission occurs primarily via colostrum, milk, and direct contact, including fomites and co-mingling with infected animals. Diagnosis relies
on serological and molecular methods.

Objective. To summarize international methodological approaches for the prevention of CAE.

Materials and methods. This review was conducted based on an analysis of publications in peer-reviewed scientific journals, official international guidelines, and
reports from key organizations such as the Food and Agriculture Organization and the World Organisation for Animal Health. Literature was identified and selected
through searches in major scientific databases, including Web of Science, Scopus, PubMed, Google Scholar, Science Hub, CyberLeninka and others.

Results. Analysis of the literature indicates that the most effective outcomes in controlling CAE have been achieved in countries with mandatory national eradication
programs, which integrate comprehensive preventive, diagnostic, and administrative measures (e.g., Norway, Switzerland). In nations with voluntary participation
programs (e.g., Australia, New Zealand, Canada, Italy, France), positive results are also evident, particularly when supported by incentive mechanisms and sustained
educational outreach. Conversely, in countries lacking coordinated national programs (e.g., Turkey, Brazil, Iran, and most African nations), disease control remains
inadequate, and seroprevalence rates are consistently high.

Conclusion. The most effective outcomes in controlling CAE have been achieved in countries with mandatory national eradication programs, which integrate
comprehensive preventive, diagnostic, and administrative measures (e.g., Norway, Switzerland).

Keywords: review, caprine arthritis-encephalitis, prevention, serological monitoring, eradication programs
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TOBYH «Cubmupckuii peaepanbHblii HayuHblii LLeHTp arpobuoTexHonormit Poccuitckoil akapemim Hayk», MHCTUTYT 3KCNepUMeHTaNbHON BETEPUHAPUM
Cubupm u lanbHero Boctoka (M3IBCu[IB COHLIA PAH), p. n. KpacHoobck, 630501, HoBocubupckas o6n., Poccua

2 BeTepuHapHas accoumaLma Cenbckoxo3ailcTBeHHbIX cneumanuctos (BACC), r. MockBa, 123060, Poccun

PE3IOME

BBepeHue. ApTPUT-SHLEDANNUT K03 — XPOHUUECKOe BUPYCHOE 3ab0neBaHNe, BbI3bIBaeMOe NEHTUBUPYCaMn CeMelicTBa Retroviridae, OTHOCALYMMUCA K rpyn-
ne SRLV (neHTUBMpYCHbI MeNKOTo poratoro Ckota). 3abonesaxue XapakTepusyeTca AUTeNbHbIM 6eCccUMITOMHbIM BUPYCOHOCUTENLCTBOM C NOCTEAYHLIUM
MPOrpeccupyioLLuM NoparkeHuem CyCTaBoB, LLeHTPabHOI HEPBHOI CUCTEMBI, NETKUX U TKaHN MONOYHBIX Xene3. BUpyc MoXeT nepeaBaTbA ¢ MONO3MBOM
11 MOJIOKOM, I PAMOM KOHTKTe, uepe3 060pyi0BaHine 1 NI COBMECTHOM COAEPXKaHUM 340POBbIX U MHGULMPOBAHHbIX XXUBOTHBIX. [IuarHocTuka 3aboneBanms
0CHOBAHa Ha UCMONb30BAHUM UMMYHONOTUYECKUX U MOTIEKYNAPHO-61ONOrnyeckiX MeTof0B.

Llenb 0630pa. 06061LeHIe 3apy6eXxHbIX METOAMYECKIX NOAXO0AO0B K NPOdUNaKTUKe apTpUTa-dHLePanuTa Ko3.

Marepuanbi u metoppi. [py HanucaHui 0630pa ObM UCNONB30BaHbI MYBAMKALMY B peLieH3MpYeMbIX XKypHanaX, oduumanbHble 3apybexHble MeTouueckue
peKoMeHAaLIUK, a Takxe oT4eTbl lPo/s0BONbCTBEHHOI 1 CeNbCKOX03AICTBEHHOI OpraH3aLy 06beauHeHHbIX Hawwii, BceMupHoii opraHu3aLym 3paBooxpaxeHma
XUBOTHIX. 0T60p UCTOUHMKOB Npom3BoAMACA B 6a3ax ZaHHbIx Web of Science, Scopus, Google Scholar, PubMed, Science Hub, KnbeplleHutka u gp.

© Koptev V. Yu., Likhacheva N. 0., Shkil N. A., Yurkova I. M., 2026
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Pe3ynbratbl. AHanW3 UTEPATYPHbIX MCTOYHNKOB NOKA3bIBAET, uTo Hanbonee 3pdeKTUBHbIE pe3ynbTaTbl Mo 6opbbe ¢ AaHHbIM 3ab0neBaHNeM BOCTUTHYTbI B CTpa-
Hax, re pa3paboTaHbl 0bA3aTeNnbHble rocyAapcTBeHHbIE NPOrpaMMbl, BKAKOUALLME KOMMNAEKC NPOGUNAKTUYECKUX, ANATHOCTUYECKIX 1 AfMUHUCTPATUBHBIX
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INTRODUCTION

Caprine arthritis-encephalitis (CAE) is a persistent viral
infection caused by small ruminant lentiviruses (SRLV) with-
in the Retroviridae family. SRLVs are classified into five geno-
types (A, B, C, D, E) with further subtype divisions [1, 2, 3].

CAE pathogenesis is described in detail in several scien-
tific publications [4, 5, 6] and in dedicated chapters of var-
ious monographs [7, 8, 9]. Infection typically involves pro-
longed asymptomatic carriage, progressing to debilitating
lesions in the joints, central nervous system, lungs, and
mammary gland.

Several authors [10, 11,12, 13, 14] confirm that CAEV
transmission occurs primarily via colostrum, milk, and direct
contact, including fomites and co-mingling with infected
animals. Cases of interspecies transmission of the virus be-
tween goats and sheep have also been documented [15, 16].

Diagnosis relies on serological methods such as enzyme-
linked immunosorbent assay (ELISA) and the agar gel im-
munodiffusion (AGID), and polymerase chain reaction
(PCR) and sequencing [17, 18, 19].

The key risk factors amplifying outbreaks include retain-
ing seropositive animals without segregation or culling;
mixing infected and healthy goats in crowded housing;
communal use of kidding pens and lack of disease preven-
tive measures.

Serological studies using AGID have documented high
CAE virus (CAEV) seroprevalence exceeding 65% in dairy
goat populations of several developed countries with ad-
vanced goat industries, including Canada, France, Norway,
Switzerland, and the United States [20].

The purpose of this review is to summarize internation-
al methodological approaches for the prevention of cap-
rine arthritis-encephalitis in search of most effective ways.

EUROPE

Norway. Norway launched the Healthier Goats program
as a voluntary initiative in the early 2000s, and it transi-
tioned to mandatory participation in high-prevalence regi-
ons from 2012. The integrated strategy involved culling
seropositive animals, immediate separation (“snatching”)
of kids post-birth for rearing on cow colostrum or milk
replacers in isolated barns, serological testing and herd
certification.

Comprehensive studies confirmed the high effective-
ness of the program: circulating CAEV variants were effec-
tively eliminated [21].

Over 15 years of the program, the proportion of CAE-
positive dairy goat herds plummeted from 30% to un-
der 1% [22], demonstrating marked improvements in herd
health and productivity, with financial viability hinged
on state subsidies [23].

Switzerland. This country pioneered a national CAE
eradication program. The program started in the early
1980s and official data indicate over 90% of farms attained
CAE-free certification by 2008 [24].

The program'’s target was complete eradication of the
infection by rigorous serological testing, culling of sero-
positive goats, and strict animal movement controls
to achieve virus-free status [25].

The control measures were monitored by the Swiss Goat
Breeders’ Association (SZZV) and federal veterinary author-
ities [26, 271].

France. France manages CAE through voluntary
regional and national programs coordinated by veterinary
services, with farmer cooperatives and networks. Since
around 2020, voluntary herd certification schemes and
farm hygiene certification have gained traction [28].

One of the key initiatives is Plan de qualification sani-
taire des élevages caprins, which is a tool for goat farm
biosecurity assessment and improvement [29].

Italy (South Tyrol, Northern Italy). |taly implements
CAE control through regional programs, particularly
in South Tyrol, where veterinary authorities and laboratory
networks collaborate on compulsory eradication efforts
since late 2000s.

The main approach is identification of positives by sero-
logical monitoring for selective removal and culling sero-
positive animals individually without mass slaughter [30].
This strategy has proved effective: by 2020, most farms
in the region achieved CAE-free status [31].

Other Italian regions maintain less uniform, voluntary
efforts with variable coverage.

Spain. Spain lacks official recognition of CAE as
a notifiable infectious disease under national legislation,
resulting in no mandatory control or eradication programs.
Prevention relies entirely on voluntary farmer initiatives.
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Seroprevalence in dairy goat herds remains elevated
at 12-23% [32].

A similar situation can be observed in Germany. The
country maintains around 120,000 goats, representing about
1% of the EU’s total goat population [33], with no federal
notifiable status or mandatory control program for CAE [34].

NORTH AMERICA

The USA. A 1981 study across 24 states reported
a strikingly high CAE seroprevalence of 81% in goat popu-
lations [35]. A 1992 study published in the Journal
of the American Veterinary Medical Association confir-
med widespread CAE infection in U.S. dairy goat herds, par-
ticularly in California and northwestern states. Researchers
tested 3,790 goats across 28 states using identifying
1,175 seropositive animals — a 31% prevalence rate [36].

The United States lacks a federal mandatory program
for CAE despite research since the 1980s.

The programs rely on voluntary initiatives at state, regio-
nal, and farm levels informed by scientific studies and
international guidelines and are developed in partnership
with state veterinary services and universities.

Minnesota exemplifies U.S. state-level voluntary CAE
control, where since 2006 farmers have participated in test-
ing and registration to maintain negative herd status [37].
lowa supports voluntary CAE control through regular train-
ing seminars educating goat owners in serological moni-
toring, culling or segregating seropositive goats, artificial
rearing of newborns with heat-treated colostrum or repla-
cers [38]. In the state of Michigan, owners of seropositive
animals are recommended to carry out “sterile lambing”
(immediate kid-dam separation at birth to prevent
colostrum/milk exposure), regular serological testing and
culling of positives, and establishment/maintenance
of CAE-negative herds [39].

A number of universities, in particular Washington State
University, lowa State University, Michigan State Universi-
ty, Alabama Agricultural and Mechanical University, pro-
vide consultations, manuals, and training on CAE eradica-
tion for goat farms [40, 41].

Standard protocols for goat herd owners include the
following:

- serological screening starting at 6 months of age;

- segregation of seropositive and seronegative animals
followed by culling infected ones;

- “sterile lambing” via immediate post-birth kid
separation with pasteurized colostrum/milk or replacers;

— rigorous disinfection of equipment and facilities;

- and quarantine/testing bans on new imports.

The United States Department of Agriculture (USDA) and
its Animal and Plant Health Inspection Service (APHIS) col-
laborate with state veterinary services on animal health
surveillance, providing diagnostic support and research
for CAE, but maintain no centralized mandatory control
or eradication program. In the United States, goat owners
have widespread access to CAE diagnostic testing through
state and university veterinary labs, backed by scientific
guidance, financial grants and coordination with state ser-
vices for lab cooperation [42, 43].

The American Dairy Goat Association (ADGA) does not
run a standalone CAE control program but promotes esta-
blished veterinary protocols and measures to control and
to curb spread in dairy herds.

Canada. Canada lacks a unified federal CAE control
program, relying instead on effective provincial initiatives

and industry-led efforts through associations like the Onta-
rio Goat Association [44]. The Ontario Goat Association’s

GoGen Dairy Genetic Improvement Program offers detailed

guidance:

- whole-herd diagnostics with kids tested at 4-6 months,
8-10 months, and post-12 months pre-kidding, plus semi-
annual post-partum checks [44];

- “sterile lambing” via immediate weaning, separate
rearing on pasteurized colostrum/milk or replacers;

- isolation/culling of seropositives;

- sourcing CAE-free breeders;

- quarantining new arrivals until testing clears them;

- “low-risk” farm certification.

SOUTH AMERICA

South American countries report elevated CAE sero-
prevalence. Regular PCR and serological investigations
map strains and risk factors, but no national eradication
initiatives exist [45, 46, 47].

Brazil. Brazil's 2019 epizootological surveys reported
CAE seroprevalence ranging from 2-17% nationally, with
different rates among regions and farms. The peaks above
10% were reported in Alagoas, Ceard and Sao Paulo regions,
versus lower rates in Maranhdo and Paraiba [45].

Brazil lacks a centralized national CAE eradication pro-
gram, but there are a number of mandatory measures and
initiatives implemented at the regional and federal levels,
including mandatory confirmation and reporting.
The Ministry of Agriculture and Livestock (MAPA) man-
dates case confirmation, reporting, and surveillance reg-
istration to track spread, integrating CAE into veterinary
monitoring. The Brazilian Agricultural Research Corpora-
tion (Embrapa) has produced technical manuals detailing
symptoms, diagnostics (ELISA, PCR), prevention (testing,
quarantine), breeding practices, annual screening, and
farm-specific control plans tailored to technological
capacity [45].

Some states apply partial on-farm eradication via selec-
tive measures.

Argentina. Argentina reported a 3.86% seroprevalence
of CAEV in goat herds in a 2011 nationwide study [46].

The National Food Safety and Quality Service (SENASA)
oversees voluntary CAE control, which includes the
following:

- epizootological control: mandatory farm registration,
case notifications, and epizootological investigations upon
positives;

- diagnostics and monitoring: ELISA/AGID serological
diagnostics with routine surveys for CAEV antibodies
in accredited SENASA laboratories;

- spread prevention: seropositive isolation/culling,
movement controls requiring CAE-negative certification,
bans on raw infected milk for kids, “clean herd” formation
via testing/selection;

— eradication measures: gradual eradication through
status segregation and seronegative breeding;

- educational work: farmer education on biosecurity,
veterinary surveillance over program implementation, pub-
licawareness campaigns concerning CAE risks and control
measures [47].

ASIA AND MIDDLE EAST

Studies by several authors confirm CAE presence across
Asia and the Middle East, with seropositive goats in Turkey,
Iran, Iraq, Saudi Arabia, Jordan, and Lebanon. The research
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highlights genetic diversity in circulating CAEV strains.
Preventive measures remain minimal [48, 49, 50].

Turkey. Turkey lacks a nationwide mandatory program
for CAE. Monitoring and control are carried out at the local
level, mainly in accredited public and private veterinary
organizations and laboratories.

A study of 808 goats across three public and seven pri-
vate farms detected CAEV antibodies in 1.9% (16/808)
of samples, predominantly on state farms [51]. Siirt prov-
ince showed 0% seropositivity suggesting low-preva-
lence [52]. While Hatay region’s two of six provinces had
1.03% via AGID and competitive ELISA [53]. These results
findings align with prior reports from Turkey.

Although there is no nationwide program in the country,
measures that have proved effective in other countries are
applied in practice:

- routine diagnostic testing of animals;

— restricting contact with seropositives;

- mandatory veterinary inspections with serology for all
domestic or imported goats before herd integration.

Iran. Iran first detected CAEV via PCR in 2014, with
15.7% prevalence among 95 tested goats [49]. No centra-
lized or government-led CAE eradication programs exist
in Iran. Preventive measures are aimed at monitoring and
research.

Iraq. Researchers from Al-Qasim Green University first
reported CAEVin Iraqin 2022 through PCRanalysis of 85 goat
blood samples yielding 5.9% (5/85) positives [50]. At the
moment, there is no data in open sources on special gov-
ernment programs for CAE control or eradication.

Saudi Arabia. Saudi Arabia maintains no official
government programs for CAE eradication. A 1990 sero-
logical study on indigenous sheep detected CAEV antibo-
dies only in 0.8% of samples [54].

Jordan. Jordan conducted a 2006 serological survey
examining 1,100 goats from 69 herds, revealing 23.2%
herd-level seropositivity and 8.9% individual animal prev-
alence [55]. It should be noted that no national govern-
ment eradication program exists in Jordan.

Lebanon. Lebanon has no confirmed national
government program for CAE eradication, with control
limited to research and voluntary farm practices. A 2015
serological study found 13.1% individual seropositivity and
51.7% herd-level infection. Local Baladi breed exhibited
greater resistance to the infection [56].

Ongoing Asian studies identify SRLV genetic clusters via
sequencing.

China. A 2024 study in eastern China documented
approximately 0.8% seropositivity among tested goats [57].

China lacks a dedicated national program exclusively
targeting CAE eradication. However, the disease falls under
mandatory registration and surveillance as a notifiable con-
dition. The main CAE control measures are the following:

- comprehensive ELISA screening (with confirmatory
PCR if needed);

- isolation of animals pending negative status;

- culling seropositives;

- segregation by status;

- rearing kids on pasteurized colostrum/milk from
seronegative dams or substitutes.

Japan. From 2002-2004, testing of 3,102 goats showed
nearly 20% seropositivity. A 2006-2007 survey of 857 ani-
mals from 113 herds across 28 prefectures found 15%
herd-level infection and 10% individual seroprevalence [58].

Japan lacks a national CAE eradication program, with
control decentralized across regions supported by research
institutes like the National Institute of Animal Health (NIAH).
NIAH conducts scientifically validated diagnostics (AGID,
ELISA, PCR) at a national level, offering recommendations
in collaboration with prefectural veterinary services to aid
farmers.

India. India reported 3.33% CAE seroprevalence in 2015
studies, with 12 of 360 tested goats seropositive, and clin-
ical cases noted in affected regions [59].

No national CAE control program exists in India. Moni-
toring occurs via regional veterinary initiatives, which
include the following activities: screening via AGID, ELISA,
and PCR diagnostics; isolation of seropositives; pasteuriza-
tion of milk for kids; and equipment hygiene to curb hori-
zontal/vertical spread.

AFRICA

CAEV circulates across multiple African countries, con-
firmed through serological and molecular evidence, yet
systematic monitoring and diagnostic infrastructure re-
main inadequate.

Algeria. A 2013-2015 serological study in Algeria using
ELISA detected CAEV antibodies in 29.7% of tested goats [60].

Sudan. A 2009-2010 serological survey using ELISA
across five Sudanese states detected CAEV antibodies in
5.8% of examined goats [61].

Ethiopia. A 2013-2019 serological study in multiple
districts of Ethiopia’s Amhara State using ELISA identified
4.7% seropositivity for CAEV among tested goats [62].

Our analysis of available data indicates that no country
on the continent has implemented a national program for
the eradication of CAE. Furthermore, widespread practices
such as mass screening of goats, systematic milk pasteur-
ization, animal isolation, or compensation for culling are
not established.

OCEANIA

Australia. CAE was first detected in Australia during the
1980s. A 1995 survey across 14 New South Wales dairy
farms revealed 56.8% seropositivity [63]. Current data indi-
cate significant declines over 30 years through voluntary
controls, though precise figures remain sparse. In 2021,
AgriFutures Australia funded a report “Development of
innovative tools for the detection and control of caprine
arthritis encephalitis virus” for developing affordable sero-
logical and molecular diagnostics to enhance on-farm
detection and management [64].

In 2022 Animal Health Australia (AHA), in collaboration
with the Australian Veterinary Association (AVA) launched
the GoatMAP (Market Assurance Program for Goats), a vol-
untary national scheme to monitor, manage, and minimize
CAE and Johne’s disease spread in goat herds [65].

A National Kid Rearing Plan was developed. Based
on the plan the following measures are used to prevent
and eradicate CAE in Australia.

1. Animal identification: individual animal identification
with movement tracking.

2. Mandatory health certificates retained for 7 years.

3. Regular (biannual) veterinary inspections for enrolled
farms.

4. Kid hygiene:immediate post-kidding isolation of kids
fed pasteurized colostrum/milk from seronegative dams
to curb horizontal transmission.
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5. Segregation: strict seronegative-seropositive
segregation.

6. Testing: regular ELISA screening (CAE-free status
requires two negatives 6 months apartin goats > 6 months).

7. Culling: culling of clinically affected seropositives [66].

New Zealand. New Zealand first detected CAEV in the
early 1980s. The Ministry for Primary Industries (MPI) des-
cribes current prevalence as low despite steady presence
in goat populations. Currently, the CAE is under control
due to strict export and breeding farm requirements, while
enforcing an integrated approach [67].

New Zealand Dairy Goat Breeders Association (NZDGBA)
accreditation is aimed for certified CAE-free herds. It requi-
res annual ELISA testing of all goats > 1 year for three years.
Then testing is performed every three years upon three
consecutive negatives. The goal is to gradually establish
certified CAE-free herds in New Zealand [68].

Key measures include immediate post-birth kid wean-
ing with pasteurized colostrum/milk from CAE-negative
goats or replacers; seronegative-seropositive segregation;
dedicated equipment for negatives milked first; pre-entry
testing/quarantine for new animals; closed herd policies;
and culling seropositives on commercial farms [69].

CONCLUSION

An analysis of literature sources indicates that caprine
arthritis-encephalitis is widespread throughout the world.
In the fight against this disease, the most effective results
have been achieved in countries where mandatory gov-
ernment programs have been developed. These programs
typically include a comprehensive set of preventive, diag-
nostic, and administrative measures. The national pro-
grams of Norway and Switzerland serve as exemplary
models of this approach. Their success can be attributed
to the following key factors:

- mandatory participation of all goat owners;

- centralized control and coordination at the natio-
nal level;

- mandatory culling of seropositive animals;

- isolation of young stock and feeding of pasteurized
milk;

- regular serological monitoring and accurate farm status
recording.

In countries with voluntary participation in eradication
programs, such as Australia, New Zealand, Canada, and
specific regions of Italy and France, positive results have
also been observed. These outcomes are particularly evi-
dent where well-designed incentive structures and educa-
tional support for animal owners are in place.

In countries lacking coordinated government programs,
such as Turkey, Brazil, Iran, and most African nations, con-
trol over disease spread remains limited, while seropreva-
lence levels stay persistently high.
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Cross-species transmission of avian influenza
A(H5N1) virus to mammals: lessons learnt from
2024-2025 outbreaks in cattle

Elena A. Krasnova, Elena V. Korogodina, Daria A. Lunina
Federal Research Center for Virology and Microbiology; Samara Research Veterinary Institute — Branch of Federal Research Center for Virology and Microbiology,
ul. Magnitogorskaya, 8, Samara 443013, Russia

ABSTRACT

Introduction. In 20242025, a number of high pathogenicity avian influenza A(H5N1) outbreaks were reported in dairy cattle. Such an expansion of the virus’
hosts range increases global risks for livestock farming and public health, which requires strengthening animal disease monitoring and control systems.
Objective. Analysis of the epizootological characteristics of avian influenza A(H5N1) virus infection in dairy cattle and other mammals in 2024—2025, as well as
a summary of the response measures taken and recommendations of international organizations.

Materials and methods. Analytical research methods were used utilizing PubMed, Scopus, Web of Science, Springer, Wiley Online Library databases and materials
from international organizations (FAQ, EFSA, WOAH, OFFLU, CDC).

Results. Outbreaks of avian influenza A(H5N1) caused by clade 2.3.4.4b virus of genotypes B3.13 and D1.1in dairy cattle in 2024—-2025 occurred as a result of three
independent confirmed cases of the pathogen transmission from wild birds. The infection was detected on 1,078 cattle farms in 17 US states. Subsequent virus
transmission to poultry, wild and domestic animals, including cats, as well as to humans (70 people), mainly those working on livestock and poultry farms, was
reported. Reverse transmission of the pathogen from cows back to birds was documented as well. Rapid and wide spread of the virus is associated with extensive
animal movements and insufficient biosafety measures. Influenza A(H5) is recommended for the inclusion in the differential diagnosis for cattle, pigs, domestic
and wild animals.

Conclusion. Avian influenza A(H5N1) epizootic in cattle and the infection transmission to other mammals pose a serious threat to livestock industry and public
health. In response to the existing risks, it is necessary to strengthen biosafety measures and surveillance in epidemiologically significant animal populations,
incorporate the experience of other countries and establish international cooperation to study the trends of the virus evolution.

Keywords: review, avian influenza A(H5N1), cross-species transmission, cattle, cats, pigs, biosafety, animal movement, milk, epizootological surveillance
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MexxBnaoBas nepesaya Bupyca rpunna ntuu
A(H5NT) mnekonuTatoLLmm: YpoKu BCnblLLek
(peaun KpynHoro poratoro ckota B 2024—2025 .

E. A. KpacHoBa, E. B. Koporoauna, [l. A. Jlynuna
OBHY «DegepanbHblii uccnefoBatenbCkuil LeHTp Bupyconorun u mukpobuonorum» (OTBHY OULIBuM); Camapckuii HayuHo-1ccnef0BaTeNbCKUI BETePUHAPHDII
uHCTuTyT — dunuan Or6HY OULBuM (CamHIUBY — dunuan OTBHY OULIBMM), yn. MarHutoropckas, 8, . Camapa, 443013, Poccua

PE3IOME

BBepeHue. B 2024-2025 rr. npou3oLuna cepus BCnblLwek BbicokonatoreHoro rpunna ntuy A(H5NT) cpean MonouHoro ckota. MogobHoe n3meHeHme kpyra
X03A1eB BUPYCa NOBbILLAET rNobanbHble PUCKU ANA XIBOTHOBOACTBA U 06LLIECTBEHHOTO 3PaBOOXPaHeHA, uTo TpebyeT ycuneHna cucTem 3n1300ToN0OTNYECKOro
MOHUTOPUHTA U KOHTPONIA.

Lienb uccnepoBaHuA. AHanu3 3n1300TONOrMYECKIX XapaKTEPUCTUK MHOEKLMI MONOYHOTO CKOT 11 APYTIAX MEKOMUTAHOLLVX, BbI3BaHHOI BUPYCOM rpunna nruy
A(H5N1) B 20242025 rT., a Takxe 0600LLeHIe NPUHATBIX Mep pearupoBaHuA 1 peKOMeHAALINI MeXAYHaPOAHbIX OpraHu3aLuii.

Martepuanbl u meTopbl. [puMeHANUCH aHANUTUYECKUE METOAbI UCCNEN0BaHMIA ¢ UCONb30BaHNEM 6a3 AanHbix PubMed, Scopus, Web of Science, Springer,
Wiley Online Library u matepuano mexayHapoaHbix opranu3aumit (FAO, EFSA, WOAH, OFFLU, CDC).

© Krasnova E. A., Korogodina E. V., Lunina D. A, 2026
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Pesynbrartbl. Benbiwku rpunna ntuy A(H5NT), 06ycnoBnenHble Bupycom knagbl 2.3.4.4b reHotunos B3.13 u D1.1, cpeay monouoro ckota B 2024—2025 rr. npou3o-
LUNK B pe3ynbTaTe TPeX YCTaHOBNEHHbIX HE3aBICMMbIX ClTyyaeB nepeauu Bo36yautens u3 nonynaumum aukoii nruupl. MHdekuma 6bina BoiAneHa Ha 1078 depmax
y KpynHoro poratoro ckota B 17 wratax CLUA. 3adukcupoBaHa nocneaytowas nepeaaya BUpyca OMaLLHelt NTULe, AUKAM U SOMALUHIM XMBOTHbIM, BK/KYaA
KoLuek, 1 nioaam (70 uenosek), B 0CHOBHOM paboTHUkam depMm u nTuuedabpuik, a Takke obpaTHas nepenaya Bo3byauTena ot KOpoB K nTuuam. MloBcemecTHoe
6bICTpOE pacnpocTpaHeHue BUpYCa (BA3aHO C MACCOBBIMI NepeMeLLeHNAMM CKOTa W He,0CTAaTOUHOCTbI0 Mep obecneueHna buobesonacHocTi. PekomeHoBaHo
MpOBOAWTH UCCNefoBaHuA Ha rpunn A(H5) npu auddepeHuManbHoil uarHocTuke 3a6oneBaHuii KpYNHOTO POraToro CKOTa, CBUHEN, AOMALLHIX U AKX KUBOTHBIX.
3akntoueHue. Inuzootus rpunna ntuyy A(HSN1) cpepm KpynHoro poratoro ckoTa v nepefaya MHEKLMM APYrum MAEKOMMUTAIOLIM JEMOHCTPUPYET Cepbe3HYio
Yrpo3y ANA XVBOTHOBOACTBA 11 06LLIECTBEHHOrO 340POBbA. B OTBET Ha CyLLeCTBYIOLLME PUCKM HEOOXOAMMO YCAMTL Mepbl Gobe30nacHoCTV 1 Ha30p B ANUAEMIONO-
TIAYECKI BAXHDBIX MONYAALMUAX XKUBOTHBIX, YYECTb OMbIT APYIUX CTPAH U HANAANTb MEXYHAPOAHOE COTPYAHUYECTBO ANA U3YUEHUA HANpPaBNEHNiE SBOKOLMY BUPYC.

Kntouegble cnoBa: 063op, rpunn ntuy A(HSN1), MexBuaoBas nepegaya, KpynHbiii poraTblii CKOT, KOLUKM, CBUHbM, 61100€30MacHOCTb, NepemelLieHie CKoTa,
MOJI0KO, 3MN300TONOMMYECKNil HaA30p

bnaropaproctu: Pabota BbinonHeHa npy nopaepke MuHobpHayku Poccun B pamkax rocygapcraentoro 3aganua OTBHY OULIBuM (rema N FGNM-2022-0004).
ABTOpbI 6naroaapAT peLieH3eHTOB 3a IKCNEPTHYIO OLIeHKY AaHHOI paboTbl.

[insa uutuposanua: Kpacosa E. A., Koporoguna E. B., Jlynuna 1. A. Mexsupgosas nepenaua supyca rpunna ntut A(HSN1) mnekonuTaiowwinm: ypoki BCnblluek

CPefvt KPYMHOro poratoro ckota B 2024—2025 rr. Bemepurapus cezo0us. 2026; 15 (1): 13—19. https://doi.org/10.29326/2304-196X-2026-15-1-13-19
Kondnukr nntepecos: ABTOpbI 3aABAAIOT 06 OTCYTCTBUN KOHONMKTA UHTEPECOB.

[ina koppecnoxpeHuun: KpacHosa EneHa AHatonbeBHa, KaHz. buon. Hayk, 3amectutens aupektopa CamHNBY — dunuana OF6HY OULIBUM, yn. MaruToropckas, 8,

r. Camapa, 443013, Poccus, krasnovaficvim@yandex.ru

INTRODUCTION

A highly alarming development in recent years has been
the worldwide reports of high pathogenicity avian influ-
enza virus (HPAIV) detection in mammals (Fig.). Previously
considered primarily as a threat to poultry, HPAIV has es-
tablished a“new normal’, characterized by transmission to
mammals [1, 2, 3]. Since 2022, a significant increase in the
number of H5 avian influenza cases has been reported in
terrestrial animals (foxes, raccoons, minks, bears, tigers,
lynxes, ermines, squirrels, etc.) and aquatic mammals (dol-
phins, seals, sea lions, walruses, etc.) [4].In 2023, HPAI trans-
mission with wild virus-infected mammals from North and
South America to Antarctica was first reported [5]. Mass
animal mortality was reported: from hundreds to thou-
sands of sea lions in Peru, Argentina, Uruguay, and Brazil,
fur seals in Chile and Brazil, and elephant seals in Argenti-
na [3, 6]. In early 2024, mass mortality of southern elephant
seals and fur seals caused by HPAI was reported in
the sub-Antarctic zone, which was probably facilitated by
their colonial lifestyle and high susceptibility to the patho-
gen [7]. In 2024, the situation worsened regarding HPAIV
infection of domestic animals (cats) and humans from live-
stock, including cattle. This indicates a continuing threat
of mammal-to-mammal transmission of the avian influen-
za agent and presents a significant risk for further viral
mutation and the potential acquisition of human-to-
human transmissibility [8].

According to the Food and Agriculture Organization of
the United Nations (FAO), in the first quarter of 2025, the
H5Nx subtype influenza virus was confirmed in almost
100 mammalian species, mainly carnivorous. Thus, in a rela-
tively short period (2021-2025) of subtype H5NXx virus
spread, the number of susceptible species of mammals and
wild birds has doubled'. The expansion of the range
of susceptible mammalian species and the geographical

' Global avian influenza viruses with zoonotic potential situation update:
Bird & mammal species affected by H5Nx HPAL. https://www.fao.org/
animal-health/situation-updates/global-aiv-with-zoonotic-potential/bird-
species-affected-by-h5nx-hpai/en

spread of the virus increase the risk of its spillover to humans,
according to the World Organisation for Animal Health
(WOAH). Therefore, it is extremely important to maintain
reliable surveillance and comply with biosafety measures,
especially for new and atypical avian influenza virus hosts [6].

The increased risk of the interspecies HPAIV transition
to new mammalian species and from mammals to humans
is facilitated by the following factors: high activity of type
A(H5NT1) virus circulation, increase in the genetic diversity
within clade 2.3.4.4, accumulation of mutations resulting in
adaptation to mammals (including increased viral replication
and changes in virulence, host-specific polymerase activity,
inter alia binding to human-type a2,6-linked sialic acid re-
ceptors, etc.) in gene segments encoding the key surface
protein hemagglutinin (HA), another surface protein neur-
aminidase (NA), matrix proteins (M1 and M2), nucleoprotein
(NP) and polymerase basic protein 2 (PB2) [9, 10, 11, 12].

Cases of infection in mammals that are in close contact
with humans draw particular attention to the issue of the
virus overcoming the interspecies barrier and increasing
its pandemic potential. Such animals include farm animals
(cattle, pigs) and pets (cats) [8, 9, 13, 14, 15].

In order to study the epizootological characteristics of
the infection caused by avian influenza A(H5N1) virus in
dairy cattle and other mammals in 2024-2025, as well as
the response measures taken and recommendations from
international organizations, an analysis of available scien-
tific publications and materials from international organi-
zations such as WOAH, FAO, European Food Safety Agency
(EFSA), Global WOAH/FAO Network of Expertise on Animal
Influenza (OFFLU), US Centers for Disease Control and Pre-
vention (CDC) was made. Examination of the current HPAI
pattern and experience in its control are essential for the
improvement of the comprehensive disease control.

AVIAN INFLUENZA OUTBREAKS IN DAIRY
CATTLE IN THE USA

Infection of cattle with influenza A(H5) virus is a dramat-
ic change in the range of the virus hosts and the disease
pattern, that has led to the sustained pathogen transmission
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from one mammal to another and an increased risk for wild
and domestic animals, as well as to agricultural workers,
thus increasing global public health risks [14]. According
to FAQ, the detection of the virus in dairy cattle and cases
of the infection in farm workers who have come into contact
with the infected animals emphasize the need to strength-
en the disease monitoring and control systems [16].

In March 2024, after reports of unexplained symptoms
in dairy cattle in the United States, influenza A(H5N1) virus
of clade 2.3.4.4b, genotype B3.13 was isolated from unpas-
teurized milk samples and oropharyngeal swabs collected
from cattle [13]. Genotype B3.13 influenza causative agent
is a reassortant of the European highly pathogenic strain
of subtype H5N1 virus and the North American low patho-
genic strain [1]. Sequencing and phylogenetic analysis of
the isolated virus strains demonstrated that initially there
was a single event of this pathogen (genotype B3.13) spill-
over from wild birds to cattle in late 2023 - early 2024, fol-
lowed by its wide and rapid spread across the United States,
mainly due to the peculiarities of cattle farming in the
country. Subsequent transmission of genotype B3.13 influ-
enza A(H5NT) virus from infected cattle to wild birds, poul-
try (chickens), wild mammals (raccoons), synanthropic
rodents (mice), pets (cats) and humans (animal and poultry
farm operators) was reported. Moreover, reverse transmis-
sion of the virus from cows to birds was registered [17].

In early 2025, the second and third independent cases
of highly pathogenic clade 2.3.4.4b influenza virus spillover
from wild birds to cattle were confirmed, with the patho-
gen belonging to genotype D1.12. Currently, D1.1 genotype
virus is the most commonly detected in North America and
it infects wild birds and poultry, as well as mammals.

The website of the United States Department of Agri-
culture (USDA) features an updated map with the quanti-
tative and territorial (by state) distribution of HPAI cases in
animals (cattle, swine, alpacas)®. As of 01 August 2025,
1,078 cattle herds in 17 states were HPAIV infected. On
the CDC website, the current situation in humans is dis-
played*. As of 07 July 2025, there were 70 confirmed cases
of human infection with the avian influenza virus (mostly
in animal and poultry farm employees). So far, the current
public health risk is assessed as low.

The widespread transmission of highly pathogenic avian
influenza A(H5N1) virus in cattle challenges long-established
theories of influenza ecological dynamics and highlights
substantial gaps in the global preparedness system for re-
sponding to such biological threats, necessitating immedi-
ate measures to address the identified deficiencies [14].

Infection transmission routes andrisk factors. On-farm
virus transmission mainly occurred through contaminated
milk and during milking procedures (shared milking equip-
ment), rather than by respiratory route [18], while the farm-
to-farm spread is mainly due to the animal movements and
use of shared equipment [13]. It was demonstrated that
influenza A (H5N1) virus retains its infectivity for seve-
ral hours in raw milk from infected animals remaining on

2 Updated joint FAO/WHO/WOAH public health assessment of recent
influenza A(H5) virus events in animals and people (Assessment

based on data as of 1 March 2025). https://www.woah.org/app/
uploads/2025/04/2025-04-17-fao-woah-who-h5n1-assessment.pdf

2 HPAI confirmed cases in livestock. https://www.aphis.usda.gov/livestock-
poultry-disease/avian/avian-influenza/HPAI-detections/HPAI-confirmed-
cases-livestock

4 H5 bird flu: Current Situation. https://www.cdc.gov/bird-flu/situation-
summary/index.html
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Fig. Geographic distribution of HPAl in mammals, 2022-2025
(symbols on the map indicate main mammalian families affected
by HPAI outbreaks during this period; World Animal Health
Information System, 01 August 2025)

milking machines and is detected in environmental sam-
ples from milking parlors, which highlights the risk of indi-
rect transmission during routine milking. However, under
experimental conditions involving prolonged co-housing
(14 days) of infected and control cows, as well as shared
use of milking equipment, the reproduction of the virus
transmission failed [19]. During the model experiment,
the possibility of calves becoming infected through the
alimentary route by being fed raw milk from cows infected
with the highly pathogenic subtype H5N1 genotype B3.13
avian influenza virus was confirmed [20]. At the same time,
the calves’ clinical signs were mild (nasal discharge, mild
fever and lethargy, loose stools and rapid breathing) and
similar to signs of other common diseases, which would
complicate the diagnosis in the field.

Specifics farming practices in the United States imply
extensive animal movements, both on-farm and from farm
to farm, at different production stages [9]. For example,
about 40% of the young replacement dairy cows are reared
outside the farm. According to the National Epidemiolog-
ical Survey of the United States Department of Agriculture
(USDA), the onset of clinical signs in livestock on more than
50% of affected farms was preceded by the introduction
of new cattle into the herd within the previous 30 days.
Furthermore, over 45% of farms continued to move cattle
even after animals had begun to demonstrate clinical
signs®. Farm animal movements are allowed in the United
States and the animals were moved without prior labora-
tory tests, which contributed to the virus spread in the
absence of clinical signs.

Another highly probable route of the infection trans-
mission between farms and states is non-compliance with
biosafety requirements: use of shared transport and equip-
ment (including those used for cleaning and feed and
waste handling), lack of their disinfection; the clothes
and shoes of regular staff who are simultaneously em-
ployed on other farms or have their own livestock and
poultry, as well as farm visitors, who have access to animals
(including veterinarians, feed consultants, animal breeders
and hoof trimming specialists, carriers, etc.) [13, 16].

® Animal and Plant Health Inspection Service, U.S.D.A. Highly Pathogenic
Avian Influenza H5N1 Genotype B3.13 in Dairy Cattle: National
Epidemiologic Brief. https://www.aphis.usda.gov/sites/default/files/highly-
pathogenic-avian-influenza-national-epidemiological-brief-09-24-2024.pdf
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An additional risk factor involves mixed animal breeding
and presence of pets in the animal housing areas, as well
as feeding them and young cattle with unpasteurized milk.
For example, cats were present on 75% of HPAI infected
farms, and poultry was kept on 19% of the farms®.

Thus, the virus widespread in the U.S. dairy herds was
mainly due to asymptomatic transmission, lack of surveil-
lance in epizootologically important populations, and in-
sufficient compliance with biosafety measures.

Currently, the routes and means of the pathogen trans-
mission in cattle as well as the virus shedding duration, etc.
are being studied. A preliminary model study demonstrates
that the duration of the infection period can vary from 2.8
to 13.1 days, with a median of 6.2 days [21].

Clinical signs were reported on average in less than 20%
of cases, and mortality did not exceed 2%. The following
prevailing clinical signs are described in cattle [13, 14]:

- decrease in milk production and change in milk qual-
ity (color, consistency, coagulation);

— loss of appetite and reduced rumen activity;

- fever;

- mastitis;

- dehydration;

- changed feces consistency;

- nasal discharge and respiratory distress.

During the outbreaks in the United States, clinical signs
in cattle persisted for up to 21 days (an average of 6 days),
with the exception of changes in milk quality. Milk produc-
tion was reported to be reduced for up to 45 days (an av-
erage of 12 days). Despite the fact that viral RNA was de-
tected in milk, nasal swabs, urine, and sera of infected
cattle, the highest concentrations of the infectious virus
were consistently detected in milk and mammary gland
tissues [22].

Milk tests. The H5 avian influenza virus actively repli-
cates in the mammary glands, and the infected cows shed
high quantities of the virus in milk for up to 3 weeks, even
in the absence of clinical signs [13]. The widespread expres-
sion of receptors for both avian and human influenza vi-
ruses in cow mammary glands combined with a high viral
load in milk (from 10*° to 10%# TCID, /mL) suggests local
replication of the virus. It was experimentally demonstrat-
ed that intramammary exposure to even low doses of gen-
otype B3.13 influenza A(H5N1) virus (from 10" to 10°TCID, )
is sufficient for stable infection establishment, shedding
high titers of the virus in milk, and clinical mastitis devel-
opment [19]. Intramammary exposure to influenza A(H5N 1)
virus in high doses leads to severe clinical outcomes and
death observed in dairy cows on farms, while respiratory
and oral exposure are less likely to result in productive in-
fection and related morbidity.

During laboratory studies, various methods were used
to isolate influenza virus RNA from raw milk samples, in-
cluding column-based and magnetic sorbent extraction,
as well as phenol-chloroform extraction method (Trizol LS).
The efficiency of isolation can be influenced by pretreat-
ment of milk samples, as well as their storage conditions [8].

Studies have shown that milk increases the thermal sta-
bility of the influenza viruses, but results of the experiments

5 Animal and Plant Health Inspection Service, U.S.D.A. Highly
pathogenic avian influenza H5N1 genotype B3.13 in dairy cattle:
National epidemiologic brief. https://www.aphis.usda.gov/
sites/default/files/highly-pathogenic-avian-influenza-national-
epidemiologicalbrief-09-24-2024.pdf
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on the pathogen inactivation under different heating con-
ditions and processing time are contradictory [23]. A num-
ber of studies indicate that industrial pasteurization of milk
is a reliable method of the avian influenza virus inactiva-
tion [24]. Other studies mention that neither pasteurization
at 72 °Cfor 15 seconds nor at 63 °C for 30 minutes can com-
pletely kill the virus in milk, whereas heat treatment at 80 °C
for 15 seconds completely inactivates HSN1 influenza virus
in milk [23, 25]. Despite the fact that viral RNA is detected
in the samples of pasteurized dairy products, no infectious
virus has been detected so far [26]. This further highlights
the potential dangers of unpasteurized milk and dairy prod-
ucts made from it. Laboratory experiments have demon-
strated that the HPAIV remains viable in raw cow and sheep
milk for over 24 hours at room temperature and for more
than 7 days under refrigeration [27]. Furthermore, studies
of raw milk cheese showed that infectious avian influenza
A(H5N1) virus can persist in such a product for several
months (more than 60 days)’. The results obtained indicate
the need to implement additional measures to reduce
the risks of infection for both animals and humans during
the production and consumption of raw milk products [28].

AVIAN INFLUENZA IN P1GS AND CATS

Pigs have unique anatomical and physiological charac-
teristics of the respiratory tract, which may facilitate infec-
tions caused by influenza A virus strains that are not adap-
ted to them [29].Thus, in October 2024, the U.S. Department
of Agriculture confirmed the presence of the avian influ-
enza A(H5N1) pathogen in a pig on a backyard farm in Or-
egoné. On this farm, both poultry and livestock - including
pigs — were kept together and shared common water
sources, facilities, and equipment. The pig did not demon-
strate any clinical signs of infection caused by influenza
A(H5) pathogen. No specific adaptation of the virus to hu-
mans or mammals has been identified. The detection of
H5NT1 viral genetic material in pig tissues and excrement
indicates their potential role in maintaining and amplifying
the pathogen transmission [14].

A preliminary experimental study in pigs demonstrated
limited replication of genotype B3.13 influenza A(H5N1)
virus isolated from cattle and no pathogen transmission
through direct contact from the infected pigs to the unin-
fected ones. Experimental intranasal and oral infection of
pigs with another genotype of influenza A(H5N1) virus of
clade 2.3.4.4b revealed that the strains isolated from
mammals demonstrated a higher potential for replication,
pathogenicity, and transmissibility compared with the
strains isolated from birds [30, 31]. Thus, pigs represent
a critically important element in the mechanism of inter-
species transmission, especially under conditions of mixed
livestock farming. This factor requires close attention and
the need to test pigs for avian influenza virus due to its
genetic diversity and scale of circulation, since pigs act as

“mixing vessels” for genetic reassortment of avian and hu-
man influenza viruses, potentially contributing to the emer-
gence of new strains with pandemic potential. Pigs must

7 United States Food and Drug Administration. Investigation of Avian
Influenza A (H5N1) Virus in Dairy Cattle. https://www.fda.gov/food/alerts-
advisories-safety-information/investigation-avian-influenza-h5n1-virus-
dairy-cattle

8 Federal and State Veterinary Agencies Share Update on HPAI Detections
in Oregon Backyard Farm, Including First HSN1 Detections in Swine.
https://www.aphis.usda.gov/news/agency-announcements/federal-
state-veterinary-agencies-share-update-HPAI-detections-oregon
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be incorporated into comprehensive epizootiological sur-
veillance systems to more accurately assess the ecological
characteristics of the H5N1 influenza virus as it circulates
in domestic animal populations and to analyze their po-
tential role in zoonotic outbreaks.

Importantly, in recent years there has been an increase
in interspecies transmission of avian influenza A(H5N1)
virus to cats. Since 2022, at least 88 cases of domestic cat
infection with this subtype virus have been reported in the
United States alone. In 2024-2025, infection and mortality
cases were reported in domestic and wild members of the
Felidae family in India, Vietnam, the Netherlands and other
countries [32]. Cats can act as the virus carriers or interme-
diate hosts, as they are in close contact with humans and
animals of other species. Infection of cats with both avian
influenza and human influenza viruses is possible, which
can lead to the virus adaptation and emergence of recom-
binant strains with zoonotic potential [8, 15, 32, 33].

During influenza outbreaks caused by subtype A(H5N1)
virus of clade 2.3.4.4b in 2024-2025, neurological and re-
spiratory signs, as well as high mortality, were reported in
infected cats in the United States, indicating the suscepti-
bility of the Felidae family members to the virus and their
potential role in its transmission. Cats kept at home, as well
as animals from shelters, are at increased risk of infection,
especially when they come into contact with infected wild
birds, consume raw infected poultry meet or unpasteurized
milk from cattle infected with influenza A virus [15, 34]. For
example, in raw milk consumed by cats with clinical signs
of avian influenza virus infection, reverse transcription poly-
merase chain reaction (RT-PCR) revealed the RNA of sub-
type H5N1 pathogen. After consuming raw milk derived
from infected cattle, about 50% of cats became diseased
and died [13]. HPAI A(H5N1) virus was detected in domes-
tic cats in the homes of dairy farm workers®, while there
was no direct contact of animals with the avian influenza
affected farm, which suggests the pathogen transmission
with the humans (for example, with contaminated footwear
and clothing) [35]. Clinical signs in infected cats included
depression, body stiffness, ataxia, blindness, circling, ocular
and nasal discharge. The influenza A virus antigen was de-
tected in the brain, lungs, heart, and retina of the diseased
cats [13]. Therefore, when examining cats that have had
contact with wild birds or have consumed raw poultry or
dairy products, and that present with acute neurological
and respiratory symptoms, veterinarians should include
avian influenza in the list of differential diagnoses [34].

MEASURES TAKEN AND RECOMMENDATIONS

In response to the unprecedented HPAIV spread in cat-
tle in the United States, the following response measures
have been implemented at the governmental level: restric-
tions on the import of cattle with clinical signs of the dis-
ease, as well as on the movement of animals from infected
states; requirements for veterinary inspection certificates
prior to transport; testing of dairy cattle before interstate
movement; enhanced biosafety measures; restrictions on
exhibitions; and the imposition of quarantine [13, 16]. State
financial support was offered to dairy producers to ensure

° Naraharisetti R., Weinberg M., Stoddard B., Stobierski M. G., Dodd K. A.,
Wineland N., et al. Highly pathogenic avian influenza A(H5N1) virus
infection of indoor domestic cats within dairy industry worker
households - Michigan, May 2024. https://www.cdc.gov/mmwr/
volumes/74/wr/mm7405a2.htm?s_cid=mm7405a2_w

the necessary biosafety level and to compensate for the
costs associated with HPAI outbreaks. In addition to feder-
al decrees, additional response measures were implemen-
ted at the state level.

On 06 December 2024, the USDA announced the launch
of the National Milk Testing Strategy (NMTS)'® . The total
number of PCR tests conducted in the first year, from April
2024 to April 2025, amounted to 210,146. The NMTS
specifies that before transporting dairy cattle from one
state to another, a negative test result for influenza A virus
must be obtained from an accredited laboratory; the move-
ment of cattle with influenza clinical signs and their trans-
port for slaughter are not permitted. Milk sampling should
be carried out under the supervision of a licensed or ac-
credited veterinarian. The sample size should be from 3
to 10 mL and contain milk from each udder lobe. Milk sam-
ples can only be pooled in a laboratory. All animals moved
in a group (consignment) of 30 or fewer animals must be
tested. If larger numbers of animals are being moved, then
a total of only 30 animals shall to be tested. Samples shall
be collected and tested no later than 7 days before the
movement. If positive results for influenza A are obtained,
dairy cattle are not permitted to be transported for 30 days
from the date of the last positive sample collected from
any animal in the herd. After the 30-day period, the animals
must be retested. Dairy cattle without clinical signs trans-
ported directly to slaughter are not required to be subjec-
ted to the pre-movement test, but they must have a veter-
inary inspection certificate.

Based on the analysis of epizootological study results
of the animals infected with influenza A(H5N1) virus, the
USDA recommends strengthening biosafety measures on
dairy farms:

- avoid sharing equipment and vehicles, and disinfect
them;

— comply with biosafety requirements during any con-
tact between people (personnel, visitors) and animals on
the farm;

- exclude open storage of feed and litter material and
prevent contact of these materials with domestic and wild
animals and birds;

- avoid housing animals of different species together on
the farm;

— utilize advanced waste management practices to pre-
vent infected manure from entering compost;

- carry out pasteurization, chemical, or heat treatment
of dairy waste;

- disinfect raw milk (pasteurization) if it is subsequently
fed to calves or other animal species;

- quarantine new animals added to the herd for mini-
mum 30 days, and isolate any cattle displaying the disease
clinical signs.

The literature also emphasizes the importance of pro-
active control of HPAI in wildlife [7, 12] and in domestic
animals [9]. The need is emphasized for monitoring wild
animal populations for subtype H5 HPAIV, based on the
data on unusual morbidity levels and recorded mortality
cases, as well as on the results of virological and serological

9 Testing. USDA. https://www.aphis.usda.gov/livestock-poultry-disease/
avian/avian-influenza/HPAI-livestock/testing

" APHIS Requirements and Recommendations for Highly Pathogenic Avian
Influenza (HPAI) H5N1 Virus in Livestock for State Animal Health Officials,
Accredited Veterinarians and Producers. May 14, 2024. https://www.aphis.
usda.gov/sites/default/files/aphis-requirements-HPAl-livestock-eng-sp.pdf
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analyses, including timely exchange of diagnostic informa-
tion on the disease and viral genome sequences for the
rapid detection of new incursions of the virus and tracking
its evolution through phylogenetic analyses. Enhanced
biosafety measures are coming to the fore for domestic
and farm animals.

In light of reports of cattle and other mammalian spe-
cies being infected with avian influenza virus, the FAO has
published updated recommendations. These recommen-
dations include guidance on implementing effective mon-
itoring programs for the timely detection of avian influen-
za cases in cattle [16]. Among them are the following:

- strengthen epizootological surveillance and timely
report with a view to early detection of influenza A(H5)
virus in poultry, wild birds and mammals;

- include influenza A(H5) in differential diagnosis for
cattle, pigs and farm animals, as well as for domestic and
wild animals;

- promptly report HPAI cases in all animal species, in-
cluding cattle and other domestic and wild mammals, to
international organizations (WOAH, FAO);

- carry out active monitoring/detection of the disease
cases, using inter alia molecular and serological tools;

- provide the persons in contact with animals with ap-
propriate personal protective equipment, as well as pro-
vide them with the capacities for testing;

- perform genome sequencing and deposit the influen-
za virus genetic sequences and associated metadata in the
publicly accessible databases;

- implement and/or strengthen biosafety systems on the
animal farms/premises and throughout the production
chain;

- take preventive measures and early response measures
to interrupt the infection chain in pets.

CONCLUSION

The avian influenza A(H5N1) outbreak in dairy cattle in
the United States represents a significant change in the
epidemic potential of the virus and its ability to interspecies
transmission. This event highlights the need to strengthen
the epizootological monitoring systems and mandatory
compliance with biosafety measures in animal husbandry.
The atypical and vague clinical manifestations of avian in-
fluenza in cattle complicate the disease diagnosis and
timely measures. It is important that the virus can be ex-
creted in milk for several weeks even in the absence of
clinical signs. This fact underscores the need for strict com-
pliance with dairy processing protocols, including pasteur-
ization as an effective method of virus inactivation. Pigs
and cats have also been found to be susceptible to the
infection caused by influenza A(H5N1) pathogen, thus rais-
ing concerns about their potential role in the virus evolu-
tion and spread.

Further efforts are needed to address gaps in the biolog-
ical threat monitoring and response system. To effectively
control the subtype H5N1 influenza virus spread in animals
and minimize the risk of zoonotic infections, the experience
of other countries should be taken into account and com-
prehensive measures aimed at the pathogen spread pre-
vention should be taken. The inclusion of influenza A(H5)
virus infection in the differential diagnosis for cattle, pigs
and other mammals, as well as increased epizootological
surveillance, are key steps in ensuring safety of animal hus-
bandry and public health. When studying the avian influ-
enza virus evolution and developing effective prevention
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strategies, it is important to carry out genomic monitoring
and establish international scientific cooperation.
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Applying One Health approach to the study
of West Nile fever in the Russian Federation
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ABSTRACT

Introduction. West Nile fever is a zoonotic transmissible disease caused by flavivirus that primarily circulates in nature within an enzootic cycle between
mosquitoes and birds, and causes disease cases in humans, horses, and other mammals. The rapid expansion of the West Nile fever pathogen range, development
of outbreaks with severe clinical manifestations, and the lack of specific preventive tools have been the main arguments for classifying it as a potentially dangerous
threat to global health. The close interconnection between human health, animal health, and ecosystems necessitates communication and coordination across
the relevant sectors. One Health is an integrated, unifying approach aimed at optimizing the health of humans, animals, and ecosystems involving public health,
veterinary and environment protection authorities.

Objective. Analysis of basic epizootological data on the spread of West Nile fever in the Russian Federation.

Materials and methods. The following international and Russian databases were used for literature searching: PubMed, Springer, Google Scholar, CrossRef
and Russian Science Citation Index (RSCI), eLibrary, CyberLeninka, respectively. The searching was performed based on the following key words: West Nile fever,
One Health, migration of birds, invertebrate hosts, control measures.

Results. In Russia, West Nile virus was first isolated in Astrakhan Oblast in 1963. Currently, presence of the pathogen has been proven in the southern and central
regions of the European part of the country, in the south of Western Siberia and the Far East. The lack of disease monitoring in some Russian regions and small
numbers of samples tested in most subjects of the Russian Federation hinder an objective assessment of the disease situation, so there is a need to increase
the number of tests. It has been shown that the main carriers of the pathogen in our country are mosquitoes of the genera Culex, Anopheles and Aedes, ixodid,
argasid and gamasid ticks are also involved in maintaining the virus circulation. The review describes the role of birds in the pathogen transmission, provides data
on susceptibility of animals to the infection, discusses modern aspects of West Nile fever diagnosis, prevention and control.

Conclusion. Surveillance of West Nile fever presents a considerable challenge, as the virus circulates among humans, arthropods, and birds. While vaccination
is an effective preventive tool, no vaccines against the disease have yet been developed in Russia. In this context, strengthening inter-authority coordination
and implementing environmental control measures to limit the virus spread are essential priorities.
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KoHuenuua «<EannHoe 3q0poBbe» B U3yYeHNI NUXOPaAKH
3anagHoro Huna Ha Tepputopun Poccuiickon QOepgepauuu
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PE3IOME

BeepeHue. ﬂmxopanKa 3anagHoro Huna — 300H03Hoe TPaHCMUCCUBHOE 3aboneBaHue, Bbi3biBaemoe (I)J'IaBI/IBI/IpyCOM, KOT0pbl|7| yalie BCero Lupkynupyer
B NpUpoJe B 3H300TUUYECKOM LiUKNE MeXAY KOMapamMu 1 NTULLAMIA U BbI3bIBAET Clly4Yalt 6onesn ymo,qe|7|, nowazei n APYrux mnekonuTaoLLux. CTpeMI/ITeﬂbHOG
paclwupeHne apeana BO36y,U,I/IT€J'Iﬂ nuxopaaku 3anagHoro Huna, pa3BuUTHE BCNbILLIEK CTAXENbIM TEYEHEM bonesHu, OTCYTCTBUE CPEACTB CHeuMd)M‘{eCKOﬁ I'IpO(bI/I-
JIAKTUKN NOCNYXWNW TNaBHbIMI apryMeHTamu npu OTHeCEHNN €ro K rpynne noTeHUUanbHOo 0nacHbIX yrpo3 rnoﬁanbuomy 3APaBOOXPaHEHNIO. TecHas B3aumocBA3b
Mexay 340poBbem TIt0fie, XNUBOTHBIX M 3KOCUCTEMOI TpeﬁyeT KOMMYHUMKaL K U KOOpAUHaL N mexay COOTBETCTBYHOLLMMU CEKTOPAMU. an/IHLl,VIH «EanHoe
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3[10POBbE» — 3T0 UHTErPUPOBAHHDIiA, 06EANHALLNIA NOAX0Z, HANPABNEHHDIA HA ONTUMM3ALIAI 3[0POBbLA NIOAEN, XKUBOTHBIX M IKOCUCTEM, BKAKOYALOLLWIA B cebA
npuBneyeHue OpraHoB 06LeCTBEHHOrO 3APaBOOXPAHEHNSA, BETEPUHAPUM U OXPaHbl OKPYatoLLiedt cpeabl.

Lienb nccnepoBaHmMA. AHann3 0CHOBHDIX 3MM300TONOrMYECKYX IAHHbIX 0 PaCIPOCTPaHeH M xopaaKm 3anagHoro Huna Ha Tepputopuy Poccuiickoil Oepepaumm.
Marepuanb! u metoabl. [1o1CK UCTOUHMKOB NUTEPATYpbl OCYLLECTBAANCA C UCNONb30BaHUEM MexXayHapoaHbIX (PubMed, Springer, Google Scholar, CrossRef)
u poceuitckux (PUHL, eLibrary, Kubep/lennnka) 6a3 HayuHoro uutposanua. 0T60p matepuana npoBOANNCA N0 KI0YEBbIM CI0BaM: InXopazka 3anagHoro Huna,
e/IVHOe 340POBbE, MUTrpaLMA NTUL, 6eCN03BOHOYHbIE X03A€Ba, Mepbl KOHTPONA.

Pe3ynbratbl. B Poccun Bupyc 3anagHoro Huna 6bin Bnepabie n30aupoBaH B 1963 r. B AcTpaxaHckoil o6nactu. B HactoALee Bpema npucyTcTaue Bo36yauTena
[0Ka3aHO B I0XHDIX 1 LlHTPasbHbIX PeruoHax eBponeiickoil YacTu CTpaHbl, Ha tore 3anagHoii Cubupu n lanbHero Boctoka. OTcyTCTBIE 3NM300TONOTNYECKOTO
MOHWUTOPYHT 3a601eBaHNA B OTAENbHbIX pernoHax Poccun n Hu3Kme 06bembl ccnegyemoro Matepiana B 60NbLUMHCTBE CYOBEKTOB He M03BOAAIT AaTb 06beK-
TUBHYIO OLIEHKY 3MU300TUYECKOI CUTYaLMy, NO3TOMY MMeeTCA Heo6X0AMMOCTb B YBEAUYEHMN YUCNIA NPOBOAMMBIX UCCNIEAO0BaHMIA. [10Ka3aHO, YTO OCHOBHBIMU
nepeHoCcyYMKaMu Bo36yAUTENA Ha TepPUTOPUN Halleid CTPaHbl ABNAIOTCA Komapbl pofoB Culex, Anopheles n Aedes, Takxe B noaAepaHuin LWAPKynALMIA BUpYyca
MPVHUMAIOT yYacThe UKCOZOBbIE, apracoBble 1 rama3oBble Kneluw. B 063ope onvcana ponb nTuu B nepeaaye Bo3byauTensa, NpUBOAATCA CBEAEHNA 0 BOCTPUNM-
UMBOCTM XKMBOTHDIX K MHOEKLMM, PACCMOTPEHBI COBPEMEHHbIE acneKTbl ANArHOCTIKM, NPOGUAAKTUKIN NMxopasKm 3anagHoro Huna n mepbl 6opbobl.
3aknioueHue. Hag3op 3a nuxopagkoil 3anagHoro Huna ABRAETCA OCTaTOYHO CNOXHOI 3adayeid, NOCKONbKY LMPKYNALMA BUPYCa MPOUCXOAUT Cpeay Niodeil,
UNEHNCTOHOTX W NTUL. BakuuHauna aBnaetca 3gdeKTMBHLIM CPEACTBOM NPOGUNAKTUKN, 0BHAKO MMMYyHONOrMYecKe NpodunakTUyecke npenaparbl NpoTus
3abonesaHna B Poccun noka He paspaboTtaHbl. B cBA3M € 3TMM 0c060e BHUMAHWE JOMKHO YAENATHCA B3aUMOAEACTBINIO MeXAY Pa3NvuHbIMU BeOMCTBaMMY,

a TaKe NpodUNaKTUYECKIIM Mepam, HanPaBREHHbIM Ha CHIKEHYE PACIPOCTPAHEHIA BUPYCa B OKpyXKatowwei cpese.

KnioueBble cnoBa: 0630p, JInXopajka 3anapHoro Huna, «<EauHoe 3A0p0BbE», MUTPaALMA NTUL, 6€Cn03BOHOYHbIE X03A€Ba, Mepbl KOHTpONA

bnaropapHocTu: Pabota BbinonHeHa npu nogaepxke MuobpHayki Poccun B pamkax rocynapcteenHoro 3apaHna OT6HY «DefepanbHblit uccnesoBatenbekiii

LIEHTp BUPYCONOTMM 1 MUUKPOGUONOTUN».

Iina uyntuposanusa: Muxanesa T. B., lacaHos P. P, Konnosa C. C., Jlynuna [I. A. Konuenuna «Egunoe 3n0poBbe» B U3yyeHun nuxopagku 3anagHoro Huna
Ha Tepputopun Poccuiickoii Oenepaumn. BemepuHapus ce200u. 2026; 15 (1): 20-27. https://doi.org/10.29326/2304-196X-2026-15-1-20-27
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INTRODUCTION

Zoonoses cause billions of human infections annually,
representing a major global public health challenge [1].
The vast diversity of animal species living on the territory
of the Russian Federation (RF) creates favourable condi-
tions for the development of infectious diseases, including
those transmitted by arthropods. West Nile fever (WNF),
caused by a flavivirus, is a zoonotic vector-borne disease.
It primarily circulates in an enzootic cycle between mos-
quitoes and birds, with spillover causing the disease in hu-
mans, horses, and other mammals [2, 3, 4]. West Nile virus
(WNV) has been detected in more than 300 bird species,
including wild, domestic, and synanthropic species. The mi-
gration routes of birds that nest across vast areas of Russia
and winter in southern countries create a pathway for the
introduction of the virus from wintering grounds, poten-
tially leading to the formation of seasonal or persistent
natural foci [5]. The rapid expansion of the WNV range,
the emergence of severe disease outbreaks, and the ab-
sence of specific preventive measures were the primary
factors justifying its classification as a potentially danger-
ous threat to global health - a consideration reflected in
the World Health Organization’s (WHO) International
Health Regulations' [6]. The interdependence of human,
animal, and ecosystem health, necessitating cooperation,
communication, and coordination between the relevant
sectors. One Health principle is an integrated, unifying ap-
proach aimed at sustainable balance and optimization of
human, animal and ecosystem health, including the in-
volvement of public health, veterinary and environmental
protection authorities [7, 8]. The application of this ap-
proach is the key to obtaining a comprehensive under-
standing of WNF situation and measures for its control.

" International Health Regulations (2005). 3" ed. WHO; 2016. 74 p.
https://www.who.int/publications/i/item/9789241580496

The purpose of the review is to analyse the main epizoo-
tological data on WNF spread in the RF.

MATERIALS AND METHODS

The literature sources were searched using internation-
al (PubMed, Springer, Wiley Online Library, Google Scholar,
CrossRef) and Russian (RSCI, eLibrary, CyberLeninka) scien-
tific citation databases. The selection of the material
was carried out according to the keywords: West Nile
fever, One Health, bird migration, invertebrate hosts,
control measures.

RESULTS AND DISCUSSION

West Nile fever is caused by a flavivirus maintained in
a natural transmission cycle between birds and mosquitoes.
Humans, horses, and other mammals are considered inci-
dental or dead-end hosts [9, 10]. According to the classifi-
cation of the International Committee on Taxonomy of
Viruses (Release 2022), WNV belongs to the genus Ortho-
flavivirus of the Flaviviridae family and is a small (about
50 nm in diameter) spherical enveloped flavivirus, the ge-
nome of which consists of a single-stranded positive-sense
RNA molecule encoding three structural and seven non-
structural proteins [11, 12]. Based on phylogenetic analy-
sis, WNV was grouped into 9 lineages [13]. Strains of
lineages 1 and 2 are the most virulent and are capable
of causing outbreaks of infection with severe neurological
signs [14, 15, 16].

In 1937, WNF agent was first isolated from a woman
in West Nile District in Uganda (Africa). Since then, the virus
has spread widely around the world, causing outbreaks in
humans and animals on all continents, including most of
Africa, Eastern and Southern Europe, North America, Western
Asia and the Middle East. Outbreaks in humans have been
reported in South Africa, the USA, Algeria, Tunisia, Morocco,
Romania, Israel, Italy, and Greece. Horse-related epizootics
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Fig. 1. Administrative territories of the Russian Federation where West Nile fever human cases were reported in 2024
(according to the data of the Volgograd Plague Control Research Institute of the Rospotrebnadzor?)

have occurred in Morocco and Italy. In Russia, direct evidence

of WNV presence was first obtained in 1963 when studying

Crimean-Congo hemorrhagic fever fociin Astrakhan Oblast.
Southern Russian territories are historically endemic for WNF;

however, global climate change has facilitated northward

spread, with recent outbreaks documented in central regions

and the Volga basin. Currently, the presence of the WNF
agent has been proven in the southern and central regions

of the European part of Russia, in the south of Western Sibe-
ria and the Far East [6, 17, 18, 19, 20].

Humans are very susceptible to WNV, but they are con-
sidered dead-end hosts. Approximately 80% of human
infections with WNV are asymptomatic. In the majority
of symptomatic cases (20%), patients have mild fever as-
sociated with myalgia, arthralgia, headache, fatigue, intes-
tinal disorders, rash, and enlarged lymph nodes. Less
than 1% of them develop serious neurological complica-
tions, manifested by various pathologies such as meningi-
tis or meningoencephalitis, acute flaccid paralysis, and eye
diseases. Encephalitis is the most severe neurological
form, which can sometimes be fatal, especially in the el-
derly people and people with compromised immunity. As-
sessing persistent WNV infection in humans remains
challenging; however, detection of the virus in urine up
to 9 years post-infection demonstrates long-term renal
persistence. Consequently, WNV can cause chronic
human disease [11, 19].

Epidemiological surveillance of sylvatic cycle infections
having transmission mechanism in our country is carried
out by the Volgograd Plague Control Research Institute of
the Rospotrebnadzor. There are Reference Centres for WNF,
Zika fever, tick-borne infections, etc. at the Institute. Ac-
cording to the Reference Centre data on monitoring of WNF
agent, human cases were reported in 33 Subjects of the RF
in 2024 (Fig. 1). Laboratory tests of birds for WNV markers
in 2024 were carried out in 34 RF Subjects, which is only
38.2% of the total number of administrative territories of
the RF. Mosquitos were tested for the infection in 76 RF
Subjects (85.4% of the total number of administrative ter-
ritories of the RF), ticks were tested for the infection in 58 RF
Subjects (65.2%). Tests of large mammals for antibodies
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to WNV were carried outin 5 RF Subjects, the virus markers
detection rate was 3.4%.

The absence of epizootological monitoring for WNV
in some regions of the country, combined with the low
volume of samples tested in most RF Subjects, precludes
an objective assessment of the disease situation. Conse-
quently, there is a clear need to increase the volume of
testing. Therewith, the exchange of data on the WNF sur-
veillance between different authorities would provide
a more complete understanding of the epidemiology
and epizootology of the pathogen and improve disease
prevention and control measures. To do this, it is necessary
to create a single cross-departmental database based
on integrated animal and environmental monitoring sys-
tems, and the data exchange mechanism should be trans-
parent and standardized [21].

Ecology of the virus. WNV is maintained in a “bird -
mosquito — bird” enzootic cycle, with birds serving as am-
plifying hosts. Mosquitoes become infected by feeding on
the blood of infected birds and remain contagious through-
out their lives. The disease agent is transmitted to animals
and humans through mosquito bites (mainly of the genus
Culex), but it can also be transmitted through organ trans-
plantation, blood transfusion, and from mother to foetus
during pregnancy [2, 22, 23]. The biological cycle of WNV
spread is shown in Figure 2.

After entering the mosquito’s body, the virus first infects
the midgut. It then crosses the midgut barrier, disseminates
via the hemolymph to other organs, and ultimately infects
the salivary glands - a prerequisite for transmission to new
susceptible vertebrate hosts. The virus is transmitted to hu-
mans and animals through the bites of infected mosqui-
toes. Once inside the host, it can replicate and lead
to clinical disease [19]. At the same time, WNV does not
cause apparent disease in mosquitoes [24]. The virus may
also be maintained in mosquito populations via vertical

2 Results of epizootological monitoring of West Nile fever in the Russian
Federation in 2024 (according to the Volgograd Plague Control Research
Institute of the Rospotrebnadzor). http://vnipchi.rospotrebnadzor.
ru/s/203/files/directions/centre/lixoradka/analiz/145607_505.pdf (in Russ.)
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transmission, in which an infected female passes the path-
ogen directly to her progeny. Mosquito pupae can become
infected through experimental exposure to infectious mos-
quito secretions, potentially establishing a reservoir of in-
fection within the mosquito population without
the involvement of vertebrate hosts [25].

In humans, other vertebrates, and birds, WNV multiplies
in various cell types - including keratinocytes, neutrophils,
and monocytes - following the bite of an infected mos-
quito. The virus then disseminates via the bloodstream to
peripheral organs such as liver, kidneys, and spleen.
To reach the brain, the virus must cross the blood-brain
barrier, which can occur in two main ways: the first involves
axonal retrograde transport through the spinal cord, and
the second involves transendothelial migration from the
bloodstream [19].

Of approximately 100 blood-sucking mosquito species
living in Russia, WNV markers have been detected in rep-
resentatives of the following species: Culex modestus Fic.,
Cx. pipiens L. (non-autogenous form of Cx. pipiens f. pipiens
and autogenous form of Cx. pipiens f. molestus), Anopheles
maculipennis Mg., An. claviger Mg., An. hyrcanus Pall.,
An. messeae Pall., Aedes cinereus Mg., Ae. geniculatus Oliv.,
Ae. vexans Mg., Ae. caspius Pall., Ae. pulchritarsis Rond., Ae. al-
bopictus Sk., Ae. cataphylla Dyar, Ae. flavescens Mull., Ae. ex-
crucians Walk., Ae. cantans Mg., Culiseta annulata Schr.,
Coquillettidia richiardii Fic., Uranotaenia unguiculata Edw.
Using Astrakhan Oblast as a model, it was shown that in
anthropogenic biocenoses, the epidemiologically signifi-
cant vectors include Cx. pipiens, An. hyrcanus, Coq. richiardii,
and An. messeae. In natural biocenoses, An. hyrcanus and
Coq. richiardii play this role. In another active WNF focus
located in Volgograd Oblast, high WNV infection rates were
found for mosquitoes Cx. modestus, Cx. pipiens, An. macu-
lipennis, and An. hyrcanus [6, 26]. Thus, mosquitoes of
the genera Culex, Anopheles and Aedes are the main vectors
of WNV in the RF. The genus Culex is ornithophilic and very
aggressive towards humans. The largest number of Culex
mosquitoes is observed in July and August. During the
same period, an increase in human morbidity is observed,
which is typically preceded by epizootics first among wild
birds, and subsequently among domestic and synanthropic
bird populations [27].

The high number of ticks in the region is also of epizoo-
tological importance. Ixodes ticks, argas ticks and gamasid
mites take part in maintaining WNV circulation in Russia.
Ticks of the families Ixodidae and Argasidae are believed to
play a secondary role in virus transmission; their primary
importance may lie in serving as overwintering reservoirs
for the virus. Virus markers (antigen, RNA) were identified
in entomological material and WNV isolates were recovered

from ticks of 12 species, of which most often from Hyalom-
ma marginatum, H. scupense, Rhipicephalus rossicus, and
Dermacentor reticulatus in the south of the European part
of the country [6, 28]. In some years, the infection rate in
H. marginatum ticks in anthropogenic biocenoses of the
Volga Delta significantly exceeded that of mosquitoes. In
addition, corvids exhibited heavy infestations with H. mar-
ginatum larvae and nymphs (up to 300 individuals per bird),
suggesting a key role for these ticks in viral maintenance [29].

Higher ambient temperatures enhance viral replication
within vectors and shorten extrinsic incubation periods,
thereby promoting virus circulation and outbreak occur-
rence [30]. Drought reduces water flow, forming stagnant
pools enriched with organic matter — optimal breeding
sites for mosquitoes. Birds gather around small water bo-
dies during droughts, and this enhances the interaction of
birds and mosquitoes. Although infected mosquitoes can
spread WNV over long distances - both unaided (e.g., via
wind currents) and through human-mediated transport
(e.g., on boats or airplanes) - infected migratory birds that
carry the virus to new areas remain the primary route of
WNYV dissemination [31].

Role of birds in WNV transmission. Birds have the
physical ability to travel thousands of kilometres across
continents in a few days, crossing geographical barriers
such as mountains, deserts, and seas. The intercontinental
movement of wild birds across vast geographical areas
facilitates the exchange of pathogens between regions and
populations. Migratory birds transport various infectious
agents en route and likely drive the wide-scale spread of
some arboviruses. WNF circulates in nature via a sylvatic
cycle involving wild birds and ornithophilic mosquitoes,
alongside an urban cycle involving synanthropic and do-
mestic birds. Migratory birds play a crucial role in WNV in-
troduction, while resident species living in a certain terri-
tory participate in the virus amplification and local
circulation. WNV persists through winter in infected female
mosquitoes and avian hosts, reducing reliance on migra-
tory birds for seasonal reintroduction [32, 33].

The most common route of infection in birds is through
the bite of a mosquito that has previously fed on an infec-
ted bird. Many bird species do not develop any symptoms
of the disease after infection. However, some species, such
as crows, jays, and predatory birds, may die from infection.
Another WNV transmission mechanism is contact. It can lead
to infection, as some bird species shed large amounts of
the virus with their cloacal excretions. Contact transmission
can be epizootically significant when a large numbers
of birds are concentrated in one area (in nesting colonies or
at stopover sites during migration). Predatory birds such as
hawks and owls, can transmit WNV via predation on infec-
ted birds and other susceptible vertebrates, which serve as
either live prey or carrion. The long-term persistence of WNV
in the tissues of infected animals can increase the likelihood
of infection in predatory birds, even several months after
the end of the mosquito season - providing a potential
mechanism for the virus overwintering [34].

Five main wild bird migratory routes pass through the
territory of Russia: East Atlantic, Mediterranean-Black Sea,
West Asian-African, Central Asian and East Asian-Australa-
sian®. Different populations of the same species may use
different migratory routes, or they may use one. Birds

3 Krasnova E. D. About bird migrations. ROSIP. https://birdsrussia.ru/about/
articles/e-d-krasnova-o-ptichikh-pereletakh (in Russ.)
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introduce the virus into the territory of the RF from Africa,
Southwest Asia, and Southeast Asia. WNV is introduced into
the European part of Russia from Africa by migratory birds
that follow southern and south-western flight paths in
autumn. These include lake gulls, quails, swallows, ducks,
sandpipers, rooks, starlings, and many other species. Birds
of Western Siberia: geese, ducks, sandpipers, gulls, passer-
ines, also follow the south-western direction during the
autumn migration. Differences in avian migratory routes
drive the formation of distinct WNV genotype foci in adja-
cent territories across Europe and Russia. Even between
Volgograd and Astrakhan Oblasts, both the species com-
position and migratory routes of birds differ [27].

Bird migration routes in the central regions of the Euro-
pean part of Russia run in a meridional direction, mainly
along river valleys. The bird aggregation sites are located
in water-storage basins, lakes, and wetlands. Spring migra-
tion takes place between mid-March and May, while
autumn migration occurs from September through Octo-
ber. During these periods, near-water birds - including
ducks, geese, cranes, gulls, and others — undertake con-
tinuous, round-the-clock flights. More than 50 bird species
have been implicated in the virus transmission in wetlands
and in the vicinity of the Volga Delta. In wild birds, storks
and other birds of the order Ciconiiformes, as well as great
cormorants (Phalacrocorax carbo), Eurasian coots (Fulica
atra), great cormorant (Gallinula chloropus), great grebes
(Podiceps cristatus), gulls and terns (family Laridae) were
most often identified as the virus hosts [26].

Avian species exhibit marked variation in both suscepti-
bility to WNV infection and the clinical severity of the dis-
ease. Some avian species show virtually no symptoms of
infection, but remain viremic for several days after infection,
and then develop lifelong immunity. In other bird species,
infection can lead to severe neurological disease and sud-
den death [18, 22, 35]. Most poultry species are not suscep-
tible to the disease. In galliform birds — such as chickens,
pheasants, guinea fowl, and turkeys - infection does not
result in morbidity or mortality, and viremia is minimal. In
contrast, predatory birds (such as hawks, owls, and eagles)
appear to be susceptible to natural infection and exhibit a
wide range of clinical signs [34]. In some avian species, the
virus affects the central nervous system and organs such as
the heart, liver, spleen, and kidneys. WNF clinical signs in
birds range from nonspecific symptoms — weight loss, leth-
argy, and ocular disturbances - to neurological manifesta-
tions, including weakness, ataxia, head tilt, and tremors [19].

Corvids (crows, jays, magpies) serve as key sentinels for
WNV circulation, as they develop fatal encephalitis — an
indicator of active viral spread in emerging endemic areas.
For example, in 1999, the deaths of American crows (Corvus
brachyrhynchos) near Bronx Zoo marked the first indication
of WNV introduction into the region. Since that time, these
birds have been recognized as effective sentinels for
the disease [36].

Susceptible animals. Some wild vertebrates, such as
squirrels, chipmunks, house mice, hamsters, bats, bears,
wolves, tigers, lions, striped skunks, raccoons, and croco-
diles, are also affected by WNV. Wild boars serve as ideal
sentinels for WNV circulation, frequently encountering
infected mosquitoes in forest habitats while possessing
favourable physical traits - sparse coat density and thin
epidermis — that enhance mosquito feeding success.
The use of alternative sentinels can help in the detection
of WNV transmission routes outside of the “bird - mosquito -
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bird” enzootic cycle. In particular, monitoring of wild mam-
mals can cover a variety of habitats and time intervals dur-
ing which the virus transmission may occur [37]. Among
domestic animals, horses, cattle, sheep, pigs, dogs, cats, and
other species are susceptible to WNV infection; however,
their role in the maintenance of the virus in nature has not
yet been determined [11]. As a rule, these species develop
insufficient viremia for the virus transmission, and they are
considered accidental or dead-end hosts [17].

Horse infections with WNV are predominantly subclini-
cal, though some cases manifest clinical signs of the disease.
Experimental infection has shown that the incubation pe-
riod before onset of the first neurological signs in horses
lasts for 7-9 days. The most common clinical signs are
weakness, anorexia, and lethargy. Eye disorders may also
develop, although blindness is considered one of the rarest
clinical manifestations. Common clinical signs include en-
terocolitis, colic, rectal prolapse, lameness, cervical/tho-
racic pain, anaemia, glossitis, jaundice (suggesting
hepatopathy), and dysuria (indicating nephropathology).
The onset of neuroinvasive disease occurs around day
7 post-experimental infection, the clinical manifestations
include ataxia, muscle weakness, fever, anorexia, lethargy,
gnashing of teeth, hydrophobia, anxiety, circular move-
ments, systemic muscle tremor and facial paralysis. WNV
predominantly targets motor neurons in the brainstem
(midbrain and rhombencephalon) cranial nerve nuclei, re-
sulting in clinical signs such as dysphagia, hypersalivation,
and unilateral facial nerve paralysis. In horses, the spinal
cord and grey matter of the medulla oblongata and rhom-
bencephalon are most affected, while the cerebral cortex
appears to be less involved. Mortality in neuroinvasive
equine cases varies from 22 to 36%; higher in older, im-
munocompromised horses, and foals < 12 months [38, 39].

Virus identification. WNF diagnosis plays a key role in
the virus studying and disease situation monitoring. Given
the risk of subclinical infection, diagnostic testing includes
laboratory confirmation of the virus, as well as tests for dif-
ferential diagnosis from other orthoflaviviral diseases. Ac-
curate diagnosis requires a combination of molecular, se-
rological, and virological methods, which provides an
integrated approach to the disease detection.

Recently, WNF diagnosis has undergone significant
changes with the introduction of modern molecular diag-
nostic methods. These techniques have significantly im-
proved the sensitivity, specificity, and overall effectiveness
of detecting this potentially dangerous infection. In par-
ticular, reverse transcription polymerase chain reaction
(RT-PCR) is a molecular diagnostic tool that enables the de-
tection of WNV RNA in blood, cerebrospinal fluid, or tissue
samples during the early stages of infection, particularly in
cases with severe neurological symptoms such as enceph-
alitis or meningitis. This method is highly valuable for de-
tecting WNV during acute-phase of the disease. However,
its diagnostic window is narrow, generally limited to the
first few days after infection. Real-time RT-PCR offers en-
hanced diagnostic capability by enabling viral load quan-
tification, a critical parameter for monitoring of the virus
circulation among humans, animals, and mosquito vec-
tors [38]. The introduction of real-time RT-PCR for the de-
tection of WNV RNA in urine has become an important
diagnostic tool, particularly for confirming neuroinvasive
WNF forms. Compared to blood testing, this approach
enables detection of the virus in urine at higher con-
centrations and over a longer period, thereby increasing
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the number of detected cases. Moreover, the use of whole
blood for PCR testing proved to be more effective than
using cerebrospinal fluid or serum as demonstrated during
the outbreak in Arizona in 2021. This approach provides
faster and more accurate diagnostic data, which is criti-
cally important for timely and effective treatment of neu-
roinvasive forms of the disease [40].

Enzyme-linked immunosorbent assay (ELISA) and virus
neutralization tests are the most commonly used sero-
logical methods for detection of antibodies to WNV. Anti-
bodies can be detected in horse sera with solid-phase
ELISA with IgM and IgG capture, hemagglutination inhibi-
tion test (HI test), plaque reduction neutralization test
(PRNT) and virus microneutralization test (MNT). IgM-ELISA
detects antibodies in horse serum at clinical onset. These
immunoglobulins usually develop on 7 or 10 day after in-
fection and persist for up to 1-2 months. IgG antibodies
to WNV develop shortly after the IgM response and can
persist for many years. Thus, the presence of IgG without
IgM is indicative of a previous infection only [11]. WNV-
neutralizing antibodies are detected in horse serum two
weeks after infection and can persist for more than a year.
Serological assays for WNV may exhibit cross-reactivity with
closely-related flaviviruses, including Usutu virus, St. Louis
encephalitis virus, Japanese encephalitis virus, and tick-
borne encephalitis virus. PRNT is used for differentiation of
WNV from other flaviviruses.

The virus is able to replicate in susceptible cell cultures
such as rabbit kidney cells (RK-13) and African green mon-
key kidney cells (Vero), as well as in embryonated chicken
eggs. Embryonated chicken eggs or Aedes albopictus C6/36
celllines can be used for the initial virus isolation with sub-
sequent virus passaging in mammalian cells. Several pas-
sages may be required for the cytopathic effect to become
apparent. Indirect immunofluorescence assay of infected
cell cultures or nucleic acid detection technique are used
for WNV confirmation [41].

Immunohistochemistry enables detection of macro-
scopic and microscopic lesions associated with West Nile
encephalitis in the central nervous system tissues [42].

Treatment and prevention of the disease. The princi-
ples of WNF treatment are purely symptomatic and include
maintaining adequate hydration and relieving pain associ-
ated with inflammation. Patients with severe neurological
manifestations frequently require anticonvulsive therapy
and respiratory assistance [34].

Global strategies for WNF prevention include two ap-
proaches: vaccination and mosquito control. Vaccines are
the most effective measures against flaviviruses, especial-
ly in high-risk groups. However, despite the fact that sev-
eral candidate vaccines against WNF have been developed
for humans, none of them have been licensed. Currently,
several vaccines for humans are undergoing phase land |l
clinical trials. Development strategies include live attenu-
ated vaccines, subunit vaccines, and recombinant DNA
vaccines [43].

Vaccines for veterinary use are aimed at preventing in-
fection of WNV-susceptible animals. Vaccines against WNF
for horses have already been licensed and are available on
markets of different countries. According to American sci-
entists, four anti-WNF vaccines for horses are licensed in
the United States: two inactivated whole-virion vaccines,
modified live recombinant vaccine containing the canary-
pox virus as a vector, and a chimeric one that combines the
WNV antigen with an inactivated flavivirus [44, 45].Vaccines

against WNF have proven protective efficacy, and their use
has significantly contributed to reducing the disease inci-
dencein horses in the United States. However, despite their
proven effectiveness, these vaccines still have limitations,
including the need for multiple doses during primary im-
munization and the relatively short duration of immunity,
which necessitates annual revaccination. Therefore, these
aspects should be taken into account in order to improve
existing vaccines and candidate vaccines under develop-
ment [11]. Products intended for protection of dogs, cats,
cattle, pigs, crocodiles and birds from WNV infection are
under development.

To date, no safe and effective vaccine against WNF has
been developed in Russia. This situation contributes to the
regular occurrence of outbreaks in both endemic and non-
endemic areas. Therefore, special attention should be paid
to preventive measures aimed at reducing the virus spread
in the environment, including among birds, animals and
mosquitoes. To prevent WNV infection, individuals should
take the following precautions: protect themselves against
mosquito bites by using repellents, mosquito nets, and
fumigators; eliminate standing water in containers around
gardens and suburban areas to reduce mosquito breeding
sites; avoid swampy areas, and wear protective clothing
when visiting forests or the shores of water bodies. Avoid
direct contact with sick or dead birds, including their faeces
and feathers. When it is necessary to pick up a bird (e.g., to
transport it to a veterinary centre), the persons should wear
gloves and wash hands thoroughly afterward, along with
any surfaces that may have been contaminated. When
WNF is suspected in humans, pets, or birds, official health
authorities and the state veterinary supervision service
should be promptly notified [22].

CONCLUSION

West Nile virus is not classified as a candidate virus for
a pandemic, as its spread and clinical significance vary de-
pending on the region and environmental conditions. Nev-
ertheless, it is of considerable interest to researchers in var-
ious fields, including physicians, public health workers,
environmentalists, veterinarians, epidemiologists, and
specialists in infectious diseases. This is due to the ability
of WNV to cause severe neurological conditions in humans,
especially in the elderly and immunocompromised pa-
tients, which makes it a potential threat to vulnerable
population groups. In addition, clinical manifestations
of WNF can be observed in animals and birds, which un-
derlines the importance of WNV as a zoonotic pathogen.
The trend for global climate change observed in recent
decades contributes to the expansion of the habitat of ar-
bovirus vectors and, consequently, increases the risk of
pathogens spreading to new, previously non-endemic
areas. This can lead to changes in the epidemiological con-
text and the appearance of new foci of infection. Given
these factors, WNV represents a significant concern that
demands ongoing attention from the scientific commu-
nity and health authorities. It can be classified to the group
of potentially dangerous threats to global health, espe-
cially in the context of sustainable climate change [46].

Currently, research activities are focused on the develop-
ment and improvement of new methods for WNF diagnosis,
treatment and prevention. Significant emphasis is placed
on molecular diagnostic techniques, as they allow for quick
and reliable detection of the virus in biological samples.
The immunological aspects of the disease are also being
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actively studied, including the mechanism of immunity de-
velopment and possible ways for effective vaccine creation.
Vaccination is one of the most effective tools for disease
prevention, and the development of a vaccine against WNF
could be an important breakthrough for combating this
infection, especially for at-risk groups. However, to date,
no immunological preventive products against WNF have
been developed or certified in Russia. Hence, a comprehen-
sive, unifying One Health approach involving public health,
veterinary and environmental authorities, could become
the most effective and efficient mechanism to combat WNF.
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Pathomorphological, bacteriological and virological
features of pneumonia in captive monkeys

Victoria A. Kalashnikova, Elena Yu. Radomskaya, Dmitry V. Bulgin, Veronika I. Polyakova, Dmitry . Dogadov, Alvard V. Demerchyan,
Natalia V. Shcherbak, Dmitry V. Chukanov, Alexandra M. Goncharenko, Albert A. Minosyan, llona M. Arshba

Kurchatov Complex of Medical Primatology of National Research Centre “Kurchatov Institute’, ul. Academica Lapina, 177, Vesyoloye,
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ABSTRACT

Introduction. Respiratory infections pose a significant challenge in veterinary practice due to their high prevalence across various animal species. Pneumonia
and gastrointestinal diseases are leading causes of mortality in captive primates.

Objective. Study of pneumonia incidence in monkeys, the analysis of pulmonary microbiota composition, study of pathomorphological lesions in lung tissue.
Materials and methods. Common methods were used for pathomorphological, microscopic and bacteriological examinations of 1,862 dead monkeys. Lung
samples and serum samples from 126 monkeys died of pneumonia in 2021-2024 were tested for acute respiratory viral pathogens as well as for antibodies to
them with polymerase chain reaction (PCR) and enzyme-linked immunosorbent assay (ELISA).

Results. Pneumonia was postmortem diagnosed in 865 monkeys (46.5%). The mortality rate for pneumonia in baby monkeys during their first month of life
reached 100%. In baby monkeys under one year of age, the mortality rate was 65.4%. The obtained data showed that the disease incidence in these age groups
was high. Deaths of monkeys due to pneumonia were reported throughout the year. Based on postmortem examinations, bilateral polysegmental broncho-
pneumonia was the most frequent finding, lobar fibrinous pneumonia affecting the right lung was less common. Microscopic analysis detected purulent exudate
and cocci bacteria in the bronchial lumen. The predominant bacteria isolated from lung tissue were enterobacteria (58.5%) and Gram-positive cocci (36.6%).
Various microorganisms were isolated but the most frequently enteric bacteria were as follows: Escherichia coli (66.1%), Enterococcus spp. (27.5%) and Prote-
us spp. (31.5%). The following bacterial pathogens associated with pneumonia were detected: Staphylococcus aureus (31.5%), Klebsiella pneumoniae (2.2%),
Pseudomonas aeruginosa (0.8%) and Streptococcus pneumoniae (0.6%). Adenoviruses, human parainfluenza viruses of type 1and type 3 and respiratory syncytial
virus (RSV) were also circulated in the monkey colony.

Conclusion. During analysis of microbial etiology of pneumonia in monkeys it shall be considered that pneumonia is frequently arisen as a secondary infection,
heavily influenced by underlying gastrointestinal pathologies and immunosuppression.

Keywords: monkeys, pneumonia, pathomorphology, bacteriology, virology
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1 BUPYConornyeckne 0cobeHHoOCTA NHEBMOHNIA Y 00e3bAH,
cofiepKaLLnXCA B HeBOME
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KypuatoBckmit komnnekc MeguumHckoii npumatonorun OrbY HaumnoHanbHblit nccnefoBatenbekuit LeHTp «KypyaToBCKuii UHCTUTYT»
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PE3IOME

BeepeHue. B BeTepUHapun npoﬁnema BO3HMKHOBEHUA 1 NeYeHNa pecnupaTopHbIX MH¢EKL|I/II7I dKTyaJlbHa B (BA3U C BbICOKUM YPOBHEM 3aboneBaemocTu pean
Pa3HbIX BUAOB XUBOTHbIX. Y 0be3baH, COAEPXKALLMXCA B YCNOBUAX HEBONIU, NHEBMOHWM, HapAAY CXKenya0YHO-KULLEYHbIMU 3abonesaHUAMU, ABNAIOTCA OJHON U3
NaBHbIX NPUYUH rnéenu.
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Lienb nccnepoBanua. Mzyuenne 3a6onesaemoctin 06e3bAH MHEBMOHMeIA, aHaNU3 CMEeKTPa NErouHoi MUKPOGIOPbI, U3yyeHne NaToMopdONOrNyecKIX 13-
MEHEHWI1 B NErOYHON TKaHN.

Martepuansbi u metogbl. [Tpyn u3yueHun 1862 cnyyaes rubenu 06e3baH natomopdonoruyeckue, MUKPOCKoNMYeckie U 6akTepuonornyeckiue MccieoBaHNA
NpoBOAMAN MO 06LLENPUHATLIM METOANKAM. BbisBneHue Bo36yauTeneil oCTpbIx pecnupaTopHbIX BUPYCHBIX MHPEKLMA 1 aHTUTEN K HUM 0CYLLeCTBAANN
MeToZiaMI NONIMMEPa3HOii LIEMHOI peakwini  MMMYHOGEPMEHTHOTO aHan3a Npyu UCCNefoBaHUN 06Pa3LOB NErkux i CbIBOPOTOK KpOBY OT 126 00€3bsH,
NOruOLLINX C ANArHO30M «MHEBMOHMA» B 2021-2024 r.

Pe3ynbratbl. Y 865 06e3bAH postmortem noctagneH AnarHo3 «nHeBMoHUA» (46,5%). [benb 0T NHeBMOHII ManbiLueil NepBOro MecALa X13HW NpubniKaeT-
€A K 100%. Y fieTeHblLueil BO3PACTOM /A0 OAHOTO roAa NokasaTeNb CMepTHOCTY cocTaBAeT 65,4%. MonyueHHble AaHHbIe CBUAETENbCTBYIOT 0 BbICOKOI yacTote
3aboneBaHuA B 3TUX BO3PACTHbIX rpynnax. [16enb 06e3bAH 0T THEBMOHMIl PErMCTPUPYETCA Ha NPOTAXeHNM Bcero ropa. Ha 0CHOBaHUM NaTonoro-aHatomuye-
CKUX UCCNIE0BAHMI YCTAHOBAEHO, UTO Yallle BO3HUKAET ABYCTOPOHHAA NOANCErMeHTapHaa 6pOHXONHEBMOHNA, pexe — foneBad pubpUHO3HAA NMHEBMOHUA
C pa3BUTMEM BOCMANUTENBHOMO MPOLIECca B NPaBOM JIerkoM. [1pi MUKpOCKOMIYECKOM UCCTIelOBaHUN B NPOCBeTe GPOHXOB BbIABNAIOTCA THOMHbIE IKCCYAATbI
11 KoKKoBasA Mukpodnopa. Cpeny 6akTepuii, BblAENeHHbIX U3 TKAHW NErKiX, HanbONbLUIA NPOLIEHT COCTaBAAT IHTepobakTepun (58,5%) v rpamMnonoXuTENbHbIE
KOKKI (36,6%). CneKTp BblfeneHHbIX BIA0B MUKPOOPraHU3MOB pa3Ho06pa3Hblid, HO B 60NbLLHCTBE CTyyaeB NpeACcTaBAeH KuieyHbiMu bakTepuamu: Escherichia
coli (66,1%), Enteracoccus spp. (27,5%), Proteus spp. (31,5%). 113 Bo3moXHbIx 6akTepuanbHblx Bo36yauTeneil nHeBMOHMI 06HapyeHbl Staphylococcus aureus
(31,5%), Klebsiella pneumoniae (2,2%), Pseudomonas aeruginosa (0,8%), Streptococcus pneumoniae (0,6%). B cTae 06e3bAH Takxe LUPKYAMPYIOT afeHOBUPYCbI,
BUPYCbI Naparpunna YenoBeKa Tuna 1 3 u pecnupaTopHo-CUHLMTUANbHBIIA BUDYC.

3aknioueHue. [1py aHanu3e BO3MOXHOIA PoNin MUKPOOPTaHU3MOB B Pa3BUTUN THEBMOHMA Y 00€3bAH HEOOX0ZMMO YUUTBIBATb, UTO Y HOBLIMHCTBA XKUBOTHbIX
3a6oneBaHye pa3BuBanoCb Ha GoHe NaTONOrMii XKeNyLOUHO-KULLIEUHOrO TPAKTA U IPU CHIKEHHOM UMMYHUTETE.

KnioueBbie cnoBa: 06e3bAHbl, THEBMOHIA, NaToMopdonorus, 6aktepuonorua, Bupyconorua

bnarogapHocTu: lccnenoBanue BbINOAHEHO B pamKax rocyaapcTeenHoro 3aaanus L «Kypuatockuii MHCTUTYT» 3a cueT cpenCTB rocblopKeTa, BXOAWT B pas-
[eN HayuHbIX cCnenoBaHuil «KomnneKcHble uccneoBana Gu3nonorui, a TakKe STUONIOTI U NaToreHe3a 3abosieBaHuil 06e3bAH Pa3nuuHbIX BIAOB, BO3PacTa
11 nona». Pabota npoBegeHa ¢ ucnonb3osatuem obopygosaqua LIKMN «Mpumat».

[inauntuposanua: KanawnmkosaB. A., PagomckaaE. H0., bynrun [1. B., MonakosaB. W., Joragos [1. U., llemepuanA. B., LLlep6ak H. B., YykaHos . B., fonuapeHko A. M.,
MunocaH A. A., Apw6a W. M. Matomopdonoruueckue, 6aktepuonoruyeckue u Bupyconornueckine 0co6eHHOCTY MHEBMOHUI Y 06€3bAH, COLepXaLLUXCA B HEBONE.

Bemepurapus cezo0Hs. 2026; 15 (1): 28-37. https://doi.org/10.29326/2304-196X-2026-15-1-28-37
Kondnukr nutepecos: ABTOpbI 3aABAAIOT 00 OTCYTCTBUN KOHONMKTA UHTEPECOB.

[ins koppecnonaeHuum: Kanawnukosa Buktopua AnekceesHa, KaHz. 6uon. Hayk, BeyLumii HayuHbIil COTpYAHUK nabopaTopum HGEKLMOHHOI naTonorum,
KKMIT HULL «KypuatoBckmit uHcTuTyT, yn. Akagemuka Jlanuna, 177, c. Becenoe, Annepckuii paiion, r. Coun, 354376, KpacHopapckmii kpai, Poccua,

vikky.aw@gmail.com

INTRODUCTION

In veterinary practice, pneumonia occurrence and treat-
ment is of current importance due to the its high incidence
rate among wild, domestic, farm animals (cats, dogs, cattle,
pigs, horses, etc.) and birds. Pneumonia mainly affects baby
and young animals, while the disease frequency and sever-
ity depend on the keeping conditions, stress, density of
animals, theirimmune status, diet, climate and production
practice, as well as coinfection with various patho-
gens|1,2,3,4,56,7,8,9,10,11]. In domestic animals,
adults and elderly animals are often susceptible to the
disease [4, 5, 6].

Low primates are also susceptible to most human
pathogens, so it is easy to reproduce some human infec-
tious diseases in them in a similar form [12]. In recent dec-
ades, due to the sharp decline in monkey populations
in natural habitats and the ban on trapping, primate breed-
ing centres have become the main source of laboratory
primates. Animals kept in captivity are in most cases sus-
ceptible to intestinal and respiratory diseases. Pneumonia
is one of the leading causes of morbidity and often leads
to the death of animals [13, 14, 15]. Pneumonia may act
either as an independent pathological process or as a con-
comitant (secondary) disease arising from gastrointestinal
disorders, including acute or chronic gastritis and gastro-
enterocolitis [12, 16]. In addition, pneumonia often occurs
in animals recently imported from their natural habitats
and undergoing acclimatization [17, 18].

The lungs are a complex ecosystem with a large number
of diverse microorganisms interacting both with each other

and with the host organism [18, 19]. A functional relation-
ship exists between the microbiomes of the lungs, oropha-
rynx, and intestines — an interconnection that significantly

influences the development of both pulmonary and intes-
tinal diseases through the modulation of metabolic, im-
mune, and other physiological processes. Because of the

ongoing microbial exchange between the oropharynx and

the upper and lower respiratory tracts, the microbiome of
the lungs is never static. The dominant microbial population

in the microbiome and its size differ significantly between

healthy and pathologically altered organs. According to this

concept, infectious lung lesions are viewed as a disruption

of the existing microbial balance, with the course and out-
come of pneumonia being largely determined by interac-
tions among the microorganisms themselves [19].

A critical step in pneumonia diagnosis is the isolation
and identification of the involved infectious agents - inclu-
ding bacteria, viruses, and fungi - from the respiratory
tract [2, 20]. According to literature data, less than 10%
of pneumonia cases are described as polymicrobial, and
in more than 50% of cases, the etiological agents of pneu-
monia in monkeys remain unidentified [19]. According
to the literature data, the most common causes of pneu-
monia in captive monkeys of various species are Streptococ-
cus spp., less commonly Klebsiella pneumoniae, Staphylo-
coccus aureus and other bacteria (Pseudomonas aeruginosa,
Escherichia coli, Enterococcus spp., Morganella morga-
nii) [21, 22, 23, 24, 25]. Earlier, staff-members of the Kurcha-
tov Complex of Medical Primatology of National Research
Centre“Kurchatov Institute” demonstrated the involvement
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of human parainfluenza virus type 3 in the respiratory tract
pathology in Papio anubis [26].

The importance of this study is highlighted by the fact
that respiratory diseases are predominant in the etiological
structure of diseases in monkeys and constitute one of the
primary causes of mortality for animals in captivity.

This study presents novel data by consolidating the re-
sults of pneumonia mortality monitoring in captive mon-
keys in the primate breeding centre, representing the first
such investigation carried out in Russia. Accordingly,
the present study was aimed at not only bacterial micro-
flora detection in the lungs of dead animals and assess-
ment of serological and molecular-genetic markers of
acute viral respiratory infections (AVRIs), but also at descrip-
tion of pathologically altered lung features.

The purpose of the study was to study the pneumonia
incidence, to analyse lung microbiota landscape, and
to examine lung lesions.

MATERIALS AND METHODS

Animals. A total of 1,862 deaths of monkeys of various
species from spontaneous diseases were studied in the
period from January 2019 to December 2024. All animals
were kept in the primate breeding centre of the Kurchatov
Complex of Medical Primatology of National Research Cen-
tre “Kurchatov Institute”. Dead male (n =726) and fem-
ale (n = 1,136) monkeys ranged in age from new-born
to 38 years (Table 1).

Postmortem and microscopic examinations. Dead animals
were necropsied in the necropsy room of the Laboratory for
Pathological Anatomy of the Kurchatov Complex of Medical
Primatology. Internal organs and tissues from dead animals
were examined to detect pathological lesions. When gross
lung inflammation signs were detected, tissue samples were
collected for histological analysis. The samples were fixed
in a 10% neutral (pH 7.4) formalin solution, then subjected
to standard histological processing, followed by mounting
into Histomix paraffin medium (BioVitrum, Russia). Histo-
logical sections, 4 um thick, were prepared from the paraffin-
embedded tissues and stained with Hansen’s hematoxylin
and eosin, as well as with Van Gieson's picrofuchsin [27].

Morphological analysis (microscopic examination) was
carried out with Axiolab.A1 laboratory microscope (Carl
Zeiss Microscope GmbH, Germany). Axiocam 105 colour
digital camera (Carl Zeiss Microscopy GmbH, Germany) was
used for microphotography.

Bacteriological examination was carried out according
toa common technique: a lung smear was made on a slide,
Gram-stained, and inoculated in diagnostic nutrient media,
followed by biochemical identification of the grown colo-
nies of microorganisms, as described earlier [28].

Virological examination. Serum and lung samples col-
lected in 2021-2024 from 126 dead monkeys with diag-
nosed pneumonia including 48 Macaca mulatta,
22 Macaca fascicularis, 7 Chlorocebus aethiops ssp.,
38 Papio hamadryas and 11 Papio anubis were used for
the virological examination. The lung suspension was
prepared using Minilys homogenizer (Bertin Technologies,
France) at a ratio of 5-6 g of the material per 1 mLof 0.TM
sodium phosphate buffer, pH 7.4; centrifuged with Allegra
cold centrifuge (Beckman Coulter, USA) at 3,000 rpm for
30 min for clarification. The resulting 10% supernatant
was used for further tests.

Test kits manufactured by ECOlab (Russia) were used for
detection of IgG, IgM and IgA antibodies to parainfluenza
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Table 1
Characterization of dead monkeys by age groups

Age groups

Monk
oney under 1 16 years
species
month of age
of age and older
Macaca 52 45 16 | 176 | 86 129 604
mulatta
Macaca 73 3 78 | s | 76 94 501
fascicularis
Macaca 15 5 2 8 6 17 53
nemestrina
Chlorocebus 11 7 7 18 14 18 75
aethiops ssp.
Papio anubis 30 13 27 40 21 20 151
Papio 109 49 7 | 1o | 58 71 444
hamadryas
Other species 5 2 7 9 3 8 34
Total 295 153 284 509 264 357 1,862
Table 2

Characterization of fatal pneumonia cases in monkeys

Quantity/%

Monkey species
Macaca mulatta 249/41.2 156/40.7 93/42.1
Macaca fascicularis 221/441 129/39.5 92/52.9
Macaca nemestrina 33/62.3 21/70.0 12/52.2
(Chlorocebus aethiops ssp. 32/42.7 22/44.0 10/40.0
Papio anubis 74/49.0 37/40.2 37/62.7
Papio hamadryas 236/53.2 109/45.8 127/61.7
Other species 20/58.8 8/50.0 12/66.7
Total 865/46.5 482/42.4 383/52.8

virus types 1 and 3, respiratory syncytial virus (RSV) and
adenovirus. The results of enzyme-linked immunosorbent
assay (ELISA) were read using Immunochem-2100 labora-
tory spectrophotometer (High Technology Inc., USA)
at wavelength of 450 nm.The sera reactivity to respiratory
viruses was assessed based on OD,  values (optical den-
sity of ELISA-tested serum samples at a wavelength
of 450 nm). The test results were interpreted according

to the test-kit manufacturer’s instructions.
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Table 3
Characterization of monkeys died of pneumonia by age groups

Age groups

Monkey species und(:)rfL;r:Eonth unde(r)f1;ge 1-3yearsofage | 4-10yearsofage | 11-15yearsof age 16:§3r;|(()jl‘eérlge f orl;’ré(rz\ d*
number number number number number number
of animals of animals of animals of animals of animals of animals
Macaca mulatta 47 90.4 25 55.6 46 39.7 62 35.2 24 279 45 349 | 0.00057]
Macaca fascicularis 72 98.6 22 68.8 22 28.2 4 21.7 23 30.3 4 43.6 0.7675
Macaca nemestrina 14 933 1 20.0 1 50.0 6 75.0 4 66.7 7 41.2 0.9643
Chlorocebus aethiops ssp. 9 81.8 1 143 1 143 5 27.8 6 429 10 55.6 | 0.0258)1
Papio anubis 27 90.0 9 69.2 9 333 13 325 8 38.1 8 40.0 0.1357
Papio hamadryas 100 91.7 40 81.6 29 61.7 25 227 17 293 25 352 | <0.0001]
Other species 5 100 2 100 5 7.4 4 44.4 1 333 3 375 0.9648
Total 274 929 100 65.4 13 39.8 156 306 83 314 139 389 | <0.00017]

* p < 0.05 (x? test - statistical difference in pneumonia diagnosis rates between monkey species). Arrows indicate the trend in detection
frequency by age, providing that the test result was statistically significant.

Table 4
Number of monkeys died of pneumonia by year

Year of testing

Monkey species

pX
for trend*

Macaca mulatta Ly} 32 43 36 44 52 0.00757 |
Macaca fascicularis Ly} 44 39 27 32 37 0.4535
Macaca nemestrina 6 9 3 3 8 4 0.7173
Chlorocebus aethiops ssp. 5 5 2 6 10 4 0.3061
Papio anubis 20 8 15 7 14 10 0.3494
Papio hamadryas 3] Y] 40 45 38 28 0.3828
Other species 8 4 3 2 1 2 0.0177|
Total 166/46.6% 144/45.4% 145/38.2% 126/49.2% 147/51.9% 137/50.8% 0.0910
*p < 0.05 (x* test — statistical difference in pneumonia diagnosis rates between monkey species). Arrows indicate the trend
in detection frequency by year, providing that the test result was statistically significant.
Nucleic acids were extracted from the prepared 10% types 1, 2, 3 and 4; coronavirus; rhinovirus; adenovirus
lung supernatant using RIBO-prep kit (Central Research  groups B, C and E; bocavirus) according to the manufac-
Institute of Epidemiology of Rospotrebnadzor, Russia) turer'sinstructions. Amplification and analysis of the results
according to the manufacturer’s instructions. Comple- were performed using Rotor-Gene Q device (QIAGEN
mentary DNA was synthesized on a total RNA matrix ~ GmbH, Germany).
using Reverta-L reagent kit (Central Research Institute Statistical data processing. Statistical processing of the
of Epidemiology of Rospotrebnadzor, Russia) in accordance  data and calculations were carried out using GraphPad-
with the manufacturer’s instructions. Resulting cDNAs  Prism 8 software. To detect changes in frequency metrics
were amplified using “AmpliSens® AVRI-screen-FL" real-  across study years or age groups, a x* trend test (Pearson’s
time PCR kit to identify acute respiratory viral infection  chi-square) was applied. All differences were interpreted
pathogens (RSV; metapneumovirus; parainfluenza virus  as significant at p < 0.05.
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Table 5
Number of microorganisms isolated from lungs of the monkeys died
of pneumonia (2019-2024)

Microorganism

2019 2020 2021 2022 2023 2024
12 100 106 85 87 82

Year of testing

px
for trend

E. coli 0.2274 572
Representatives of tribe Proteeae 51 50 52 42 62 44 0.000271 | 301
Klebsiella spp. 18 8 5 4 3 3 0.0048 | 41
Enterobacter spp. 7 4 4 1 4 6 0.5613 26
Citrobacter spp. 7 4 0 2 2 0 0.03441 | 15
Other enterobacteria 4 5 1 4 4 1 0.9126 19
Ps. aeruginosa 1 2 2 0 1 1 0.9926 7
Other non-fermenting bacteria 0 0 1 0 2 6 <0.00011 9
Bacillus spp. 1 1 6 4 3 7 0.0024 1 22
Other Gram-positive rods 27 10 0 0 3 2 <0.0001] 42
Staphylococcus spp. 123 64 41 40 62 25 <0.0001] 355
Enterococcus spp. 53 49 40 31 36 29 0.9856 238
wobmneonin |5 a0 s |
(andida spp. 0 0 1 0 0 0 0.9320 1
Total 410 300 259 214 27 206 <0.0001| 1,660

* p < 0.05 (y*test - statistical difference in detection frequency between microorganism species). Arrows indicate the trend in detection

frequency by year, where the test result was statistically significant.

RESULTS AND DISCUSSION

A total of 865 pneumonia cases (46.5% of the total num-
ber of dead animals) were detected over a six-year period
based on the results of postmortem examinations (Table 2).
Pneumonia was more frequently diagnosed in males than
in females (52.8 and 42.4%, respectively). Pneumonia mor-
tality rates were generally similar across monkey species,
exception for Papio hamadryas and Macaca nemestrina. In
these monkey species, pneumonia caused more than 50%
of deaths.

According to the findings, the highest mortality for
pneumonia was observed in monkeys during their first
month of life (Table 3).

The total number of monkeys that died due to pneumo-
nia averaged between 126 and 166 cases per year, remain-
ing relatively stable in percentage terms over a six-year
period (Table 4).

Over the six-year study period, neonatal mortality
in monkeys exhibited a steady increase, with pneumonia
accounting for 100% of deaths in this age group by 2024.

Analysis of seasonal patterns in monkey mortality due
to pneumonia revealed that more than 50% of cases occur-
red during the autumn-winter period of 2020 and 2024,
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and during the summer-spring period of 2023. In 2022,
mortality due to pneumonia in these animals remained
high throughout all seasons.

Pathomorphological features of pneumonia. Polyseg-
mental bronchopneumonia was more frequently observed
in monkeys living at the primate breeding centre, whereas
lobar fibrinous pneumonia - similar to human croupous
pneumonia — was considerably less common. Macroscop-
ically, bilateral pulmonary involvement was the most com-
mon finding, with the right lung being affected more ex-
tensively or more frequently. In cases of unilateral
involvement, pneumonia was observed more frequently
in the right lung alone (Fig. 1).

Croupous pneumonia in monkeys was characterized by
lobar fibrinous inflammation with pleura lesions. In addition
to lobar involvement, large focal pneumonic lesions were
detected in the centre of the lobes or extending to the pleu-
ra.The affected lung tissue was airless, of dense consistency
and greyish-reddish colour. A cloudy, foamy fluid exuded
fromthe cut surface when the affected lung was compressed.
The lung lymph nodes were enlarged. Cases of total, bilat-
eral lung damage with alveolar filling by fibrinous-leukocytic
exudate and serous fluid buildup were recorded (Fig. 2).
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Fig. 1. Macrophotography of heart — lung complex in the monkey
with polysegmental bronchopneumonia (Macaca fascicularis,

Q, 3 years old): A - general view; B - all lobes of the right lung are
affected; - right lung; J1- left lung

Fibrin, degenerated leukocytes, and other cell debris
were detected within the alveoli in croupous pneumonia
cases. There were areas of lung tissue containing only red
blood cells in the alveoli. Apparent vascular hyperemia with
parietal leukocyte accumulation and capillary stasis within
the interalveolar septa were observed (Fig. 3).

Purulent tissue melting foci located generally around
the affected bronchi were observed in all croupous pneu-
monia cases. The bronchial lumen contained purulent exu-
date and coccoid microflora.

Bronchopneumonia occurred both independently
and as a concomitant disease complicating gastrointesti-
nal pathologies. In bronchopneumonia cases, multiple
small inflammation foci of grey-red or bluish-purple col-
our, often merging, that located along the branching
bronchi were found in the lungs. The lung tissue around
inflammation foci was edematous with hyperemia or sev-
ere emphysema, which gave the incision surface a mottled
appearance (Fig. 4).

Similar to croupous pneumonia, the microscopic inflam-
mation lesions in these cases were characterized by accu-
mulation of the exudate of various types. Foci of serous
fluid mixed with red blood cells as well as polymorphic
cellular exudate were found in the alveoli. Leukocytes and
mucous with a large amount of bacterial microflora often
predominated in the exudate. In all cases, inflammatory
lung lesions were combined with the development of focal
atelectasis and focal emphysema (Fig. 5).

Thus, croupous pneumonia and bronchopneumonia
in monkeys kept in the Kurchatov Complex of Medical
Primatology primate breeding centre were characteri-
zed by a variety of morphological changes in the lungs.
This appears related to the different properties of the
disease pathogens.

Asymptomatic pneumonia diagnosed at necropsy only
were found in most dead animals. In some cases, differen-
tiation between croupous pneumonia and bronchopneu-
monia was difficult, as the presenting symptoms were
subtle or nonspecific. Intrapulmonary complications inclu-
ding purulent bronchitis, lymphangitis, purulent inflam-
mation foci, extremely rarely - pleural empyema were
observed in some animals. The following extrapulmonary
lesions were recorded - purulent meningitis, serous-
purulent pericarditis.

Microbial landscape in lungs. Gram-positive cocci
were found in all smears during examination of lung

Fig. 2. Macrophotography of heart — lung complex in the monkey
with fibrinous pneumonia (Erythrocebus patas, 3, 10 years old), all
lobes of the right and left lungs are completely affected: A - general
view; B - fibrin threads on the visceral pleura of the right lung

Fig. 3. Microscopic lesions in lungs of the monkey with lobar pneumonia (Macaca
mulatta, 3, 5 years old): A - alveolar edema, fibrin threads in the alveolar lumen,
degenerated leukocytes (hematoxylin and eosin staining, magnification 200x);

B - alveolar edema, erythrocyte and leukocyte accumulations in alveolar lumen
(hematoxylin and eosin staining, magnification 400x)

!!. ~§ 8 | |
Fig. 4. Macroscopic lesions in lungs of the monkey with bronchopneumonia

(Papio anubis, 3, 5 years old): A, B alveolar edema (foamy fluid on section),
mottled pattern in lung tissue

Fig. 5. Microscopic lesions in lungs of the monkey with bronchopneumonia
(Papio anubis, &, 5 years old): A - focal emphysema (dilated alveoli, thinned
and partly disrupted alveolar walls), polymorphic cellular exudate in the alveoli
lumen (hematoxylin and eosin staining, magnification 100x); B — polymorphic
cellular exudate in the alveoli lumen (hematoxylin and eosin staining, magni-
fication 200x)
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Table 6
Indicators of viral infections

Indicators Parainfluenza virus Parainfluenza virus RSV Adenovirus
type 1 type3
lgG IgA lgG IgA IgG IgM lgG

Monkey species

Monkeys that died in 2021-2022

10/15*% 0/15 0/15 0/15 2/15
Macaca mulatta 66.7% 0% 0% 0% n/d n/d 133%
Lo 3/4 0/4 0/4 0/4 0/4
Macaca fascicularis 75.0% 0% 0% 0% n/d n/d 0%
Chlorocebus 13 0/3 0/3 0/3 wd n/d 0/3
aethiops ssp. 33.3% 0% 0% 0% 0%
. . 3/15 0/15 0/15 0/15 0/15
Papio anubis 20.0% 0% 0% 0% n/d n/d 0%
. 0/4 0/4 0/4 0/4 0/4
Papio hamadryas 0% 0% 0% 0% n/d n/d 0%
17/41 0/41 0/41 0/41 241
Total 41.5% 0% 0% 0% n/d n/d 49%
Monkeys that died in 2023—-2024
Macaca mulatta 0/33 0/33 0/33 0/33 0/33 8/33 4/33
0% 0% 0% 0% 0% 24.2% 12.1%
Macaca fascicularis 1/18 0/18 0/18 0/18 0/18 9/18 1/18
5.6% 0% 0% 0% 0% 50.0% 5.6%
Chlorocebus 0/4 0/4 2/4 0/4 1/4 2/4 1/4
aethiops ssp. 0% 0% 50.0% 0% 25.0% 50.0% 25.0%
Papio anubis 0/23 0/23 3/23 0/23 0/23 8/23 2/23
P 0% 0% 13.0% 0% 0% 34.8% 8.7%
) 0/7 0/7 0/7 0/7 0/7 3/7 1/7
Papio hamadyas 0% 0% 0% 0% 0% 42.9% 14.3%
Subtotal 1/85 0/85 5/85 0/85 1/85 30/85 9/85
1.2% 0% 5.9% 0% 1.2% 35.3% 10.6%
Total 18/126 0/126 5/126 0/126 1/85 30/85 11/126
14.3% 0% 4.0% 0% 1.2% 35.3% 8.7%

* positive serum samples / number of tested serum samples; n/d - no data.

microbiota of monkeys. Over six years, 1,660 microorgan-
isms were isolated during bacteriological tests, the major-
ity of which were representatives of the family Enterobac-
teriaceae (58.5%). Gram-positive cocci were detected
in 36.6% of cases, the proportion of non-fermenting
bacteria, including Pseudomonas aeruginosa, and non-
differentiated Gram-positive rods was 1.0 and 3.8%,
respectively (Table 5).

Statistical analysis showed significant changes in the
detection rates of certain microorganisms over the years
of the study (p < 0.0001), which indicated shifts in lung
microbiota composition.

The number of representatives of tribe Proteeae varied
without any clear tendency to increase or decrease, which
was indicative of a dynamic change in the role of these
microorganisms (p = 0.0002). The number of Klebsiella spp.
detections decreased over the years (p = 0.0048), poten-
tially indicating a decline in the pathogen’s role in pneu-
monia development. The number of Citrobacter spp.
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(p = 0.0344) and Bacillus spp. (p = 0.0024) detections varied
over the years. Notwithstanding the high isolation rate
of Staphylococcus spp., a significant decline has been
recorded in recent years, from 123 to 25 cases (p < 0.0001).
Gram-positive rods detection rate also decreased
(p < 0.0001). Non-fermenting Gram-negative rods were
rarely isolated from the lungs, however, they were detected
in 6 cases (p < 0.0001) in 2024. The total level of the iso-
lated microorganisms decreased over the years (from 410
in 2019 to 206 in 2024), which was confirmed by statistical
data (p < 0.0001).

As for microbial landscape, the leading position was
occupied by E. coli, which were found in the lungs of 66.1%
of monkeys, the second position was occupied by Staphy-
lococcus spp., including S. aureus (41.1%), followed by rep-
resentatives of tribe Proteeae (Proteus spp., Providencia spp.,
M. morganii) and Enterococcus spp. (34.8 and 27.5%, respec-
tively). Other microorganisms were isolated rarely. During
the tested period, S. aureus was more often isolated
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as compared to other main bacterial pathogens of pneu-
monia - in 267 monkeys (31.5%), other pathogens were
found in some cases, namely: K. pneumoniae - in 19 mon-
keys (2.2%), Ps. aeruginosa — in 7 monkeys (0.8%), St. pneu-
moniae - in 5 monkeys (0.6%). No bacterial growth was
observed on the nutrient media inoculated by the samples
from 7 cases (0.8%). Also, no materials were collected for
examination from 17 monkeys with pneumonia due to
postmortem decomposition. Bacterial associations were
observed, however, the number of detected associations
decreased during the tested period. In 2019, 89% of the
detected microbial isolates were associations, compared
to 52% in 2024, with the frequency of 4-component asso-
ciations apparently decreasing.

Any analysis of the etiological role of the isolated micro-
organisms in monkey pneumonia shall account for the fact
that, in the majority of cases, the disease has arisen concur-
rently with gastrointestinal pathology and immunosup-
pression. This was evidenced by the detection of coliforms
in lungs, as well as the prolonged pneumonia course with
subtle or non-specific clinical signs. S. aureus represented
an exception, based on previous molecular genetic evi-
dence indicating its high pathogenic potential and lung
tissue tropism of some strains [29, 30].

When 126 monkeys with diagnosed pneumonia who
died in 2021-2024 were tested for AVRI indicators, IgG anti-
bodies indicative of post-infection immunity against
the following viruses were detected: parainfluenza virus
type 1 and 3 (14.3 and 4.0% of the monkeys, respectively),
RSV (1.2%), and adenovirus (8.7%). IgA and IgM antibodies
indicative of acute infection period were detected only
against RSV (35.3% of the monkeys). No AVRI pathogen
RNAs/DNAs were detected with polymerase chain reaction
(PCR) in the lung parenchyma (Table 6).

In monkeys that died in 2021-2022 (n = 41), IgG anti-
bodies against parainfluenza virus type 1 (41.5%) only and
adenovirus (4.9%) were detected, while no IgG antibodies
against parainfluenza virus type 3 were detected. Also, no
serological indicators of acute infection were detected.

In animals with diagnosed pneumonia that died in 2023-
2024 (n = 85), IgM antibodies against RSV (35.3%) were
detected in their sera, while the no IgA antibodies against
parainfluenza virus type 1 and 3 were detected. In addition,
IgG antibodies indicative of postinfection immunity were
detected: IgG against parainfluenza virus type 1 and 3 (1.2
and 5.9%, respectively), RSV (1.2%), and adenovirus (10.6%).

CONCLUSIONS

1. Pneumonia is the most common cause of death
of monkeys kept in the Kurchatov Complex of Medical Pri-
matology breeding centre (46.5%) and often occurs con-
currently with gastrointestinal diseases in weakened ani-
mals, which is consistent with previously published data.

2. The highest mortality due to pneumonia was obser-
ved in baby monkeys under the age of one month (92.9%)
and during the first year of life (65.4%). Consequently, cap-
tive monkeys from birth to 1 year of age were the most
susceptible to pneumonia.

3. The most frequent finding was bilateral polysegmen-
tal bronchopneumonia, and less frequently, lobar fibrinous
pneumonia resembling human croupous pneumonia, with
predominant involvement of the right lung.

4. The bacterial microflora isolated from pneumonia-
affected lungs consisted of enterobacteria (58.5%) and

Gram-positive cocci (36.6%), with S. aureus being isolated
in 41.1% of cases. Microscopic examination also revealed
cocci in the lung tissues.

5. Circulation of adenovirus, human parainfluenza virus
types 1 and 3, as well as RSV in monkeys who died from
pneumonia was shown. A high percentage of IgM against
RSV indicated the possible involvement of this virus
in the respiratory pathologies in monkeys.
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Serotype identification and antibiotic resistance analysis
of Listeria monocytogenes isolates recovered from animal
products in 2021-2024

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

ABSTRACT

Introduction. Listeria monocytogenes is a pathogenic microorganism that causes a large number of deaths due to the consumption of contaminated animal products.
This underpins the relevance of monitoring the spread of the listeriosis agent in raw materials, animal products, and environmental objects, as well as the antibiotic
resistance of isolates.

Objective. Serotype identification and antibiotic resistance analysis of Listeria monocytogenes isolates recovered from animal products in 2021-2024.

Materials and methods. The work was performed at the Microbiology Unit of the Vladimir Testing Laboratory, the Federal Centre for Animal Health. Listeria genus
bacteria isolates were identified using time-of-flight mass spectrometry. Antibiotic resistance of isolates belonging to the species Listeria monocytogenes was determined
by the disk diffusion method. The values of the growth retardation zones were interpreted according to the Russian recommendations “Determination of the sensitivity
of microorganisms to antimicrobial drugs” (IACMAC, version 2025-01). Listeria serological groups were identified using real-time polymerase chain reaction (qPCR)
with primers manufactured by Syntol (Russia).

Results. The article presents the results of antibiotic resistance testing of 77 Listeria monocytogenes isolates detected in animal products in 2021-2024, as well
as their differentiation by serogroups. Listeria monocytogenes was most frequently detected in poultry products. The detected isolates showed maximum resistance
to cefuroxime, sulfamethoxazole/trimethoprim, norfloxacin, rifampicin, levofloxacin, and kanamycin. Moreover, most isolates exhibited resistance to more than one
antimicrobial medicinal product. The study established the belonging of the Listeria monocytogenes isolates to the following serogroups: lla (serotypes 1/2a, 3a) —
92.2%; llc (serotypes 1/2¢, 3¢) — 5.2%; IVb (serotypes 4b, 4d, 4e) — 2.6%.

Conclusion. The spread of resistance, including multidrug resistance, among Listeria monocytogenes isolates detected in animal products in 2021-2024 was
demonstrated. The study identified the presence of listeria belonging to group IVb (serotypes 4b, 4d, 4e). However, the dominant part of Listeria monocytogenes
isolates was classified as group lla (serotypes 1/2a, 3a).

Keywords: Listeria monocytogenes, antibiotic resistance, serotype, antimicrobial susceptibility, real-time polymerase chain reaction
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WneHTMdUMKaLma cepoTUnoB 1 aHaNK3 aHTUOMOTUKOPE3UCTEHTHOCTH
U30M1ATOB Listeria monocytogenes, BblAeNeHHbIX U3 NpoaYyKLUK
KMBOTHOTO NponcxoxaeHna 3a nepuod ¢ 2021 no 2024 r.

0.A. Akynuy, H. b. lapapoga, I. C. leHncoBa
OIBY «DeaepanbHblii LieHTp 0XpaHbl 380p0BbA XUBOTHBIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. l0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

Bsepenue. Listeria monocytogenes — natoreHHbIii MUKPOOPraHu3M, Bbi3bBatoLLMii 60bLLOE KONMYECTBO NeTaNbHbIX MCXOA0B BCNIEACTBYE NOTPe6AEHNA KOHTAMUHU-
POBaHHOIA NPOAYKLMY XKUBOTHOTO MPONCXOXAEHNA. ITUM 06YCNIOBEH aKTYaNbHOCTb MOHUTOPUHIA PACNPOCTPaHeHNA BO3OYAUTENA NMCTEPI03a B CbIpbe, NPOAYKLMN
KMBOTHOrO MPONCXOXAEHMA U 06beKTax OKPyXKaloLLieit CPefibl, a TaKke aHTUONOTUKOPE3UCTEHTHOCTI U30NATOB.

Lienb nccneposanua. neHTndukavna cepoTnos v aHanu3 aHTUOMOTMKOPE3UCTEHTHOCTY U30NATOB Listeria monocytogenes, BbIAENEHHbIX 113 NPOAYKLUN XKUBOTHOTO
nponcxoxaeHna 3a nepuog ¢ 2021 no 2024 r.

Matepuanbl n metoppl. Pa6ota bbina BbINoNHeHa Ha 6ase oTAena MUKpoOMONOrMyeckux MccneoBaHuin Bnagummpckoil ncnbitatenbHoli nabopatopum
OIBY «BHUN3X». U3onatbl 6akTepuii popa Listeria naeHTMGULMPOBaNU C MCMONb30BaHMEM METOAA BPeMANPONETHOIA Macc-cnekTpomeTpun. Onpesenenue aHTubumo-
TUKOPE3UCTEHTHOCTY U30NATOB, OTHOCALLMXCA K BURY Listeria monocytogenes, npoBoAunu AMCKo-AndYy3uoHHbIM METOA0M. 3HaUEHNA 30H 3aePXKKH PocTa UHTep-
MPETMPOBANY COTNIACHO POCCMACKUM peKomeHAaumam «OnpeaeneHine YyBCTBUTENbHOCTY MUKPOOPTaHN3MOB K aHTUMIKPOGHbIM npenapatam» (MAKMAX, Bepcua
2025-01). Ceponoruyeckue rpynnbl AUCTEPHi 6TV MAEHTUGULMPOBAHDI C MCMONb30BAHNEM MET0/1a NONMMEPA3HOI LIENHOIA PeaKLMK B peXxuMe PeanbHoro BpemeHi
¢ npuMeHeHnem npaiimepos npou3soactBa HIK «Cunton» (Poccus).
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Pe3ynbratbl. B (tatbe npeacTaBneHbl peynbratbl UCCNEA0BaHWI aHTUOMOTUKOPE3NCTEHTHOCTY 77 U30NATOB Listeria monocytogenes, BbIABNEHHbIX B NPOAYKLMM
UBOTHOTO NpoUCXoxAeHna B 2021-2024 rr., a Takxe ux AnddepeHuumanmum no ceporpynnam. Yaie Beero Listeria monocytogenes onpefensny B npoayKLumM 3 Maca
MTULbI. BbiABNEHHbIE M30MATHI UMENN MAKCUManbHYH Pe3UCTEHTHOCTb K LiedypoKCUMY, CynbhameToKca3ony/TpUMETONpIUMY, HOPGAOKCALMHY, pudamnuLnHy, neBo-
noKcaLHy 1 KaHamuLyHy. Mpy 3Tom 60NbLIMHCTBO U30AATOB NPOABMAO YCTORYNBOCTL Bonee Yem K 0AHOMY aHTUMUKPOOHOMY npenapary. B pamkax uccnesoBaHusa
yCTaHOBMeHa NPUHAANEXHOCTb U30NATOB Listeria monocytogenes k cnepyiowwum ceporpynnam: lla (cepotunbi 1/2a, 3a) — 92,2%; Iic (cepotunbt 1/2¢, 3¢) — 5,2%;
IVb (cepotunbl 4b, 4d, 4e) — 2,6%.

3akntouenue. lokazaHo pacnpocTpaHeHwe yCToIuMBOCTH, B TOM YCTIE MHOXECTBEHHOI, Cpefu U30nAToB Listeria monocytogenes, BbiABNEHHbIX B NPOAYKLMN UBOT-
Horo nponcxoxzaeHua B 2021-2024 rr. B pesynbrate npoeeHHOro MccnefoBaxuA 6bino onpeaeneHo NpucyTcTie nuCTepuii, oTHocALwxca K rpynne IVb (cepotunbl
4b, 4d, 4e). OpHaKo AOMUHUPYIOLLAA YaCTb U30NATOB PoAa Listeria monocytogenes 6bina knaccupuumpoBaxa Kak rpynna lla (cepotunsi 1/2a, 3a).

KnioueBbie cnoBa: Listeria monocytogenes, aHTVI6VIOTI/IKOpe3MCT€HTHOCTb, cepotun, YyBCTBUTENbHOCTD K aHTMMMKpOﬁHbIM npenapatam, nonmepasHas LienHaA
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INTRODUCTION

Listeria monocytogenes is a gram-positive motile
facultative anaerobic rod that does not form spores or cap-
sules and causes listeriosis, a life-threatening disease man-
ifesting, other things, as central nervous system damage
and meningoencephalitis. Children, including newborns,
pregnant women (leading to fetal death), and the elderly
are at high risk. In healthy individuals, L. monocytogenes
causes mild symptoms, but listeriosis poses a serious threat
to immunocompromised individuals and those with chron-
ic diseases, as it can lead to sepsis and other complica-
tions [1, 2, 3, 4].

This microorganism is widespread in terrestrial and
aquatic ecosystems, being transmitted to animals and hu-
mans both directly and indirectly through the consumption
of contaminated food or water. L. monocytogenes infection
mainly characterized by foodborne transmission, and
according to the World Health Organization, listeriosis
is one of the most serious and severe foodborne diseases,
with the highest case fatality rates in foodborne infections
(over 20%) [5, 6, 7].

L. monocytogenes bacteria can adapt to various
conditions: they can survive at temperatures below 7 °C.
They are resistant to low pH values and high salt
concentrations. Furthermore, Listeria can form biofilms, that
allow them not only to persist in food production environ-
ments, but also to accumulate, even if their initial concen-
tration was low. Animal products with a high risk of L. mono-
cytogenes contamination include meat preparations and
ready-to-eat meat products, including vacuum-packed
products, dairy products, including soft cheeses, and cold-
smoked fish products. Chilled ready-to-eat foods pose
a particular risk [8, 9, 101.

The disease is reported in more than 65 countries on all
continents. The number of recorded cases per year is 0.1-
10.0 per 1 million people, depending on the country [9, 11].

In the European Union and European Economic Area (EU/
EEA) countries, 2,993 confirmed cases were reported in 2023

(0.67 cases per 100,000 population), the highest annual rate
since 2007. Incidence peaks during the summer months,
with the number of cases increasing annually, showing
a statistically significant rise and upward trend [12, 13].

Analysis of listeriosis epidemiology demonstrates that
most sporadic cases and all major epidemic outbreaks are
associated with pathogen isolates belonging to the first
two phylogenetic lineages, designated | and II. In total, four
phylogenetic lineages are distinguished within the species
L. monocytogenes, differing in genetic and phenotypic
characteristics.

Traditionally, five serogroups are distinguished: | (sero-
types 1/2a and 3a; with 3ararely detected in clinical cases);
Il (serotypes 1/2b, 3b and 7); lll (serotypes 1/2¢, 3¢; with 3¢
being an extremely rare form); IV (serotypes 4b, 4d and 4e;
with 4e playing a minor role in disease development); V (se-
rotypes 4ab, 4a, 4c, which are practically not associated
with clinical cases).

Listeria serotypes, classified based on variations in soma-
tic (O) and flagellar (H) antigens, show significant differen-
ces in their epidemic potential and pathogenicity. These
differences are due to the heterogeneity of antigenic struc-
ture, allowing serotypes to adapt to different environmen-
tal conditions and interact with the host’s immune sys-
tem [3, 5, 6,14, 15].

Based on molecular typing, L. monocytogenes is divided
into the following serogroups: lla (serotypes 1/2a and 3a),
lIb (serotypes 1/2b, 3b), lic (serotypes 1/2c, 3c and 7), and
IVb (serotypes 4b, 4d and 4e) [12, 16].

Human listeriosis is most commonly caused by sero-
types 1/2a, 1/2b, and 4b, which account for over 90% of
detected isolates. Serotype 4b is associated with most ma-
jor listeriosis outbreaks, making it one of the most danger-
ous. Meanwhile, the vast majority of isolates belonging to
serotypes 1/2 are widely distributed in food products and
ecological niches where Listeria spp. are found. In particular,
serotype 1/2a is most often detected in food prod-
ucts [6, 17,18, 19].
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Table
Primers for the molecular identification and differentiation of L. monocytogenes
isolates by serogroups

In the Russian Federation, the number of listeriosis cases
and the percentage of fatalities are also increasing annually
(an increase in severe and moderate forms of the disease
is noted), despite the fact that listeriosis is generally repor-

ted as sporadic cases [2, 10]. Sequence (5'-3")

Thus, according to the official reports of the Federal ORFO799F 5 GCTGGGTTTCTTACGA-3
Service for the Oversight of Consumer Protection and Wel- ; ;
fare, in 2021, the incidence of listeriosis in the Russian Fed- 4b,4d, 4e | ORFO799R 5'-CAACCGTTCATTTAGCTCAT-3
eration was 45 cases'; in 2022 - 81 cases, including ORF0799P FAM-TCTGCTGTTCAGTTATTGGAGTGGGA-BHQ1
14 fatalities% in 2023 — 100 cases, including 18 fatalities®; in - -
2024 - 208 cases, 49 of which were fatal®. The majority Lmo0737F 5'-G(GGATGTGATTGATTTAC-3
of cases are reported annually in large cities, Moscow and 1/2;' 13/2(, Lmo0737R 5" AAACTGCACTAACTCTTGAAT-3'
Saint Petersburg, with no pronounced seasonal fluctua- 3, 3¢
tions of the disease established [1]. Lmo0737P ROX -TGCTCCAGGATCAAGACACGGTA-BHQ2
The high mortality rate of listeriosis requires prompt Lmo1118F 5" (TTAGTATTCCAGGATTTAAGACC-3’
treatment, specifically the use of antibiotics. Regarding - -
antimicrobial susceptibility, L. monocytogenes, despite its 1/2¢3¢ | LmolT18R 5'-(CAARGAACCAAATTGATCGAATC-3
widespread distribution in the environment, generally ex- Lmo1118P FAM-CCTTTATCTTCTCCTGAGTGTATACGCCTC-RTQ1
hibits relatively low resistance rates. However, recent stu-
dies have shown the acquisition of antibiotic resistance
in Listeria strains, including those isolated from food
products 3, 16, 20, 21, 22). MATERIALS AND METHODS

At the same time, antibiotic resistance is currently con-
sidered one of the main threats to global health, to combat
which the World Health Organization, the Food and Agri-
culture Organization of the United Nations, the United
Nations Environment Programme, and the World Organi-
sation for Animal Health have united under the “One
Health” concept [23, 24, 25].

To combat antimicrobial resistance in the Russian Fed-
eration, the “Strategy for Preventing the Spread of Antimi-
crobial Resistance in the Russian Federation for the Period
up to 2030" was approved in 2017. Furthermore, in 2024,
an”“Action Plan for 2025-2030"¢ for the implementation of
this strategy was approved, determining legal regulation,
public awareness, systematic monitoring, and more.

Thus, the relevance of this study stems from the impor-
tance of monitoring the spread of L. monocytogenes
by testing food products to trace the epidemiological path-
ways of the pathogen, including resistant ones, prevent
its transmission to humans, and occurrence of listeriosis
outbreaks.

The novelty of the work lies in the results of tested sam-
ples of livestock products obtained from three regions of
Central Russia (Vladimir, Kostroma, and Ivanovo Oblasts),
with subsequent isolation of L. monocytogenes isolates,
typing using qPCR, determination of antibiotic resistance,
and evaluation of trends in antibiotic resistance.

The objective of the work is to identify serotypes and
analyze the antibiotic resistance of L. monocytogenes iso-
lates recovered from animal products between 2021
and 2024.

" https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT _
ID=21796 (in Russ.)

2 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_
ID=25076 (in Russ.)

3 https://www.rospotrebnadzor.ru/documents/details.php?ELEMENT_
ID=27779 (in Russ.)

“ https://www.rospotrebnadzor.ru/documents/details.php? ELEMENT _
ID=30171 (in Russ.)

® http://static.government.ru/media/files/onJ3GY30bDGqLDvrED7AhpLF
3ywRRFpp.pdf (in Russ.)

¢ https://www.garant.ru/products/ipo/prime/doc/409448585/?ysclid=mh
ymceuaxf332408554 (in Russ.)
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The testing was conducted in the Microbiological Test-
ing of the Vladimir Testing Laboratory of the Federal Centre
for Animal Health. A total of 77 L. monocytogenes isolates,
recovered from animal products during 2021-2024, were
used in this testing.

Reagents and nutrient media: Fraser broth for primary
enrichment (Merck KGaA, Germany), Fraser broth for sec-
ondary enrichment (Merck KGaA, Germany), Ottaviani — Ago-
sti agar (ALOA; Merck KGaA, Germany), Oxford agar (Merck
KGaA, Germany), tryptone soya agar (TSA; State Research
Centre for Applied Microbiology and Biotechnology, Russia),
and Mueller - Hinton agar (MHA; State Research Centre for
Applied Microbiology and Biotechnology, Russia).

Microbiological testing was performed according to
GOST 32031-2022 “Food products. Methods for detection
of Listeria monocytogenes and other species of Liste-
ria (Listeria spp.)"”.

A 25 g test sample of the product was placed into a ster-
ile bag containing 225 mL of Fraser broth for primary en-
richment, homogenized for 1 min, and incubated at
(30 £ 1) °C for (25 + 1) hours. After primary enrichment,
0.1 mL of the culture was transferred into 10 mL of Fraser
broth and incubated at (37 £ 1) °C for (24 + 2) hours.

Following incubation, samples subcultured using a bac-
teriological loop onto the surface of two solid selective
media (ALOA and Oxford agar) and cultured at (37 £ 1) °C
for 48-24 hours, monitoring for the presence of colonies
characteristic of Listeria spp.

Colonies exhibiting growth characteristic of Listeria spp.
were subcultured onto the surface of tryptone soya agar
with yeast extract to obtain isolated colonies and incubated
at (37 £ 1) °Cfor (24 £ 3) hours.

Simultaneously, rapid identification of the isolated
microorganisms was performed using time-of-flight mass
spectrometry (Autof MS1000, Autobio Diagnostics Co., Ltd,
China), as well as by determining culture motility, Gram
stain, and catalase activity.

Determination of antibiotic resistance. Antimicrobial
susceptibility testing of L. monocytogenes isolates was

7 https://docs.cntd.ru/document/1200193714?ysclid=mhyosx40
nk732110910 (in Russ.)
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3% B Poultry and poultry meat preparations

BFish and fish products
@ Rabbits and rabbit meat preparations
OPork and pork preparations, pork fat, skin

21% v
B Beef and beef preparations

Fig. 1. Distribution frequency of L. monocytogenes isolates
detected in animal product samples in 2021-2024

performed using the disk diffusion method according to the
methodological guidelines MUK 4.2.1890-04 “Determina-
tion of the Sensitivity of Microorganisms to Antimicrobials”.

The following antibiotics (paper disks manufactured by
the Saint-Petersburg Pasteur Institute, Russia) were used:
azithromycin (15 pg), amikacin (30 pg), amoxicillin (20 pg),
ampicillin/sulbactam (10 pg), benzylpenicillin (10 IU/6 ug),
vancomycin (30 ug), doxycycline (30 pg), imipenem (10 pg),
kanamycin (30 pug), levofloxacin (5 pug), meropenem (10 pug),
norfloxacin (10 pg), rifampicin (5 pg), sulfamethoxazole/
trimethoprim (23.75/1.25 pg), streptomycin (10 pg), tetra-
cycline (30 pg), chloramphenicol (30 pg), cefazolin (30 ug),
cefuroxime (30 ug), and erythromycin (15 ug).

The choice of antibacterial agents was driven by the fact
that penicillins (ampicillin, benzylpenicillin, penicillin,
amoxicillin) are often used in combination with aminogly-
cosides (gentamicin, streptomycin) in therapy of animals,
as well as in the treatment of listeriosis in humans. Alterna-
tive antibiotics (second-line treatment agents) may include:
sulfamethoxazole/trimethoprim, macrolides (erythromy-
cin), fluoroquinolones (levofloxacin), tetracyclines (tetracy-
cline, doxycycline), carbapenems (meropenem, imipenem),
rifampicin, and vancomycin. Thus, detection of resistance
to these agents may limit treatment options, particularly
for patients with allergic reactions to certain antimicrobi-
als [5, 16, 21, 22, 26].

For antibiotic susceptibility testing, a bacterial suspen-
sion with an optical density of 0.5 McFarland standard was
prepared from a 24-hour culture of L. monocytogenes iso-
lates grown on MHA.

The density of the suspension was measured using
a densitometer (VITEK® bioMérieux model Densichek,
France). Subsequently, it was inoculated onto sterile Petri
plates (on dried surface of tryptone soya agar) with a ster-
ile cotton swab by streaking with no gaps. After applying
antibiotic disks (4 disks per Petri plate), the plates were
incubated at 37 °Cfor (18 £ 2) hours. The growth retardation
zones of microorganisms around the discs were measured
with an accuracy of 1 mm.

Results were interpreted using the Russian guidelines
“Determination of the Sensitivity of Microorganisms to
Antimicrobials” (IACMAC, version 2025-01), prepared based
on the recommendations of the European Committee
on Antimicrobial Susceptibility Testing (EUCAST) [27, 28].

Since EUCAST recommendations do not provide criteria
for interpretation of L. monocytogenes antibiotic resistance
for the entire list of antimicrobials used in this work, the
zone diameter breakpoints for most antibiotics were based
on data for Staphylococcus spp. For the analysis of Listeria

8 https://docs.cntd.ru/document/1200038583?ysclid=mhypc
um520443253115 (in Russ.)

Erythromycin 15 pg 68 9
Cefuroxime 30 pg () 77
Cefazolin 30 pg 74 om3
Chloramphenicol 30 pg 7/l | 6
Tetracycline 30 pg 74 om3
Streptomycin 10 pg 75 012
£ Sulfamethoxazole/trimethoprim 23.75/1.25 g ¥570) 72
= Rifampicin 5 ug. 80 69
S Norfloxacin 10 pg 80 69
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OSusceptible Olntermediate B Resistant
Fig. 2. Antibiotic resistance of L. monocytogenes isolates detected
in animal products in 2021-2024
susceptibility to vancomycin and streptomycin, values
for Enterococcus spp. were used [5, 16, 29, 30].
Real-time PCR (qPCR). For DNA extraction, the “RIBO-
prep” reagent kit (Central Research Institute of Epidemio-
logy of Rospotrebnadzor, Russia) was used according to
the manufacturer’s instruction.
Serological groups of L. monocytogenes were identified
according to the methodological recommendations for the
differentiation of bacterial genome regions of serogroups
(1/2a,3a),(1/2¢, 3¢c), and (4b, 4d, 4e) in animal products using
qPCR, developed at the Federal Centre for Animal Health.
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Fig. 3. L. monocytogenes isolates with multidrug resistance detected
in samples of animal products in 2021-2024
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Fig. 4. Resistance of L. monocytogenes isolates to fluoroquinolones
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Serogroup lla (serotypes 1/2a and 3a) was identified by
amplification of the Imo0737 gene fragment; the Imo0737
and Imo1118 genes allowed identification of serogroup lic
(serotypes 1/2¢, 3¢); serogroup Vb (serotypes 4b, 4d, and
4e) was determined by amplification of the ORF0799 gene.
Primers were manufactured by order of Syntol (Russia).

The following strains were used as positive controls:

— serotype 1/2a - DNA of L. monocytogenes No. 15 (Federal
Research Center for Virology and Microbiology, Russia);

- serotype 1/2c - DNA of L. monocytogenes 5348 No. 20
(Federal Research Center for Virology and Microbiology);

— serotype 3a — DNA of L. monocytogenes No. 39 (Federal
Research Center for Virology and Microbiology);

— serotype 3c - DNA of L. monocytogenes No. 46 (Federal
Research Center for Virology and Microbiology);

- serotype 4b - DNA of L. monocytogenes ATCC 19115
(State Research Center for Applied Microbiology and
Biotechnology, Russia);

- serotype 4d — DNA of L. monocytogenes 10888 No. 72
(Federal Research Center for Virology and Microbiology);

- serotype 4e — DNA of L. monocytogenes 19118 No. 75
(Federal Research Center for Virology and Microbiology).

The nucleotide sequences of primers and probes for
differentiating genomic regions of L. monocytogenes sero-
groups (1/2a, 3a), (1/2¢, 3¢), and (4b, 4d, 4e) are presented
in the Table [14, 19].

When preparing the reaction mixture, the following volu-
mes of components per sample were used: 10x PCR buffer
B- 2.5 pL; dNTP 2.5 mM - 2.5 pL; MgCl, 25 mM - 2.5 pL;
a mixture of primers and a probe (10 pmol/pL each) - 0.5 pL
each; SynTaq DNA polymerase 5 U/uL -0.2 uL;ddH,0 - 11.8 uL
(a set of reagents for gPCR manufactured by Syntol, Russia).

The gPCR was performed in a thermal cycler (CFX mod-
ule, C1000 Touch, Bio-Rad Laboratories, Inc., USA) in a vol-
ume of 25 pL containing 20 pL of a mixture and 5 pL of
L. monocytogenes DNA isolates.

The mixture preparation protocol included heating of
the reaction mixture at 94 °C for 3 minutes, 40 cycles with
denaturation at 94 °C for 20 seconds, annealing at 58 °C for
30 seconds and elongation at 72 °C for 25 seconds, and
then completion of the reaction at 72 °C for 10 minutes.

Statistical processing of the research results was per-
formed using the Microsoft Excel program.

RESULTS AND DISCUSSION

During testing of samples of animal products from 2021
to 2024, a total of 77 isolates of L. monocytogenes were
detected (12 isolates in 2021, 22 isolates in 2022, 22 isolates
in 2023, 21 isolates in 2024).

Figure 1 presents a graphical interpretation of the dis-
tribution frequency of L. monocytogenes isolates detected
in animal products. The pathogen was most frequently
found in poultry meat, with 48 Listeria isolates, accounting
for a significant proportion (62%) of the total detected iso-
lates. Fish and fish products, as well as beef and meat prepa-
rations derived from it, also represented a significant source
of L. monocytogenes contamination (16 isolates — 21% and
10 isolates — 13%, respectively).

Data from the European Food Safety Authority (EFSA)
indicate that outbreaks of foodborne infections caused
by L. monocytogenes in Europe were mainly attributed
to contamination of food products from these same cate-
gories: broiler meat, beef, pork, and products thereof; fish
and fishery products; and cheeses [7].
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Fig. 6. Determination of L. monocytogenes serotypes in animal product

samples by gPCR

As part of this work, evaluation of the resistance
of L. monocytogenes isolates to 20 antimicrobial agents was
conducted. The results are presented in Figure 2.

The research demonstrated a high level of resistance
in L. monocytogenes isolates to several antibacterials. Thus,
the maximum frequency of resistance was observed
to cefuroxime (100.0%), sulfamethoxazole/trimetho-
prim (93.5%), norfloxacin (89.6%), rifampicin (89.6%), levo-
floxacin (83.1%), kanamycin (41.6%). Concurrently,
all L. monocytogenes isolates were susceptible to ampicillin/
sulbactam, benzylpenicillin, azithromycin, amikacin, van-
comycin, and meropenem.

The data obtained correlate with findings of other aut-
hors that show the susceptibility of L. monocytogenes
isolates to ampicillin, benzylpenicillin, vancomycin and
resistance to rifampicin, sulfamethoxazole/trimethoprim,
kanamycin, norfloxacin and erythromycin [4, 5, 22, 31]. Fur-
thermore, the Federal Service for Surveillance on Consumer
Rights Protection and Human Wellbeing, in its official re-
port for 2024, provided information on the resistance
of L. monocytogenes strains isolated from food products
to sulfamethoxazole/trimethoprim?®.

These and other results presented by individual authors
emphasize the importance of monitoring the susceptibility

¢ https://www.garant.ru/products/ipo/prime/doc/409448585/?ysclid=mh
ymceuaxf332408554 (in Russ.)
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of L. monocytogenes due to the increasing resistance to
a number of antimicrobials, including tetracycline and
erythromycin [3]. In our work, 3.9% of isolates were found
to be resistant to tetracycline, and 11.7% to erythromycin.

Additionally, several researchers note the diversity of ge-
netic profiles of L. monocytogenes, which leads to variability
in antimicrobial susceptibility [16].

In the current tests, it was found that 98.7% of L. mono-
cytogenes isolates were resistant to more than one antibi-
otic. No isolates resistant to all tested antimicrobials
were detected.

Results from other authors not only confirm the fact of
resistance of L. monocytogenes isolated from food products
to at least one antibiotic, but also demonstrate an increase
in the number of strains with multidrug resistance, posing
a serious challenge for modern medicine [5, 16, 32].

Furthermore, as shown in Figure 3, resistance to five
antimicrobials was identified in 30 isolates (38.9%), to six
in 18 isolates (23.4%), and to four in 12 isolates (15.6%).

Also, as part of the work, 2 L. monocytogenes isolates
resistant to eight antibiotics (2.6%) and 12 isolates resistant
to seven antibiotics (15.6%) were identified.

Nearly half of the isolated L. monocytogenes strains
(46.8%) were resistant to three classes of antibiotics
(cephalosporins, sulfonamides, fluoroquinolones) and
rifampicin. Isolates with multidrug resistance were most
frequently detected in poultry meat products.

The emergence of strains resistant to fluoroquinolones
was first reported in the early 1990s; however, multidrug
resistance in L. monocytogenes was rare until the mid-
2000s [5].

Figure 4 demonstrates the increase in the number
of L. monocytogenes isolates resistant to certain antimicro-
bials within a single class (fluoroquinolones) during the
period from 2021 to 2024. Specifically, in 2024, isolate resis-
tance to levofloxacin (a third-generation fluoroquinolone)
increased by 11.9% compared to 2021. Similar results were
observed for norfloxacin (a second-generation fluoro-
quinolone), with a 20.2% increase in resistance over the
four-year period. Similar results were observed for norflox-
acin (a second-generation fluoroquinolone), with a 20.2%
increase in resistance over the four-year period.

Resistance to kanamycin (a first-generation amino-
glycoside) increased by 5.9% between 2021 and 2024.
A high level (ranging from 81.8% to 100.0%) of resistance
to sulfamethoxazole/trimethoprim and rifampicin was
noted (Fig. 5).

In the next stage of our work, the serological groups
of L. monocytogenes were identified. According to findings
from other authors, a significant proportion of Listeria iso-
lates detected in products belong to serogroup lla, partic-
ularly serotype 1/2a, which demonstrates higher adaptabil-
ity and resistance to disinfectants or other environmental
factors [3, 6, 16, 32, 33]. However, according to data from
the European Centre for Disease Prevention and Control
(ECDC European Surveillance System, TESSy) report,
in 2023, the most prevalent serogroup was Vb (47.8%),
followed by lla (41.7%), lIb (9.0%), and lic (1.6%) [12].

Determining Listeria serotypes using traditional sero-
logical methods is time-consuming, lacks specificity, and
is not widespread in the Russian Federation due to the
absence of specific sera. Several authors recommend using
gPCR for determining L. monocytogenes serogroups [15, 171.

In our work, using gPCR with three pairs of primers for
the serological identification of 77 L. monocytogenes iso-

lates, it was determined that 71 isolates (92.2%) belonged
to serotypes 1/2a, 3a and were assigned to serogroup lla;
4 isolates (5.2%) belonged to serotypes 1/2¢c, 3c and
serogroup llc; and 2 isolates (2.6%) belonged to serotypes
4b, 4d, 4e and serogroup IVb (Fig. 6). An isolate of the most
dangerous serotype, L. monocytogenes 4b, was detected
in poultry meat, which may pose a potential epidemio-
logical hazard.

CONCLUSION

In this work, 77 L. monocytogenes isolates were identi-
fied, and it was found that poultry meat was the main
source of Listeria contamination, accounting for 62% of the
total isolates detected.

Data were obtained indicating increasing resistance
in Listeria isolates, including multidrug resistance.

The L. monocytogenes isolates exhibited the highest
resistance rates to cefuroxime (100.0%), sulfamethoxazole/
trimethoprim (93.5%), norfloxacin (89.6%), rifampi-
cin (89.6%), levofloxacin (83.1%), and kanamycin (41.6%).
At the same time, all isolates were susceptible to azithro-
mycin, amikacin, ampicillin/sulbactam, benzylpenicillin,
vancomycin, and meropenem.

The vast majority of L. monocytogenes isolates (98.7%)
demonstrated resistance to more than one antibiotic. Thus,
resistance to five antimicrobials was observed in 30 isolates
(38.9%), tosixin 18 isolates (23.4%), and to fourin 12 isolates
(15.6%). Additionally, 2 isolates (2.6%) were found to be
resistant to eight antibiotics, and 12 isolates (15.6%) to se-
ven antibacterials.

Analysis of the data obtained from 2021 to 2024 revea-
led an increase in resistance in L. monocytogenes isolates
to medicines from the fluoroquinolone group: resistance
to norfloxacin (second-generation fluoroquinolone) incre-
ased by 20.2%, and to levofloxacin (third-generation fluo-
roquinolone) by 11.9%. During the same period, an increase
in resistance to kanamycin by 5.9% was also observed.
Resistance to sulfamethoxazole/trimethoprim and rifam-
picin remained at levels between 81.8 and 100.0%.

Using qPCR, it was determined that 92.2% of the studied
L. monocytogenes isolates belong to serogroup (1/2a, 3a).
Isolates belonging to serogroup Vb, which includes the
most epidemiologically dangerous Listeria serotype 4b,
were detected in poultry meat.
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Antibacterial therapy in dairy herds and

the approach of veterinarians towards the issue
of antimicrobial resistance in Nizhny Novgorod Oblast

Tatiana V. Ovsyukhno, Olga A. Burova, Ivan V. Yashin, Ekaterina A. Shirokova, Tatiana N. Demidova, Andrey A. Blokhin
Federal Research Center for Virology and Microbiology; Nizhny Novgorod Research Veterinary Institute — Branch of Federal Research Center
for Virology and Microbiology, ul. Veterinarnaya, 3, Nizhny Novgorod 603950, Russia

ABSTRACT

Introduction. A rational approach adopted by veterinary specialists to the selection of antibiotics is essential for successful treatment of infectious animal diseases,
inter alia reducing the risk of developing antimicrobial resistance. Understanding the position of veterinarians regarding antimicrobial resistance and information
about the extent of their knowledge on this issue are necessary for revising plans for the optimal use of antimicrobials in the field of animal husbandry.
Objective. The objective of the work was to determine the main reasons and the soundness of the use of antibacterials in dairy farming, as well as to assess
the awareness of the issue of antimicrobial resistance and ways to overcome it.

Materials and methods. Rational use of antibiotics was assessed by surveying veterinarians from 44 dairy farms located in 12 raions and municipalities of Nizhny
Novgorod Oblast, followed by statistical processing of the obtained data.

Results. It was found that 90.0% of the surveyed farm veterinarians kept an animal treatment log with records of antibiotic treatments, while 10.0% did not
always record antibiotic prescriptions in the log. Of them, 63.0% use antibacterials to protect animals from diseases, 21.0% — to increase livestock profitability,
and 16.0% — to prevent diseases. Most often, antibacterials were prescribed for treating diseases of the respiratory system (21.4%), the mammary gland (19.0%), and
the reproductive organs (22.1%). More than half of the respondents stated that they do not use antibiotics for animal disease prevention, 17.3% use antimicrobials
for preventing mammary gland diseases (mainly during the dry period), and 9.6% for preventing diseases of female reproductive organs after calving. Meanwhile,
50.0% of respondents do not aim to reduce their use of antibiotics. This creates high risks of the emergence of antibiotic-resistant strains of microorganisms and
their spread through the food chain. The majority of veterinarians (68.0%) noted that the monitoring of residual concentrations of antibiotics in milk is a limiting
factor for the widespread use of antibiotics in dairy cattle.

Conclusion. Despite the absence of a comprehensive program to reduce antibiotic use, the surveyed specialists acknowledge the existence of a mechanism that
limits the spread of antimicrobial resistance. The only condition for curbing antibiotic use is the control of their content in raw milk, which dictates the need for
further regulation in this area, as well as the optimization and prudent use of antibiotics.
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AHTMOAKTEpUanbHas Tepanus B MOOYHbIX CTafaX
1 OTHOLLIEHWE BeTepUHAPHBIX Bpayeil K npobneme
aHTNOUMOTUKOPE3NCTEHTHOCTU B Hukeropoackoil 06nactu

T. B. 0BcioxHo, 0. A. byposa, W. B. flmn, E. A. Linpokosa, T. H. lemupoBa, A. A. bnoxun
OBHY «DeaepanbHblit MccnefoBaTenbCkuil LEHTP BUpYconorun  mukpobuonoruu» (OTBHY OULIBUM); Huxeropoackuii HayuHo-UccnefoBaTenbekuii
BeTepuHapHblit HCTUTYT — dunian OTBHY OULBUM (HHUBW — dunuan OFBHY OULIBUM), yn. BeTepunapHas, 3, r. HuxHuii Hosropog, 603950, Poccua

PE3IOME

BBepeHue. PauyoHanbHblii NOAX0 BETEPUHAPHBIX CNELMANUCTOB K BbIGOPY aHTUOUOTUKA ABNAETCA OAHUM U3 YCTIOBMUIA YCMELUHOTO NEYEHMA UHOEKLIMOHHBIX
6one3Heii XMBOTHBIX, B TOM UNCe CHIKAET PUCK GOPMIPOBAHISA aHTUOMOTUKOPE3NCTEHTHOCTH. [IoHUMaHIe NO3ULMY BETEPUHAPHBIX BPaueil OTHOCUTENBHO
AHTUMIKPOGHOIi PE3UCTEHTHOCTY 1 MHdOPMALKA 06 06bEME UX 3HAHWIA N0 AaHHOI Teme HeobXOAMMbI AA NePeCcMOTPa MIIaHOB NO ONTUMAJIbHOMY MPUMEHEHMI0
NpOTUBOMUKPOGHDIX NPenapaToB B 061acTI XMBOTHOBOLCTBA.

Lienb uccnepoBanua. OnpefieneHie 0CHOBHbIX NPUYYH 1 CTeNeHI 060CHOBAHHOCTY NPUMEHEHIA aHTOAKTEPUANbHBIX NPenapaToB B MOIOYHOM XXIBOTHOBOACTBE,
a TaKXKe BblACHeH)e MHGOPMUPOBAHHOCTM BETEPUHAPHBIX BPaueii 0 Npobneme aHTOMOTKOPE3UCTEHTHOCTY U MYTAX ee NPEOAONEHNA.

© OvsyukhnoT.V., Burova 0. A., Yashin I. V., Shirokova E. A., Demidova T. N., Blokhin A. A., 2026
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Marepuanbi u metofbl. OLieHKY paLMOHanbHOCTI NCTOAb30BaHIA AHTUOMOTMKOB NPOBOAWIN METOAOM aHKETUPOBAHMA BETEPUHAPHbIX Bpaueil 44 MONOYHbIX
X03AIICTB, pacnonoxeHHbIX B 12 paiioHax 1 ropoackmx okpyrax Hixeropoackoil 06nacti, ¢ nocnegytoweit cratuctuyeckoii 06paboTkoil NonyYeHHbIX AaHHbIX.
Pe3ynbrartbl. YcTaHoBMEHO, uT0 90,0% OMPOLLEHHBIX BETEPUHAPHDIX Bpaueli X03aiiCTB BeN ambyNaTopHBIi XKypHan ¢ 3anuCbEo 0 NeyeHr aHTubrotukamm, a 10,0%
He BCeraa perucTpupoBay HaHaueHna aHTMOMOTUKOB B XypHane. bonblue nonoBuHbI (63,0%) BeTepuHapoB UCMOMb3YIOT aHTUOAKTepUanbHbIe Npenapatsl AN
o6ecneuexna bnarononyuna xuBoTHbIX, 21,0% — AnA NOBbILLIEHNA PeHTabeNbHOCTY XMBOTHOBOACTBA U 16,0% — Ana npodunakTuky 3a6onesanuii. Yalue Beero
aHTubaKTepuanbHble Npenaparbl Ha3Hauanucb AA neyeHus opraHoB AblxaHua (21,4%), monouHoii xene3bl (19,0%) v penpoayKTUBHbIX OpraHoB (22,1%). Okono
52,0% pecnoHAEeHTOB 33BN, YTO He UCMOMb3YHOT AHTUOUOTIKM ANA NPOPUNAKTUKI 3a60N1eBaHMI KMBOTHBIX, 17,3% — NPUMEHAIOT aHTUMUKPOOHbIe Npenapatb
AnA npodUNakTvK 3abonesanuii MONIOUHON ene3bl (B 0OCHOBHOM B CyXOCTOiiHbIIi nepuog) 1 9,6% — Ana npodunakTuky 3abonesaHuii penpoAyKTUBHbIX 0praHoB
CaMoK nocne oTena, npu 310M 50,0% onpoLLeHHbIX He CTaBAT nepes co6oii 3afauy CoKpaLLeHA NpUMeHeHIA aHT6aKTepUanbHbIX CPEACTB. 3T0 CO34AET BbICOKME
PUCKY NOABNEHINA aHTUOMOTIKOPE3UCTEHTHBIX LUTAMMOB MUKPOOPraHU3MOB M PacpoCTPAHEHUA UX N0 NULLEBOIA Leni. BoNbLUMHCTBO BeTepUHapHbIX Bpaueli
(68,0%) 0TMeTAY, UTO OTPAHMUNBAIOLLNM YCTIOBUEM ANA LIMPOKOTO NPUMEHEHNA aHTUOUOTUKOB ANA MOTIOYHOTO CKOTA ABNAETCA KOHTPOMb MX OCTATOYHOTO COflep-
aHUA B MOJOKE.

3aKnioueHue. HecMoTpaA Ha OTCYTCTBYE KOMMNNEKCHOI MPOrpaMMbl MO COKPALLEHUI0 UCTIONb30BAHNA aHTUOMOTUKOB, OMPOLUEHHbIE CeLManUCTbl NPU3HAIT
CyLLeCTBOBaHME MeXaH|3Ma, OrpaHNyMBAIOLLEro pacnpocTpaHeHue aHTUOUOTUKOPE3UCTEHTHOCTY. EAMHCTBEHHBIM YCNIOBUEM CAEPXKMBAHUA MCMONb30BAHNA
AHTUOUOTUKOB ABNAETCA KOHTPOIb UX COLEPXKAHNA B CbIPOM MOJIOKe, YTO ANKTYET HeoBXOANMOCTb AanbHeiiLLero perynupoBaHuA B JaHHON chepe, onTumu3aLyn
11 PaLMOHanu3aLnm1 aHTM6UOTMKOTEpanKI.
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INTRODUCTION

Since its discovery, antibacterial substances have been
widely used in medicine and agriculture. Antibiotics are
used in livestock farming for the treatment and prevention
of diseases and like growth promoters. For therapeutic
purposes, antibacterials are typically administered in doses
and courses prescribed by their manufacturers. To stimu-
late growth, they are introduced into the animal’s body
over a long period, and for prevention, they are used in
small doses [1, 2, 3, 4]. More frequent use of antibiotics and
theirimproper prescription exert selective pressure on clin-
ically significant bacteria, which causes the development
of antimicrobial resistance (AMR). This complicates
the treatment of diseases they cause and makes first-line
antimicrobial agents ineffective, leading to the overuse
of second- and third-line antibacterials [4, 5]. Furthermore,
the use of antibiotics leads to their accumulation in animal
products, through which they can enter the human
body [6, 7]. Also, the presence of antibiotics in milk redu-
ces its technological properties, hindering fermentation
by bacterial cultures when producing fermented dairy
products and cheese [8]. Antibiotics can enter aquatic and
terrestrial ecosystems through farm wastewater [9].
The close attention of scientists and practitioners to
the problem of AMR has contributed to the adoption
of documents at the global and national levels aimed at
prudent use of antibiotics. For example, in 2017, the World
Health Organization (WHO) developed a classification
of antibiotics designed to systematize their use for treat-
ment purposes. All antibiotics were divided into three
groups: Access, Watch, and Reserve [10].

In our country, in 2017, the Strategy to Prevent the
Spread of Antimicrobal Resistance in the Russian Federa-
tion to 2030 was approved. It is aimed at preventing and
limiting the spread of microorganism resistance to antimi-
crobials, as well as informing and increasing the knowledge
level of physicians and veterinary specialists on these is-
sues [11]. In addition, Russian national standards do not
permit the presence of antibiotics in milk and cattle
meat [12]. Despite various existing regulatory documents,
residual amounts of antibacterials are sometimes detected
in milk and beef, indicating their uncontrolled use on live-
stock farms.

To understand risks to human and animal health asso-
ciated with the use of antibiotics for therapeutic and pre-
ventive purposes in dairy farming, it is important to deter-
mine conditions and motivations for the use
of antimicrobials on farms. Consequently, global efforts are
currently underway to assess the awareness of the general
public, physicians, and veterinary specialists about antibi-
oticuse and AMR. In 2015, the WHO developed a question-
naire to evaluate public awareness and behavior related to
antibiotic use [13]. Studies using surveys and interviews
among the public, physicians, and veterinarians have been
conducted in several European and Asian countries [14].
Such research is part of the system aimed at monitoring
and evaluating knowledge about AMR.

In Russia, no similar investigations involving surveys
of veterinarians working with food producing animals have
been conducted. Itis necessary to understand the perspec-
tive of veterinarians on AMR and the level of their aware-
ness about the issue in order to revise plans for the prudent
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use of antimicrobials in livestock farming. Therefore, this
study was conducted among veterinarians on livestock
farms to assess their practical and theoretical knowledge
of antibiotic use and the emergence of resistance resulting
from their use.

MATERIALS AND METHODS

Study area. The study was conducted in Nizhny
Novgorod Oblast, an area with developed dairy and beef
cattle, poultry, and pig farming. In total, there are 383 in-
dustrial livestock farms in the region, including 345 dairy
farms with a total population of 243,400 cattle, of which
104,300 are cows (including heifers and beef cows). The
average milk yield per dairy cow is 7,306.0 kg per year, with
a total yield of 536.9 million kg per year. The consump-
tion of milk and dairy products per person is 289.2 kg per
year, and for the entire population of the region, it is
890.7 million kg per year, which is 65.9% more than what
is produced [15].

Questionnaire survey. Researchers from the Nizhny
Novgorod Research Veterinary Institute — Branch of Feder-
al Research Center for Virology and Microbiology de-
veloped aresearch tool (questionnaire) using the
“Yandex Forms” service (https://forms.yandex.
ru/u/6800be6084227c3e18e6892c) to conduct an online
survey and collect information on antibiotic use on live-
stock farms. The authors of this article surveyed 44 veteri-
narians serving dairy farms in 12 raions and municipalities
of Nizhny Novgorod Oblast. Additionally, staff from the Vet-
erinary Committee of Nizhny Novgorod Oblast orally in-
formed veterinarians about the online survey and
the study’s objectives, providing guarantees of complete
anonymity for the responses. No exclusion criteria were
applied to the survey participants.

Questionnaire content. The questionnaire items provided
information on the livestock industry and the number
of animals serviced by a specific veterinarian; the objectives
and motivations for using antibacterials in practice; their
types and pharmacological groups; and the age and sex
structure of the animals for which they are prescribed, as
well as the symptoms and diseases involved. The questions
also covered methods of medicinal product administration,
record-keeping of their use, and assessment of microbial
sensitivity to antibiotics. The final questions aimed to as-
certain the veterinarians’ opinions on the problem of bac-
terial resistance to antibacterials and the possibility of re-
ducing or discontinuing antibiotic use.

Data analysis. Only questionnaires containing answers
to questions with single or multiple response options were
used for subsequent analysis. The analysis of the collected
survey data was performed using free R software (ver-
sion 4.3.1, available at https://www.r-project.org). Data
processing involved methods for analyzing categorical
data, as well as calculating percentage distributions using
the “table” function in combination with the prop.table
function. Statistical significance was estimated based on
the p-value: if it was less than 0.05, this indicated statistical
significance.

RESULTS AND DISCUSSION

The survey found that 90.0% of veterinary specialists
maintain a clinic log, where they record antibiotic treat-
ments, providing verifiable documentation.

Further analysis of the reasons for using antibacterials
(Fig. 1) showed that 63.0% of respondents use antibiotics
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Fig. 1. Factors contributing to use of antibiotics: (A) purpose of use;
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Fig. 2. Use of antibiotics: (A) for treating diseases in organs and systems;
(B) for disease prevention in organs and systems; (C) for prevention purposes
in animal groups. (Multiple responses allowed.)
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to treat sick animals, 21.0% to ensure farm profitability, and
16.0% to prevent diseases. The majority of veterinary
specialists (34.4%) used antibacterials according to a stan-
dard treatment protocol, while 28.6% followed the manu-
facturer’s recommendations specified in the instructions
for use. Additionally, 14.3% of respondents prescribed
medicinal products after consulting reference literature or
the internet and based on an antibiogram. Only 6.0% ac-
ted on the recommendations of colleagues, and a mere
2.4% relied on information from manufacturer (supplier)
advertising.

The survey results established (Fig. 2A) that antibacte-
rials were most frequently used to treat the reproductive
system of female animals (22.1%), the respiratory sys-
tem (21.4%), and the mammary gland (19.0%). Additional-
ly, 11.3% of respondents used these medicinal products for
digestive tract diseases, 10.1% for fever, 9.5% for joint and
muscle conditions (dislocations, abscesses, bursitis), and
4.2% for injuries. A small number of respondents used
antibacterials for treating skin diseases (1.8%) and diseases
of the reproductive system of male animals (0.6%).

A little more than half of the surveyed veterinary special-
ists (51.9%) did not use antibiotics for preventive purposes
(Fig. 2B). When used, they were primarily administered
to prevent diseases of the mammary gland (17.3%) and the
reproductive system of female animals (9.6%), respiratory
and digestive organs (7.7% each), and fever (5.8%).

More than half of the veterinarians in Nizhny Novgorod
Oblast (52.3%) did not prescribe antibacterials to any spe-
cific group of animals for prevention. However, 29.5% of
respondents prescribed them to young stock, 13.6% to
adult animals, and only 4.5% used these medicinal products
for preventive purposes across all age and production
groups (Fig. 2C).

Antibiotics (according to the AWaRe classification) from
the Access group were used by 59.5% of veterinarians
(Fig. 3). Specifically, they used penicillins, penicillins with
B-lactamase inhibitors, ampicillins and amoxicillins, tetra-
cyclines (oxytetracycline, Nitox®, etc.), 1** generation ceph-
alosporins (cephaloridine, cephalothin, cephapirin, cephra-
dine, cefazolin, cefalexin, cefadroxil), aminoglycosides
(streptomycin, gentamicin, kanamycin, neomycin/genta-
micin, tobramycin, netilmicin, sisomicin/amikacin/isepa-
micin), metronidazole, chloramphenicol (Levomekol®),
lincomycin, sulfonamides (streptocide, Ditrim®, Norsul-
fazole, Ethazole, Sulfadimezin, sulfadimethoxine, trimetho-
prim, etc.), nitrofuran medicinal products (furacilin, furazo-
lidone, etc.), and feed antibiotics.

Antibacterials from the Watch group were used by vet-
erinarians in 36.7% of cases. This group was represented
by medicinal products such as 2" generation cephalospo-
rins (cefuroxime, cefaclor, cefamandole, cefotiam, cefsulo-
din, cefoxitin), 3™ generation cephalosporins (cefotaxime,
cefoperazone, ceftriaxone, ceftibuten, ceftazidime, cefix-
ime, cefpodoxime, cefodizime, cefetamet), fluoroquinolones
(ciprofloxacin, norfloxacin, ofloxacin, pefloxacin, lomeflox-
acin, sparfloxacin, levofloxacin, moxifloxacin, gemifloxacin,
gatifloxacin, sitafloxacin, trovafloxacin, delafloxacin, enro-
floxacin: Enroflon®, Enroflox, Enroxil®, Renrovet, Iroflox,
Baytril, Enrofarm, Enrosept, etc.), macrolides (tylosin, Phar-
mazin®, Tylan, Tylanic, Disparcol, Draxxin, Floritil, Endome-
tramag-T®, Spirovim, Pulmotil®, Aquatyl, Aivlosin®, etc.), and
rifamycins (rifampicin, Rifacyclin, Rifapol, etc.).

The use of Reserve group antibiotics was minimal -
3.8%, including 4" generation cephalosporins (cefpirome,
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Watch 36.7

Reserve 3.8
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Fig. 3. Antibacterials of the Access, Watch, and Reserve groups
used for livestock treatment on farms in Nizhny Novgorod Oblast
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Fig. 4. Antibiotic resistance awareness analysis: (A) Have you ever
participated in a survey regarding the prevention of antimicrobial resistance?
(B) Are you aware of the issue of bacterial resistance to antibiotics?

(C) Do you perform laboratory tests to determine the sensitivity of
microorganisms to antibiotics? (D) In which cases do you conduct antibiotic
sensitivity testing (multiple responses allowed)?
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cefepime), 5" generation cephalosporins (ceftobiprole,
ceftaroline, ceftolozane), and polymyxins (polymyx-
in M, polymyxin B).

Most of the surveyed veterinary specialists used anti-
bacterials most frequently during transitional seasons:
46.1% in the spring and 35.2% in the autumn. This is ex-
plained by the fact that this period is one of the most chal-
lenging stages in the production cycle of dairy cattle and
their offspring, as the main problem for cows after calving
is the imbalance between the body’s reserves and the nu-
trient requirements for milk production. The sharp increase
in metabolic rate associated with calving and the onset
of lactation leads to greater susceptibility to stress, which
contributes to the occurrence of various disorders in cows
and even calves.

The problem of AMR is highly relevant; therefore, sev-
eral questionnaire items addressed this topic. 90.9% of
the surveyed veterinary specialists are aware of the issue
of AMR, while 9.1% reported being unaware. Regarding
the prevention of AMR, 68.2% of respondents had been
previously surveyed on the matter, while 31.8% had not.
Only 15.9% of veterinary specialists consistently determine
microbial sensitivity to antibiotics, 50.0% perform resis-
tance testing occasionally, and 34.1% of specialists do not
conduct such tests at all.

For specialists who perform antibiotic sensitivity testing,
the primary reason in most cases (58.7%) is the need to
increase the efficacy of therapeutic measures. In 36.9%
of cases, the reason is an outbreak of a disease unrespon-
sive to treatment, in 2.2% of cases - it is the fulfillment of
an anti-epizootic measures plan, and in 2.2% of cases —
respondents see no grounds for conducting the aforemen-
tioned testing (Fig. 4).

When studying the conditions for the possible reduction
of antibiotic use in the future, it was found that the major-
ity of respondents (47.1%) believe that the use of vaccines
and sera would contribute to this, 41.1% - the implemen-
tation of veterinary and sanitary measures (disinfection,
disinsection, and deratization), 4.0% — suggested other
options (adherence to animal feeding and animal keeping
rules), and 7.8% of specialists stated that there are no
grounds for reducing the volume or changing the strategy
of antibiotic use (Fig. 5A).

The majority of veterinary specialists (40.9%) believe
that the antibiotics used for animals are becoming ineffec-
tive, meaning microorganisms develop resistance to them
(based on laboratory sensitivity testing), 36.4% of respon-
dents doubt this (judging by the reduced effective-
ness of therapeutic measures), and 22.7% of respon-
dents believe that resistance to antimicrobials does not
develop (Fig. 5B).

None of the respondents would be able to completely
stop using antibacterials; 47.7% of respondents definitely
would not stop using them, and 52.3% believe they could
reduce the use of antibiotics (Fig. 5C).

An analysis of awareness regarding antibiotic use rec-
ommendations revealed that in the majority of ca-
ses (50.0%), respondents had not been tasked with reduc-
ing antibiotic use in animals; 31.8% of veterinarians were
instructed by farm management, and 18.2% by the raion/
municipality veterinary administration.

An analysis of the reasons for refusing or reducing anti-
biotic use in dairy farming showed that most surveyed
veterinarians (68.0%) limit their use due to the monitoring
of residual amounts in milk and meat. 26.0% of specialists
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Fig. 5. Analysis of factors reducing future use of antibiotics: (A) In your opinion,
what factors would lead to a reduction in antibiotic use (multiple responses
allowed)? (B) Do you believe that some antibiotics you use for livestock
treatment have become ineffective (due to the development of resistance)?
(C) Will you be able to completely stop using antibiotics in your practice in the
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Fig. 6. Analysis of information on the use of antibacterials by veterinary specialists
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cessation of antibiotic use (multiple responses allowed)?
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attribute their refusal of widespread antibiotic use to
the development of microbial resistance, 2.0% — to instruc-
tions from farm management, and 4.0% believe there are
no grounds for reducing or completely abandoning the use
of antibiotics in dairy farming (Fig. 6).

This is the first documented study in Russia involving
only veterinary practitioners working on dairy farms. The
survey showed that 100.0% of specialists in Nizhny
Novgorod Oblast use antibiotics in their practice. At
the same time, 59.5% of veterinarians prescribed antibiot-
ics from the Access group, 36.7% — from the Watch group,
and the use of Reserve antibiotics was minimal (3.8%). Vet-
erinarians in Nizhny Novgorod Oblast did not use medicinal
products from the ‘not recommended’ group. The most
frequently prescribed antibiotics were tetracyclines (12.4%),
macrolides (12.4%), and 3 generation cephalospo-
rins (10.0%). These findings are similar to data on antibiot-
ic use in European countries. For instance, in Sweden, Ac-
cess group antibiotics, particularly penicillins, were used
significantly more often than others (84.0%). The use of
Watch group antibiotics was more frequently reported in
Germany (42.0%), while in Sweden, medicinal products
from this group were not used [16].

More than a third of the surveyed veterinarians (34.4%)
prescribe antibiotics based on a standard treatment pro-
tocol, and 28.6% based on manufacturer recommenda-
tions. Only 14.3% base their choice of medicinal products
on the results of laboratory sensitivity testing of the herd
microflora. We assume that an important factor in choosing
an antibacterial could be its cost.

Data from other researchers indicate that antibiotics are
most commonly used to treat infectious diseases in cows
(mastitis, endometritis) and young stock (respiratory and
digestive diseases) [17]. Our results show that veterinary
specialists most frequently use antimicrobials to treat dis-
eases of the reproductive organs of female animals (22.1%),
respiratory system (21.4%), and mammary glands (19.0%).

The preventive use of antibiotics is also very widespread
all over the world [18]. Researchers believe that using an-
tibiotics for prevention has both advantages and disadvan-
tages. The main advantage is maintaining the maximum
number of healthy animals, while the risk lies in the fact
that antimicrobial use leads to the emergence of resistant
bacterial strains and serotypes, which can ultimately enter
the human body [18, 19]. The most favorable time for an-
tibiotic therapy of bovine mastitis is the dry period [17];
therefore, 17.3% of the surveyed veterinarians prescribe
antibiotics for mastitis prevention specifically during this
timeframe. After calving, the period of milking and calf
feeding begins. During the time when milk is not sent
to processing plants and there is no risk of a milk batch
being returned, treatment and prevention of uterine and
birth canal diseases are performed. Our results show that
antimicrobials are used for the treatment and prevention
of reproductive organ infections in cows (22.1 and 9.6% of
cases, respectively). However, this leads to the excretion
of residual amounts of the medicinal product in milk, which
is then fed to calves.

Calves are the group of animals most susceptible to dis-
eases on dairy farms. In the first weeks of life, there is a high
risk of digestive system diseases, and in the first 2-3 months,
respiratory diseases [20]. Therefore, various therapeutic
and preventive measures are performed for this ani-
mal group, which may include the use of antibiotics. We
have previously demonstrated [21] that 21.4 and 11.3%

of veterinarians use antibacterials to treat respiratory and
digestive diseases, while antibiotics are most frequently
used for preventive purposes in young stock (29.5% of ca-
ses). In particular, 7.7% of respondents consciously use them
for the prevention of digestive and respiratory diseases.

As can be seen, antibacterials are deliberately and wide-
ly used in dairy farming to increase the effectiveness of
therapeutic measures or disease prevention. Almost half
(50.0%) of the surveyed veterinarians did not set a goal
to reduce antibiotic use. At the same time, monitoring the
development of AMR in the herd microflora is weak:
only 15.9% of veterinarians regularly determine the sensi-
tivity of isolated microorganisms to antibacterials, while
a third never do so; 47.7% of veterinarians affirmatively
state that they will never stop using antibiotics, even
though they are aware of the AMR problem. Thus, despite
awareness of the problem, there are no restrictions on the
use of antibacterials at the farm and establishment level.

There are several factors limiting the use of antibiotics,
such as administrative or industry-specific restrictions. For
instance, the Strategy to Prevent the Spread of Antimicro-
bal Resistance in the Russian Federation to 2030 outlines
several key areas, such as informing the public about
the use of antimicrobials and resistance issues, and improv-
ing the training and awareness of physicians and veterinar-
ians on these issues [11]. The survey revealed that 68.0% of
veterinary specialists limit antibiotic use only because of
the monitoring of their presence in raw milk by dairies.
Thus, an important production factor restraining the use
of antibacterials is GOST 31449-2013 Raw cow’s milk. Spec-
ifications’’, which do not allow residual amounts of
antibiotics in milk; if they are detected, farms suffer losses.
Despite this, only 26.0% of surveyed veterinarians, recog-
nizing the significance of AMR, are reducing antibiotic use
in cows and calves. Such an attitude among veterinarians
contributes to the development of AMR and the spread of
resistant microorganisms through the food chain, creat-
ing a risk of untreatable bacterial infections in both ani-
mals and humans.

CONCLUSION

Thus, the use of antibiotics in dairy farming in Nizhny
Novgorod Oblast is widespread. Antibacterials are integra-
ted into treatment protocols for most common diseases in
dairy cows and calves and are also used for preventive pur-
poses. This contributes to the development of AMR in on-
farm bacteria and the dissemination of resistant strains
beyond the farm environment via raw milk. The only func-
tional tool for restraining antibiotic use is the monitoring
of residual levels in raw milk by dairies. However, the con-
cept of a conscious refusal to use antibiotics is not widely
supported by veterinarians, highlighting the urgent need
for further regulatory measures in this sector, as well as
enhanced training and outreach for both veterinary spe-
cialists and farm management.
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Yak thelaziasis in the Orenburg Oblast: Musca autumnalls
(De Geer, 1776) as a vector and Thelazia rhodesi
(Desmarest, 1827) as the causative agent of infestation

Elena N. Kuzmina
Institute of Steppe of the Ural Branch of the Russian Academy of Sciences, Orenburg Federal Research Center of the Ural Branch of the Russian Academy of Sciences,
ul. Pionerskaya, 11, Orenburg 460000, Russia

ABSTRACT

Introduction. Thelaziasis remains a widespread vector-borne parasitic zoonosis both within the Russian Federation and globally. Thelaziasis in yaks remains
insufficiently studied, with the available data being fragmentary. It is the first time a thelaziasis clinical case in yaks from the Orenburg Oblast is described and it
is of significant interest to a broad range of specialists.

Objective. Analysis and clinical case description of thelaziasis in yaks from the Orenburg Oblast, including the study of its causative agent and vector.

Materials and methods. Studies conducted from 2021 to 2023 at the steppe field station of the Institute of Steppe of the Ural Branch of the Russian Academy
of Sciences in the Belyayevsky Raion of the Orenburg Oblast included clinical examinations and assessment of pathological lesions and severity of inflammation in
the eyes and conjunctiva of yaks. Parasitic secretophagous dipterans (flies) from the ocular region were collected and counted, and their abundance, species and
sex ratios were determined. Helminthoscopy was performed, and the nematode species was determined morphologically.

Results. Clinically, thelaziasis in yaks manifested as profuse lacrimation and recurrent keratoconjunctivitis. The extent of invasion (El) was 100%, and the intensity
of invasion (I1) was 5. The detected helminths belonged to Thelazia rhodesi species. The intermediate hosts and vectors of Thelazia were facultative hematophages,
specifically Musca autumnalis, a synbovine fly species ubiquitous in the steppe landscapes of the Orenburg Oblast. The ratio of females to males collected from
the head region of yaks was 83 and 17%, respectively, confirming the leading role of female Musca autumnalis as vectors of nematodes of the genus Thelazia.
Conclusion. Domestic yaks in the natural and climatic conditions of the Orenburg Oblast are susceptible to thelaziasis. The disease progress, its clinical manifestations,
as well as extent and intensity of invasion are likely influenced by acclimatization of yaks, who are not indigenous to this region.

Keywords: ocular infection, thelaziasis, zoonosis, yaks, Musca autumnalis, Thelazia rhodesi
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Tenasno3 akos B Openbyprckon obnactu: Musca autumnalis
(De Geer, 1776) kak nepeHocuunk v Thelazia rhodesi
(Desmarest, 1827) kak B030yauTenb UHBa3MK

E. H. Kysbmuna
VHcTuTyT cTenu Ypanbckoro otaenenua Poccuiickoil akagemum Hayk — 060cobneHHoe cTpykTypHoe nogpasaenenue OTBYH «Open6yprckuii desepanbHbiii
UCcnenoBaTenbekuii LeHTp Ypanbckoro otaenenua Poccuiickoit akagemun Hayk» (OOUL YpO PAH), yn. MuoHepckas, 11, . Openbypr, 460000, Poccua

PE3IOME

BBepeHue. Tena3no3 0cTaeTca LWNPOKO pacnpoCcTpaHeHHbIM TPAHCMUCCUBHBIM NApa3UTapHbIM 300H030M Kak Ha Tepputopuu Poccuitckoit Geaepauun, Tak
1 B MUpe. 3a60neBaHuA TENA311030M AKOB U3yueHbl HELLOCTATOUHO, UMElOLLMECA (BeieHNA GparMeHTapHbI. KnuHnueckmii cnyuaii Tensswosa ko B OpeH6yprekoii
06MacTi ONUCbIBALTCA BNIEPBbIE U NPEACTABAAET 060/ 60MbLLOI MHTEPEC ANA LUMPOKOTO Kpyra CreLManmcToB.

Lienb nccnepoBannA. AHanu3 1 onucaHue KNMHNYECKOTo Clyuas TenAasno3a Akos B OpeHOyprckoii 06nacTy, nsyyexne Bo3dyauTena u nepeHoCunKka aHHoro
HBA3WOHHOT0 3a60neBaHNA.

Marepuansi n metogbl. VccnesoBanus, nposederHble B 2021-2023 Ir. B CTenHOM CTaLoHape VHCTUTYTa cTeny Ypanbckoro otaenenia Poccuiickoil akagemmum
Hayk B bendesckom paiione OpeH6byprcKoil 06macTy, BKMIOYANM KAMHNYECKUI OCMOTP, OLIEHKY NaToNOrMuecKmx NPOLIeCcoB 1 CTeneHn BOCNaNUTeNbHbIX NPOLIeccoB
T71a3 ¥ KOHBIOHKTUBbI AKOB. [IpO3BE/IEH OT/IOB € 06N1ACTY TMa3 1 yueT Napa3uTUueckinX ABYKPbIbIX MyX-CeKPETOGAroB, ONpeeeHbl UX KONMUYECTBEHHDIE,
BIZOBbIE U NIOJIOBbIE XapaKTepucTUKM. [poBeieHa reNlbMUHTOCKONNA, BUA0BAA NPUHAANEXHOCTb 0OHAPY KEHHBIX HEMATOZ YCTaHOB/IEHa MOpdonorinyeckil.

© Kuzmina E. N., 2026
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PesynbTatbl. KnuHuuecku Tenasnos AKoB NpoABAANCA B 00UIbHOM CE30TEUEHUM U PELIMAMBHUPYIOLLEM KEPATOKOHBIOHKTUBMTE. IKCTEHCUBHOCTD UHBA3MM
coctaBuna 100%, UHTEHCUBHOCTb MHBA3MM paBHANach 5. 06GHapyeHHble renbMUHTbI NpuHaanexanu Bugy Thelazia rhodesi. pomexxyTouHbIMIN X037€BaMU
1 NepeHOCYMKaMu TenA3uii ABNANNCL GaKyNbTaTUBHbIE remMatodary, npeAcTaBUTeNM CUHGOBUHHOI GayHbl Myxu Musca autumnalis, NOBCEMECTHO PacnpoCTpaHeHHble
B CTENHbIX NaHAWwadTax OpeHOyprckoit 06nacti. CoOTHOLIEHME CAMOK 11 CAMLIOB, CHATBIX B 06/1aCTV FON0BbI SKOB, COCTaBUNO 83 11 17% COOTBETCTBEHHO, UTO
NOATBEPX/IAET BeyliLyto ponib camok Musca autumnalis kak BekTopa nepejauu Hemarop pona Thelazia.

3aknioueHue. [loMaluHye SKU B NPUPOAHO-KUMATUYECKUX YcnoBuax OpeHByprckoii 06nacTv noaBepieHbl Tens3uo3y. TeueHue 60ne3HM, KNUHUYECKHE
NPOSBIIEHNS, SKCTEHCUBHOCTb U MHTEHCUBHOCTb UHBa3WY, BEPOSTHO, 06YCNOBNIEHbI NPOLIECCAMIA KKNUMATU3ALUM AKOB, KOTOpbIE He ABNAOTCA abopureHHbIMN
LNA JAHHOI MECTHOCTH.

KnroueBble cnoBa: rnasHas MHBa3usa, Tena3uo3, 300103, Aku, Musca autumnalis, Thelazia rhodesi

bnaropapHocTu: ccneoBatue BbinoHeHo no Teme rocyaapcTeHHoro 3aaaqna AAAA-A21-121011190016-1 «[Tpobnembl cTenHoro npupogononb30Baxua
B YCNOBUAX COBPEMEHHDIX BbI30BOB: ONTUMI3ALIMA B3aUMOAEICTBUA MPUPOAHBIX 11 COLMANBHO-IKOHOMUUECKMX CMCTEM» Ha 6a3e cTaumoHapa «OpeHbyprckas
Tapnaxua» Uncturyta crenn OOUL YpO PAH.

[ina untuposanusa: Kyaomuna E. H. Tenazuos akos B Open6yprckoii obnactu: Musca autumnalis (De Geer, 1776) kak nepeHocun v Thelazia rhodesi (Desmarest,
1827) kak Bo36yauTens uHBa3un. BemepuHapus cezo0ks. 2026; 15 (1): 54-59. https://doi.org/10.29326/2304-196X-2026-15-1-54-59

Kondnukr nntepecos: ABTop 3aABnAeT 06 OTCYTCTBUN KOHGAUKTA NHTEPECOB.

[ina koppecnongeHumn: Kyabmuna Enena HukonaesHa, kaHa. 6von. HayK, HayuHblii COTPYAHMK OTAENa NaHAWaGTHOI skonorun MHctutyTa crenu OOUL
YpO PAH, yn. Muonepckas, 11, r. Opewbypr, 460000, Poccua, 2001_vet@mail.ru

INTRODUCTION

Thelaziasis, caused by “eyeworms’, is a seasonal parasi-
tic keratoconjunctivitis spread across both Europe (Eng-
land, Italy, Spain, France, Croatia, Serbia, Germany, Roma-
nia, Poland) and Asia (India, Korea, Taiwan, Thailand,
Bangladesh, Mongolia, Indonesia, China, Myanmar, Ja-
pan)[1,2,3,4,5,6,7,8,9, 10]. Sporadically, the invasion
was noted in Africa, Australia, North and South Ameri-
ca[2, 10l

According to the literature, bovine thelaziasis in
the Russian Federation occurs in the Northwestern, Volga,
West Siberian, and Far Eastern regions, as well as in the
Middle and Southern Urals [11, 12, 13]. In the Orenburg
Oblast, bovine thelaziasis is registered everywhere,
the causative agent is Thelazia rhodesi (Desmarest,
1827) [1,12, 14].

Currently, 16 Thelazia species have been described [10],
the most common are:

— Th. callipaeda (Railliet et Henry, 1910) - oriental eye

worm;

— Th. californiensis (Price, 1930) — California eye worm;

- Th. gulosa (Railiet et Henry, 1910) - cattle eye worm;

- Th. lacrymalis (Gurlt, 1831) — eyeworm in horses;

—Th. rhodesi (Desmarest, 1827) parasitic nematode of

cattle;

—Th. leesei (Railliet et Henry, 1910);

— Th. alfortensis (Railliet et Henry, 1910);

— Th. skrjabini (Erschov, 1928);

— Th. ershowi (Oserskaja, 1931);

- Th. bubalis (Ramanujachari et Alwar, 1952);

— Th. anolabiata (Molin, 1860).

Nematodes of the genus Thelazia parasitize cattle,
domestic horses, Przewalski’s horses, donkeys, mules, and
European bison [2, 3,4, 6, 7, 8, 15]. The infection also affects

small ruminants, pigs, cats, dogs, foxes, and rabbits [1, 5, 9].
Reportsin the literature describe infection in deer, badgers,
monkeys, and wolves [10]. Several cases of avian infestation
have been described [1, 2, 16].

Thelaziasis in yaks has been confirmed in the Kab-
ardino-Balkarian Republic. The extent of invasion (EI) was
2.7%, and the causative agent was Thelazia gulosa [17, 18].
There is evidence that Th. skrjabini can infest yaks [1].

In disadvantaged socioeconomic environments, hu-
mans can also become an accidental host of Th. californ-
iensis, Th. gulosa or Th. callipaeda. Thus, thelaziasis is
a parasitic zoonosis, which is consistent with the literature
data [1, 10, 19, 20, 21].

The role of Musca autumnalis (De Geer, 1776) as an
intermediate host for nematodes of the genus Thelazia has
been extensively described in both Russian [11, 12, 16] and
international literature [2, 3, 4, 10, 22].

The aim of this work was to study the vector (Musca
autumnalis) and the causative agent (Thelazia rhodesi) of
thelaziasis in yaks from the Orenburg Oblast. It is the first
time a thelaziasis clinical case in yaks from the Orenburg
Oblast is described and it is of significant interest to a broad
range of specialists.

MATERIALS AND METHODS

The studies were carried out at the Orenburg Tarpania
Steppe Field Station (Institute of Steppe of the Ural Branch
of the Russian Academy of Sciences, Orenburg Federal Re-
search Center of the Ural Branch of the Russian Academy
of Sciences) in the Belyayevsky Raion of the Orenburg
Oblast. This location is home to an assembled collection
of ungulates: in addition to domestic yaks, the site supports
populations of Przewalski’s horses, Tibetan kiangs, Bactrian
camels and wool goats.
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Fig. 1. M. autumnalis: A - dorsal view (adapted from A. A. Stackelberg, 1956,
fig. 56, p. 75); B - head, illustrating holoptic eyes in the male and dichoptic eyes

in the female; C - dorsal view; D - lateral view

ilm\ll||\|Ill|l|||\u|l|ul

Fig. 2. Th. rhodesi: A — adult females from the yak conjunctival sac (external
view and size); B— morphological details: 1 - anterior end, 2 - female posterior
end, 3 - male posterior end, 4 — egg (adapted from K. I. Skryabin et al., 1934,

fig.277,p.311)

In 2021-2023, yak were clinically examined to assess
pathological lesions and inflammation degree in the eyes
and conjunctiva.

Parasitic secretophagous dipterans (flies) from the ocu-
lar region were collected and counted, and their abun-
dance, species and sex ratios were determined. Collection
and counting of insects from the suborder Brachycera Ort-
horrhapha were carried out throughout the entire flight
period of imago using an entomological sweep net direct-
ly on the animals, following standard methods for collect-
ing Diptera [23]. Insects were identified using taxonomic
keys [24, 25, 26].

Adult Thelazia nematodes were recovered by irrigating
the conjunctival sacs of the yaks. The animal’s head was
secured, the eyelids were retracted, and the third eyelid
and conjunctival cavity were flushed with a 3% boric acid
solution. Strong jets of fluid were produced using a rubber
bulb syringe to ensure thorough flushing. Next, contents
of the conjunctival cavities were collected [16]. The nema-
tode species were identified morphologically.

The study assessed both the extent of invasion, defined
as the percentage of infected animals out of the total ex-
amined, and the intensity of invasion, defined as the
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number of parasite specimens recovered from an indivi-
dual host.

Photographs were obtained using a Canon 760D camera
(Japan) and a Nikon Eclipse E200 microscope (Japan).

RESULTS AND DISCUSSION

Musca autumnalis (the face fly) belongs to the family
Muscidae (Latreille, 1802), which includes house flies and
stable flies. It belongs to the superfamily Muscoidea, section
Calyptratae, suborder Brachycera (Cyclorrhapha), order Dip-
tera [26]. M. autumnalis is widespread in the Palearctic
region, throughout Western Europe (Sweden, Norway,
Spain, Italy), the Caucasus and Central Asia. These flies in-
habit steppe, semi-desert, forest-steppe, and forest land-
scapes, and are a component of pasture fauna [1].

Fifty-eight species of Diptera - Brachycera from the
synbovine complex have been identified in the Orenburg
Cis-Urals, 40 of which are capable of mechanically trans-
mitting helminths of medical and veterinary importance
(including pinworms, ascarids, whipworms, tapewormes,
hookworms, Drascheia megastoma, Habronema, Parabrone-
ma, Parafilaria, Setaria, Stephanofilaria, and Thelazia) [27].
M. autumnalis was found to be active throughout the flight
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Fig. 3. Morphology of Th. rhodesi female. A — anterior end: 1 - oral opening
(mouth), 2 - esophagus, 3 - intestinal tube, 4 — nerve ring, 5 - cuticular striations;
B - vulva region, genital opening situated near the anterior end; C — posterior
end, anal opening (anus); D — uterus containing eggs within the nematode body

period, from early spring to late autumn, confirming its
status as a thermophilic species. Figure 1 shows the pro-
nounced sexual dimorphism in eye color and structure
between male and female flies. Holoptic eyes in males are
adapted for swarming and mating in flight. The male ex-
hibits symmetrical, translucent dark yellow spots located
on the third and fourth abdominal tergites. The female has
an abdomen entirely covered in a grayish bloom with iri-
descent spots; setae are developed on the first sternite [26].

Females constituted the overwhelming majority of the
insects captured. The ratio of females to males collected
from the head region was 83 and 17%, respectively, con-
firming the data of G. A. Kotelnikov [16] and F. Gregor
et al. [22] regarding the leading role of females from an eco-
logical and veterinary perspective. M. autumnalis serves as
a transmission agent for various pathogens, particularly
nematodes of the genus Thelazia.

Musca autumnalis is a typical representative of the syn-
bovine, zoophilic fauna. In the imaginal stage, for example,
members of the family Muscidae frequently feed on secre-
tions from wounds and the ocular, nasal, and oral mucosa
of grazing animals [26].

Nartshuk E. P.[26] and Ageeva T. Yu. [27] regard female
M. autumnalis as facultative hematophages, a characteriza-
tion that does not contradict the data obtained in the pres-
ent study. M. autumnalis lacks a piercing proboscis capable
of actively penetrating the skin of mammals. However, fe-
males possess prestomal teeth, with which they can damage
healing wounds and mucous membranes, thereby sustain-
ing inflammatory processes and obtaining nourishment.

Larvae of M. autumnalis are specialized saprophages
that develop in and feed on vertebrate dung, exhibiting
a coprophagous habit specific to the Muscidae [11, 26].

During the summer, the animals under study were kept
together as a single herd, managed under semi-wild con-
ditions on natural pasture. The general condition of the
experimental animals was satisfactory; appetite and move-
ment were normal. Water was provided from an open
source, the Sazan stream. In winter, the animals were main-
tained under covered shelters. No antiparasitic drugs were
administered to the animals.

Profuse lacrimation was recorded as one of the clinical
signs of thelaziasis in the yaks. The animals presented with

chronic recurrent keratoconjunctivitis and exhibited visual
impairment, which is consistent with the findings of
D.F.L.Djungu et al. [7].

Other clinical signs associated with thelaziasis are pho-
tophobia, blepharospasm, and ulcerative as well as non-ul-
cerative keratitis. Reported complications include granu-
lomas and corneal perforations, inflammation of the lens,
ectropion of the eyeball, corneal opacity (leukoma) result-
ing from nematode migration through the cornea, fibro-
hemorrhagic iridocyclitis, and blindness [1,9, 10, 11].
The clinical course of thelaziasis is frequently complicated
by secondary infections, further compromising the animals’
health [10, 11, 12, 13, 14].

In the overwhelming majority of cases, thelaziasis-asso-
ciated keratoconjunctivitis in yaks was observed to be bi-
lateral. No age- or sex-related differences were observed,
which contrasts with the findings of D. M. Tweedle et al. [8]
that cattle aged 21 to 38 months were more commonly
affected.

The intensity of invasion was determined to be 5, and
the extent of invasion was 100%; this contrasts with the
findings of A. K. Oshkhunov et al. [17]. In conclusion, yaks
introduced into the natural and climatic conditions of the
Orenburg steppes acquired the infection during the pro-
cess of acclimatization.

Thelaziasis clinical signs were observed throughout the
entire M. autumnalis flight period, thereby determining
the disease seasonality. This finding is consistent with the
data reported by D. M. Tweedle et al. [8], E. Kim et al. [9],
and R.R. Kasarla et al. [10].

Nematodes were isolated from the conjunctival sacs of
yaks during helminthoscopic examination by flushing, fol-
lowed by collection and microscopic analysis. The parasites
were identified as belonging to the species Th. rhodesi, and
all nematodes recovered were female. Figure 2 illustrates
that the females were approximately 20 mm long. They
were highly motile, whitish in color, and barely visible to
the naked eye within the conjunctival sac. The nematodes
were most visible in the medial canthus (inner corner) of
the yaks'eyes.

The species Th. rhodesi belongs to the genus Thelazia,
the order Spirurida, the family Thelaziidae, the type Nema-
toda, nematodes, or roundworms. Microscopically, the
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head end of Th. rhodesi has a cross-striations, as shown in
Figure 3. The serrated cuticle of the nematodes inflicts me-
chanical damage to the corneal and conjunctival surfaces,
resulting in inflammation.

Excessive lacrimation is a response to damage to the eye
tissues. The blood-feeding fly M. autumnalis, acting as
a facultative hematophage, induces profuse lacrimation in
animals both through mechanical trauma to the cornea
and by transmitting Thelazia infestation. In addition to the
mechanical effects caused by the nematodes, there is also
evidence (Glazunova L. A. et al. [1]) of their allergic and
toxic pathological influence on the host. Khris-
tianovsky P. I. et al. describe the phenomenon of parasite
carriage by definitive hosts as a cause of annual infection
in animals [12].

Larvae of Thelazia are excreted from the bodies of
afflicted yaks through the lacrimal passages, namely from
the lacrimal gland ducts, the conjunctival cavity, and the
area under the third eyelid. M. autumnalis consumes
the secretion of the lacrimal glands together with Thelazia
larvae, thereby acting as a specific thelaziasis intermediate
host. The nematodes reach the final stage of their devel-
opment within the host organism over a period of approx-
imately one month. Transmission of infective larvae to the
definitive host occurs when flies ingest (take up) the larvae
while feeding on yaks’ tears and mucous secretions with
their proboscises.

CONCLUSION

As a vector-borne parasitic zoonosis, thelaziasis contin-
ues to be of considerable importance in both human and
veterinary medicine, necessitating continued research.

Thelaziasis in yaks is documented for the first time in the
Belyayevsky Raion of the Orenburg Oblast, contributing
both theoretical and practical value to the understanding
of this disease.

The isolated nematodes were identified as Th. rhodesi.
M. autumnalis, a species ubiquitous in the steppe
ecosystems of Orenburg, served as the vector for Thelazia
transmission. The chronic nature of the disease is linked
to pathogen carriage over the winter stall period. Clinical
manifestations and disease progression in yaks were driven
by the mechanical, allergic, and toxic effects of Th. rhodesi,
combined with a relatively low infestation intensity.

No distinct differences in clinical signs, diagnostic meth-
ods, prevention, or treatment were observed between
thelaziasis in yaks and that in cattle. Preventive and thera-
peutic measures against thelaziasis in yaks should include
seasonal applications of repellents and insecticides, as well
as scheduled anthelmintic treatments. To control the inci-
dence of thelaziasis, it is necessary to manage the popula-
tion size of vector flies and maintain proper zoohygienic
conditions on farms.
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Serological tests for lumpy skin disease in Republic
of Tajikistan in 2023
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ABSTRACT

Introduction. Cattle farming plays a key role in the agriculture of the Republic of Tajikistan, satisfying not only the needs for meat and dairy products. Recently,
the intensification of livestock production in Tajikistan has been facing serious problems related to infectious diseases, in particular those caused by capripoxviruses,
including lumpy skin disease (LSD), which causes significant economic damage and compromises animal performance and health in the region and around the
world. Studying and understanding the LSD epizootology in the Republic of Tajikistan climatic environment will facilitate better disease control.

Objective. Epizootological data collection and brief description of LSD outbreaks in the Republic of Tajikistan in 2023.

Materials and methods. Traditional epizootological analysis tools were used to collect data on LSD outbreaks, as well as serological tools for the disease
retrospective diagnosis.

Results. In 2023, an LSD case was first reported in the Republic of Tajikistan in the region bordering Afghanistan. Analysis of the seasonal pattern of the disease
occurrence in Tajikistan demonstrated that the LSD outhreaks were most often reported in summer and autumn: from July to November. The disease spread mainly
in the areas with a high concentration of livestock, in particular in the Khatlon Region. The average animal density in the Khatlon Region is 46 cattle per 1 km?and
117 sheep and goats per 1km2 The peak of LSD epidemic was recorded in September — November 2023. Morbidity and mortality varied by districts, ranging from
100 55% and from 2 to 15%, respectively. Tests of 216 bovine serum samples demonstrated LSD virus antibodies in 109 animals, accounting for 50.5% of the total.
Conclusion. In 2023, a range of studies was conducted and measures were taken in the Republic of Tajikistan to prevent LSD spread. To effectively control the
disease, it is necessary to strengthen epizootological monitoring, carry out timely vaccination of animals and implement measures for the identification and control
of potential vectors. These steps will minimize economic losses and maintain the animal health in the republic.
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[lpoBeaeHne ceponornyecknx MccesoBaHnin Ha 3apasHbiil
y3eNKoBbIi AepMaTuT B Pecnybnuke Tagkuknctan B 2023 1.

P. A. AtoBynno3opa’, 0. H. lymunoBa?, ®. U. KopexHoit?, M. A. Amup6ekos’, C. X. Haspynnosopa', P. M. lapunos’, C. M. Kocumos',
0. 1. bbapoBckas?, A. 0. KporoBa?, A. B. Cnpbiruu?

TVHCTUTYT BETEpUHAPHOI MeANLMHBI TAZKNKCKOIF aKaieMI CeNbekoxo3AlicTBeHHbIX Hayk (UBM TACXH), yn. A. Kaxaposa, 43, 1. [lywatbe, 734005,
Pecnybnuka TapxmkucTad

2QrBY «(DeaepanbHbiii LLEHTP 0XpaHbl 380poBbA XUBOTHbIX» (OI'EY «BHUN3X»), yn. [Bapaeiickas, 6, MKp. l0pbesew, r. Bnagumup, 600901, Poccua

PE3IOME

BBepenue. CKOTOBOACTBO UrPaeT KMKueByto posb B ceNbckom Xo3ailcTBe Pecnybninku Tagukuctan, 06ecneuras He ToNbKO NOTPEBHOCTY B MACHBIX U MONOYHBIX
npozyKTax. B nocnesHee Bpema HTEHMQUKALNA KUBOTHOBOAYECKOI! AATENbHOCTY B TalKIKNCTaHe CTaNKUBAETCA C cepbe3HbIMU Npobnemamu, (BA3aHHbIMU
C MHOEKLMOHHbIMI 3360N1EBAHMAMY, B YaCTHOCTM BbI3bIBAEMbIMI KanpUNOKCBUPYCaMU, B TOM YNCTE 3apa3HbIM Y3enKOoBbIM AepMaTUTOM KPYMHOTO poratoro
CKOTa, KOTOPbIil HAHOCUT 3HAUMTENbHbIA IKOHOMUYECKIIA YLLep6 11 CTaBUT NOA yrpo3y NPOAYKTUBHOCTb M 30POBbE XKUBOTHBIX B PErvOHE 1 BO BCeM Mupe. M3yye-
HUe 1 NOHUMAaHWe INN300TONOMMI 3aPa3HOrO Y3eNKOBOTO lepMaTiTa KPyMHOTO PoraToro CKoTa B KAuMatinueckux ycnosuax Pecnybnuki Tamkuknctan no3sonut
YyYLLUTL KOHTPONb 3 3a601eBaHNEM.

Llenb nccnepoBaHuA. SnM300T0N0rMYECKOE ONMCAHNE N KPATKaA XapakTepucTUKa BCMbILLEK 3apa3HOT0 Y3e1K0BOro AepMaTiTa KpynHoro poratoro ckota B Pe-
cny6bnmke Tamxukuctan 8 2023 .
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Marepuanbi u meToAbl. B pabote ncnonb3oBaHbl Knaccuyeckine METoAbl 3MU300TONONMYECKOro aHanu3a no c6opy JaHHbIX 0 BCMbILLKAX 3apa3HOro y3eNnkoBoro
[AepmaTyTa KpynHoro poraToro CkoTa, a Takxe Ceponoruyeckine MeTobl ANA PETPOCTIEKTUBHOI AMArHOCTUKN 3a60neBaHuA.

Pesynbrarbl. B 2023 1. B Pecnybnuke TapukuctaH Bnepsble 6bin 3aperucTpupoBaH Ciyyail 3abonesaHua KpynHOro poraToro ckoTa 3apasHbiM y3eNKkoBbIM Jep-
MaTuTOM B paiioHe, rpaHuyalLem ¢ AgpraHuctaHom. AHanu3 Ce30HHOCTY NPOABNEHNA lAHHOTO 3aboneBaHNA B TaZKMKUCTaHe NOKa3an, YTo BCMbILLKI 3apa3Horo
Y3eKOBOro lepmaTiTa KpynHOro poratoro cKota MpoUCXOAMIY YalLie BCEro B NeTHe-0CeHHMIl Nepuog: ¢ ionA no HoA6pb. bonesHb npeumyLLecTBEHHO pacnpo-
(TPaHMNach B PErvoHax C BbICOKOI KOHLEHTpaLyeil CKOTa, B YaCTHOCTU B paiioHax XaTnoHcKoii obnactu. CpefHAA NNOTHOCTb XUBOTHBIX B XaTNOHCKOI 06nacTu
COCTaBAET 46 10108 KPyMHOTO POratoro ckota Ha 1 km? 1 117 roNoB MeJKoro poratoro ckota Ha 1 km>. Ik 3Mu300TUM 3apa3Horo y3enKoBOro epMariiTa KpynHoro
poratoro ckota 611 3apuKcMpoBaH B ceHTAOPe — HoAbpe 2023 r. 3a6oneBaeMoCTb U CMEPTHOCTb BapbypoBanK No paiioHam ot 10 o 55% u ot 2 Ao 15% coot
BETCTBEHHO. [1pi uccnefoBaHmy 216 npo6 cbIBOPOTOK KPOBY KPYMHOT0 PoraToro Ck0Ta aHTUTeNa K BUPYCY 3apa3Horo y3enkoBoro AepmatuTa Obinn o6HapyxeHbl
y 109 3MBOTHbIX, 4TO COCTaBMNO0 50,5% OT 06LLiero uncna.

3akniouenne. B 2023 r. B Pecnybnuke Tagkukuctan 6bin npoBeeH KOMNEKC MCCne0BaHIi U NPpeAnpUHATbI Mepbl N0 NpeaynpexAeHnio pacnpocTpaHeHus 3a-
Pa3HOoro y3enKoBOro AepmaTyTa KpynHoro poraTtoro ckota. [na 3¢ gekTusHoii 6opb6bl ¢ 3abonesaHinem HeobXoANMO YCUAMTb INM300TONOTUYECKII MOHUTOPUH,
MpOBOANTL CBOEBPEMEHHYI0 BAKLIMHALMIO XKIBOTHBIX 1 BHEAPATb Mepbl M0 WAEHTUMKALII NOTEHLMANbHBIX NEPEHOCYUKOB U MX KOHTPOMH. ITH LWary No3BOAAT
MUHMMM3MPOBATb IKOHOMIUYECKMe NOTEPH U COXPaHNT 3[0POBbE CKOTA B pecrybuke.

KnioueBbie cnoBa: 3apa3Hbli y3enKoBblii AepMaTuT, SMU300TONOMNA, KIMHUYECKIE NPU3HAKI, AMArHOCTUKA, IMMyHOdEPMEHTHDIN aHanu3, BakunHaums, CHI
bnaropapHocTu: Pabota BbinonHeHa 3a cuer cpepcts OrbY «BHUN3M» B pamkax Tematukm HayuHo-McCneoBaTeNbCKX paboT «BeTepuxapHoe 6narononyune».

[ina uutuposaunus: Arosynnooaa P. A, Lymunosa 1. H., Kopentoit 0. W., Amupbexos M. A., Hazpynno3oga C. X., LWapunos P. M., Kocumos C. M., boagosckaa 0. 1.,
KpotoBa A. 0., Cnpbirut A. B. lpoBeseHue ceponornueckux UCcne0BaHmil Ha 3apasHblil y3enkoBblii gepmatut B Pecnybnuke Tagkukuctan B 2023 r. Bemepurapus
ce200Hs1. 2026; 15 (1): 60—66. https://doi.org/10.29326/2304-196X-2026-15-1-60-66

KoHdnukr untepecos: ABTopbl 3aABNAIOT 00 OTCYTCTBUN KOH(NMKTA MHTEPECOB.

[ins koppecnoxaeHyum: CipbirvuH AnekcaHap Bnaavumuposuy, A-p 61on. HayK, CTapLUKil HAyYHbIA COTPYAHUK pedepeHTHOil nabopatopum 6one3Heii KpynHoro
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600901, Poccus, sprygin@arriah.ru

INTRODUCTION

Lumpy skin disease (LSD, Neethling virus infection) is
a viral transmissible disease of cattle characterized by fever,
damage to the lymphatic system, edema of subcutaneous
tissue and internal organs, formation of skin nodules, dam-
age to the eyes and mucous membranes of the respiratory
and digestive systems, loss of productive performance and
body weight [1]. The disease causative agent is a DNA-con-
taining virus of the genus Capripoxvirus, family Poxviridae,
which is closely related to sheep pox virus and goat pox
virus [2].

Lumpy skin disease virus (LSDV) spread outside the dis-
ease outbreak is possible in two ways. Firstly, the infected
animals demonstrating clinical signs and being in the in-
cubation period are active shedders of the pathogen in
an unapparent form [3]. In this case, subclinically infected
animals serve not only as an active source of infection, but
also as an important factor in the virus spread over long
distances, which is most often associated with cattle driving
or illegal transportation by road vehicles [4]. It should be
noted that LSD causes major economic losses, such as
a sharp decline in milk production, reduced milk and raw
hide quality, loss of body weight, abortions, infertility in
bulls and reduced fertility in cows. As a result, trade rela-
tions are prohibited, which negatively affects the econo-
mies of countries focused on exporting animal products [5].

It is assumed that the main factor of the disease agent
transmission is blood-sucking insects and ticks [6], al-
though it has now been experimentally proven that mos-
quitoes of the genus Aedes, flies (for example, Stomoxys
calcitrans and Biomyia fasciata) and ticks (Rhipicephalus
appendiculatus and Amblyomma hebraeum) are capable of
participating in the virus spread [7]. The importance of

various arthropod vectors may vary in climatically different
regions depending on their abundance and trophic behav-
ior, however, no relative entomological studies from differ-
ent geographical and climatic zones have been de-
scribed. The virus transmission via contaminated semen is
possible [8].

Direct contact was not previously considered an effective
route of the infection transmission [9], however, given the
disease epizootological profile, when the outbreaks can be
reported in early spring or autumn in the absence of flight
activity of blood-sucking insects, alimentary and air-borne
routes of the infection are feasible, since a diseased animal
sheds the virus with the nasal discharge and scabs from the
necrotized nodes [10]. Evidence of the contact virus trans-
mission has been obtained in a number of studies involving
experimental infection of susceptible animals [11].

In the past, the LSD distribution range was limited only
to South Africa. However, by 1956, the disease quickly
spread to Central and East Africa. The first case of LSD in-
fection outside the African continent was reported in Isra-
el, which marked the beginning of the intercontinental
spread of the disease [12, 13, 14, 15, 16]. The disease with
characteristic signs was detected in Albania, Greece, Geor-
gia, Iran, Macedonia, Bulgaria, Turkey and other countries
of the world with numerous outbreaks being reported in
recent years [17, 18, 19]. In the CIS countries (Fig. 1), LSD
was officially reported in Azerbaijan (2014), Armenia (2015),
Russia (2015), Kazakhstan (2016) [20, 21, 22].

Since 2019, LSD has begun to spread in Southeast Asian
countries such as Thailand, Vietnam, India, Pakistan, Indo-
nesia, and Singapore; China, Japan, and South Korea have
also reported outbreaks [15, 23, 24, 25, 26]. This created
a threat of the disease cross-border transmission to the
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countries of Central Asia. LSD was not reported in the Re-
public of Tajikistan until 2023, but the massive spread of
the infection to the Asian region since 2019 has resulted in
the pathogen introduction into the country [25]. In 2023,
LSD was for the first time diagnosed in cattle in the border
region with Afghanistan, in the Panj District of Khatlon Re-
gion, Republic of Tajikistan. The infected animals comprised
30 cattle of varying ages of the Black Pied, Carpathian,
Swedish, and local breeds. The disease was observed in
animals in Mehnatobod village (Sughd Region), Kahramon
village (Rudaki District of Republican Subordination), in
Moskovsky settlement (Hamadoni District) as well as in
the villages of Farkhor District of Khatlon Region, and then
it spread to other regions of the Republic, causing signifi-
cant economic damage to animal farmers.

The work was aimed at the epizootological description
and brief characterization of the LSD outbreaks in the Re-
public of Tajikistan in 2023.

MATERIALS AND METHODS

LSD epizootic situation was studied on animal farms in
the southwestern and northern regions of Tajikistan (Sughd
Region, Khatlon Region, and the Districts of Republican
Subordination), where a combined housing-and-pasture
system of cattle management is practiced.

Standard clinical, epizootological, and serological re-
search methods were used in the study. To assess morbid-
ity and mortality, the proportion of diseased and dead
animals out of the total susceptible population in the out-
break was calculated.

Serological analysis. To make a preliminary assessment
of the situation, 216 serum samples of cattle of different
age groups were serologically tested. The sera were col-
lected from animals demonstrating LSD clinical signs in the
regions of the Republic located in different climatic and
geographical zones (Table 1).

Double-antibody sandwich enzyme-linked immunosor-
bent assay (ELISA) was used in the study. The study was
performed using a test system for detecting antibodies
to capripoxviruses in sera or plasma of cattle, sheep, goats
or other susceptible species (IDvet, France) in accordance
with the manufacturer’s instructions. The serum samples
were collected from infected (IN) and contact animals
(C1 and C2) on days 0; 42 and 60 after the start of the ex-
periment. The results were interpreted based on optical
density (OD) measured at a wavelength of 450 nm using
a Sunrise microplate reader (Tecan, Switzerland). They were
expressed as the ratio of the optical density of the test sam-
ple to the optical density of the positive control (5/P%),
calculated as follows: S/P% = (OD sample — OD negative
control) / (OD positive control - OD negative con-
trol) x 100%. S/P ratio = 30% was considered positive.

RESULTS AND DISCUSSION

The Republic of Tajikistan is a landlocked state in Central
Asia, characterized by a predominantly mountainous ter-
rain. The area of the country is 142.6 thousands km?, the
population is 10 million people. As of 2023, the cattle pop-
ulation in the country amounted to 2,605 thousands
(FAOstat, 2025). The first-level administrative divisions
consist of five units: Sughd Region, Khatlon Region, Gorno-
Badakhshan Autonomous Region, the city of Dushanbe,
and the Districts of Republican Subordination.

Tajikistan is located in zones of continental, sharply
continental, and mountain climate. The country’s climatic
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Fig. 2. LSD spread in the Republic of Tajikistan in 2023

conditions are determined by its topography, which en-
compasses both lowland and high mountain areas. Pre-
cipitation is distributed unevenly. The majority of the pre-
cipitation falls in winter and spring. Summer in lowland
areas is dry.

The disease was first reported in the hot and arid Khat-
lon Region (in Panj, Farkhor and Hamadoni Districts), where
high temperatures and dry climate contribute to the active
reproduction of blood-sucking insects, the key virus carri-
ers. The infection subsequently spread to other regions,
including the Sughd Region, the city of Dushanbe and Dis-
tricts of Republican Subordination, where the moderately
warm climate, presence of pastures and water reservoirs
also create conditions for the disease transmission. The
location of the affected areas is shown in Figure 2.

In 2023, the majority of LSD outbreaks (14 outbreaks) were
reported in the Khatlon Region, where 70% of the Republic’s
cattle population is concentrated. Morbidity and mortality of
cattle in the Panj District reached 55 and 15%, respectively.

Analyzes of LSD situation in cattle demonstrated that
during the further spread of the disease across the Repub-
lic in June — August 2023, the mortality in the Faizabad
District was 30-40%, and mortality — 2-3%, while in the
Gissar valley they were 20 and 3%, respectively.

In the Rasht Valley, where temperate climate prevails,
the disease was reported in cattle in November - December.

Panj - a district where the first LSD case was detected
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7 Table 1
7 - % Regions of the republic where serological monitoring was carried out
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5 4 4 Regions of the Republic of pathological 0Ly
4l material of tested samples
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Fig. 3. Number of LSD outbreaks by month

Fig. 4. Formation of nodular skin lesions on the neck and shoulder blade areas
of LSD infected cattle

A

Fig. 5. Erosive lesions of the tongue mucosa of LSD infected cattle Fig. 7. Nodular and ulcerative lesions on the udder of LSD infected
cattle
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Table 2
LSD ELISA results

Number of kishlaks Samples tested Positive samples detected Seroprevalence, %

Khatlon Region
Panj 3 27 19 70.4
Hamadoni 4 19 n 579
Farkhor 4 15 9 60.0
Vose’ 2 N 5 455
Kulob 3 8 3 375
Bokhtar city 3 15 8 533

Sughd Region
Ayni 2 12 4 333
Ghafurov 3 10 2 20.0
Konibodom 1 7 2 28.6
Panjakent 1 16 7 438
Isfara 1 13 5 38.5

Districts of Republican Subordination

Hisar 2 14 4 28.6
Rudaki 3 21 13 61.9
Faizabad 2 10 5 50.0
Rasht 2 18 12 66.7
Total 36 216 109 50.5

The mortality in this region did not exceed 10%, and the
mortality of the infected animals amounted to 3-5%.

In northern Tajikistan, LSD was reported in Ayni, Ghafu-
rov, Konibodom, Panjakent, and Isfara districts of Sughd
Region. The cattle morbidity in these regions was 15-20%,
and mortality ranged from 3 to 5%.

The disease outbreaks were less intense in the regions of
the Badakhshan Mountainous Autonomous Region, which
is associated with a lower activity of the insect vectors due
to the specifics of the climate and terrain. Despite the fact
that this area, located along the border with Afghanistan,
occupies more than 43% of the territory of the Republic, it
has the lowest animal population and density per 1 km?2

The latest disease outbreaks in the Republic of Tajikistan
were reported in December 2023 in the Districts of Repub-
lican Subordination. Overall, more than 20 outbreaks of LSD
were reported during the year, most of them were detected
in the summer-autumn period from July to November
(Fig. 3). This may be attributed both to the activity
of potential vectors and to the pasturing of livestock during
this period. The peak of the LSD epizootic in cattle was
recorded in September - November 2023. The information
obtained is consistent with the published data [27, 28, 29].

It is important to note that, based on the field data, the
incubation period for LSD was approximately 5 days and may
have depended on the susceptibility of the animals [30].

Thus, the disease outbreaks were less intense in the
mountainous regions of the country, where the harsh cli-
mate with low temperatures limits the insect activity. In the
foothill areas and pastures, the infection could spread
through livestock migration. Consequently, the combina-
tion of the hot climate, high animal density, and favorable
conditions for insect reproduction have become key factors
in the LSD epizootic process in Tajikistan [31].

The diseased animals demonstrated high body tem-
perature (40.5-42.0 °C), nasal and ocular discharge, en-
larged lymph nodes (especially patellar and scapular ones),
refusal of food, as well as skin nodular eruptions of various
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shapes and sizes (Fig. 4), and erosive lesions in the oral cav-
ity, including the tongue (Fig. 5).

The number of nodules ranged from ten to several hun-
dred (Fig. 6). During LSD development in lactating cows,
nodules of various shapes and sizes often appeared on the
udder (Fig. 7). The diseased animals quickly became ema-
ciated and lost their dairy and meat performance for a long
time [32].

When ELISA was used to test 216 samples of bovine sera
from animals from Khatlon and Sughd Regions and Districts
of Republican Subordination, LSDV antibodies were detec-
ted in 109 of them, which accounted for 50.5% of the total
number of animals (Table 2).

The highest seroprevalence was reported in the Khatlon
Region: Panj District (70.4%), Farkhor District (60.0%) and
Hamadoni District (57.9%), which indicates a significant
spread of infection in this area. In Sughd Region, the high-
est rates were detected in Panjakent (43.8%) and Isfara
Districts (38.5%), and as for the Districts of Republican Sub-
ordination, high level of seroprevalence was reported in
Rasht (66.7%) and Rudaki Districts (61.9%).

Thus, the study results indicate the transboundary na-
ture of LSD and emphasize the need for further monitoring
and the implementation of preventive measures to control
the disease situation with the aim of reducing the economic
losses.

CONCLUSION

An analysis of the LSD situation in Tajikistan in 2023
showed that the infection outbreaks had seasonal pattern,
reaching the peakin the summerand autumn period (July -
November). The most affected areas were Khatlon Region,
Districts of Republican Subordination and Sughd Region,
where the seroprevalence varied from 20.0 to 70.4%. The
infection outbreaks were reported both in the backyards
and on commercial farms, which indicates the need for
strict veterinary control and implementation of pre-
ventive measures.
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To effectively control LSD, it is necessary to strengthen
epizootological monitoring, carry out timely vaccination
of animals, and implement measures for the identification
and control of potential vectors. These steps will allow min-
imizing economic losses and maintaining animal health in
the Republic.
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ABSTRACT

Introduction. Despite no cases of classical swine fever (CSF) have been recorded in the Russian Federation since 2021, gaining official recognition, as a disease-free
zone, will require adoption of effective, safe vaccines compatible with the DIVA strategy. A range of expression systems is being evaluated as potential platforms
for a recombinant subunit vaccine; synthesizing the E2 antigen in mammalian cells appears to be a particularly promising approach.

Objective. Optimizing transient transfection conditions in mammalian cell production lines for expression of classical swine fever virus (CSFV) E2 antigen.
Materials and methods. The nucleotide sequence encoding a 188-amino acid fragment of the E2 antigen was cloned into the pVAX1 vector. Transient transfection
was performed using two common methods — calcium-phosphate and cationic (employing branched polyethylenimine, PEI) — on three established mammalian
production cell lines: CHO-K1, PK-15, and BHK-21/13. Expression efficiency was controlled using immunofluorescence, quantitative reverse transcription polymerase
chain reaction, and enzyme-linked immunosorbent assay.

Results. It was determined that all the cell lines evaluated underwent transfection with an efficiency ranging from 60 to 90%. Cellular viability 24 hours
post-transfection was at least 87%, with the lowest rates observed following calcium-phosphate transfection using an initial 12-hour incubation period. In all cases,
transfection was accompanied by expression of specific messenger RNAs. The highest yield of the 17.3 kDa recombinant E2 protein was achieved in the CHO-K1
cell line (up to 47.4 mg/L), while the lowest yield was observed in the BHK-21/13 line (up to 24.1 mg/L). The specificity ratio in the antigen variant of the indirect
enzyme-linked immunosorbent assay using specific antisera ranged from 5.1 to 6.2 units for all the expressed protein variants.

Conclusion. Al the cell lines presented in the study demonstrated satisfactory transfection efficiency. Combined with their properties — such as high proliferation
rates and adaptation to serum-free media — this makes them suitable for stable expression. Both the calcium-phosphate and cationic methods provide high
transfection efficiency, relatively low cytotoxicity, and good reproducibility. The combined use of these control methods is advisable during the design phase
of expression systems. In a production setting, however, the primary metric of their functionality is the overall yield of the specific recombinant protein, as deter-
mined by antigen-specific enzyme-linked immunosorbent assay.

Keywords: classical swine fever, mammalian cells, transient gene expression, recombinant antigen, immunofluorescence, messenger RNAs, enzyme-linked
immunosorbent assay
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2(rb0Y BO «Ka3aHckmii rocysapcTBeHHbIil arpapHblil yHuBepcutet», UHTuTyT «KasaHckad akafemua BeTepuHapHoii MeauuuHbl um. H. 3. baymanay,

yn. Cubmpckuii Tpak, 35, 1. KasaHb, 420029, Pecnybnuka Tatapctan, Poccus

3 KasaHckas rocyfapcTBeHHan MeauumHckas akagemus — unuan OTB0Y JN0 «Poccuiickas MeAMLMHCKaA akagemua HenpepbiBHOTO NpodeccuoHanbHoro
o06pazoBaHua» Munuctepcraa 3apaBooxpaxexna Poccuiickoit Oegepauun (KTMA — dunnan OTBOY N0 PMAHIMO Munzapasa Poccun), yn. Mywrapu, 11,
r. KazaHb, 420012, Pecnybnuka Tatapctan, Poccus

PE3IOME

Bepenue. Hecmotpa Ha otcyTctBue B Poccuiickoii Oepepauim ¢ 2021 1. 3aperncTpupoBaHHbIX CTyuaeB KNaccuyeckoil yymbl CBUHelA, ANA NonyyeHna cratyca
30Hbl, CBOOOAHO OT AlaHHOrO 3a60eBaHMA, HeobxoaMo BHeApeHue IPGeKTUBHbIX 1 6e30nacHbIX BaKLuH, co0TBETCTBYIoWMX cTpaterm DIVA. B kauecTBe
MOTEHLMANbHBIX MHCTPYMEHTOB ANA C03AaHNA PeKOMOUHAHTHOI CY6bEAMHUYHON BAKLMHBI PacCMaTPUBAOTCA Pa3aNyHble CUCTEMbI IKCIPECcm; NepCnekTUBHLIM
NpeACTaBAALTCA CMHTE3 aHTUreHa E2 B KneTkax MAeKonuTatLLux.

Lienb uccnepoBanua. ONTUMM3aLNA YCIO0BII TPaH3NEHTHOIA TPAHChEKLIMM NPON3BOACTBEHHDBIX JIMHUIA KNIETOK MIEKONUTAIOLMX ANA IKCNPECCN aHTUreHa
E2 Bupyca knaccuueckoit uymbl CBUHEIA.

Marepuanbi 1 meTopbl. HykneotuaHaa nocnefoBaTeNbHOCTb, KogupylolLas ¢parmeHT aHTureHa E2 npotaxeHHocTbio 188 a. 0., 6bina KNoHUpoBaHa B BEKTOP
pVAX1. TpaH3neHTHaa TpaHcdekLmA npoBoamMAach ABYMA 06L1ef0CTYMHLIMIN METOAAMM: KaNbLNiA-QoCdaTHbIM 11 KaTMOHHBIM (NPY NOMOLLY Pa3BETBAEHHOMO
MONN3TUAEHVMUHA) — B OTHOLLIEHINM TPEX MPOU3BOACTBEHHDIX KNETOUHbIX IMHMI MaekonuTatoluumx: CHO-K1, PK-15, BHK-21/13. Kontponb addexTuBHoCTY 3Kcnpeccun
OCYLLIECTBAANCA METOZAMI MMMYHOGAYOPECLIEHLMM, KONMYECTBEHHOI NONMMea3Hoii LieNHOi peaKLuu ¢ 06paTHON TpaHCKpUNLMeN, MIMMYHOhEPMEHTHOrO aHanu3a.
Pe3ynbTarbl. bbino ycTaHoBNEHO, UTO BCe paccMaTpuBaemble KNEeToUHble IMHIM MOABEPrannch TpaHcheKwmn ¢ 3pdekTuBHOCTbI0 0T 60 0 90%. BbhxuBaemocTb
KNeToK uepe3 24 u nocne npoBefieHNA TpaHCeKLMM cocTaBnAna He MeHee 87%, HauMeHbLUNe NOKa3aTen PerucTpupoBanuch Npu NPoBeAeHNM KanbLnii-
dochaTHoil TpaHCPeKLmu ¢ nepBuYHOii MHKy6aLwedt 12 u. lpoBeseHue TpaHcdeKLIM BO BCEX CyYadX COMPOBOMXAANOCH IKCpeccueil cneLuduyeckinx MaTpuyHbIX
PHK. HanbonbLuuii BbIXoA pekombuHaxTHoro benka E2 monekynapHoii maccoit 17,3 kfla 6bin xapaktepen ana nukun CHO-K1 (o 47,4 mr/n), HaumeHbLIMA —
ana ankun BHK-21/13 (go 24,1 mr/n). KoadduumeHT cneumduyHocTy B aHTUreHHOM BapuaHTe HenpAMOro UMMYHO(EPMEHTHOT0 aHann3a co cneLMduueckumm
AHTUCLIBOPOTKAMU 1A BCeX BapUaHTOB JKCNpeccupyemoro benka BapbupoBan B AnanasoHe 5,1-6,2 en.

3akntoueHnne. Bce npeacTaBnenHble B UCCIS0BAHNI KNETOUHbIE NMHUIM 06N1afanit yA0BNETBOPUTENbHON TPAHCOULIMPYEMOCTbIO, UTO B COBOKYMHOCTI
C VX CBOIACTBaMI (BbICOKOIA CKOPOCTbIO NponudepaLmy, afantaumeil k 6eccblBOPOTOUHBIM CPeaM) NO3BONAET UCNOB30BATb UX ANA CTabUNbHON FKCpeccun.
11 kanbumit-GochaTHbI METOZ, 1 KAaTUOHHDII 06ecneunBatoT BbICOKYI0 IPHEKTUBHOCTD TPAHCHEKLIM, OTHOCUTENBHO HIU3KYH LIUTOTOKCUYHOCTL M BOCNPON3BO-
AUMOCTb. [IpuMeHeHue paccmMaTpuBaeMbIX METOAOB KOHTPONA Lienecoobpa3Ho B COBOKYMHOCTY Ha Tane KOHCTPYUPOBAHMA IKCNPECCUOHHBIX CUCTEM, OHAKO
B NPONU3BOACTBEHHDIX YCTIOBUAX OCHOBHbIM KpUTEPUEM UX GYHKLIMOHANbHOCTU ABAAETCA TOTabHbI BbIXOA CMEeLMPUYECKOro peKoMOUHaHTHOTO benka, pery-
CTPUPYEMbIil NPI MOMOLL aHTUTEHHOTO UMMYHODEPMEHTHOTO aHanV3a.

KntoueBble cnoBa: Knaccuyeckas uyma CBUHei, KNeTKu MIIeKONMUTIOLLMX, TPaH3MEHTHaA SKCMPeccus reHoB, PEKOMOWHAHTHDIIA aHTUreH, UMMyHOdRyopecLeHLma,
marpuuHble PHK, ummyHodepmeHTHbII aHanm3

bnaropapHocTi: PaboTa BbINonHeHa 3a CYeT rpaHTa, npefocTaneHHoro Akagemueil Hayk Pecnybnuku TatapcraH 06pa3oBaresibHbIM OpraHU3aLmMAM BbicLuero 0bpa-

30BaHNA, HAyYHbIM 1 HBIM OpraHM3aLVAM Ha NOAAEPKKY NNAHOB Pa3BUTIAA KAAPOBOro NOTEHLMaNa B YacTv CTUMYNMPOBAHUA X HAYUHDIX U HAyYHO-NEAArornYeckux
PaboTHMKOB K 3aLLTe IOKTOPCKMX ANCCEPTaLIMI 1 BbIMOMHEHMHO HAYYHO-MCCNefoBaTeNbCKIX paboT (cornawuenue Ne 4/2025-111-BHVBK).

[ina uvtuposauua: laneesa A. I, Ky3Hewosa 0. A., AxyHosa A. P, Xammapos H. I1., XaeptbiHos K. C., Myxammagues Pun. C., Edumosa M. A. Ontumu3zauna
YCNOBWI TPAH3UEHTHON TPAHCHEKLMN NPOM3BOACTBEHHBIX IMHMI KNIETOK MAEKOMUTAIOLLMX ANA IKCNPeCcuy aHTureHa E2 Bupyca knaccuyeckoii uymbl cUHei.
Bemepurapus ce2001A. 2026; 15 (1): 67-73. https://doi.org/10.29326/2304-196X-2026-15-1-67-73

KoHdnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina KoppecnonpeHuun: faneesa AHToHUHA Me60BHa, KaHA. BeT. HayK, Bedywnii HayuHblil COTPYAHMK NabopaTopum BMPYCHbIX aHTPONO300HO308
OIBHY «OLTPE-BHWBW», HayuHblit ropogok-2, r. Kazanb, 420075, Pecnybnuka Tatapctan, Poccua, antonina-95@yandex.ru

INTRODUCTION

This challenge underlies the restrictive vaccination policies

Classical swine fever (CSF), caused by the RNA-contain-
ing Pestivirus C, is one of the most dangerous viral diseases
of the Suidae family and is accompanied by hemorrhagic
syndrome [1, 2]. Classical swine fever virus (CSFV) primari-
ly targets endothelial cells and macrophages. Concurrent-
ly, it triggers T-cell apoptosis, leading to significant immu-
nosuppression. In most cases, the infection follows an acute
course, culminating in one of three outcomes: fatality, re-
covery with the development of virus-neutralizing antibo-
dies, or progression to a chronicinfection [3, 4]. In countries
where CSF is endemic, effective live attenuated vaccines
are commonly used. However, the ability of vaccine strains
to replicate within the host complicates differentiating
vaccinated animals from infected ones (the DIVA strategy).
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adopted in non-endemic regions. Thus, within the Russian
Federation, there is a clear need to develop effective and
safe marker vaccines. Such vaccines are essential for con-
trolling potential CSF outbreaks and are a prerequisite for
eventually achieving CSF-free zone status, officially recog-
nized by the World Organisation for Animal Health [5, 6].
In the context of developing experimental subunit vac-
cines, various expression systems have been successfully
employed for the biosynthesis of the major glycoprotein E2.
We previously generated a prokaryotic equivalent of gly-
coprotein E2 [7]. Its synthesis predominantly resulted in
inclusion body formation, necessitating extensive chro-
matographic purification and refolding steps. Consequent-
ly, the yield of purified, bioactive product was relatively low.
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As an alternative to Escherichia coli expression, gene ex-
pression in mammalian cells can be considered. Its prima-
ry advantages are post-translational modifications closely
resembling the native ones, along with recombinant pro-
tein solubility and folding compatible with high-level over-
expression [8]. To facilitate future scale-up, mammalian cell
expression must be cost-effective and high yielding. This
necessitated development of an optimized genetic con-
struct, selection of a suitable production cell line as a po-
tential producer of the recombinant vaccine antigen, and
adaptation of established transfection protocols to meet
specific requirements of this bioprocess.

The objective of this study was to optimize transient
transfection conditions in mammalian production cell lines
for CSFV E2 antigen expression. The following tasks were
completed to achieve this objective:

a) assess suitability of CHO-K1, PK-15, and BHK-21/13
celllines for transient expression of a gene encoding a frag-
ment of glycoprotein E2;

b) compare efficiency of widely available non-viral DNA
delivery methods (calcium-phosphate and cationic trans-
fection);

¢) validate developed methods for monitoring expres-
sion efficiency: immunofluorescence assay (IFA) on cell
culture, quantitative assessment of messenger RNA (mRNA),
and antigen-capture enzyme-linked immunosorbent as-
say (ELISA).

MATERIALS AND METHODS

Generation of recombinant DNA. A nucleotide sequence
encoding a truncated E2 protein Shimen strain of CSFV
(GenBank ID AF092448.2) was cloned into pVAX1 vector
(Evrogen, Russia) using BamH!I and EcoRl restriction sites.
Sanger sequencing confirmed the identity of the generated
construct. The recombinant plasmid was transformed into
E. coli strain DH5a (Novagen, Germany), amplified, and
isolated using a Midiprep system (Evrogen, Russia). Plasmid
concentration was measured using a Nano-500 spectro-
photometer (Allsheng, China). Sample purity was assessed
by the absorbance ratio at 260 and 280 nm; a ratio between
1.8 and 2.0 indicates an absence of polypeptide or free-
nucleotide contamination.

Cell culture. Monolayers of Chinese hamster ovary
(CHO-K1, ATCC® CCL-61), Syrian hamster kidney (BHK-21/13,
ATCC® CCL-10), and porcine kidney (PK-15, ATCC® CCL-33)
cells were cultivated in 75 mL flasks and 100 mm diameter
plates (Biologix Group Ltd., China). The growth medium
consisted of DMEM-F12 (PanEco company, Russia) supple-
mented with 10% fetal bovine serum (HyClone, Australia),
100 IU/mL penicillin and streptomycin (PanEco company,
Russia), and 20 mM L-glutamine (Sigma-Aldrich, USA). Cul-
tures were maintained at 37 °Cin a humidified atmosphere
of 5% CO,, starting at an initial concentration of
10 X 10%cells/mL. Routine contamination screening was
performed. No contamination by bacteria, mycoplasma, or
bovine viral diarrhea virus was detected.

Transfection process. The conditions for calcium-phos-
phate (CaP) and cationic (PEI) transfection of the produc-
tion cell lines are detailed in the Table.

Cell viability was assessed 24 hours post-transfection in
96-well culture plates (Corning Incorporated, USA) using
a colorimetric methyl thiazole tetrazolium (MTT) assay.
To each well containing 100 pL of fresh culture medium,
10 pL of MTT reagent (Wuhan Servicebio Technology Co.,

Ltd., China) were added. The plates were then incubated
for 3.5 hours under standard conditions. The formazan crys-
tals that formed were dissolved by adding an equal volume
of dimethyl sulfoxide. The absorbance in each well was then
measured at a wavelength of 570 nm. The percentage of
viable cells was calculated from the ratio of wells containing
transfected cells to the wells with the intact cells.
Assessment of messenger RNA expression levels. The tran-
scriptional activity of the E2 gene fragment was assessed
by quantitatively determining its product — specific mRNAs.
Nucleic acids were extracted from transfected cells using
the RIBO-sorb reagent kit (Central Research Institute of
Epidemiology of Rospotrebnadzor, Russia). The isolated
samples were treated with DNase (Syntol, Russia) at a ratio
of 1 unit per 10 ng of DNA and incubated for 1 hourat 37 °C,
followed by enzyme inactivation at 80 °C for 5 minutes. For
amplification, the following reaction mixture was prepared
(perone 20 uL sample): 4 uL of prepared PCR 5x gPCRmix-
HS SYBR premix, 5 pM each of forward (5-CGTCAACCAAT
GAGATAGGGCTGT-3') and reverse (5'-GCACAGCCCGAATC
CGAAGT-3’) primers, 100 units of MMLYV reverse transcrip-
tase (Evrogen, Russia), 15 ng of RNA template, and ddH,0
to a final volume of 20 pL. A ten-fold serial dilution of the re-
combinant plasmid pVAX1-trE2 was used to generate a cal-
ibration curve. Real-time reverse transcription-polymerase
chain reaction (real-time RT-PCR) was performed using
a C1000 thermocycler with a CFX96 optical module (Bio-
Rad Laboratories, Inc., USA) according to the following
program: 1 - reverse transcription at 37 °C for 5 minutes;
2 — DNA denaturation at 95 °C for 5 minutes; 3 — 35 cycles
of: 94 °C for 30 seconds, 56 °C for 30 seconds, 72 °C for
25 seconds; 4 - final elongation at 72 °C for 10 minutes.
Melting curve analysis of the amplicons was performed
using the CFX Manager software (Bio-Rad Laboratories, Inc.,

Table
Transfection conditions on culture plates (<5 100 mm)

(alcium phosphate transfection

Indicator (CaP method)

Seeding density (6—10) x 10° cells/mL

(ationic transfection
(PEl method)

Cell confluency at the
time of transfection (%)

70 70-85

Mixture composition:

Solution A

Solution B

2.5MCaCl,-30 L
Plasmid DNA — 10-20 ug
ddH,0 —up to 300 pL

HBS buffer, pH 7.05 — 300 uL
Full medium — up to 5—-6 mL

Serum-free medium — 100 pL
Plasmid DNA — 2—4 g

Serum-free medium — 100 pL
PEI - 6-16 uL

Complex formation

Solution A was added drop
by drop to solution B
(3—5 min at room temperature)

Solution B was added drop
by drop to solution A
(15 min at room temperature)

Duration of incubation 6—12 hours 4-12 hours
Posttransfection 48-72 hours 48-72 hours
cultivation
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USA).The number of mRNA copies in each sample was nor-
malized and is presented per 1 ug of the total RNA.

Immunofluorescence assay on cell culture. Transfected
cells were stained with an FITC-conjugated polyclonal
swine antiserum to CSFV (Federal Center for Toxicological,
Radiation and Biological Safety) at a working dilution of
1:500, as previously described by the authors [9].

Isolation of the target protein. 48-72 hours after transfec-
tion, cells were mechanically removed from the surface of
the culture vials using scrapers. Cells from the suspension
were pelleted by centrifugation at 3,000 g for 15 minutes.
The pellet was resuspended in 1 mL of chilled RIPA buffer
(50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 1 mM ethylenedi-
aminetetraacetic acid; 1% Triton X-100; 0.1% sodium de-
oxycholate; 0.1% sodium dodecyl sulfate; 0.1 mM phenyl-
methylsulfonyl fluoride) and incubated on ice for
30 minutes. Subsequently, the cells were pelleted again by
centrifugation. Protein presence in the supernatant was
confirmed by analytical electrophoresis on a 15% polyacryl-
amide gel under denaturing conditions. Reactivity with
specific antisera was assessed in ELISA using a previously
developed test system designed to monitor the specificity
of the recombinant CSFV antigen [10].

Statistical analysis was performed using GraphPad Prism
10.4 software (GraphPad Software, USA).

RESULTS AND DISCUSSION

Bioinformatic analysis identified a 188-amino acid frag-
ment (residues 690-878) characterized by the highest den-
sity of CSFV-specific B-cell epitopes. According to pBLAST
analysis results, the sequence identity of this fragment
among representatives of CSFV genotypes 1 and 2 ranges
from 91.19 to 98.74%. Furthermore, it exhibits no significant
homology with the corresponding region of the bovine
viral diarrhea virus proteome, which is a critical factor in se-
lecting a diagnostic antigen sequence. The final amino acid
sequence, flanked by a hexahistidine tag, was reverse-trans-
lated. The synthesized nucleotide sequence, containing
a Kozak consensus sequence upstream of the start codon,
was then cloned into the target pVAX1 vector. The construct
scheme is given in Figure 1.

Cell viability was assessed 24 hours after transfection in
the CHO-K1, PK-15, and BHK-21/13 cell lines (Fig. 2).

The chart shows that the percentage of viable cells fol-
lowing both transfection methods, under the specified
incubation periods with the transfection agents, was at
least 87%. Furthermore, cell viability exceeded 93.6% when
using cationic transfection with incubation period of
6-12 hours, as well as with CaP transfection when
the primary incubation period was limited to no more than
6 hours. Lower viability rates (87.2-92.8%) were recorded
for CaP transfection when the primary incubation was ex-
tended up to 12 hours. This is likely attributable to the cyto-
toxic effect exerted by calcium precipitates during extend-
ed incubation periods.

The next phase of the study involved a comparative
assessment of various methods for monitoring transfection
efficiency, specifically direct IFA on transfected cells, quan-
titative mRNA analysis in real-time RT-PCR, and antigen-
capture ELISA.

According to IFA performed on cell cultures, transfection
efficiency at 48 hours post-transfection varied from 60
to 90%. The highest efficiency was recorded in monolayers
of the CHO-K1 line: 87% for CaP transfection and 90% for
PEl transfection. A slightly lower proportion of fluorescent
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—| Pewv >— trE2 >_1 BGH pA>—<NeoRIKanR |—<pUC ori |

2,070-2,634 bp
Shimen
(ID AF092448.2)

Fig. 1. Structure of the genetic construct based on the pVAX1 vector: Pcy—
cytomegalovirus promoter; trE2 — sequence encoding the truncated E2 protein
of CSFV (nucleotides 2,070-2,634 of the Shimen strain); BGH pA - bovine growth
hormone polyadenylation signal; NeoR/KanR — genes conferring resistance to
selective antibiotics (neomycin and kanamycin); pUC ori - origin of replication

100
CHO-K1
90
PK-15
80
BHK-21/13
T T T T 70

Control CaP 6h CaP 12h PEI 6h PEl 12h

Fig. 2. Cell viability results for production cell lines 24 hours after calcium
phosphate transfection and PEl using MTT assay

CHO-K1 PK-15 BHK-21/13

PEI

Fig. 3. Fluorescence-based monitoring of transfection (48 hours)
in production cell lines

cells was observed for the PK-15 line: 82% for CaP and 85%
for PEl transfection. The lowest efficiency was observed for
the BHK-21/13 line: 80 and 65% for CaP and PEl transfection,
respectively (Fig. 3).

In addition to IFA, which serves as a fundamental meth-
od for assessing transfection efficiency, an analysis of mRNA
expression was conducted. It is established that measure-
ments based on protein and mRNA levels are complemen-
tary and essential for a comprehensive assessment of gene
expression. The real-time RT-PCR protocol was initially
validated using a ten-fold serial dilution of the control
plasmid pVAX1-trE2 (starting concentration 50 ng/puL).
It was determined that the linearity of the reaction (R?) was
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0.994, the slope (Ct threshold between two DNA dilutions)
was -3.748, the theoretical limit of detection (y-intercept)
was 29.288, and the reaction efficiency (E) was 94.8%. The
results of specific mRNA level quantification, determined
by real-time RT-PCR, are given in Figure 4.

It is known that within a cell, the ratio of protein to
mMRNA is governed by translation and protein degradation
processes, which are regulated at the gene-specific lev-
el [11]. The overall correlation between mRNA and protein
concentrations in multicellular eukaryotes is considered
significant but moderate compared to that in bacteria and
yeasts: the number of protein molecules per transcript can
vary substantially [12, 13]. Therefore, a more objective as-
sessment of the expression system’s functionality, particu-
larly in a production setting, is the quantitative protein yield
coupled with the determination of its specificity using an
accessible serological method (Fig. 5).

According to the calculated data, the rE2 protein, with
a predicted molecular mass of 17.3 kDa, is stable and solu-
ble. These parameters did not differ among the protein
variants expressed by all three producer lines, which may
indicate similar patterns of post-translational modifications.
This is supported by the comparable activity of all protein
variants in ELISA, with a positiveness degree ranging from
5.1 to 6.2. The highest recombinant protein yield was
achieved using the CHO-K1 line (35.6-47.4 mg/L), while the
lowest yield was observed with BHK-21/13 (19.3-24.1 mg/L).
This finding aligns with the established influence of cell
origin on transfection efficiency under comparable condi-
tions [14]. Although cationic transfection demonstrated
greater efficiency in terms of transcript levels, the CaP trans-
fection method yielded an average of (8.7 £ 1.4)% more
functional product.

Literature describes production of the recombinant gly-
coprotein E2 of CSFV in mammalian cells. For instance, in
the work of R.-H. Hua et al. [15], the generation of a stable
BHK-21 cell line using the pCAG vector is reported, achiev-
ing a productivity of up to 45 mg/L. The recombinant pro-
tein provided 100% protection to pigs upon lethal chal-
lenge. Tian H. et al. [16] successfully created a truncated E2
protein containing CSFV-specific domains, which induced
seroconversion in rabbits, i.e. in PK-15 cells transfected with

35
25

1.8 |

1 F
d i
0

mRNA abundance
(million copies per pg of total RNA)
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Fig. 4. Quantitative assessment of specific nRNA expression

the retroviral vector pBABE puro. The use of the CHO cell
line also enabled significant yields of recombinant E2:
L. Feng et al. [17] generated stable rCHO transgenic cells
with a dynamic Txnip promoter, forming the basis for an
inducible expression strategy. Thus, mammalian cell ex-
pression is an effective tool for the large-scale biosynthesis
of complex glycoproteins and is applicable in the develop-
ment of candidate subunit vaccines [18, 19, 20].

CONCLUSION

This study investigated the application of standard
transfection methods on several mammalian production
cell lines for the generation of the recombinant CSFV E2
antigen, along with methods for monitoring expression
efficiency. It was established that the CHO-K1, PK-15, and
BHK-21/13 cell lines are successfully transfected under stan-
dard conditions with an efficiency of up to 90%. Among
these, the CHO-K1 line demonstrated the highest trans-
fection efficiency as well as the highest overall yield of
the target protein. Given that all cell lines considered are
characterized by high proliferation rates, ease of cultivation
(including in suspension), and adaptation to serum-free
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Fig. 5. Functional analysis of the expression systems based on the pVAXT vector and cell lines CHO-K1, PK-15, and BHK-21/13.
A - electrophoretogram of cell lysates from the primary producer (CHO-K1): lane 1 — negative control (lysate of cells transfected with the original pVAX1
plasmid without insert); lanes 2 and 3 - lysates of cells transfected with the pVAX1-E2 plasmid (target polypeptide fraction marked with *);
M — molecular weight marker Prestained Protein Marker IV (Wuhan Servicebio Technology Co., Ltd., China);

B - assessment of the quantitative yield and specificity of the recombinant truncated E2 protein (ELISA data presented for antigen

solutions at 1 ug/mL concentration)
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media, they possess significant potential for generating
clonal producer lines tailored to specific bioprocess require-
ments. It was also established that both transfection meth-
ods examined - CaP and PEI - provided sufficiently high
transfection efficiency and comparable yields of the target
protein. Their advantages include cost-effectiveness and
reproducibility.

A comparative assessment of transfection efficiency
monitoring methods - IFA, quantitative PCR, and indirect
ELISA - demonstrated that their combined application is
advisable during the expression system design phase.
While conducting IFA with FITC-labeled polyclonal antibo-
dies provides valuable information during the initial stages
of protein synthesis, it necessitates continuous screening
of cell lines and fetal bovine sera for contamination with
bovine viral diarrhea virus, which can lead to false-positive
results. Quantitative mRNA detection does not always cor-
relate with target product yield; therefore, the use of this
method is justified primarily for an initial assessment of
gene transcriptional activity. In a production setting, the
most reliable indicator is the total yield of the target pro-
tein. This is conveniently monitored using quantitative or
semi-quantitative ELISA, particularly when working with
stable expression cell lines.

Although this study utilized a nucleotide sequence en-
coding a truncated antigen intended for diagnostic pur-
poses - specifically, a fragment of the E2 glycoprotein with
the highest density of CSFV-specific domains - the de-
scribed approaches are applicable to the development of
a recombinant subunit vaccine against CSFV. This applica-
tion is viable provided there is a well-designed construct
encoding the full-length glycoprotein.
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Strengthening classical swine fever surveillance
and control measures in the Russian Federation

Anastasiya S. Sadchikova, Alexander A. Shevtsov, Ivan A. Lavrentiev, Andrey R. Shotin, Alexey S. Igolkin, Roman S. Chernyshev
Federal Centre for Animal Health, ul. Gvardeyskaya, 6, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Classical swine fever (CSF) remains a critical challenge in global pig production. In the Russian Federation the last reported outbreak occurred in 2020
among wild boar populations, but the risk of re-emergence is sustained. To reduce the existing threats the targeted disease surveillance and control measures are
needed to be improved.

Objective. To analyze the current classical swine fever situation and the outcomes of epizootic monitoring in the Russian Federation, and to develop evidence-based
proposals for its improvement.

Materials and methods. This analysis draws upon laboratory test results from 2020 to 2024, as recorded in the “Vesta” electronic state information system (part
of the FGIS “VetlS”); epidemiological data from the World Organization for Animal Health (WOAH); and the official “Guidelines for planning laboratory testing and
sampling to improve classical swine fever surveillance in the Russian Federation”, developed and approved by the Federal Centre for Animal Health. Geospatial data
were visualized using the MapChart platform, while statistical analyses were performed with Microsoft Excel.

Results. Drawing on international experience in disease eradication and control, this study outlines a phased approach for the eradication of classical swine fever
in the Russian Federation, with a view toward achieving official recognition of disease-free status from the World Organization for Animal Health. The proposed
disease surveillance strategy is comprehensive and multifaceted, comprising: early detection measures, including immediate notification of suspected cases,
syndromic analysis, and clinical examinations with necropsies; routine monitoring at key control points, such as ante-mortem and post-mortem inspections; and
confirmatory procedures, consisting of strategic sampling, laboratory diagnostics, and surveillance in sentinel units. The study further explores the prospects for
a strategic transition, including the zoning of Russian territory, the phased discontinuation of immunization with live (attenuated) vaccines, and the potential
introduction of marker vaccines.

Conclusion. The proposed approaches are fully aligned with international standards and are specifically designed to achieve classical swine fever freedom in the
Russian Federation. The full implementation of the proposed measures will significantly strengthen classical swine fever control in Russia and, consequently,
enhance the export potential of the domestic pork industry.
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(oBepLLEeHCTBOBAHIE 3NI300TONIONMYECKOr0
HabNKAeHNA 1 KOHTPOAA 3a KNACCUUYECKON YyMOit
cBuHeil B Poccuitckoin Oepepatinm

A. C. CapumnkoBa, A. A. llleuoB, U. A. JlaBpenTbes, A. P. LloTun, A. C. Uronku, P. C. YepHbiwes
OIBY «DefepanbHblii LieHTp oxpaHbl 380poBbA XuBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. Knaccuueckas uyma CBIUHel NpoJoMmKaeT 0CTaBaTbCA BaXHOI npobnemoli (BUHOBOACTBA. B Poccuiickoii Oepepauim nocnesHas BCnbilika 6bina
3aperucTpupoBata B 2020 r. B nonynAuMM JUKMX KabaHoB, 0HAKO PUCK BO3HUKHOBEHUA HOBbIX CyyaeB 60ne3Hn coxpaHsaeTca. [Ind cHukeHna nmeroLueica
Yrpo3bl HEOOXOANMO COBEPLUEHCTBOBAHME MeP INU300TONOrMYECKOro HabNIoAEHNA U KOHTPONA.

Lienb nccnepoBanna. AHanu3 TekyLLeil INM300TUYECKON CUTYALIMN U Pe3yNbTaTOB peann3yemoro Ha Tepputopum Poccuiickoii Oegepauyi Snn300Ton0rnyeckoro
HabniofieHna 3a Knaccuyeckoil Yymoit cBUHel ¢ pa3paboTkoil npeanoXeHuil Mo ero COBEPLUEHCTBOBAHMK.

Marepuanbi u meToAbl. [71A aHanu3a Ucnonb3oBanuch AaHHble NpoBefeHHbIX B 2020—2024 rr. nabopatopHbIX UCCNeA0BaHIA, NPEACTABNEHHbIE B SNEKTPOHHYIO
TOCYLAPCTBEHHYI0 MHOPMALMOHHYI0 cucTemy «Becta» OIC «Betl(», a Take Matepuansl BcemupHoii opraHu3aLmi 3apaBooxpaHeHus XuBoTHbIX, «<MeToauueckue
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peKomeHZaLMI N0 NMaHMPOBaHMI0 NabopaToPHbIX UCCNER0BaHMIA 1 0T6OpY NPo6 ANA COBEPLUEHCTBOBAHMA INM300TONOMMYECKOTO HAZI30Pa 33 KNACCUYeckoii Yymoil
CBUHeli Ha TeppuTopuy Poccuiickoit Oepepauun», papabotantble n yTepxaeHHble B OIBY «BHUV3X». KapTorpadupoBaHue ocyLiecTBAANOCH C NOMOLLbIO
oHnaiti-nnatdopmbl MapChart, cratuctuueckas obpabotka npoBogunach B nporpamme Microsoft Excel.

Pe3ynbTatbl. Ha 0CHOBaHI aHan3a MeXyHaposHOT0 ONbiTa N0 AMKBUAALMM 1 KOHTPOAH GONE3H ONUCaHbI acneKTbl NO3TAMHOO 03/10POBMEHNA TePPUTOPUI
Poccuiickoii Desiepauian oT KNaccuueckoii UyMbl CBUHEIA € NepCNeKTUBAMM MOYYeHUA COOTBETCTBYHOLLIETO CTaTyca BceMMpHOIi opraH3aLimi 34paBooxpaHeHns
XUBOTHBIX. lpenaraemasn B MccnieoBaHINM CTPATErAA AMU300TONIOTUYECKOTO HAOMIAEHNA BKIIOYAET KOMMNEKCHDIN NOAX0L C HeMeANeHHbIMU YBeAOMIEHUAMN
0 110/303PEHII HA KNACCUYECKYI0 UyMy CBUHeN, NpoBeieHeM CMHAPOMHOT0 aHaNM3a, KNMHUYECKIMIU UCCNeA0BAHUAMM XKUBOTHBIX 1 NATONIOF0-aHAaTOMUYECKIM
BCKPbITVIEM TPYNOB, BETepUHAPHBIM Npezy60iiHbIM 0CMOTPOM XUBOTHbIX 1 IKCNEPTU30i NPoAyKTOB y6os, HabntozeHneM B I030pHbIX €AMHULAX, NPOBEAeHNEM
3dexTBHOrO NPobooTHOPa 1 NabopatopHoit AuarHocTukm. 06CyAeHbl NepcneKTUBbI 30HUPOBAHNA TepPUTOPUM Poccuu, MO3TANHOrO 0TKA3a 0T UMMYHM3ALUN
KUBbIMI (aTTEHYMPOBAHHBIMU) BAKLIMHAMY, NPUMEHEHINA MapKUPOBAHHBIX BaKLH.

3aknioueHue. [13n0XeHHble NOLX0/bI rApMOHU3NPOBAHBI C MEXAYHAPOAHBIMU PEKOMEHZALMAMM U COOTBETCTBYIOT LN 03L0POBNIEHIA CTPaHbI OT KNaccu-
YecKoii uyMbl CBUHeiA. Peanin3auma Bcex npeanoxeHHbIX 3Tanos byeT cnocobCTBOBATb ycuneHmio KOHTPONA 3a 6onesHblo B Poccun 1 yBenuyeHnio 3KCNOpTHOro
NOTEeHLMana 0TeyeCTBEHHON CBUHOBOAYECKON 0TPACiM.

KnioueBbie cnoBa: Knaccnyeckas uyma cBUHeil, 3nu300Tonornyeckoe HabntogeHne, MOHUTOPUHT, 6uosaiwmta, BO3X, ctatyc 6narononyuna, nabopatopHas
LAMarHOCTUKA, MapKUPOBaHHbIE BAKLMHbI

bnaropapHocTi: Paboa BbinonHeHa B pamMkax rocyfapcTBeHHOro 3afaHunsa «(6op v aHanu3 3nu300ToNOTMYECKUX AAHHDIX ANA OLieHKM CTaTyCoB bnarononyuus
cy6bekToB Poccuiickoit DefepaL U CTpaHbl B LENOM, B TOM YiCE ANA NONYUYEHUA W NOAAEPXKAHNA CTaTYCOB B COOTBETCTBIN € TpeboBaHMAMM KopeKca Ha-
3eMHbIX KMBOTHbIX BO3M».

[ina untuposanus: (agumkosa A. C., Lesuos A. A., JlaBpenTbes . A., lotuH A. P, Uronkun A. C., YepHbiwes P. C. CoBepLueHCTBOBaHMe 3NM300T00MNYECKOr0
HabnioeHnA 1 KOHTPONA 3a KNaccuueckoil uymoii cBuHedt B Poccuiickoii Oepepaunn. Bemepunapus ce2o0us. 2026; 15 (1): 74-86. https://doi.org/10.29326/2304-
196X-2026-15-1-74-86

Koudnukr nutepecos: Uronkut A. C. ABNAETCA UneHOM peAKonnerin xypHana «BetepuHapua CerofHs», Ho HIKAKOro OTHOLLIEHIA K peLLeHuto onybnmnkoBaTb
3Ty CTaTbl0 He UMeeT. PyKonuch NpoLLna NPUHATYIO B XypHane npoweaypy peleH3nposanua. 06 uHbIx KOHONMKTaX UHTEPECOB aBTOPbI He 3aABNANN.

[ina koppecnoxaenuymm: Cagunkosa AHactacua CepreeBHa, BeTepuHapHblii Bpay pedepeHTHoIA nabopatopun no adpukaHckoi uyme cauneit OrbY «BHUU3X»,

yn. [Bappeiickas, 6, mkp. I0pbesew, r. Bnagumup, 600901, Poccus, sadchikova@arriah.ru

INTRODUCTION

Classical swine fever (CSF) is one of the six priority dis-
eases under the WOAH Terrestrial Animal Health Code
(hereinafter referred to as the WOAH Terrestrial Code) for
which countries or zones can apply for official recognition
of disease-free status, along with foot-and-mouth disease,
peste des petits ruminants, bovine spongiform encepha-
lopathy, African horse sickness, and bovine contagious
pleuropneumonia [1, 21.

According to Article 15.2.3 of the WOAH Terrestrial Code,
a country or zone can achieve official recognition as free
from CSF through complete cessation of vaccination
against CSF in pigs, or use of validated DIVA (differentiating
infected from vaccinated animals) vaccines as required by
Chapter 3.9.2 of the WOAH Manual for Diagnostic Tests and
Vaccines for Terrestrial Animals (hereinafter referred to as
the WOAH Terrestrial Manual), followed by at least
12 months of continuous surveillance confirming no
CSF cases in domestic pigs or wild boars during this peri-
od[2,3].

In Russia’s Primorsky Krai, the last CSF cases in domestic
pigs were recorded in 2019, while wild boar infections ex-
tended into 2020. However, it is currently challenging to
provide an objective assessment of the CSF situation in the
country due to the absence of both an officially approved
monitoring program and a state-led eradication strategy.

The persistent circulation of the virus in wild boar and
domestic pig populations poses a significant threat for the
re-emergence of CSF outbreaks. Individual CSF virus (CSFV)
variants can persist in pigs, leading to asymptomatic carrier
states that complicate disease detection, particularly in vac-
cinated animals [4].

Another threat is the contamination of pig products.
The CSFV remains infectious for years in frozen or canned
pork products under suitable conditions [5].

In addition to virus survival in abovementioned prod-
ucts, transboundary spread from infected neighboring
countries poses a significant threat for CSF introduction,
particularly in border regions [6].

Russia currently employs mass immunization of domes-
tic pigs with live attenuated (non-marker) vaccines against
CSF, which precludes DIVA strategy implementation and
WOAH recognition of free status [7].

This work aims to analyze the CSF situation in the Rus-
sian Federation and propose improvements to surveillance,
with the goal of strengthening the export potential of the
pig industry, particularly following the official recognition
of CSF-free status.

MATERIALS AND METHODS

This analysis utilized laboratory test results retrieved
from the “Vesta” electronic information system (part of the

VETERINARY SCIENCE TODAY. 2026; 15 (1): 74—86 | BETEPUHAPUA CETOAHA. 2026; 15 (1): 74—86

75



ORIGINAL ARTICLES | PORCINE DISEASES OPUTHANBHBIE CTATbI | BOJTE3HU CBUHEN

FGIS “VetlS") for the period 2020-2024, as well as data ob-
tained from WOAH. The data were assessed and analyzed
in accordance with “The recommendations for planning
laboratory studies and sampling to improve epizootological
surveillance over CSF in the Russian Federation”, developed
and approved by the Federal Center for Animal Health [8].

Geospatial analysis was conducted, with mapping per-
formed using the online MapChart platform. Statistical
analysis was performed using Microsoft Excel (Microsoft
Office Professional Edition, 2003). This included correlation
analysis with calculation of the Pearson correlation coeffi-
cient (R), the coefficient of determination (R?), and the level
of statistical significance (p); R = 0.5 was considered to
indicate a strong positive correlation between the two vari-
ables; R? = 0.5 indicated a satisfactory level of explained
variance.

RESULTS AND DISCUSSION

Analysis of CSF eradication strategies implemented
in different countries. During the 91t WOAH General
Session in May 2024, 38 countries were officially recognized
as free from CSF, among them North American countries,
Oceania, most European nations and specific zones in Bra-
zil, Colombia and Ecuador. From 2020 to 2024, 17 countries
reported CSF outbreaks worldwide, including Russia.
In 2024, CSF persisted in parts of Asia, South America, Oce-
ania and Madagascar (Fig. 1) [2].

There are several different approaches to CSF eradication.

Countries like Australia, Canada, the United States, and
the European Union achieved and maintain WOAH-recog-
nized CSF-free status through nationwide radical measures,
throughout the country, including a strict no-vaccination
policy, extensive serological and virological surveillance to
detect carriers, and stamping-out (total culling of affected
herds plus contacts), alongside enhanced farm biosecurity.
All this imposed substantial economic costs [9].

To reduce costs, a less stringent approach is used -
to adopt zoning and enhanced disease surveillance. The

vaccination is maintained in high-risk zones and phased
out in low-risk compartments, gradually expanding free
zones. This approach is typical for Latin American countries
(Brazil, Colombia and Ecuador).

For example, Brazil has reported historical CSF out-
breaks since 1888 [10]. The country’s efforts in the disease
surveillance and control [11] achieved WOAH recognition
for specific zones as free from CSF since 2001. The propor-
tion of pigs raised in recognized areas was 95% by
2015 [10]. However, in 2018, the disease resurfaced
in Brazil: 34 outbreaks were reported, followed by 15 out-
breaks in 2023 and 2024 in backyards [2]. In response,
the country developed and adopted a new Brazil CSF-Free
Strategic Plan based on enhanced clinical observations,
laboratory tests (using polymerase chain reaction, PCR),
elimination of the infected animals and prophylactic vac-
cination (based on lapinized C-strain) in the zones at
the highest risk. In Brazilian regions with the highest pig
population density, CSF control measures included
the cessation of vaccination, which enabled the use
of serological diagnosis (i.e., the detection of specific

¥ X 1 Y
Countries which notified CSF | L
outbreaks in 2020-2024
B Countries recognized as free y
from CSF v

Fig. 1. CSF infected countries in 2020-2024

A T circulation in
control measures “w | T el >
A in the country/
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spread not [ New Control Program >
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Creation of RO Surveillance System
Preparation of Risk Analysis Plan

Fig. 2. Phased eradication plan for CSF in Russia [18]
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antibodies). Serological surveillance was carried out by
fauna managers (hunters) who collected blood sam-
ples [10]. Moreover, strict biosafety measures are applied
to prevent the disease’s spread [12].

It should be noted, that CSF remains endemic in sever-
al Asian countries including Japan, China, Indonesia, Thai-
land, and Nepal. A dramatic CSF situation has persisted in
Japanin recent years. Outbreaks of CSF have been reported
in the country since 1992 [13]. Vaccination with live GPE-
strain was used historically for domestic pigs and wild boar
but was banned for routine domestic use in 2006 [14]. Ja-
pan was officially recognized as a CSF-free country by the
WOAH in 2015 [13]. However, in 2018, the country again
notified CSF outbreaks: the virus genome was detected in
blood samples from asymptomatic wild boars [13, 14]. In
the period from 2018 to 2024, 4,118 cases of CSF were re-
ported in Japan among wild boars and 486 among domes-
tic pigs. The country intensified surveillance in wild fauna,
conducted depopulation of wild boar and environmental
disinfection at carcass sites to eliminate fomites [15]. Oral
vaccination of wild boars with Pestiporc Oral vaccine bait
produced by Ceva Tiergesundheit (Reims, GmbH, Germany)
was conducted followed by seroconversion monitor-
ing [16]. Domestic pigs were immunized with live vaccines
in high-risk areas. Based on 2025 data sporadic CSF cases
persist in domestic pigs in Japan, but overall epizootic ac-
tivity has significantly faded [6, 17].

Thus, cases of CSF continue to be registered in numer-
ous territories worldwide (Japan, China, Southeast Asia
and Latin America countries). To contain CSF spread and
minimize economic losses, live attenuated vaccines are
widely used in many affected countries. Final eradication
of CSF requires implementing robust epizootological mon-
itoring and control measures alongside complete cessa-
tion of vaccination. Experience from multiple countries
demonstrates that drastic CSF eradication measures need
not be applied nationwide immediately; gradual imple-
mentation by risk zones or compartments is both feasible
and effective.

Development of CSF eradication approaches in the
Russian Federation. In the 20" century, CSF outbreaks
were reported in many Russian regions. However, a de-
crease in the number of reported outbreaks was already
noted at the beginning of the 21 century. Between 2010
and 2020, the dynamics of the epizootic followed a down-
ward trend. The most recent cases of CSF in Russia were
recorded in the subjects bordering the People’s Republic
of China: Amur Oblast and Primorsky Krai [6, 18, 19, 20].

No CSF outbreaks have been reported in Russia since
March 2020. The improvement of the situation in the coun-
try is attributed to the mass vaccination of pigs, along with
the strengthening of biosecurity measures on pig farms
and holdings [6, 18]. However, immunization against CSF
has notable disadvantages, including failure to fully block
virulent virus transmission and severe hindrance to detect-
ing persistent infections in pigs [21]. Other disadvantages
of CSF vaccination include post-vaccination reactions
in some pigs, substantial financial and labor costs, export
restrictions to free-status markets, and the inability to dif-
ferentiate vaccinated from infected animals using conven-
tional live vaccines [6, 7, 21].

The mentioned shortcomings fully justify the strict
WOAH Terrestrial Code recommendations to abandon vac-
cination for obtaining official CSF-free country/zone status.
Given Russia’s widespread use of vaccines against CSF, the

Surveillance system for animal health data
collection and analysis

6. Other information sources——
Including il possibie levels of data 6
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diagnosis

1 Incluges veterinary reports and informstion
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Increased incidence, mortaiity, etc.

ions and confirmed

Fig. 3. Epizootological surveillance components

Russian Federation cannot currently apply for official CSF-
free status. To eradicate CSF in Russia, developing and im-
plementing a comprehensive federal program (roadmap)
for epizootological monitoring and control would be pref-
erable. Any regulatory document formalizing CSF control
measures in Russia should account for diverse epizootic
scenarios, tailored to disease manifestations across farm
types: intensive industrial enterprises versus extensive
backyard/collective systems [8].

If Russia’s CSF eradication strategy includes abandoning
conventional vaccines, phased implementation — coupled
with rigorous biosecurity enforcement across all farm
types - is essential to avoid epizootic deterioration and new
outbreaks [18].

Previously proposed phased eradication plan for CSF in
Russia [18] is shown in Figure 2.

This plan includes conducting a risk analysis, establish-
ing a risk-oriented (RO) epizootological surveillance sys-
tem, and developing a new CSF control program with
enhanced measures designed for a potential vaccination
withdrawal. The final stages involve collecting and analyz-
ing information to confirm the territory (or country) is free
from the disease. This is followed by submitting an appli-
cation to the WOAH to obtain official CSF-free status
for the country or zone, and subsequently maintaining
that status.

The implementation of the plan is feasible using “project
management” approaches as a comprehensive process
formalized by GOST R ISO 21500-2023, including risk anal-
ysis (regulated by the international standard ISO/IEC
31010:2009; GOST R ISO 58771-2019; GOST R ISO 31000-
2019). In practice, simplified risk analysis approaches,
including the use of only certain components, are often
employed for applied purposes. For example, CSF eradica-
tion strategies can incorporate hazard identification and
qualitative risk assessment to evaluate factors influencing
outbreak likelihood or prevention, guiding targeted risk
reduction measures.
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Table 1
CSF diagnostic procedures recommended by the WOAH Manual [24]

Meth
ethod Individual animal

freedom from
infection prior
to movement

Population
freedom from
infection

Purpose

Prevalence
of infection —
surveillance

Contribute
to eradication
policies

Post-vaccination
control

Confirmation
of clinical cases

Detection of the agent
Virus isolation - + - +++ - -
RT-PCR + +++ ++ +++ ++ -
ELISA (antigen) ++ + + + - _
FAT - - + n - _
Detection of virus-specific antibodies*
ELISA (antibody) +++ +++ +++ - +++ +4++
VN (FAVN or NPLA) + +++ ++ ++ +++ +++

* the availability of diagnostic tools that can differentiate between antibodies specific to CSF and those induced by other

pestiviruses is essential.

When identifying CSF outbreak scenarios in risk assess-
ments, criteria for delineating high-risk zones and popula-
tions must be incorporated to define boundaries effective-
ly (per WOAH Terrestrial Code Articles 15.2.28-15.2.33) [3].

Another step in the eradication strategy is the prepara-
tion of the disease monitoring program.

Epizootological surveillance. Article 15.2.28 of
the WOAH Terrestrial Code defines epizootological surveil-
lance as a systematic, ongoing process of collecting, ana-
lyzing, and promptly reporting animal health data to en-
able timely intervention measures [3].

In the current context in Russia, the priority goal of epi-
zootological surveillance is rationally considered to be
the early detection of infection - including latent virus
transmission in convalescent animals. An additional goal
may be to demonstrate the absence of virus circulation
within a herd, region, district, enterprise, or farm (informa-
tion that is essential for regionalization purposes) [8].

Chapter 1.4 of the WOAH Terrestrial Code “On ani-
mal health surveillance” outlines a framework where
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the surveillance system comprises complementary com-
ponents, which are shown in Figure 3 and discussed in
detail in this paper below.

The components are the following:

1. The official notification system for suspicion and di-
agnosis, including the collection of information in accor-
dance with Orders of the Ministry of Agriculture of the
Russian Federation: No. 89 “On the Procedure for Informa-
tion Submission to the State Information Agricultural Sys-
tem” of 21.02.2022"; No. 318“On Approval of the Procedure
for Information Submission to the Federal State Veterinary
Information System and Information Retrieving From It” of
30.06.20172

2. Syndrome analysis involves systematically collecting
and evaluating data on changes in animal incidence, mor-
tality, productivity, sales, and slaughter patterns to en-
able timely identification of disease causes through

' https://www.garant.ru/products/ipo/prime/doc/404424070 (in Russ.)
2 https://www.garant.ru/products/ipo/prime/doc/71700754 (in Russ.)

VETERINARY SCIENCE TODAY. 2026; 15 (1): 74-86 | BETEPUHAPUA CETOAHA. 2026; 15 (1): 74-86



ORIGINAL ARTICLES | PORCINE DISEASES OPUTHANIbHBIE CTATb | BOJTE3HU CBUHELN

complementary methods like clinical exams, necropsies,
and laboratory tests [3].

In large pig farms, permanent production losses (mor-
tality) are routine and stem from injuries, poisoning,
non-contagious diseases, and contagious pathogens. Syn-
drome analysis enables timely detection of subpopulations
(specific herds or pig groups) showing deteriorated indica-
tors, allowing rapid response measures to investigate inci-
dent causes [8].

3. Clinical observation and necropsy. Regular and thor-
ough clinical examination of all susceptible livestock, in-
cluding necropsy, must be organized.

Paragraph 3 of the “Veterinary Rules for the Implemen-
tation of Preventive, Diagnostic, Restrictive and Other Mea-
sures, for Imposing and Lifting Quarantine and Other Re-
strictions to Prevent Spread of Classical Swine Fever and
Eradicate Its Outbreaks™, approved by Order No. 580 of the
Ministry of Agriculture on 29.09.2020 (hereinafter referred
to as the Rules), Paragraph 3 provides an extensive list of
clinical signs and post-mortem lesions which, as stipula-
ted in Paragraph 9 of the Rules, constitute grounds for
suspecting CSF.

However, practicing veterinarians often mistakenly be-
lieve that all or most of the symptoms listed in Paragraph 3
of the Rules must be present in order to suspect CSF. How-
ever, infection with the CSFV is not always accompanied
by a pronounced or typical clinical and pathological pic-
ture. For example, at the beginning of an outbreak - when
the acute course of the disease prevails - or in vaccinated
pigs, where the disease may present atypically, animals may
exhibit only isolated clinical signs. The situation may be
further complicated by the presence of other diseases on
farms that share some clinical signs with CSF.

Collectively, these factors underscore the necessity of
laboratory testing with differential diagnosis to distinguish
CSF from other infectious diseases, including African swine
fever, circovirus infection, pasteurellosis, salmonellosis,
Glasser’s disease, infection with Actinobacillus pleuropneu-
moniae, and others. It is important to note that CSF can be
complicated by concurrent infections with the aforemen-
tioned or other pathogens [22]. To avoid errors, such tests
should be regular.

4. Veterinary ante-mortem examination of animals and
post-mortem inspection of slaughter products must be
conducted in accordance with established veterinary and
sanitary requirements*. Furthermore, in high-risk areas for
CSFV introduction where pigs are kept, it is advisable to
pay particular attention to the lymph nodes, spleen, and
kidneys during inspection. Carcasses, half-carcasses, quar-
ters (including heads), and organs from wild boars must be
submitted for mandatory veterinary-sanitary examination,
where signs of lymphadenitis and hemorrhagic syndrome
should raise immediate suspicion for CSF. If suspicious signs
are detected during veterinary-sanitary examination, avail-
able samples are sent for differential laboratory testing,
followed by decisions on disposal or destruction of slaugh-
ter products per veterinary-sanitary requirements®.

5. Monitoring in sentinel units (for example farms in the
settlement under high-risk of introduction or re-emergence;
unvaccinated animals serve as most sensitive detectors)

3 https://base.garant.ru/74901254 (in Russ.)

“ https://legalacts.ru/doc/pravila-veterinarnogo-osmotra-uboinykh-
zhivotnykh-i-veterinarno-sanitarnoi/ (in Russ.)

5 https://docs.cntd.ru/document/350341002 (in Russ.)

N PCR W ELISA = = Total

Fig. 4. Laboratory tests for CSF by PCR and ELISA conducted in Russia
in 2020-2024 (retrieved from “Vesta” component, FGIS “VetlS”)

relies on regular clinical observation of pigs, with immedi-
ate sampling and testing if CSF signs appear to detect ear-
ly cases [8]. Hunting farms within wild boar populations
should be designated as sentinel units due to their height-
ened risk of CSFV introduction from adjacent infected
territories.

6. Other sources of information. Data from diverse sour-
ces — such as owner/hunter reports of suspicious cases,
animal/product exports, pig and pig product sales, com-
mercial mortality, and wild boar carcass discoveries - play
a crucial role in comprehensive epizootological surveil-
lance for CSF.

7. Laboratory diagnostics.

7.1. Sampling. Paragraph 17 of the Rules lists the require-
ments for sampling only in case of CSF suspicion. For such
cases, random sampling of the suspected group of suscep-
tible animals is necessary, aiming for a detection level of
around 10% prevalence. Routine sampling and testing in
other circumstances is not required.

When CSF is introduced into large vaccinated herds,
initial infection prevalence can remain very low (around
0.1% or less, based on the observations of Federal Centre
for Animal Health specialists during the disease outbreaks),
especially in the herd where vaccination is practiced [8, 23].
Therefore, random sampling proves ineffective for early CSF
detection in large herds. This is attributable to the fact that
the representative sample size required for the aforemen-
tioned objective is virtually equivalent to the entire herd,
effectively mandating comprehensive testing. Consequent-
ly, the financial burden of conducting such monitoring on
a regular basis is substantial.

Methodological recommendations for planning labora-
tory testing and sampling to improve CSF surveillance in
the Russian Federation advocate for a RO-approach. This
strategy enhances testing effectiveness by combining pas-
sive and active surveillance components [8]. Passive sur-
veillance must incorporate sampling and testing of live pigs
and cadavers from suspected CSF cases, while active sur-
veillance entails routine testing of samples from at-risk
animals - including clinically healthy pigs. Active surveil-
lance sampling should be rationalized by stratifying
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Table 2
Number of tested samples from wild boar and domestic pigs

pos /
No. of samples
from boars

2020 7/2,893

pos /
No. of samples
from pigs

13/13,286
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pos/
No. of samples
from boars

pos/
No. of samples
from pigs

pos/
No. of samples
from boars

pos.inn/v/
No. of samples
from pigs

017 0/279 0/142 0/53,187

2021 0/3,107

2/15,705

0/6 0/24 0/48 0/72,867

2022 0/2,251

3/16,518

0/0 0/0 0/12 0/67,860

2023 02121

3/22,156

0/0 0/0 0/4 0/78,307

2024 073,040

3/33,090

0/0 0/160 0/25 0/116,977

Total 13,412

100,755

23 463 231 389,198

pos. — positive; n/v - non-vaccinated domestic pigs.

Swine population
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Fig. 5. Distribution of domestic pig population density and diagnostic testing across the Russian Federation in 2020-2024
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y =3.0798x + 198.83

Average number of tests for CSF (tests/year)

R =0.8781
R*=0.7711
p<0.05

Average pig population number per Russian region (thsd animals/year)

Fig. 6. Linear regression depicting the association between the average domestic pig population per region and the average number of CSF laboratory

tests performed in that region (Russia, 2020-2024)

populations via syndrome analysis to target high-risk sub-
groups with rising morbidity/mortality. Syndrome data
pinpoints deteriorating herds/sectors, prioritizing them over
random sampling in large vaccinated systems. Within these
groups, pigs exhibiting clinical or necropsy signs of infection
are selected for testing®. In vaccinated pig herds, CSF intro-
duction often leads to virus carriage in 1-3 month-old pig-
lets, coinciding with waning colostral antibodies and imma-
ture post-vaccination immunity. It is recommended to
consider such piglets as a high-risk group. Moreover, sam-
pling vaccinated pigs should be delayed until 14-21 days
post-vaccination to minimize detection of vaccine strain
genomes, which could confound field virus identification.

7.2. Methods of laboratory diagnostics. According to
Chapter 3.9.2“On Classical Swine Fever” of the WOAH Ter-
restrial Manual, the methods of CSF laboratory diagnosis
are divided into two groups:

a) direct — used to detect the virus (virus isolation in a
sensitive cell culture), its antigen (fluorescence antibody
test, FAT; enzyme-linked immunoassay, ELISA) and genome
(reverse-transcription PCR, RT-PCR);

b) indirect - used to detect CSFV-specific antibodies:
ELISA and virus neutralization (VN) tests (fluorescent anti-
body virus neutralization, FAVN, and neutralizing peroxi-
dase-linked antibody, NPLA).

Recommendations for the use of direct and indirect
techniques for CSFV diagnosis are given in the WOAH Ter-
restrial Manual (Table 1) [24].

The diagnostic techniques recommended by the WOAH
are primarily designed for countries that have ceased using
live vaccines. Using non-marker vaccines necessitates ad-

justed serological strategies, prioritizing laboratory tests,
especially serological ones.

7.3. Analysis of laboratory tests for CSF conducted in 2020-
2024 in Russia, and improvement of the laboratory diagnostic
scheme. According to the data from “Vesta” component of
the FGIS “VetlIS", in 2020-2024, 504,140 tests for CSF were
conducted, most of them tested by ELISA for specific anti-
bodies (389,429 — 77.2%), and RT-PCR (114,167 - 22.6%),
by FAT (486 — 0.1%) and virus isolation (58 - 0.01%) in 85 re-
gions of the country (Fig. 4).

It was established that the number of ELISA tests for CSF
(detection of CSFV antibodies) is significantly higher than
by PCR (detection of the virus itself). At the same time, the
feasibility of using indirect test methods for CSF is ques-
tionable, since in conditions of mass vaccination of pigs
this fails the core goal of early virus detection in epizooto-
logical surveillance.

Details on the number of tests conducted on samples
from wild and domestic pigs for CSF in 2020-2024 is pre-
sented in Table 2.

According to data from the “Vesta” component
(FGIS “VetlS"), tests on wild boar samples account for only
2.7% of all tests conducted. In this context, direct testing
methods (such as RT-PCR) are preferred, as serum sampling
for ELISA is challenging.

The low number of tests conducted on wild boars is due
to the absence of strict regulatory requirements. Thus, ac-
cording to Paragraph 18 of the Rules, sampling from
wild boars is regulated only in infected regions (status
established in accordance with regionalization)’. We
believe existing requirements should be adjusted to im-

¢ https://base.garant.ru/74901254 (in Russ.)

7 https://base.garant.ru/74901254 (in Russ.)
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Improved CSF Laboratory Diagnostics in the Russian Federation

Wild Boar

Passive Surveillance
(testing samples from dead animals)
RT-PCR — Genome detected — diagnosis confirmed

Wild Boar
Active Surveillance

(shooting, testing of blood, spleen, lymph nodes)
ELISA — Antibodies detected —# FAVN or NPLA

Antibodies not detected — Antibodies detected —
no diagnosis diagnosis confirmed

> RT-PCR —» Genome detected — diagnosis confirmed

Domestic Pigs

Passive Surveillance
(testing samples from dead animals)
Currently
RT-PCR — Genome detected

subgenotyping
VW

Virulent isolate —
diagnosis confirmed

Vaccine strain —
no diagnosis

Domestic Pigs

Active Surveillance
(routinc testing for identification of CSFV suspects)
Currently
RT-PCR —® Genome detected

subgenotyping
VW

Vaccine strain —
no diagnosis

Virulent isolate —
diagnosis conlirmed

if vaccination is ceased

> RT-PCR — Genome detected — diagnosis confirmed

if vaccination is ceased
> RT-PCR —» Genome detected — diagnosis confirmed

> ELISA —» Antibodies detected- FAVN or NPLA

Antibodies not detected — Antibodies detected —
no diagnosis diagnosis confirmed

if marker vaccines are used

> RT-PCR — Genome detected — diagnosis confirmed

if marker vaccines are used

> RT-PCR —® Genome detected — diagnosis confirmed

ELISA — Diffcrential ELISA bascd on NS3B or Erns protcin
—»  Antibodies detected — diagnosis confirmed

Fig. 7. A proposed strategy for CSF laboratory testing of samples from wild and domestic pigs in the Russian Federation

(If the CSF virus genome is detected and confirmed to be unrelated to vaccine strains, virus isolation is recommended to obtain the strain for further
scientific research. In the current context, serological diagnostics in domestic pig populations are considered impractical due to the widespread

use of live vaccine immunization.)

prove the reliability of data on CSF in the wild boar
population.

The Rules should also be amended regarding the diag-
nosis of CSF in domestic pigs. There has been a five-year
upward trend in the number of laboratory tests for CSF in
domestic pigs. Thus, in 2024 compared to 2020, the num-
ber of tests using molecular genetic methods increased
2.5-fold, while serological tests increased 2.2-fold. Analysis
of the spatial distribution of CSF laboratory tests revealed
a direct correlation between the percentage of tests con-
ducted and the density of domestic pigs in specific regions
of Russia. For example, most of the tests (31.13%) for CSF
were carried out in Belgorod (15.265%), Voronezh (9.079%)
and Kursk (6.786%) Oblasts, while in the territories at risk,
namely Amur Oblast (1.016%), the Republic of Buryatia
(0.334%), Khabarovsk (1.006%) and Primorsky (0.881%)
Krais accounted only for 3.237% of the total number of tests
conducted (Fig. 5). Correlation analysis of the average pig
population per region (thousand animals/year) and the
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average number of CSF laboratory tests conducted (tests/
year) over 2020-2024 revealed a strong positive correlation
(R =0.88), with satisfactory variance explained (R*=0.77)
and statistical significance (p < 0.05), Fig. 6. The data indicate
that, under current conditions, the primary criterion for sam-
pling is the size of the livestock population in a given region
of Russia. However, testing efforts should be redistributed
in favor of regions at higher risk of CSFV introduction - par-
ticularly those bordering affected countries.

As shown in Figure 4 and Table 2, the majority of tests
were performed using ELISA, which detects specific CSFV
antibodies. In 2020-2024, no antibodies were detected in
non-vaccinated pigs by ELISA. According to “Center of Vet-
erinary Medicine”, more than 90 million doses of CSF vac-
cine are administered to pigs annually in the Russian Fed-
eration. The serological tests mentioned in Table 2
(389.2 thousand) were also conducted among immunized
pigs, which were seropositive. Serological methods fail for
CSF detection in non-marker vaccine contexts, as they
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cannot distinguish vaccine-induced from infection-derived
antibodies, rendering positives non-specific [14].

At the same time, despite the limitations, the ELISA
method is fast and widespread, which can play a significant
role in laboratory diagnostics when vaccinations are ceased
or marker vaccines are used. However, at present, its appli-
cation for early infection detection is only justifiable when
testing domestic pigs and wild boars that are confirmed to
be unvaccinated. In addition, ELISA tests used in veterinary
laboratories must incorporate recombinant E2 protein as
the antigen and undergo full validation for accuracy, re-
peatability, reproducibility, sensitivity (Se), and specificity
(Sp). Special emphasis is placed on validating the absence
of cross-reactions with antibodies against other pestiviru-
ses, such as bovine viral diarrhea virus and border disease
virus in swine serum to ensure diagnostic specificity.

The WOAH Manual (Table 1) recommends using FAVN
or NPLA to detect clinical cases rather than ELISA [24]. These
methods offer the highest sensitivity for detecting CSFV
antibodies but incur high costs for cell culture mainte-
nance, virus propagation, specialized anti-specific conju-
gates, and monoclonal antibodies, rendering them unsuit-
able for routine diagnostics [25]. Although neutralization
tests remain essential in reference laboratories to confirm
and differentiate false-positive ELISA results. The integra-
tion of FAVN or NPLA into the workflows of accredited vet-
erinary laboratories across Russia is a critical objective.

The next most frequently used method for CSF testing
in Russia is RT-PCR, a technique specifically designed to
rapidly and accurately detect fragments of the CSFV ge-
nome in test samples. Between 2020 and 2024, 31 positive
results were obtained: 7 samples collected from wild boars
in the Primorsky Krai - the site of Russia’s last outbreak in
2020 - and 24 samples identified as vaccine strains.

Herewith, according to Paragraph 1.1.5 (“Molecular ep-
idemiology and genetic typing”) of Chapter 3.9.2 in the
WOAH Terrestrial Manual, subgenotyping of CSFV upon
a positive detection (virus isolation or genome confirma-
tion) requires phylogenetic analysis targeting the 5-non-
translated region, E2 glycoprotein gene, and NS5B poly-
merase gene [24, 26, 27]. However, these genotyping
methods face limitations including prolonged processing
times, requirements for costly equipment and reagents,
and the need for highly qualified personnel.

To overcome these limitations, upgraded PCR assays
have been developed for rapid and accurate differentiation
of vaccine from field CSFV strains [28]. One advanced meth-
od is PCR with subsequent DNA melting analysis or PCR
(PCR-DMA) high-resolution melt curve analysis (PCR-
HRM) [29]. However, during new CSF outbreaks, Sanger
sequencing followed by subgenotyping of isolates remains
essential to trace virus origin, spread, and localization [2].

Furthermore, Paragraph 20 of the Rules stipulates the
use of the FAT for detecting CSFV antigen in biological
smears®. However, FAT usage for CSF diagnosis confirmation
has declined in recent years due to high conjugate costs
and domestic market shortages, risks of non-specific reac-
tions, and subjective result interpretation errors.

Virus isolation serves as a direct diagnostic method for
CSF confirmation, yet its application remains extremely
limited nationally compared to total testing volume. Virus
isolation for CSF diagnosis involves detecting viral replica-
tion in permissive porcine cell cultures such as the PK-15

8 https://base.garant.ru/74901254 (in Russ.)

kidney cell line or primary trypsinized testicular cells (TC),
requiring confirmatory identification due to the absence
of cytopathic effects. These are immunoperoxidase testing,
FAT and RT-PCR [30].

According to WOAH recommendations, virus replication
confirmation in cell cultures can be performed via FAT after
24-72 hours or immunoperoxidase testing 3-4 days post-
inoculation. Virus isolation protocols recommend planning
for 3-5 serial passages [24]. However, these methods face
significant limitations, including costly cell culture bank
maintenance, high prices and domestic shortages of spe-
cific conjugates, risks of non-specific staining, and subjec-
tive visualization errors.

RT-PCR simplifies and lowers the cost of confirming virus
isolation results for CSF while minimizing false results com-
pared to immunofluorescence orimmunoperoxidase meth-
ods [31]. Virus isolation remains valuable for obtaining
current CSFV isolates and strains to evaluate their biologi-
cal properties — such as contagiousness, virulence, sero-
conversion, immunogenicity, and protectivity - in natural-
ly susceptible animals. While these activities are integral to
CSF surveillance, they are not directly involved in disease
detection.

Virus isolation is preferably reserved for research within
CSF surveillance frameworks, whereas RT-PCR has become
the standard for routine diagnostics [31, 32].

Based on the discussion, a laboratory diagnostic scheme
for CSF in domestic pig and wild boar populations is pro-
posed for the current situation without routine vaccination
but using marker vaccines (Fig. 7).

Together, the surveillance components provide reliable
information, confirmed by several data sources. The inte-
grated application of these methods will allow for the time-
ly identification of and response to suspicious cases, as
well as the formulation of an effective emergency control
strategy.

CSF control. The next stage in Russia’s CSF eradication
strategy is to formulate an emergency response plan and
incorporate the requisite amendments into the regulatory
documentation. This necessitates the consistent refine-
ment of the nation’s current regulatory framework govern-
ing pig husbandry, as well as the prevention, diagnosis, and
control of CSF.

Forinstance, itis already evident that to ensure the ear-
ly detection of all infection cases and viral transmission
among susceptible animals, the Rules must be amended
to strengthen the epizootological surveillance measures
they contain. To achieve this, one must account for the
possibility of a prolonged latent period of the disease
spread and the variability of clinical symptoms. We deem
it advisable to approve the requirements based on
the aforementioned methodological recommendations [8],
mandating regular, rather than episodic, laboratory testing
using direct methods. It should be noted that the transition
to serological diagnostics as the primary method is contin-
gent upon two prerequisites: the cessation of vaccine use
(either regionally or nationally) and the removal of
seropositive animals from the susceptible herd. This is ne-
cessitated by several factors:

- the duration of antibody persistence in previously
immunized pig populations (post-vaccination antibodies
to the vaccines used in Russia can be detected for at least
two years, irrespective of the animal’s age) [33];

- colostral antibody persistence (on average 5-7 weeks
or more) [34];
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- inability to differentiate post-vaccination antibodies
from post-infectious ones.

As part of the ongoing improvement of regulatory doc-
umentation, it is paramount to immediately introduce re-
quirements mandating a comprehensive set of biosecurity
measures for pig farms and enterprises, designed to reliably
prevent the introduction and spread of infectious diseases.

Implementing the vaccination withdrawal phase will
increase the risk of disease outbreaks on low-biosecurity
farms throughout the country, and particularly in compart-
ment llland IV pig farms situated on the border with coun-
tries that are currently or have historically been infected.
Therefore, when adopting a non-vaccination policy,
a phased approach is recommended, initiating the measure
in a single region or even within a select group of farms
(compartments) in the Central Federal District of Russia.
Upon achieving positive results with the strategy outlined
above, the list of such farms or regions can be expanded
incrementally [18].

Upon successful cessation of vaccination, followed by
12 months of compliant surveillance and fulfillment of
other requirements in Chapter 1.9“Application for official
recognition by WOAH of free status for classical swine
fever” the official CSF-free status recognition becomes
feasible.

In cases of high CSFV incursion risk precluding vaccina-
tion cessation, marker vaccine use is acceptable. For exam-
ple, in 2024, a marker vaccine based on the recombinant
E2 protein of the CSFV (“VERRES-CSF-E2’, Vetbiokhim) was
registered in the Russian Federation [35, 36]. In this case,
post-vaccination antibodies can be differentiated from
those resulting from infection using an ELISA based on re-
combinant E™ and/or NS3B proteins (antibodies against
these viral proteins are detectable only in infected pigs, not
in vaccinated ones). For the implementation of a DIVA strat-
egy in the country, it is feasible to utilize either the afore-
mentioned marker vaccine or another registered alterna-
tive that has been validated in accordance with WOAH
recommendations. For these purposes, the use of differen-
tiating ELISA test kits will also be required.

In the future, our country will be required to substanti-
ate its CSF-free status by submitting evidentiary documen-
tation to the Scientific Committee.

CONCLUSION

Although no cases of CSF have been recorded in the
Russian Federation in recent years, the absence of a legis-
latively mandated eradication policy and the continued
practice of mass immunization with live vaccines render
it impossible to apply for CSF-free status under cur-
rent conditions.

Based on international experience and the current CSF
situation in Russia, the article suggests approaches to im-
prove the disease surveillance and control. These approach-
es are aligned with international recommendations and
support the national disease eradication goal, which man-
dates amendments to the current veterinary regula-
tions on CSF.

The methods for timely CSF laboratory diagnosis have
been developed in Russia. However, the application of cer-
tain methods (e.g., ELISA) has only partial justification and
does not consistently align with the national CSF eradica-
tion strategy. However, future development and imple-
mentation of the FAVN and/or NPLA tests will be necessary
for differentiating false-positive sera in ELISA. These
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methods will be especially relevant following vaccination
cessation. The proposed order and priority for using CSF
diagnostic methods will enable more efficient allocation
of available resources.

The framework proposed in this article for improving
CSF surveillance and control in the Russian Federation will
bring the country closer to attaining disease-free status
recognized by WOAH. Success in this endeavor would, in
turn, enhance the profitability of the pig industry and
strengthen Russia’s export potential.
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Differentiation of avian influenza and Newcastle disease viruses
in organ samples from sick and dead chickens using a rapid test kit

Elena Yu. Shustova', Aleksandra S. Gambaryan', Elizaveta Yu. Boravleva', Anastasiya A. Treshchalina', Artem A. Seitablaev’,
Stanislav . Berezovsky>

! Chumakov Federal Scientific Center for Research and Development of Inmune-and-Biological Products of Russian Academy of Sciences
(Institute of Poliomyelitis), poselok Institute of Poliomyelitis, 8/1, Moscow 108819, Russia

2VET FAKTOR LLG, ul. Promyshlennaya, 2, Troitsk 108840, Moscow, Russia

ABSTRACT

Introduction. Avian influenza virus (AIV) and Newcastle disease virus (NDV) pose serious threats to poultry health. Both pathogens are highly contagious and,
due to their rapid spread, can lead to significant economic losses. Overlapping clinical signs complicate field differentiation of these diseases and delay response
measures to isolate affected poultry. Rapid disease detection is critical for ensuring a timely response.

Objective. To develop a user-friendly test kit for detection of AV and paramyxoviruses in organ samples from sick and dead chickens during disease outbreaks
in commercial poultry operations.

Materials and methods. To differentiate AIV and paramyxoviruses in pathological samples collected from sick and dead birds, 96-well plates coated with fetuin
and anti-NDV IgY in designated wells were used. The results obtained were compared with those from polymerase chain reaction (PCR) and virus titration in chicken
embryos.

Results. The developed method for pathogen detection is based on distinct virus-binding principles: influenza virus binds to a receptor analog, while paramyxoviruses
bind to NDV specific antibodies. Previous studies using hundreds of strains have demonstrated that influenza A virus of various subtypes binds to the sialoglycosyl
residues of bovine fetal serum protein — fetuin. In contrast, none of the paramyxovirus isolates tested bound to this sialoglycoprotein. For paramyxovirus capture,
immunoglobulins isolated from the egg yolks of chickens immunized against NDV were utilized. Binding was performed in 96-well plates using a test-kit analogous
to enzyme-linked immunosorbent assay (ELISA).

Conclusion. The developed method enables the identification and differentiation of AIV and NDV in organ tissue homogenates from infected chickens within
a few hours, representing a significant step toward preventing the spread and facilitating the eradication of dangerous disease outbreaks.

Keywords: Newcastle disease virus (NDV), avian influenza virus (AIV), differential diagnosis
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Tect-cuctema ana angepeHunamm BUPYCoB rpunna nruy
1 HbHOKACNCKOW 00/1€3HN B OpraHax 60MbHbIX 1 NaBLLNX Kyp

E. 0. lycroBa', A. C. Tambapsn’, E. 10. bopaenesa’, A. A. Tpewanuna', A. A. Ceiitabnaes’, C. 1. bepe3oBckuii?

1 QTAHY «QepepanbHblil HayuHblii LIEHTP MCCENO0BaHMIA 1 pa3paboTKi uMMyHobMonorudeckux npenaparos um. M. M. Yymakoa PAH» (UnctutyT
noavomuenuta) [OTAHY «OHLUUPUN um. M. 1. Yymakosa PAH» (MHcTtuTyT nonnomuenuta)], noc. MHcTuTyTa nonmomuenura, somosnadeHue 8, kopn. 1,
r. Mocksa, 108819, Poccua

2000 «BET OAKTOP», yn. MpomblwwnexHas, 2, r. Toouuk, 108840, . Mocksa, Poccus

PE3IOME

BBepeHue. [punn NTuL 1 HbloKaNCckas 60n1e3Hb NPEACTaBAAIOT C060V Cepbe3Hyto Yrpo3y An 350poBbA NTuL. 06a 3a6oneBaHA XxapaKTepu3yloTCa BbICOKOI
KOHTAr1o3HOCTbIO U B YCTIOBUAX GbICTPOTO PacnpoCTpaHeHUs MOryT NPUBECTI K Cepbe3HbIM YObITKaM. lpu3HaKu Gone3Heii YacTo CXoXH, YT 3aTpysHAeT bbl-
CTPYH0 MrHOCTUKY 1 MPUHSATHE SKCTPEHHBIX Mep N0 M301ALMM 60bHbIX 0C06eit. OniepaTBHOE pacrio3HaBaHme 3a60neBaHNil ABNACTCA KDUTUYECKH BaXHbIM
[NA (BOEBPEMEHHOTO PearupoBaHus.

Llenb nccnepoBauus. Lienbio pabotbi senseTca paspaboTka npocToil TeCT-CucTeMbl A AETEKLMN BUPYCA TPUNINA NTUL U NaPaMUKCOBUPYCOB B OPraHax 60/bHbIX
W NABLUNX MTIL NPY BO3HUKHOBEHUM BCMblLLEK 3a60M1eBaHMii B NTULEBOAYECKMX X03AIICTBAX.

© Shustova E. Yu., Gambaryan A. S., Boravleva E. Yu., Treshchalina A. A., Seitablaev A. A., Berezovsky S. 1., 2026
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Martepuanbi u meToAbl. /1A AuddepeHLaLm BUPYCOB rpunna NTUL U NapamUKCOBUPYCOB B NATONIOMMYECKOM MaTepHae, NoyYeHHoM oT 60NbHOI U NaBLueii
NTIALbI, NPUMEHSN 96-TTYHOUHBIE NNAHLLETHI, NOKPbITbIE PACTBOPOM eTynHa U aHTU-BHB IgY B cooTBeTCTBYIOWIMX NYHKAX. [T0NTyUEHHbIE AaHHbIE CONOCTABASAM
C pe3ynbTaramu, NoyuYeHHbIMU METOAAMI NONIUMEPA3HOI LIENHOIA PEaKLIM U TATPOBAHMA HA KYPUHBIX 3MOPUOHAX.

Pe3ynbTatbl. Pa3pabotaHHblil MeTof BbIABNEHIA BO30YAuTeNel 0CHOBH Ha Pa3HbiX NPUHLMNAX CBA3bIBAHMA BUPYCOB. BUpyC rpunna (BA3bIBAETCA C PELENTOPHbIM
aHanorom, a NapamUKCOBMPYCbl — C HTUTENAMM K BUPYCY HbHOKACTCKOI 6one3HI. Paee Ha NpUMepe CoTeH LUTaMMOB 6bi10 MOKa3aHo, YTo BUPYC rpunna A pasHbix
y6TUNOB (BA3bIBAETCA C CUANOTMNKO3UNbHBIMIA 0CTAaTKAMM CbIBOPOTOYHOTO enka IMBPUOHA KOPOBbI — GETYUHA. B T0 Xe BPEMA H OZUH U3 MCCTIe0BaHHBIX
NpY NpoBeAeHMM PAGOTbI U30NATOB NAPaMUKCOBUPYCOB He CBA3BIBANCA € AaHHbIM CUANOTUKONPOTEUHOM. [l (BA3bIBaHINA NaPaMUKCOBUPYCOB CMIONb30BAH
UMMYHOTAIOBYNMHI, BbIAENEHHbIE U3 AUYHOTO XENTKA Kyp, UIMMYHU3UPOBAHHBIX NPOTUB HbIOKACICKOIH 6one3HI. (BA3bIBaHUE NPOBOAWIN HA 96-NYHOUHBIX
NNaLLKax B CACTEME, aHANOTMUHON MMMYHOGEPMEHTHOMY aHaNu3y.

3aknioueHue. Pa3paboTanHblil CNOCO6 BbIABNEHUA BUPYCOB B FOMOTEHaTaX TKaHei OpraHoB MHGULMPOBAHHBIX Kyp NO3BONIAET 32 HECKObKO YACOB MAEH-
TMGMLMPOBATH M AnddepeHLMpoBaTL BUPYCHI FPUNNA NTUL U HbIOKACICKO 60NIE3HM, UTO ABNAETCA BaXHbIM LIATOM B NPeAOTBPALLEHNN PACPOCTPaHEHUA
1 IMKBUZALMI 0YaroB onacHblx 6onesHeil.

KnioueBble cnosa: BUpyc HbIOKaCICKOIA 6OJ1€3HI/I, Bupycrpunna nTuL, nm¢¢epeHumaanaﬂ ANarHoCTuka

bnaropapHoctu: Uccneposanue npodunancposato OTAHY «OHLMPUM um. M. 1. Yymakosa PAH» (MHcTutyT nonnomuenuta). MoctaHoBKy nonumepasHoii
LienHoii peakuyu ocywectenani B 000 «BET QAKTOP».

[ina untuposauus: Wycrosa E. 10., lambapan A. C., bopasnesa E. 10., Tpewanuha A. A., Ceiitabnaes A. A., bepe3osckuit C. I. TecT-cuctema ans guddeperum-
auyn BUPYCOB rpunna NTUL, U HblOKaCNCKoii 60ne3HY B OpraHax 60bHbIX U NaBLLNX Kyp. Bemepurapus cezo0Hs. 2026; 15 (1): 87-94. https://doi.org/10.29326/
2304-196X-2026-15-1-87-94

Koudnukr nHtepecos: ABTOpbI 3aBNAIOT 06 OTCYTCTBUMN KOHGAMKTA UHTEPECOB.

[Nina koppecnonpenumn: Lllycrosa Eneqa 0pbeBHa, KaHA. 6von. Hayk, HayuHbli cOTPYAHKK nabopatopun monekynapHoii 6uonorum supyco OTAHY «OHLIUPUN
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INTRODUCTION

Newcastle disease (ND) ranks among the most econom-
ically significant infectious avian diseases worldwide and
occurs on all continents except Antarctica. Newcastle dis-
ease virus (NDV) is an enveloped, non-segmented sin-
gle-stranded negative-sense RNA virus belonging to the
Paramyxoviridae family [1]. NDV strains are classified
by chick pathogenicity into apathogenic, lentogenic, me-
sogenic, and velogenic pathotypes. Velogenic NDV strains
cause either neurotropic or viscerotropic infections, de-
pending on strain tropism. Infected birds exhibit fever,
anorexia, depression, lethargy, somnolence, and respirato-
ry distress with dyspnea. In viscerotropic NDV infection,
the gastrointestinal tract bears the primary brunt of patho-
logy. Lesions include splenic and hepatic necrosis along
with hemorrhagic intestinal ulcers. Droppings become
liquid and green-tinged. Viscous gray mucus discharge
from the nares, poultry sneezes with swallowing efforts.
Severe conjunctivitis may occur. Muscle tremor, cervical
torticollis, and opisthotonus frequently precede death in
neurotropic NDV infections. The most characteristic clinical
picture of infection with NDV, which distinguishes it from
other highly pathogenic avian viruses is severe lymphoid
necrosis Mortality can reach 100% [2, 3]. Velogenic NDV
belongs to Orthoavulavirus javaense species (OAVJ, former-
ly AOAV-1) within the genus Orthoavulavirus, comprising
over two dozen genotypes. Since NDV discovery in the
1930s, four panzootics have occurred, with the ongoing
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fourth driven by genotypes V, VI, VI, VIII. In recent years,
numerous ND outbreaks caused by genotype VIl (subge-
notype VII.1.1) have been reported in Africa and Eurasia [4].
Russia has notified dozens of Newcastle disease outbreaks,
and numerous additional cases likely remain unregis-
tered [5]. Wild birds introduce NDV into backyard poultry
flocks by freely feeding alongside chickensin rural areas [6].
ND control measures cover vaccination and quarantine.

High pathogenicity avian influenza (HPAI) inflicts mas-
sive economic losses on poultry industries while posing
serious zoonotic risks to animal and human health [7].
AIV H5 subtypes have triggered multiple outbreaks among
North American mammals, including foxes, seals, raccoons,
and others. Moreover, AlV has infected dairy cows with
high viral loads shed in milk. The risk of interspecies AlV
transmission and human adaptation has increased sub-
stantially [8].

H5 and H7 AIV subtypes have driven numerous out-
breaks in wild birds and poultry, resulting in over 422 mil-
lion poultry deaths since 2005 from culling and direct
mortality. They have caused 2,634 human cases worldwide,
including more than 1,000 deaths [9]. Migratory wild birds
spread AlV globally, driving three major waves of influenza
outbreaks across multiple continents. The third wave,
which started in 2020, is still going on.

Early detection and the timely registration of ND and Al
outbreaks are essential prerequisites for effective disease
containment and preventing further viral spread. In recent

VETERINARY SCIENCE TODAY. 2026; 15 (1): 87-94 | BETEPUHAPUA CETOZHA. 2026; 15 (1): 87-94



ORIGINAL ARTICLES | AVIAN DISEASES OPUTMHAJIbHBIE CTATBY | BOIE3HW NTUL

years, a range of rapid confirmatory tests for these diseases
has become available. Immunochromatographic tests (ICT)
using gold nanoparticle-labeled antibodies have been de-
veloped for detection of both AIV and NDV antigens. This
method provides high sensitivity with results readable by
naked eye within 15 minutes [10, 11]. Colloidal gold strip
(CGS) immunochromatographic tests have been developed
to detect AIV/H5 in field conditions [12]. ICTs have been
developed for detecting AIV subtypes H9 [13], H7 (targeting
A/H7N9 monoclonal antibodies) [14, 15], and H6 in field
samples [16]. Strip-based immunochromatographic meth-
ods excel for outbreak control due to their low cost, rapid
results, and high field sensitivity. However, these tests rely
on monoclonal antibodies targeting specific subtypes, ren-
dering them unsuitable for sudden outbreaks of unknown
etiology.

We have previously reported a 96-well plate-based assay
capable of detecting and differentiating AlV and avian
paramyxoviruses [17]. Following cultivation in chicken em-
bryos, the viruses were detected in the allantoic fluid. How-
ever, for rapid on-site diagnostics in small poultry farms,
there is a growing demand for methods that eliminate
the need for preliminary virus propagation.

The objective of this study was to develop a single-plate
methodology capable of detecting various subtypes of
avian influenza virus and paramyxovirus in samples collec-
ted from the organs of both sick and dead birds.

MATERIALS AND METHODS

Reagents and solutions. The following materials were
used in the work: MycoKill AB (PAA Laboratories GmbH,
Austria); horseradish peroxidase (#P8375, Sigma-Aldrich,
USA); peroxidase-conjugated anti-mouse or chicken IgG;
fetuin (#F3004, Sigma-Aldrich, USA).

Solutions:

- phosphate-buffered saline - 0.02 M, pH 7.2 (PBS);

- PBS supplemented with 0.1 mg/mL kanamycin,

0.4 mg/mL gentamicin, 0.01 mg/mL nystatin and 2%

MycoKill AB solution;

- washing solution - 0.01% Tween 80 in PBS;

- blocking solution - 0.1% bovine serum albumin

solution (BSA; T mg/mL) in PBS;

- reaction buffer - 0.02% Tween 80 and 0.1% BSA in PBS;

- substrate solution - 1 mg of 3,3}5,5'-tetramethylben-

zidine (TMB) + 10 pL 30% H,0, in 10 mL 0.05 M sodium

acetate buffer (pH ~5.0-5.5);

— stop solution — 3% sulfuric acid in water;

— horseradish peroxidase (HRP)-labeled synthesis

solutions;

- freshly prepared 0.2 M NalO, solution in water;

-1 Mand 0.1 M sodium carbonate buffers, pH 9.3;

- freshly prepared NaBH, solution in water (5 mg/mL);

-1 MTris buffer, pH 6.0;

- 0.1 M Tris buffer, pH 7.2.

Animals. Embryonated chicken eggs (CEs) were delivered
from “Ptichnoye” poultry farm (Moscow), chickens — from
“Tomilinskaya” poultry farm (Moscow Oblast). Live viruses
were handled in biosafety level 3 facility. All tests were carried
out in accordance with the standard governing the mainte-
nance and care of laboratory animals GOST 33215-2014".

Viruses. Apathogenic AlV strains and paramyxoviruses
were isolated from fecal samples during extended moni-
toring of avian influenza in a mallard population. Fresh

" https://docs.cntd.ru/document/1200127789 (in Russ.)

feces collected on the shores of Moscow ponds [18] were
suspended in two volumes of PBS supplemented with an-
tibiotics (0.4 mg/mL gentamicin, 0.1 mg/mL kanamycin,
0.01 mg/mL nystatin) and 2% MycoKill AB. After centrifu-
gation for 10 minutes at 4,000 rpm, 10-day CEs were infec-
ted with the supernatant. Infected allantoic fluid (IAF) was
harvested at 48 hours, hemagglutinin (HA)-positive sam-
ples were then subjected to three additional passages.

The highly pathogenic NDV/Chicken/Mos-
cow/6081/2022 strain was isolated from the kidneys of
dead chickens [18]. For this purpose, the tissue was ho-
mogenized with fine glass powder. PBS supplemented with
0.1 mg/mL kanamycin, 0.4 mg/mL gentamicin, 0.01 mg/mL
nystatin, and 2% MycoKill AB solution was then added.The
mixture was centrifuged, and the supernatant was inocu-
lated into CEs. Embryos were examined for mortality twice
daily; IAF was harvested from dead CEs. The obtained virus
was cloned and sequenced [19].

Highly virulent AIV A/chicken/Kurgan/3/2005 (H5N1)
and A/FPV/Rostock/34 (H7N1) strains were kindly provided
by S.S. Yamnikova, Dr. Sci (Biology), D. I. Ivanovskiy Institute
of Virology, Moscow.

Production of NDV-specificimmunoglobulins in eggs. Lay-
ing hens were infected with apathogenic NDV/Duck/Mos-
cow/3639/2008 strain by adding 10° EID, virus per chicken
to the drinking bowl. After 2 weeks chickens were infected
with highly pathogenic NDV/chicken/Moscow/6081/2022
strain. After 2 weeks eggs of immunized chickens were
collected [20].

Extraction and purification of egg yolk immunoglobulins
(IgY). Yolks from four eggs were separated from the whites.
The chalazae were carefully removed, and the yolks were
washed twice with cold distilled water before being trans-
ferred to a plastic container containing 40 mL of phos-
phate-buffered saline (PBS, pH 7.4). The mixture was ho-
mogenized thoroughly, brought to a final volume of
250 mL with water, and the pH was adjusted to 4.2 using
1 M hydrochloric acid. The preparation was then frozen
at —30 °C. After 20 hours, the suspension was thawed and
centrifuged at 10,000 g for 30 minutes. Activated carbon
powder (1 g) was added to the supernatant. The mixture
was stirred for 30 minutes and then filtered through filter
paper [20]. Ammonium sulfate was added to the filtrate
to achieve 25% saturation. The mixture was then held at
4°C for 2 hours. The mixture was centrifuged at 10,000 g
for 30 minutes. The resulting precipitate was dissolved
in 10 mL of PBS, aliquoted, and stored at -20 °C.

Production of mouse antibodies. Mice were infected in-
tranasally with 50 uL of IAF containing 107 EID,, of AIV or
NDV. Mice were re-infected in 2 weeks. After another
2 weeks, total blood was collected from mice and serum
was separated.

Detection of the influenza virus in IAF. 96-well plates
were coated with 5 p/mL fetuin solution, washed with wa-
ter and blocked. Two-fold serial dilutions of IAF, starting
from a 1:1 dilution, were prepared in the wells and incu-
bated at 4 °C for 2 hours. Following washing, a solution of
HRP-labeled fetuin (Fet-HRP) conjugate in reaction buffer
was added to the wells, and the plates were incubated at
4 °C for 1 hour. After a final wash, the color reaction was
developed with TMB. Absorbance was measured at 450 nm
using a Multiskan FC spectrophotometer (Thermo Fisher
Scientific, USA).

Detection of viruses on plates coated for differential diag-
nosis. To detect AlV and NDV, a 96-well plate was coated
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(oating Fetuin
Detection Fet-HRP
Dilution H3N6 H3N6 | H3N6 | H3N8 H4N6 H4N6 NDV NDV APMV-4 | APMV-4 | APMV-4 | APMV-4
IAF 5163 519 5172 | 5908 4781 477 3639 3604 4096 3575 5268 4696
11 0.09 0.09 0.10 0.11 0.20 0.15
1:2 0.09 0.09 0.09 0.09 0.15 0.12
14 0.08 0.09 0.09 0.10 0.12 0.10
1:8 0.68 0.07 0.09 0.08 0.08 0.10 0.09
1:16 0.68 0.71 0.67 0.51 0.08 0.08 0.09 0.08 0.08 0.09
1:32 0.51 0.59 0.62 0.50 0.35 0.09 0.09 0.08 0.08 0.08 0.08
1:64 0.38 0.45 0.49 0.71 0.34 0.27 0.07 0.08 0.09 0.08 0.08 0.08
1:128 0.24 0.30 0.38 0.50 0.22 0.15 0.09 0.09 0.09 0.08 0.08 0.08

Fig. 1. Representative results showing the binding of HA-positive allantoic fluid samples to conjugated fetuin. Optical density was measured at 450 nm

Coating Fetuin
Detection Murine sera
Serum anti- | anti- anti- anti- | anti- | anti- anti- anti- anti- anti- anti- Normal
dilution HINT | H3N2 | H3N8 | H4N6 | H5N2 | H5N3 | H6N2 H7N1 H11N6 H11N9 H14N6 serum
Control 1:2 0.34 0.35 0.35 0.43 0.38 0.41 0.23 0.17 0.24 0.44 0.22 0.24
1:2 0.70 0.72 0.76 0.98 1.06 0.60 0.55 0.73 0.62 0.44
1:4 0.55 0.63 0.77 0.94 - 0.55 0.49 0.62 0.53 0.36
1:8 0.46 0.55 0.59 0.82 0.97 0.51 0.37 0.59 0.48 0.27
1:16 0.38 0.59 0.42 0.69 0.84 0.46 0.41 0.55 0.31 0.22
1:32 0.36 0.35 0.37 0.61 0.59 0.34 0.38 0.48 0.34 0.20
1:64 0.29 0.25 0.42 0.41 0.35 0.36 0.29 0.43 0.22 0.15
1:128 0.28 0.27 0.36 0.34 0.25 0.32 0.22 0.37 0.19 0.1

Fig. 2. Representative results showing the binding of A/duck/Moscow/5908/2021-containing allantoic fluid to sera from mice immunized

with different influenza virus subtypes. Optical density was measured at 450 nm

as follows. Rows 1 and 12 were not coated and served as
negative controls. Rows 2-4 were coated with fetuin, while
rows 5 and 6 were coated with anti-NDV IgY to serve as
a negative control for AIV. Rows 7 and 8 were coated with
fetuin to serve as a negative control for NDV, and rows 9-11
were coated with anti-NDV IgY. The plate, coated as de-
scribed above, was then blocked with BSA solution. Then,
100 pL of avirus-containing solution at a uniform
concentration was added to each well of the plate (the
same solution was used for all 12 wells of a given row). Thus,
the plate design enabled the analysis of up to 8 different
samples. After incubation for 2 hours at +4 °C, the plate was
washed and Fet-HRP conjugate was added to rows 1-6;
anti-NDV IgY-HRP in a reaction buffer was added to rows
7-12 and incubated for 1 hour at +4 °C. After a final wash,
the color reaction was developed with TMB. Absorbance
was measured at 450 nm using a Multiskan FC spectropho-
tometer (Thermo Fisher Scientific, USA). AlV was detected
in rows 1-6, and NDV was detected in rows 7-12.
Detection of viruses in chicken tissues. 45 Leghorn
chickens of the same age and weight were used for the
experiment. The poultry were divided into equal groups:
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10 chicks per experimental group and 5 chicks per control
group. Two groups were infected with AIV (A/chicken/Kur-
gan/3/2005 H5N1 and A/FPV/Rostock/34 H7N1 strains,
respectively), and one group was infected with NDV (NDV/
Chicken/Moscow/6081/2022 strain). Each experimental
group had a matched control group. The poultry were kept
in separate cages in different rooms depending on the
group. A total of 10 chickens per site were used. To assess
viral pathogenicity, the poultry were deprived of water
overnight prior to the experiment. The next day, 10 mL of
water containing 10°EID,  of the viruses was placed in
the drinkers and introduced into the cage with the birds.
The control group received regular water.

Organs (kidneys, lungs, intestines) were extracted from
dead or euthanized chickens, homogenized in a double
volume of PBS, and centrifuged for 10 minutes at 5,000 rpm.
The supernatant was used for further analysis. The organs
of control poultry were prepared in the same way. Aliquots
of the supernatants were retained for virus typing by poly-
merase chain reaction (PCR) and titration in CE. The remain-
ing material was then added to 12 wells of a plate prepared
as described above.
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(oating anti-NDV IgY
Detection anti-NDV IgY-HRP
IAF dilution H3N1 H6N2 HTIN9 NDV NDV NDV NDV APMV-4 | APMV-4 | APMV-4 | APMV-4 | Virus-free
3554 4031 6454 6081 3639 3604 LaSota 5268 4572 409 3579 control
11 0.22 0.21 0.19 1.22 1.35 11 1.03 0.19 0.16 0.16 0.15 0.14
1:2 0.19 0.16 0.16 1.1 1.23 1.06 0.89 0.15 0.15 0.15 0.15 0.14
1:4 0.17 0.15 0.15 1.02 1.10 0.97 0.83 0.15 0.15 0.16 0.14 0.15
1:8 0.17 0.15 0.15 0.56 1.00 0.82 0.70 0.15 0.15 0.15 0.15 0.15
1:16 0.18 0.15 0.16 0.36 0.74 0.61 0.53 0.15 0.15 0.15 0.14 0.15
132 017 0.15 0.15 0.8 053 044 044 0.14 0.15 0.15 0.16 0.15
1:64 0.16 0.15 0.14 0.22 038 031 037 0.13 0.14 0.15 0.15 0.14
1:128 017 0.16 0.16 018 027 0.19 030 0.12 0.13 0.13 0.14 0.15
Fig. 3. Detection of NDV on a plate coated with anti-NDV IgY, and treated with anti-NDV IgY-HRP. Optical density was measured at 450 nm
NDV detection with anti-NDV IgY and HRP conjugated =~ Immune-and-Biological Products of Russian Academy of
anti-NDV IgY. A 96-well plate was coated with a5 ug/mL  Sciences (Resolution No. 4 dated 02.12.2014). All measures
solution of purified anti-NDV IgY. The plate was then  were taken to minimize animal suffering.
washed with water and blocked with a BSA solution for
1 hour. Test supernatants from the homogenized samples RESULTS
were then added to the wells (100 pL per well) and incu- During the monitoring of migratory birds, we isolated
bated at 4 °C for 2 hours. The plate was washed, anti-NDC  dozens of AlV strains and paramyxoviruses [22]. In addition,
IgY-HRP conjugate in a reaction buffer was added and in-  during the investigation of the outbreak in Moscow Oblast
cubated for 1 hour at +4 °C. After a final wash, the color  NDV was isolated from chickens [18]. Final virus identifica-
reaction was developed with TMB. Absorbance was mea-  tion was based on complete or partial genome sequenc-
sured at 450 nm using a Multiskan FC spectrophotometer  ing. However, at the initial stage, AlV was differentiated
(Thermo Fisher Scientific, USA). from NDV and avian paramyxovirus serotype 4 (APMV-4)
Synthesis of HRP-labeled conjugates. The synthesis Fet-  using solid-phase ELISA. The materials presented herein
HRP was described in detail by M. N. Matrosovich and  describe the protocols employed for virus detection and
A.S. Gambaryan [21]. Conjugation of HRP with anti-NDV  identification.
IgY was performed similarly. A freshly prepared solution Differentiation of AlV from paramyxoviruses. AlV de-
of 0.2 M NalO, in water was added to HRP dissolved in  tection relied on viral hemagglutinin binding to sialogly-
bidistilled water. The mixture was then incubated in the  cosyl residues on fetuin [21]. IAF was incubated in wells of
dark at room temperature for 20 minutes. The reaction  plated coated with fetuin. Following sorption and washing,
mixture was desalted on a Sephadex G-25 column. Solu-  plates were incubated with Fet-HRP conjugate solution and
tions of fetuin orimmune IgY in sodium carbonate buffer ~ developed via chromogenic reaction. Final identification
(pH 9.3) were then added, and the mixture was incubated ~ was confirmed by partial/complete genome sequencing
inthe dark for 4 hours. 5 mg/mL of freshly prepared NaBH,  of the virus isolates. All AlV samples were positive in this
solution in water was added and incubated for 30 minutes  test, while all paramyxoviruses were negative (Fig. 1).
onice. The pH was adjusted to neutral using 1 M Tris buffer All viruses were isolated from duck feces in Moscow. AlV
(pH 6.0) on ice. Chromatography was performed on a isolates were identified by subtype, while paramyxoviruses
Sephacryl S-200 column. Fractions containing HRP were  were classified by serotype. The second line contains the
collected, pooled, aliquoted, and stored at -20 °C. strains identified by the laboratory number. Eight wells of
Detection of viruses by PCR. The presence of AlVand NDV  each row contain double IAF dilutions.
RNA in the samples was determined by real-time reverse Subtyping of influenza A virus (AlV) using a combined
transcription polymerase chain reaction (RT-PCR) with flu-  assay with fetuin murine monoclonal sera against dis-
orescence detection, including an internal control. RNAwas  tinct AlIV of different subtypes. The combination of
extracted from biological samples using a commercial  universal fetuin capture and subtype-specific antibody
magnetic particle-based kit for nucleic acid isolation via  detection simplifies AlV identification. An example of A/
sorption “DNA/RNA-M-FLEX-FAKTOR” (VET FAKTOR, Russia).  duck/Moscow/5908/2021 subtyping is shown in Figure 2.
Commercial kits for detection of AIV and NDV RNA were  The influenza virus (H3N8) subtype was subsequently con-
used respectively - “PCR-INFLUENZA-A-FAKTOR” and  firmed by sequencing.
“PCR-NEWCASTLE-FAKTOR” (VET FAKTOR, Russia). The IAF containing A/duck/Moscow/5908/2021 virus was
matrix for RT-PCR was RNA samples extracted from thetest  added to rows B-H of plates coated with fetuin. Row A
material (feces, fragments of organs and tissues). served as a negative control and contained no virus. Then,
Ethics. Animal experiments were conducted in accor-  double dilutions of immune murine sera were added
dance with the European Convention for the Protection of  to each column. In the last column, normal murine serum
Vertebrate Animals used for Experimental and Other Sci-  was titrated. At the next stage, HRP-conjugated anti-mouse
entific Purposes (Strasbourg, 1986). The study design was  antibodies were incubated with plates. Following washing,
approved by the Ethics Committee of Chumakov Fe- plates were developed with TMB to visualize antibody
deral Scientific Center for Research and Development of  binding.
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(oating Fetuin anti-NDV IgY Fetuin anti-NDV IgY
Detection Fet-HRP anti-NDV IgY-HRP
IAF AIV H5N1 019 [ o037 029 | 015 0.15 014 | 015 0.15 0.12
IAFNDV 3639 0.12 0.12 0.17 0.20 0.22 0.20 0.45 0.44 0.13
Feces NDV 6081 0.15 0.22 0.24 0.23 0.25 0.27 0.19 0.21 0.58 0.63 0.55 0.14
Kidneys (control) 0.14 0.16 0.20 0.19 0.17 0.13 0.16 0.16 0.18 0.17 0.15 0.15
Kidneys AIV H5N1 0.12 0.92 0.97 1.00 0.22 0.20 0.25 0.28 0.19 0.21 0.23 0.12
Kidneys AIV H7N1 0.14 0.62 0.71 0.68 0.17 0.13 0.16 0.16 0.18 0.17 0.18 0.15
Kidneys NDV 6081 0.17 0.22 0.19 0.21 0.40 0.37 0.24 0.26 1.00 0.14
Kidneys NDV 6081 0.18 0.23 0.18 0.22 0.33 0.39 0.29 0.26 0.98 1.00 0.17

Fig. 4. Testing of preparations for AIV and NDV: A/chicken/Kurgan/3/2005 (H5N1) infectious allantoic fluid; NDV/Duck/Moscow/3639/2008 infectious
allantoic fluid; faecal extract of chicks infected with NDV/Chicken/Moscow/6081/2022; kidney extract of uninfected chick; kidney extract of a chick
infected with A/chicken/Kurgan/3/2005; kidney extract of a chick infected with A/FPV/Rostock/34 (H7N1); and kidney extracts of chicks infected with

NDV/Chicken/Moscow/6081/2022

Table

Detection of NDV and AIV from feces and organs of sick chickens using

solid-phase analysis, PCR and titration in chicken embryos

Method
of detection

Intestine

Kidneys

Kidneys

Solid-phase ELISA 6/6 510 0/4 0/8 10/10 2/2 4/6 5/5
PCR 6/6 10/10 4/4 6/8 4/4 5/5 6/6 5/5
Titration 6/6 /7 2/2 7 4/4 7 2/2 3/3%

*The virus infectivity titer was 10° EIDso/mL.

Detection of paramyxoviruses using solid-phase ELISA.
Chickens were double-immunized with apathogenic NDV/
duck/Moscow/3639/2008, then challenged with velogenic
NDV/chicken/Moscow/6081/2022 (ch6081, subgeno-
type VII.1.1); eggs were harvested to purify anti-NDV IgY.
IgY was concentrated and purified by 25% ammonium sul-
fate precipitation, then used to coat 96-well plates. Anti-NDV
IgY was also conjugated to HRP. In tests with these antibo-
dies, all NDV-infected allantoic fluids tested positive, while
all APMV-4-infected allantoic fluids were negative (Fig. 3).

AlVisolates were identified by subtype, while paramyxo-
viruses were classified by serotype. The second line con-
tained the strains identified by the laboratory number.
Eight wells of each row contained double IAF dilutions.

Detection of viruses in organ samples from sick chick-
ens. In the three aforementioned tests, AIV or NDV presence
in allantoic fluid was confirmed following propagation in
embryonated chicken eggs. However, the cultivation and
isolation of viruses is not possible in small poultry farms,
especially in backyards. Therefore, the possibility of detect-
ing viruses in extracts obtained from organ tissues of in-
fected chickens was investigated. The extracts were added
to 12 wells of a 96-well plate prepared as described in sec-
tion “Detection of viruses in coated plates for differential di-
agnosis” of "Materials and methods”.

Figure 4 shows the results of this experiment.

Samples containing AIV (A/chicken/Kurgan/3/2005 IAF,
kidney extracts from A/chicken/Kurgan/3/2005 and A/FPV/
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Rostock/34 - infected chickens) yielded positive signals in
fetuin-coated wells detected by Fet-HRP conjugate. Only
fetuin coating with Fet-HRP detection reliably detected AIV
antigens across all tested strains. Samples containing NDV
(NDV/Duck/Moscow/3639/2008 |AF, feces from NDV/
Chicken/Moscow/6081/2022 infected chickens, and kidney
extracts from NDV/Chicken/Moscow/6081/2022 infected
chickens) give a positive signal in anti-NDV IgY-coated wells
detected by anti-NDV IgY-HRP. Only IgY anti-NDV coating
with IgY-HRP detection reliably detected NDV antigens
across all tested strains. Thus, a single reaction differenti-
ates HPAIV (H5N1, H7N9) from NDV in infected poultry.

Comparison of solid-phase ELISA with PCR and embry-
onated chicken egg infectivity titration. A comparison of
the described solid-phase ELISA with PCR and titration in
chicken embryos shows that the latter two are much more
sensitive (Table). Using these methods, virus was detected
in nearly all samples from days 3-7 post-ch6081 infection;
solid-phase ELISA detected fecal shedding only at peak
disease.

Ondays 5 and 7, no NDV/AIV was detected in fecal sam-
ples by this method; however, the proposed solid-phase
ELISA achieved 100% detectability in avian organ tissues.
The virus was detected in all kidney samples from chickens
that died or were euthanized at the terminal disease stage.
Highly pathogenic AlV and NDV accumulate in chicken
kidneys at concentrations up to 10° EID, /mL; this enables
detection by solid-phase ELISA (analytical sensitivity
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108 EID, /mL). The developed method exhibits low
sensitivity for fecal samples and is unsuitable for prelimi-
nary diagnosis at this stage. However, rapid poultry mor-
tality on infected farms enables immediate and reliable
cause determination using this test, facilitating timely con-
trol measures.

DISCUSSION

Recently, avian influenza and Newcastle disease have
caused major global poultry industry losses. In recent de-
cades, H5 subtype AlV has spread from Southeast Asia to
all continents, including the Americas, underscoring the
need for effective monitoring and diagnostics for this dan-
gerous pathogen. NDV genotype VIl has spread from Afri-
ca, with outbreaks reported from Japan to Northwestern
Europe [23]. Since stamping out remains the primary con-
tainment strategy for HPAI and NDV timely outbreak de-
tection is critically important [24].

The developed method enables simultaneous identifi-
cation and differentiation of NDV and AlV, facilitating time-
ly disease control measures. Since AlV detection uses a uni-
versal receptor analog and NDV detection employs
polyclonal IgY from chickens immunized with different
strains, the method should detect any poultry-pathogenic
AIV/NDV strains responsible for mortality. The method en-
ables on-site preliminary diagnostics. Commercial AV test
kits target specific subtypes, whereas our method simulta-
neously detects multiple AIV subtypes in feces/pathologi-
cal material, significantly reducing diagnostic time and
enabling timely pathogen control in poultry.

Development of a test kit for differential diagnosis of
avian influenza and Newcastle disease represents a critical
advance in poultry health management.

Future work will focus on validating this method and
testing it in backyard flocks, as well as comparing it with
existing methods for identifying these pathogens.

CONCLUSION

Global circulation of highly pathogenic H5N1 AIV and
NDV outbreaks across Africa, Asia, and Europe necessitated
development of a simple, rapid pathogen detection meth-
od for organs from sick/dead poultry. The developed meth-
od identifies and differentiates NDV from multiple AIV sub-
typesin feces and organ tissues of diseased/dead chickens.
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In vitro evaluation of chitosan cytotoxic properties

Elena I. Yarygina, Olga A. Minkova, Vita Yu. Laga
Moscow State Academy of Veterinary Medicine and Biotechnology — MVA by K. 1. Skryabin, ul. Akademika Skryabina, 23, Moscow 109472, Russia

ABSTRACT

Introduction. Chitosan immunomodulatory and mucoadhesive properties render it a promising vaccine adjuvant. Safety — particularly the absence of cyto-
toxicity — is a key requirement for adjuvant candidates. /n vitro biocompatibility assessments enable evaluation of chitosan preparations prior to animal testing.
Objective. To evaluate low molecular weight chitosan solution at a concentration of 10 mg/mL for its cytotoxic effect on chicken embryo fibroblast (CEF) cultures
and calf coronary artery epithelial-like cells (CCEC) to justify its further use as a vaccine adjuvant.

Materials and methods. Low molecular weight (LMW) chitosan (degree of deacetylation: 90%) prepared with a 1% glutamic acid solution (pH 6.9) was used.
(ytotoxicity was comprehensively assessed using three methods: trypan blue vital staining (for cell viability), live-cell microscopy (for morphological evaluation),
and calculation of the proliferation index after 72 hours of incubation at 37 °Ciin a 5% (0, atmosphere.

Results and discussion. Following 2-hour incubation with chitosan, viable CEF and CCEC were 97.4 and 98.7%, respectively, with no significant differences
from controls (97.6 and 96.4%). Microscopy at 72 hours showed dense, homogeneous monolayers in test groups, free of cytopathic effects, vacuolization, or
morphological changes — indistinguishable from controls. Proliferation indices aligned closely (CEF: 3.9 and 3.6; CCEC: 3.7 and 3.8), evidencing no cytostatic effect
of the chitosan preparation.

Conclusion. Low-molecular-weight chitosan (10 mg/mL) exhibited no in vitro cytotoxic or cytostatic effects on the tested cell lines. The findings confirm its
biocompatibility and justify advancement to in vivo studies for developing safe, effective vaccines for veterinary use.

Keywords: chitosan, cytotoxicity, adjuvant, cell viability, proliferation, cell cultures, primary chicken embryo fibroblasts (CEF), continuous calf coronary artery
epithelial-like cells (CCEC), in vitro
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LintoToKCcuyeckne cBOMCTBA XWUTO3aHa in vitro

E. U. ipbiruna, 0. A. MunbKoBa, B. 10. Nara
Orb0Y BO «MockoBcKas rocyfapcTBeHHas akazieMus BeTepuHapHoil MeanLmHbl i buotexHonorum — MBA umenm K. . Ckpabuna»
(Orb0Y BO MTABMub — MBA umenm K. W. Ckpabuna), yn. Akanemuka Ckpabuna, 23, r. MockBa, 109472, Poccus

PE3IOME

BepeHue. Xuto3aH, 6narogapa uMMyHOMOZYAMPYIOLIMM 1 MyKOAAre3uBHbIM CBOIACTBAM, ABNAETCA NePCNEeKTUBHBIM afblBaHTOM AnA BaKLMH. besonac-
HOCTb, B YaCTHOCTI OTCYTCTBUE LUTOTOKCUYHOCTY, — KloyeBoe TpeboBaHIe K afbloBaHTaM. ViccneoBaHuA in vitro no3BonioT onpeaenats 6uocoBMecTUMOCTb
fpenapara XuTo3aHa A0 TeCTUPOBAHMA Ha XUBOTHbIX.

Lienb nccnepoBanumit. Mccnefoath LMTOTOKCUUECKoe felicTBUE PACTBOPA HU3KOMOMEKYNAPHOTO XUTO3aHa B KOHLeHTpawum 10 Mr/Mn Ha KynbTypax dubpo-
6nactoB IMOpMOHa Kyp 1 3NUTENNONOA06HBIX KNETOK KOPOHAPHBIX COCYNO0B TeNeHKa AnA 060CHOBaHIA ero aNbHeiLuero npuMeHeHIs B kauecTse BaKLWNHHOTO
afibloBaHTa.

Marepuanbi u metofibl. [IpuMeHAN HUSKOMONEKYNAPHDIA XUTO3aH (CTeneHb AeaueTpoBaHna — 90%) B 1%-m pacTBope ryTaMUHOBOI KUCNOTbI, pH 6,9.
LiuToToKCMuHOCTL ONpeaenany KOMNAEKCHO, UCMoNb3yA METOZ BUTANbHOTO OKPALUMBAHUA TPUNAHOBLIM CMHUM (OLieHKa XI3HeCNoCOBHOCTH), NPUKM3HEHHOe
MUKPOCKONMYecKoe HabniogeHue (oLieHKa Mopponorui) 1 pacyeT MHAEeKCa NponudepaLii nocne 72-4acosoil uHKybaumn npu Temnepatype +37 °CB atmocdepe
5%-ro Anokcuaa yrnepoaa.

Pe3ynbratbl 1 06cyMaeHNe. KonnyecTBo XU3HeCnocobHbIX KNeTok Gpnbpobnactos ImM6pMoHa Kyp 1 KOPOHAPHBIX COCYAOB TeNeHKa NoCNe ABYXYacoBOi UH-
KybaLum € XUTO3aHOM COOTBETCTBOBANO 3HAaUeHNAM 97,4 11 98,7%, He UMEIOLLMM CTaTUCTUYECKN 3HAYUMbIX OTAIMYNIA OT KoHTponeid (97,6 n 96,4%). Mpu Mukpo-
CKOMUYeCKOM HabI0AeHY KNETKV B OMbITHOM rpynne yepes 72 4 nHKy6aLmn GopmupoBay NAOTHbIIA 0HOPOAHbIA MOHOCIOI 63 NPU3HAKOB LUTONATUYECKOro
3 dekTa, Bakyonuaumy, 6e3 uameHeHuii Mopdonorum, aHanornyHblil TAKOBOMY B KOHTPOMbHBIX JIyHKaX. MHAeKcbl nponudepaLy B ONbITHBIX U KOHTPONbHbIX
rpynnax 6bum conoctaBuMmbl: 414 prubpobnacTos smbpuoHa Kyp — 3,9 v 3,6, AnA KOPOHapHbIX COCYAOB TeNeHKa — 3,7 1 3,8, uTo CBUAETENbCTBYET 06 OTCYTCTBIM
LIMTOCTaTUYeCKOro eliCTBINA M3y4aeMoro npenaparta.

©Yarygina E. I, Minkova 0. A., Laga V. Yu., 2026
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3aKnioueHme. X1To3aH HU3KOMONEKYNAPHDIIl B KOHLEHTpaLm 10 Mr/Mn He NPOABAAET LMTOTOKCUYECKIX AN LMTOCTATUYECKMX CBOIACTB in Vitro B OTHOLUIEHIN
TecTupyemblx KneTok. llonyyeHHble JaHHble NOATBEPXAAT ero 61OCOBMECTMOCTD U ABNAKTCA 0CHOBAHUEM ANA AANbHELUMX NCCNe[0BaHWI in Vivo C Lenblo
pa3paboTku 6e30nacHbIX 1 eliCTBEHHDIX BAKLUH A BETEPUHAPHOTO NPUMEHEHUA.

KnioueBble C710Ba: XMTO3aH, LITOTOKCUYHOCTD, TbI0BAHT, XU3HECTIOCOBHOCTb KNETOK, NponndepaLus, KNeTouHble KynbTypbl, NepBuYHan KynbTypa puopo-
671aCTOB 3MOPUOHa Kyp, NEPeBUBAEMAR JIMHIS SNUTENNONOA06HbIX KNETOK KOPOHAPHDIX COCYA0B TENEHK, in Vitro

bnarogapHocTy: ABTopbl BbIpaxatoT 6narogapHocTb HayuHbIM coTpyaHukam J1. M. Akbaesoit u J1. M. YomaeBoit (HayuHo-uccnegoBaTeNnbckas nabopatopua
6uotexHonoruu u npuknaaHoii ummyHonorum Orb0OY BO MTABMub — MBA umern K. U1. Ckpabuna) 3a pekomeRaLmum no CoBepLUEHCTBOBAHUI UCCIIef0BAHMIA.

[insa untuposauus: fipbiruna E. ., Munbkoa 0. A., Jara B. H0. Liutotokcnueckme cBoilcTBa XuT03aHa in vitro. Bemepurapus ce2odns. 2026; 15 (1): 95-101.
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Koudnukr nHtepecos: ABTOpbI 3aABNAIT 06 OTCYTCTBUN KOHGANKTA UHTEPECOB.

[ina koppecnoxpeHuuu: Munbkosa Onbra AnekcaHapoBHa, aCCUCTEHT Kadeapbl BUPYCONOrun i MuKpobuonorum umenn akapemuka B. H. Ciopuna,
Orb0Y BO MTABMub — MBA umenn K. 1. Ckpabuna, yn. Akagemuka Ckpabuna, 23, . MockBa, 109472, Poccus, minkowa.olga2012@ya.ru

INTRODUCTION

Avian infectious diseases such as avian influenza, New-
castle disease, infectious bronchitis, and avian metapneu-
movirus infection cause significant economic damage to
poultry industry worldwide [1, 2]. Agents of these diseases
are highly contagious and widespread, often causing mass
mortality in poultry. This leads to significant economic
losses and restrictions on international trade. Available
commercial vaccines, although widely used, sometimes fail
to confer sterilizing immunity and full protection for vac-
cinated flocks especially under the high pressure from field
virus strains in intensive production system. This necessi-
tates the exploration of novel approaches to enhance vac-
cine immunogenicity and prolong the duration of vaccine
effectiveness [3, 4].

One of the promising areas of vaccinology is the devel-
opment and application of modern adjuvants - substances
capable of enhancing, prolonging, and modulating the
immune response to a vaccine antigen when added to
a vaccine formulation [5]. Modern adjuvants employ di-
verse mechanisms of action designed to activate innate
immunity, ultimately leading to the development of a
stronger and more potent adaptive immune response [6].
At the same time, safety, in particular the absence of cyto-
toxicity, remains a key requirement for any new adjuvant
compositions [7, 8].

Chitosan is a natural biopolymer derived from the dea-
cetylation of chitin, a structural component found in crus-
tacean shells and fungal cell walls. Its key advantage is its
low toxicity to warm-blooded organisms and its ability to
degrade without harm to the environment [9, 10, 11]. Chi-
tosan’s favourable properties — coupled with its abundance
of free reactive amino groups - underpin its extensive use
in medicine and pharmacy. Key applications include wound
dressings, drug delivery carriers, and, most notably, vaccine
adjuvants [12].

In vaccinology, chitosan is considered as a multifunc-
tional adjuvant, especially for mucosal use (intranasal, ocu-
lar, oral) [13, 14]. Its adjuvant properties are associated with
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a complex of mechanisms. Firstly, as a cationic polymer,
chitosan can temporarily disrupt the integrity of tight junc-
tions between epithelial cells in mucous membranes. This
increases mucosal permeability and facilitates antigen
penetration [15, 16]. Secondly, chitosan derivatives can
form an antigen depot at the injection site, providing a pro-
longed release of the active substance. Thirdly, chitosan
has a direct stimulating effect on innate immune cells,
likely through interaction with pattern-recognition recep-
tors such as TLR-2. This leads to the activation of antigen-
presenting cells and the production of proinflammatory
cytokines [17]. Foreign researchers have shown that chi-
tosan is able to enhance both the humoral and cell-medi-
ated immune response [16, 17, 18], which makes it particu-
larly in demand for the development of new vaccines. It is
important to note that the adjuvant effect may vary de-
pending on the molecular weight and degree of polymer
deacetylation [9, 14].

Use of LMW chitosan in avian vaccines, in particular
against Newcastle disease is of particular interest. LMW
fractions generally exhibit better solubility at physiological
pH and, according to some studies, demonstrate lower
potential toxicity compared to their high molecular weight
counterparts [9]. However, prior to immunogenicity assess-
ment, it is fundamentally important to establish the basic
safety and absence of direct toxic effects of the tested prod-
uct at the cellular level.

In vitro cytotoxicity determination in cell lines is the first
mandatory step in preclinical studies of any new com-
pound with potential biomedical or veterinary applications.
This approach, governed by international standards like
ISO 10993-5, allows for the quick, economical, and ethical
collection of initial biocompatibility data in line with the
3R concept (Replacement, Reduction, Refinement). It there-
by reduces or postpones the use of laboratory animals
to later stages of the study [7]. This approach is widely used
to assess the safety of a wide variety of compounds, from
pesticides to pharmaceutical substances, which confirms
its versatility and reliability [8, 19].
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Cell lines were selected based on their representative-
ness. Primary CEF culture exhibits high sensitivity to toxic
effects. Continuous CCEC line serves as a model for the cel-
lular barrier encountered by an adjuvant upon mucosal
administration. A concentration of 10 mg/mL was selected
as it deliberately exceeds the estimated working concentra-
tions in vaccines (1-2 mg/mL), allowing for stress testing
and safety margin assessment.

Thus, the objective of this study was to evaluate the cy-
totoxic effect of a low molecular weight chitosan solution
(10 mg/mL) on CEF and CCEC lines in order to justify its
further use as a vaccine adjuvant.

MATERIALS AND METHODS

The study was carried out at the Department of Virology
and Microbiology named after Academician V. N. Syurin of
the Moscow State Academy of Veterinary Medicine and
Biotechnology — MVA by K. I. Skryabin. All operations were
performed in a laminar flow cabinet under sterile condi-
tions, with strict adherence to standard aseptic techniques.

Preparation of chitosan solution. LMW water-soluble chi-
tosan with a deacetylation degree of 90% (Bioprogress,
Russia; dosage form - powder) was used. Working 2%
(20 mg/mL) chitosan solution was prepared using 1% glu-
tamic acid (Sigma-Aldrich, USA) in a ratio of 1:5 (w/v).
The pH was adjusted to 6.9 + 0.1 with a phosphate-buffered
saline (PBS; BioloT, Russia) [9, 14].

Cell cultures and cultivation conditions. Two lines of ad-
hesive cells of different origin were used for a comprehen-
sive assessment of potential cytotoxicity:

— CCEC cells (BioloT Collection, Russia) are a continuous
diploid line of epithelial-like cells derived from coronary
vessels of calf. This cell line is characterized by stable growth
and high sensitivity to external factors, making it a relevant
model for toxicological studies;

— primary CEF culture was prepared in the laboratory
from 11-day-old SPF embryo tissues using the standard
trypsinization technique [19]. Cells at the 3 passage, which
retain high metabolic activity and sensitivity to toxic effects,
characteristic of primary cultures were used [17].

The cells were cultivated under standard sterile condi-
tions in an incubator (Binder, Germany) at a constant tem-
perature of 37.0 £ 0.5 °C and 5% CO, to maintain a stable
pH of the nutrient medium (7.2-7.4). The growth medium
consisted of a 1:1 mixture of Eagle MEM and 199 media
(BioloT, Russia), supplemented with 10% fetal bovine serum
(St-Biol; BioloT, Russia) to provide essential adhesion and
growth factors. Antibiotics were added to the medium:
100 IU/mL of penicillinand 0.1 mg/mL of streptomycin (Bio-
loT, Russia), to prevent bacterial contamination. The medium
was changed every 48-72 hours depending on the cell
growth rate. When cell monolayers reached 80-90% conflu-
ence, cultures were passaged using standard trypsinization
with 0.25% Trypsin-Versene solution (BioloT, Russia). Cells
in the logarithmic growth phase were selected for tests.

Test design. The cells were inoculated into 6-well plates
(Jet Biofil, China) at a density of 1 x 10° cells/mL for CEF and
8 x 10° cells/mL for CCEC, which provided a 70-80% mono-
layer density by the beginning of the test. Separate plates
were used for each cell line:

- “positive control” plate: cells were cultured in a stand-
ard growth medium;

- “test” plate: cells were cultured in a growth medium
supplemented with the chitosan solution (final concentra-
tion - 10 mg/mL).

Table 1
Viability of cells after 2-hour incubation with chitosan (M £ SD, n = 3)

Cell viability, %

Type of the effect on cells

CEF CCEC
Chitosan, 10 mg/mL
in standard growth 97.4+12 98.7+0.9
medium (test)
Standard'g.rowth medium 97.6+0.8 96.4+ 11
(positive control)
70% ethanol solution 0% 0*
(negative control)

* p < 0.05 as compared to all other groups.

Three parallel wells of the plate (n = 3) were used for
each variant to ensure statistical reliability. The incubation
was started once the cell monolayer covered 70-80% of
the well bottom.

Determination of cell viability. Cell viability were assessed
after 2-hour incubation with the test solutions using vital
staining with 0.4% trypan blue solution (BioloT, Russia).

The counting was carried out in Goryaev counting
chamber. Only cells with intact membranes (unstained)
were taken into account [19]. Cells placed in a standard
growth medium were used as a positive control, and cells
treated with a 70% ethanol solution for 10 minutes were
used as a negative control.

Morphological analysis (vital examination method). The
cells were cultured with chitosan for 72 hours. Visual ex-
amination of the monolayer, cell morphology, and cyto-
pathic effect manifestations was performed every 24 hours
using Axio Observer A1 inverted microscope (Carl Zeiss,
Germany) equipped with phase contrast optics and Axio-
cam 305 digital camera. Microscopy was performed at 120x
magnification. The assessment parameters included adhe-
sion degree, monolayer density, cytoplasmic vacuoliza-
tion, shape alterations (rounding), substrate detachment,
and lysis.

Determination of proliferative activity. The cells were in-
oculated into 6-well plates at known concentration (N,).
After 72 hours of co-cultivation with chitosan, the cells were
dispersed with a 0.25% trypsin solution (from pig pancreas,
activity: 1:250; BioloT, Russia) prepared using Versene solu-
tion (BioloT, Russia), and counted (N,,) in Goryaev counting
chamber. The proliferation index (Pl) was calculated using
the formula: PI=N_, / N . To eliminate artifacts associated
with potential errors during inoculation, the initial cell
count (N ) was performed in three additional wells imme-
diately after cell adhesion, i.e., 4 hours post-inoculation.

Statistical analysis. Statistical processing was performed
using Student'’s t-test for independent samples in Microsoft
Excel 2019 and Statistica 10.0 (StatSoft, USA) software pack-
ages. The cell viability data obtained by direct counting in
Goryaev counting chamber were analysed with a preli-
minary check of the data compliance with the normal
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A

Fig. 2. Morphology of CCEC after 72 hours of cultivation (magnification 120x): A - control, B - test group (chitosan 10 mg/mL)

distribution using the Shapiro — Wilk test (at n =3). The
uniformity of variances in the compared groups was
checked using the F-test (Fisher’s criterion). The following
parameters were incorporated into the analysis: viability
assessment was performed using absolute values of live
and dead cell counts, from which the viability percentage
was calculated; proliferative activity was analysed on the
basis of absolute cell counts before and after incubation.
For each test variant, data for three independent biological
replicates (n = 3) were used, in each of which cell counts
were performed in two analytical replications. Morpho-
logical examination findings were statistically analysed by
qualitative assessment of a series of micrographs taken
under identical conditions for all test groups. Quantitative
results are presented in the following format: mean
value + standard deviation (M + SD). The differences at the
p < 0.05 level were considered statistically significant.
All calculated t-test values and the corresponding p-signi-
ficance levels were recorded in summary tables for
further analysis.

RESULTS AND DISCUSSION

In the study, the cytotoxic effect of alow molecular
weight chitosan solution was evaluated multilaterally us-
ing three complementary methods. At the first stage, cell
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viability was assessed after short-term incubation with the
preparation. Then, dynamic microscopic examination of the
cell morphology and monolayer state was carried out. At
the final stage, the effect of chitosan on cell proliferative
activity was assessed.

Cell viability. Results of tests of cells for their viability
after 2-hour incubation are given in Table 1.

Obtained data indicate the absence of cytotoxic effects
of low molecular weight chitosan (deacetylation rate — 90%)
ata concentration of 10 mg/mL on two different cell models.
For the CEF line, the viability index was 97.4 + 1.2% versus
97.6 + 0.8% in the control (p > 0.05). For CCEC line the values
were also comparable: 98.7 £ 0.9% for cells in test plate and
96.4 + 1.1% for the control (p > 0.05). Consequently, there
were no statistically significant differences between the test
and control groups for both tested cell lines.

High viability indices, intact morphology, and unaltered
proliferative activity conclusively establish the biocompat-
ibility of this preparation with animal cells.

Analysis of the data obtained (Table 1) allows us to con-
clude that the chitosan preparation under study does not
have any cytotoxic effect under short-term incubation con-
ditions. The minimal spread of values (SD = 0.8-1.2%) is
noteworthy, as it indicates both high reproducibility of
the results and uniformity of the cell populations. Complete
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cell death was recorded in the negative control (70% etha-
nol treatment), thereby confirming both the adequacy of
the applied technique and the sensitivity of the test system.
Comparative analysis of the data for the two cell lines dem-
onstrates that the response to chitosan exposure is neither
species-specific nor tissue-specific. The comparably high
viability indices observed in both the primary CEF line and
the continuous CCEC line suggest that the biocompatibil-
ity of the preparation under study is universal.

Morphology of cells. Results of live-cell microscopic
examination of cell cultures over time (after 24, 48, and
72 hours of incubation) clearly demonstrate the absence
of any negative effect of chitosan on the morphofunc-
tional state of the cells. Visual examination after 72 hours
of incubation showed that cells in the test groups re-
tained their typical morphology and demonstrated an ac-
tive ability to form a monolayer, completely similar to con-
trol cells (Fig. 1, 2).

Typical fusiform (fibroblast-like) and stellate (epithelial-
like) cells with long cytoplasmic protrusions firmly attached
to the substrate were observed in the test group of CEF
culture. The cells had smooth, well-defined margins and
a homogeneous, non-vacuolated cytoplasm. The nuclei
were clearly visible and had a regular oval or rounded shape
without pyknosis or karyorrhexis signs. The resulting mono-
layer was dense and homogeneous, displaying the ordered
cell arrangement characteristic of fibroblasts.

Both in the test group and the control group, CCEC cells
had a flattened polygonal shape and formed a typical
monolayer resembling “cobblestone pavement”. Intercel-
lular contacts were well developed, and there were no signs
of cytoplasmic contraction or detachment from the plastic
surface. Importantly, no cytopathic effects (CPE) were ob-
served across any test groups: monolayers showed no cy-
toplasmic vacuolization, rounded or shrivelled cells, lysis,
or zones of degeneration. Dynamic observation showed
that the monolayer formed at the same rate in the test
groups as in the control, reaching 90-95% confluence by
72 hours of cultivation. The morphological findings were
entirely consistent with the viability and proliferative activ-
ity data, collectively confirming that chitosan exerts no
cytotoxic effect at the concentration tested.

Proliferative activity. To evaluate the potential effect
of chitosan on cell division, quantitative analysis of prolif-
erative activity was carried out during a 72-hour period.
Data given in Table 2 show that low molecular weight chi-
tosan at a concentration of 10 mg/mL did not have any
inhibitory effect on the proliferation of the tested cell cul-
tures. Quantitative analysis showed that the proliferation
indices in the test groups remained at a high level: for CEF -
3.9 + 0.4, for CCEC - 3.7 + 0.3. These values did not differ
statistically (p > 0.05) from the control values, which were
3.6 £ 0.4 and 3.8 + 0.3, respectively. Absolute cell counts
confirmed that the cultures actively proliferated in the pres-
ence of chitosan: the CEF counts increased from 1.4 x 10°
to 5.4 x 10° cells/mL, CCEC counts - from 1.2 x 10° to
4.4 x 10° cells/mL.

Comparative analysis of the two cell lines for their pro-
liferative activity revealed an interesting trend for stimula-
tion of CEF culture proliferation (3.9 in the test group vs.
3.6 in the control), though the difference was not statisti-
cally significant. CEF proliferation indices in the test and in
the control were almost identical.

Thus, comprehensive proliferative activity analysis
showed that chitosan at 10 mg/mL exhibits no cytostatic

Table 2
Effect of chitosan on cell proliferative activity (M £ SD, n = 3)

Cell
culture

Test

Parameters (chitosan, 10 mg/mL)

Positive control

Number of cells added, 145106 145 10°
cells/mL
Number of cells after s ’
CEF 72 hours, cells/mL (5.4£0.6)x 10 (5.1£0.5) % 10
Proliferation index 39+04 36+04
Number of cells added, 12 %106 125 10°
cells/mL
Number of cells after s .
(CEC 72 hours, cells/mL (4.4+0.4)x10 (4.6£0.3)x 10
Proliferation index 3.7+03 38+03

effects and fully preserves mitotic capacity and growth
potential of cells.

Notably, all three methods employed to assess cytotox-
icity — vital staining, morphological analysis, and prolifera-
tion assessment — produced consistent results, thereby
strengthening the reliability of the conclusions. The re-
vealed absence of toxic effects is consistent with the data
of other authors, who also note the low cytotoxicity of chi-
tosan and its oligomers [9, 10, 11]. It should be particularly
noted that chitosan at a relatively high concentration
(10 mg/mL) was used for our study. This concentration is
much higher than the typical working concentrations of ad-
juvants in vaccine formulations, which are usually in the
range of 0.1-2.0 mg/mL [14, 15, 18]. Despite this, the cells
retained their normal viability and functional activity. Low
molecular weight fractions of chitosan that are similar
in physicochemical characteristics to the test sample typi-
cally exert the least toxicity, which is attributed to their
milder interaction with cell membranes [11, 17]. This find-
ing is especially significant for vaccine development, in
which avoiding even minimal cellular damage is critically
important. Chitosan’s ability - at the concentration used -
to preserve cell membrane integrity and not suppress pro-
liferation is a key factor in its suitability as an adjuvant [12].
Furthermore, the lack of effect of chitosan on proliferative
characteristics suggests that it does not interfere with the
basic mechanisms of cell division and poses no risk of in-
ducing pathological changes in proliferating tissues.

It is important to note that CEF and CCEC cultures are
representative for in vivo modelling. CEF as a primary cul-
ture is more sensitive to toxic effects [8, 19]. The use of
a primary fibroblast culture precludes artifacts associated
with extended adaptation of cells to in vitro conditions —
a phenomenon characteristic of continuous cell lines. Epi-
thelial-like calf coronary cells (CCEC) are the first target for
mucosal adjuvants [13]. Mucous epithelial cells represent
the first barrier encountered by mucosally applied vaccines;
therefore, preserving their integrity and functional activity
is essential for effective vaccination. The lack of adverse
effects on both cell lines suggests that chitosan will be well
tolerated at the whole-organism level.

According to the literature, chitosan may exert its adju-
vant effect not through direct cytotoxicity, but through
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mild activation of cells and induction of chemokines and
cytokines [14, 15]. Our findings on the preservation of cell
morphology and proliferative activity are fully consistent
with this concept, since they rule out non-specific cell dam-
age as a mechanism underlying immunostimulation.

The immunostimulatory effect of chitosan is thought to
be mediated by activation of innate immune signal-
ling pathways [17, 18], a process that does not involve cell
damage at the injection site. This mechanism — whereby
a “beneficial”immunological effect is achieved without cell
damage - is preferable for the development of modern,
safe adjuvants [6]. Our findings indirectly confirm this hy-
pothesis. Further studies should focus on the effects of chi-
tosan on the functional activity of immunocompetent cells,
specifically their antigen-presenting ability and cytokine
production. Another area of interest is the evaluation of
chitosan’s synergistic effects in combination with other
well-known adjuvants within combined adjuvant systems.

This study is limited by the testing of a single chitosan
concentration. Further studies should involve the genera-
tion of a full concentration-response curve to accurately
determine the toxicity threshold, that is consistent with
modern paradigms for the preclinical safety evaluation of
biomaterials [7, 8]. Notwithstanding this limitation, it can
be confidently concluded that within the concentration
range typically employed in vaccinology (generally not
exceeding 1-2 mg/mL), chitosan demonstrates an excellent
safety profile.

CONCLUSION

This comprehensive study demonstrates that low mo-
lecular weight chitosan (90% deacetylation) exhibits no
cytotoxic or cytostatic effects in vitro on CEF and CCEC lines
at a concentration of 10 mg/mL. These findings were cor-
roborated by a range of complementary methods. Cell vi-
ability in the test groups remained between 97.4 and
98.7%, with no statistically significant difference from con-
trol values. Morphological analysis showed preserved nor-
mal cellular architecture and the capacity to form a dense,
homogeneous monolayer. Proliferative activity assessment
determined high proliferation indices (3.7-3.9), which were
comparable to those of the control. The obtained data on
the high chitosan biocompatibility are consistent with the
results of other studies [9, 11, 14, 15] and provide justifica-
tion for conducting further in vivo experiments to study its
adjuvant activity. Importantly, the concentration of
the tested chitosan preparation is significantly higher than
the estimated working concentrations of adjuvants used
in vaccines, suggesting a broad therapeutic range and a fa-
vourable safety profile for the preparation under study.

The inclusion of low molecular weight chitosan in vac-
cines against Newcastle disease and other avian infections,
followed by assessment of the specificimmune response,
is a promising direction for further studies [4]. Future work
should examine the adjuvant properties of chitosan ad-
ministered by different routes (intranasal, oral, intramuscu-
lar) and its synergistic action with otherimmunostimulants.
Further studies may be aimed at establishing the optimal
working concentrations of chitosan in vaccine formula-
tions, elucidating its impact on cellular and humoral im-
munity, and characterizing the duration of the resulting
post-vaccination immune response.

The data obtained serve as the basis for the develop-
ment of new safe and effective adjuvants based on low
molecular weight chitosan. The proposed preparation
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meets modern requirements for the biocompatibility
of immunostimulating products for use in veterinary
medicine.
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ANNIVERSARY DATES
IOBUNENHDIE JATHI

On the anniversary of Olga V. Pruntova

On March 24, Olga V. Pruntova, Doctor of Biological
Sciences, Professor, and Leading Researcher at the Infor-
mation and Analytical Center of the Federal Centre for
Animal Health, celebrated her anniversary.

Her name rightfully occupies a leading place in
the scientific community. Olga V. Pruntova joined the
Federal Centre for Animal Health team as a senior lab-
oratory assistant immediately after graduating from
university. Possessing a high level of training (sec-
ondary polytechnic school, Faculty of Biology of Perm
State University named after A. M. Gorky, postgraduate
studies, internships in leading research institutions of
the country) and a genuine interest in science, Olga V.
Pruntova successfully defended her dissertation for the
Candidate degree in 1988 and for the Doctor degree in
2003. She is one of the creators of the first inactivated
emulsion vaccines against salmonellosis and pasteu-
rellosis in pigs registered in Russia, as well as enzyme
immunoassay test-kits for detecting antibodies against
Salmonella and Pasteurella in animal blood sera.

In 2006, Olga V. Pruntova headed the newly estab-
lished Laboratory for the Diagnosis of Bacterial Infec-
tions in Animals. In addition to scientific research, her
laboratory carried out epizootiological and serolog-
ical monitoring of infections caused by bacteria of
the families Enterobacteriaceae and Pasteurellaceae
under state assignments and was involved in devel-
oping test-kits for detecting antibodies and antigens
of these pathogens.

Her vast experience, professional skills, and strong
life position contributed to the establishment of the
Testing Centre of the Federal Centre for Animal Health,
which she led for ten years and which subsequently
received international accreditation for testing food
products, feed, and products of animal origin for mi-
crobiological and physical-chemical parameters.

Olga V. Pruntova is not only a renowned scientist and
a talented leader, but also a generous and wise mentor.
Her gifted followers work successfully for the benefit
of Russian science, particularly in the veterinary field.
Under the supervision of Olga V. Pruntova, 7 candidate
dissertations have been defended. For many years, she
combined scientific research with teaching. She worked
as a professor and head of the Biology Department at
Vladimir State University, teaching such subjects as
“Introductory Biology”, “Ecology”, “Introductory Micro-
biology with Fundamentals of Virology”, and “Medical
Microbiology”, not only to future biologists, but also
to students of other specializations. She continues to
share her experience with young scientists: she lectures
to postgraduates, participates in examination and attes-
tation boards, acts as an academic supervisor for candi-
date dissertation applicants, and actively works in the
dissertation council as deputy chairperson.
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Her contribution to the development of Russian
science is confirmed by over 300 scientific papers.
These include articles in leading scientific journals,
3 monographs, textbooks and methodological guide-
lines, more than 20 patents and invention certificates,
and abstracts of reports at scientific forums, symposia,
and conferences.

For her active creative life, Olga V. Pruntova has been
repeatedly awarded certificates and diplomas of vari-
ous statuses and levels. In 2013, she was awarded the
medal of the Federal Centre for Animal Health for her
contribution to the development of the center; in 2018,
she received the Rosselkhoznadzor medal for her con-
tribution to veterinary science. For her scientific devel-
opments, she has repeatedly been among the winners
of the “Golden Autumn” exhibition competition.

The entire large team of the Centre congratulates
Olga V. Pruntova on her anniversary! We wish you good
health, many years of active and fruitful life, inexhaust-
ible creative energy, and well-being. May your research
career lead to new outstanding achievements, and may
your enthusiasm and wisdom inspire the new generation
of scientists!
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ANNIVERSARY DATES HOBUNENHDIE JATbI

On the anniversary of Natalya S. Mudrak

February 8, 2026 is not only the Day of Russian Sci-
ence, but also an anniversary date for Natalya S. Mudrak,
Doctor of Science (Biology), Chief Researcher at the Ref-
erence Laboratory for Avian Viral Diseases at the Federal
Centre for Animal Health.

Natalya S. Mudrak was born in Belebey town, Bash-
kir Autonomous Soviet Socialist Republic, in the family
of an engineer and a teacher, who raised her to be a
hardworking and determined person. In 1980, after
graduating from the Faculty of Biology at the Bashkir
State University, she began her career in science as a
senior laboratory assistant at the All-Union Foot-and-
Mouth Disease Research Institute. There she entered
the postgraduate school and focused her research on
the antigenic and immunogenic properties of synthetic
FMDV peptides. In 1993, she successfully defended her
Candidate of Science thesis and was soon appointed
the Head of Laboratory for Avian Viral Disease Diagno-
sis. In 2010, Natalia S. Mudrak defended her Doctor of
Science thesis.

The entire scientific career of Natalya S. Mudrak is
dedicated to veterinary virology, development and
improvement of tools and methods for diagnosing
viral diseases of farm animals, based on advances in
biotechnology and genetic engineering. The results
of her research have made a significant contribution
to the study of molecular epizootology of avian viral
diseases, to the creation of a comprehensive serological
monitoring system in poultry farming using domestic
diagnostic kits, equipment, reagents and a computer
software that ensures acquisition of reliable data on
the immune status of the poultry population. Under
the leadership of Dr. Mudrak and with her direct partic-
ipation, enzyme-linked immunosorbent assay systems
based on the indirect ELISA variant were developed and
received state registration for the first time. These test
systems are intended for the detection and quantifica-
tion of specific antibodies to pathogens of the major
economically significant infectious diseases of chickens.
In order to introduce modern diagnostic methods into
veterinary practice, Natalia S. Mudrak has taken much
effort in equipping the workstations of regional, zonal
and oblast (krai, republican) veterinary laboratories, di-
agnostic laboratories of business operators and veter-
inary institutions, providing them with ELISA and PCR-
based diagnostic tools.

Dr. Mudrak has published over 300 scientific papers
and has been granted 25 copyright certificates and pat-
ents for inventions of the Russian Federation.

A defining trait of Natalya S. Mudrak’s character is her
readiness to help everyone. Her sociability and commu-
nication skills command sincere respect from everyone
she has worked with. She possesses vast experience and
has the ability to identify new and promising trends

in science. Dr. Mudrak has supervised four Candidates
and one Doctor of Science and continues to provide
advisory, methodological, and often practical assistance
to degree-seeking researchers.

Natalia S. Mudrak has been a member of the Federal
Centre for Animal Health Council on the Thesis Defence
for Doctor’s and Candidate’s Degrees since 2013 and
Deputy Head of the Thesis Council since 2016.

Dr. Mudrak's scientific work in ensuring freedom
from avian viral diseases has been highly appreciated.
She was awarded a Certificate of Honor from the Min-
istry of Agriculture of Russia (2003); Federal Centre for
Animal Health medal for contribution to the Centre's
development (2013); Jubilee Medal “70 Years of Vladi-
mir Oblast” (2014); Rosselkhoznadzor Commemorative
Medal for the contribution to veterinary science (2018)
and other awards of various levels and statuses.

The Federal Centre for Animal Health management
and the entire team cordially congratulate Dr. Mudrak on
her anniversary. We wish her robust health, new creative
successes and achievements, happiness and well-being!
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ANNIVERSARY DATES HOBUJIENHbIE JIATHI

On the 75" anniversary of Vasily . Belousov

In January 2026, Vasily I. Belousov, Doctor of Science
(Veterinary Medicine), celebrated his 75" birthday.

Vasily I. Belousov was born on Druzhilinsky farm lo-
cated in Serafimovichisky Raion, Volgograd Oblast, on
January 4, 1951. In 1973, he graduated from the Mos-
cow Veterinary Academy and was appointed Director
of Kletsky Veterinary Laboratory of Volgograd Oblast.
Over the years, he worked as a junior researcher at the
Russian State Centre for Animal Feed and Drug Stan-
dardization and Quality, senior veterinarian at the Cen-
tral Veterinary Laboratory of the Ministry of Agriculture
of the Union of Soviet Socialist Republics, head of the
Department for Serology and Leptospirosis at the Re-
publican Scientific and Production Laboratory for An-
imal Diseases Control of the Ministry of Agriculture of
the Russian Soviet Federative Socialistic Republic, Se-
nior Researcher, Scientific Secretary, Head of the Lab-
oratory for Immunology, Deputy Director for Research
at the All-Russian Research and Technological Institute
of Biological Industry. For more than 10 years, he was
the Head of the Division for Veterinary and Sanitary
Expertise and Laboratory Diagnostics of the Veteri-
nary Department of the Ministry of Agriculture of the
Russian Federation, and after the organization of the
Federal Service for Veterinary and Phytosanitary Sur-
veillance, he became the Head of the Department for
Animal Product Safety and Laboratory Tests. In 2008,
Vasily I. Belousov was transferred to the Central Scien-
tific-Methodical Veterinary Laboratory as Deputy Direc-
tor for Russian official veterinary laboratories relations.
From 2021 to the present, Vasily I. Belousov has been
working at the Federal Centre for Animal Health as Chief
Researcher of the Research Coordination Department.

In 1980, Vasily I. Belousov successfully defended his
thesis for the degree of Candidate of Science (Veteri-
nary Medicine), and in 1997 - for the degree of Doctor
of Science (Veterinary Medicine), in 2000 he was awar-
ded the title of Professor.

Vasily I. Belousov is a leading expert in the field of
microbiology, biotechnology as well as veterinary and
sanitary expertise. His main research activities focus
on the improvement and development of new tech-
nologies for veterinary medicinal products for animal
disease prevention, methods of their diagnosis, safety
control of food raw materials and food products of ani-
mal and plant origin as well as feed. With the participa-
tion of Vasily I. Belousov, the technology for large-scale
production of combined vaccine against chlamydiosis,
campylobacteriosis, salmonellosis and leptospirosis for
sheep and goats, method for leptospira concentration
and vaccine against leptospirosis as well as methods
for ovine chlamydiosis (enzyme-linked immunosorbent
assay) and leptospirosis (fluorescent immunoglobulin)
diagnosis have been developed.

The Professor together with representatives of the
Ministry of Economic Development, Federal Agency for
Technical Regulation and Metrology of the Russian Fede-
ration and the Ministry of Health of the Russian Federation
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actively participated in the interdepartmental work-
ing groups for discussion of draft federal laws in veteri-
nary medicine and public medicine field, harmonization
of Russian regulatory documents with international ones,
certification of animal products and feed during the Rus-
sian Federation Veterinary Service preparation for the
World Trade Organization accession.

Currently, Vasily I. Belousov is developing a proce-
dure for laboratory control of products, facilities, activi-
ties subject to official veterinary surveillance, evaluates
the foreign veterinary service performance related to
control of animal products and feed supplied to Russia.

Vasily |. Belousov is the author and co-author of more
than 250 scientific papers, including 7 monographs.
Under the supervision of Vasily I. Belousov, 4 Doctor of
Science theses and 14 Candidate of Science theses were
defended, more than 30 technical regulations and meth-
odological guidelines for the production and use of vac-
cines, diagnostic products and methods were prepared.

Vasily I. Belousov is a member of the Federal Cen-
tre for Animal Health Scientific Board, Council on the
Thesis Defence for Doctor’s and Candidate’s Degrees of
the Moscow State Academy of Veterinary Medicine and
Biotechnology — MVA by K. I. Skryabin, a member of the
Editorial Board of the “Compound feed”journal, a mem-
ber of the Supervisory Board of the Association for the
Development of Horse Breeding. He was a member of
the Editorial Board of “Veterinary medicine” journal for
more than 10 years.

Vasily I. Belousov has been awarded many medals
and diplomas, and is Honoured Employee of the Federal
Service for Veterinary and Phytosanitary Surveillance.

We wish you, dear Vasily I. Belousov, good health,
inexhaustible energy and new scientific achievements!
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WOAH REFERENCE LABORATORY FOR FOOT AND MOUTH DISEASE
PEQEPEHTHAA TABOPATOPUA BO3X MO ALYPY
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PEQEPEHTHAA TABOPATOPUA BO3X NO rPunny Ntuy
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PEQEPEHTHAA TABOPATOPUA BO3X N0 BONE3HU HBIOKACNA
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