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Modern approaches to diagnosis and prevention
of porcine reproductive and respiratory syndrome
(review)

Yulia A. Nikolaeva
Federal Center for Toxicological, Radiation and Biological Safety, Nauchnyi gorodok-2, Kazan 420075, Republic of Tatarstan, Russia

ABSTRACT

Introduction. Porcine reproductive and respiratory syndrome (PRRS), caused by a virus from the family Arteriviridae, is one of the most economically significant
porcine diseases in many countries. The disease is mainly manifested by reproductive disorders in sows, i.e. abortions in late pregnancy, early or delayed farrowing,
birth of weak or non-viable piglets, irreqular estrus; pathologies in early and middle pregnancy are less often reported. Piglets and fattening pigs have respiratory
distress syndrome: coughing, sneezing, dyspnea and stunted growth. In addition, infection with PRRS virus undermines respiratory immunity, which makes the
infected pigs more susceptible to secondary infections and increases mortality in the herd. This review provides up-to-date information on the current labora-
tory diagnostic tools and recent data on specific PRRS prevention and gives information on the promising biotechnological platforms that can be used to design
new-generation vaccines.

Objective. To consider and summarize modern approaches to diagnosis and prevention of porcine reproductive and respiratory syndrome.

Materials and methods. Scientific publications of foreign and domestic authors served as the material for the research.

Results. The paper presents nosological characteristics of the disease, explores distinctive features of its clinical manifestations and epizootiology; analyzes structure
of the pathogen’s genome. This review describes and evaluates laboratory diagnostic techniques (both conventional and modern); currently available anti-PRRS
vaccines and novel biotech platforms enabling to design safer and more effective next-generation vaccines. There are three major challenges in vaccine development
at the current stage of PRRS pathogenesis research: insufficient understanding of immune protection mechanisms, the virus’s ability to induce negative regulatory
signals for the immune system, and the pathogen’s high antigenic variability.

Conclusion. PRRS virus strains exhibit significant genetic and antigenic heterogeneity and frequently undergo recombination, which exacerbates the challenges
of epizootiology, disease prevention, and control. Further in-depth study of hostimmune response characteristics, along with identification of T- and B-cell epitopes
in the pathogen structure, will enable rational design of genetically engineered vaccines.

Keywords: review, porcine reproductive and respiratory syndrome, epizootiology, vaccination, diagnosis
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CoBpeMeHHble NOAXOAb! K ANArHOCTUKe
1 NPOGUNAKTUKe penpoayKTUBHO-PECNUPATOPHOTO
CMHAPOMA CBUHel (0030p)

10. A. HukonaeBa
OIBHY «DenepanbHblii LLeHTp TOKCUKONOTUYECKoi, paanaLmoHHoii u buonoruueckoii 6e3onactoctu» (OTBHY «OLTPB-BHUBIA»),
Hayublit ropopiok-2, r. KasaHb, 420075, Pecnybnuka Tatapcta, Poccua

PE3IOME

BBepenue. PenpoykTuBHo-pecnupatopHbiii cuippom ceueii (PPCC), Bbi3biBaeMblil BUpYCcoM 13 cemelicTBa Arteriviridae, ABnAeTcA 0fHOI U3 Hanbonee 3KoHo-
MUYeCKI 3HaUNMBbIX 60ne3Heli CBUHEI BO MHOTMX CTpaHax Mupa. OCHOBHbIe NpoABeHUA 3a601eBaHINA BKNIOYAOT PENPOAYKTUBHYH0 ANCOYHKLMIO Y CBUHOMATOK,
KoTopas npoABnAeTcA abopTamin Ha MO3AHMX CPOKaX 6epeMeHHOCTH, PaHHIIMIA MW OTCPOYEHHBIMI OMOPOCAMK, POXKAEHUEM CNABbIX N HEXIU3HECNOCOBHBIX
MOPOCAT, HeperynApHbIM 3CTPYCOM; pexe co06LLAeTCA 0 NATONOTNAX HA PaHHUX U CPEAHIX CPOKAX 6epeMeHHOCTH. Y NOPOCAT 1 OTKOPMOYHDIX CBIHEN Habnto-
AAeTCA PecnupaTopHbIil ANCTPecc-CMHAPOM: Kallenb, YnXaHue, OAbILIKa, 3ahepxka pocTa. Kpome Toro, 3apaxerue Bupycom PPCC npuBoauT K CHIKeHMO

© Nikolaeva Yu. A., 2025
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REVIEWS | PORCINE DISEASES 0B30PbI | BOTIE3HI CBIHE

PecnupaTopHOro MMMYHUTETA, UTO AeNlaeT UHOULMPOBAHHbIX CBUHEN Honee BOCNPUMMUMBLIMU K BTOPUYHBIM MHGEKLIMAM U MOBBILIAET CMEPTHOCTb CPeAM
noronoBbA. B HacToALemM 0630pe npefcTaBneHa akTyanbHas MHGOPMALUA 0 TeKyLLeM COCTOAHIM TabopaTopHOIl AUArHOCTUKN 1 cneLupuyeckoit npoduRaKTUKM
PPCC, a Take paccMoTpeHbl NepcnekTUBHbIe 610TeXHONOTNYeCKe NATGOPMbI ANA KOHCTPYUPOBAHIA BAKLMH HOBOTO MOKONEHUA.

Lienb uccnepoBanus. PaccmotpeTb 1 06061L1UTb COBPEMEHHbIE NOAXOAbI K ANArHOCTUKE 1 NPOYUNAKTUKe penpoayKTUBHO-PECIPATOPHOro CUHAPOMA CBUHEIA.
Matepuanbi u metoppbl. MaTepranom ang aHanuTUYeCKoro UCCIeL0BaHNA NOCYXUIN HayYHble My6AMKaLMI 3apyGeXHbIX U 0TeUeCTBEHHDIX aBTOPOB.
Pe3synbrarbl. [IpuBeeHa Ho30M10rHYeCKan XapaKTepUCTUKA 3a60N1eBaHIA, PaCCMOTPeHbI 0C06EHHOCTY KIMHIYECKIX NPOABAEHMI, SMM300TONOT, OPraHN3aLmMy
reHoma Bo36yauTens. Onucanbl n obcyeHbl NpUMeHAeMble B BETePUHAPHOI NMPaKTIKe Knaccuueckie v coBpeMeHHble MeTofibl TabopaTopHOil AMAarHOCTUKM,
a TaKxKe KOMMepuecKku JoCTynHble npenapartbl AnA cnewnduueckoii npodunaktuky PPCC n nepcnekTuBHble rotexHonornyeckine natdopmbl Ana co3aaHus
BaKLH HOBOTO MOKOMEHIA, KOTOPbIe N03BONAT AOCTUYb ONTUMANbHOMO GanaHca mexay 6e30nacHoCTbi0 U 3QdeKTUBHOCTbI0. Ha TekyLuem Tane u3yyeHna
natorexe3a PPCC cyLecTByIoT Tpi OCHOBHbIE NP0o6MEMbI B Pa3paboTke BaKLMH: HEAOCTATOUHOCTb (BEEHMI O MeXaHU3MaX MMMYHHOIA 3aLLUTBI, CMOCOBHOCTb
BIPYCa MHAYLMPOBAT HEraTUBHbIE PEryNATOPHbIE CUrHAMbI NA UMMYHHOI CUCTEMbI Y 3HAUUTENbHAA aHTUTEHHAA U3MEHUNBOCTb BO3BYANTENA.
3akntoueHue. Litammbl Bupyca PPCC feMOHCTPUPYIOT 3HAUNTENbHYI0 FeHETNYECKYI0 1 aHTUTEHHYIO FeTeporeHHOCTb 11 YacTo NOABEPraloTcA PeKOMOIMHALIMAM,
yTo ycyrybnaet npobnembl 3n1300ToN0rM, NPOGUIAKTIKI U KOHTPONA 3a6onesanna. [lanbHeiiluee yrnybneHHoe u3yyeHne 0cobeHHoCTelt MIMMYHHOTO 0TBeTa
OpraHu3Ma-xo3AuHa, a Takke aeHTudUKaLna T- u B-KneTouHbIX INUTOMOB B CTPYKTYpe B036yAUTENA N0O3BOAUT 06€CneUnTD paLmoHanbHbIil AN3aitH reHHo-
HXEHEPHDIX BaKLVH.

KnioueBble cnoBa: 0630p, penpoayKTUBHO-PECIMPATOPHbII CUHAPOM CBUHEN, SMM300TONOTYS, BaKLUMHALMA, ANArHOCTUKA

bnaropapHocTu: ccnesoBatue BbinonHeHo B pamkax roczapanua OTbHY «OLTPE-BHUBI» Ha 2025—2026 rr. no Teme 4.2.5 «Pa3paboTka TeXHONOTYECKNX
MOAXOZO0B K MPO3BOACTBY COBPEMEHHbIX BAKLIMH NPOTUB BUPYCHBIX 1 6aKTepUanbHbIX UHGEKLMI XMBOTHBIX».

[ina yutuposanus: Hukonaesa 10. A. CoBpemeHHble NOAX0/IbI K ANATHOCTUKE U NPOGUNAKTUKE PeNpoayKTUBHO-PECINPATOPHOTO CMHAPOMA CBUHEIA (0630p).
Bemepurapus ce2o0Hs. 2025; 14 (2): 114-122. https://doi.org/10.29326/2304-196X-2025-14-2-114-122

KoHdnukr untepecos: ABTop 3asBNAeT 06 0TCYTCTBUN KOHPANKTA NHTEPECOB.
[ina koppecnospeHumn: Hukonaesa 0nua AnekcanpoBHa, MaaLLmil HayuHbIil COTPYAHUK NabopaTopuy BUPYCHbIX aHTPono300H0308 OI6HY «OLITPE-BHUBI,

HayuHbiii ropopok-2, r. KasaHb, 420075, Pecnybnuka TatapctaH, Poccus, yulia.nikolaevalll@mail.ru

INTRODUCTION

Porcine reproductive and respiratory syndrome (PRRS)
caused by the porcine reproductive and respiratory syn-
drome (PRRS) virus (Betaarterivirus types 1 and 2) is one
of the most economically significant porcine diseases
in many countries of the world: the global annual damage
associated with this infection is estimated at more than
600 million US dollars. First outbreaks of the unknown
disease were reported in the USA and Western Europe in
the late 1980s and early 1990s, turning into a pandemic
a few years later [1, 2]. Sows exhibited such reproduc-
tive failures as abortions, fetal mummification, stillbirths
or birth of non-viable offspring, and growing piglets —
respiratory manifestations (dyspnea, coughing and hy-
perthermia) [3] As it was established in the Netherlands
in 1991, and later in the USA (in 1992), the disease was
caused by the previously unknown RNA-containing virus.
The disease came to be known as “porcine reproductive
and respiratory syndrome” [4]. Retrospective research sug-
gested that antibodies to PRRS pathogen had been detec-
ted before 1979 in Eastern Canada and in the mid-1980s
in lowa [5], but the viruses themselves were not identified.
Presumably there were several critical epizootic mile-
stones in the history of PRRS virus (PRRSV) dissimination,
and therefore the origin of some strains, in particular from
the cluster associated with MN184 strain [6], causing “acute
PRRS” or“abortion storm”[7], and some highly pathogenic
Chinese strains, remains unknown [8]. In Russia, the first
PRRS outbreak was reported in 1991 following abortions
in sows on the farms of the Kursk Oblast [9]. In 2007, during
a PRRS outbreak in the Irkutsk Oblast, American genotype
PRRSV-2 was isolated [10].

The causative agent is PRRSV, which is a small, enve-
loped positive-sense single-stranded RNA virus belong-
ing to the genus Betaarterivirus, family Arteriviridae, order
Nidovirales [11]. PRRSV strains are classified as PRRSV type 1
(European genotype - EU-like) and PRRSV type 2 (North
American genotype — NA-like). The virus genome is cha-
racterized by high variability even if compared to other RNA
viruses. Since the virus RNA-dependent RNA-polymerase
lacks proofreading activity, the virus undergoes frequent
mutations and recombination events resulting in occur-
rence of new virus isolates worldwide [12]. Having a length
of about 14.9-15.5 kb, the viral genome contains at least
11 open reading frames (ORFs) with a 5’ cap and 3’ polya-
denylated tail [13]. Non-structural proteins (nsp 1-12),
which have the functions of protease, replicase, regula-
tion of gene expression of the host cell and are respon-
sible for the viral RNA synthesis, are encoded by ORF1a
and ORF1b, which occupy approximately two thirds of
the genome [14]. Structural proteins — capsid protein (N),
membrane protein (M), glycoproteins GP2, GP3, GP4, GP5,
and envelope protein (E) - are expressed by subgenomic
RNA and encoded by ORF2-7 [15]. Differences in nucleo-
tide sequences of most conserved (ORF7 gene encoding
capsid protein N) and variable (ORF5 gene encoding ma-
jor glycoprotein GP5) form the basis of the current PRRSV
genotyping system [16].

Despite multiple sequences deposited in databases,
none of the existing classification systems covers diversity
of the existing PRRSV variants [17]. Incomplete coverage
of the available data and lack of reference sequences are
the main shortcomings of the applied genotyping tech-
niques [18].1n 2010, a phylogenetic lineage-based PRRSV
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PRRS virus genotypes and their known representatives [24, 25, 26, 27, 28]

Genotype Known representatives, GenBank ID

PRRSV-1 (European genotype — EU-like)

Subtype 1 (global) strain Lelystad (NC_043487.1), Netherlands
Subtype 1 (Russian) strain WestSib13 (KX668221.1), Russia
Subtype 2 strain Bor (JN651734.1), Belarus
Subtype 3 strain SU1-Bel (KP889243.1), Belarus
PRRSV-2 (North American genotype — NA-like)
Lineage 1 strain NADC30 (MH500776.1), China
Lineage 3 strain QYYZ (JQ308798.1), China
Lineage 5 strain VR-2332 (AY150564.1), USA
Lineage 8 isolates JXA1 (AY032626.1), CH-1a (EF112445.1), China

typing system was proposed [19]. According to this sys-
tem, PRRSV-1 strains are grouped into four subtypes (sub-
type 1 -global, subtype 1 - Russian, subtypes 2 and 3), and
PRRSV-2 strains are grouped into nine lineages (lineage 1 -
lineage 9) based on phylogenetic relationships in the ORF5
region [20, 21]. Both genotypes, divided into clades, lin-
eages, and sub-strains, exhibit high genetic diversity and
possess approximately 60% nucleotide sequence identi-
ty [22, 23] (Table 1).

The objective of this analytical study was to review and
summarize current approaches to the laboratory diagnosis
and specific prevention of PRRS.

EPIDEMIOLOGY OF PRRS
IN THE RUSSIAN FEDERATION

In the nomenclature of the World Organisation for Ani-
mal Health, PRRS is classified as a socially and economi-
cally significant disease [10]. According to the information
provided, infection caused by PRRSV-2 is of greater epi-
demic importance, since viremia in animals infected with
the strains of this genotype was more pronounced and
prolonged than in those ones infected with PRRSV-1 [29].
PRRSV-1-1 isolates, including the so-called Russian group
of viruses, PRRSV-1-2 and PRRSV-1-3 differ significantly
in pathogenicity [3]. The phylogenetic analysis indicates
that the European type of virus, mainly belonging to sub-
type 1 (Russian), is predominantly prevalent in Russia [29].
Most PRRSV-1 strains can be attributed to the Russian
group; a small number of circulating strains homologous
to Lelystad strain are probably associated with the use
of attenuated vaccines based on PRRSV-1 [30]. However,
during the PRRS outbreak in the Central Federal District
in 2020, in addition to the viruses from the Russian group
previously detected in these regions, Lelystad-like viruses
were also detected [9, 31]. A virus phylogenetically closely
related to this type was identified in Poland in 2010 [32];
this indicates that new PRRSV variants from Europe are
still introduced into Russia. Until the mid-2000s, the North
American PRRSV genotype had not been registered in Rus-
sia, but in 2007 an outbreak was recorded in the Irkutsk
Oblast caused by high pathogenicity PRRSV-2, presumably
brought in from China [33]. In addition, there is informa-
tion about detection of PRRSV-2 in the Republic of Mordo-

via, Belgorod and Kemerovo Oblasts [3, 9, 34]. The origin
of American strain introduction to the Russian territory
has not been identified, but it is assumed that they could
have been introduced, for example, from Denmark, where
PRRSV-2 circulates and from where breeding animals are
imported [9].

NOSOLOGICAL PROFILE OF PRRS

The disease is mainly manifested by reproductive
disorders in sows, i.e. abortions in late pregnancy, early
or delayed farrowing, birth of weak or non-viable piglets,
irregular estrus; pathologies in early and middle pregnan-
cy are less often reported [35, 36]. The primary cause of
the reproductive disorders is virus-induced damage to
the placenta and endometrium. Piglets and fattening pigs
have respiratory distress syndrome: coughing, sneezing,
dyspnea and stunted growth. In addition, PRRSV infection
undermines respiratory immunity, which makes infected
pigs more susceptible to secondary infections; as a result,
bacterial pathogens manifest themselves in association
with the viruses, thus, increasing livestock mortality [37].
The young animals are more susceptible to PRRSV than
the adults are, while replacement boars and sows often
suffer from subclinical infection [38].

LABORATORY DIAGNOSTICS
The main methods used for PRRS diagnostics are given
in Table 2.

SPECIFICPREVENTION

No ideal anti-PRRS vaccine has been developed so far.
According to the modern requirements for a new genera-
tion of vaccines against PRRS, they shall demonstrate high
efficacy, safety, and at the same time ensure cross-protec-
tion against different genotypes of the virus [44]. Due
to the exceptional ability of PRRS to mutate and generate
significant genetic variations, development of a broadly
protective vaccine is particularly crucial for combating
constantly emerging disease outbreaks [45].

The first commercially available modified live attenua-
ted anti-PRRS vaccine (PRRSV-MLV) was released in the USA,
in 1994. This event became a starting point for the vac-
cine large-scale safety and efficacy tests [46]. A significant
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Table 2
Methods for diagnosing PRRS [3, 37]
Method Principle of diagnosis Peculiarities
Virus isolaton
Virus isolation may not be effective, since not all isolates (especially
Culture method Use of alveolar macrophage cell cultures. PRRSV-1) are capable of infecting MARC-145 and CL-2621 cells-clones

derived from MA-104 monkey kidney cell line [39]

Serological methods

Enzyme-linked

Based on detection of virus-specific antibodies using
a diagnostic antigen. Most commonly used antibody

Commercial kits are available to determine serological status of pigs
both in blood serum and in oral fluid used as a test object (test kits for

L?LTwsl;\r)losorbent 358 | detection method has been adapted to detect IgG, IgM, | detecting antibodies to PRRSV:“PRRS-SEROTEST", “PRRS-SEROTEST plus’,
and IgA [40] Vetbiohim, Russia)
Based on detection of the viral antigen using specific

Immunofluorescence antibodies labeled with a fluorescent dye. Specific IFA effectiveness depends on the quality of the labeled diagnostic

assay (IFA) fluorescence shall be observed in infected cells with antibodies and the test conditions. It is important to properly prepare

the positive control serum. It is also designed to detect
1gG, IgM and IgA [41]

samples and control tests that ensure reliability of the results

Virus neutralization

Based on the neutralization of the virus by antibodies
of a specific serum. Used to detect functional antibodies

According to the published sources, virus-neutralizing antibodies can
be detected only on day 45 after infection, because antibody synthesis
takes time. At early infection stages, antibody levels may be insufficient

test (VNT) related to the immune defense for detection. Thus, VNT may be ineffective at the initial stages of infec-
tion. The test has high specificity and sensitivity, which makes it one of
the most reliable tests for detecting virus-neutralizing antibodies
’ - ) Can recognise a number of PRRSV variants, including field and vaccine
Immunoperoxidase Based on the use of fixed permissive line cells infected L o o
] S . - strains; its sensitivity and specificity are comparable to those of RT-PCR.
monolayer assay with the corresponding virus to detect spedfic antibod- The most suitable method for early detection and monitoring of virus
(IPMA) ies. Used for detection of 1gG isotype antibodies [42] y 9

circulation

Molecular and genetic methods

Real-time reverse

Based on detection of viral genome fragments. The

This method does not differentiate inactivated virus from infectious
virus.
Available commercial test kits: “Test system ‘PRRS' for detecting RNA

transcription advantages of RT-PCR are high sensitivity and specific- | and genotyping the porcine reproductive and respiratory syndrome
polymerase chain ity, as well as rapid assessment of the current infection virus (PRRSV) using polymerase chain reaction (PCR)" (developed
reaction (RT-PCR) status by the Central Research Institute of Epidemiology, Rospotrebnadzor,
Russia; “PCR-PRRS-FACTOR” (VET FACTOR, Russia);
“AmpliPrime® PRRS” (NextBio, Russia)
Based on the molecular and genetic typing of PRRS
virus lsqlates. Analyss of the OR.F5 fragment ) No reliable data are available on correlation between the phylogenetic
nudleotide sequences revealed significant genetic roups based on ORF5 sequences and pathogenicity or cross-protection
ORF5 sequencing variability of the pathogen [43]. In 2010, a method group ) 'q s and pathogeniclty 0 P !
for PRRSV typing based on phylogenetic relationshios therefore.thls approach is not suitable for assessing virulence of the
. P Ag phylog . P virus strains
in the ORF5 region was proposed [22], which later
became conventional
The ORF7 sequence is widely used to determine The reason for selecting ORF7 as the sequencing region is the conserved
genetic variations and phylogenetic relationships nature of this gene. The method has several advantages: it can detect
ORF7 sequencing between different strains of PRRSV, which indicates both genotypes of the virus, is fast, inexpensive, sensitive, and can

the important role of ORF7 in the pathogen
evolution [23]

detect new sublineages and subgenotypes. Thus, the method is a prom-
ising tool for diagnosis and epizootological surveillance

Morphological techniques

Immunohistochemical
method

Based on detection of specific antigens in formalin-fixed
tissues. Allows visualization of the antigen alongside
with histological lesions

This method enables virus identification at lesion sites; establishes
cause and effect relationship, detects varying viral concentrations.
Itis less sensitive than PCR; there are certain requirements for sample
preparation

Fluorescent in situ
hybridization (FISH)

Itis based on the use of DNA probes that bind

to complementary targets in a sample. It is suitable for
screening virus-infected tissues containing a relatively
small number of affected cells

Although in situ hybridization is rarely used for diagnostic purposes, it is
capable of detecting and differentiating PRRSV genotypes in formalin-
fixed tissues. Sensitivity and specificity of this method for detecting
PRRSV genome may be insufficient due to high genetic diversity of

the virus, especially PRRSV-1. The method is useful for studying viral
persistence and for routine diagnosis of PRRS
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Table 3
Commercial vaccines against PRRS

Vaccine name (developer)

Region
where it is used

Genotype (strain)

Live vaccines [47, 48]
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Ingelvac® PRRS MLV
(Boehringer Ingelheim, Germany)

Africa, Asia, Europe,
North America,
South America

PRRSV-2 (VR-2332)

Ingelvac® PRRS ATP
(Boehringer Ingelheim, Germany)

Asia, Europe, North America

PRRSV-2 (JA-142)

Fostera® PRRS

Africa, Asia, Europe,

(Zoetis, USA) North America PRRSY-2(P129)
Prime Pac® PRRS Africa, Asia, Europe,
(MSD Animal Health, Netherlands) North America PRRSV-2 (Neb-1)

Prevacent® PRRS
(Elanco Animal Health Inc., USA)

Asia, Europe, North America

PRRSV-2 (RFLP 184)

Unistrain® PRRS

(Laboratorios Hipra, S.A, Spain) Africa, Asia, Europe PRRSV-1 (VP-046 BIS)
(Rgggﬁff;geﬁ[fﬁgseﬁ:elm emany) Africa, Asia, Europe PRRSV-1 (94881)

?Ly;ls)\(l)ar;lﬁzj Syva S.A., Spain) Asia, Europe PRRSV-1 (ALL-183)

?Zu:eat)gnUSF;\[;RS MLy Europe PRRSV-1 (96V198)

‘(AFTZLASI- ESrljtSr e for Animal Health, Russia) Russia PRRSV-2 (attenuated strain BD-DEP)
ﬁﬂﬁ;gfmﬂﬂkéiﬁ;&l Centre Russia PRRSV-1 (attenuated strain Borz)
Resvak (Shchelkovo biocombinat, Russia) Russia PRRSV-1 (strain PRRS-15BC)

Induces protection against
homologous isolates, but

limited cross-protection against
heterologous strains. The efficacy
of these vaccines is considered
insufficient to eradicate

the disease on farms: large-scale
PRRS outbreaks were reported
on farms where vaccination

is practiced. Use of live modified
anti-PRRS vaccines can be

a problem, since the vaccine virus
can be excreted for 2 weeks and
may revert to a virulent form

Inactivated vaccines [49, 50]

SUIPRAVAC® PRRS
(Laboratorios Hipra, S.A., Spain) Europe PRRSV (VP-046 BIS)
PROGRESSIS®
(Merial, France) Europe PRRSV-1(P120)
SUIVAC® PRRS-INe / SUIVAC® PRRS-IN : PRRSV-1

urope

(Dyntec, Czech Republic)

(VD-E1/VD-E2/VD-A1)

Biosuis PRRS inact Eu+Am (Bioveta, Inc.,
(zech Republic)

Europe, Russia

PRRSV-1 (European strain MSV Bio-60,
American strain MSV Bio-61)

ARRIAH-PRRS Inact (Federal Centre for

Animal Health, Russia) Russia PRRSV-1 (strain KPR-96)
PRRSV-1, PRRSV-2
(P}Ejbse_rFEEEetics Co.Ltd, China) Asia, Russia (antigens PE-PQAB-K13, PE-RSAB-K13,
A PE-DGD-K13, PE-M12-K13)
PRRSV-1 (strain OB);
VERRES-PRRS (Vetbiochim LLC, Russia) Russia recombinant proteins M and GP-5
PRRSV-1 (strain Tyu16)
ARRIAH-RePovak (Federal Centre for ) .
Animal Health, Russia) Russia PRRSV-1 (strain KPR-96)
ARRIAH-Aujeszky's+PRRS (Federal Centre Russia PRRSV-1 (strain KPR-96)

for Animal Health, Russia)

Inactivated vaccines induce

a weaker and shorter immune
response and are often ineffective
against heterologous strains, but
they are more stable and less
sensitive to storage conditions,
and are safe for use in pregnant
SOWS
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Table 4
Candidate vaccines against PRRS

Name of the vaccine
candidate

Method of preparation, protective characteristics

Deletion mutant
v(SL1-GP5-N44S

Obtained by substituting the 44" amino acid in ectodomain of GP5 protein, serine-to-asparagine substitution.
Inan in vivo trial, no side effects were observed in piglets immunized with vCSL1-GP5-N44S; the vaccine induced
high levels of neutralizing antibodies post infection [54]

Attenuated strain
A2M(2-P90

Obtained after in vitro attenuation of PRRSV-A2M(2 after 90 serial passages in MARC-145 cells. The resulting strain
A2M(2-P90 retained its ability to induce IFN in cell culture. A2MC2-P90 ensured 100% protection for vaccinated
piglets against lethal infection with extremely virulent HP-BPCC-XJAT1 strain, while non-vaccinated piglets
demonstrated 100% mortality rate by day 21 post infection [55]

Chimeric virus
v(SL1-GP5-N33D

Chimeric vaccine candidate based on PRRSV-2 expressing hypoglycosylated GP-5. It was used on PRRSV-affected
farms; it induced neutralizing antibodies in high titers 8 weeks after the vaccination [56]

Chimeric virus
VR2385-53456

$3456 fragment contains full-length gene sequences encoding structural proteins (ORF3-6) embedded in PRSSV
strain VR2385 genome. Induced a high level of neutralizing antibodies against two heterologous strains [57]

Chimeric virus
K418DM1.1

A chimeric virus with genomic basis of FL12 infectious clone of highly virulent American PRRSV, containing genes
of structural proteins of PRRSV-2 strain LMY. K418 was further modified by deglycosylation of GP5 and exhibited
strong immunogenicity. No reversion to the virulent state was observed [58]

Chimeric virus
rJS-ORF2-6-CON

The backbone consisted of a consensus sequence ORF2-6 (ORF2-6-CON), encoding all enveloped proteins,
developed on the basis of 30 currently circulating PRRSV Chinese isolates. Chimeric virus r)S-ORF2-6-CON was
created using avirulent infection clone HP-PRRSV2 JSTZ1712-12. In vivo test results have shown that the virus is not
pathogenic to piglets and provides cross-protection against heterologous strains [45]

Chimeric virus
ITGEV-GP5-N46S-M

The backbone was the porcine transmissible gastroenteritis virus co-expressing GP5 proteins (except for the first
glycosylation site) and M. After double immunization of piglets, virus neutralizing antibodies were found; the in vivo
efficacy of the vaccine was also confirmed following challenge with the PRRSV/0l0t91 strain. The disadvantage

is instability of the recombinant virus: GP5 expression decreased during 8—10 passages [59]

number of conventional (live and inactivated) vaccines
have been developed by now; their brief description
is given in Table 3.

Studies demonstrating circulation and persistence of
the vaccine virus, in turn, raise concerns about its safety:
viremia implies potential transmission of the vaccine virus
to non-infected animals. In addition, the vaccine virus can
cross the placental barrier in pregnant sows and infect de-
veloping fetuses, resulting in the pathogen transmission
to uninfected newborn piglets during lactation. It has also
been shown that vaccine strains are able to recombine
with field strains, creating potentially new genetically dis-
tinct variants of PRRSV on individual farms [51]. For these
reasons, efficacy of live attenuated vaccines is somewhat
controversial, and it is generally recognized that their safe-
ty needs to be improved. In this context, DIVA strategy
(differentiation of infected from vaccinated animals) will
be of great importance for control and possible eradica-
tion of PRRS [52, 53]. Epizootological and regulatory con-
siderations indicate the need to develop anti-PRRS DIVA
vaccine, which will be characterized by a negative marker
(that is, a marker absent in the vaccine strain, but per-
manently present in wild-type strains). Similar candidate
vaccines have been developed on the platform of large
DNA viruses such as pseudorabies virus (PRV) and bovine
herpesvirus type 1 (BHV-1) by deleting genes encoding
some structural proteins. However, in case of a small RNA
virus such as PRRSV, which encodes only a few proteins
with basic functions, the creation of a mutant virus with
a deletion of the immunodominant and conserved pro-
tein segments (or with a combination of deletions within
a single protein or even in different proteins) seems to

be a more difficult task. Nevertheless, this approach may
become a promising alternative for development of a live
attenuated marker vaccine against PRRS [8].

PROMISING BIOTECHNOLOGICAL PLATFORMS
FOR CREATING CANDIDATE VACCINES

Table 4 provides main characteristics of some candidate
vaccines against PRRS, developed on various biotechno-
logical platforms.

CONCLUSION

Thus, at the current stage of PRRS pathogenesis
study, three major challenges in developing more effi-
cient next-generation vaccines can be identified: insuffi-
cient understanding of immune protection mechanisms,
the virus's ability to induce negative regulatory signals for
the immune system and its substantial antigenic variabi-
lity [59]. In particular, the last factor is the reason behind
poor efficacy of the existing vaccines against heterologous
infection. Further in-depth analysis of the host’s immune
response, as well as the identification of T- and B-cell
epitopes in PRRSV structure, will ensure rational design
of genetically engineered vaccines and ultimately attain-
ing the optimal safety-efficacy profile.

REFERENCES

1. Glazunova A. A., Korogodina E. V., Sevskikh T. A,,
Krasnova E. A., Kukushkin S. A., Blokhin A. A. Reproduc-
tive and respiratory syndrome of pigs in pig breeding
enterprises (review). Agricultural Science Euro-North-East.
2022; 23 (5): 600-610. https://doi.org/10.30766/2072-
9081.2022.23.5.600-610 (in Russ.)

VETERINARY SCIENCE TODAY. 2025; 14 (2): 114—122 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 114-122


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/neutralizing-antibody
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/spine
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/deglycosylation

2. Butler J. E,, Lager K. M., Golde W., Faaberg K. S., Sinko-
ra M., Loving C., Zhang Y. I. Porcine reproductive and respi-
ratory syndrome (PRRS): an immune dysregulatory pan-
demic. Immunologic Research. 2014; 59: 81-108. https://
doi.org/10.1007/s12026-014-8549-5

3. Raev S., Yuzhakov A., Bulgakov A., Kostina L., Gera-
sianinov A., Verkhovsky O., et al. An outbreak of a respi-
ratory disorder at a Russian swine farm associated with
the co-circulation of PRRSVT and PRRSV2. Viruses. 2020;
12 (10):11609. https://doi.org/10.3390/v12101169

4. Mananov M. Porcine reproductive and respiratory
syndrome. Animal Husbandry of Russia. 2022; (1): 34-35.
https://elibrary.ru/vcsowo (in Russ.)

5.NanY., Wu C,, Gu G., Sun W., Zhang Y.-J., Zhou E.-M.
Improved vaccine against PRRSV: current progress and
future perspective. Frontiers in Microbiology. 2017; 8:1635.
https://doi.org/10.3389/fmicb.2017.01635

6.Wang ., Liang Y., Han J., Burkhart K. M., Vaughn E. M.,
Roof M. B., Faaberg K. S. Attenuation of porcine repro-
ductive and respiratory syndrome virus strain MN184
using chimeric construction with vaccine sequence. Vi-
rology. 2008; 371 (2): 418-429. https://doi.org/10.1016/j.
virol.2007.09.032

7. Snijder E. J,, Kikkert M., Fang Y. Arterivirus molecu-
lar biology and pathogenesis. Journal of General Virolo-
gy. 2013; 94 (10): 2141-2163. https://doi.org/10.1099/
vir.0.056341-0

8.Fang K, Liu S, Li X,, Chen H., Qian P. Epidemiological
and genetic characteristics of porcine reproductive and
respiratory syndrome virus in South China between 2017
and 2021. Frontiers in Veterinary Science. 2022; 9:853044.
https://doi.org/10.3389/fvets.2022.853044

9. Yuzhakov A. G., Zhukova E. V., Aliper T. I., Gulyu-
kin A. M. Porcine reproductive respiratory syndrome: situ-
ation in Russia. Pigbreeding. 2022; (5): 32-35. https://doi.
0rg/10.37925/0039-713X-2022-5-32-35 (in Russ.)

10. Stafford V.V., Raev S. A, Alekseev K. P, Yushakov A. G.,
AliperT. 1., Zaberezhny A. D,, et al. Immunohistochemistry
method for the detection porcine reproductive and respi-
ratory virus. Veterinariya. 2017; (2): 26-30. https://elibrary.
ru/vmtbiz (in Russ.)

11.DuY, LuY, QiJ, Wu J, Wang G., Wang J. Complete
genome sequence of a moderately pathogenic porcine re-
productive and respiratory syndrome virus variant strain.
Journal of Virology. 2012; 86 (24): 13883-13884. https://doi.
org/10.1128/JV1.02731-12

12. Sandri G. PRRSV sequencing and its use in practice.
Pig333.com: Professional Pig Community. 5 March 2018.
https://www.pig333.com/articles/prrsv-sequencing-and-
its-use-in-practice_13422

13. Guo C, Liu X. Editorial: Porcine reproductive and
respiratory syndrome virus — animal virology, immuno-
logy, and pathogenesis. Frontiers in Immunology. 2023;
14:1194386. https://doi.org/10.3389/fimmu.2023.1194386

14.ZhengY., Li G, Luo Q. Sha H.,Zhang H., Wang R, et al.
Research progress on the N protein of porcine repro-
ductive and respiratory syndrome virus. Frontiers in Mi-
crobiology. 2024; 15:1391697. https://doi.org/10.3389/
fmicb.2024.1391697

15. Brinton M. A., Gulyaeva A. A., Balasuriya U. B. R,,
Dunowska M., Faaberg K. S., Goldberg T., et al. ICTV Virus
Taxonomy Profile: Arteriviridae 2021. Journal of General
Virology. 2021; 102 (8):001632. https://doi.org/10.1099/
jgv.0.001632

REVIEWS | PORCINE DISEASES 0B30PbI | BOJIE3HI CBUHEN

16. Thi Dieu Thuy N., Thi Thu N., Son N. G, Ha L. T. T,,
Hung V. K., Nguyen N. T., Khoa D. V. A. Genetic analysis
of ORF5 porcine reproductive and respiratory syndrome
virus isolated in Vietnam. Microbiology and Immunolo-
gy. 2013; 57 (7): 518-526. https://doi.org/10.1111/1348-
0421.12067

17.Yim-im W., Anderson T. K., Paploski I. A. D., Vander-
Waal K., Gauger P, Krueger K., et al. Refining PRRSV-2 ge-
netic classification based on global ORF5 sequences and
investigation of their geographic distributions and tempo-
ral changes. Microbiology Spectrum. 2023; 11 (6): €02916-
23. https://doi.org/10.1128/spectrum.02916-23

18. Evans A. B., Loyd H., Dunkelberger J. R., van Tol S.,
Bolton M. J., Dorman K. S., et al. Antigenic and biological
characterization of ORF2-6 variants at early times follow-
ing PRRSV infection. Viruses. 2017; 9 (5):113. https://doi.
org/10.3390/v9050113

19. Kappes M. A, Faaberg K. S. PRRSV structure, replica-
tion and recombination: origin of phenotype and geno-
type diversity. Virology. 2015; 479-480: 475-486. https://
doi.org/10.1016/j.virol.2015.02.012

20.ZhangH., Xiang L., XuH.,LiC, TangY.-D., Gong B., et al.
Lineage 1 porcine reproductive and respiratory syndrome
virus attenuated live vaccine provides broad cross-protec-
tion against homologous and heterologous NADC30-like
virus challenge in piglets. Vaccines. 2022; 10 (5):752.
https://doi.org/10.3390/vaccines10050752

21.ShiM,, LamT.T.-Y,, Hon C.-C, HuiR.K.-H., Faaberg K.S.,
Wennblom T., et al. Molecular epidemiology of PRRSV:
a phylogenetic perspective. Virus Research. 2010; 154 (1-2):
7-17. https://doi.org/10.1016/j.virusres.2010.08.014

22. Pileri E., Mateu E. Review on the transmission por-
cine reproductive and respiratory syndrome virus between
pigs and farms and impact on vaccination. Veterinary Re-
search. 2016; 47 (1):108. https://doi.org/10.1186/s13567-
016-0391-4

23. Scherbakov A. V., Timina A. M., Chelysheva M. V.,
Kanshina A.V. Phylogenetic characterization of the virus
responsible for atypical reproductive and respiratory syn-
drome swine outbreak in the Irkutskaya Oblast of the Rus-
sian Federation. Proceedings of the Federal Centre for Animal
Health.2009; 7: 55-63. https://elibrary.ru/mouigt (in Russ.)

24. Shi M., Lemey P, Singh Brar M., Suchard M. A., Mur-
taugh M. P, Carman S., et al. The spread of type 2 porcine
reproductive and respiratory syndrome virus (PRRSV)
in North America: a phylogeographic approach. Virolo-
gy. 2013; 447 (1-2); 146-154. https://doi.org/10.1016/j.
virol.2013.08.028

25.Zhou L., Kang R., ZhangY., Ding M., Xie B, TianY., et al.
Whole genome analysis of two novel type 2 porcine repro-
ductive and respiratory syndrome viruses with complex
genome recombination between lineage 8, 3, and 1 strains
identified in Southwestern China. Viruses. 2018; 10 (6):328.
https://doi.org/10.3390/v10060328

26.Luo Q,, Zheng Y., He Y., Li G., Zhang H., Sha H., et al.
Genetic variation and recombination analysis of the GP5
(GP5a) gene of PRRSV-2 strains in China from 1996 to 2022.
Frontiers in Microbiology. 2023; 14:1238766. https://doi.
org/10.3389/fmich.2023.1238766

27.FanY.-F, Bai J,, Jiang P. Analysis on GP5 genetic vari-
ation of porcine reproductive and respiratory syndrome
virus from Shandong Province. Journal of Domestic Animal
Ecology. 2017; 38 (4): 63-67. http://jcst.magtech.com.cn/
EN/Y2017/V38/14/63 (in Chinese)

VETERINARY SCIENCE TODAY. 2025; 14 (2): 114-122 | BETEPUHAPUA CEFOJHA. 2025; 14 (2): 114-122



REVIEWS | PORCINE DISEASES 0B30PbI | BOTIE3HI CBIHE

28. Murtaugh M. P, Stadejek T., Abrahante J. E.,
Lam T. T.-Y, Leung F. C.-C. The ever-expanding diversity
of porcine reproductive and respiratory syndrome vi-
rus. Virus Research. 2010; 154 (1-2): 18-30. https://doi.
org/10.1016/j.virusres.2010.08.015

29. Kukushkin S. A. Porcine reproductive and respira-
tory syndrome. Epidemiology and control in the world
and in the Russian Federation. Russian Journal of Veteri-
nary Pathology. 2006; (4): 89-95. https://elibrary.ru/oedrgf
(in Russ.)

30. StadejekT., Oleksiewicz M. B., Scherbakov A. V., Timi-
na A. M., Krabbe J. S., Chabros K., Potapchuk D. Definition
of subtypes in the European genotype of porcine repro-
ductive and respiratory syndrome virus: nucleocapsid
characteristics and geographical distribution in Europe.
Archives of Virology. 2008; 153 (8): 1479-1488. https://doi.
org/10.1007/s00705-008-0146-2

31. Frydas I. S., Verbeeck M., Cao J., Nauwynck H. J.
Replication characteristics of porcine reproductive and
respiratory syndrome virus (PRRSV) European subtype 1
(Lelystad) and subtype 3 (Lena) strains in nasal mucosa and
cells of the monocytic lineage: indications for the use of
new receptors of PRRSV (Lena). Veterinary Research. 2013;
44 (1):73. https://doi.org/10.1186/1297-9716-44-73

32.Balka G., Podgdrska K., Brar M. S., Balint A, Cadar D.,
Celer V., et al. Genetic diversity of PRRSV 1 in Central East-
ern Europe in 1994-2014: origin and evolution of the virus
in the region. Scientific Reports. 2018; 8 (1):7811. https://doi.
0rg/10.1038/541598-018-26036-w

33.Orlyankin B. G., AliperT.1., Mishin A. M. Infektsionnye
respiratornye bolezni svinei: ehtiologiya, diagnostika i pro-
filaktika = Infectious respiratory porcine diseases: etiology,
diagnosis and prevention. Pigbreeding. 2010; (3): 67-69.
https://elibrary.ru/oxoynv (in Russ.)

34, Grechukhin A. N., Zelenukha E. A. Analiz protivoepi-
zooticheskikh meropriyatii pri reproduktivno-respira-
tornom sindrome svinei (RRRS) na krupnom svinokom-
plekse = Analysis of antiepizootic measures taken to
control porcine reproductive and respiratory syndrome
(PRRS) on a large commercial pig farm. Pigbreeding. 2011;
(4): 54-55. https://elibrary.ru/nvxjej (in Russ.)

35. Lunney J. K, Fang Y., Ladinig A., Chen N., Li Y., Row-
land B., Renukaradhya G. J. Porcine reproductive and re-
spiratory syndrome virus (PRRSV): pathogenesis and inter-
action with the immune system. Annual Review of Animal
Biosciences. 2016; 4: 129-154. https://doi.org/10.1146/
annurev-animal-022114-111025

36. Fiers J., Maes D., Cay A.-B,, Vandenbussche F., Mos-
tin L., Parys A., Tignon M. PRRSV-vaccinated, seronegative
sows and maternally derived antibodies (Il): impact on
PRRSV-1 vaccine effectiveness and challenge outcomes in
piglets. Vaccines. 2024; 12 (3):257. https://doi.org/10.3390/
vaccines12030257

37.Rowland R.R.R., Lawson S., Rossow K., Benfield D. A.
Lymphoid tissue tropism of porcine reproductive and re-
spiratory syndrome virus replication during persistent
infection of pigs originally exposed to virus in utero. Ve-
terinary Microbiology. 2003; 96 (3): 219-235. https://doi.
org/10.1016/j.vetmic.2003.07.006

38.Zimmerman J., Benfield D., Christopher-Hennings J.,
Dee S., Stevenson G. Porcine reproductive and respiratory
syndrome (PRRS). Hogs, Pigs, and Pork. August 28, 2019.
https://swine.extension.org/porcine-reproductive-and-re-
spiratory-syndrome-prrs

39. Rodriguez-Gémez I. M., Kaser T., Gdmez-Laguna J.,
Lamp B, Sinn L., RimenapfT,, et al. PRRSV-infected mono-
cyte-derived dendritic cells express high levels of SLA-DR
and CD80/86 but do not stimulate PRRSV-naive regulatory
T cells to proliferate. Veterinary Research. 2015; 46 (1):54.
https://doi.org/10.1186/513567-015-0186-z

40. Kanshina A. V., Scherbakov A. V. Serological diagno-
sis of PRRS: results of participation in international com-
parative trials. Veterinary Science Today. 2012; (2): 26-29.
https://elibrary.ru/svjqlj

41.Teifke J. P, Dauber M., Fichtner D., Lenk M., Polster U.,
Weiland E., Beyer J. Detection of European porcine repro-
ductive and respiratory syndrome virus in porcine alveo-
lar macrophages by two-colour immunofluorescence
and in-situ hybridization-immunohistochemistry double
labelling. Journal of Comparative Pathology. 2001; 124 (4):
238-245. https://doi.org/10.1053/jcpa.2000.0458

42.Pan J, Zeng M., Zhao M., Huang L. Research progress
on the detection methods of porcine reproductive and re-
spiratory syndrome virus. Frontiers in Microbiology. 2023;
14:1097905. https://doi.org/10.3389/fmicb.2023.1097905

43. Montaner-Tarbes S., del Portillo H. A., Montoya M.,
Fraile L. Key gaps in the knowledge of the porcine respi-
ratory reproductive syndrome virus (PRRSV). Frontiers
in Veterinary Science. 2019; 6:38. https://doi.org/10.3389/
fvets.2019.00038

44. Park C.,, Choi K., Jeong J., Chae C. Cross-protection
of a new type 2 porcine reproductive and respiratory syn-
drome virus (PRRSV) modified live vaccine (Fostera PRRS)
against heterologous type 1 PRRSV challenge in grow-
ing pigs. Veterinary Microbiology. 2015; 177 (1-2): 87-94.
https://doi.org/10.1016/j.vetmic.2015.02.020

45.Chen N, Li S, Tian Y., Li X,, Li S., Li J., et al. Chimeric
HP-BPPCC2 containing an ORF2-6 consensus sequence
induces antibodies with broadly neutralizing activity and
confers cross protection against virulent NADC30-like
isolate. Veterinary Research. 2021; 52 (1):74. https://doi.
org/10.1186/s13567-021-00944-8

46.Renukaradhya G. J., Meng X.-J., Calvert J. G., Roof M.,
Lager K. M. Live porcine reproductive and respiratory
syndrome virus vaccines: current status and future di-
rection. Vaccine. 2015; 33 (33): 4069-4080. https://doi.
org/10.1016/j.vaccine.2015.06.092

47.Li J., Miller L. C,, Sang Y. Current status of vaccines
for porcine reproductive and respiratory syndrome: inter-
feron response, immunological overview, and future pros-
pects. Vaccines. 2024; 12 (6):606. https://doi.org/10.3390/
vaccines12060606

48. Bajbikov T. Z., Gusev A. A., Dudnikova N. S., Dud-
nikov S. A, Gavrilova V. L., Kurman . Ja., et al. Swine re-
productive-respiratory syndrome virus strain “BD” for
preparing diagnostic and vaccine preparations. Patent
No. 2220202 C1 Russian Federation, Int. Cl. C12N 7/00,
A61K 39/12. All-Russian Research Institute for Animal
Health.No.2002110976/13. Date of filing: 25.04.2002. Date
of publication: 27.12.2003.

49. Bajbikov T. Z., Kukushkin S. A., Baborenko E. P,
Dolganova E. K., Gavrilova V. L., Teterin I. A. Inactivated
emulsion vaccine against swine’s reproductive-respirato-
ry syndrome. Patent No. 2316346 C2 Russian Federation,
Int. Cl. A61K 39/12, A61P 31/12, C12N 7/00. All-Russian
Research Institute for Animal Health. No. 2006105369/13.
Date of filing: 20.02.2006. Date of publication: 10.02.2008.
Bull. No. 4.

VETERINARY SCIENCE TODAY. 2025; 14 (2): 114—122 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 114-122

121


https://elibrary.ru/nvxjej

122

50. Baborenko Ye. P, Dolganova Ye. K., Gruzdev K. N.
Testing of combined vaccines against Aujezsky’s di-
sease, porcine reproductive and respiratory syndrome
and porcine parvovirus infection for their antigenici-
ty. Veterinary Science Today. 2018; (2): 13-17. https://doi.
0rg/10.29326/2304-196X-2018-2-25-13-17

51. Madapong A., Saeng-chuto K., Tantituvanont A.,
Nilubol D. Safety of PRRSV-2 MLV vaccines administrated
via the intramuscular or intradermal route and evalua-
tion of PRRSV transmission upon needle-free and needle
delivery. Scientific Reports. 2021; 11 (1):23107. https://doi.
org/10.1038/541598-021-02444-3

52. Galeeva A. G., Usoltcev K. V., Khammadov N. |, Na-
syrov Sh. M. Design of antigenic composition based on
partial E2 glycoprotein of classical swine fever virus. Veteri-
narian.2024; (1): 28-33. https://elibrary.ru/rdihub (in Russ.)

53.Ahunova A. A, Nasyrov Sh. M., Galeeva A. G., Arutyu-
nyan G. S., Efimova M. A., Gulyukin M. |. Application of di-
rect fluorescent antibodies test in process control of clas-
sical swine fever virus master seeds. Veterinarian. 2024; (3):
27-33. https://elibrary.ru/mnswgm (in Russ.)

54. Choi J.-C,, Kim M.-S., Choi H.-Y,, Kang Y.-L., Choi I.-Y.,
Jung S.-W.,, et al. Porcine reproductive and respiratory syn-
drome virus engineered by serine substitution on the 44t
amino acid of GP5 resulted in a potential vaccine candi-
date with the ability to produce high levels of neutralizing
antibody. Veterinary Sciences. 2023; 10 (3):191. https://doi.
org/10.3390/vetsci10030191

55.LiY, LiJ, He S, Zhang W., Cao J,, Pan X, et al. In-
terferon inducing porcine reproductive and respiratory
syndrome virus vaccine candidate protected piglets from

REVIEWS | PORCINE DISEASES 0B30PbI | BOJIE3HI CBUHEN

HP-PRRSV challenge and evoke a higher level of neutraliz-
ing antibodies response. Vaccines. 2020; 8 (3):490. https://
doi.org/10.3390/vaccines8030490

56.Choi H.-Y,, Kim M.-S., Kang Y.-L., Choi J.-C., Choi |.-Y.,
Jung S.-W., et al. Development of a chimeric porcine re-
productive and respiratory syndrome virus (PRRSV)-2
vaccine candidate expressing hypo-glycosylated glyco-
protein-5 ectodomain of Korean lineage-1 strain. Veter-
inary Sciences. 2022: 9 (4):165. https://doi.org/10.3390/
vetsci9040165

57. Tian D., Cao D., Lynn Heffron C., Yugo D. M.,
Rogers A. J,, Overend C,, et al. Enhancing heterologous
protection in pigs vaccinated with chimeric porcine repro-
ductive and respiratory syndrome virus containing the full-
length sequences of shuffled structural genes of multiple
heterologous strains. Vaccine. 2017; 35 (18): 2427-2434.
https://doi.org/10.1016/j.vaccine.2017.03.046

58. Choi H.-Y,, Lee S.-H., Ahn S.-H., Choi J.-C,, Jeong J.-Y,,
Lee B.-J., et al. A chimeric porcine reproductive and respi-
ratory syndrome virus (PRRSV)-2 vaccine is safe under in-
ternational guidelines and effective both in experimental
and field conditions. Research in Veterinary Science. 2021;
135:143-152. https://doi.org/10.1016/j.rvsc.2021.01.012

59.CruzJ.L. G, ZUiigaS., Bécares M., Sola I, Ceriani J. E.,
Juanola S., et al. Vectored vaccines to protect against
PRRSV. Virus Research. 2010; 154 (1-2): 150-160. https://
doi.org/10.1016/j.virusres.2010.06.017

Received 17.01.2025
Revised 18.02.2025
Accepted 25.03.2025

INFORMATION ABOUT THE AUTHOR / NHOOPMALINA OB ABTOPE

Yulia A. Nikolaeva, Junior Researcher, Laboratory of Viral
Anthropozoonoses, Federal Center for Toxicological, Radiation and
Biological Safety, Kazan, Republic of Tatarstan, Russia;

https.//orcid.org/0009-0007-0105-7171, yulia.nikolaeva11l@mail.ru

Hukonaesa KOnua AnekcaHgpoBHa, MNafWWN HayUHbIA
COTPYAHMK nabopaTopuMun BUPYCHbIX aHTPOMO30OHO30B
OrBHY «®OUTPB-BHV/BW», r. KazaHb, Pecnybnuka TatapcTtaH, Poccus;
https://orcid.org/0009-0007-0105-7171, yulia.nikolaevalll@mail.ru

Contribution of the author: Nikolaeva Yu. A. - conducting search and analytical work, preparing and writing the review article.

Bknap aBTopa: Hukonaega tO. A. — npoBeaeHne NONCKOBO-aHANUTUYECKON paboTbl, MOArOTOBKA U HaMMCcaHye CTaTby.

VETERINARY SCIENCE TODAY. 2025; 14 (2): 114-122 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 114-122



REVIEWS | PORCINE DISEASES 0B30PbI | BOTIE3HI CBIHE

R creckorwpanes| [ ) IAR

https://doi.org/10.29326/2304-196X-2025-14-2-123-132

Artificial intelligence-integrated drones
used for detection of live wild boars, wild boar carcasses
and remnants in the context of African swine fever control

Tatiana Yu. Bespalova, Elena V. Korogodina, Tatyana V. Mikhaleva
Federal Research Center for Virology and Microbiology; Samara Research Veterinary Institute — Branch of Federal Research Center for Virology and Microbiology,
8 Magnitogorskaya str., Samara 443013, Russia

ABSTRACT

Introduction. Effective measures for African swine fever outbreak prevention and early detection are required in view of global spread of African swine fever, fatal
viral hemorrhagic disease of domestic pigs and wild boars. Wild boar population managing and search for the wild boars died of African swine fever and being
the virus source are considered priority measures for the disease control in wildlife.

Objective. Generalization of currently available knowledge about advanced technologies for the use of unmanned aerial vehicles (drones) in combination with
artificial intelligence-based methods in the wild.

Materials and methods. Analytical research methods including search in the following databases were used: PubMed, Springer, Wiley Online Library, Google
Scholar, CrossRef, Russian Science Citation Index (RSCI), eLIBRARY, CyberLeninka.

Results. Potential of using unmanned aerial vehicles (drones) and artificial intelligence (neural network) for detection of wild boars and their remnants in the
context of combating African swine fever is described in the review. The role of wild boars in the disease spread and the need for wild boar population regulation
are discussed in detail. Also, the importance of timely wild boar carcass removal and use of modern technologies for wild boar population recording and its density
estimation are underlined. Data on the use of drones equipped with various technical devices for study of large animal populations in the wild are analyzed,
advantages and peculiarities of unmanned aerial vehicle use are indicated. Experience gained in using neural networks-based techniques for automatic processing
of animal images acquired from drones is also summarized.

Condlusion. Artificial intelligence-integrated unmanned aerial vehicles appear to be a key tool for managing wild boar populations and the rapid detection of
African swine fever dead wild boars that allows improvement of overall effectiveness of the measures taken against this disease.

Keywords: review, wild boar, African swine fever, animal recording techniques, monitoring, aerial photography, unmanned aerial vehicles, UAVs, drones, artificial
intelligence, neural network
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WHTerpauna npumeHeHns POHOB U UCKYCCTBEHHOTO
UHTENNeKTa ANA 00HapyXeHna JUKNX KabaHos,
TYLU 1 X OCTAHKOB B (BA3M C aQPUKAHCKOI YYMOIA (BUHEN

T. 10. becnanoga, E. B. Koporoauna, T. B. Muxanesa
OTBHY «DenepanbHblit MccnefoBaTenbCkuil LEHTP BUpyconorun n Mukpobuonorum» (OTbHY OULBUM); Camapckuii HayuHo-uccnesoBaTenbekuii
BeTepuHapHblit UHCTUTYT — dunman OTBHY OULBuM (CamHUBU — dunnan OTBHY OULIBUM), yn. MarHuToropckas, 8, . Camapa, 443013, Poccua

PE3IOME

Beepenue. lnobanbHoe pacnpocTpaHeHye adpuKaHCKoil YyMbl CBUHeN, CMepTeNibHO OMAcHoro BIPYCHOTO reMoppariyeckoro 3aboneBaHuA JOMALLHUX CBY-
Heil 1 ANKNX KabaHoB, AMKTYET He0OX0AUMOCTb MpUMeHeHNs IOOEKTUBHBIX Mep NMpeaynpexeHns 1 PaHHEro BbisBNEHIA BCMbILLEK. KOHTPOMb UNCIEHHOCTH
MONyNALIAM, a TAKXKe MOUCK TYLL AUKUX KabaHOB, NOrMOLLNX 0T adPUKAHCKOI UyMbl CBUHEN 1 ABNAKLLMXCA UCTOUHUKOM Nepesiauil BUPYCa, CUUTAIOTCA NPUOpH-
TETHbIMU Mepamyl B ynpaBneHuy 3abonesaxnem B aUKoii npupope.

Lienb nccnepoBanua. 06061LeHIe MMEIOLMXCA B HACTOALLIe BPEMA 3HaHUI 0 NepesoBbIX TEXHONOTMAX NPUMEHEHIA HeCUNOTHBIX SieTaTeNbHbIX annapaToB
(ApOHOB) B YCNOBYAX AMKOI MPUPOABI B COYETAHNN C METOAAMN UCKYCCTBEHHOTO UHTEMNEKTa.

© BespalovaT. Yu., Korogodina E. V., MikhalevaT.V., 2025
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Marepuanbi 1 meToabl. [1py BbINOAHEHUM PaboTbl NPUMEHANNCH aHANUTYECKIE METOAbI MCCNeA0BaHMIA C MCMONb30BaHKMeM 6a3 AaHHbIX PubMed, Springer,
Wiley Online Library, Google Scholar, CrossRef, PUHL, eLIBRARY, CyberLeninka.

Pe3ynbTatbl. B saHHOM 0630pe paccMaTpuBaeTCA BO3MOXKHOCTb NPUMeHeHIA 6eCnnoTHbIX NeTaTeNbHbIX annapaToB (APOHOB) 1 CKYCCTBEHHOTO MHTENNEKTa
(HefipOHHDIX ceTei) AnA 0OHaPy»KeHNA AMKNX KabaHOB 1 X OCTAHKOB B KOHTEKCTe 6opbObl ¢ adpukaHcKoil uymoit cBuHeit. MloapobHo 06cyaaeTca ponb AnKIX
kabaHoB B pacnpocTpaHeHi 3a60MeBaHMA 1 HEOOXOAUMOCTb KOHTPOMA UX NOMYNALYMM, 3HAUEHNe CBORBPEMEHHOTO yaneHua TpynoB KabaHos, Npy 3ToM Nog-
YepKMBAETCA BaXKHOCTb ICMO/Ib30BAHIA COBPEMEHHDIX TEXHOMOYIA NA YYeTa YNCTIEHHOCTI Y IIOTHOCTI MONYJALMYN ANKOT0 KabaHa. MpoaHaniu3mnpoBaHa uHop-
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INTRODUCTION

African swine fever (ASF), deadly viral hemorrhagic di-
sease affecting both domestic pigs (Sus scrofa domestica)
and wild boars (Sus scrofa), remains a critical global threat
to pig industries [1]. Wild boars are now commonly recog-
nized as key reservoirs and vectors for ASF transmission;
infected migratory populations have been found to intro-
duce the virus to multiple European countries [2, 3, 4, 5].
Monitoring of Eurasian wild boar populations - including
assessments of population size, density, and dynamics —
constitutes a critical component of ASF management
strategies for the disease outbreak containment in wild
populations. Early outbreak detection including system-
atic searching for carcasses, a primary source of direct and
indirect ASF virus transmission, represents one of the most
effective measures for ASF eradication in the wild. Rapid
detection and safe disposal of dead wild boars can prevent
further infection spread, since the virus is found to per-
sist in ASF dead wild boars for several months [6, 7, 8, 9].
Searching for wild boar carcasses and remnants is a labo-
rious and time — consuming work, which strongly depends
on the outbreak size, season, terrain, vegetation density
as well as other factors. According to researchers, most
of the wild boar carcasses are often missed by traditional
ground-based walking methods [10]. Therefore, alterna-
tive modern methods and technologies are required for
reliable wild boar population size and density assessment
and optimization of the process of searching for wild boar
carcasses and remnants.

Currently, unmanned aerial vehicles (UAVs), known
as unmanned aircraft system, copters, or drones con-
trolled by one or more pilots using communication chan-
nels at remote piloting points (ground control stations),
are becoming increasingly popular. Unmanned aerial
vehicles are widely used in absolutely different fields, in-

cluding wildlife monitoring. Moreover, various UAV sys-
tems, together with developing artificial intelligence (Al)
technologies, are used for wild animal censusing, animal
behaviour and movement analysis [11, 12, 13].In the last
decade, numerous studies of populations and natural
habitats of both wild birds [14, 15, 16] and various wild
large animal species (primates, elephants, hippos, ungu-
lates) were carried out using drones as a part of environ-
mental protection measures [17, 18, 19, 20, 21, 22, 23].
However, there are almost no data on their use for wild
boar searching and for wild boar population size assess-
ment in peer-reviewed sources. UAVs are one of the prom-
ising options to be added to the set of traditional mon-
itoring methods. Some studies have shown that drones
allow for more rapid and accurate estimation of wild
animal populations in vast territories as compared with
ground-based methods (walking monitoring, camera
traps, etc.) [17, 24]. Previously, large-scale aerial photo-
graphy of wildlife was carried out using manned aircrafts,
but use of UAVs for aerial photography is much cheaper.
UAVs can work under cloud cover in contrast to satel-
lites [25]. Artificial intelligence and machine learning (ML)
are revolutionizing wildlife monitoring by improving
data quality for population estimates, streamlining data
collection, and automating routine data processing.
Neural networks — trained on extensive datasets from
drone imagery, camera traps, and video cameras - can
now achieve species-level identification and even distin-
guish individual animals. ML algorithms process visual
data orders of magnitude faster than manual analysis,
with demonstrated capability to filter tens of thousands
of files in minutes to select animal-containing images,
dramatically increasing research efficiency [18].

Given the ongoing ASF panzootic, testing of modern
UAV-based approaches, firstly, as an observational tool
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for wild boar population size and density assessment, and,
secondly, as a tool for efficient searching for wild boar car-
casses and their remnants is of importance for the infec-
tion management in the wild. A review of published liter-
ature identified a critical research gap: no comprehensive

studies exist on the UAVs application for searching for live

wild boars and wild boar carcasses. Our review of Al-inte-
grated UAV systems successfully deployed for other animal

species appears to be helpful for their adaptation to pro-
grams on wild boar population monitoring.

This review synthesizes current knowledge on ad-
vanced Al-integrated UAV (drone) technologies applied
for wildlife monitoring. The review addresses the follow-
ing aspects: role of wild boar in ASF spread and impor-
tance of prompt removal of dead wild boars; use of UAVs
and neural networks for wild large animal population
monitoring with focus on drone-based approach advan-
tages and features as compared to traditional methods.

MATERIALS AND METHODS

Analytical methods and searching in the following
databases: PubMed, Springer, Wiley Online Library, Google
Scholar, CrossRef, RSCI, eLIBRARY, CyberLeninka were used
for the work.

ROLE OF WILD BOARS IN ASF EPI1ZOOTY

Since genotype Il ASF virus detection in Eastern
Europe (2007) the disease has spread to many European
countries and far beyond its borders (to Asia, America
and Oceania). According to the World Organization for
Animal Health, ASF has been reported in 64 countries,
more than 934 thousand pigs and more than 31 thousand
wild boars have been infected over the past three years.
Eurasian wild boars are believed to play the main role in
the disease spread in Europe where more than 19 thou-
sand outbreaks have been reported in wild boar popula-
tion'. In most European countries, ASF spread has been
facilitated for many years by factors potentially associated
with wild boar ecology, infection management strategies
in the wild (for example, an efficient search for dead wild
boars), as well as with the long-term ASF virus persistence
in animal carcasses and in the environment [1]. Monitor-
ing of wild boar populations in Europe shows a steady in-
crease in the population size and expansion of the popu-
lation habitat over the past decades that hampers ASF
management in the infected areas [26]. In Central Euro-
pean countries, Eurasian wild boar population density is
high, 1.15-5.31 animals per 100 ha [27, 28]. The popula-
tion density is known to be one of the important factors
associated with ASF spread among wild boars, the higher
the density, the higher the probability of pathogen trans-
mission by direct contact [29]. For example, in Poland, ASF
cases were reported mainly in the areas where the wild
boar population was more than 1 animal per 1 km?, but
statistical and mechanistic models did not show a clear
and consistent effect of wild boar density on ASF epizoo-
tology [1, 30]. Wild boars living in close proximity to both
private and commercial farms pose a risk of ASF outbreaks
in domestic pigs that becomes higher with the relatively
high number of wild boars [31]. Therefore, ASF manage-
ment requires the most reliable information on wild boar

"WOAH. African swine fever. https://www.woah.org/en/disease/african-
swine-fever/#ui-id-2

population size and density in each region in the context
of various measures. However, it is actually quite difficult
to obtain data close to absolute ones. This is the most chal-
lenging for remote areas and vast territories.

When studying the wild boar population in the context
of ASF control, it is important to take into account their
biological behaviour peculiarities, seasonal and landscape
factors, as well as the virus persistence in the environment.
Recently, a lot of studies has been carried out to examine
various factors that ultimately affect the effective search
for wild boars, their carcasses and remnants. The search
can be improved by target searching for preferred habi-
tats for both healthy and infected animals. Wild boars are
known to be very mobile, hide in dense vegetation, and
to be predominantly nocturnal with peak activity in the
late evening (at sunset), at midnight and in the morning
hours at sunrise throughout most of the year. Reduced
activity at temperatures above 15 °C is their behavioural
adaptation mediated by physiological characteristics.
Wild boars are less active in the forest than in open areas,
and they choose reeds in swampy areas as a safe resting
place [32, 33]. ASF-diseased wild boar preferences should
be taken into account to find the places where they die.
Such animals display changes in their behaviour, they pre-
fer solitude with sufficient shelter, silence, coolness, and
plenty of water, which is associated with the condition
caused by the infection (depression, fever, dyspnoea) [34].
During the studies, the vast majority (71%) of infected car-
casses were found in forests, especially in young wood-
lands, as well as in places remote from roads and settle-
ments, in places of transition from woodlands to sparsely
wooded areas and shrubs, near trails, waterbodies and fo-
rest edges with tall grass [34, 35, 36]. The space-time clus-
tering in detected ASF-positive wild boar carcasses was
most prominent at a distance of 2 km and within 1 week
after the outbreak reporting [37]. Moreover, seasonal fea-
tures of ASF spread should be considered when planning
carcass search activities. In most European countries there
was an evident seasonality in ASF incidence in wild boars
that increased in winter (December - February) and pea-
ked in summer (July). According to Russian researchers,
ASF outbreaks in wild boars reported in the Russian Fe-
deration regions in 2007-2022 also occurred mostly in
November — December and February, with peaks in the
summer months (July — August) [38, 39].

Natural behaviour of wild boars - digging roots, roll-
ing on the ground and exploring various objects — may
be a risk factor for the infection if they live in the virus-
infected environment. Some researchers have shown that
ASF virus transmission in wild boar habitats can occur not
only through direct contact with infected conspecifics,
but also through indirect contact with carcasses, secre-
tions, soil, water, grass, or agricultural crops [28, 40, 41],
while physical contact with pathogen-positive carcasses
or the substrates beneath them poses an equal risk of ASF
virus infection [42]. The carcass and remnant (bones and
skin) decomposition sites remain attractive to wild boars
for a long period of time [40]. The carcass decomposition
process depends on the season and can take several days
in summer to several months in winter [43]. ASF dead wild
boars are a permanent source of infection for other ani-
mals, as the virus is highly resistant to environmental con-
ditions and persists for a long time in various organs, tissues
and secretions. It has been reported that a frozen carcass

VETERINARY SCIENCE TODAY. 2025; 14 (2): 123—132 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 123-132



can maintain infectious ASF virus for several months en-
abling the virus to overwinter and to initiate a new out-
break when the defrosted carcass is visited the following

spring by a susceptible wild boar [37]. In the study carried

out in Germany, it was noted that wild boars rummaged

on decomposition sites, sniffing and poking on the con-
specifics’ carcasses, chewing on their bare ribs, the contact
was observed in 30% of all visits by wild boars to such sites

and the wild boars were especially “interested” in rooting

on the soft soil that had formed under and around decom-
posed carcasses [8]. Later, it was found that more than 50%
of cases of transmission in Eastern Poland were associated

with indirect contact with infected carcasses that contri-
buted to ASF virus persistence in wild boar populations [44].
In a recent study in the Czech Republic, a two-year moni-
toring using camera traps was conducted to assess the at-
tractiveness of wild boar carcasses to their live conspecif-
ics. It was shown that the number of visits by wild boars

to the sites with experimentally placed carcasses during

the year was more than five times higher than to control

sites (without carcasses). Wild boars found the carcass rela-
tively quickly, on average in 2 days in spring and summer,
6 days in autumn and 8 days in winter. The earliest visits

were recorded in the spring, when the decomposition

process was accompanied by a strong odour. Also, num-
ber of direct contacts with the carcass that varied depend-
ing on the season was determined. In autumn, wild boars

came into direct contact with the carcass during 340 out
of 541 visits (62.8%), in spring — during 71.2% of visits, in

summer — during 74.5% of visits. The largest number of di-
rect contacts was recorded in winter — 84.1% [33]. These

findings are of great importance, since infected tissues
(muscles, skin, subcutaneous fat) and organs of decompos-
ing carcasses can be sources of ASF infection for several

months, especially at low temperatures [9, 45]. Stability of
the pathogen in the soil depends on the temperature: un-
der experimental conditions at +4 °C, the virus retained its

infectivity for up to 112 days [46], in the soil under the car-
cass — up to 2 weeks [47, 48].The virus survival rate is found

to depend on the soil type and pH level: the virus persists

for a week in the forest and meadow soils, for 3 days in

the soil of swampy areas, for at least 3 weeks in sand, and

quickly dies in acidic forest soils [49].

Wild boars are omnivorous animals, just like domes-
tic pigs, they are characterized by cannibalism. Tissues
of other animals, including their conspecifics, were found
in the stomach contents of wild boars [50]. In the study
performed by J. Cukor et al. [51], direct contact of wild
boar with carcasses was observed in 81% and cannibalism
was observed in 9.8% of all reported visits of wild boars.
Therefore, deliberate or accidental consumption of car-
casses (cannibalism) or invasive contact with carcasses
(with infected blood, tissues, or biological materials) can
be considered as decisive factors in the chain of ASF virus
transmission among wild boars [52]. Furthermore, infec-
ted carcasses can also maintain indirect virus spread by
potential vectors — arthropods [42], as well as scavengers.
According to J. Rietz et al. [53], some scavengers, in par-
ticular foxes, do not consume wild boar carcasses on site,
but can move (scatter) their remnants over rather long
distances in 6-10 days. Carcass parts are scattered over
400 m in 75% of cases, and maximum over 1.2 km. This
should be considered for effective carcass searching as
a part of ASF outbreak management. At the same time,

REVIEWS | PORCINE DISEASES 0B30PbI | BOJIE3HI CBUHEN

such remnants scattering distances make a ground search
by humans almost impossible.

Thus, wild boar carcasses and the surrounding soil are
a reservoir for the long-term ASF virus persistence, and
therefore early, rapid and effective search for potentially
infected carcasses and their timely and safe removal from
the environment are extremely important for minimiza-
tion of the risk of the disease spread in the population. In
ASF endemic areas the special attention should be paid
to these measures using the accumulated knowledge
about diseased wild boar behaviour and environmental
factors that increase the likelihood of carcass detection.

For the purpose of ASF control wild boar population
should be regulated and its density should be maintained
at the lowest possible level in each region [6]. Existing
methods of animal censusing are based on their direct
counting during direct field observation with naked eye
or binoculars, as well as on-site images obtained at fixed
points using camera traps, as well as sampling, surveying,
or analysis of various indirect evidence of animal life [54, 55].
The methods differ in the territory coverage, counting
techniques, objects to be counted, used technical devices,
etc. For example, the widely used method of winter route
counting determines the correlation between the number
of animals detected in a selected area (along the route),
the number of tracks (left during one day) and the daily
animal movement length (provided that the snow cover
is appropriately thick). Today, this basic method is consi-
dered simple and universal, it is relatively low cost since
used technical tools are cheap, but it is not suitable for cen-
susing of elusive animals [55]. The significant disadvantages
of conventional methods for wild animal censusing (com-
plete snow cover, low accuracy, dependence on weather
conditions, etc.) dictate the need for improvement of mon-
itoring technologies. Combined methods are more useful
for obtaining reliable data on the animal population size
and migration. Currently, simultaneous use of several
methods with specialized equipment, such as camera traps,
video or infrared (IR) cameras, has been proven effective.
However, according to some researchers, aerial monitoring
is the most effective method of animal censusing as com-
pared with field methods [19, 54, 55, 56].

USE OF DRONES FOR WILDLIFE MONITORING

Remotely piloted aircraft systems (UAVs) - commonly
known as drones - have been gaining increasing popu-
larity worldwide over the past few years. UAV system in-
cludes three main components: the aircraft itself (drone),
which performs tasks in the air; the ground station where
the drone takes off and lands and where the communi-
cation and control equipment is installed; and the oper-
ator who directly controls the drone during flight. UAVs
have many advantages that make them a powerful tool
for exploring wildlife. Until the past decade, it has been
challenging to gather data on number of the animals
located in particular area and at particular time because
aircraft missions and satellite images are expensive, and
ground-based surveys in many cases are limited by acces-
sibility to sites, the areas that could be covered [11]. UAVs
now provide transformative capabilities for field research,
dramatically decreasing manpower demands, survey du-
rations, and project expenditures. UAVs can be successfully
used in remote areas and under harsh climate conditions.
The selection of the UAV for wild animal monitoring and
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Fig. 1. Thermal image of a wild boar (https://pulsarvision.
com/journal/calm-alert-hungry-getting-to-know-animals-
through-thermal)

animal population size estimation critically depends on its
payload specifications and installed sensors. UAV systems
may incorporate machine vision sensors and Al-powered
analytical capabilities. Al coupled with neural networks fa-
cilitates population census, real-time spatial monitoring
as well as migratory pattern analysis and automated spe-
cies classification [17, 57]. UAVs equipped with advanced
electronic payloads - including digital sensors, night/
thermal imaging cameras, communication systems, and
GPS/GLONASS (Global Navigation Satellite System, GNSS)
positioning units — exhibit significantly enhanced opera-
tional capabilities. Sensors based on machine vision en-
able visual perception of the UAV environment by creating
a captured scene image, for example, a thermal imaging
camera captures and registers IR radiation emitted by sur-
rounding objects. There are practically no hard-to-reach
places for UAVs with photo and thermal imaging cameras.
Infrared cameras facilitate biotic/abiotic differentiation
while maintaining diurnal/nocturnal operational capaci-
ty under varying environmental conditions. Their ability
to detect thermally distinct targets enables wildlife moni-
toring through dense canopy cover and during crepus-
cular/nocturnal periods. In thermal IR waves, an animal
looks like a bright object, provided that the animal’s body
temperature is higher than the ambient temperature (with
a difference of up to 30-40 °C). Thermal images of the best
quality are obtained at sunrise, late evening and at night
(Fig. 1) [19, 54, 55,57, 58].

Current UAV capabilities demonstrate significant po-
tential for search for wild boars, their carcasses and rem-
nants. Drones are capable of flying slowly at low altitudes,
exploring areas that are hard-to-reach during ground-
based surveys, such as dense forests or wetlands, as well
as detecting moving and stationary objects without risk
to humans (Fig. 2). The latter is important when searching
for both living individuals at rest and animal carcasses. It
has been found that images of the area covered by one
frame made at altitude of 150 m are optimal for accurate
counting of large groups of animals.

UAVs offer apparent advantages over traditional
manned aircraft, owing to lower operational costs with
minimal space requirements for their taking off. In addi-
tion, drones are relatively quieter than the latter, they may
present less disturbance risk to animals due to noise, and

Fig. 2. Wild boar monitoring using drone technology
(Al-generated image)

could reduce the risk of biased counts because animals are
less likely to flee and hide [20]. Regarding search for wild
boar carcasses and remnants with UAVs, it should be taken
into account that experiments have shown the high at-
tractiveness of the places with wild boar carcasses and
remnants for their fellow wild boars [33]. Since drones
can easily detect live wild boar gatherings in these areas,
this technology can also be used for wild boar remnant
searching. Moreover, UAV thermal imaging can directly
detect wild boar remnants by capturing heat signatures
from fly larvae clusters and/or microbial activity during
carcass decomposition. The heat generated by feeding lar-
vae can be detected during their peak activity — between
the 6™ and 29" day of carcass decomposition — at ambi-
ent temperatures of 15-27 °C, when insect populations
on the remnants are highest. Analysis of image resolution
at varying flight altitudes revealed that thermal contrast
between remnants and background was highest in noon
recordings at 4 m altitude. A 15 m altitude proved optimal
for balancing survey speed and detection efficacy during
long-term monitoring, and objects became frequently
overlooked beyond 30 m. All these factors should be taken
into account when planning flights in order to maximize
the chances for the remnant detection [59, 60].

UAV systems are continuously improving. Computer vi-
sion-integrated drone systems providing new capabilities
and expanding UAV functionality are increasingly applied
for object detection and recognition. Using computer vi-
sion, drones can autonomously process visual information,
identify objects and make environment-dependant deci-
sions. Currently, modern advanced technologies include
the so-called FPV drones (First Person View) with Betaflight
software and real-time video transmission. These systems
enable high-speed, precise spatial data acquisition and
long-range video signal transmission. FPV drones differ
from conventional GPS drones in their smaller size and
weight, which makes them easy to maneuver and move
quickly (flight speeds can reach 100 km/h or more). FPV
drones equipped with high-resolution cameras and video
transmitters allows the user to see the real-time image
on special glasses or monitor, feel the effect of their own
presence in the airspace and remotely control the drone
movements while adjusting the speed, altitude and angle
of inclination of the device to control flight over a given
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Fig. 3. Hugging-wing robot [62]

terrain. For the purpose of the environment monitoring,
FPV drones, like other UAVs, are used to collect data and
explore vast, new or remote territories, detect and track
moving objects, wildlife habitats, and provide high-quality
geo-referenced images? [61]. Also, application of univer-
sal robotic systems, hugging-wing robots, that can both
hover in the air and perch on vertical supports such as
tree trunks and poles is one of the promising methods
for wild animal behaviour monitoring and collecting data
on their habitats (Fig. 3). Remote autonomous navigation
enables precise landing site determination for such robo-
tic systems, achieving positioning accuracy within several
meter ranges [62].

When planning UAV operations, some critical factors
must be taken into account as they significantly impact
both data quality and collection efficiency. These factors
include: low resolution of the camera or sensor image,
battery charge duration (which therefore determines
the range and area covered in a single drone flight), wea-
ther conditions (strong wind, rain, snow), operator’s con-
trol skills and experience, etc. [21]. Drone management
and maintenance require special training for ground
operators and compliance with security measures. In our
country, use of any UAV is allowed only upon obtaining
all required official documentation and permits in com-
pliance with unmanned aerial vehicle regulations in place
in the Russian Federation.

SOFTWARE AND ARTIFICIAL INTELLIGENCE
USED FOR PROCESSING OF THE DATA
COLLECTED BY DRONES

Conventional methods include visual analysis of photo-
graphs but manual photo analysis becomes increasingly
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labor-intensive and time-consuming when processing
large photographic datasets. This method is inherently
susceptible to human error factors including fatigue, in-
attention, etc. This disadvantage can be minimized by in-
volving several specialists in the work or using software
enabling automatic information processing [58]. Images
obtained by UAV-mounted sensors are typically stitched
togetherinto an assembled digital map by using software
programs. This digital map can then be uploaded into GIS
(Geographic Information System) software, which can be
geographically referenced using GPS data automatically
gathered by the UAV in flight. When a UAV lack an on-board
GPS, geographic coordinates can be manually obtained by
reference to Ground Control Points (physical landmarks
with known coordinates). Image processing of the digital
map may be performed manually by the user, or auto-
matically by image processing software that classifies ob-
jects. Digital files associated with drone images may be
very large (up to 70 terabytes), particularly with the high
resolution required for accurate object recognition [63].
Currently, domestic and foreign researchers use various
software programs for processing data collected during
wildlife monitoring [17, 58]. Longmore S. N. et al. [64]
combined astronomical detection software with existing
ML algorithms for automatic decrypting thermal images
of animals, this pipeline contributed to effective detection
of animals in the images. Currently, up to 30 software pro-
grams are being developed in Russia for different animal
species identification, which count the number of animals
both in a single image and in a series of images, some of
software programmes enable simultaneous processing of
thermal images and video materials® [55]. For example, the
Thermal Infrared Object Finder (TIOF) software developed
on the Python platform is capable of processing a large
amount of infrared image data for specific animal iden-
tification [65].

Convolutional neural networks (CNNs) represent
a state-of-the-art approach facilitating animal detection
and counting in aerial imagery. CNNs are one of the main
types of neural networks used for image recognition
and classification that are composed of two main parts:
feature extraction and classification. Feature extraction
is aimed at creating maps of objects through utilizing
processes called convolutions. CNN model contains
three types of layers: convolutional layer, pooling layer
and fully connected layer. The first two perform feature
extraction, and the fully connected layer displays the ex-
tracted features and performs classification. Deep learn-
ing models offer a significant advantage in processing
accuracy over conventional classification methods when
trained and tested with large datasets, so the use of neural
networks enables creation of accurate models of animal
populations, tracking migration routes, and estimating
population size [17]. Neural network-based flight control
expands the UAVs capabilities. Neural networks demon-
strate dynamic adaptability through continuous learning
from operational data, enabling real-time optimization
of both flight parameters and image acquisition settings
in response to unpredictable environmental variables.
They can combine data from various sensors mounted on
the drone to improve perception and situational aware-
ness, which allows the drone to make more informed

2 https://sky-space.ru/blog/fpv-dron (in Russ.)

3 https://ru.rt.com/qo5p (in Russ.)
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decisions. In addition, neural networks allow UAVs to move
autonomously, easily maneuver around obstacles during
flight and that is very important for monitoring remote
territories. Neural networks can optimize trajectories for
drones, which is useful for the applications such as aerial
photography or surveillance, where certain trajectories
must be followed for optimal data collection [61]. The use
of neural network algorithms minimizes the time required
for task implementation (from a few seconds to several
minutes), but the neural network training can take tens of
hours. At the same time, the user should have program-
ming skills in environments such as Python or Java, and
the computer on which the ML will be performed must
be equipped with appropriate equipment [15].
Outcomes of Al application for animal monitoring
are presented in some studies and reports posted on
the Internet resources. Zhou M. et al. tested two deep
learning neural network models: CNN and deep residu-
al networks (ResNet), for their efficacy for the classifica-
tion of four animal species: cattle (Bos taurus), horses
(Equus caballus), Canadian geese (Branta canadensis)
and white-tailed deer (Odocoileus virginianus). The results
have showed that visible images collected at a distance
of 60 m or less are sufficient for accurate classification,
and that the most effective algorithm can be the Res-
Net model with 18 layers (ResNet 18), since the overall
accuracy rate for animal identification was 99.18% [66].
The experiment conducted by D. Marchowski on count-
ing populations of 33 waterfowl species demonstrated
successful use of Al-integrated UAVs in 96% of 343 ca-
ses. Imagel/Fiji software and ML methods with neural
network algorithms such as DenoiSeg were used for
automated counting [15]. Krishnan B. S. et al. used fu-
sion approach for ML, combining several pairs of ther-
mal and visible images acquired from drones. It was inte-
resting that for white-tailed deer, which were typically
cryptic against their backgrounds and often in shadows
in visible images, the added information from thermal
images improved detection and classification in fusion
methods from 15 to 85%. It has been found that image
fusion in combination with two models of deep neural
networks is ideal for photographing animals that are
cryptic against the background [23]. Combining ima-
ges were taken from 75 and 120 m above ground level,
a faster region-based CNN (Faster R-CNN) was trained
using annotated images labelled “adult caribou”, “calf
caribou” and “ghost caribou” (animals moving between
images and blurring individuals during processing of
photogrammetric data). The model accuracy, precision,
and repeatability was 80, 90, and 88%, respectively [17].
In Hortobagyi Nemzeti Park (Hungary), Al technologies
are used for preservation of endangered Asian wild Prze-
walski horses. Researchers are using drones to monitor
the horse herd behaviour. The acquired high-resolution
footage is processed on the Microsoft Azure platform
and analysed using Al, which is able to distinguish hor-
ses from other animals®. The first tests of the software de-
veloped by specialists of the Moscow Institute of Physics
and Technology in cooperation with the Ministry of Natu-
ral Resources and Environment of the Russian Federation
were conducted in the Land of the Leopard National Park
(Primorsky Krai, Russia). The software program enables

4 https://habr.com/ru/companies/microsoft/articles/567406 (in Russ.)

recognition of Amur leopards, Amur tigers and other wild
animals®. Also, Al-based wild animal recognition system
developed by NtechLab company is currently tested in
Russia. The system is currently integrated with videos
containing bear images, but in the future it is planned
to expand its functionality to cover other wild animal
species®. The Ministry of Natural Resources and Environ-
ment staff-members are performing aerial surveys using
drones and neural networks in some Russian regions
to search for ungulate aggregations’.

Finally, it is worth noting that in 2024, a team of Ameri-
can researchers created the Aerial Wildlife Image Reposi-
tory (AWIR), which is a dynamic interactive database with
annotated images acquired from drones equipped with
conventional and thermal imaging cameras. AWIR pro-
vides the first open-access repository for users to upload,
annotate, and curate images of animals acquired from
drones. The AWIR also provides benchmark datasets that
users can download to train Al algorithms to automatically
detect and classify animals. The AWIR contains 6,587 ani-
mal objects in 1,325 visible and thermal images of pre-
dominantly large birds and mammals [67].

CONCLUSION

Reliable data on population size and density are re-
quired for ASF spread prevention in wild boars and risk
assessment. Animal carcass searching serves as a critical
tool for early ASF detection. The combination of modern
UAVs with neural network algorithms is a highly effective
method of obtaining accurate and timely information
about the natural environment, which, in particular, opens
up new opportunities in the field of wild boar population
monitoring. In the era of the active Al development and
widespread UAVs use, application of innovative techno-
logies in combination with traditional methods appears
to contribute to enhancing the efficiency of searching for
live wild boars and their carcasses as well as the reliability of
the obtained data, that can improve animal health control
as a part of ASF management strategies. Close cooperation
of programmers, wildlife researchers and veterinarians are
required for successful implementation of such approaches.
Since Al-integrated UAV is a cutting-edge technique used
in wildlife research field, it requires ongoing evaluation.
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Bovine respiratory syncytial virus infection:
clinical manifestations, pathogenesis and molecular
epidemiology (review)
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Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences, Institute of Experimental Veterinary Science
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ABSTRACT

Introduction. Bovine respiratory syncytial infection is widespread in all countries of the world, including the Russian Federation. The etiologic agent is Orthopneu-
movirus bovis, it belongs to the family Pneumoviridae, genus Orthopneumovirus. Cattle are the main reservoir of the virus.

Objective. This literature review aims to summarize and give analysis of the published data on dlinical manifestations, pathogenesis and molecular epidemiology
of the causative agent of bovine respiratory syncytial infection.

Materials and methods. The study is based on publications from the most authoritative domestic (eLIBRARY.RU) and foreign (Web of Science, Scopus, PubMed)
sources, as well as the results of our own studies published in the literature.

Results. Animals of all ages are susceptible to the disease, the infection is most severe in calves under 6 months of age. The incidence of the herd is on average
60—80%. The nature of the infection varies from asymptomatic and mild to severe lower respiratory tract disease, including emphysema, pulmonary edema, inter-
stitial pneumonia and bronchopneumonia, while the mortality rate among calves can reach 20%, and in adult animals the subclinical form is more often recorded.
The virus has a powerful immunomodulatory effect. Severe damage to the respiratory tract is mediated mainly by hyperactivity of the immune response, and not
by the replication of the virus itself. The virus increases the susceptibility of calves to secondary infections and promotes colonization of the lower respiratory tract
by bacteria. Currently, ten genetic subgroups of the virus (I-X) have been identified using phylogenetic analysis of the nucleotide sequences of the G and N genes,
between which there is a geographical correlation. In regions such as the Urals, Siberia, and the Republic of Kazakhstan, isolates of the virus of genetic subgroups I
and Ill circulate among cattle.

Conclusion. The review presents current data on the etiology, pathogenesis features and clinical manifestations of bovine respiratory syncytial infection, as well
as the genetic diversity of the pathogen in the world, in the Russian Federation and the Republic of Kazakhstan.
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PecnupaTopHO-CMHLUTMANbHAA MHOEKLIMA KPYMHOMO PoraToro
CKOTa: 0COOEHHOCTN KNMHNYECKOr0 NPOABNEHIA, NaTOreHe3a

1 MONIEKYNAPHOI Snu300Tonorum (063op)

C.B. Kotenesa, A.T. [notos, T. . [notoBa, A. B. Hepepuenko
OBYH «Cubunpckmit denepanbHblii HayuHblii LeHTp arpobuoTexHonoruit Poccuitckoi akaemun Hayk», MHCTUTYT SKcnepumenTanbHoii BetepuHapun (ubupn
1 flanbHero Boctoka (M13BCufIB COHLIA PAH), p. n. Kpactoo6ck, 630501, Hoocubupckas obnactb, Poccua

PE3IOME

BBepeHue. PecnnpatopHo-CHUMTUANbHaA MHGEKLMA KpYMHOTO POraToro cKoTa LUMPOKO PacnpocTpaHeHa BO BCeX CTPaHax Mupa, B TOM uncie 1 B Poccuiickoii
Oeaepauyn. ITnonornyeckuit arent — Orthopneumovirus bovis, OTHOCALLMIACA K cemeiicTBY Pneumoviridae, popy Orthopneumovirus. KpynHbiii poratblit ckoT —
0CHOBHOIA pe3epByap Bipyca.

© Koteneva S. V., Glotov A. G., Glotova T. |., Nefedchenko A. V., 2025
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Lienb nccnepoBanma. Lienbio faHHoro 063opa autepatypbl ABAANOCH 0006LLeHMe 1 aHann3 onybNMKOBaHHbIX AaHHbIX 06 0C06EHHOCTAX KIMHUYECKOro Npo-
ABNEHINA, NaToreHe3a 1 MoeKyNAPHOIi 3M300TONOMI BO3OYAUTENA PeCIUPATOPHO-CUHLUTUANBHOI MHGEKLIMN KPYMHOTO POraToro KoTa.

Matepuanbl u metogbl. IHpopmaunoHHoii 6230l AnA NpoBefeHUA UCCIeSOBAHMA CYXUAN NyBnMKaLmun n3 Hanbonee aBTOPUTETHBIX OTEYECTBEHHDIX
(eLIBRARY.RU) u uHoctpanHbix (Web of Science, Scopus, PubMed) nctounikos, a Takxe peynbtatbl CO6CTBEHHbIX MCCNEL0BAHIIA, ONY6MKOBAHHDIX B UTEpaType.
PesynbTatbl. 3a60neBaHII0 NOBEPXKEHDI XIUBOTHbIE BCEX BO3PACTOB, Hanbonee TAXeNo NpoTekaeT MHdeKLMaA y TenAT B Bo3pacTe o 6 MecaLes. 3abonesae-
MOCTb NOT0NI0BbA COCTaBAAET B cpeaHem 60—80%. XapakTep TeueHus MHOEKLMN BapbUpyeT 0T 6eccMMTOMHOTO 1 NErkoro 40 TAXENOoro 3a6011eBaHMA HIDKHUX
AbIXaTebHbIX NyTeil, BKNKYaA IMPU3eMy, 0TeK Nerkoro, MHTEPCTULMANbHYIO MHEBMOHMIO 11 6POHXONHEBMOHUI, NPY 3TOM YPOBEHb CMEPTHOCTI CPeAN TeNAT
MOXeT 2ocTuratb 20%, a y B3pOCIbIX XKMBOTHBIX YaLLle perucTpupyrT CyOKnnHMYeckyto Gopmy. Bupyc okasbiBaeT MoLLHOE UIMMYHOMOAYMpPYHOLLEe AelicTBUE.
Taxenble NOBPEXAEHINA bIXaTeNbHbIX NyTeli 0N0CPeAOBAHbI B OCHOBHOM rMNepakTUBHOCTbI) MMMYHHOTO 0TBETA, @ He camoil pennukameit Bupyca. Bupyc
MOBBbILUAET BOCNPUUMUUBOCTD TEAT K BTOPUYHBIM MHOEKLMAM 1 CMOCOBCTBYET KONOHM3ALMI HIKHIAX AbIXaTeNbHbIX NyTeil 6akTepuamu. B HacToAwwee Bpema
CNOMOLLbIO (UNOreHeTUYECKOro aHaNN3a HyKNeoTUAHbIX NocnefoBaTenbHocTeli reHoB G 1 N BbiABNEHO AecATb reHeTyeckux noarpynn supyca (1-X), mexay
KoTOpbIMM CyLLecTBYeT reorpaduyeckan koppenauua. B takux pervonax, kak Ypan, (ubupb, a Takxe B Pecnybnuke KasaxcraH cpen KpynHoro poratoro ckota
LIMPKYNUPYIOT U30NATI BUPYCa reHetinyeckux nogrpynn I u lll.

3aknioueHue. B 0630pe npeacTaBneHbl akTyanbHble JaHHble 06 3THONOrMM, 0COBEHHOCTAX NaToreHe3a i KNMHYECKOro NPOABNEHNA PeCINPATOPHO-CUHLN-
TUaNbHON MHGEKLMI KPYMHOTO POraToro CKOTa, a TaKkXKe reHeTnYeckom pa3Hoobpasun Bo3byawuTtena B mupe, Poccuiickoii Oesepaumn u Pecnybnuke Kazaxcran.

KnioueBbie cnosa: 0630p, pecnupatopHo-CHLMTUANbHaA nHeKuua, BRSV, KpynHblii poraTbiii CKOT, naToreHes, MonekynApHas aNu300Tonorusa
bnaropgapHocTy: ViccnefoBaHue BbINOSHEHO 3a CYET BOKETHBIX CPEACTB B paMKaXx BbIMOMHEHNA FoCyAAPCTBEHHOr0 3aaaHuna N2 0533-2021-0018 (COHLIA PAH).

[insa uutuposanus: Kotexesa C. B., motos A. I, [notosa T. I1., HedepueHko A. B. PecnupatopHo-cuHuMTMAnbHAA MHQEKLMA KPYMHOTO PoraToro ckota:
0C06EHHOCTY KNMHMYECKOTO NPOABNEHUA, NaToreHe3a u MonekynapHoil anusootonorun (063op). Bemepunapus cezodns. 2025; 14 (2): 133-139. https://doi.
0rg/10.29326/2304-196X-2025-14-2-133-139

KoHnukt nHTepecos: [noto A. I ABNAETCA UnieHOM peaKonneru xypHana «Betepunapus ceroHs» ¢ 2020 ., Ho He UMEET HUKAKOT0 OTHOLLIEHWA K PeLLEHNI0
0ny6nMKoBaTb 3Ty CTaTbi0. PyKONWCh NpOLLNA NPUHATYIO B XypHane npoueaypy peLex3nposaua. 06 uHbIX KOHGAUKTaX UHTEPECOB aBTOPbI He 3aABAANM.

[ins koppecnonaeHuun: Motosa TatbAHa MBaHOBHa, A-p 6uon. Hayk, Npodeccop, rMaBHblil HayuHbli COTPYAHMK Nabopatopuyu GuoTeXHONOMMI — ANATHOCTU-

yeckmit ueHTp NIBCu[IB COHLIA PAH, p. n. KpacHoobick, 630501, HoBocubupckasa obnacts, Poccus, t-glotova@mail.ru

INTRODUCTION

Bovine respiratory syncytial infection (BRSI) is an acute,
highly contagious viral disease that primarily affects the
lower respiratory tract in cattle. BRSI ranks among the
most significant infectious respiratory diseases in bovine
populations [1, 2, 3, 4].

According to the current classification, the causative
agent of the infection is Orthopneumovirus bovis (former-
ly Bovine respiratory syncytial virus, BRSV) belonging to
the Pneumoviridae family, genus Orthopneumovirus [5].
To maintain consistency with the published literature
the virus will be hereinafter referred to by its historical
designation (BRSV).

BRSV was first isolated from calves during an outbreak
of severe respiratory disease in Switzerland in 1969. Se-
veral surveys in the early 1980s and later confirmed that
the virus is enzootic in calf populations worldwide. Accord-
ing to L. E. Larsen, the agent has the highest pathogenic
potential of all viruses circulating in cattle [6].

BRSV is related to human respiratory syncytial vi-
rus (HRSV), and they exhibit similar epidemiological, clini-
cal and pathological manifestations [7].

Cattle are the natural hosts and reservoirs of BRSV, but
small ruminants may also contribute to the virus transmis-
sion [8]. The infectious virus or antibodies against it were
also detected in sheep, goats, alpine chamois, bison, and
camelids [9, 10, 11].

BRSI has a wide geographical distribution and is repor-
ted in many countries on all continents [12, 13, 14]. The
virus spreads via airborne transmission. The seropreva-
lence varies greatly in different geographical regions and
averages 30-70%, but may reach 100% [1, 15].

BRSV has been registered since 1975 in our country [16].
According to the Russian researchers, retrospective studies
across 16 regions of the Russian Federation detected sero-
conversion to the virus in calves of different age groups, in-
dicating its role in respiratory pathology: one month of age
(4.0% of cases), 3-4 months of age (37.5%), 4-6 months
of age (52.6%) and 7-9 months of age (50.0%) [17]. In Si-
berian farms, the BRSV seropositivity in animals averages
20-70% [18]. A recent study analyzing biomaterial samples
collected during mass outbreaks of acute respiratory dis-
ease in 8 regions of the Ural and Siberian Federal Districts
(Russia) and the Republic of Kazakhstan found the BRSV
genome in 20% of cows and 14.3% of heifers. Additionally,
the virus was detected in 3.05% samples from calves un-
der one month old and 6.7% samples from calves aged
1-6 months [19].

The BRSV incidence in cattle ranges from 60 to 80%,
with mortality in severe calf cases reaching up to 20% [20].
Infection rates exhibit seasonal patterns, peaking during
winter months. The BRSV key characteristic is its capacity
to infect hosts despite the presence of virus-neutralizing
antibodies, leading to recurrent infections throughout ani-
mal lifetime [21].

BRSV affects cattle of all ages and breeds, though
the most severe clinical manifestations typically occur
in calves aged 1-6 months. In adult cattle, outbreaks primar-
ily develop following either initial introduction of the patho-
gen into a seronegative herd or during reinfection events.
The observed age-related resistance pattern, where adult
animals demonstrate greater viral resistance than calves,
likely reflects acquired immunity through repeated antigen-
ic exposure. Clinical presentation patterns differ by herd im-
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munity status: when BRSV is introduced to immunologically
naive herds, cattle of all ages typically display clinical signs;
in contrast, in herds with endemic viral circulation, clinical
disease is predominantly observed in calves [22].

Risk factors affecting the prevalence of infection in-
clude animal age, herd size, animal density per unit area,
introduction of new animals, seasonality, high milk pro-
duction, reduced natural resistance in animals and zoo-
technical factors [23]. However, severe outbreaks may
occur even in herds with optimal housing conditions,
suggesting that BRSV can induce disease independently
of predisposing environmental factors [24].

The mechanisms enabling BRSV persistence in cattle
populations remain incompletely understood. Clinically
affected animals are regarded as the primary infection
sources, suggesting that recurrent outbreaks most com-
monly result from the reintroduction of the virus into herds
prior to new disease events. However, BRSV can also be iso-
lated from asymptomatic carriers, where it may persist for
months, establishing latent infections that could explain
outbreaks in relatively isolated calves. The virus can also
circulate at minimal levels among seropositive cows, with
periodic reactivation [1].

VIRAL GENOME CHARACTERISTICS

Orthopneumovirus bovis is an enveloped virus con-
taining single-stranded negative RNA approximately
15,000 bp in length [1]. Virions may be spherical, but are
usually filamentous or pleomorphic in shape, approxi-
mately 200 nm in diameter. The viral genome encodes
nine structural proteins and two non-structural proteins.
The structural proteins include three enveloped glyco-
proteins (F, G, SH), nucleocapsid proteins (N, P, L), nucleo-
capsid-associated proteins (M2-1 and M2-2) and matrix
protein (M) [25].

The G protein mediates viral binding to host cells, while
the F protein facilitates viral entry into cells, systemic
spread within the host organism and formation of cha-
racteristic syncytia [21].

The F protein is involved in the immune response
by stimulating the production of virus-neutralizing anti-
bodies and facilitates the penetration of viral particles into
host cells, as well as mediates the fusion of infected cells
to form syncytia — multinucleated giant cells. The G pro-
tein is mainly involved in receptor binding and adsorption
process [12]. The F and G genes play an important role
in viral infectivity and are the main targets of the immune
system [6, 20]. The F gene is highly conserved, and its nu-
cleotide sequence variation is lower among BRSV isolates
compared to the G gene [26]. Due to its high genetic vari-
ability, the G gene can be used for the evolutionary analy-
sis of virus strains [7].

The SH protein is a short integral membrane protein.
It plays an important role in inhibiting apoptosis during
infection, promoting viral replication. This protein is not
essential for viral replication, but is involved in evading
the host immune response [27].

The nucleoprotein (N) plays an important role in viral
transcription and replication, acting as a scaffold for the as-
sembly of the viral ribonucleoprotein complex. It can be
expressed on the surface of infected cells early in the viral
replication cycle [28].

The phosphoprotein (P) acts as a regulatory factor for
viral transcription and replication. The polymerase L is

an RNA-dependent RNA polymerase responsible for viral
transcription and replication [20].

The M protein is located on the inner surface of the vi-
ral envelope and plays a role in virion assembly. Unlike
other viralmRNAs, M2 mRNA is translated into two distinct
proteins, M2-1 and M2-2, through a ribosome termina-
tion-dependent reinitiation mechanism. The M2, M2-1,
and M2-2 gene products serve as key regulatory proteins
that modulate the BRSV replication cycle. M2-1 incorpo-
rates into the ribonucleoprotein complex to facilitate viral
mMRNA transcription, while M2-2 regulates the transition
from transcription to replication [28].

The nonstructural proteins NS1 and NS2 modulate
the innate immune response early in the viral replication
cycle by interfering with interferon induction/signaling,
dendritic cell maturation, and T-lymphocyte activation.
Additionally, NS1 and NS2 inhibit apoptosis, thereby pro-
longing the survival of infected cells and enhancing viral
production [28].

Currently, BRSV is classified into four antigenic sub-
groups (A, B, AB, non-typeable) [1] and ten genetic
subgroups [7, 26, 29].

PATHOGENESIS

Orthopneumovirus bovis demonstrates cytopathic
effects in cell cultures and induces extensive bronchial
epithelial damage in vivo. The virus initially infects upper
respiratory tract epithelial cells, then rapidly disseminates
via cell-to-cell transmission to the lower respiratory tract,
where it replicates in bronchioles [30]. Primary cellular tar-
getsinclude bronchial epithelial ciliated cells and alveolar
type | pneumocytes [31]. BRSV has also been reported
to infect intraepithelial dendritic cells and basal epithelial
cells of the conductive airways, using in vitro cultures [32].
This broad cellular tropism within the respiratory tract
enables efficient viral replication and systemic dissemi-
nation.

The direct pathological consequences of lytic viral
replication include sloughing of necrotic epithelial cells,
resulting in ciliostasis and impaired mucociliary clearance,
and accumulation of exudate in the bronchioles and al-
veoli. The initial influx of polymorphonuclear neutrophils
into the airways is rapidly replaced by a predominantly
lymphomononuclear infiltration of peribronchiolar tis-
sues and increased microvascular permeability, resulting
in submucosal edema. The loss of ciliated epithelium in-
creases the amount and viscosity of mucous secretions.
Bronchiolitis, characterized by inflammation, necrosis,
and obstruction of the bronchioles, leads to airway nar-
rowing, airflow impairment, and respiratory distress. Lung
consolidation occurs due to accumulation of inflammato-
ry cells and fluid in the alveoli and bronchioles, resulting
in additional respiratory distress. Interstitial pneumonia,
another common pathological manifestation, develops
from inflammation and thickening of the pulmonary inter-
stitial tissue. In severe cases, the virus causes bronchiolar
obstruction and alveolar damage, severely compromising
the calf’s respiratory function [25, 30].

The severity and duration of the disease depend pri-
marily on the host immune response rather than on viral
replication. Innate immune mechanisms provide the re-
spiratory tract with the first barrier against establishment
of productive infection. Subsequently, specific humoral
and cellular immunity play a decisive role in eliminating
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the infection and mitigating its course [30]. It has been es-
tablished that severe BRSV disease begins at low viral load
or after viral elimination and is associated with a hyper-
reactive immune response [33]. The detection of hyaline
membranes and eosinophils in the caudal lung regions,
even in areas without detectable virus, further confirms
the role of immune-mediated pathological processes in
BRSI pathogenesis [6].

The progression of infection and the immune response
profile are primarily shaped by cytokine regulation pat-
terns. BRSV employs multiple mechanisms to inhibit both
innate and adaptive immune responses, negatively im-
pacting immunological memory formation. During infec-
tion, dendritic cell functionality becomes compromised,
resulting in dysregulated adaptive immunity: T-helper 1
(Th1) responses are delayed or suppressed, while Th2 cyto-
kine production is upregulated [25].

The Th1-mediated immune response involves produc-
tion of type linterferons (IFNs), particularly IFN-a and IFN-f3,
that play a critical role in inhibiting viral replication and
dissemination. Various defense mechanisms are then acti-
vated, including the expression of antiviral proteins, to in-
terfere with viral replication and dissemination. In addition
to type | IFNs, innate immune cells secrete proinflamma-
tory cytokines and mediators such as interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumor necrosis factor-a (TNF-a),
which promote inflammation and recruitment of immune
cells to the site of infection, and mediate the systemic cli-
nical features associated with infection.

Severe infection is associated with modulation of
the Th2 immune response with increased expression
of Th2-promoting cytokines and elevated concentrations
of BRSV-specific IgE antibodies in lymphatic fluid [34].
Pathogenesis features of severe BRSV infection in calves
include rapid neutrophil infiltration, excessive mucus pro-
duction, delayed T cell response, expression of IL-4, IL-5,
IL-10, IL-13 and IL-17 cytokines [28, 35, 36].

NS1and NS2 proteins play a crucial role inimmunosup-
pression by inhibiting the type I IFN response and other
immune system components [33]. This leads to reduced
antiviral immunity and diminished phagocytic activity in
the lungs of infected animals, contributing to the develop-
ment of bronchopneumonia [4].

Despite these protective mechanisms, cattle are sub-
ject to numerous reinfections with BRSV. Subsequent in-
fections are generally less severe but maintain circulation
of the virus in the population, facilitating infection of sus-
ceptible animals [25].

BRSVinduces secondary bacterial infections in the lower
respiratory tract, leading to the development of severe
pneumonia [37]. The virus enhances the adhesion of bac-
teria (Mannheimia haemolytica, Pasteurella multocida, His-
tophilus somni, Streptococcus pneumoniae, Pseudomonas
aeruginosa, Trueperella pyogenes) to the epithelial cells
of the respiratory tract [18, 33, 36, 38, 39, 40, 41, 42, 43].
Studying the mechanism of bacterial superinfection
caused by Pasteurella multocida after BRSV infection,
P. E. Sudaryatma et al. found that bacterial adhesion
to epithelial cells of the lower respiratory tract of cattle
is enhanced by increased expression of the platelet acti-
vating factor receptor (PAFR) [42]. Infection of bronchial
and lung epithelial cells with BRSV increased adhesion
of Pasteurella multocida to these cells, but did not af-
fect the enhancement of adhesion to tracheal epithelial

cells [41]. The results of the studies confirmed the ability of
the virus to preferentially replicate in the lower respiratory
tract. McGill J. L. et al. found that coinfection with BRSV
and Mannheimia haemolytica in calves results in increased
expression of IL-17, IL-21 and IL-22 in the lungs and peri-
pheral blood [36].

CLINICAL SIGNS

The incubation period for BRSI in cattle is 2 to 5 days.
In experimental studies, the onset and duration of clinical
disease varied significantly, but symptoms were usually
present between day 2 and 8 after infection [44]. Virus
replication is detected at day 2-3 after infection and con-
tinues until day 7-10 after infection. Under natural condi-
tions, the disease can manifest in various forms — ranging
from subclinical cases with minimal clinical signs to severe
forms featuring pronounced respiratory lesions, dyspnea,
and even animal death.

The infection may be asymptomatic, limited to the up-
per respiratory tract, or affect both the upper and lower
respiratory tract. In mild cases involving upper respiratory
tract lesions, clinical signs include cough, serous-mucous
nasal discharge (rhinitis) and conjunctivitis, mildly to mo-
derately increased respiratory rate, fever, anorexia, and
lethargy. In moderate cases, affected calves exhibit a re-
spiratory rate exceeding 80 breaths per minute, tachypnea,
harsh lung sounds across most of the pulmonary fields,
and a pronounced cough.

Severe infection is characterized by high fever, pro-
found depression and marked dyspnea. Affected ani-
mals may develop acute respiratory failure accompanied
by grunting expiration, open-mouth breathing with
protruding tongue, neck extension, head lowering, and
salivary discharge. Pulmonary emphysema and edema
are consistently observed in these cases, with occasional
development of subcutaneous emphysema [6, 20, 34, 45].

Pathological changes are confined to the lungs. At nec-
ropsy, characteristic findings include interstitial pneumo-
nia with cranioventral lung consolidation. The bronchial
tree contains abundant mucopurulent exudate. Caudodor-
sal pulmonary regions frequently exhibit overdistension
due to interlobular, lobular, and subpleural emphysema.
The lungs appear grossly enlarged, with notable tissue
friability. Tracheobronchial and mediastinal lymph nodes
often show enlargement, edema, and occasional hemor-
rhage. In cases of bacterial superinfection, the parenchy-
ma demonstrates increased edema and consolidation,
with potential development of fibrinous or suppurative
bronchopneumonia [6, 20].

BRSV MOLECULAR EPIZOOTOLOGY

Orthopneumovirus bovis, as most RNA viruses, exhibits
significant genomic heterogeneity and low replication
fidelity, facilitating the development of diverse viral sub-
populations within a single host [1, 46].

Molecular genetic studies of BRSI outbreaks have
demonstrated the circulation of identical viral strains
among animals within single herds. During recurrent
outbreaks, genomic divergence between viral strains can
reach 11%, with emerging genetic variants becoming
dominant [47].

Molecular epizootiological studies of BRSV have re-
vealed significant geographic correlation between viral
variants and emergence of new genetic lineages [46].
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Currently, ten genetic subgroups of BRSV have been
identified through phylogenetic analysis of G and N gene
nucleotide sequences [14]. Subgroup | comprises strains
isolated in Europe prior to 1980 [48]. This group strains
were last recorded in cattle in Belgium in 1997.

Subgroup Il strains circulate predominantly in Denmark,
Sweden, Norway, and Japan [7, 14, 49]. Subgroup Il incor-
porates strains originating from the USA, Italy, China, and
Turkey [14, 46, 50]. Chang Y. et al. confirm the dominance
of these strains in China [12]. Subgroup IV contains two dis-
tinct subclasses: I1A and IB. Subgroup IV 1A includes strains
isolated in Englandin 1971 and 1976, and IB includes those
isolated in the Netherlands in the 1980s [7]. Subgroups V
and VI were identified in France and Belgium [7, 49], while
subgroups VIl and VIl were detected in Croatia (2018) and
Italy [29, 46]. Recent surveillance has revealed two addi-
tional subgroups: IX (identified in Brazil [51] and Japan)
and X (found in Japan) [26].

Until recently, there was no information on the geno-
types of virus strains circulating in Russia. Glotov A. G. et al.
were the first in our country to sequence the complete
nucleotide sequence of the glycoprotein G gene of five
virus isolates circulating among high-yield dairy cattle
in Siberia and two vaccine strains. Based on phylogenetic
analysis, it was established that the population of Sibe-
rian BRSV isolates is represented by two subgroups and
one independent clade. Thus, NSO1 and NSO2 isolates
recovered from calves in the Novosibirsk Oblast, were
assigned to subgroup Il of BRSV strains. The nucleotide
similarity of these isolates with the Croatian strain was
99.09%, with the Swedish strain — 98.44%, with the Itali-
an strain — 98.31%, and nucleotide mutations were found
in the G gene sequence relative to other strains of sub-
group I, leading to a number of unique amino acid sub-
stitutions. Alt3 and Alt4 isolates recovered from animals in
the Altai Krai, were assigned to subgroup Ill. The nucleo-
tide similarity of the Altai isolates with the Chinese strains
was 98.73-97.34%. Unique amino acid substitutions were
found in the sequences of isolate Alt3. A separate clade
was formed by isolate K18, recovered from diseased hei-
fers imported from Canada during an outbreak of mass
respiratory disease after mixing them with local cattle, as
well as the attenuated strain 375, included in the compo-
sition of two vaccines. The complete nucleotide sequences
of the G glycoprotein gene obtained from BRSV isolates
were deposited in the GenBank database under accession
numbers OR426499-0OR426505 [19].

CONCLUSION

The analysis of the presented data allows us to conclude
that BRSI is widespread in many countries worldwide, in-
cluding the Russian Federation. The infection causes signi-
ficant economic losses in dairy and beef cattle production
due to morbidity, mortality, and treatment and prevention
costs. Cattle serve as the main reservoir of BRSI. BRSV rep-
lication is restricted exclusively to the respiratory tract.
The virus increases susceptibility of calves to secondary in-
fections and facilitates bacterial colonization of the lower
respiratory tract, resulting in severe pathological manifes-
tations that progress to bronchopneumonia or fibrinous
pneumonia. A characteristic feature of BRSV is its capacity
to induce immunopathology. The pathogenic effect of
the virus stems from an imbalanced immune response
skewed toward Th2-dependent processes. The pathogen

exerts potent immunosuppressive effects, which contri-
bute to disease complications and recurrent infections.

The relatively rapid evolutionary rate leads to signi-
ficant genetic and antigenic heterogeneity among field
virus strains. The identification and characterization
of genetically distinct BRSV subgroups circulating within
regional farms, along with comprehensive studies of their
antigenic properties, are crucial for implementing effec-
tive infection control measures. This includes developing
precise diagnostic methods and effective vaccines to re-
duce economic impacts.

Given BRSV's pronounced genetic variability, investi-
gations into its molecular epizootology are of particular
importance. Continued research on the genetic diversity
of circulating BRSV strains and their pathogenic potential
within our country remains essential for formulating effec-
tive immunoprophylaxis strategies against this infection.
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Factors contributing to ocular pathologies in fish
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ABSTRACT

Introduction. With the decline in industrial salmon catches, fish hatcheries play a crucial role in replenishing stocks of these commercially valuable fish species.
Inaquaculture conditions, salmonids often demonstrate eye lesions, which reduce their adaptability in natural environments. Diagnosing these pathologies enables
their classification by causative factors and development of therapeutic and preventive measures.

Objective. To search for and summarize scientific publications on ocular pathologies in salmonids at facilities engaged in industrial breeding, commercial farming
or reproduction in Asia, America, Europe, and the Russian Federation.

Materials and methods. A search for Russian- and English-language articles in PubMed, Scopus, Web of Science, and eLIBRARY.RU databases was conducted.
To prepare the review, 44 research papers published between 1975 and 2024 were used.

Results. The study demonstrates that eye lesions in Atlantic salmon (Salmo salar), brown trout (Salmo trutta), and rainbow trout (Oncorhynchus mykiss), such as
non-parasitic cataracts (lens opacity), keratopathy (corneal opacity), and unilateral or bilateral exophthalmia (eye protrusion), are reported at fish hatcheries and
aquaculture facilities in the Northwestern region of the Russian Federation, as well as in several foreign countries. Eye lesions lead to decline inimmunophysiological
state and growth rates in aquaculture, reduction in the number of healthy fish, increased feed costs, and release of substandard fish from hatcheries into natural
water bodies, sometimes resulting in their mortality. Basic information on factors contributing to the development of ocular pathologies in salmonids is presented.
An analysis of therapeutic and preventive measures for eye lesions is provided, highlighting the importance of a differentiated and causative factor-dependent
approach.

Conclusion. In global veterinary practice and fish pathology, the problem of eye protrusion in fish remains understudied, with limited research on the topic. This
review analyzes and differentiates the key factors contributing to the development of ocular pathologies in salmonids. Identifying these factors will enable early
diagnosis, determination, and development of preventive measures or effective treatment regimens, ultimately preserving fish health, improving the productive
capacities of aquaculture establishments, and reducing economic losses.
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For citation: Bychkova L. |., Karaseva T. A., Pylnov V. A. Factors contributing to ocular pathologies in fish. Veterinary Science Today. 2025; 14 (2): 140-147.
https://doi.org/10.29326/2304-196X-2025-14-2-140-147

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

For correspondence: Larisa |. Bychkova, Cand. Sci. (Biology), Senior Researcher, Department of Technology and Regulation of Aquaculture, Russian Federal Research
Institute of Fisheries and Oceanography, 19 Okruzhnoy proezd, Moscow 105187, Russia, larabychkova@mail.ru

YK 619:617.7:639.3

(DakTopbl, CNOCOOCTBYIOLLNE PA3BUTUID
NaToNnornYecknx N3MeHeHil B rnasax y pblo
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' OIBHY «Bcepoccuiickuii HayuHO-MCCe0BATENbCKMI MIHCTUTYT pbiGHOTO X03AiiCTBa 1 0keaHorpaduu» (OrBHY «BHUPO»), OkpyxHoii npoe3p, 19, r. Mockea, 105187, Poccust
2TonapHblit dunian OTGHY «Bcepoccuiickmii HayuHo-McCe[OBaTENbCKII MHCTUTYT pbl6HOTO X03AiiCTBa 1 0KeaHorpadum» («MUHPOx» um. H. M. Knunosuya),

yn. Akapemuka Knunosuya, 6, r. Mypmanck, 183038, Poccus

PE3IOME

BBepenue. [pu COKpaLLeHUn NPOMBbILLIEHHDIX YIOBOB JI0COCEBbIX OTPOMHOE 3HaUeHue NPUHAANEXHT Pbl60BOAHBIM 3aB0ZaM N0 BOCMPOM3BOACTBY 3aMacoB
3TIX BUAO0B NPOMBbICTOBbIX Pbi6. B yCI0BMAX NCKYCCTBEHHOTO BbIpALLUBAHINA T0COCEBbIX YaCTO OTMEYAIOT NOPAXKEHMA N3, KOTOPble MPUBOAAT K CHUMKEHNI
YPOBHA aZjanTaunm pbi6 B eCTecTBEHHbIX YCI0BUAX. [IMarHOCTKa NaTonorii N03BOAAET KNaccuduumpoBaTh UX N0 Bo3AeCTBYI0WLeMy GakTopy 1 paspaboTaTb
neyebHble 1 NpopunakTyeckine MeponpuaTya.

Lienb uccnepgoBanus. Mounck v 0606LLeHMe HayuHbIX NybAMKaLWii N0 NPo6AeMe NaToNorK a3 y NOCOCEBbIX HA NPEANPUATUAX, 3aHUMAKLLUXCA MPOMBbILLIEH-
HbIM pa3BefieH1eM U MX TOBAPHbIM BbIpaLLMBaHNEM UK BOCMPOM3BOACTBOM, B cTpaHax A3un, Amepuku, EBponbl n B Poccuiickoii Oepepaumn.

Martepuanb! u meToAbl. [IpoBeieH MONCK PyccKo- M AHIMOA3bIYHbIX CTaTeil B HayKomeTpuyecknx 6a3ax aaHHbix PubMed, Scopus, Web of Science, eLIBRARY.RU.
[lna nogroToBky 0630pa 6bina Ucnonb3oBaHa MHGopMaLMa U3 44 HayuHo-McCeoBaTeNbCKUX paboT, ony6nnkoBaHHbIX B nepuog ¢ 1975 no 2024 r.
Pe3ynbratbl. [loka3aHo, YTo nopaxeHue rMa3 y aTnaHTUYeckoro N0COCA, KyMXM, PadyXHoil Gopenu B Bue HenapasuTapHoil KatapakTbl (MOMyTHEHUe XpyCTa-
INKa), KepaTonaTii (MOMYTHEHNe POroBMLbI), 0AHO- U ABYXCTOPOHHETO BbiNaZeHIA a3HOro A6NI0Ka PerncTpUpyeTca Ha 3aB0dax Mo BOCIPOU3BOACTBY BOAHBIX
61onornyeckux pecypeoB 1 Ha 06beKTax akBakynbTypbl B (eBepo-3anagHom perinoHe Poccuiickoil Defepauim, a Takke B paje 3apybexHbix cTpaH. 0TmeyeHo,
4TO NOPAXKEHNe rNa3 BeyeT 3a coboii CHUXKeHUe UMMYHOGU3MONOTNYECKOTO CTaTyCa 1 TEMMOB POCTA B YCTIOBMAX aKBAKYMbTypbl, yMeHbLUEHNe KONMuecTBa
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MONHOLIeHHOIA pbiObl, yBenMYeHe KOPMOBIX 3aTpaT U BbIMyCck HENOAHOLEHHOI Pbi6bl B eCTeCTBEHHbIE BO0EMbI ¢ Pbi6OBOAHbIX 3aBOA0B, @ UHOTAA ee rnbenb.
lpeacTaBneHa ocHoBHaA MHGOpMaLKA 0 dakTopax, CnocobCTBYIOLLIX Pa3BUTHIO Fa3HbIX NaTONOTYIA Y NococeBbIX. TpoBe/ieH aHanu3 neyebHo-NpopunaKTUYeCKIX
MepONpUATUI, NPUMEHAEMbIX NPY NOPaXKeHUH a3, NoKa3aHa 3HAYMMOCTb AndGepeHLMPOBAHHOTO NOAX0AA K AaHHOI Npobneme B 3aBUCUMOCTI OT AeliCTBY-
foLLiero GakTopa.

3akniouenue. B MupoBoii BeTepuHapHOii 1 UXTUONATONOrMYECKoil NpaKTUKe Npobnema BbinaZeHns rMa3 y pbiObl HeJOCTaTOUHO M3yueHa, KONMYECTBO NC-
(n1el0BaHNIA Ha 3Ty Temy orpaHinyeHHo. B gaHHoM 0630pe npoaHanu3MpoBaHbl 1 AnddepeHLMPOBaHHO NPeACTaBAeHbI OCHOBHbIE GaKTOPbI, CTOCOBCTBYIOLME
Pa3BUTHIO Na3HbIX NATONOTHIA Y N0COCEBbIX, BbIABEHME KOTOPbIX MO3BOMAT OCYLLECTBIUTL PAHHIOK AMArHOCTUKY, ONPeAeNuTh 1 pa3paboTaTb Mepbl podunakTuki
UM SOGeKTUBHbIE CXeMbl JIeYeHNA, UTo, B CBOIO 0YepeAb, NPUBE/ET K COXPAHEHMH0 340POBbA Pbi6, NOBBILLEHMHO NPOAYKTUBHOCTY PbIGOBOAHDBIX NPeANPUATMIL

W CHUXEHUI0 SKOHOMUYECKMX NOTepPb.

KnioueBbie cnoBa: 0630p, natonorua mas, 3k30(Tanbmus, KatapakTa, Kepatonarus

[ins uurnpoBanus: bbiukosa /1. I1., Kapacesa T. A., MbinbHoB B. A. DakTopbl, CNOCOOCTBYIOLLME Pa3BUTID NATONOrMUECKIX U3MEHeHNI B Tna3ax y pbi6. Beme-
PuHapus ce200Hs. 2025; 14 (2): 140—147. https://doi.org/10.29326/2304-196X-2025-14-2-140-147

Kondnukr unTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ins koppecnonpeHumn: bblukosa lapnca NBaHoBHa, KaHA. OUON. HayK, CTApLLNiA HAYYHbI COTPYAHUK OTAENA TEXHONOTWIA U PETYAMPOBAHWA aKBAKYILTYpbI
OBHY «BHIPO», Okpy»Hoii npoe3g, 19, r. Mocksa, 105187, Poccus, larabychkova@mail.ru

INTRODUCTION

Growth and survival of wild and aquacultured fish large-
ly depends on visual capacities as well as on prey detection
and capture efficiency. The eye is an extremely important
sensory organ for most fish species and one of the most
vulnerable to negative environmental impacts. In aqua-
culture, there are many factors that can cause temporary
or permanent changes in the cornea, lens, eyeball, or con-
junctiva. In this regard, the eye condition is of diagnostic
value and is often used as an indicator of fish health [1, 2].

The clinical signs of eye diseases in fish include cataracts,
keratopathy, and exophthalmia. Cataract is a lens opacity
that occurs due to pathological changes in the underlying
epithelium or the lens fiber composition and structure [3].
Keratopathy is a complex of degenerative changes result-
ing in the compromised cornea protective function and its
opacity. Exophthalmia is an ocular protrusion in fish result-
ing from mycotic infections or toxic environment.

In our country, the nonparasitic cataracts and other
ocular lesions in salmonids were brought to notice by
A. M. Marchenko in the 1980s. The disease was detected
at the Maysky salmon hatchery in the Kabardino-Balkarian
ASSR: lens opacity, hemorrhage in the postorbital region,
unilateral or bilateral exophthalmia were reported in ju-
venile Terek trout. The same disease was later detected
in young Caspian salmon in the Chaikend fish hatchery in
the Azerbaijan SSR. The causes of the pathological chan-
ges in the eyes were carefully studied and analyzed [4].

In the following years, as the level of intensification
of biotechnological processes and the volume of fish aqua-
cultured in Russia and in the world increased, the specia-
lists studied a wide range of eye pathologies in the aqua-
cultured fish. However, the number of published studies
documenting eye pathologies in fish remains limited com-
pared to the extensive scientific literature on other organ
studies. The diagnosis of an eye disease is established on
the basis of epizootological data, deviations in the be-
havior of the diseased fish, clinical signs and laboratory
test results. The histopathological tests allow classification
of the eye conditions from acute inflammation to cataracts,
keratitis, retinopathy and other changes.

The objective of this work was to summarize and review
scientific papers on diseases of parasitic and nonparasitic
etiology associated with ocular pathology in aquacultured
fish, as well as factors causing ocular pathology.

SITUATION IN THE RUSSIAN FEDERATION
AND IN THE WORLD

In 1990s, eye lesions were reported in juvenile At-
lantic salmon and trout at salmon hatcheries in the
Murmansk Oblast (Taibolsky, Umbsky, Kandalakshsky,
Knyazhegubsky), Karelia (Petrozavodsky, Kemsky, Vygsky)
and Arkhangelsk Oblast (Onezhsky and Solzensky). Such
pathologies as exophthalmia and nonparasitic cataracts
were reported. A specific sign of exophthalmia involved
lesions of the cornea and periorbital skin fold charac-
terized by dense white papule-like structures (1-2 mm
diameter) with broad bases and tapered tips. As a result
of the disintegration of these structures, the cornea and
the periorbital skin fold were destroyed, which resulted in
the leakage of the eyeball contents and its prolapse from
the orbit in fish of all ages. Wild Atlantic salmon (Salmo
salar) broodstock captured in the Kola River (Murmansk
Oblast) demonstrated eyeball deformity, opacity and cor-
neal thickening with perforations in the papule-like struc-
ture sites. Despite clinical presentation suggestive of infec-
tious etiology, the causative agent of this eye pathology
remained unidentified. In fish hatcheries in the Murmansk
Oblast, eye lesions were more often observed in salmonids
of all age groups: fry, underyearlings and two-year-olds.
Cases of nonparasitic cataracts were reported in salmon
hatcheries in Karelia [5].

Various types of ocular pathologies due to infectious
and non-infectious agents and, as an exception, a parasitic
agent, resulted in the need to analyze all available litera-
ture on ocular pathologies in fish. The number of publi-
cations on this problem in the world is limited, however
the analysis of the literature demonstrated that the disease
is widespread in the Scandinavian countries, USA, Canada,
Japan and causes great economic damage, which is ex-
pressed in the decreased growth rate and increased feed
costs, compromised immunity and higher susceptibility of
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the fish to bacterial pathogens in the aquaculture envi-
ronment [6, 7, 8]. In 1960s and 1970s, specific eye lesions
were first reported in Japan and the USA as pale nodules
and granulomas of varying morphology in aquacultured
rainbow trout, yellowtail (Seriola quinqueradiata), as well
as in salmonids of the genus Salmo and Oncorhynchus
demonstrating bacterial renal disease, tuberculosis and
streptococcal infection [9, 10, 11].

Ocular pathologies causing vision loss in fish have
emerged as a critical global challenge for hatcheries and
aquaculture farms [12, 13].

FACTORS OF OCULAR PATHOLOGY
DEVELOPMENT IN FISH

For more than 100 years, the publications on ocu-
lar pathologies have been mainly related to cataracts
of parasitic etiology associated with infection with larval
Diplostomum spp. trematodes. Parasitic cataract, or black
spot disease, occurs in both wild and aquacultured fish.
In aquaculture, fish grown in lakes, ponds, and mesh
cages are susceptible to the disease. The infected fish
may demonstrate exophthalmia, hemorrhages, cataracts,
retinal detachment, decreased growth rate, and cache-
xia [7,10, 14].

Among the numerous factors resulting in visible ocular
disorders in fish, the three key ones include the following:

- effects of bacteria and viruses;

- unbalanced diet (alimentary diseases);

- poor water supply, contamination of the water with
toxic and chemical substances.

Infectious diseases. Bacteria and viruses often in-
duce pathological changes in the eyes of fish [15]. Along
with other clinical signs of infection, exudative or exuda-
tive-hemorrhagic inflammation in fish can be manifested
as unilateral or bilateral exophthalmia. In this condition,
the fish’'s eye abnormally protrudes from the orbit due
to pressure from inflammatory exudate accumulating be-
hind the eyeball (Fig. 1).

Exophthalmia and hemorrhages in the eyes of aqua-
cultured rainbow trout were indicated by D. W. Bruno et al.
in cases of acute viral hemorrhagic septicemia (VHS).
VHS is widespread in Europe, North America, Japan, and
Taiwan [10]. Similar pathology is observed in plasmocytoid
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leukemia of chinook salmon (Oncorhynchus tshawytscha)
along the western coasts of America and Canada. The
disease causative agent in salmonids is a retrovirus (sal-
mon leukemia virus, SLV). Exophthalmia and subsequent
blindness are typical for fish infected with viral encepha-
lopathy and retinopathy (VER, or viral nervous necro-
sis, VNN) [14, 16].

In 1980s, an outbreak of a new disease was repor-
ted in juvenile Caspian trout (Salmo trutta caspius) at
the Chaikend fish hatchery, Azerbaijan SSR, when specific
eye lesions were observed. Clinical examination demon-
strated dense white papule-like structures (1-2 mm in di-
ameter) with broad bases and tapered tips on the cornea
and periorbital skin fold. As a result of their disintegration,
the cornea and the periorbital skin fold degraded, which
resulted in the discharge of the eye contents and eyeball
prolapse. It was histologically determined that papule-like
structures consist of epithelium, Bowman’s membrane and
the corneal stroma. Eosinophilic and small basophilic inclu-
sions were observed in the cytoplasm of the epithelial cells.
Clusters of virus-like particles (30-40 nm) were detected
using electron microscopy. The experts suggested these
particles to be a virus of the Picornaviridae family [4, 17].

In the early 1990s, fish pathologists A. M. Marchenko
and T. E. Rodina described a coinfection in Caspian trout
underyearlings and broodstock, which was caused by Re-
nibacterium salmoninarum bacterium (causative agent
of bacterial kidney disease) and an unknown filterable
agent, presumably a virus. The diseased underyearlings
demonstrated papule-like formations in the eyes simi-
lar to those detected in fish at the Chaikend fish hatch-
ery, pale gills, sandy-colored liver, and gray edematous
kidneys. The highest mortality rate (25%) was reported
in fish with the specified clinical signs. Thorough disin-
fection of fish tanks and equipment, selection of clinically
healthy broodstock, and feeding therapeutic feed with
erythromycin helped to stop the fish mortality. However,
for a long time, the ocular pathology was reported in sin-
gular individuals [4].

Itisimportant that in the coming years, these diseases
were not reported in the Caspian trout, and the suspec-
ted viral pathogens did not spread over the territory of
the Russian Federation and were not reported in salmo-
nids in other regions. Perhaps their spread was limited to
the Caspian Sea basin. The viruses are known to lack epi-
zootic potential in the ecosystem due to the rare contact
of individuals of the same species, but with a high density
of fish in aquaculture they can acquire pronounced patho-
genic properties and trigger a disease outbreak [18].

Exophthalmia, hemorrhages in the eyeball and a wide
range of signs of chronic pathology are reported among
the symptoms of bacterial diseases [8, 19, 20, 21]. For
example, in 1986, at the Taibolsky fish hatchery in the Mur-
mansk Oblast, a specific ocular pathology was first detec-
ted in juvenile Atlantic salmon (Salmo salar). Uncontrolled
fish transportation resulted in rapid disease spread over
the salmon hatcheries in the Murmansk and Arkhangelsk
Oblasts and in Karelia [22, 23]. In aquaculture practice, this
pathology was reported as exophthalmia, nonparasitic
cataract, or mechanical injury. The disease was observed
in salmonids of all age groups raised in fish hatcheries:
fry, underyearlings and two-year-olds [5, 22, 23]. The di-

sease-typical signs were also detected in rainbow trout
(Parasalmo mykiss) when grown in marine net cages,

Fig. 1. Infectious exophthalmia and ocular hemorrhagic lesions
in farmed rainbow trout (photo by T. A. Karaseva)
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Eurasian river perch (Perca fluviatilis), common minnow
(Phoxinus phoxinus) and ninespined stickleback (Pungitius
pungitius), which inhabit freshwater lakes — water sources
of the salmon hatcheries [22, 23].

The bioassay results indicated that exophthalmia
in Northwest fish hatcheries was caused by gram-positive
cocci bacteria, which were initially identified as Streptococ-
cus sp. In terms of biochemical properties, 93 of the ob-
tained serotypes were homogeneous and in terms of an-
tigenic properties they were close to the causative agent
of streptococcal infection in yellowtail [22]. The disease
was called streptococcal infection in salmonids, respec-
tively. Later, in the 9 edition of “Bergey’s Manual of Deter-
minative Bacteriology” (1993), these bacteria, pathogenic
for salmonids and yellowtail, were assigned to the species
Enterococcus seriolicida [24]. Thus, it was found that patho-
logical processes in the eyes of fish developed in case of
streptococcal infection. The disease cause is generally simi-
lar to septicemia throughout the year, so ocular pathology,
which is only one of the enterococcal infection signs, de-
velops gradually. At the beginning of the disease, the clini-
cal signs are mainly manifested by unilateral exophthalmia
and hemorrhages in the eyeball. Later, at different stages
of the pathological process development, optic neuritis,
corneal ulceration, vitreous prolapse and lens extrusion
via pupillary rupture are reported, or leukoma is formed
in fish. In the terminal disease stage, complete ocular pro-
lapse occurs with conjunctival rupture [25]. Herewith, un-
deryearlings salmonids do not survive, and in older fish
the eye socket may become filled with pigmented con-
nective tissue. Histological examination of the diseased
fish revealed the fundus and iris hyperemia, corneal kera-
tinization, delamination, erosion and necrosis, hyperemia
and hemorrhages in the choroid, retinal deformity [22].
A number of authors find much in common in the epizoo-
tology of streptococcosis and such diseases as furunculo-
sis and bacterial kidney disease, the etiological agents of
which are closely associated with the hosts, and outside
the body of fish can survive only for a limited time in water
and bottom sediments [26].

At the same time, in the 1980s and 1990s, the juvenile
salmonids demonstrated cataracts, the etiology of which
could not be established. Thus, at the Petrozavodsky fish
hatchery, singular cases of ocular lesions were reported
in the juvenile salmon and lake salmon (Salmo salar mor-
pha sebago); at the Vygsky fish hatchery, cataracts were
observed in 8% of fish, and at Kemsky fish hatchery —in 9%
of the total number of fish grown at the hatchery. No
mortality was reported in the diseased fish. The microbio-
logical test results did not confirm the infectious nature
of cataracts in fish on Karelian aquaculture farms, though
it was assumed against the background of widespread
streptococcal infection [5].

Another bacterial disease that often affects fish’s eyes
is vibriosis. It is a widespread disease of wild and aqua-
cultured fish in marine and brackish waters [27, 28, 29, 30].
Cold water vibriosis usually refers to Listonella (Vibrio) an-
guillarum-associated septicemia (Bergman, 1909). This
Vibrio species represents aquatic saprotrophic microflora,
it can be found in water, soil, mollusks and other marine
inhabitants [9, 31, 32]. The main route of the infection
transmission is with water and through contact with
the diseased fish. On marine farms, Listonella anguillarum
is released into the marine environment from the intes-

Fig. 2. Exophthalmia, corneal necrosis, and eyeball ulceration

in rainbow trout with vibriosis caused by Listonella (Vibrio) anguillarum

(photo by T. A. Karaseva)

tines, kidneys, ulcers and damaged eyes of the diseased

and recovering fish. Serous hemorrhagic inflammation

and tissue necrosis are typical at all stages of vibriosis. Of
all the salmonids aquacultured in Europe, rainbow trout is

the most susceptible to the disease. In the 1970s and 1980s,
during the period of intensive development of trout aqua-
culture, vibriosis was widespread in the Gulf of Finland and

Gulf of Riga located in the Baltic Sea. The disease outbreaks

were reported in the farmed trout nearly every year, ave-
raging a 30% mortality rate [33]. In northern European

Russia, a vibriosis outbreak was first reported in two-year-
old rainbow trout at White Sea fish farms in July 2004, two

weeks after their transfer to marine cages. The disease was

acute, and the mortality rate exceeded 40% [34].

Unilateral exophthalmia is generally observed in infec-
ted fish at the initial vibriosis stages. The subsequent ocular
lesions are characterized by degeneration of all eye struc-
tures and tissues. They involve destruction of the cornea,
dislocation of the lens, eyeball erosion and ulceration,
and bleeding (Fig. 2). Less frequently, fish develop leuko-
ma. In the survived individuals, the affected eye usually
remains in place, with residual tissues staying within the
eye socket [35].

Alimentary diseases. Since the early 1990s, the in-
crease in the number of ocular pathologies in fish coinci-
ded with the introduction of granular salmon feeds and at-
tempts to replace high-quality animal proteins in these
feeds with plant proteins or low-quality animal protein
substitutes. For the growth of fish, especially salmonids,
use of balanced feed in the diet is very important. A defi-
ciency of even one component in the feed leads to the de-
velopment of changes, often irreversible, in the body
of fish, including those in the eyes [36, 37]. When using
unbalanced feeds, the body is deficient in vitamins, amino
acids, and mineral elements, which causes various types
of eye lesions: cataracts, keratopathy, and eyeball protru-
sion.The S. G. Hughes review on ocular diseases that occur
due to imperfect salmon feeds examines six types of pa-
thologies. They include deficiency of riboflavin (vitamin B.),
thiamine (vitamin B,), vitamin A, sulfur-containing amino
acids (methionine and cysteine), tryptophan and zinc. In
case of ocular pathologies, common are three main signs:
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cataracts, keratopathy, and exophthalmia. Furthermore,
both eyes are affected [2].

Thus, in case of riboflavin (vitamin B,) deficiency in feed,
lens opacity and sometimes corneal rupture with adhe-
sion of the lens to cornea were reported in fish. Histologi-
cal examination revealed corneal thickening, as well as
vascularization, hyalinization and degeneration of the lens
subepithelial layers. All these changes led to the loss of
its transparency. The consequences of thiamine deficien-
cy (vitamin B,) in salmonids involved corneal opacity and
inflammation, blindness. Pathological changes in the eyes
were noted in experimental conditions simulating lack
of vitamin A in the diet of char and rainbow trout. Cor-
neal and lens opacification as well as photophobia were
reported in rainbow trout. The addition of beta-carotene
to the feed prevented eye lesions only in warm water
(above 12.4 °C), no such therapeutic effect was, however,
observed at lower water temperatures [36]. Exophthalmia
occurred with a lack of ascorbic acid and tocopherol (vi-
tamin E) [37, 38].

Ocular pathologies in fish are caused by a deficiency of
sulfur-containing amino acids in the feed: methionine, cys-
teine, tryptophan. Their deficiency contributes to the lens
opacification and involves the adjacent ocular tissues in
the degenerative process. Japanese scientists found that
when fed a zinc-deficient diet, the rainbow trout deve-
loped cataracts. The cataract that had already appeared
did not resolve even when the fish began to receive feed
with a sufficient amount of zinc. The zinc requirement
for fish is 15-30 mg/kg of feed [36, 39].

Corneal and lens opacification was reported when
mold fungi were detected in the eyes of juvenile Atlantic
salmon.The source of infection was substandard granular
feed, and the disease was systemic. Moreover, the mold
fungi formed mycelia in the fish eyes [40].

Since early 21 century, solving the problem of ade-
quate feeding in the aquaculture of valuable fish species
(salmon, whitefish) has significantly reduced the number
of fish with ocular damage and improved the disease situ-
ation in salmon hatcheries in the Murmansk Oblast and Re-
public of Karelia.

Water toxicoses. The aquatic environment is often pol-
luted by petroleum products, pesticides, chemical dyes,
nitrates, and heavy metal salts [41]. In aquaculture, the fish
lens is used as a test organ to assess the toxicity of chemi-
cal and other compounds [42, 43]. Experimental studies
were conducted in this area, which demonstrated that
the fish lens was highly sensitive to anthropogenic factors.
The effects of such industrial toxicants as trichlorobenzene,
nitrobenzene, 3-naphthol and salts of heavy metals (lead,
copper, zinc) on fish were examined. It was found that
these toxic compounds caused a change in proliferative
activity in the lens epithelium [44]. The effect of toxicant
exposure on cytodifferentiation, as well as on changes
in the biochemical composition and optical properties
in the lens nucleus and cortex (decreased optical density
of the lens nucleus) was established. The peculiarities of
the reaction of various cytodifferentiation zones of the fish
lens epithelium to a number of toxic compounds (benzene,
inorganic and heavy metal salts) are also reported, which
consist in the inhibition or stimulation of mitotic activi-
ty in the germinal zone of the lens epithelium [41]. The
formation and proliferation of tissue fibers further leads
to cataracts.
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Thus, the toxic effects of the aquatic environment also
contribute to the development of pathological processes
in the eyes of fish.

In the North-West of the Russian Federation, the Onezh-
sky fish hatchery was the most affected in terms of ocular
pathologies for several years (2017-2022). According to
the results of our long-term research, the main cause of
the emerging pathologies in salmonids at this farm was
the quality of the incoming water. Clinical investigation
revealed exophthalmia in underyearling and two-year-old
Atlantic salmon (Salmo salar) and brown trout (Salmo trutta).
The highest level of eye lesions was reported in two-year-
old Atlantic salmon - from 8 to 20%. In 2023, the percentage
of fish with eye lesions was minimal (about 1%). The fish
with unilateral or bilateral exophthalmia demonstrated gill
pallor, pale and friable hepatic tissue, yellow bile in the gall-
bladder, and black discoloration of the posterior kidney.
Microscopic examination of scrapings from the postorbital
region of the protruded eyeball revealed a large number
of coccoid and rod-shaped bacteria. After inoculation of
the fundus contents on the nutrient media, the growth
of colonies of bacteria of the genera Staphylococcus, Fla-
vobacterium (Flexibacter), Pseudomonas was reported.
The main source of water supply for the Onezhsky fish
hatchery is lake Andozero. The meteorological conditions
in summer lead to the lake shallowing, as a result of which
the water entering the hatchery contains a large amount
of inorganic suspensions. In summer, the water tempera-
ture rises and the oxygen level drops to 3.3-3.5 mg/L. It was
perhaps these factors that contributed to the emergence
and development of pathological processes in the eyes
of salmonids with further exophthalmia, usually on the left
side. To stabilize the water quality and temperature condi-
tions in the pools, reconstruction of the water supply system
with the installation of cooling equipment is essential.

CONCLUSION

When growing different types of fish in aquaculture
conditions, there is a risk of various pathological proces-
ses. Among the factors contributing to the development of
the pathological process in the eyes of fish, important are
the following: pathogenic microorganisms, unbalanced
feed, toxic substances. Despite the limited number of Rus-
sian and foreign publications on the problem of ocular pa-
thology in salmonids, the literature review allows for the
conclusion that the diseases leading to blindness in fish
are an urgent problem for the fish hatcheries and farms
all over the world.

In many descriptions of infectious and nutritional di-
seases, the term“exophthalmia” (eye protrusion) is used, so
it is obvious that exophthalmia is a comprehensive term
for many diseases and the most common pathological
condition that can be observed in the eyes of fish.

In order to prevent any problems associated with ocular
diseases, it is necessary to monitor the disease situation.
An integrated approach is essential, which includes evalu-
ation of the water source, monitoring of the incoming
water quality during roe incubation and growing larvae
to an adult, use of balanced feeds for salmonids, ichthyo-
pathological monitoring of the immuno-physiological sta-
tus of fish, and preventive measures to control infectious
and parasitic diseases of fish. This will enable effective
monitoring and minimize the risk of various ocular di-
seases in aquacultured salmonids.
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Epizootic situation on contagious porcine diseases
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ABSTRACT

Introduction. In Burundi, where 80% of the population are engaged in livestock farming, industries with short reproduction cycles (pig farming, poultry farming)
prevail. Despite government support measures and annually increasing pig population, the country has been unable to fully meet the demand for livestock products.
This is due to numerous problems in the sector, with infectious animal diseases being the primary issue. Infectious disease outhreaks can have catastrophic con-
sequences for the human population, including threats to food security, loss of access to animal protein, increased production costs due to the need for expensive
disease control measures, and risks to human health in case of zoonotic diseases.

Objective. The aim s to study the nosological profile of porcine infectious diseases, identify factors contributing to animal infections and assess the swine erysipelas
epizootic situation in the Republic of Burundi from 2018 to 2023.

Materials and methods. Data of annual reports of the General Directorate of Animal Health and test results of the National Veterinary Laboratory of Burundi
(2018-2023) were used to analyze the epizootic situation on infectious porcine diseases. Retrospective and epizootiological analyses were conducted and variational
statistical methods were applied.

Results. The analysis revealed a high prevalence of porcine parasitic diseases, which is attributed to the equatorial climate. Within the overall structure of infectious
diseases, parasitic infestations ranked first, growing from 81.2%in 2018 t0 92.8% in 2023. Bacterial infections were the second most widespread, rising from 3.6%
in 2018 t0 6.3% in 2023. A steady increase in swine erysipelas cases was observed: in 2023 the number of cases was 1.7 times higher than in 2022 and seven times
higher than in 2020. Moreover, the number of provinces where the disease is detected is annually growing. Swine erysipelas is currently reported in 12 out of 18
Burundian provinces.

Conclusion. The Republic of Burundi suffers significant annual losses due to animal deaths caused by infectious disease outbreaks. In the absence of specific disease
prevention measures (particularly for erysipelas) and weak veterinary control of animal movements between households, infections spread rapidly. Therefore,
studying the epizootic situation and developing measures to stabilize it under local conditions is a crucial scientific and practical task for ensuring biological and
food security.

Keywords: pig farming, socio-economic factors, climatic factors, parasitic diseases, bacterial infections, swine erysipelas, Republic of Burundi
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PE3IOME

Beepenue. B EypyHnM, rae 80% xuTenei 3aHUMaeTCA XMBOTHOBOACTBOM, npeoénanaloT 0TpaC/in C KOPOTKUM LIMKNOM BOCNPOU3BOACTBA (CBMHOBOACTBO,
MTULEBOACTBO). HECMOTPH Ha rocyaapCcTBeHHbIe Mepbl NOAAEPKKN 1 €XeroaHblil NpUPOCT YACNEHHOCTI NOroN0BbA (BUHeIA, B (TpaHe He yaaetca obecneuntb
HaceneHue XNBOTHOBOAYECKOI nponyKumeVl B MOJHON mepe. 70 (BA3aHO CTeM, UTO B 0Tpacnu CyLLeCTBYET HEMAJI0 I1p06]1(:‘M, Cpeau KoTopbIX NepBoe MecTo 3aHi-
MaloT 3apa3Hble 60n1e3H1 KUBOTHBIX. Bcnblwwkn I/IH¢€KL|,I/IOHHbIX 3aboneBaHuii MOryT UMeTb KaTaCTpO(I)I/NECKI/IE nocneacTBuA AN HaceneHua CTpaHbl, (BA3aHHble
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CM0APbLIBOM NPOAA0BO/LCTBEHHOI 6E30MaCHOCTI, MOTEPEIA 0CTYNA K XKMBOTHOMY befky, NoBbILLEHNEM CeOeCTOMMOCTY XKIBOTHOBOAYECKOTO NPOU3BOACTBA U3-32
Heo6X0AMMOCTY NPUMEHEHIA KOPOrOCTOALLIX Mep N0 6opbbe ¢ 3aboneBaHMAMY, NOCNEACTBUAMM ANA 3A0POBbA YENOBEKA B (JTyUae BO3HIKHOBEHIA 300HO30B.
Lienb uccnegoBanua. M3yueHue Hosonornueckoro npoduna 3apasHoii NaTonorun CBIMHeN, BblABNEHNE NPUYMH, CNOCOBCTBYHOLLMX MHOULMPOBAHMH KMBOTHBIX,
11 OLieHKa 3MIU300TMYECKOIA CUTYaLm Mo poxe (BUHei B Pecnybnuke bypyHan 3a nepuog ¢ 2018 no 2023 1.

Marepuanbi u meToabl. [InA aHanu3a nn300TYeCkoi 06CTaHOBKM N0 3apa3HbiM 60Ne3HAM CBUHEI UCMONb30Ba JaHHbIE eXerofHbIX 0TYeTOB [eHepanbHOro
yNpaBneHnA X1UBOTHOBOACTBA, a TaKXe pe3ynbTaTbl nccnefoBaHuii HauvoHanbHoil BeTepunapHoil nabopatopun Pecny6nmku bypynam 3a 2018—2023 rr. B npo-
Liecce paboTbl BbINONHANN PETPOCMEKTUBHbII 11 SNN300TONOMNYECKNIA aHANN3, NPUMEHANN METOAbI BapUALMOHHON CTaTUCTUKIA.

Pe3ynbratbl. [IpoBe/ieHHbIN aHaNN3 NOKa3an LWMPOKOE PACnpoCTPaHeH e NapasuTapHbIx GonesHeil CBUHEA, 4To CBA3aHO C 0COBEHHOCTAMM FKBATOPUANBHOTO
Knumara. B obLueii cTpyKType 3apa3Hbix 60ne3Helt HBA3UM 3aHUMAKT MAMpYHLLee MecTo ¢ pocTom oT 81,2% B 2018 1. 1o 92,8% B 2023 1. Ha BTOpom mecTe
110 pacnpocTpaHeHuto HaxoAATCA MHGeKLIMOHHble Gone3Hu 6akTepuanbHoil sTuonorum — ot 3,6% B 2018 1. 8o 6,3% B 2023 . BoiABneHo cTabunbHo pacTylwee
YICNO CTyYaeB poxu CBUHel: B 2023 r. 3aperncTpupoBaHo B 1,7 pasa 6onbLue ciyyaes no cpasHenio ¢ 2022 1. v 8 7 pa3 bonbLue no cpasHenuio ¢ 2020 1. Mpu
3TOM C KaX/bIM r040M BO3PACcTaeT KONNYeCTBO NPOBIMHLNIA, Te BbIABNAIOT AaHHOe 3aboneBaHue. B HacToAwee Bpema B 12 13 18 npouHLMiA BypyHaw pern-
CTPUPYETCA PoXa CBUHENA.

3akntoueHue. Pecnybnuka bypyHan exerofHo Hecet 6onbLue yObITKN OT rM6eN KUBOTHBIX B pe3ynbTaTe BCbILLEK 3a601eBaHil UHYEKLMOHHON NPUPOABI.
[Tpu 0TCyTCTBIM B CTpaHe cnewnduyeckoi npodunakTiky 3apasHbix 60ne3Hell, B YaCTHOCTM POXKIA, CNaBOM KOHTPONE CO CTOPOHBI BeTepUHapHO Cyx6bl 3a nepe-
MeLLEHMAMY XUBOTHBIX MeX Ay AOMOBNaZeHNAMU UHGeKLMM BbICTPo pacnpocTpaHaioTca. [03Tomy n3yueHne 3n1U300THYECKOI CUTYaLLMK 1 pa3paboTka mep
ANA ee CTabunN3aLum B KOHKPETHBIX YCOBUAX ABNAETCA BaXKHOI HayYHOIA M MPaKTMYeCKoil 3ajaueil 4nA obecneyeHna 610N0rNyeckoi n npogoBONbCTBEHHOI
6e3onacHocTy.

KntoueBble cnoBa: cBUHOBOACTBO, COLMANbHO-IKOHOMUYECKHE (aKTOPbI, KNUMaTUYeckue GakTopbl, MHBA3MOHHble Gone3H, 6akTepuanbHble UHGeKLuM,
poxa cBuHeit, Pecnybnuka bypyxau

bnaropapHoctu: Pabota BbinonHexa 8 pamkax Tembl HIOKP «CoBepLueHCTBOBaH1E METO0B AMArHOCTUKM, ieyeHna U npodunakTukn 6one3Heit npoLyKTUBHbIX
YKMBOTHBIX, MTIAL U MYLUHbIX 3Bepeit» (perucTpaLmoHHblii Homep 12103230004 1-1). ABTopbl BblpaxaloT ry60Kyto NpU3HaTeNbHOCTL AMpeKTOpY YnpaBneHus oxpa-
Hbl 31,0p0BbA XUBOTHbIX Pecnybnuky bypyran HrakupyTumana [leaupe 3a npefoctaBneHHble CTaTCTyeckie faHHbIE eXerofHbIX 0TYETOB N0 XUBOTHOBOACTBY;
HauanbHUKy HaumnoHanbHoii BeTepuHapHoii nabopatopuu r. byxymbypbl HuiiokBusepa Mackanio 3a BO3MOXKHOCTb UCMOMb30BaTb pe3ynbTaTbl NabOpaTopHbIX
nccnesoBaHnii.

[ina uutnposanua: Kowaes A. I, Huitonrabo X., fopkosenko H. E., Hum6ona K., Htupanpekypa X.-b. Inu3ootuyeckas cutyauna no 3apasHbiv 601e3HaM (BUHeil

8 Pecny6nuke bypyHan. Bemepurapus cezo0ns. 2025; 14 (2): 148—155. https://doi.org/10.29326/2304-196X-2025-14-2-148-155

KoHdnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnonaenuun: fopkoeHko Hatanba EBreHbeBHa, A-p 610N, Hayk, OLEHT, npodeccop Kadeapbl MUKPOOUONOTUY, SMU300TONIOTUI U BUPYCONOTUN
Orb0Y BO Kybanckuit TAY, yn. um. Kanununa, 13, r. Kpactopap, 350044, Poccus, gorkovenko.n@kubsau.ru

INTRODUCTION

The Republic of Burundi is situated in East Africa be-
tween the Congo River basin and the eastern highlands.
The country shares borders with Rwanda to the north, Tan-
zania to the east, and the Democratic Republic of the Con-
go to the west, with its southwestern frontier extending
along the shores of Lake Tanganyika. Burundi’s topography
is characterized by a highland plateau featuring drama-
tic elevation variations ranging from 772 to 2,684 meters
above sea level, the climate is equatorial.

Due to the relief features, Burundi has a wide variety of
natural and climatic zones. The average annual tempera-
ture ranges from 17 to 23 °C. The country receives sub-
stantial precipitation, averaging 1,500 mm annually. Rainy
seasons last from February to May and from September
to December [1, 2].

With a population of 13.2 million (2023), Burun-
di has one of Africa’s highest population densities at
442 people/km?. The agricultural sector employs 80%
of the workforce, with livestock production accounting
for 14% of national gross domestic product (GDP) and
29% of agricultural GDP. However, the country faces
growing pressure on land resources, particularly due
to shrinking pasture areas. This has led to a shift toward
livestock species with shorter reproduction cycles, and
many farmers are showing interest in pig farming. Pig

and poultry farming are gaining popularity as an alter-
native to cattle breeding, especially among low-income
families. Over 79.2% of households own livestock, 12.9%
of them have at least one pig [3].

Over the past few years, the Government of Burundi,
in collaboration with international trade partners, has ac-
tively supported the pig breeding sector through several
key initiatives. This bilateral cooperation has facilitated im-
plementation of specialized breeding projects to develop
improved pig breeds and establishment of modern animal
breeding centers across the country.

Pursuant to Presidential Decree No. 100/087 of 26 July
2018 “On the Organizational Structure of the Ministry
of Environment, Agriculture and Livestock, the Directorate
General of Livestock” includes three divisions:

— Directorate of Animal Health, including the single ser-
vice of the National Veterinary Laboratory (NVL);

- Directorate of Development of Livestock Farms, in-
cluding the single service of the National Centre for Artifi-
cial Insemination (CNIA);

- Fisheries Development Authority, including the single
service of the National Center for Research and Develop-
ment of Fisheries and Aquaculture (CNDAPA).

The mission of the Directorate for Animal Health is to
prevent spread of animal diseases in general and domestic
animal diseases in particular [4].

VETERINARY SCIENCE TODAY. 2025; 14 (2): 148—155 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 148—155

149



150

ORIGINAL ARTICLES | PORCINE DISEASE OPUTUHANIbHbIE CTATbI | BONE3HY CBUHEN

Despite government support initiatives, the anticipa-
ted expansion of the national pig population has failed
to achieve projected targets. This shortfall primarily stems
from challenges confronting the sector, most notably -
persistent outbreaks of infectious animal diseases, includ-
ing zoonoses [5].

Swine erysipelas represents one of the most eco-
nomically impactful diseases affecting pig production in
Burundi. The infection primarily spreads among healthy
pigs through consumption of contaminated feed and
water [6, 7]. It is caused by Erysipelothrix spp., that are
rod-shaped gram-positive facultative anaerobic bacteria.
Only eight species belong to this genus, among which
is the most frequently isolated Erysipelothrix rhusio-
pathiae [8, 9, 10]. While pigs serve as the main reservoir for
this bacterium, E. rhusiopathiae has also been identified in
various domestic animals, fish and birds [11, 12]. In humans,
the pathogen causes erysipeloid disease, predominantly
affecting individuals in high-risk occupations including
veterinarians, butchers, farmers, and fishermen [13, 14, 15].
Although human E. rhusiopathiae infections remain rela-
tively uncommon, surveillance data indicate a rising trend
in human cases in recent years [10, 16]. Due to its zoonot-
ic potential, swine erysipelas is currently recognized by
the World Health Organization as a significant zoonotic
disease [17].

The aim of the study was to investigate the nosologi-
cal characteristics of swine infectious pathology, identify
the factors contributing to animal infection, and assess
the swine erysipelas epizootic situation in the Republic
of Burundi for the period from 2018 to 2023.

MATERIALS AND METHODS

The study was carried out at the Department of Micro-
biology, Epizootology and Virology at the Kuban State
Agrarian University named after I. T. Trubilin as part of
the research and development project: “Improving
methods of diagnosis, treatment and prevention of di-
seases in food-producing animals, poultry and fur animals”
(Registration No. 121032300041-1).

To analyze the epizootic situation with regard to por-
cine infectious diseases in the Republic, we used data from
the annual reports of the Directorate General of Livestock,

as well as the study results of the National Veterinary La-
boratory of the Republic of Burundi for 2018-2023. In the

course of the work we performed a retrospective and epi-
zootiological analysis and applied methods of variational

statistics.

RESULTS AND DISCUSSION

An analysis of statistical data on pig farming deve-
lopment in the Republic of Burundi revealed a consistent
upward trend in livestock numbers during the study pe-
riod (Fig. 1). This growth was facilitated through collabo-
rative efforts between public and private organizations
to establish supportive socio-economic conditions for
pig-rearing households [18]. The country has implemen-
ted a“solidarity chain”system, where breeding centers dis-
tribute pigs free of charge to small farms and households,
with recipients subsequently providing an equivalent
number of offspring to animal-deprived households.

However, a significant number of pigs die due to inap-
propriate conditions, such as inadequate sanitation in pig
houses, poor-quality feed and infectious diseases.

The indoor pig-rearing system predominates in Bu-
rundian households. Notably, over 70% of household pig
facilities are constructed without adhering to World Orga-
nization for Animal Health (WOAH) recommendations [19],
a key factor facilitating the emergence and spread of infec-
tious and parasitic diseases. Most traditional pig houses
feature wooden structures with clay-filled cracks, lack
proper roofing or have fragile roof coverings, and typi-
cally receive no regular cleaning. In contrast, a minority
of modernized facilities include designated feeding areas,
replaceable bedding, proper liquid manure drainage, con-
crete floors, brick walls and durable roofing materials.

Figure 2 shows the quantitative data for traditional and
modernized pig-rearing facilities.

While the total number of pig housing facilities has
increased, the proportion of those meeting modern stan-
dards has declined steadily from 29.85% in 2018 to 25.35%
in 2023, reaching the minimum in 2019 (20.54%). Conse-
quently, over 70% of pig production facilities in the coun-
try fail to meet basic zoohygienic requirements, which
may significantly increase the risk of infectious and pa-
rasitic disease outbreaks. Another contributing factor
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Fig. 1. Dynamics of pig population in the Republic of Burundiin 2017-2023
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Fig. 2. Proportion of traditional to modernized pig housing in Burundi households from 2018 to 2023

to contagious disease transmission is the inadequate
monitoring system for disposal of animal carcasses and
slaughterhouse waste, as many pig owners dispose of bio-
logical waste in open landfills accessible to scavengers.

Burundi’s geographical location and tropical climate
create favorable conditions for numerous infectious animal
diseases (Table 1), including several zoonoses with epizootic
and epidemic manifestations that occasionally occur.

The animal disease situation in the country is im-
pacted by the equatorial climate, which accounts for
the overwhelming predominance of parasitic infections
among swine contagious diseases [20, 21]. Between 2018
and 2023, the reported cases of swine invasive diseases
remained consistently high, representing approximately
92% of all swine infectious pathologies (Fig. 3).

Itisimportant to note that veterinary services in Burun-
di do not routinely conduct epizootiological monitoring
to detect swine infectious disease pathogens or confirm
their absence. Diagnostic testing to determine the cause
of animal deaths is performed only in cases of mass mor-
tality. Currently, infectious disease diagnosis in Burundi
relies on microbiological (microscopy, culturing), serologi-
cal (ELISA, agglutination, microagglutination tests), and
molecular genetic (PCR) methods, but only when clinical
symptoms or mass mortality events occur. In case of sus-
pected parasitic diseases, clinical and microscopic exam-
inations are primarily used, with post-mortem diagnostics
occasionally performed during necropsies of deceased
or emergency-slaughtered animals. Table 2 presents regi-
stered and laboratory-confirmed cases of swine infectious
diseases in Burundi over five years, based on annual re-
ports from the General Directorate of Animal Health.

The analysis of swine infectious disease prevalence
in Burundi revealed that African swine fever (ASF) ac-
counted for the highest case numbers until 2021. However,
reported ASF cases declined by over 3.5-fold beginning
in 2020, with no cases recorded in 2023.The ASF-freedom
has been achieved through import and export restrictions
on pigs. The movement of pigs within the borders of Bu-
rundi has been limited due to the unfavorable epizootic
situation in neighboring countries [22, 23]. Currently, all
international swine imports are exclusively processed
through the Burundi Institute of Agricultural Scien-

ces (ISABU), with mandatory diagnostic testing and qua-
rantine measures.

It should be emphasized that among viral swine di-
seases only ASF has been reported in the Republic, which
is likely to reflect limited laboratory capacity for viral diag-
nosis. While classical swine fever outbreaks were recorded
before 2018, no cases have been detected in recent years.
Since 2023, bacterial infections have become predominant
in swine pathology (Fig. 4), with erysipelas (33.8%) and
salmonellosis (32.2%) representing the most prevalent
diseases. Other frequently diagnosed conditions include
colibacillosis (15.0%) and ringworm (13.4%) in domestic
pig populations.

Table 1
Prevalence of contagious porcine diseases in the Republic of Burundi
from 2018 to 2023 (according to the General Directorate of Animal Health)

Reported cases by year, %

2018-2019 | 2019-2020 | 2020-2021 | 2021-2022 | 2022-2023

Disease group
by agent type

Bacterial 3.60 3.20 5.20 4.80 6.30
Parasitic 81.20 93.70 91.30 92.16 92.80
Viral 14.50 2.50 2.70 1.70 0
Fungal 0.63 0.54 0.76 1.40 0.97
95
90
85
R
80
81.20
75
70
2018-2019 2019-2020 2020-2021 2021-2022 2022-2023
Years

Fig. 3. Dynamics of reported cases of porcine parasitic diseases
in the Republic of Burundi from 2018 to 2023
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Table 2

Nosological profile of infectious porcine diseases in the Republic of Burundi from 2018 to 2023

(according to the General Directorate of Animal Health)

Number of registered cases by year

2018-2019 2019-2020

Nosological unit

2020-2021 2021-2022 2022-2023

African swine fever 4,093 715 1,164 40.0 1,034 314 598 213 - -
Salmonellosis 753 143 965 33.2 694 211 853 304 902 322
Erysipelas 31 0.6 130 45 486 14.8 552 19.6 948 338
Colibacillosis 218 4.1 392 135 743 22.6 274 9.8 422 15.0
Pasteurellosis 8 0.15 4 0.14 45 14 38 14 158 5.6
Ringworm 178 34 253 8.7 290 8.8 495 17.6 375 13.4
n —number of cases.
tion programs in Burundi. Diagnostic capabilities have im-
o proved significantly since 2019, transitioning from purely
5.6% 13.4% . . . ) ) )
32.2% salmonellosis clinical diagnosis to laboratory confirmation using bacte-
15.0% erysipelas riological culturing and enzyme immunoassay methods.
: colibacillosis A .study of the tc.arritorial distribution of swine erysip-
‘ llosi elas in the Republic showed that the number of prov-
33.8% " p'as eurefiosis inces where the disease is registered is growing every
ringworm year (Table 3).
Between 2018 and 2020 swine erysipelas was confined

Fig. 4. Reported cases of porcine bacterial infectious diseases
in the Republic of Burundi in 2023
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A graphical representation of five-year trend of swine
bacterial disease number in the Republic of Burundi clearly
shows cyclical fluctuations in salmonellosis and colibacillo-
sis prevalence in pigs. At the same time, the swine erysipe-
las occurrence level is steadily increasing. Notably, erysi-
pelas cases increased 1.7-fold in 2023 as compared to 2022,
and surged more than 7-fold relative to 2020 levels (Fig. 5).
Of particular concern is the absence of erysipelas vaccina-

to a single province. However, the disease expanded to
5 provinces by 2022 and reached 9 provinces by 2023. Cu-
mulatively, outbreaks were documented in 12 of Burundi’s
18 provinces over this five-year period (Fig. 6).

The provinces where swine erysipelas has not been
detected are located in southern regions (Bururi, Rutana,
Makamba), the extreme eastern province (Cankuzo), and
northwestern areas (Bubanza and Bujumbura Mairie).
Swine erysipelas outbreaks have been confirmed in all cen-
tral provinces of Burundi. Despite movement restrictions
between provinces and districts, reported erysipelas cases
continue to rise steadily, that may be attributed to growth
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Fig. 5. Dynamics of reported cases of porcine bacterial infectious diseases

in the Republic of Burundi from 2018 to 2023
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in pig populations, inadequate livestock farming practi-
ces, illegal movement of animals and/or animal products
across or within the borders and improved diagnostic ef-
forts by the National Veterinary Laboratory.

The escalating incidence of swine erysipelas raises sig-
nificant concerns among competent authorities and vete-

Table 3
Distribution of swine erysipelas in the provinces of the Republic of Burundi
from 2018 to 2023 (according to the National Veterinary Laboratory)

Period (years)

Provinces

2018-2019 | 2019-2020 | 2020-2021 | 2021-2022 | 2022-2023

rinary specialists in Burundi. The pathogen demonstrates )
prolonged environmental persistence in soil and other Bujumbura Rural - - B - 62
reservoirs due to the country’s humid equatorial climate,  gitega _ - 1 35 198
facilitating the establishment of endemic disease out-
breaks. Moreover, many farmers tend to conceal outbreaks Karuzi - 130 - - -
and animal deaths, and improperly dispose of carcasses Kayanza _ _ _ _ 76
in open landfills accessible to scavengers, exacerbating
transmission risks. In the absence of erysipelas vaccination ~ Kirundo - - - - 204
programs, the current epizootic situation poses a serious M
waro - - - - 4
threat.
Muyinga - - - - 48
CONCLUSION
For the Republic of Burundi, pig farming (whether on Muramvya - ~ B ! -
private, small-scale, or semi-commercial farms) is a crucial  Ngozi - - - - 143
component of food security, ensuring the population’s
access to animal protein. The government has taken sub- Ruyigi B B 160 160 B
stantial efforts to supply farms with livestock and promote Rumonge _ _ 315 124 145
pig farming as a key industry with a short production
cycle. However, the communities suffer significantannual  Cibitoke 31 - - 226 68
losses due to ir.lfectious di;ease f)utbreaks. These !ossgs Totalfor the country 31 130 486 55 018
stem from multiple factors, including unfavorable climatic

conditions, on the one hand, and low livestock farming
standards, on the other. A major contributing factor is in-
adequate epizootic control by the state veterinary service,
as well as lack of vaccination programs, particularly those
against swine erysipelas. The incidence of swine erysipelas
has risen sharply in recent years. In 2023, reported cases
increased by over 1.7 times compared to 2022 and more
than seven-fold compared to 2020. This trend has led to
the establishment and maintenance of persistent, ende-
mic outbreaks across the country. Between 2018 and 2023,

the disease was recorded in 12 of Burundi’s 18 provinces.
Given these findings, Burundi’s veterinary authorities
must prioritize systematic action in three key areas:
1) epizootiological monitoring of swine infectious diseases,
which will enable early outbreak detection, control and
containment of infectious diseases, particularly swine
erysipelas, in the country; 2) training livestock owners in
essential biosecurity practices, following WOAH guidelines
(separation, cleaning and disinfection); 3) development of
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Fig. 6. Administrative divisions of the Republic of Burundi
(provinces with reported cases of swine erysipelas are shown in pink)
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a national policy for modernization of pig farming through
strategic policies, including measures to ensure affordable
feed supplies.
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Virucidal activity of disinfectants against
African swine fever virus

Ivan A. Lavrentiev, Alexey S. Igolkin, Alexander A. Shevtsov, Ivan S. Kolbin, Olga S. Puzankova, Vera L. Gavrilova, Roman S. Chernyshev
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. The most effective strategy to control African swine fever is to implement a set of anti-epizootic measures aimed at preventing introduction and
spread of the disease pathogen. Currently, there is a wide range of commercially available disinfectants used at the facilities subject to veterinary control. Their
effectiveness against African swine fever virus is unknown and is only confirmed by the manufacturers, who do not always provide substantiated evidence.
Objective. The objective of the research is to test virucidal activity of various disinfectants against African swine fever pathogen in the laboratory.

Materials and methods. Twelve samples of disinfectants with different chemical compositions were tested. The first in vitro assessment stage was car-
ried out using suspension method, i.e. working solutions of the tested disinfectants in experimental concentrations and exposure times were added to the
liquid-phase virus-containing material. During the second stage, swabs from concrete test plates contaminated with African swine fever virus were tested
following treatment of surfaces with the working disinfectant solutions. Each stage was performed in two variants: without organic contamination and with
its imitation (application of inactivated bovine serum on the test surface). The samples were tested using virus isolation in a sensitive porcine spleen cell
culture. Results were assessed and interpreted in hemadsorption test. The disinfectant sample was considered to exhibit virucidal activity, if no reproduction
of African swine fever virus was observed.

Results. Nine out of twelve tested disinfectants demonstrated a virucidal effect against reference African swine fever virus Arm 07 strain (genotype Il), when tested
on test surfaces. Such results suggest the need to evaluate further the efficacy of various disinfectants against this pathogen.

Conclusion. The fact that such disinfectant products that are incapable of inactivating African swine fever virus under the conditions specified in their instructions
are potentially marketed underlines the need to improve regulatory framework in order to ensure effectiveness of general disease prevention and control measures.
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BupynuumaHaa akTuBHOCTb Jie3UHOULMPYIOLLX
npenapaToB B OTHOLLEHUV BO30yauTens
aQpPUKAHCKOI YyMbl CBUHEN

. A. laBpenTbes, A. C. Uronkun, A. A. Wesuos, U. C. Kon6un, 0. C. ly3ankoBa, B. J. TaBpunosa, P. C. YepHbiwes
OIBY «DeepanbHblil LieHTp oXpaHbl 340pOBbA XNBOTHbIX» (OTBY «BHUN3XK»), Mkp. H0pbesel, . Bnagumup, 600901, Poccua

PE3IOME

BepeHue. Hanbonee s¢pdexTnsHoi cTpaterneil 6opbObl ¢ adpukaHcKoii uymoii CBUHel 0CTaeTCA NPoBeeHMe KoMMeKca NPOTUBOINM300TAYECKIX Mepo-
MpUATUI, HaNPaBNEHHbIX Ha NpeJOTBPALLEHME 3aHOCA 1 PACNPOCTPaHeHue Bo30yauTena AaHHoi 6one3Hu. B HacToAwlee BpemaA CyLLeCTBYeT LUMPOKII CNEKTP
KOMMepYecKuX Ae3vHULMPYIOLLNX CPEACTB, NPUMEHSAEMbIX Ha 06beKTax BeTepUHAPHOro Haa30pa, 3G¢eKTUBHOCTL KOTOPbIX B OTHOLLEHIM BUPYCa ahpUKaHCKOI
UyMbl CBUHEi Heu3BeCTHa 1 NOATBEPKAAETCA TONbKO 3aBePEHUAMU NPOU3BOANTENEN, KOTOpble He BCeraa npeocTaBaAlT 060CHOBaHHble J0Ka3aTeNbCTBa.
Lienb uccnepoBaHus. JlabopatopHble UCMbITaHNA BUPYINLMAHON aKTUBHOCTY Pa3NnuHbIX A3MHGULMPYIOLLMX NPenapaTos B OTHOLLEHUN BO3byauTens ad-
PUKAHCKOI YyMbl CBUHEIA.

Marepuanbi u metoabl. Viccnenosaro 12 06pa3uoB Ae3MHOULMPYIOLLMX CPEACTB € Pa3ANYHBIM XUMUYECKIIM COCTaBOM. [lepBblil 3Tan no oLeHKe (BOACTB
in vitro NpOBOANAM CyCNEH3MOHHbIM METOAOM MyTeM A06aBReHNA K XUAKoDa3HOMY BUpyCcoaepaLLemy MaTepuany pabounx pactBOPOB UCMbITYEMbIX Npe-
MapaToB B JKCMEPUMEHTAbHbIX KOHLIEHTPALMAX U NpY Pa3iinyHOM BPeMeHU 3KCo3uLum. BTopoi 31an ocyluecTBAANCA NOCPeACTBOM TeCTUPOBAHINA CMbIBOB
C KOHTAMUHMPOBAHHDIX BUPYCOM adPUKaHCKOI UyMbl CBUHEI TecT-NNacTuH 13 6eToHa nocne ux 06paboTku pabounmu pactBopami Aecpencts. Kaxabiii 3tan
NPOBOAWAY B ABYX BapvaHTax: 6e3 0praHyeckoro 3arpA3HeHus 1 € ero nMuTaLmeil (3KCno3mnuua MHaKTUBUPOBAHHON CbIBOPOTKY KPOBY KPYMHOTO POratoro ckoTa
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Ha TecT-noBepxHocTi). 06pasLbl Mcce0Bany METOAOM BUPYCOBbIAENEHUA B YYBCTBUTENbHOI KYNbTYPe KNETOK CeNe3eHKM CBUHbU. YUeT U UHTepnpeTaLmto
pe3ynbTaToB NPOBOAUNM B peaKLyun remagcopbumm. Cuntanu, uto obpasew npenapara 06nasan BUpYNMLUAHON aKTUBHOCTBIO MPU OTCYTCTBUM PENpPOAYKLMM
BUPYCa ahpUKAHCKOIT UyMbl CBUHEIA.

Pe3ynbratbl. BupynuuugHbiv 3gdekTom B OTHOLIEHUN pedepeHTHOro Wwramma Arm 07 Bupyca adpuKkaHckoil uymbl cuHeit (Il reHoTvn) npu MCNbITaHAX
Ha TeCT-noBepxHoCTAX 06nagani 9 u3 12 UcnbITyeMbIX NpenapaToB, YTo CBUAETENbCTBYET 0 HE0OXOAMMOCTY NPOBEAEHNA AANbHELLMX NCCTIe[0BAHNIA N0 OLeHKe
[AeiCTBEHHOCTY Pa3ANYHbIX Ae3MHOULMPYIOLLIMX CPEACTB B OTHOLUEHUI JaHHOTO BO3OyAuTeNA.

3aknioueHue. Bo3moxHOCTb NPUCYTCTBUA B KOMMepUecKom 060poTe Ae3cpefiCTB, HeCOCOBHbIX NPU 33ABNEHHDIX B MHCTPYKLIMM YCIOBUAX MHAKTUBMPOBATD
BUPYC adpUKAHCKOIT UyMbl CBUHEN, NOAYEPKUBAET He0OX0AMMOCTb COBEPLLEHCTBOBAHIA HOPMATUBHO-NPABOBbIX aKTOB B LieNAX obecneyeHna IQGeKTMBHOCTH
mep o6wweil npodunakTuki 1 60pbobI ¢ 60Ne3HbH.

KntoueBbie cnoBa: BUpyc adpukaHcKoii uymbl CBUHE, e3cpeacTBa, Ae3MHOEKTaHTbI, XNI0pCOAepKaLLe Npenaparbl, FyTapoBblii aNbAerig, NepoKCOMOHO-
cynbdar kanua

bnaropgapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux paboT «BetepuHapHoe bnarononyune.

[ina untuposauua: Jlaspentoes . A., Uronku A. C., LWesuos A. A., Konbun W. C., My3ankosa 0. C., laBpunosa B. J1., YepHbiwes P. C. BupynuumaHas aktus-
HOCTb e3uHuLMpYIoLLMX NpenapaTos B OTHOLLEHMN BO36yAMTENA adpUKaHCKOI YyMbl CBUHeIR. Bemepurapus ce2odHs. 2025; 14 (2): 156—163. https://doi.
0rg/10.29326/2304-196X-2025-14-2-156-163

KOH(I)J'IVIKT UHTepecoB: Wronkuu A. C. ABNAETCA uneHom peakonneruu xypHana «BeTepMHapvm CErofiHA», HO HNKAKOro OTHOLLIEHNA K peLleHNto OI'I)I6J'II/IKOBaTb
3Ty (TATbl0 HE UMEET. PyKOﬂI/ICb npoLLna NpUHATYI0 B XypHane npoleaypy peLeH3npoBaHunA. 06 nHbIX KOH¢ﬂMKTaX WHTEPECOB aBTOPbI HE 3aABNAJIN.
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INTRODUCTION

Despite efforts taken to prevent spread of African
swine fever (ASF) in the Russian Federation, there are
still high risks to introduce the infection into pig farms.
The damage caused by the disease is significant. As a result,
Russia’s total losses from ASF in 2018-2020 amounted to
32,571.6 million rubles [1].

Under the current conditions, it is especially important
to ensure biological security for all categories of pig farm-
ing enterprises, i.e. a set of administrative and physical
measures taken to reduce the risk of the disease introduc-
tion, its rooting and spread [2, 3].

Failure to comply with or imperfect biosecurity regu-
lations increase the likelihood of introducing pathogens
of dangerous diseases, including African swine fever
virus (ASFV). Therefore, it is important to implement ef-
fective protective measures (i.e. segregation, cleaning,
disinfection) on all pig farms, pig slaughterhouses and
pig processing plants, taking into account the possibility
of virus introduction via virus sources (infected animals)
and contaminated objects (vehicles, personnel attire, con-
sumables, and farm equipment).

Relevant veterinary rules are implemented in case
of ASF to define the structure of veterinary posts that
shall treat vehicles at the exit from the outbreak and
the protection zone, and shall conduct three-stage disin-
fection in the outbreak to prevent the infection spread [4].
As point 49 of the mentioned rules reads, that chlo-
rine-containing disinfectants (minimum 25% active chlo-
rine) or equivalent disinfecting agents with high virucidal
activity against the pathogen shall be used for disinfec-
tion, according to the instructions for use. However, not
all instructions for commercial disinfectants provide evi-
dence-based data on their efficacy against target patho-
gens and proper application protocols.

All of the above indicates that in order to ensure pro-
tection against introduction and spread of ASF, effective

disinfection measures are required that take into account
the pathogen stability in the environment and pig pro-
ducts, as well as the virus tolerance to certain types of dis-
infectants resulting from a complex virion structure.

The temperature range of ASFV resistance is 5 °C — up
to 7 years, 18-20 °C - 18 months, 37 °C - 30 days, 50 °C -
up to 1 hour. The virus can persist for 6 years in serum at
a temperature of 5 °C, in smoked ham - up to 180 days,
in frozen meat — up to 155 days [5, 6].

Data on survival of ASFV in external environments and
in various excreta from the infected animals are given
inTable 1.

It should be noted that ASFV is not mentioned
in SanPiN 3.3686-21, since it does not belong to zoonotic
pathogens [12]. Pursuant to point 2.13.2 of the “Rules
for disinfection and decontamination at the facilities
under state veterinary surveillance’, ASFV is classified as
stable (stability group 2 out of four groups specified in
the Rules) [13]. The document also includes disinfection
requirements based on the pathogen stability charac-
teristics. However, the listed disinfectants do not include
a wide range of currently used products (based on acids,
alkalis, aldehydes, chlorine compounds, iodine, phenols,
quaternary ammonium compounds) with the following
claimed advantages: relatively short exposure time, ab-
sence of pronounced corrosive and toxic effects, enhanced
effect due to the synergy of components at low concentra-
tions of active substances [14, 15, 16].

As specified in “Methodological guidelines for quali-
ty control of veterinary disinfection in livestock facilities”
(see Appendix 3 to the above mentioned rules), in order
to control the quality of the on-going disinfection, tests
are specified for indicator microorganisms (for stability
group 2: Staphylococcus aureus, S. epidermatis, S. sapro-
phiticus) [13]. Although stability of ASFV and staphylococci
is comparable, it is not equivalent, due to the difference
in the pathogen structure and the specific mechanisms
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ASFV resistance to the environmental factors, based on findings
from independent researchers

Environmental object

Storage conditions | Observation period Reference

Faeces

+4°C 5-280 days [7,8]

+20°C 3-11days [7,9]

Manure

-20°C 2 months [10]

+4°C 30-145 days [8,10]

+20°C 21 days [10]

Urine

-20°C 3 months [10]

+4°C 5-60 days [7,10]

+20°C 5-21days [7,10]

Beach sand

+20°C 14 days [7]

Backyard soil

+20°C 7 days [7]

Bog mud

+20°C 3 days [7]

Soil

-20°C 2 months [10]

+4°C 45-650 days [8,10]

+20°C 30-132 days [8,10]

Moist soil

+4°C up to 3 days [7]

+20°C up to 3 days [7]

Water

-20°C 3years [11]

+4°C 2-33 months [8,10,11]

+20°C 2-13 months [8,10,11]
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of resistance [17, 18]. For example, key components of
the cell wall structure in Gram-positive bacteria, includ-
ing S. aureus, are peptidoglycan and teichoic acids, while
the ASFV virion core is surrounded by a dense protein
layer, an inner lipid envelope, and a capsid, which serves
as the outer layer in intracellular virions. The aforemen-
tioned factors also contribute to the differences in sensi-
tivity to various pH levels. For example, the optimal range
for staphylococcal growth is between 7.2 and 7.4, and
in case of high acidity (pH < 4.5), bacterial growth slows
down, unlike ASF pathogen, which is inactivated at pH
ranging between < 3.9 or > 11.5[19, 20].

Therefore, in order to assess disinfecting properties of
the tested products or their components, it is more suit-
able to use different methods for different types of specific
pathogens (separately for bacteria, viruses, fungi, etc.).

As part of the research work done by the Federal Centre
for Animal Health Reference laboratory for ASF, the viru-
cidal activity of commercial disinfectants against ASFV
genotype Il is tested. The experimental testing includes
two stages: in vitro determination of the minimum effec-
tive concentration and exposure time; spraying test sur-
faces with working solutions of the disinfectants. Artificial
organic soiling is applied at all stages to simulate near-
real-life conditions.

The purpose of the experiment is to compare coded dis-
infectants (with the known chemical composition) based
on their virucidal properties against ASF pathogen.

MATERIALS AND METHODS

Twelve disinfectants manufactured in Russia have been
tested. The disinfectant samples were coded before the ex-
periments.

Due to the absence of relevant internal regula-
tions, the experiments were conducted according
to a disinfectant test scheme similar to that given
in GOST R 58151.4-2018 and R 4.2.3676-20, but after ap-
propriate adjustment of the methods for disinfectants
used for veterinary purposes and their adaptation to
the current pathogen - ASFV [21].

African swine fever virus was handled and the obtained
results were interpreted in accordance with the “Methodo-
logical guidelines for African swine fever virus isolation
and titration in porcine spleen cell culture” [22].

Stage 1 (i.e. in vitro assessment stage) was carried out
in two variants: without protein load and with the addi-
tion of inactivated bovine serum at a 40% concentration
in the virus-disinfectant mixture. A 2-day subconfluent
monolayer of primary porcine spleen cell culture supple-
mented with Eagle’s minimal essential medium, as pre-
scribed by the Federal Centre for Animal Health, contain-
ing 10% foetal bovine serum was used as a test object.

The cell culture was inoculated with liquid-phase he-
madsorbing ASFV genotype Il reference strain Arm 07
deposited into the Federal Centre for Animal Health col-
lection of strains.

Working solution of the tested disinfectants was added
at a ratio of 1:9 (i.e. 1 part of virus-containing material to
9 parts of the disinfectant) to the cell debris-free suspen-
sion containing ASFV Arm 07 strain at a minimum titer
of 6.0 Ig HAdU, /cm’.

Seventy percent-inactivated bovine serum was used
to neutralize disinfectant effect and simulate organic
soiling.

The resulting samples (both with serum and without)
were kept at room temperature during the exposure time,
and subsequently neutralized with bovine serum at a 1:1
ratio (1 part of sample and 1 part of the neutralizer).

Then the mixture (virus, disinfectant and neutralizer)
samples were added into the plate wells with a monolayer
of ASFV-sensitive porcine spleen cell culture, 30 minutes
later the mixture was removed and replaced with the sup-
portive medium. The cell culture was incubated in 5% CO,
atmosphere for 7 days at 37 °C, results monitored daily.

Stage 2 of disinfection efficacy testing included spray-
ing 10 x 10 cm concrete test plates with working solutions
from a spray bottle. Before the experiment, all surfaces
were mechanically cleaned (washed with soap and brush,
rinsed with running water, then wiped several times with
a sterile wet cloth) and autoclaved.

The test plates were placed horizontally; ASFV sus-
pension was pipetted onto each plate (minimum titer of
6.0 IgHAdU, /cm?) at a rate of 0.5 cm*/m? with 5% inacti-
vated bovine serum added to cover 100 cm?area, and was
evenly distributed over the surface. The virus-contamina-
ted surfaces got dry at room temperature, and then were
treated with the tested disinfectant solution at the mini-
mum effective concentration and exposure time.

To simulate organic contamination (protein load),
40%-inactivated bovine serum was used, which was ap-
plied to virus-contaminated surfaces. Surfaces were then
sprayed with the test product at the application rate
of 0.3 L/m? (per manufacturer’s protocol).
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Control test plates were sprayed with sterile or boiled
tap water at the same application rate (0.3 L/m?) as in
the experimental procedure. In order to determine com-
pleteness of ASFV inactivation, swabs were sampled from
the test surfaces and then applied onto a sensitive porcine
spleen cell culture (virus detection was performed through
virus isolation with three blind passages conducted in cell
culture for each sample).

Results were examined by the presence or absence
of hemadsorption phenomenon - a qualitative specific
indicator of ASFV replication. The disinfectant sample was
considered to exhibit virucidal activity, if no hemadsorp-
tion was observed.

RESULTS AND DISCUSSION

Table 2 provides results of disinfectant efficacy testing
(judged by the presence or absence of virucidal activity)
for coded disinfectant samples during two consecutive
in vitro stages.

It was found that nine out of twelve disinfectants were
able to inactivate highly virulent ASFV reference strain
Arm 07 at all concentrations and exposure times, pre-
scribed by manufacturers, on sprayed concrete test sur-
faces.

Disinfectants coded as 1, 2 and 3 with potassium per-
oxymonosulfate as the main active ingredient (at concen-
trations of 0.55, 0.5 and 1.5%, respectively) exhibited activ-
ity against ASFV both when tested by suspension method
and by spraying onto the concrete test surfaces, during
30 and 60 minute-exposure times. Potassium peroxymo-
nosulfate is able to inactivate ASFV even with significant
organic contamination, but in this case its concentration
should be at least 1.0% [23]. The research findings demon-
strate efficacy of potassium peroxymonosulfate-based
disinfectants even at lower concentration (both with and
without protein load), which can be taken into account
when optimizing chemical composition of disinfectants.

The disinfectant coded as 4 (0.002% chlorine dioxide
working solution) demonstrated sufficient virucidal effi-
cacy at experiment stage 1, however, ASFV persisted on
the concrete test surface after 3-minute exposure. The test-
ed concentration of ClO, exceeds the recommended one
(0.0012%) for inactivation of ASF pathogen; and the lack
of activity is most likely caused by insufficient exposure
time. To achieve optimal virus degradation efficacy, when
applying chlorine dioxide to the surface, it is necessary

Fig. Porcine spleen cell culture: A - infected with ASFV;

to adhere to a strict time-temperature regimen (at least
50 min, 37 °C) [24].

Disinfectants coded as 5, 6, 7, 8,9, 10 and 12 contain
glutaraldehyde in their composition. Disinfectant 7 did
not show pronounced virucidal activity in the experiment,
despite sufficiently high concentration of the active sub-
stance (0.024%) in the working solution (as declared by
the manufacturer) exceeding the efficacy rates of other
disinfectants, for example, the one coded as 10 and con-
taining only 0.015% glutaraldehyde, but proved effective
against ASFV during the experiment. The available data
from the few existing studies show the possibility to use
glutaraldehyde at 0.1% concentration during 30-minute
exposure [23]. The lack of efficacy of disinfectant No. 7 may
be explained either by insufficient levels of excipients in
its formulation or deviations in its manufacturing process.
The critical lack of data on the minimum effective concen-
tration of glutaraldehyde required for ASFV inactivation
highlights the need for research to assess the virucidal
efficacy of the disinfectants. It should be noted that glu-
taraldehyde concentration of more than 0.5% can increase
cytotoxicity, which significantly limits the range of experi-
ments [25].

Disinfectant No. 11, containing 0.012% sodium carbon-
ate peroxosolvate, 0.75% sodium alkylbenzene sulfonate,
0.135% citric acid, 0.36% methylene blue, 0.00015% so-
dium carbonate, showed partial virucidal efficacy against
the pathogen. The disinfectant exhibited no virucidial
efficacy against ASFV during 30-minute exposure at
the declared concentrations, however, with prolonged
exposure time, namely 60 and 90 minutes, it was quite
effective. The individual components in its composition,
according published data, demonstrate activity against
ASF pathogen at high concentrations and during pro-
longed exposure time [26]. Chlorine compounds are wide-
ly used as disinfectants due to their high efficacy resulting
from the ability to denature proteins; however, they have
a corrosive effect and are inhibited by organic substances.
Sodium alkylbenzene sulfonate is classified as an anionic
surfactant with well-pronounced detergent properties.
The virucidal properties of citric acid were confirmed
when used at 2% concentration during 30-minute expo-
sure; the effect is achieved due to interaction of lipophilic
structures with the virus membrane and decreased pH.
Sodium carbonate also proved effective against ASFV at
1% concentration and after 30-minute exposure [26].

B —intact (blue arrows indicate porcine spleen cells, red — red blood cells)
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Table 2
Results of testing virucidal activity of disinfectants against ASFV
in cell culture and on a concrete test surface

Stage 1
Product Components (;)fn tcheen;rcattiiloen Exposure time, (suspension method) (spraying)
code (active ingredients) substance, % (Y without protein |  with protein | withoutprotein |  with protein
load load load load
1 potassium peroxymonosulfate 0.55 30 + + + +
2 potassium peroxymonosulfate 0.5 30 + + + +
3 potassium peroxymonosulfate 1.5 60 + + + +
4 chlorine dioxide 0.002 3 + + - -
glutaraldehyde 0.0375
5 15 + + + +
benzalkonium chloride 0.025
alkyldimethylbenzylammonium chloride 0.03
6 30 + + + +
glutaraldehyde 0.05
glutaraldehyde 0.024
7 15 + + - -
alkyldimethylbenzylammonium chloride 0.01
d|de§y|d|methy|ammon|um 00156
chloride
8 alkyldimethylbenzylammonium chloride 0.034 1 * + * *
glutaraldehyde 0.0214
glutaraldehyde 2.0
alkyldimethylbenzylammonium chloride 1.7
9 10 + + + +
didecyldimethylammonium chloride 0.8
isopropyl alcohol 1.0
aIkqu|methylbenzylammon|um 0018
chloride
glutaraldehyde 0.015
10 formaldehyde 0.01 > + + * +
polyhexamethylene guanidine 0.0006
isopropyl alcohol 0.004
sodium carbonate peroxosolvate 0.012 30 + i _ _
sodium alkylbenzene sulfonate 0.75
N citricacid 0.135 60 + + + +
methylene blue 0.36
sodium carbonate 0.00015 % + + + +
didecyldimethylammonium chloride 0.05
alkyldimethylbenzylammonium chloride 0.15
glutaraldehyde 0.05
12 15 + + + +
amino oxide 0.05
isopropyl alcohol 0.05
isotridecanol ethoxylated less than 0.05

“+"—virucidal effect in place (absence of hemadsorption);
“—"—no virucidal effect (presence of hemadsorption).
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The conducted tests demonstrate that protein load
(as a simulation of organic contamination), short expo-
sure time, and relatively low temperatures (of the working
solution, treated object, and environment) are all critical
factors that can significantly reduce efficacy of disinfec-
tants. Therefore, thorough mechanical pre-cleaning of sur-
faces and strict adherence to recommendations, including
those on exposure time and temperature regime, is still
of great importance for practice, which agrees with pub-
lished literature [17].

CONCLUSION

During experiment stage 1 (in porcine spleen cell
culture) all the 12 tested disinfectants exhibited viruci-
dal activity against ASFV reference strain Arm 07, which
confirms in vitro efficacy and absence of cytotoxic effects,
if the recommended concentrations and exposure time
are complied with.

During experiment stage 2 (on concrete test surfaces
with or without simulation of organic contamination), only 9
out of 12 disinfectants were effective, which underscores
the need for comprehensive studies to assess the virucidal
activity of disinfectants using various test objects.

To optimize composition of disinfectants in order to in-
crease their efficacy against ASF pathogen, we consider
it advisable to use glutaraldehyde at a minimum concen-
tration of 0.05%, potassium peroxymonosulfate at a mini-
mum concentration of 0.5%.

The experimentally confirmed impact of organic con-
taminants on disinfectant virucidal efficacy shows that
for practical purposes it is extremely important to tho-
roughly clean surfaces and select the most effective pro-
ducts for both disinfection and washing. In addition, it is
necessary to account for other factors, including a com-
position and concentration of active ingredients that are
effective against the specific pathogen, ambient air tem-
perature, temperature of treated surfaces, temperature of
the disinfectant working solution, exposure time, drying
parameters and other relevant variables.

Application of those commercial disinfectants with
the unknown virucidal activity against ASF pathogen in-
creases the risk of undermining substantial efforts invested
in preventive and eradication measures. Therefore, there is
aneed to introduce relevant regulatory framework on test-
ing commercial disinfectants for their efficacy against cur-
rently circulating pathogens of infectious diseases listed
in the instruction for use.
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Towards improved differential diagnostics
of bovine tuberculosis in the Republic of Dagestan

Magomed 0. Baratov
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ABSTRACT

Introduction. Non-specific tuberculin reactions are among the most critical challenges in tuberculosis diagnosis, with their incidence increasing annually. Given
the complex epidemiological challenges, improving bovine tuberculosis diagnostics is critically important.

Objective. Development of effective comprehensive differential bovine tuberculosis diagnosis and introduction of improved techniques for the infection detection
in farms with different animal health statuses in the Republic of Dagestan.

Materials and methods. 1,670 cattle were subjected to tuberculin testing; 3,502 serum samples were used for serological testing, 112 samples forimmunological
testing, 57 samples of pathological material collected from animals and 76 environmental samples were used for bacteriological testing. Mycobacterium bovis,
Mycobacterium bovis BCG, Mycobacterium avium, Mycobacterium scrofulaceum strains were used in the study.

Results. Nonspecific reactions in the farms of all categories were found to be widespread in the Republic. Diagnostic value of intradermal and intravenous tuberculin
tests in tuberculosis-infected herds was determined (9.4% of extra-detected diseased animals). Complement fixation test is poorly sensitive and highly specific.
Indirect haemagglutination assay results are not confirmed by conventional methods in most cases, which suggests their low specificity. 39 mycobacterial isolates
were recovered from 57 biological samples and identified: 8 (20.5%) as Mycobacterium bovis; 31 (79.5%) as non-tuberculous mycobacteria (acid-fast species),
among them 29 (93.5%) were identified as Runyon Il organisms, 2 (6.5%) as Runyon IIl organisms. 43 isolates out of 76 environmental samples were recovered:
among them 2 (4.6%) were identified as Mycobacterium bovis, 23 (53.5%) as Runyon Il organisms and 18 (41.9%) as Runyon Ill organisms. Among culture media,
Lowenstein-Jensen’s egg-based medium provides the best growth performance and most effective suppression of competing microflora.

Conclusion. The obtained data provide a fundamental basis for developing an effective comprehensive method for differential diagnosis of bovine tuberculosis.
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PPD tuberculin
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K coBepLLeHCTBOBaHUIO AUPPepeHLInanbHON
NUArHOCTUKN TybepKyne3a KpynHoro poratoro CKoTa
B ycnosuAx Pecnybnuku [larectaH

M. 0. bapatos
[puKacnuiicknil 30HaNbHbII HayYHo-NCCNIeA0BATENbCKNIA BETEPUHAPHBIA MHCTUTYT — duanan OTBHY «DeaepanbHbiii arpapHblii HayuHbIl LieHTp Pecny6nuku Jlarectan»
(Mpukacnuiickuit 3oHanbHblit HUBW — dunuan OFBHY «OAHL| PL»), yn. laxagaesa, 88, r. Maxaukana, 367000, Pecnybnuka [larectan, Poccus

PE3IOME

Beepenue. Mpyn anarHoctuke Tybepkynesa Hecneunduyeckie peakLum Ha Ty6epKyniH ABRAIOTCA 0AHON 13 Hanbonee BaXHbIX NPo6NeM, yBeNMUNBaIOLLNXCA
C KaxZabIM rof0M. YUnTbIBaA CNOXKHYI0 CUTYaLMIo, B TOM YnCTe 1 SNUAEMUONOTMYECKyH, COBEPLUEHCTBOBAHME METOZ0B AUAarHOCTUKI TybepKyne3a KpynHoro
poratoro CkoTa ABAAETCA BECbMA aKTyalbHbIM.

Llenb nccnepoBanus. Pa3pabotka 3¢ deKTBHOrO KOMNNEKCHOro MeTofa AnddepeHLManbHOR ANarHocTuKI TybepKynesa KpynHoro poratoro CKOTa U BHeApeHue
YCOBEpLUEHCTBOBAHHOI CXeMbl BbIABNIEHMA MH(EKLIMN B X03AIACTBAX C PA3NMYHBIM 3MU300TUYECKIIM COCTOAHMEM B ycroBusAX Pecnybauku [larecTaH.
Martepuanbi u meTogbl. Annepriyeckiim nccneoBaHuAM noggeprn 1670 ron. KpymHOro poratoro ckoTa, ceponorinyeckum — 3502 06pasLia CbIBOPOTOK KPOBH,
umMmyHonornyeckum — 112 npo6, 6aktepuonornyeckum — 57 npo6 natmarepuana, 0T06paHHOr0 0T XKUBOTHBIX, U 76 NP06 — 13 00beKTOB BHeLuHeli cpefbl. B nc-
(N1e0BaHNI CNONb30BaNM WTaMMbl Kynbtyp Mycobacterium bovis, Mycobacterium bovis BLX, Mycobacterium avium, Mycobacterium scrofulaceum.
Pe3ynbTatbl. YcTaHOBNEHO LIMPOKOE PAaCPOCTPaHeHIe HecneLnduyeckix peakLuii Bo BCex Kateropusx Xo3aicTs pecnybnuki. Onpefenexa anaroctnyeckas
LIeHHOCTb BHYTPUKOXHOI 1 BHYTPUBEHHOI NPo6 B HebnarononyyHbix no Tybepkynesy cragax, rae Y1Co AONOMHUTENBHO BbIABAAEMbIX 60/IbHbIX COCTaBUN0 9,4%.

© Baratov M. 0., 2025
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Peakuma (BA3bIBAHMA KOMNNEMEHTA UMEET HI3KYH YYBCTBUTENBHOCTD U BBICOKYHO CELMUUHOCTb. Pe3ynibTaTbl peakLmin HenpaMoii reMarrioTUHaLmn B 60sb-
LUMHCTBE CTy4aeB He MOATBEPKAAKTCA KNACCUUECKUMU METOAMIA, UTO ONPedenseT ee HU3KYHo cneunduuHocTb. 113 57 npob 6uomartepuana bbino u3onnposaqo
1 uaeHTuduLnpoBaxo 39 kynstyp Mukobaktepuii: 8 (20,5%) — Mycobacterium bovis; 31 (79,5%) — HeTy6epKyne3Hble KNCOTOYCTOIUNBDIE BUADI, U3 KOTOPbIX
29 (93,5%) otHocatca K Il rpynne no knaccudukauum PanboHa, 2 (6,5%) — « Il rpynne. 113 76 npo6 06beKToB BHeLUHelt cpeabl 1301MpPOBaHbI 43 KyNbTypbl,
13 KoTopbix 2 (4,6%) oTHeceHbl K Mycobacterium bovis, 23 (53,5%) — ko Il rpynne u 18 (41,9%) — Il rpynne no knaccudukauum PanboHa. Haunyuwwummu poctoBbimu
W MHIUGMPYIOLLMIA TOCTOPOHHIOK MUKPOdIOpY CBOACTBAMM 06nafaeT Aunan cpepa NleBeHuteiiHa — Mencena.

3akntoueHue. MonyyeHHble faHHbIE ABAAIOTCA 6a3NCHON 0CHOBOIA ANA Pa3paboTKM IPHEKTUBHOTO KOMMIIEKCHOTO METOAA ANPOepeHLMANbHON AUArHOCTUKIA
Ty6epkynesa KpynHoro poratoro ckota.

KnioueBbie cnosa: Tybepkynes, KpynHblii poraTblii CKOT, annepriueckas [UarHoCTIKa, Ceponoruyeckie TeCTbl, IMMYHONOTYeCK1e MeTOAbI, MKoGaKTepuu,
nuTaTenbHble cpenbl, HeTybepKynesHble BUAbI, 6narononyyHble xo3aiicTaa, MMN/-Tybepkynun

[ins uurnposanua: baparo M. 0. K coBepLueHCTBOBaHMIO ANddEepeHLMaNbHOIA ANArHOCTKM TyOepKyne3a KpymHOro poratoro ckota B ycnouax Pecnybnuki
[Narectan. BemepuHapus ce200n. 2025; 14 (2): 164—170. https://doi.org/10.29326/2304-196X-2025-14-2-164-170

Kondnukr untepecos: ABTop 3aBNAET 06 OTCYTCTBUI KOHGNNKTA UHTEPECOB.

[ina koppecnonpenuymu: baparos Maromes OMapoBuy, A-p BeT. HayK, rMaBHbIli Hay4HbIl COTPYAHMK, 3aBeAyloLLMil labopaTopueil iHdEKLMOHHOI natonoru
CeNbCKOX03AMCTBEHHDIX XMBOTHBIX, MpuKacnmiickuit 30HanbHbIi HUBU — dunuan OFBHY «OAHL PL», yn. laxanaea, 88, r. Maxaukana, 367000, Pecnybnuka

[Narectan, Poccus, alama500@rambler.ru

INTRODUCTION

Animal tuberculosis control in the Caspian region, in-
cluding in the Republic of Dagestan, has attained some
success. At the same time, an analysis of the epizootic
situation in this territory shows that the disease preva-
lence varies between the regions and the number of in-
fected farms has remained almost unchanged in recent
years [1, 2, 3, 4].

Practice shows that the implementation of measures
to prevent the infection introduction to free farms and
to achieve freedom from the disease on the infected
farms must be constantly monitored. Uncontrolled move-
ments of livestock, animal products and feed pose risks
of introducing the pathogen into disease-free farms. All
these circumstances necessitate the need to constantly
improve measures for the prevention and control of bo-
vine tuberculosis (bTB), taking into account the changing
epizootic situation and the peculiarities of modern animal
husbandry [5, 6].

One of the main issues in control system is qualified
diagnostics, which often requires complex and targeted
tests that are not covered by current regulations [7, 8].

As the incidence of animal tuberculosis declines, the is-
sue of non-specific reactions unrelated to the disease is be-
coming increasingly pressing. At the same time, due to
imperfect differentiation methods, such reactions bring
great economic losses leading to slaughter of healthy live-
stock and costly animal health actions [9, 10].

Since many aspects of such reaction mechanisms
remain understudied, multiplicity of concepts still
exists [11, 12].

Despite extensive study, the etiology of nonspecific
PPD-tuberculin reactions in animals has yet to be fully
elucidated. Domestic and foreign literature data show
that the main cause of nonspecific reactions in healthy
animals are non-tuberculous mycobacteria and acid-resis-
tant actinomycetes, which are morphologically, culturally,
physiologically and genetically closely related to myco-
bacteria [13, 14].

There are reports that mycobacterium-like organisms
(Corynebacterium, Nocardia, Rhodococcus), which share
group-specific features with mycobacteria, may also sen-
sitize the animal body to tuberculin [3, 4, 15, 16, 17].

However, it has been established that not all tubercu-
losis-infected animals react to the tuberculin test. Itis also
known that when animals are tested using various me-
thods, only reactors to certain tests are identified, which
is probably due to chronic multi-stage disease duration,
environmental factors, physiological state of the animal,
etc.[18, 19, 20, 21].

This certainly makes it difficult to diagnose tubercu-
losis and necessitates the use of a set of diagnostic tests,
including tuberculin, serological, bacteriological and im-
munological ones. Each of these methods has advantages
along with disadvantages, which increases the effective-
ness of diagnosis [22, 23, 24].

It should be noted that a single diagnostic algorithm
has not been developed yet, moreover, the role of serolo-
gical and immunological methods, in our opinion, is often
underestimated [25, 26, 271].

In this regard, further study of sensitization problems,
spread of mycobacteria and related microorganisms in na-
ture, their isolation rates from the biological samples from
tuberculin-reacting animals and environmental samples,
the ability to sensitize the body to tuberculin and their
epizootic significance are of great scientific and practical
value.

MATERIALS AND METHODS

The nature of allergic reactions was confirmed by in-
tradermal and simultaneous tests using PPD-tubercu-
lin for mammals and nontuberculous mycobacteria
(NTM) complex in accordance with the “Veterinary rules
for preventive, diagnostic, restrictive and other measures,
the establishment and lifting of quarantine and other re-
strictions aimed to prevent and eradicate tuberculosis”’,

! https://docs.cntd.ru/document/565721619 (in Russ.)
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which has been effective since March 1, 2021. A total
of 1,670 cattle of different age groups (cows, heifers)
have been tested.

A comparative analysis of different test results was
performed: based on tuberculin intradermal, intravenous,
intrapalpebral, and ophthalmic tests for allergic reactions
on bTB-infected cattle farms — 170 animals; simultaneous
and intrapalpebral tests on bTB free farms - 386 animals;
serological tests: CFT with MAC (complement fixation
test with mycobacterial antigen complex) — 1,411 serum
samples; IHA (indirect hemagglutination) test using RBC
diagnostic reagents — 2,091 samples; immunological tests:
rosette test, LTT (lymphocyte transformation test), LSLT
(leukocyte specific lysis test) — 112 samples; bacteriologi-
cal tests — 57 biological samples and 76 environmental
samples.

The collection of pathological material (blood, lesions,
lymph nodes), transportation, storage, pre-culture treat-
ment, preparation of nutrient media were performed
in compliance with “Handbook of Microbiological and
Virological Tests” (ed. by M. O. Birger, 1982; in Russ.).

Mycobacterium bovis, Mycobacterium bovis BCG, Myco-
bacterium avium, Mycobacterium scrofulaceum field strain
cultures isolated from homogenated pathological material
and environmental samples and collection strains of these
cultures stored in the laboratory were used in the study.

Biological samples from tuberculin-reacting cattle
of bTB-infected farms were handled according to Alika-
yeva's method.

Pieces of pathological material were ground in a por-
celain mortar with crushed glass. Then the homogenated
material was poured into sterile vials with a 3% solution
of C,,H,.SO,Na (sodium lauryl sulfate) in 1:1 ratio. After
mixing, it was left at room temperature for 20 minutes.
Then the vials were centrifuged for 20 minutes at
1,500 rpm, the supernatant was removed, the precipitate
was washed twice with sterile distilled water and inocula-
ted into Lowenstein - Jensen’s, Finn Il, Petraniani, Gelberg
media and modified Shkolnikova medium to detect and
exclude cell wall deficient mycobacteria (L-forms).

Environmental samples (hay, straw, scrapings from
feeders, soil, manure) were crushed, mixed with saline
solution, ground and dispensed into vials with a 5% solu-
tion of H,SO, (sulfuric acid) in 1:1 ratio and left at room
temperature for 30 minutes. Then the vials were centri-
fuged at 1,500 rpm for 20 minutes, the supernatant was
removed, the precipitate was washed twice by centrifu-
gation and used for inoculation. Each sample of the pre-
ciptate was inoculated in 8 tubes and incubated in a ther-
mostat at 37-38 °C.

Percentage ratio of tuberculin reactors and tuberculosis-infected cattle
in the Republic of Dagestan in 2022-2023

Reactors /
diseased
animals, %

Diseased cattle
identified,
animals

Tuberculin reactors

ENIELS

(attle tested,

animals

Tuberculosis agents and non-tuberculous myco-
bacteria were differentiated in accordance with
GOST 26072-89 (ST SEV 3457-81) “Livestock and poul-
try. Methods of tuberculosis laboratory diagnosis” and
GOST 27318-87 (ST SEV 5627-86) “Livestock. Methods
of nontuberculous mycobacteria identification™.

All experiments were carried out in strict accordance
with the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scientific
Purposes (ETS No. 123).

RESULTS AND DISCUSSION

An analysis of the test results for allergic reactions
indicates that reactions to PPD-tuberculin for mammals
in the Republic of Dagestan are prevalent, regardless of
the natural and climatic zones.

The ratio of animal reactors in all categories of farms
was 30.9%, with a majority of reactions occurring on bTB
free farms, which is indicative of widespread nonspecific
reactions in healthy cattle.

It should be noted that the number of tuberculin re-
actors on free farms in mountainous and foothill areas
is slightly less than on lowland farms (Table 1).

These figures significantly differ from previously pub-
lished data, reflecting the correlation between the number
of tuberculin reactors and vertical zonation. Comparative
cartographic analysis shows that in the second half of
the last century and in the beginning of the current cen-
tury, the correlation between the number of both tuber-
culin-reactors and confirmed bTB cases and the number
and density of animal populations and proximity to
the lowland zone was recorded.

Analysis revealed no climate zone-dependent variations
in tuberculin test reactivity or confirmed bTB incidence.
The prevalence of reactors (45) and bTB cases (2) on moun-
tainous zone farms (4.44% ratio), despite conditions favor-
ing stronger immunity, appears attributable to: uncon-
trolled inter-farm interactions, substantial seasonal livestock
transfers, and regular import of feed from lowlands.

While no bTB cases were confirmed among foothill
zone reactors, the historical prevalence matches that of
the lowland zone, precluding any conclusion of disease-
free status. The data provided should be considered inter-
im and require annual confirmation.

Tuberculin reactivity in cattle shows significant sea-
sonal variation, with peak rates occurring during spring
and autumn months. More than 80% of the reactors are
detected during this period.

In order to compare the effectiveness of various tests
for allergic reactions on bTB infected farms, 170 animals
were tested with tuberculin intradermal, intravenous, in-
trapalpebral and ophtalmic tests (Fig. 1).

The diagnostic value of intradermal and intravenous
tests and their role in bTB diagnosis were determined. It
was established that most effective diagnostic approach
for the animals from bTB infected herds is the combination
of intradermal and intravenous tuberculin tests. The per-
centage of additionally detected diseased animals was
9.4%. This method proved to be effective both for the ini-
tial diagnosis and for the differentiation of tuberculin non-
specific reactions.

2 https://docs.cntd.ru/document/1200025492 (in Russ.)
3 https://docs.cntd.ru/document/1200025497 (in Russ.)

Mountainous 167 45 26.9 2 4.44
Foothill 182 59 324 - -
Lowland 201 66 328 4 6.06

Total 550 170 30.9 6 3.50
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The comparative study of simultaneous and intrapal-
pebral tests of animals from bTB free farms for the pur-
poses of initial diagnosis (386 animals were tested) gave
inconclusivee results (Fig. 2): simultaneous test showed 19
PPD-tuberculin reacting animals (4.9%), 15 animals reac-
ted to NTM complex (3.9%); 4 animals showed reactions
to intrapalpebral administration of tuberculin (1.0%).

With Dagestan accounting for 21.3% of Russia’s sheep
and goat population (ranking first) and 5.3% of cattle (rank-
ing third), predominantly in backyard farming systems,
developing reliable methods to differentiate non-specific
reactions has become a critical modern priority. The stan-
dard simultaneous testing protocol proved ineffective
under these conditions, while current regulations pro-
hibit diagnostic slaughter as follow-up to skin test results.
Studies revealed that the intravenous diagnostic method
proved most effective under these conditions, showing
particular advantages when testing small herds in private
ownership settings

In animals displaying positive reactions to both intra-
dermal and intravenous tests, post-mortem and labora-
tory analyses confirmed tuberculosis in 95.8% of cases,
as demonstrated by comparative evaluation. In addition,
in herds with long-term tuberculosis history, an intrave-
nous test additionally reveals tuberculin-anergic animals,
with their number ranging from 0.2 to 0.7%, according
to numerous reports.

Detection rates of intradermal test reactors were as-
sessed among stable / pasture-kept animals in backyard
farming systems of two foothill settlements (Karabuda-
khkentsky and Buinaksky Raions, 167 animals) and on dif-
ferent farms in the lowland (SPK “Lvovskoye” Babayurtsky
Raion, 123 animals, farm “Telmana” Kizlyarsky Raion,
274 animals). The results are shown in Figure 3.

It was found that in all farms, except for “Telmana”farm
in the Kizlyarsky Raion, more than 10% of cattle reacted
to PPD-tuberculin.
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Fig. 1. Assessment of diagnostic value of tuberculin tests
in tuberculosis-infected farms

Intrapalpebral
tuberculin test,
4 animals

(1.0%) PPD-tuberculin

19 animals (4.9%)

Simultaneous
tuberculin test

386 animals 34 animals

in total

NTM complex
15 animals (3.9%)

Fig. 2. Results of comparative analysis of simultaneous
and intrapalpebral tests

T

Number of animals

M Region ™ Number of animals

Lowland

¥ Number of reactors

Fig. 3. Number of tuberculin reactors raised in stall / pasture conditions
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Table 2
Number of isolates from environmental and biological samples
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The analysis of serological test results was based on
the parallel use of tuberculin tests: 1,411 serum samples
using CFT with MAC and 2,091 samples using IHA test with
three RBC diagnostic reagents (M. bovis, M. avium, M. for-
tuitum). No reliable correlation was revealed between
the number of intradermal test reactors and the number
of animals demonstrating diagnostic antibody titers in
their sera by serological tests.

The CFT demonstrates high specificity (85-100%) but
low sensitivity, making it valuable for confirmatory diagno-
sis CFT shows promise in identification of anergic animals
in chronically infected herds. Our observations show that
the number of such animals in some farms can reach up
to 10%.

The results of the highly sensitive IHA test using RBC
diagnostic reagents in most cases are not confirmed
by conventional methods (post-mortem and laboratory
tests), which is indicative of its low specificity for tubercu-
losis. This test using several diagnostic reagents can serve
as an additional test for tuberculin non-specific reaction
differentiation.

Cellular immunity tests (rosette test, LTT, LSLT) exhibit
appropriate sensitivity and specificity characteristics, but
their complexity confines them primarily to research ap-
plications rather than mass screening programs.

The results of bacteriological test revealed that M. bo-
vis can be isolated in pure culture in almost all biologi-
cal samples from animals demonstrating bTB-consistent
changes and from about 6% of asymptomatic animals.

Thirty nine mycobacterium cultures were isolated and
identified from 57 biological samples: 8 (20.5%) were
identified as M. bovis; 31 (79.5%) were non-tuberculous
acid-resistant species, among them 29 (93.5%) were iden-
tified as Runyon Il organisms and 2 (6.5%) as Runyon llI
organisms.

Isolated

M. bovis Runyon Il Runyon Il
organisms organisms

Biological 57 39 8 | 205 | 29 | 35| 2 | 65
samples
Environmental 76 B 2 | a6 | B | 35| 18 | 419
samples
Table 3

Isolation rates for different nutrient media

Growth medium

Seventy six environmental samples were collected;
43 isolates were recovered of which 2 (4.6%) were iden-
tified as M. bovis, 23 (53.5%) as Runyon Il organisms, and
18 (41.9%) as Runyon Il organisms (Table 2).

Isolation rates of certain Mycobacterium species dif-
fered significantly among sample types and disease pro-
gression stages. M. bovis isolation frequency decreased
significantly from 40% during active disease progression
to 14% in the fading stage. Similar changes were observed
for non-tuberculous mycobacteria.

The correlation between the frequency and NTM isola-
tion rate from biological and environmental samples can
be traced in all natural and climatic zones.

The growth performance of various nutrient media
was tested by inoculation of 34 mycobacterial cultures:
7 (20.6%) were identified as M. bovis, 27 (79.4%) as non-
tuberculosis acid-resistant species, among them 11 (40.7%)
were identified as Runyon Il organisms and 16 (59.3%) as
Runyon Il organisms. The isolation rate was estimated by
the number of colonies and the growth rate (Table 3).

A noticeable growth of both M. bovis (15 colonies with-
out growth of foreign microflora in 17-19 days) and non-
tuberculous mycobacteria (19 M. avium colonies in 8 days
and 16 colonies of M. scrofulaceum in 7 days) was recorded
on Lowenstein — Jensen's medium. Finn [l medium perfor-
mance was slightly poorer in both growth rates and colo-
ny counts (9 small M. bovis colonies in 17 days; 6, 17, and
13 M. bovis BCG, M. avium, and M. scrofulaceum colonies,
respectively, in 6-11 days). Other media supported slow
bacterial growth, producing only small colonies.

CONCLUSIONS

1. The effectiveness of a set of differential diagnostic
tests, including intrapalpebral, intravenous and intrader-
mal tuberculin tests was demonstrated. The combined use
of these tests identify diseased animals in bTB-infected
herds and differentiate nonspecific reactions to PPD-
tuberculin for mammals.

2. Studies conducted over the past 3 years demonstrate
high prevalence of tuberculin reactors, reaching 18% on
some farms. In most cases, the nature of these reactions
remains unclear.

3.The analysis of serological results revealed CFT high
specificity for tuberculosis diagnosis. We consider it rea-
sonable to use this test as an additional method, in partic-
ular to identifiy animals anergic to tuberculin. Although
serological (IHA) and immunological (rosette test, LTT,
LSLT) tests are not yet widely adopted for diagnosing ani-
mal tuberculosis, they remain scientifically valuable.

4. A comparative study of growth media most com-
monly used in the laboratory revealed that Léwenstein —

Number Growth rate, Number Growth rate, Number Growth rate, Number Growth rate,
of colonies days of colonies days of colonies days of colonies days
Lowenstein —Jensen’s 15 17-19 10 8 19 8 16 7
Finnll 9 17 6 7 17 1 13 6
Petraniani 5 20 7 6 10 12 8 10
Gelberg 6 24 3 8 6 10 4 8
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Jensen's egg-based medium provides the best growth
performance and isolation rates for both typical and
nontuberculous mycobacteria. Despite its overall poorer
performance, Finn Il medium sometimes exhibits faster
growth rates compared to Léwenstein — Jensen's medium.
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Development and testing of a set
of chromogenic media for rapid diagnosis
of bovine mastitis

Andrey V. Kapustin, Alexey I. Laishevtsev, Vasiliy A. Savinov, Pavel N. Shastin, Khamid Kh. Gilmanov, Alla V. Khabarova
Federal Scientific Centre VIEV, 24/1 Ryazansky prospekt, Moscow 109428, Russia

ABSTRACT

Introduction. Bovine mastitis remains one of the most prevalent and economically significant diseases in dairy cattle production. Three chromogenic media
have been proposed for the diagnosis, each specifically designed for isolation and differentiation of certain mastitis pathogen groups: Medium | is intended for
Enterobacteriaceae family bacteria, Medium Il — for Staphylococcus genus microorganisms, Medium |11 — for Streptococcus genus bacteria.

Objective. The objective is to evaluate the sensitivity, specificity, differentiation capacities and inhibitory properties of these chromogenic media, and to test the
media using milk samples from mastitic cows.

Materials and methods. For sensitivity testing, the control strains (Streptococcus agalactiae, Staphylococcus aureus and Escherichia coli) at concentrations of
1x10°% 1x10', and 1x10% CFU/mL were used. Microbial growth was assessed following 24-hour incubation at 37 °C. Specificity and differentiation capacities
were studied using 22 microbial strains, their growth patterns and colony coloration in chromogenic and control media were compared. Inhibitory properties were
determined based on presence/absence of culture growth. The media were evaluated using milk samples from mastitic cows and standardized culturing methods.
Results. The chromogenic media demonstrated sensitivity comparable to the control media (Columbia agar supplemented with 5% defibrinated sheep blood),
p > 0.05. Medium | enabled reliable color-based differentiation but showed limited inhibitory effects. Medium Il ensured selective isolation of staphylococci while
effectively suppressing growth of other bacteria. Medium IIl supported growth of both enterococci and streptococci, including Streptococcus agalactiae. The tests
conducted in milk samples confirmed genus level differentiation capability.

Conclusion. The developed chromogenic media ensure high-accuracy mastitis diagnosis due to their sensitivity, specificity and differentiation properties. Their
implementation makes it possible to cover an extensive range of microorganisms and to selectively isolate the targeted bacterial groups. Further work will be
aimed at improving the media for fungal growth suppression and increasing the diagnostic accuracy.
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Pa3paboTka u anpobaLina Habopa XpOMOreHHbIX cpef
INA SKCNPeCc-ANarHoCTUKN MaCcTUTa
KPYMHOr0 pOraToro CKoTa

A. B. Kanyctun, A. . Jlanuesues, B. A. Casunos, I1. H. Wactun, X. X. nnbmanos, A. B. Xabaposa
OTBHY «(DenepanbHblii HayuHblil LEHTP — Bcepoccniickuii HayuHO-MCCNIe0BATENbCKII UHCTUTYT SKCNEPUMeHTaNbHOIi BeTepuHapui
umenn K. N. Ckpabuna u A. P. Kosanenko Poccuiickoii akapemun Hayk» (OFBHY OHL| BIAIB PAH), Pasanckwit npocnekT, 24/1, r. MockBa, 109428, Poccua

PE3IOME

BBepeHue. MacTut KpynHoro poratoro ckoTa ABNAETCA 0/JHUM U3 HavboMee acnpoCTPaHeHHbIX U SKOHOMIUECKY 3HAUMMBIX 336071eBaHMIE B MOTIOYHOM XKIBOTHO-
BOACTBE. [1115 €10 MarHOCTUKY NPeAIOXKeHbI TPU XPOMOreHHble CPefibl, Kax/as U3 KOTOPbIX NPpeHa3HaueHa AnA BbiAeNneHa 1 AMdGepeHLvaLyn onpeseneHHbIx
rpynn Bo36yawTeneii Mactuta: cpepa | — ana 6aktepuii cemeiictBa Enterobacteriaceae, cpepia Il — pna mukpoopraHusmos poaa Staphylococcus, cpepa lll — ana
bakTepuil poga Streptococcus.

Llenb nccnepoBanua. OueHka YyBCTBUTENbHOCTY, CELUPUUHOCTI, AnddepeHLIMPYIOLLYX V1 MHTMOMPYIOLLIAX CBOIACTB XPOMOTEHHDIX Cpef, a Take vx anpobaums
Ha 06pa3Liax MonoKa OT KOPOB ¢ MACTUTOM.
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Matepuanbi n meTogbl. [1nA oLeHKM YyBCTBUTENbHOCTYM UCMONb30BANI KOHTPONbHbIE LWTaMMbI Streptococcus agalactiae, Staphylococcus aureus w Escherichia
coli B pa3nuuHbIx KoHueHTpauumax (1 10°% 1 10", 1 x 10> KOE/mn). Poct Mukpoopraxu3moB oueHnsany yepe3 24 4 unkybauun npu 37 °C. CneynduyHocts
1 anddepeHumpyloLMe CBOICTBA U3yuanin Ha 22 WTammax MUKPOOPraHU3MOB, CPABHUBAA UX POCT W LiBET KONOHMIA Ha XDOMOTEHHBIX 11 KOHTPONbHOI Cpefax.
WHrubupyioLme CBOICTBA OLEHUBANIA N0 HANMYMIO UM OTCYTCTBUIO POCTA KYNbTYP. AMpobaLiuio Cpefs NPOBOAMIY C HCMOb30BaHUEM 00pa3LI0B MOJIOKa 0T KOPOB
C MaCTUTOM, MCMONb3yA (TaHAAPTU3UPOBAHHbIE METOfIbI N0CEBA U KYNTUBUPOBAHWA.

Pe3ynbTatbl. XpomoreHHble cpeaibl N0Ka3anm ConoCcTaBUMylo ¢ KOHTPONbHOI Cpeoli (Konymbuiickiii arap ¢ fobasneHnem 5% aedubpuHUpoBaHHOR KPOBH
6apaHa) uyBcTBUTENbHOCTB (p > 0,05). Cpena | obecneunna auddepeHLmaLio MUKpOOPraHu3MoB o LIBETY KONOHHIA, HO Mena Hu3Kue MHrbupyloLLme CBOMCTBA.
(Cpepa Il n36upatenbHo Bbigenana cradunokokky, nogasnas poct Apyrux 6aktepuit. Cpepa Il noasepxuBana poct 3HTEPOKOKKOB 1 CTPENTOKOKKOB, B TOM uMcre
Streptococcus agalactiae. Anpobauus Ha 06pa3iiax MonoKa noATBepANNa BO3MOXHOCTb AUdhepeHLmaLm KyabTyp A0 BUAA.

3aknioueHue. PaspaboTaHHble XpomoreHHble Cpefibl 06eCneunBaioT BbICOKYIO TOUHOCTb MArHOCTUKM MACTUTa, COYETas UyBCTBUTENbHOCTb, CMeLGUIHOCTD
1 B epeHLMpytoLL e CBOICTBA. VX KoMNNEKCHOe MCMoNb30BaHMe N03BOMAET OXBATUTD LUIMPOKMIA CEKTP MUKPOOPTaHU3MOB 1 M30MpaTeNbHO BbIAENUTD Lie-
neBble rpynnbl 6akTepuit. lanbHeiiwas pabota byLeT HanpasreHa Ha ynyuLueHue Cpes AnA NOLABEHNA PocTa rpuboB 1 MOBbILLEHIA TOUHOCTI AUArHOCTUKM.

KntoueBble cnoBa: MacTur, 3KCNpecc-anarHoCTuKa, prHHbII7I pOFaTbII7I CKOT, MOJIOKO, XPOMOT€HHble Cpefibl

bnaropapHoctu: Uccnegosanme npoBeseHo B pavKax rocyAapcTBeHHOro 3aaHna MiuHuCTepcTBa HayKku 1 Bbicluero o6pasoBanus Poccuiickoit Oeaepauun,
npoekT FGUG-2025-0003.

[insa yutuposanus: Kanyctuu A. B., Nanwesues A. W., Cauros B. A., Wactun I1. H., Tunbmaros X. X., Xabaposa A. B. Pa3pabotka 1 anpobaums Habopa xpo-
MOTEHHbIX Cpefs ANA IKCNPECc-ANarHoCTUKN MacTuTa KpynHoro poratoro ckota. Bemepurapus ce200w. 2025; 14 (2): 171-178. https://doi.org/10.29326/2304-

196X-2025-14-2-171-178
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INTRODUCTION

Bovine mastitis, an inflammatory condition of the mam-
mary gland, ranks among the most widespread and eco-
nomically impactful diseases in dairy production [1, 2, 3].
Transmission occurs due to multiple factors, including
poor milking hygiene, suboptimal housing conditions,
improper milking techniques, weakened animal immunity
and inadequate preventive measures [4, 5, 6]. The disease
presents in both clinical form - characterized by visible
symptoms such as udder swelling, redness, and pain —
and subclinical form, which lacks overt inflammation but
results in reduced milk quality [7].

The etiology of mastitis comprises two primary causa-
tive groups: mechanical and infectious. Mechanical causes
involve udder injuries resulting from inappropriate milk-
ing techniques, defective milking equipment or traumas
during grazing. These injuries establish favorable con-
ditions for microbial invasion, potentially leading to in-
flammatory development [8]. Nevertheless, pathogenic
microorganisms constitute the principal factor in mastitis
occurrence [9].

The most common pathogens of mastitis are Staphy-
lococcus aureus, Streptococcus agalactiae, Escherichia coli
and others [10, 11]. S. aureus is one of the most dangerous
pathogens, as it can induce chronic forms of mastitis that
are resistant to treatment [12, 13, 14, 15]. S. agalactiae is
transmitted mainly through milking equipment and can
persist in cows for a long time [16]. E. coli often causes
acute forms of mastitis, accompanied by severe symp-
toms [17].

To diagnose infectious bovine mastitis, veterinari-
ans have multiple diagnostic tools at their disposal,
each tool having its distinct advantages and limita-
tions [18, 19, 20, 21, 22, 23, 24]. Among these, bacterio-

logical milk testing remains one of the most widely used
methods [25, 26]. This procedure involves aseptic milk
sample collection followed by inoculation onto culture
media. After thermostat incubation, microorganisms are
identified based on their morphological, biochemical and
cultural properties. While this method enables precise
pathogen identification and facilitates targeted treatment
selection, it requires specialized equipment and has a rela-
tively long turnaround time (2-3 days) [27]. Chromogenic
media can be used to speed up the diagnosis of infec-
tious mastitis. These specialized media contain substrates
that undergo color changes when acted upon by patho-
gen-specific enzymes, allowing for etiological agent iden-
tification within 24 hours post-inoculation. Current rapid
test options include Compact Dry (R-Biopharm AG, Ger-
many) and RIDA® COUNT (Chisso Corporation, Japan) test
plates [28, 29]. These test systems feature various specia-
lized assays for determining S. aureus, Enterobacteriaceae,
Salmonella, total microbial count, E. coli, as well as yeast
and mold contamination.

The Laboratory for Diagnostics and Control of Antibiotic
Resistance of Pathogens of the Most Clinically Significant
Infectious Animal Diseases, Federal Scientific Centre VIEV
has developed its own formulation of chromogenic media
for differentiating mastitis pathogens without requiring
lengthy laboratory studies. The set consists of three dis-
tinct chromogenic media that, when used together, en-
able identification of the mastitis pathogen spectrum in
each specific case. This approach facilitates determination
of the pathogenic spectrum, thereby influencing subse-
quent therapeutic decisions.

The study aims to evaluate the efficacy and diagnostic
quality of these chromogenic media for bovine mastitis
diagnosis.
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MATERIALS AND METHODS

Chromogenic media. Three chromogenic nutrient me-
dia were prepared.

Medium [ is intended for the determination and diffe-
rentiation of the most frequently encountered micro-
organisms of the Enterobacteriaceae family.

Medium Il is intended for the determination and diffe-
rentiation of microorganisms of the genus Staphylococcus.

Medium Il is intended for the determination and dif-
ferentiation of microorganisms of the genus Streptococcus
(in particular, S. agalactiae).

For ease of use, the three media were placed in one
Petri dish with sectors.

The efficacy of chromogenic nutrient media was deter-
mined according to the following criteria: sensitivity, speci-
ficity, cultural properties of microorganism control strains,
differentiating and inhibitory properties. A commercially
available medium, Columbia blood agar (HiMedia Labora-
tories Pvt Ltd., India) supplemented with 5% defibrinated
ram blood served as control.

Control strains. The control strains comprised 22 mi-
crobial cultures from the collection of pathogenic and
vaccine strains maintained at the Federal Scientific Center
VIEV, including: E. coli ATCC 25922, S. agalactiae ATCC 8057,
S. aureus ATCC 12600, Klebsiella pneumoniae B-1392, Prote-
us mirabilis B-1382, Pseudomonas aeruginosa B-1366, Sal-
monella typhimurium B-1025, Enterococcus faecalis B-1399,
Enterococcus faecium 1921, Acinetobacter baumannii 2516,
Enterobacter cloacae 1322, Staphylococcus hominis 1377,
Staphylococcus equorum 2511, Staphylococcus haemoly-
ticus 2505, Staphylococcus pseudintermedius B-1849, Mor-
ganella morganii 1418, Streptococcus uberis 2114, Strep-
tococcus dysgalactiae 2432, Streptococcus pyogenes 1972,
Aerococcus viridans 2320, Streptococcus canis 2326, Strep-
tococcus suis 2383.

Preparation of bacterial suspension dilutions. Initial
bacterial suspensions were prepared at concentrations
of 1x108 to 1x10° CFU/mL using the pharmacopoeial refe-
rence standard (PhRS 3.1.00085). To achieve the required
seeding densities, serial ten-fold dilutions of the initial
suspensions were performed.

Determination of sensitivity. S. agalactiae, S. aureus and
E. coli strains were inoculated onto the studied chromo-
genic and control media in 1 mL at different concentra-

tions: 1x 10°% 1 x 10", 1 x 102 CFU/mL. After (24 + 2) hours
of incubation at 37 °C, the number of grown colonies in
all the inoculations was compared. The experiment was
performed in triplicate. To compare the mean values of
the groups and determine statistically significant diffe-
rences between them, the Student’s test (t-criterion) was
used: the differences are considered statistically significant
if p-value < 0.05.

Specificity assessment. Specificity was determined for
each chromogenic medium separately. The growth and
nature of changes in colonies of different bacterial strains
on the same experimental medium were compared and
the presence of similarities or differences was noted.

Evaluation of differentiating properties. To determine
the differentiating properties, changes in control strains
inoculated in chromogenic and control media (structure,
color of colonies, color of the medium around the colo-
nies) were compared.

Evaluation of inhibitory properties. Inhibitory properties
were determined by the presence or absence of growth
of cultures on chromogenic media in comparison with
the presence of growth on a control medium.

Testing of media with mastitis milk samples. Eight milk
samples (10 mL each) were collected from cows with
mastitis confirmed by the Kenotest somatic cell test (CID
Lines, Belgium). Samples were collected in sterile bio-
logical specimen containers and processed within 2 hours
of collection, with storage maintained at +4 to +8 °C. For
inoculation, a sterile cotton swab was immersed in each
milk sample, excess moisture was removed by touching
the container walls, and then streaked in a lawn pattern
onto three chromogenic media. The cultures were incuba-
ted at 37 °C for 24 hours before result interpretation.

RESULTS AND DISCUSSION

To determine the sensitivity of chromogenic media,
three target strains (S. agalactiae, S. aureus, and E. coli) in-
oculated in 1 mL at three different concentrations (1 x 10°,
1 x 10", 1 x 102 CFU/mL) were used. After culturing for
24 hours at 37 °C, the number of colony-forming units for
all media was counted. The results are presented in Table 1.

To identify statistically significant differences or similari-
ties, the Student’s t-test was used, the results of which are
presented in Table 2.

]l\-l?ebaI: 1colony-forming unit values for each tested microorganism species in experimental and control media
CFU/mL | Medium | | Medium Il | Medium Ill | Control
1x10° 1160114 N7.7£12.7 1053 £21.4
S. agalactiae 1x10' 203+1.2 Inhibited 21738 23.0%6.1
1x10° 3.7+1.2 57+15 33+£35
1x10° 112.0£14.0 M.3+£83 1183 £10.0
S. aureus 1x10' 21.7£32 173 +2.1 Inhibited 23.0+6.1
1x10° 3725 40+2.6 3.0£26
1x10° 100.3 £4.9 183£9.1
E. coli 1x10' 27.0£2.0 Inhibited Inhibited 21715
1x10° 4321 23£23
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;:::;tzical significance assessment (Student’s t-test) between compared groups

Compared groups CFU/mL S. agalactiae S. aureus E. coli
1% 102 0.63 0.18 0.06

Medium I vs control 1x10' 0.45 0.81 0.12
1x10° 0.89 0.42 0.18
1x 102 0.46

Medium Il vs control 1x10' Inhibited 0.30 Inhibited
1x10° 0.76
1% 102 0.39

Medium Il vs control 1x10' 0.84 Inhibited Inhibited
1x10° 0.48

Table 3

Results of tests for specificity, differentiation capacities and inhibitory properties
of chromogenic media as compared with control medium

Microorganisms

Growth

Colony color

Colony color

Growth

Based on the obtained data, chromogenic media
demonstrate sensitivity comparable to the control me-
dium, as confirmed by statistical analysis (Student’s t-test,
p > 0.05). The observed differences between chromogenic
media and the control medium showed no statistical sig-
nificance across all tested strains and concentrations. Thus,
these results indicate that chromogenic media effectively
support growth of target microorganisms even at minimal
inoculum levels.

The specificity, differentiating properties and inhibitory
characteristics of the chromogenic media were evaluated
concurrently using 22 microbial strains representing di-
verse species. The results are presented in Table 3.

Medium | was found to be highly specific: most of
the tested bacteria formed colonies with unique colors.
For example, E. coli formed burgundy colonies, S. aureus -
golden, P. aeruginosa — gray-green, and S. equorum - vio-
let-pink. However, some microorganisms, such as E. cloacae
and K. pneumoniae, had similar colony colors (violet-blue),
which may make it difficult to distinguish them visual-
ly. Inhibitory properties were weak: all studied strains

Growth Colony color Growth Colony color

Escherichia coli Good Burgundy Inhibited Inhibited Good Grayish-white
Klebsiella pneumoniae Good Violet-blue Inhibited Inhibited Good Grayish-white
Proteus mirabilis Good Transparent Good Transparent Moderate Transparent Good Grayish-white
Pseudomonas aeruginosa Good Grey-green Inhibited Good Blue-green Good Blue-green
Salmonella typhimurium Good Transparent Inhibited Inhibited Good Grayish-white
Enterococcus faecalis Good Blue-light blue Inhibited Good Blue-green Good Grayish-white
Enterococcus faecium Good Blue-green Inhibited Good Blue-green Good Grayish-white
Acinetobacter baumannii Good Pale-yellow Inhibited Inhibited Good Grayish-white
Enterobacter cloacae Good Violet-blue Inhibited Inhibited Good Grayish-white
Morganella morganii Good Amber Inhibited Moderate White Good Grayish-white
Staphylococcus aureus Good Golden Moderate Inhibited Good Golden
Staphylococcus hominis Good White Good Blue-green Inhibited Good White
Staphylococcus equorum Good Violet-pink Good Blue-green Inhibited Good White
Staphylococcus haemolyticus Good White Good Inhibited Good Grayish-white
pssetZZ%:r(r?g:izs Good Beige-pink Good Blue-green Inhibited Good Grayish-white
Streptococcus agalactiae Moderate Pale-pink Inhibited Good Blue Good Grayish-white
Streptococcus uberis Moderate White Inhibited Moderate White Good Grayish-white
Streptococcus dysgalactiae Moderate Pale-pink Inhibited Moderate White Good Grayish-white
Streptococcus pyogenes Moderate White Inhibited Moderate White Good Grayish-white
Aerococcus viridans Moderate White Inhibited Inhibited Good Greenish
Streptococcus canis Moderate White Inhibited Moderate White Good Grayish-white
Streptococcus suis Moderate Pale-pink Inhibited Moderate White Good Grayish-white
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of microorganisms demonstrated growth within 24 hours.
Nevertheless, medium | ensured effective differentiation

of control strains by colony color, which allows visually dis-
tinguishing microorganisms already at early stages.

The inhibitory properties of Medium Il are pronounced:
the growth of most bacteria was absent, with the excep-
tion of the target microorganisms — Staphylococcus spp. It
is worth noting that the specificity of the medium is low —
most staphylococci were stained blue-green. However,
the same color was predominantly saprophytic micro-
organisms, while potentially pathogenic staphylococci
(S. aureus and S. haemolyticus) differed in color. For exam-
ple, S. aureus formed purple colonies, and S. hominis and
S. equorum formed blue-green ones, which made it possi-
ble to visually distinguish them. Medium Il as compared
with the control one, provided a differentiation of staphy-
lococci by color.

Medium Ill demonstrated good inhibitory properties,
effectively suppressing the growth of most microorga-
nisms, with the exception of gram-positive cocci and some
representatives of the Enterobacteriaceae family. The dif-
ferentiating and specific properties of the medium were

weakly expressed and manifested mainly for enterococ-
ci, which were stained blue-green, and for S. agalactiae,
which formed blue colonies.

The use of all three chromogenic media in combination
provides a comprehensive approach to mastitis diagnosis,
demonstrating high sensitivity, specificity and differen-
tiating properties. This method allows for a wide range
of microorganisms to be covered, selectively isolating tar-
get bacterial groups such as staphylococci, streptococci
and enterococci.

For testing in the field, milk samples were collected
and then inoculated onto three chromogenic media. The
results are shown in the Figure.

The simultaneous use of three media for milk sample
inoculation enables nearly species-level differentiation
of cultures. In Figure (a) it is evident that Enterococcus sp.
grew on Media | and lll (supposedly E. faecalis, as E. fae-
cium typically exhibits a darker green coloration). Single
colonies on Medium Il consist of Staphylococcus sp., while
the presence of S. aureus can be ruled out, as it would ap-
pear purple on Medium II. Additionally, burgundy colonies
on Medium | indicate the presence of E. coli in the sample.

Fig. Testing of culture media using milk samples (cultivated at 37 °C for 24 hours)
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In Figure (b), the sample microbiome consists almost exclu-
sively of Enterococcus sp. White and green colonies on Me-
dia I and I, respectively, are formed by Staphylococcus sp.
microorganisms, excluding S. aureus. Figure (c) reveals
a monoculture of Enterococcus sp., most likely E. faecium.
The fourth sample shown in Figure (d), contained only fila-
mentous fungi. Another milk sample yielded results similar
to (b), while three other cultures showed no growth.

CONCLUSION

The developed chromogenic media demonstrate high
efficiency in bovine mastitis diagnosis. Medium |, with its
high sensitivity and differentiating properties, enables
primary screening and detection of a broad spectrum
of microorganisms, including members of the Enterobac-
teriaceae family. Medium I, due to its strong inhibitory
properties, selectively isolates staphylococci, which is
a critical feature for identifying pathogenic species such
as S. aureus. Medium lll, while having more limited dif-
ferentiating capabilities, effectively supports the growth
of enterococci and streptococci, including S. agalactiae,
making it essential for mastitis diagnosis.

The integrated use of all three media ensures high di-
agnostic accuracy, enabling not only broad microbial co-
verage but also selective identification of target bacterial
groups. This significantly accelerates pathogen detection
and facilitates timely administration of effective therapy.
Testing of the media on milk samples from mastitic cows
confirmed the media’s practical applicability and effective-
ness when used in the field.

During the testing, occasional development of fila-
mentous fungi was observed, which may complicate re-
sult interpretation. To address this, further work will focus
on optimizing the media composition by evaluating vari-
ous antifungal preparations at different concentrations.
These improvements aim to enhance media specificity
by suppressing non-target fungal growth, thereby reduc-
ing the risk of false-positive results.

It is worth noting that standardized disposable loops
for milk culture make it possible to roughly estimate
the number of colony-forming units. While this method
lacks high precision, it provides a practical approximation
of milk contamination levels, offering valuable preliminary
insights into infection severity.

Thus, the developed chromogenic media represent
a promising tool for rapid mastitis diagnosis, combining
high sensitivity, specificity and differentiating capabilities.
Their implementation in veterinary practice could signifi-
cantly accelerate diagnostic procedures and enhance mas-
titis treatment efficacy, ultimately improving animal health
and dairy herd productivity.
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Testing of vaccine against canine distemper,
parvovirus and coronavirus enteritis, adenovirus infection
and dog rabies for its antigenic properties

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

ABSTRACT

Introduction. Recently “Carnican-5R" vaccine against canine distemper, parvovirus and coronavirus enteritis, adenovirus infection and dog rabies has been
developed at the Rosselkhoznadzor-subordinated Federal Center for Animal Health (FGBI“ARRIAH’, Vladimir) in accordance with the Russian Federation legislative
requirements. The virus strains currently circulating and significant in the country were used for the vaccine development.

Objective. Testing of ““Carnican-5R" vaccine for its antigenic properties in target animals including determination of humoral immunity development time and
duration during the observation period.

Materials and methods. “Carnican-5R" combined vaccine containing two components: freeze-dried component and liquid component were used for the test.
Dogs at the age of 1012 weeks served as animal models for testing the vaccine for its antigenic properties. The antibody levels were determined with virus
neutralization test, hemagglutination inhibition test and fluorescent antibody virus neutralization test.

Results. Vaccination of dogs was found to induce antibodies to the pathogens of the specified infections. Double “Carnican-5R” vaccine administration at 21-day
interval induced strong humoral response by day 35 after its first administration and an increase in the antibody titers to canine distemper — by 8.6 times, to canine
parvovirus type 2 — by 2.1 times, to canine coronavirus — by 5.0 times, to canine adenovirus serotype 2 — by 5.36 times, to the rabies virus — by 5.72 times. The
specificimmunity lasted for at least 12 months and virus-specific antibodies titers to the pathogens remained at the protective levels.

Conclusion. “Carnican-5R" vaccine is safe and non-reactogenic for target animals and induces strong immunity in dogs that lasts for at least 12 months from the
date of booster vaccination.

Keywords: viral diseases of dogs, canine distemper, parvovirus enteritis, coronavirus enteritis, adenovirus infection, rabies, specific prevention, “Carnican-5R"vaccine
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|/|3yqu|/|e AHTUreHHbIX CBOWCTB BaKLMHb!
MPOTIB YyMbl NNOTOALHBIX, MAaPBOBUPYCHOTO

11 KOPOHABUPYCHOTO SHTEPUTOB, aZIEHOBUPYCHON MH EKLIAN

1 OelleHCTBa CcobaK

A.A. Knumoga, A. A. Komaposa, A. M. Kucenes, T. C. Tankuna
OIBY «OepepanbHblil LieHTp oxpaHbl 340pOBbA XMBOTHbIX» (OTBY «BHUN3X»), Mkp. I0pbesel, . Bnagumup, 600901, Poccua

PE3IOME

BBepenue. B HacToAwuit MomeHT Ha 6a3e noasesomcTBeHHOT0 Poccenbxo3Haa3opy PefiepanbHoro LeHTpa oxpaHbl 380poBbA XUBOTHbIX (OIBY «BHUNU3X»,
r. Bnagumup) paspabotana B cooTBETCTBUM C TpeBOBaHMAMY 3aKoHOAaTeNbCTBA Poccuiickoil OefepaLinm BakLyHa NPOTUB YyMbl NOTOALHDIX, NAPBOBUPYCHOTO
11 KOPOHABUPYCHOTO JHTEPUTOB, aAEHOBUPYCHOI MHPeKLIKM 1 BelweHcTBa cobak «KapHukaH-5R». [ ee co3ganma Obinu NCNonb30BaHb! LWTAMMbl BUPYCOB,
LIMPKYNMPYIOLLIMe Ha TePPUTOPUM CTPaHDI 1 aKTyanbHble B HaCcToALLee Bpema.

Llenb nccnepoBanmA. M3yueHine aHTUreHHbIX (BOMCTB BaKLMHbI «KapHUKaH-5R» Ha LieneBbIX XKUBOTHBIX: OnpeseNneHue cpoka GopmMiupoBaHUA ryMopanbHoro
UMMYHUTETa 11 NPOZOMKUTENbHOCTI UMMYHUTETA HA NPOTAXEHNI Neproaa HabntoseHus.

© Klimova A. A., Komarova A. A., Kiselev A. M., GalkinaT. S., 2025
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Matepuanbl u metofbl. B nccnesoBaHun MCnonb30Banu accoLMnpoBaHHyto BakLUHY «KapHuKaH-5R», coctosALuyio U3 ABYX KOMMOHEHTOB: MOPUAN3Mpo-
BAHHOTO U JKUAKOTO. B KauecTBe XNBOTHBIX MOAENeil ANA U3y4YeHnA aHTUreHHbIX CBOICTB Npenapata cnyunu cobaku 10—12-HefenbHoro Bo3pacta. YpoBeHb
QHTUTEN OLEHMBANN B PEAKLIMN HeliTpanu3aLim, peakLmy TOpPMOXeHNA remMarrioTUHaLmMy U peakuiny Heiitpanu3auumn metogom FAVN (Fluorescent Antibody
Virus Neutralization).

Pe3ynbratbl. YcTaHOBNEHO, 4TO BaKLMHaLMA 06K MHAYLMPOBana BbIpabOTKY aHTUTEN K BO3OYAUTENAM YKa3aHHDIX MHOeKLMi. [IByKpaTHOE BBEAEHME BAKLIMHDI
«KapHukaH-5R» ¢ uHTepBanom 21 cyT cTUMynnpoBano GopmupoBaHue HanpsAXeHHOro ryMopanbHOro 0TBeTa K 35-M CyT noc/ie NepBoro BBeAeHUA v NpupocT
TUTPa aHTUTEN K BUPYCY YyMbl NNOTOAAHDIX B 8,6 pa3a, k napBoBupycy cobak Tuna 2 — B 2,1 pasa, K KopoHaBupycy cobak — B 5,0 pa3a, k afeHoBupycy cobak
cepoTuna 2 — B 5,36 pasa, K Bupycy beleHcTBa — B 5,72 pasa. [IpoRomKUTENbHOCTD Crieuuduyeckoro IMMyHUTETa COCTaBINA He MeHee 12 Mec. C coXpaHeHem
MPOTEKTUBHOTO YPOBHA TUTPA BUPYCCMELIMPUUECKIX aHTUTEN K YKa3aHHbIM BO36yauTenam.

3akntouenne. BakumHa «KapHukaH-5R» be3BpeaHa 1 apeakToreHHa AN LieNeBbIX KUBOTHDIX, CNOCOOCTBYeT GopMUPOBaHHI0 Y COBAK HANPAKEHHOTO UMMYHUTETA
NPOAOMKUTENBHOCTBIO He MeHee 12 Mec. C MOMeHTa ByCTepHoli BaKLMHALMN.

KnioueBbie cnoBa: BupycHble 60ne3Hu cobaK, 4yma naoToAAHbIX, TaPBOBUPYCHDIA SHTEPUT, KOPOHABUPYCHDIN SHTEPUT, aleHOBUPYCHAA MHEKLA, OeLLeHCTBO,
cneunduyeckas npodunakTUKa, BakLnHa «KapHukan-5R»

bnaropapHocTu: Pabora BbinonHeHa 3a cuet cpeacts OIBY «BHUN3M» B pamkax TemaTuku HayuHo-nccnesoBaTenbekix pabot «PazpaboTka KomnneKcHoil
CUCTeMbI KOHTPONA MHGEKLIMOHHBIX 6071€3HeN MBOTHBIX 1 COBEPLUEHCTBOBAHME METOAO0B MCCIE0BAHNA 0CTaTKOB 3aNpeLLeHHbIX 1 BPEHbIX BELLECTB B Opra-
HU3Me XUBOTHDbIX, KOPMaX ¥ MPOAYKTaX KNBOTHOTO MPOUCXOXKAEHUNAY.

[ina yntnposanua: Knumosa A. A., Komaposa A. A., Kncenes A. M., Tankuna T. C. U3yyeHne aHTUreHHbIX CBOICTB BaKLMHbI NPOTUB YyMbl MAOTOAAHBIX,
NapBOBUPYCHOTO U KOPOHABUPYCHOTO SHTEPUTOB, aieHOBUPYCHOI MHOEKLMM 1 belueHcTBa cobak. Bemepurapus ce200ua. 2025; 14 (2): 179-185. https://doi.

0rg/10.29326/2304-196X-2025-14-2-179-185

KoHnuKT MHTEpecoB: ABTOPbI 3aABNAIOT 06 OTCYTCTBUN KOHGINKTA HHTEPECOB.

[ins koppecnoxaeHumun: Knumosa AHactacus AHTOHOBHa, BeTepUHAPHbIA Bpay nabopatopuy NpodunakTuku 6onesHeil MeNKIX JOMALIHUX KUBOTHBIX
OIBY «BHUM3X», mkp. I0pbeseu, . Bnagumup, 600901, Poccus, klimova_aa@arriah.ru

INTRODUCTION

Canine distemper virus (CDV) affects some animal spe-
cies of carnivorous order including canids, raccoons, fe-
lines, etc., as well as pandas. The pathogen is polytrophic
and can affect almost all body systems. According to
the international classification, the virus belongs to the or-
der Mononegavirales, family Paramyxoviridae, subfamily
Orthoparamyxovirinae, genus Morbillivirus, and species
Morbillivirus canis [1, 2].

Canine parvovirus type 2 (CPV-2) is the parvovirus en-
teritis agent and the main cause of dog fatalities associa-
ted with viral diseases; it is extremely contagious. Clinical
signs are as follows: acute gastroenteritis, large intestine
mucosal lining sloughing and hemorrhagic inflammation,
hemorrhagic diarrhea, dehydration, leukopenia and neu-
tropenia [2]. The virus belongs to the order Piccovirales,
family Parvoviridae, subfamily Parvovirinae, genus Proto-
parvovirus and species Protoparvovirus carnivoran 1 [1].

Canine coronavirus (CCoV) causes enteritis with cha-
racteristic symptoms including anorexia, vomiting, diar-
rhea, lymphopenia, and lethargy [3, 4, 5, 6]. The disease
varies from asymptomatic to fatal [7]. Coronavirus ranks
second position among viral enteropathogens in the
world [8, 9, 10]. The pathogen belongs to the order Nido-
virales, suborder Cornidovirineae, family Coronaviridae,
subfamily Orthocoronavirinae, genus Alphacoronavirus [1].

Canine adenovirus serotype 2 (CAV-2) causes infectious
laryngotracheitis in transient, asymptomatic or mild forms;
it can cause severe necrotizing bronchitis, interstitial pneu-
monia [11], diarrhea [12] and central nervous system disor-
ders [2]. The virus belongs to the order Rowavirales, family
Adenoviridae, genus Mastadenovirus, species Mastadeno-
virus canidae, serotype 2 [1].

Rabies virus (RABV) affects the central nervous system
of warm-blooded animals and humans and causes fatal
disease [13, 14]. There is no treatment for rabies. The virus
belongs to the order Mononegavirales, family Rhabdo-
viridae, subfamily Alpharhabdovirinae and genus Lyssa-
virus [1, 15, 16].

The strains formulated in “Carnican-5R” combined
vaccine against canine distemper, parvovirus and coro-
navirus enteritis, adenovirus infection and dog rabies
were selected according to the guidelines published by
the Vaccination Guidelines Group (VGG) of the World
Small Animal Veterinary Association (WSAVA). According
to the guidelines, canine distemper, canine parvovirus en-
teritis and canine adenovirus infection (CAV-2) are the ma-
jor viral diseases that should be prevented regardless of
the geographical location of the animal. The leptospiro-
sis prevention with vaccines is classified as additional in
the guidelines [17]. Rabies virus is included in the vaccine
as anti-rabies immunization is envisaged by the Russian
Federation legislation [18, 19]. However, these guidelines
are not mandatory, and vaccination schedules are deve-
loped by veterinarians taking into account occurrence of
viral diseases in the particular region. In view of increasing
number of deaths in the dog population due to corona-
virus enteritis [5, 6, 10], the canine coronavirus strain re-
sponsible for this disease is also included in the vaccine
composition.

Dog immunization schedule was developed based
on scientific data on humoral immunity and the WSAVA
recommendations. Generally, veterinarians around
the world recommend to start vaccination of dogs at
the age of 12 weeks, to perform booster vaccination
at the age of 16 weeks, and then vaccinate the animal once
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a year or once every three years, depending on the viral
animal disease situation in the region, during the whole
animal life [17].

During “Carnican-5R” vaccine development, tests of
the viruses formulated in the vaccine for their non-reacto-
genicity and safety were performed in laboratory animals
in addition to the tests of the said viruses for their proper-
ties and determination of the proportions of the compo-
nents formulated in the vaccine. Also, tests for selection
of optimal vaccine immunizing dose and administration
route were carried out. The tests have shown that the
vaccine is nonreactogenic and safe, the immunizing dose
is 1.0 cm? (the liquid vaccine component serves as dilu-
ent for the freeze dried vaccine component), the vaccine
is administrated by subcutaneous or intramuscular routes.
The storage period after combining the components was
2 hours at a temperature of 18-25 °C.

For testing the vaccine for its antigenic properties, ex-
periments were designed and carried out in target animals
to study the humoral immunity development and the vi-
rus-specific antibody persistence time after the vaccine
administration during the observation period (12 months).

The study was aimed at testing the vaccine against
canine distemper, parvovirus and coronavirus enteritis,
adenovirus infection and dog rabies for its antigenic prop-
erties in target animals. As a result, high-quality immuno-
biological product compliant with specified parameters
was prepared, test program was designed, tests including
serological tests for determination of antibody levels be-
fore and after vaccination were carried out, obtained data
were processed and structured.

MATERIALS AND METHODS

“Carnican-5R” vaccine against canine distemper, par-
vovirus and coronavirus enteritis, adenovirus infection
and dog rabies was tested for its antigenic properties
in accordance with the requirements of Order No. 101 of
the Ministry of Agriculture of the Russian Federation of
6 March 2018 on approval of the rules for veterinary me-
dicinal product preclinical studies, clinical trials and bio-
equivalence studies.

Vaccine. “Carnican-5R" vaccine, developed by the Fe-
deral Centre for Animal Health consists of 2 components:
freeze-dried vaccine component contains attenuated ca-
nine distemper virus and liquid vaccine component con-
tains inactivated canine parvovirus, canine coronavirus,
canine adenovirus and dog rabies virus. The vaccine has
been registered in the Russian Federation, and the patent
for the invention has been obtained [20].

The active substance of the freeze dried vaccine com-
ponent is attenuated CDV Rockborn strain; the active
substance of the liquid vaccine component is aminoethyl-
ethylenimine-inactivated CPV-2 Grey strain, CCoV Rich
strain, CAV-2 Unity strain, RABV ARRIAH strain. The freeze
dried vaccine component is supplemented with stabili-
zers: lactalbumin hydrolysate, sucrose and gelatose,
the liquid vaccine components is supplemented with alu-
minum hydroxide as an adjuvant. All source materials used
for the vaccine production have passed comprehensive
incoming quality control. One immunizing dose of the vac-
cine contains at least 3.0 Ig TCID, /cm? of attenuated CDV
and inactivated CPV-2 (virus titre before inactivation - at
least 7.0 log,, HAU 1:128), CCoV (virus titre before inacti-
vation - at least 3.0 Ig TCID, /cm?), CAV-2 (virus titre before

inactivation - at least 3.0 Ig TCID, /cm?), RABV (virus titre
before inactivation - at least 1.0 IlU/cm?3).

Animals. Clinical trials were carried out in 10-12 week-
old dogs (n = 35).

The animals were kept in shelters, veterinary clinics
and individually in private households. The health sta-
tus of the dogs was assessed before the trial and during
the whole observation period.

To test “Carnican-5R” vaccine for its effectiveness, pup-
pies were immunized twice with a 21-day interval; the vac-
cine was injected at one immunizing dose intramuscularly
into the caudal proximal area of hind leg.

All tests were carried out in accordance with the re-
quirements of the following Federal Centre for Animal
Health standards: STO 00495527-0002“Laboratory animals
used for tests and experiments” and STO 00495527-0230

“Preclinical studies of veterinary medicinal products”.

Serological tests. Sera from dogs were tested for anti-
bodies to CDV, CCoV, CAV-2 with virus neutralization test
(VNT) in microplates [21, 22, 23], for antibodies against
RABV with fluorescent antibody virus neutralization test
(FAVN test) and for antibodies against CPV-2 with hem-
agglutination inhibition test (HI test) according to the ap-
proved methodical guidelines [24].

Statistical analysis of the test results. The test results were
processed using statistical methods in the Microsoft Excel
program. Specific antibody titres were calculated using
the Karber formula and expressed as log,,.

RESULTS AND DISCUSSION

No body temperature changes, general physiological
state deterioration, anorexia, and local reactions at the
site of the vaccine injection were observed after vaccina-
tion. No signs of canine distemper, canine parvovirus and
coronavirus enteritis, canine adenovirus infection and dog
rabies were observed.

Tests of puppy sera showed that mean group specific
antibody titres in sera collected before vaccination were
as follows: mean group specific antibody titre against CDV,
CCoV, CAV-2 was < 1.0 log, (when sera were tested with
VNT); against CPV-2 - 4.23 + 0.63 log, (when sera were
tested with HI test); against RABV - < 0.5 log, (when sera
were tested with FAVN test).

Figure 1 shows the humoralimmunity dynamicsin dogs
after “Carnican-5R” vaccine administration. Vaccination
was found to induce virus-specific antibodies against CDV,
CPV-2, CCoV, CAV-2 and RABV.The antibody levels 21 days
after the first immunization were as follows: against CDV -
4.00 + 0.25 log,; against CPV-2 - 5.67 + 0.58 log,; against
CCoV - 2,67 +0.14 log,; against CAV-2 - 2.83 + 0.14 log,;
against RABV - 0.82 + 0.03 log,, and were significantly
higher than threshold values.

Mean group virus-specific antibodies titres on day 7,
14, 21, and 35 were higher than the titres in dogs before
their immunization. On day 35, virus-specific antibody
level was significantly higher than that ones determined
at previous test points (p = 0.1) and was as follows: anti-
body titre against CDV - 8.60 + 0.14 log,; against CPV-2 -
8.93 £ 0.58 log,; against CCoV - 5.0 + 0.25 log,; against
CAV-2 - 5.36 = 0.14 log,; against RABV - 2.86 + 0.07 log,.
Antibody levels demonstrated a“plateau effect” on day 42
and day 51. Based on the data obtained, it was conclu-
ded that double administration of “Carnican-5R" vaccine
at a 21-day interval induced strong humoral response by
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day 35 after the first vaccine administration. Thus, the fol-
lowing schedule for vaccination of dogs against canine

distemper, parvovirus and coronavirus enteritis, adenovi-
rus infection and dog rabies was recommended: first vac-
cination - at the age of 10-12 weeks, booster vaccination —
after 21 days and then annual vaccination. The vaccination

schedule for adult animals is similar and does not depend

on the age of the dog.

At the next stage, the immunity duration after double
vaccination against canine distemper, parvovirus and
coronavirus enteritis, adenovirus infection and dog rabies
was studied. For this purpose, blood samples were taken
from the animals every 30 days for 12 months (observation
period).

As shown in Figure 2, the duration of immunity to
the pathogens of these diseases was at least 12 months.

Slight decrease in the specific antibody levels was re-
corded at the time of booster vaccination, one year af-
ter the first vaccination of dogs. However, according to
the published studies, the protective level of antibodies
to CDV is 2-4 log, [25, 26]. Double vaccine administration
induced an increase in antibodies up to 9.15 + 0.14 log,,
the minimum value was 7.75 + 0.14 log, during the
observation period. The level of antibodies should
be at least 4 log, to protect dogs from parvovirus en-
teritis [25, 26, 27, 28, 29, 30, 31]. After double vaccina-
tion, the maximum level of antibodies to CPV-2 was
10.40 £ 0.58 log,, the minimum anti-CPV-2 antibody level
was 9.0 + 0.28 log,. Double immunization induced an in-
crease in antibodies to CAV-2 up to 6.35 + 0.25 log,. The
minimum anti-CAV-2 antibody level was 5.90 + 0.14 log,
during the observation period of 12 months. There are

12

-
(=]

Mean group antibody titre, log,

0 7 14 21 28

35 42 51

Days after the first vaccine administration

—u—CDV
CPV-2
—m—CCoV
—m—CAV-2
—=—RABV

Fig. 1. Development of humoral immunity in dogs after “Carnican-5R" vaccine administration
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Fig. 2. Duration of the immunity in dogs after double “Carnican-5R" vaccine administration
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no reliable data on protective level of antibodies against
CCoV, however, the anti-CCoV antibody titre was higher
than 5.95 + 0.14 log, after the second vaccine adminis-
tration, and the minimum anti-CCoV antibody titre was
5.08 + 0.28 log, suggesting that animals were protected
from the disease [32]. According to scientific data and
the requirements of the World Organization for Animal
Health, the anti-rabies vaccine should induce anti-rabies
virus antibodies at a titre of > 0.5 1U/cm? [14, 33]. In our
study, the maximum titre of antibodies against RABV was
3.69 lU/cm?, the minimum titre of antibodies against RABV
was 2.6 lU/cm? after immunization.

During the year, mean titre of antibodies against CDV
was 8.74 £ 0.53 log,, against CPV-2 was 9.95 + 0.42 log,,
against CCoV was 5.75 + 0.34 log,, against CAV-2 was
6.09 £0.14log,, against RABV was 3.12 £ 0.37 IU/cm?. Thus,

“Carnican-5R" vaccine induces humoral antibodies to ca-
nine distemper virus, canine parvovirus and coronavirus,
canine adenovirus serotype 2 and rabies virus.

CONCLUSION

During the study, the vaccine against canine distem-
per, parvovirus and coronavirus enteritis, adenovirus in-
fection and dog rabies was tested for its antigenic prop-
erties. Based on the data obtained, “Carnican-5R" vaccine
was found to induce seroconversion in the target animals.
The immunity lasts at least 12 months after double vaccine
administration at a 21-day interval. The immune response
develops 21 days after double vaccine administration. The
mean antibody titres one month after booster vaccination
were as follows: against CDV - 9.15 log, (when tested with
VNT), against CPV-2 - 10.2 log, (when tested with HI test),
against CCoV - 5.95 log, (when sera were tested with VNT),
against CAV-2 - 6.2 log, (when sera were tested with VNT),
against RABV - 3.05 IU/cm? (when sera were tested with
FAVN test). The level of antibodies to these viruses in dogs
is higher than the protective level and protects the animal
from these infections.

The vaccine is nonreactogenic and safe, does not
cause any pronounced local reaction when adminis-
tered intramuscularly or subcutaneously, the vaccine has
no adverse effect on the physiological state of animals.
The vaccine induces a pronounced immune response
owing to production of virus-specific antibodies at pro-
tective titres.

“Carnican-5R” combined vaccine against canine dis-
temper, parvovirus and coronavirus enteritis, adenovirus
infection and dog rabies developed at the Federal Centre
for Animal Health can be used for specific prevention of
the viral diseases in dogs. The vaccine has passed testing
at the Russian State Center for Animal Feed and Drug Stan-
dardization and Quality and is registered in the Russian
Federation.
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ABSTRACT

Introduction. When the body resistance-associated compensatory mechanisms are impaired or evolutionarily developed microbiocenoses are changed the quorum
sensing signaling molecules facilitates excessive growth of pathogenic microorganisms. Antibacterial potential of inhibitors of intercellular communication molecule
synthesis is achieved through reducing the microorganism adhesion and, consequently, in vivo and in vitro contamination.

Objective. Study of the dynamics of morphometric and densitometric parameters of biofilms formed by Escherichia coli, Escherichia albertii, Proteus vulgaris isolates
identified in poultry with respiratory and gastrointestinal diseases.

Materials and methods. Dynamics of the biofilms formed by reference strains and isolates recovered from pathological samples from R0SS-308 chickens at the
age of 40-42 weeks (n = 20) were studied. The sample optical densities were determined using Immunochem-2100 photometric analyzer (HTI, USA), wavelength
580 nm (OD,,, ). Morphometric parameters were recorded at > 90.0% reliable frequency in the field of view of H604 Trinocular Unico optical microscope (United
Products & Instruments Inc., USA) and Hitachi TM3030 Plus scanning electron microscope (Hitachi, Japan).

Results. Escherichia coli, Escherichia albertii, and Proteus vulgaris were isolated from pathological samples from the poultry with catarrhal hemorrhagic aero-
sacculitis, hemorrhagic enteritis, fibrinous polyserositis and splenomegaly signs and then identified. Direct correlations (r = 0.91) between morphometric and
densitometric parameters depending on the cultivation time were established. Cells with defective cell walls, spheroplasts, needle-like and giant structures as well
as revertant cells dominated during heterogeneous population dispersion.

Conclusion. General patterns of the heterogeneous microorganism population development are mediated by adhesion, synthesis of exocellular molecules, intensive
cell proliferation and differentiation depending on the cell cycle stage.
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WHomKkauma buonneHok u3onatos Escherichia coli,
Escherichia albertii, Proteus vulgaris,
MAEHTUPULIMPOBAHHBIX NpY 60N1E3HAX OPraHoB
[IbIXaHWA 1 NULLEBAPEHNA NTULL

E. M. NleHueHko', B. B. llonomapes’, H. . CaunKmHa?
1 Orb0Y BO «Poccuiickiuii buotextonornyeckuii yauepcutet (POCBIOTEX)», Bonokonamckoe wocce, 11, 1. Mockea, 125080, Poccua
2QOTAQY BO «Poccuiicknit yHuBepcuTET ApyObl HapodoB MmeHu Matpuca lymymobl» (PYLH), yn. Muknyxo-Maknas, 6, r. MockBa, 117198, Poccua

PE3IOME
Beepenue. anI CHUXXEHNU KOMNEHCATOPHbIX MEXaHWU3MOB PE3UCTEHTHOCTN OPraHii3ma, U3SMeHeHNI COCTaBa 3BOOLOHHO COXKUBLLUXCA MVIKpO6VIOLleH03OB
I/I36bIT0lIHOMy POCTY NATOreHHbIX MUKPOOPraHN3moB CI'IOC06CTB)I€T penpe3eHTaLma CUTHAbHbIX MONEKYN quorum sensing. AHTI/I66KT€pVIaJ'IbeII7I noteHynan
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WHTUOUTOPOB CMHTe3a MONEKYN MEXKNETOUHbIX KOMMYHUKALMIl LOCTUTAeTCA 3a CYET CHUMXeEHUA aare3un MUKPOOPraHU3MOB, a COOTBETCTBEHHO, U CTENeHM
KOHTaMUHaLWu in vivo u in vitro.

Lienb uccnepgoBaHua. V3yuexne ZuHaMuKu u3meHeHUi MopOOMETPUUECKIX U AeHCUTOMETpUYECKIX NoKa3aTeneil GuonneHok u3onatoB Escherichia coli, Esche-
richia albertii, Proteus vulgaris, naeHTM$ULMPOBAHHBIX NPy G0NE3HAX OPraHoB AbIXaHWA 1 NULLEBAPEHNA NTUL.

Marepuanbl u metopbl. ViccnenoBany AMHaMuKy pa3BuUTUA GUONNEHOK pedepeHTHBIX LUTAMMOB U U30M1ATOB, BblAENeHHbIX 13 MaTMaTepuana NTuubl: Kypbl
kpocca ROSS-308 40—42-HenenbHoro Bo3pacta (n = 20). OnTuyeckyio nOTHOCTb MCCeAyeMbiX 06pa3L0B Onpeaensan CnpumeHeHnemM GOTOMETPUYECKOro aHa-
nuzaropa Immunochem-2100 (HTI, CLUA), anvxa BonHbl 580 im (0D, ). MopdomeTpuueckue nokasatenn yunTbiBai npu 4OCTOBEPHOI YACTOTe BCTPEYAEMOCTH
> 90,0% nona 3penua ontuueckoro Mukpockona H604 Trinocular Unico (United Products & Instruments Inc., CLLIA) u ckaHupytoLLero aneKTpoHHoro MuKpockona
Hitachi TM3030 Plus (Hitachi, finonus).

Pe3ynbTatbl. /13 natmatepuana ntuw c npusHakamm KatapanbHo-remMoppariyeckoro apocakKynuTa, reMoppariuyeckoro SHteputa, GubpuHo3Horo nonnceposuTa
11 cnneHomeranum Gbinm BbleneHbl n uaeHTuduUnpoBanbl Escherichia coli, Escherichia albertii, Proteus vulgaris. B 3aBUcMoCTit 0T BpemeH KynbTUBMPOBaHNA
YCTaHOBNEHbI NPAMble KOPPENATUBHble 3aBUCUMOCTI (r = 0,91) Mex Ay MOPOOMETPUUECKIMIN 1 AEHCUTOMETPUYECKUMI NoKa3aTenamu. lpu Aucnepcum rete-
POreHHOI NONYAALMN AOMUHUPYIOT KAETKI C AeQeKTHOI KNETOUHOI CTEHKON, CheponnacTbl, UrofbyaTble v rraHTCKIne CTPYKTYpb, @ TakXKe KNeTKN-peBepTaHTbI.
3akntoueHue. 06LLyie 33KOHOMEPHOCTU ANHAMUKI Pa3BUTIA TeTepOreHHOIl NONYNALMY MUKPOOPraHU3MOB 0NOCpeA0BaHbI afre3ieil, CUHTE30M 3K30LenHo-
NAPHBIX MONEKYN, UHTEHCUBHOI Nponudepauueil n AuddepeHumnaLmein KNeTok B 3aBUCUMOCTI OT CTaUN KNETOYHOTO LMKAA.

KntoueBbie cnoBa: buonneHkm, 6akrepun, rerepomopdusm, AEHCUTOMETPYS, ONTYECKAA MUKPOCKOMUS, CKaHNPYIOLLAA INEKTPOHHAA MIAKPOCKONKA

bnaropapHoctu: AsTopbl 6narogapat POCBUOTEX, benropoackuit dpunuan OIbY «BHUN3K», PYLH 3a npepocTaBneHHble BOIMOXHOCTU ANA NPOBEAEHUA
nccneaoBaTenbekoil paboto.

[ina untnposanua: llenyenko E. M., MoHomapes B. B., Caunskuna H. M. Unaukauwa 6uonnexok usonatos Escherichia coli, Escherichia albertii, Proteus vulgaris,
WAEHTUOULMPOBAHHDIX NPy 60n1e3HAX OPraHoB AblXaHNA 1 NULLEBapeHNa NTUL. BemepuHapus cezo0ns. 2025; 14 (2): 186—193. https://doi.org/10.29326/2304-

196X-2025-14-2-186-193

KoHdnukr untepecos. ABTopbl 3aABAAIOT 06 OTCYTCTBUN KOHGNMKTA MHTEPECOB.

[ina koppecnonpeHuun: Jlenuenko Exatepuna MuxaiinoHa, a-p BeT. Hayk, npodeccop Kadeapbl BeTepuHapHoii MeanumHbl, POCBUOTEX, Bonokonamckoe

wocce, 11, 1. MockBa, 125080, Poccus, lenchenko-ekaterina@yandex.ru

INTRODUCTION

In view of globalization of the spread of new and vari-
ants of known nosological forms characterized by high
epidemiological potential, there is a statistically significant
trend to increase in incidence of the infections caused
by antibiotic-resistant bacteria of the order Enterobacte-
rales [1, 2, 3, 4]. Due to their multidrug resistance, these
bacteria are classified to the first category of critical priori-
ty level for research according to the WHO Bacterial Priority
Pathogens List (2024) [5].

Clinical Escherichia coli isolates identified in humans
with septicemia, neonatal meningitis, and urologic disor-
ders are genetically similar and share common virulence
genes with avian pathogenic E. coli (APEC) [6, 7.

High population density in limited areas, keeping
animals of the same species and age in the holding, use
of antibiotics as well as frequent changes in the vaccina-
tion schedule including use of vaccines based on “hot”
and variant strains contribute to the wide spread of in-
fectious diseases [8]. According to the veterinary reports,
colibacillosis is registered everywhere and responsible for
significant economic losses [9, 10]. In poultry with systemic
infection, the dominance of E. coli as an etiological agent
ranges from 50.7 to 100% depending on the disease situ-
ation on commercial poultry farms of various types as
well as family-operated and backyard farms [11, 12]. In-
creasing resistance of APEC to different classes of antibi-
otics, including socially important antibiotics (8-lactams,
colistin, and carbapenems) is a marker of multiple APEC
resistance [13, 14, 15, 16].

E. coli pathogenic properties are accounted for virulence
factors encoded by chromosomal, plasmid genes and chro-

mosome-integrated bacteriophages [17, 18]. When intes-
tinal compensatory mechanisms of mucociliary clearance
and colonization resistance are impaired and microbio-
cenosis quantitative and species composition are changed,
representation of the quorum sensing (QS) signalling mole-
cules contributes to the excessive growth of pathogenic
microorganisms [19]. The therapeutic and disinfecting
effect of QS inhibitors owing to blocking the intercellular
communication molecules synthesis enables reducing
the adhesion of microorganisms and, consequently, level
of contamination in vivo and in vitro [20, 21].

Studies of the etiological factors of respiratory and gas-
trointestinal diseases in poultry are of priority for identifi-
cation of pathogenetical factors of initiation, development
and outcome of the avian infectious pathology characte-
rized by pathogenic enterobacteria excessive growth and
dissemination. Study of the general patterns of multilevel
algorithms for differentiation of heterogeneous popula-
tion including viable uncultivated cells will facilitate op-
timization of the long-term retrospective identification of
ubiquitous bacteria as well as development of methods
for biofilm eradication in the future.

The aim of the work is to study the dynamics of mor-
phometric and densitometric parameters of biofilms
of E. coli, Escherichia albertii, Proteus vulgaris isolates iden-
tified in poultry with respiratory and gastrointestinal
diseases.

MATERIALS AND METHODS

Strains. Isolates recovered in pathological samples
collected from ROSS-308 cross chickens at the age
of 40-42 weeks (n = 20) were used for tests. Reference
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Escherichia coli strain (ATCC 25922) from the Collection
of the Tarasevich State Research Institute for Standardi-
zation and Control of Biological Products (Moscow) was
used as a control [22].

Nutrient media. The following nutrient media were used:
Endo medium, bismuth-sulfite agar (BSA; HiMedia, India),
meat-peptone broth (MPB), meat-peptone agar (MPA),
Hiss medium, Olkenitsky’s medium, Simmons’ citrate agar
(State Research Center for Applied Microbiology, Russia),
Tryptone Bile X-glucuronide agar, Chromocult® coliform
agar (Merck, Germany).

Test system. The following test systems were used: Pa-
per indicator systems for the microorganism identifica-
tion; kit No. 2 for Enterobacteriaceae genus and species
differentiation (Microgen, Russia); Boichemical plate for
enterobacteria identification (Diagnostic Systems, Russia);
ENTERO-Rapid 24, NEFERMtest 24 (Erba Lachema s.r.o.,
Czech Republic).

Postmortem examination. Dead chickens (n = 20)
submitted to the Belgorod Branch of the Federal Centre
for Animal Health for bacteriological examination from
poultry farms located in the Central Black Earth region
of the Russian Federation were subjected to postmortem
examination (necropsy). The tests were performed in ac-
cordance with the Methodical guidelines for pathomor-
phological diagnosis of animal, avian, and fish diseases
in veterinary laboratories: approved by the Veterinary
Department of the Ministry of Agriculture of the Russian
Federation on 11 September 2000, No. 13-7-2/2137 [23].
Postmortem examination was carried using common
methods and taking into account the chicken anatomical
and topographic features [24, 25, 26].

Microbiological tests were carried out in accordance
with the Methodical guidelines for bacteriological diag-
nosis of mixed intestinal infection in young animals caused
by pathogenic enterobacteria, approved by the Veterinary
Department of the Ministry of Agriculture of the Russian
Federation on 11 October 1999, No. 13-7-2/1759; Me-
thodical guidelines for bacteriological diagnosis of animal
colibacillosis (escherichiosis), approved by the Veterinary
Department of the Ministry of Agriculture of the Russian
Federation on 27 July 2000, No. 13-7-2/2117; Methodologi-
cal guidelines for Isolation of bacteria from the animal gas-
trointestinal tract and identification thereof, approved by
the Veterinary Department of the Ministry of Agriculture
of the Russian Federation on 11 May 2004, No. 13-5-02/
1043 [27, 28, 29].

The authors confirm compliance with institutional and
national standards in accordance with the Consensus
Author Guidelines for Animal Use (IAVES, July 23, 2010).
The test protocol was approved by the Ethics Committee
of the RUDN University, Moscow, Russian Federation (Pro-
tocol No. 9a/3 of 8 October 2024).

Small intestine and caecum contents were examined
for microorganism quantification. Test samples weigh-
ing 1.0 g were placed in test tubes and of 0.85% sodium
chloride solution was added to the tubes, 9.0 cm? per
tube. Diagnostically significant dilutions were made,
then 0.1 mL of the test sample was inoculated onto dif-
ferential media.

Test pathological sample (heart with ligated vessels,
lungs, tubular bone, liver with gall bladder, spleen) was
put with a Pasteur pipette to the middle part of a Petri
dish and evenly distributed with a glass spatula. For small

intestine examination, its contents were removed, mucous
membrane was carefully scraped off using a scarifying
cone of a Pasteur pipette and the material was inocu-
lated onto the medium. In order to avoid the swarming
bacteria growth, Endo medium surface was irrigated with
96% ethanol (1-2 cm?) before material inoculation. Micro-
organisms were cultured at (37 = 1) °C for (24 £ 1) hours
and (48 = 1) hours. To isolate pure Proteus spp. cultures,
the materials were inoculated according to Shukevich
method in condensed fluid of freshly slanted MPA and cul-
tivated at (37 £ 1) °C for (24 £ 1) hours. When the growth
was observed, the microorganisms were transferred to
the BSA medium and cultured at (37 + 1) °C for (24 £ 1)
and (48 = 1) hours [24, 27, 28].

For species identification, three species-characte-
ristic colonies of microorganisms were transferred into
tubes with slanted MPA and cultured at (37 = 1) °C for
(24 £ 1) hours. The microorganisms were tested for their
morphological, cultural, and biochemical properties using
common methods [1, 27, 28, 29].

Biofilm tests. For densitometric tests, the test samples
were added to wells of a 96-well plate (Medpolymer OJSC,
Russia) and cultured at (37 £ 1) °C under static aerobic
conditions for 6, 18, 24, 48 hours. After the specified
time, the fluid was removed from the plate wells, and
the sediment was washed with 200 L of phosphate buf-
fer solution (pH 7.2) three times. At each washing stage,
the plate contents were stirred at 2,000 rpm for 10 mi-
nutes using MixMate vortex shaker (Eppendorf, Germa-
ny). The samples were fixed with 96% ethanol for 15 mi-
nutes and dried at (37 £ 1) °C for 20 minutes. Then, 0.5%
crystalline violet solution (HiMedia, India) was added to
the wells and the plates were cultured at (37 + 1) °C for
5 minutes. The well contents were removed, the wells
were washed with 200 uL of phosphate buffer solution
(pH 7.3) three times, and dried. The dye was eluted with
200 pL of 96% ethanol for 30 minutes [30, 31]. The opti-
cal densities of the test samples were determined using
an ImmunoChem-2100 photometric analyzer (HTI, USA)
at a wavelength of 580 nm (OD, ).

For morphometric tests, the preparations were fixed
with ethanol-ether mixture (1:1) for 10 minutes and
stained with an aqueous gentian violet solution (1:2,000)
and Gram stained (BioVitrum, Russia). For scanning elec-
tron microscopy, the preparations were fixed with 25%
glutaraldehyde solution vapours for 8 hours, and then
with 1% osmium tetroxide solution vapours for 4 hours.
The test samples were thickened with ethanol at increas-
ing concentration: 30, 50, 96, 100%. Then, test samples
were exposed to gold ions using a Q150T ES device (Quo-
rum Technologies Ltd., Great Britain). Morphometric pa-
rameters were recorded at significant = 90.0% frequency
in the field of view of the H604 Trinocular Unico optical
microscope (United Products & Instruments Inc., USA)
and Hitachi TM3030 Plus scanning electron microscope
(Hitachi, Japan).

Statistical analysis using the Student’s criterion was
used for the test result processing; the results were con-
sidered reliable at p < 0.05[19].

RESULTS AND DISCUSSION

Postmortem examination. Postmortem examination
of dead ROSS-308 chickens at the age of 40-42 weeks
(n = 20) showed the following: the chicken feathers
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Fig. 1. Postmortem gastrointestinal lesions in poultry:
A —multiple hemorrhages in intestinal mucosa; B — perihepatitis

were dull and ruffled; the dead chickens were emaciated.
Cyanosis of mucous membranes, uneven and extreme
swelling of stomach, small intestine and caecum were
detected. Multiple petechial and striated haemorrhages
were found in the muscles and tracheal, stomach and
intestinal mucosa. Acute congestive hyperemia of car-
diovascular organs was characterized by blood vessel
congestion, edematous fluid accumulation in loose
connective tissue, red blood cell hemolysis. Catarrhal
hemorrhagic aerosacculitis, splenomegaly, hemorrhagic
enteritis and fibrinous polyserositis manifestations were
detected (Fig. 1).

Detection and identification of microorganisms. The
bacteria formed round glossy convex colonies with even
edges, 1.5-2.5 mm in diameter when the test samples
were inoculated onto differential nutrient media intended
for primary identification.

On Endo medium, lactose fermenting microorganisms
formed red colonies, some of which had a characteristic
metallic glitter. The number of colonies grown onto me-
dia inoculated with small intestine and cecum contents
was (1.43 +0.25) x 10° CFU/g; and (4.6 + 0.32) x 10” CFU/g,
respectively. Lactose-non-fermenting microorga-
nisms were isolated from the chicken small intestine
contents together with the specified bacteria; number

of the pinkish colonies colourless in the centre was
(0.85 +0.34) x 10* CFU/g (Fig. 2A).

When test samples were inoculated with Shukevich
method in the condensed fluid of freshly slanted MPA,
microorganism growth was observed. The cultures trans-
ferred from MPA to BSA medium formed dark-green co-
lonies surrounded by zone of inhibition, the number of
colonies was (0.77 + 0.87) x 10% CFU/g (Fig. 2B).

Gram-negative, facultative anaerobic, oxidase-nega-
tive, and catalase-positive E. coli isolates were identified
when pure cultures of the microorganisms isolated from
the pathological samples of all tested chickens (100%)
were tested for their morphological, tinctorial, and bio-
chemical properties. E. coli monocultures were detected
in small intestine content samples from 16 chickens (80%).
E. albertii and P. vulgaris bacteria were detected together
with E. coli in tested small intestine samples from 4 chi-
ckens (20%).

Morphological and densitometric parameters of bio-
films. E. coli, E. albertii, and P. vulgaris isolates cultivated at
(37 £ 1) °Cfor 6, 18, 24, 48 hours under static aerobic con-
ditions showed common patterns for biofilm development
regardless of the isolation origin. The changes in absolute
values of tested sample optical density and the biofilm
formation intensity are given in the Table.

Fig. 2. Microorganism cultures isolated from chicken small intestine contents:

A - Endo medium, cultivation at (37 + 1) °C for 24 hours;
B - BSA cultivation at (37 + 1) °C for (24+ 1) hours
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Densitometric parameters of biofilms

Sample cultivation

Absolute value Biofilm formation

time, hours of optical density intensity
6 (0.102 £ 0.04) — (0.111 + 0.06) >0.1-0.2
18 (0.172 £0.07) - (0.191 + 0.05) >0.1-0.2
24 (0.246 +0.03) - (0.284 + 0.08) >0.2-03
48 (0.348 +0.07) — (0.526 + 0.18) >0.3-0.4

190

Depending on cultivation duration, direct correlations
(r=0.91) were observed between densitometric parameter
intensities and increased frequency of visualized bacterial
coaggregation within the intercellular matrix.

The following stages of biofilm development were
identified at representative > 90.0% field of view of
the microscope: adhesion, fixation, microcolony, growth,
and dispersion. Adsorption and nonspecific adhesion
of microorganisms to the tested substrate surface - glass
owing to conditioning were detected at the initial stages
of development. Moreover, at this stage, cells can either
attach to the substrate surface or detach from it and return
to planktonic phase of growth. Intermolecular interactions
between specific microbial cell wall structures mediate ir-
reversible adhesion and surface attachment. Once micro-

Fig. 3. E. coli biofilm morphology
(MPB medium; cultivation at (37 + 1) °C for 18 hours;
Hitachi TM3030 Plus, Japan)
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organisms were firmly attached to the substrate surface

they promoted adhesion of subsequent cells. Cells exhi-
biting distinct morphologies and sizes but interconnected

within an extracellular matrix were differentiated depend-
ing on the cell cycle stage (Fig. 3).

Clusters (aggregates, conglomerates) formed and
grew owing to the binary division of bacteria during in-
tensive proliferation of the cells synthesizing exocellular
molecules. Rounded fluid-filled structures - canals serv-
ing for the population hydration were detected between
clusters of orderly and at the same time multidirectionally
arranged cells. Extracellular matrix exhibited progressive
thickening correlating with both increased numbers of
attached dividing cells and enhanced synthesis of exo-
polymeric components. The matrix components were
differentiated based on the chemical composition when
the cells were stained with metachromatic aniline dyes
with properties: protein structures stained blue, polysac-
charides stained pink (Fig. 4).

Mature three-dimensional heteromorphic biofilm be-
comes immobilized through QS-mediated intercellular
communication driven by population expansion and ex-
tracellular matrix development. Dispersion of the hete-
romorphic population increased with prolongation of
the cultivation time. Bacteria characteristic for L-transfor-
mation were detected together with the cells typical for
the bacteria species. The following cells dominated: cells
with defective cell walls, spheroplasts, needle-like and gi-
ant structures, as well as cells capable of reverting to their
original phenotypic and metabolic state. The destruction,
partial or complete autolysis of cells losing typical mor-
phofunctional features (uncultivable cells) were accompa-
nied by enhanced light refraction combined with decrease
in the optical density of the biofilm (Fig. 5).

In case of microorganism overgrowth, their patho-
genicity is regulated by transcriptional control of poly-
mer molecule adhesion, invasion, and synthesis [32, 33].
QS molecules are considered as promising targets in
the development of the medicinal products that signifi-
cantly reduce APEC adhesion and inhibit anti-inflamma-
tory cytokine expression [34, 35].

The results of biofilm dynamics studies will be useful
for optimization of methods for microbiological monitor-
ing of critical control points in poultry production, and can
also be used for development of medicinal products and
disinfectants blocking synthesis of intercellular commu-
nication molecules.

Fig. 4. E. coli bloﬁlm morphology (MPB medium, temperature (37 + 1) °C, cultivation period:
A—18 hours, B- 24 hours; Gram staining; oc. 10X, obj. 100%, immersion, H604 Trinocular Unico, USA)

VETERINARY SCIENCE TODAY. 2025; 14 (2): 186—193 | BETEPUHAPUA CETOAHA. 2025; 14 (2): 186—193



ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY OPUTWHATIbHBIE CTATbY | BETEPUHAPHAA MIIKPOBUONOT WA

Fig. 5. Biofilm morphology: A - E. albertii; B - E. coli (MPB medium; cultivation at (37 + 1) °C for 48 hours;
Gram staining; oc. 10X, obj. 100%, immersion, H604 Trinocular Unico, USA)

CONCLUSION

E. coli, E. albertii, and P. vulgaris isolates cultivated at
(37 £1)°Cfor6, 18, 24,48 hours under static aerobic condi-
tions were shown to have common patterns for biofilm for-
mation and growth. Biofilm initiation and growth is multi-
stage process where motile planktonic microorganisms
differentiate into an attached, structured form, with QS
playing a crucial role in intercellular communication. Co-
aggregation of heteromorphic cells of different sizes and
shapes depending on the cell cycle stage is the general
pattern of heterogeneous microorganism population dy-
namics mediated by adhesion, intensive cell proliferation,
and exocellular molecule synthesis. Bacteria characteris-
tic for L-transformation dominated during heteromorphic
population dispersion. Spheroplasts, needle-like and giant
structures as well as cells capable of reverting to their ori-
ginal phenotypic and metabolic state were differentiated
together with the cells typical of the species.
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Clostridium species diversity in cattle

Pavel N. Shastin, Vasiliy A. Savinov, Aleksey |. Laishevtsev, Ekaterina D. Mandryka, Elizaveta A. Fabrikantova, Anastasia V. Supova
Federal Scientific Centre VIEV, 24/1 Ryazansky prospekt, Moscow 109428, Russia

ABSTRACT

Introduction. Clostridial infections, though relatively sporadic, are globally ubiquitous and specified by high mortality rates, resulting in substantial economic
losses to agriculture. In cattle, pathogenic Clostridia cause diseases such as enterotoxemia, malignant edema, tetanus, and botulism. The most clinically significant
species include Clostridium septicum, Clostridium perfringens, Clostridium chauvoei, Clostridium novyi, and Clostridium sordellii.

Objective. Study of Clostridium spp. diversity by examination of autopsy samples and sections of cattle from different regions of Russia; determination of their
anatomical localization as well as antibiotic resistance of Clostridium perfringens to the most common groups of antibiotics.

Materials and methods. Throughout the study, we adhered to internationally recognized regulatory frameworks and methodological guidelines, employing
standardized microbiological and mass-spectrometric methods. Antibiotic resistance was tested against multiple drug groups, such as macrolides, monobactams,
penicillins, polypeptides, glycopeptides, aminoglycosides, carbapenems, lincosamides, tetracyclines, ansamycins, diaminopyrimidines, fusidic acid derivatives, etc.
(lostridium isolates were recovered and identified using routine bacteriological methods coupled with MALDI-ToF mass spectrometry.

Results. Analysis of 359 biological samples resulted in isolation and identification of 137 Clostridium isolates (Paraclostridium bifermentans, Clostridium perfringens,
Clostridium tertium, Clostridium butyricum, Clostridium septicum, Clostridium sporogenes, Clostridium cadaveris, Clostridium sphenoides, Clostridium cochlearium,
(lostridium sartagoforme, Clostridium chauvoei, Clostridium novyi, Clostridium sordellii, Clostridium paraputrificum, Clostridium spp.), of which 25 exhibited pathogenic
potential and 17 demonstrated toxigenic properties. Clostridia were most frequently isolated from the liver, small and large intestinal segments, and muscular
tissues. Herewith, Clostridium perfringens prevailed (17.5%). This bacterium isolates demonstrated multiple drug resistance to cefixime, fusidic acid, cefotaxime,
cefaclor, spectinomycin, piperacillin, clarithromycin, doripenem and doxycycline.

Condlusion. The obtained results can be used for modification of current clostridial infection treatment protocols, reformulation of immunobiological products,
development of evidence-based guidelines for use of antibiotics in livestock production to mitigate antimicrobial resistance risks.

Keywords: Clostridium, Clostridiaceae, cattle, antibiotic resistance, toxigenicity, biosafety, pathogenicity, anaerobes
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BupoBoe pa3Hoobpasue KnocTpuamii
Y KPYMHOrO pOraToro cKoTa

M. H. Wactu, B. A. CaBuHoB, A. U. Nlanwesues, E. . Mauppbika, E. A. DabpukanTtoBa, A. B. C(ynoBa
OTBHY «(DenepanbHblii HayuHbIi LEHTP — Bcepoccniickiii HayuHo-UCCNIef0BaTENbCKII UHCTUTYT IKCNEPUMEHTaNbHOIi BeTepuHapui
umenn K. . Ckpabuna u fl. P. Kopanerko Poccuitckoii akagemuu Hayk» (OTBHY OHL BIU3B PAH), Pasanckuit npocnexT, 24/1, r. Mocksa, 109428, Poccua

PE3IOME

BBepeHue. Knoctpuano3bl, HeCMOTPA Ha OTHOCUTENBHO CTIOpajMyecKite Cyyal X BO3HUKHOBEHIA, MMetOT NOBCeMECTHOE PacnpOCTPaHeHIe U XapaKTepu3yioTca
BbICOKOIH JIETANbHOCTDIO, UTO HAHOCUT IKOHOMUYECKNIA YLLlepb cenbeckoMy X03AiCTBY. Y KpYNHOro poratoro ckota naToreHHble KNOCTPUANM BbI3bIBAKT TaKue
3a6oneBaHNA, KaK JHTEPOTOKCEMUA, 3N0KAUECTBEHHDIIA 0TeK, CTONOHAK, 60TynN3M. THONOrUYECKM 3HAUUMbIMI BUBAMU KNOCTpuamil anaiotca Clostridium
septicum, Clostridium perfringens, Clostridium chauvoei, Clostridium novyi, Clostridium sordellii.

Lienb pa6otbl. /13yueHue B1uoBoro pa3Ho06pasua KNocTpuanii Ha 0CHOBAHUM UCCIeLOBAHMIA NATONI0T0-aHATOMUYECKOTO 1 CEKLIMOHHOTO MaTepyana KpynHoro
poratoro CkoTa U3 pasfinyHbIX PernoHoB Poccuu, onpefieneHne MecT X NOKaNM3aLmi B OpraHu3me XUBOTHBIX, @ TaKXKe aHTUOaKTepUanbHoii yCTouMBOCTY
(lostridium perfringens k Haubonee pacnpOCTPaHEHHbIM rPYNNam aHTUOUOTMKOB.

Matepuanbi u metofbl. B nepuos nposeaeHna uccieoBaHna pyKoBOACTBOBANMC 06LLENPUHATLIMI HOPMATUBHO-NPABOBbIMYU AOKYMEHTaMM, METOAN-
YecKUMM YKa3aHUAMY, PEKOMEHAALMAMM, HCTPYKLMAMY; NPUMEHANM MUKPOOMONOrYeckie, Macc-CneKTpoMeTpiyeckie MeTodbl. [Ind onpeseneHua aHtv-
baKTepuanbHoii YCToiuNMBOCTH UCMONB30BANUCh PA3NINUHBIE FPYNMbI NPENapaToB: MAKPOAUbI, MOHOOAKTaMbl, EHULUANMHDI, MOAMNENTIALDI, IUKONENTULDI,
AMUHOINMKO3AbI, KapOaneHeMbl, IMHKO3aMInbI, TETPALMKNMHbI, aHCAMULMHBI, AMAMUHONMPUMUZIHBI, Gy3uaWHbI U AP. V30nATbI KNOCTpUAWIA BblLensny,
1CNONb3yA PYTUHHDIE 6aKkTepuonornyeckine MeTozbl, BUAOBYIO MAEHTUGUKALI BbINOHANN C NOMOLLbIO BpeMANPONeTHoi Macc-cnektpomeTpim MALDI-ToF.
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Pe3ynbrarbl. [py nccnenoBaHnn 359 06paswoB uomarepuana 6b11o BblAeNeHo 1 MAEHTUGULIMPOBAHO 137 n30nAT0B KNocTpuawii (Paraclostridium bifermentans,
Clostridium perfringens, Clostridium tertium, Clostridium butyricum, Clostridium septicum, Clostridium sporogenes, Clostridium cadaveris, Clostridium sphenoides,
Clostridium cochlearium, Clostridium sartagoforme, Clostridium chauvoei, Clostridium novyi, Clostridium sordellii, Clostridium paraputrificum, Clostridium spp.), n3
KOTOpbIX 25 0651a71an1 NaToreHHbIMM 1 17 — TOKCUTeHHbIMU CBOICTBaMIA. YaLuie BCero KNocTpuaumi 06HapyXvBany B neyeHi, TOHKOM 1 TONCTOM OTeNax Kulley-
HUKa, MblLLax. Mpu 3Tom BbiaBAeHo npeBanuposakie Clostridium perfringens (17,5%). YctaHoBfeHa NONMPE3NCTEHTHOCTD U30NATOB AaHHOTO BUAA 6akTepum
K Liedukcumy, dy3uanesoii kucnote, Liepotakcumy, Liehaknopy, CeKTUHOMULIMHY, TUNEPALMANMHY, KNApUTPOMULMHY, opUNeHeMY, LOKCALMKIIAHY.
3akntoueHue. llonyyeHHble pe3ynbTaTbl MOTYT ObITb UCMONb30BaHbI AN1A MOANGUKALIM CYLLECTBYIOLLMX NPOTOKOIIOB NEYEHUA KNOCTPUANO030B, KOPPEKTUPOBKY
€0CTaBa MMMYHOBMONOTMYECKX NPEeNapaTos, pa3paboTki peKoMeHAALMIA N0 UCMONb30BAHI0 AHTUOMOTUKOB B XKBOTHOBOACTBE ANA CHIKEHWA PUCKOB Pa3BUTUA
AHTUMUKPOGHOIA PE3NCTEHTHOCTM.

KnioueBbie cnosa: knoctpuanu, Clostridiaceae, KpynHblii porablil CKOT, aHTUOUOTUKOPE3NCTEHTHOCTb, TOKCUTEHHOCTb, 61106e30MaCcHOCTb, NATOreHHOCTD,
aHadpobbl

bnaropapHocTu: lccnenoBatye npoBefieHo B pamKax rocyfapcTBeHHoro 3afaHna MuxuctepcTsa Hayki 1 Bbicluero 06pazoBanua Poccuiickoii Oegepauum,
npoekT FGUG-2025-0003.

[ina yntupoBauusa: Wactwn NN, H., Caunos B. A., Nanwesues A. 1., Mangpbika E. [I., Oabpukantosa E. A., Cynosa A. B. BugoBoe pasxoobpa3ue knoctpuauii
¥ KpYMHOro poratoro ckota. Bemepurapus ce2odHs. 2025; 14 (2): 194-200. https://doi.org/10.29326/2304-196X-2025-14-2-194-200

KoHdnukT uHTepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnonpexumn: Wactux Magen Hukonaesny, KaHa. BET. HayK, CTApLUMil HAYUHBIil COTPYAHUK NabOPATOPUIN ANATHOCTUKI W KOHTPOMSA aHTOMOTU-
KOpe3nCTeHTHOCTY BO30yAuTeNeli Hanbonee KNMHMYECKIN 3HAUMMBbIX MHOEKLMOHHbIX 60ne3Helt xuBoTHbIX OTBHY OHL| BIUIB PAH, Pasanckuit npocnekT, 24/1,

r. MockBa, 109428, Poccua, shastin.pasha@yandex.ru

INTRODUCTION

The genus Clostridium was first described by
A. Prazmowski in 1880. Over 225 species of Clostridia have
been currently identified in various regions of the planet.
Clostridia are gram-positive rods that form spores. They
are widespread in the environment, and are also part of
the human and animal microbiome. However, only some
of them are capable of causing diseases in animals [1, 2, 3].
Clostridial infections are characterized by high mortality.
Due to the spore-forming ability of Clostridia, they can
persist in the soil for a long time, thus posing a potential
threat of the disease emergence [4, 5, 6]. The pathogen
entry into the body of animals occurs mainly by ingestion
of contaminated feed (alimentary route), through wounds
or by inhalation. The main factors of Clostridium pathoge-
nicity are exotoxins and enzymes [7, 8, 9, 10], which have
hemolytic, necrotizing and lethal effects. The most potent
toxins of clostridial origin are botulinum and tetanus neu-
rotoxins, as well as epsilon toxin produced by Clostridium
perfringens types Band D [11, 12, 13, 14].

The emergence of polyresistant Clostridium strains
results in wider spread of clostridial infections. A num-
ber of scientists have noted low therapeutic efficacy
of antibacterial drugs against the clinical manifestation
of anaerobic enterotoxemia in young cattle, high mortality
and the need for specific prevention [7, 15, 16,17, 18, 19].

According to “Galen” component of the FGIS “VetlS",
the list of registered vaccines against bovine clostridial
infections in the Russian Federation is currently includes
the following products: Clostrivax (Tecnovax S. A., Argen-
tina); Coglavax (Ceva Sante Animale, France; Ceva-Phylaxia
Veterinary Biologicals Company, Hungary); Clostbovac-8
(Vetbiochem LLC, Russia); Clostarm-9 (Armavir Biofacto-
ry, Russia); Cubolac (CZ Vaccines S. A. U,, Spain); Antox 9
(Stavropol Biofactory, Russia); One Shot Ultra 8 (Zoetis Inc.,
USA); Scourguard 4KS (Zoetis Inc., USA).

The relevance and novelty of the work lies in obtaining
data on the antibiotic resistance of the etiologically rele-
vant Clostridium isolates, on the structure of the strains iso-
lated from cattle, and on their toxigenic and pathogenic
properties. The resulted data will contribute to the im-
provement of the clostridial infection control system
in cattle, which in turn will reduce the economic losses in
the livestock production.

The aim of the work was to conduct the monitoring
studies to identify Clostridia, as well as to assess the level
of antimicrobial resistance of Clostridium perfringens iso-
lates recovered from cattle in various regions of Russia, and
to study their toxigenic and pathogenic properties.

MATERIALS AND METHODS

The work was performed in 2022-2024 at the Labora-
tory for Diagnostics and Control of Antibiotic Resistance
of Pathogens of the Most Clinically Significant Infectious
Animal Diseases of the Federal Scientific Centre VIEV,
as part of the state project (FGUG-2025-0003) suppor-
ted by the Ministry of Science and Higher Education of
the Russian Federation. As a result of our own research,
monitoring data was obtained and the practical part was
completed. Sectional and autopsy materials collected
from cattle were delivered from various regions of Russia:
Nizhny Novgorod, Moscow, Leningrad, Ryazan, Novosi-
birsk, Penza Oblasts and Republic of Mordovia.

Biological material. A total of 359 samples were exa-
mined (liver, heart, spleen, lung, kidney, muscle, small
and large intestines, stomach, hoof sections, amniotic
fluid, etc.).

Recovery of isolates, determination of their pathogenic
and toxigenic properties. The study aimed at the recovery
of the isolates of the microorganisms that are etiologically
most relevant for commercial animal husbandry, namely
the Clostridiaceae family, was implemented in accordance
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m Paraclostridium bifermentans
m Clostridium tertium

m Clostridium septicum

m Clostridium cadaveris

m Clostridium cochlearium

m Clostridium chauvoei

m Clostridium sordellii
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Fig. 1. Species diversity of Clostridium isolates circulating

in the Russian Federation (n = 137), %

with GOST 26503-85 “Agricultural animals. Methods for
laboratory diagnostics of clostridium™'.

Identification of Clostridia. Species identification of the
microorganisms was performed by mass spectrometry
using MALDI Biotyper system (Bruker Daltonik GmbH,
Germany) according to the “Guidelines for the identifica-
tion of microorganisms using MALDI Biotyper mass spec-
trometer for the examination of food raw materials and
food products” (approved by the Rosselkhoznadzor RTC
on 3 April 2014).

Antibiotic resistance of the microbial cultures was deter-
mined by disc diffusion method in accordance with Meth-
odological Guidelines MUK 4.2.1890-04 “Guidelines for
susceptibility testing of microorganisms to antibacterial
agents”? Within the research activities, antibacterial drugs
of various groups were used (HiMedia Laboratories Pvt Ltd.,
India): macrolides (azithromycin 15 pg, clarithromycin
15 pg, pristinamycin 15 pg, spiramycin 30 pg, tylosin 15 pg,
erythromycin 15 ug), monobactams (aztreonam 30 pg),
penicillins (amoxiclav 30 pg, amoxicillin 25 pg, ampicillin
25 pg, benzylpenicillin 10 pg, carbenicillin 100 pg, pipera-
cillin 100 pg), polypeptides (bacitracin 10 pg, polymyxin B
50 pg), chloramphenicol 30 pg, glycopeptides (vancomy-
cin 30 pg), aminoglycosides (gentamicin 30 pg, kanamycin
30 pg, spectinomycin 100 pg, streptomycin 25 pg), car-
bapenems (doripenem 10 pg), lincosamides (clindamycin
2 ug, lincomycin 10 pg), fluoroquinolones (levofloxacin
5 g, norfloxacin 10 ug, ofloxacin 5 pg, pefloxacin 5 ug, ci-
profloxacin 30 ug, enrofloxacin 10 pg), tetracyclines (oxy-
tetracycline 30 pg, tetracycline 30 ug, chlortetracycline
30 pg, doxycycline 30 pg), ansamycins (rifampicin 15 ug),
sulfonamides (sulfadiazine 100 pg, sulfafurazole 300 ug),
diaminopyrimidines (trimethoprim 25 pg), cephalosporins

! https://base.garant.ru/5916932 (in Russ.)
2 https://docs.cntd.ru/document/1200038583 (in Russ.)

(cefixime 5 pg, cefazolin 30 ug, cefaclor 30 g, cefalexin
30 g, cefotaxime 30 pg, cefepime 30 ug, cefoperazone
75 g, cefpirome 30 pg, ceftriaxone 30 ug), phosphonic
acid derivatives (fosphomycin 50 ug), fusidines (fusidic
acid 30 pg).

The results were interpreted in accordance with CLSI
(Clinical and Laboratory Standards Institute) and EUCAST
(European Committee on Antimicrobial Susceptibility Test-
ing) recommendations [20, 21].

The results were statistically processed using Microsoft
Excel.

RESULTS AND DISCUSSION

As a result of the studies, 137 Clostridium isolates were
recovered and identified: Paraclostridium bifermentans,
Clostridium perfringens, Clostridium tertium, Clostridium
butyricum, Clostridium septicum, Clostridium sporogenes,
Clostridium cadaveris, Clostridium sphenoides, Clostridium
cochlearium, Clostridium sartagoforme, Clostridium chau-
voei, Clostridium novyi, Clostridium sordellii, Clostridium
paraputrificum, Clostridium spp.

Diversity of Clostridium spp. circulating in the Rus-
sian Federation has been established, which is shown in
Figure 1.

Prevalence of C. perfringens was established — 17.5%,
followed by C. tertium —13.1%, C. sordellii — 11.7%, C. chau-
voei — 11.0%, C. novyi — 9.5%, P. bifermentans and C. butyri-
cum - 8.0%, C. sporogenes — 6.6%, Clostridium spp. — 5.0%,
C. septicum - 3.0%, C. cadaveris — 2.2%, C. sphenoides and
C. cochlearium - 1.5% each, the smallest proportion is
made up of C. sartagoforme and C. paraputrificum iso-
lates - 0.7%.

Results of determination of antibiotic resistance of
C. perfringens isolates (n = 24) recovered from cattle in vari-
ous regions of the Russian Federation are demonstrated
in Figure 2.

According to the obtained data, it can be concluded that
C. perfringens isolates (n = 24) demonstrated resistance to
cefixime, fusidic acid, cefotaxime, cefaclor, spectinomycin,
piperacillin, clarithromycin, doripenem, and doxycycline.
Antibiotic resistance to ampicillin demonstrated 85% of
the isolates, to amoxicillin, chlortetracycline, vancomycin,
rifampicin and ciprofloxacin — 80%, to tylosin and amoxi-
clav - 75%, to sulfadiazine, cefalexin, ofloxacin and poly-
myxin B — 60%, to pefloxacin and cefoperazone - 55%, to
benzylpenicillin, clindamycin, ceftriaxone and chloram-
phenicol - 50%, to enrofloxacin, cefazolin, tetracycline and
streptomycin — 45% of the isolates; 40% of C. perfringens
isolates were resistant to bacitracin, norfloxacin, fosfo-
mycin; 35% of the isolates demonstrated resistance to
levofloxacin, lincomycin, oxytetracycline; 25% of isolates
were resistant to erythromycin, spiramycin and gentami-
cin and 20% - to azithromycin, cefepime and cefpirome.
All studied C. perfringens isolates were susceptible to sul-
fafurazole and carbenicillin (100%), trimethoprim — 90%,
azithromycin - 70%, levofloxacin — 65%, and kanamycin —
45% of the isolates. All the tested strains were interme-
diately susceptible to aztreonam and pristinamycin, 75%
of the isolates - to spiramycin, 60% - to fosfomycin, and
55% - to cefazolin, 45% - to kanamycin.

Among 137 recovered Clostridium isolates, 25 demon-
strated pathogenic properties and 17 had toxigenic pro-
perties. The obtained data is presented graphically as
a percentage in Figures 3 and 4.
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Fig. 2. Antibiotic resistance of C. perfringens isolates (n = 24) recovered from cattle

In most cases, C. perfringens isolates possessed patho-
genic properties (6.6%). Pathogenicity factors were detec-
ted in 5.1% of C. novyi strains, 4.4% of C. chauvoei isolates,
in 1.5% of C. septicum strains and in 0.7% of Clostridi-
um spp. isolates. Toxigenic properties were determined
for C. sordellii (3.7%), C. perfringens (3.7%), C. novyi (3.0%),
C. septicum (1.5%) and Clostridium spp. (0.7%).

The localization sites of Clostridia in cattle are presented
in the Table.

According to the demonstrated data, Clostridia were
most often isolated from the liver, small and large intes-
tine and from muscles.

Clostridia are widespread bacteria that cause disea-
ses in animals, birds and humans. Antibiotic resistance
is a serious challenge for the veterinary medicine due to
the fact that 80% of all antibiotics in the world are used
in agriculture, inter alia as feed additives and growth pro-
moters. The results obtained during the present study
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Table
Localization of Clostridia in cattle

Biological material

(lostridium species Small Large Hoof Amniotic
intestine | intestine SR sections fluid
Paraclostridium bifermentans - + - - + + + + + -
(lostridium tertium - + + - + + + - - _
Clostridium perfringens - + + - + + + + - +
(lostridium butyricum - + - - - + + + - _
(lostridium cochlearium - - - - - - + - - _
Clostridium sartagoforme - - - - - - + - - -
Clostridium septicum - + - - + - + - - -
Clostridium sporagenes - + - - + + + - - _
Clostridium sphenoides - - - - - - + - - -
(lostridium chauvoei - + - - - + + + - _
Clostridium novyi - + - - - - - - - -
Clostridium sordellii - + - - - - - - - -
Clostridium paraputrificum - + - - - - - - - _
Clostridium spp. - + - - + + + - - -
Clostridium cadaveris - + - - - - + - - _

m Clostridium perfringens
m Clostridium septicum
m Clostridium chauvoei

Clostridium novyi
m Clostridium spp.

Fig. 3. Species composition of Clostridium isolates
with pathogenic properties, %

v Y

\

m Clostridium perfringens
m Clostridium septicum
m Clostridium novyi

Clostridium sordellii
m Clostridium spp.

Fig. 4. Species composition of Clostridium isolates
with toxic properties, %

on antibiotic resistance to cefotaxime are consistent
with the data reported by N. A. Bezborodova et al. [7],
H. A. Ahmed et al. [22]. In the studies carried out by the
Iranian researchers F. Khademi et al., resistance of C. per-
fringens to ampicillin (25.8%), erythromycin (32.9%), gen-
tamicin (45.4%), tetracycline (19.5%), amoxicillin (19.3%),
bacitracin (89.1%) was reported [23]. A group of scientists
from China and Pakistan studied eleven of the most com-
monly used antibiotics, two of them had no inhibitory
effect, five were effective, and four had moderate effect
against C. perfringens. Lincomycin and amikacin did not
inhibit the isolates, tetracycline, penicillin, erythromy-
cin and oxytetracycline inhibited Clostridium growth to
a lesser extent. The scientists have concluded that it was
advisable to use several types of antibiotics, which was
a more effective approach to inhibit the bacterial infec-
tion [24]. Researchers from Ivory Coast determined in their
studies that the level of antibiotic resistance of C. perfrin-
gens to tetracycline, doxycycline, chloramphenicol, and
erythromycin ranged from 20 to 50% [25]. A group of sci-
entists from South Korea, when studying the prevalence
and resistance of C. perfringens to antibiotics, found that
resistance to tetracycline was 100%, to ampicillin — 31.6%,
to chloramphenicol - 68.4%, to metronidazole — 34.2%
and to imipenem - 71%. The researchers also noted
an important point of the combined resistance of 78.9%
of the isolates to several antimicrobial drugs [26].

CONCLUSION

As a result of the examination of the sections and patho-
logical materials from cattle in 2022-2024, 137 Clostridi-
um isolates were recovered, of which 25 demonstrated
pathogenic properties, and 17 — toxigenic ones. The most
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common Clostridium localization sites included liver, large
and small intestine, muscles, and stomach. The bacteria
were also detected in kidneys, spleen, amniotic fluid, and
hoof swabs.

Monitoring studies aimed at the determination of
the antimicrobial resistance of C. perfringens isolates re-
vealed their resistance to cefixime, fusidic acid, cefotax-
ime, cefaclor, spectinomycin, piperacillin, clarithromycin,
doripenem, and doxycycline.

The results of this study can be used to modify exist-
ing treatment protocols for clostridial infections, adjust
the composition of immunobiological products, and de-
velop recommendations for the use of antibiotics in ani-
mal husbandry to reduce the risk of antimicrobial resis-
tance developing.
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Analysis of RASFF notifications
for mycotoxins in 2020-2022

Selime S. Ibragimova’, Olga V. Pruntova?, Natalya B. Shadrova?, Tatyana V. Zhbanova®
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ABSTRACT

Introduction. Mycotoxins are secondary metabolites of various fungi. The contamination with mycotoxins is subject to control. Pursuant to the accepted clas-
sification in accordance with Council Directive 96/23/EC they belong to group B3: “Other substances and environmental contaminants”. Information on detected
exceedances of maximum permitted levels in feed and food is notified to the RASFF and ACN information systems, which operate across the European Union.
Objective. Analysis of RASFF and ACN notifications for mycotoxins in food and feed in 2020-2022.

Materials and methods. 1,335 publications on exceedances of maximum permitted levels of mycotoxins (aflatoxins, ochratoxin A, deoxynivalenol, zearalenone
and patulin) in food and feed have been analysed.

Results. Breakdown of mycotoxin notifications during the analyzed period was as follows: aflatoxins — 87.1%, ochratoxin A — 11.6%, patulin — 0.6%, deoxynivale-
nol — 0.5%, zearalenone — 0.2%. Aflatoxin contaminations were most often reported in groundnuts (764 notifications), ochratoxin A in dried figs (43 notifications),
patulin in apple juice (6 notifications), zearalenone and deoxynivalenol in cereals and bakery products. Feedstuffs and feed ingredients were found to be contam-
inated only with aflatoxins (33 notifications), and 66.7% of notifications accounted for groundnuts intended for feeding. An analysis of mycotoxin contamination
dynamics demonstrated that there was an increase in the number of notifications in 2021 and 2022.

Conclusion. According to RASFF and ACN notifications, mycotoxins were the third most notified hazard category in 2020—2022. Elevated mycotoxin concentrations
were detected exclusively in plant products.

Keywords: mycotoxins, aflatoxins, ochratoxin, patulin, deoxynivalenol, zearalenone, RASFF system, European Union, agricultural products, animal products, feed,
contamination, exceeding maximum levels
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AHanu3 BblABNEHUN MUKOTOKCUHOB
N0 laHHbIM UHGOPMALIMOHHOK cucTembl RASFF
3a nepuop ¢ 2020 no 2022 .

C. C. U6parumosa’, 0. B. MpyntoBa?, H. b. laapoBa?, T. B. X6aHoBa?

' KpbiMckas ucnbitatenbHas nabopatopus OIBY «DenepanbHblii LeHTp oxpaHbl 350poBbs XUBOTHIX» (KpbiMUTT OTBY «BHUIU3X»), yn. WocceitHas, 21a,
r. Cumdepononb, 295494, Pecnybnuka Kpbim, Poccua

2QTBY «DeepanbHblii LIEHTp 0XpaHbl 340p0BbsA XUBOTHBIX» (OTBY «BHUIU3X»), MKp. I0pbeBew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. MKOTOKCUHbI — BTOPUYHbIE METaboNUTbI NAeCHeBbIX rPUOOB, ABNAIOTCA KOHTAMUHAHTAMM, NOANEXAT KOHTPoA. COrnacHo NpuHATON Knaccudu-
kauuu, no Tpe6osanmnam Jupektusbl Coeta EBponeiickoro cotoza 96/23EC, oTHoCATCA K rpynne B3: «[Tpoune BewwecTBa v 3arpA3HUTENN OKPY3KatoLLed Cpeabl».
VHpopmaLna o BbIABNEHUN NPeBbILLEHUA NPedenbHO JONYCTUMbIX KOHLEHTPaLMIA B KOPMaX U NULLEBbIX NPOAYKTaX BHOCUTCA B MHGOPMALIMOHHYI0 CucTeMy
RASFF n ACN, GyHKUMOHMpYtoLLyto Ha TeppuTopum cTpaH EBponelickoro coto3a.

Lienb uccnepoBanmna. Aanu3 ceef\eHuin 0 KOHTaMUHALIMK MIKOTOKCUHaMI MULLEBOI MPOAYKLMY 1 KOPMOB 3a nepiog, ¢ 2020 no 2022 1., 3aperucTpupoBaHHbIX
B MHGopmaLmoHHoii cucteme RASFF u ACN.

Martepuanb! u metogbl. 06bekToM aHanm3a 6binn 1335 coobLeHuii 0 NpeBbILLeHY NPeseNbHO JONYCTUMbIX KOHLEHTPALil MUKOTOKCMHOB (adnaToKCUHOB,
0XPaTOKCMHA A, 1e30KCUHINBANEHONa, 3eapaeHOHa U NaTynHa) B MULLEBbIX NPOAYKTaX 1 KOPMaX.

© Ibragimova S. S., Pruntova 0. V., Shadrova N. B., Zhbanova T.V., 2025
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PesynbTatbl. Pacnpesenenue cyyaes BbiABNEHUA MIUKOTOKCUHOB B aHnN3UpyeMblil nepuog: apnatokcuHbl — 87,1%, oxpatokcu A — 11,6%, natyann —0,6%,
JLe30KcuHuBaneHon — 0,5%, 3eapaneHoH — 0,2%. MpeBbilueHne npedenbHO ZOMYCTUMON KOHLLEHTPALMU adnaTOKCUHOB Yallie BCero 06HapymBasni B apaxuce
(764 coobLueHna), oxpaToKcuHa A — B CyLUeHOM UHXMpe (43 co00LLeHua), naTynuHa — B ABN0UHOM coke (6 c006LLeHWIA), 3eapaneHoHa I Je30KCUHIBANEHONA —
B NPOAYKLMN U3 KaTeropuin <Kpymbl 1 xne6obynouHble u3fenus». B Kopmax n KOpMOBOM Cbipbe Obini BbIABIEHbI HECOOTBETCTBIA N0 COAEPXKAHNIO UCKNIOUMTENbHO
adnatokcnHoB (33 coobluieHns), KoTopble B 66,7% CiyyaeB 06Hapy1BaNy B apaxuce, NpegHa3HaueHHOM AnA KOPMOBbIX Lienieil. AHanu3 SUHaMUKI KOHTaMUHa-
LW NPOAYKLMM MUKOTOKCUHAMK NoKa3an, uTo B 2021 u 2022 rr. Habntogani pocT KonMYecTBa perucTpupyemblx coobLienmil 06 ux getekumn.

3akntouenue. CornacHo otyetam RASFF u ACN 3a 20202022 rr., MUKOTOKCUHbI NPeiCTaBAANN TPETbI0 N0 PaCNPOCTPAHEHHOCTU KaTeropuio onacHocT. Hapywe-
HIe 3aKOHO[aTeNbCTBA B YACTIN NPeBbILLEHNA NPeAesbHO AOMYCTUMBIX KOHLEHTPALUIA MUKOTOKCUHOB BbIABIEHO UCKHOUUTENBHO B NPOAYKLMN PacTUTENbHOMO
MPONCXOXIEHNA.

KnioueBbie cnoBa: MUKOTOKCUHDI, aQNaTOKCUHDI, 0XPAaTOKCUH, NAaTyMH, e30KCMHIUBaNeHo, 3eapaneHoH, cuctema RASFF, EBponeiickiii coto3, cenbekoxo3aii-
CTBEHHble NPOAYKTbI, IPOAYKTbI XUBOTHOTO NPOUCXOXAEHIA, KOPMA, KOHTAMUHALIMA, NPeBbILLEeHUe NpeaenbHO AOMYCTUMbIX KOHLIEHTpaLmii

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OIBY «BHU3MX» B pamkax TeMaTuki HayuHo-uccneioBaTeNbCkux pabot «BetepuHapHoe bnarononyunes.

[ina yutnposanua: Uoparumosa C. C., Mpyntosa 0. B., Wagposa H. b., 6aHoBa T. b. AHanu3 BbIABNEHII MUKOTOKCUHOB MO AaHHBIM MHOOPMALMOHHON CMCTEMb
RASFF 3a nepuog ¢ 2020 no 2022 r. Bemepurapus ce2odHs. 2025; 14 (2): 201-209. https://doi.org/10.29326/2304-196X-2025-14-2-201-209

Kondnukt ntepecos: MpyxTosa 0. B. ABAAETCA uneHom peaKoanerui xypHana «Betepuxapua cerogHs» ¢ 2012 ., HO HUKAKOro OTHOLIEHWA K PELLEHUIO 0My-
611KOBaTb 3Ty CTaTblo He UMeET. PyKonuch NpoLLna NPUHATYIO B XypHane npoLesypy peLieH3npoBanua. 06 MHbIX KOHOINKTaX UHTEPECOB aBTOPbI He 3aABAANI.

[ina koppecnonpenuun: Woparumosa Cenume CepsepoBHa, BeAyLLUil BeTepuHapHbIii Bpay oTAena Mukpobuonornyeckinx uccnegosanuii Kpoimid

OTBY «BHUN3M», yn. WocceitHas, 21a, r. Cumdepononb, 295494, Pecnybnuka Kpbim, Poccus, ibragimova@arriah.ru

INTRODUCTION

Currently, more than 400 mycotoxin types are known
which are produced by fungi belonging to Aspergillus,
Penicillium, Fusarium, Claviceps, Neotyphodium, Myrothe-
cium, Stachybotrys, Trichoderma, Trichothecium genera,
etc.[1,2,3,4,5].

According to domestic and foreign publications, feed
and plant products are highly contaminated with mi-
cromycetes (up to 80-100%), including toxin-producing
micromycetes (up to 40-60%), and in 21% of cases myco-
toxins are produced in concentrations dangerous to ani-
mal and human health. The problem of feed and food
contamination by micromycetes of mold fungi and their
metabolites is prevalent and has no geographical bounda-
ries. The contamination level depends on environmental
conditions (temperature and humidity), compliance with
the rules of agricultural technology, plant resistance
to phytopathogens, etc. [6, 7, 8,9, 10, 11].

Feeding animals with mycotoxin-contaminated
feeds causes numerous non-infectious diseases, known
as food-borne mycotoxicosis. Clinical signs and symp-
toms depend on a variety of factors: the mycotoxin type,
the amount and duration of exposure, general health
condition and immune status of the animal. Mycotoxico-
ses are divided by the type of a toxin or fungus they are
caused by: fusariotoxicosis, aflatoxicosis, ochratoxicosis,
patulinotoxicosis, stachybotriotoxicosis, etc. Depend-
ing on livestock and poultry species, age, and physical
condition, different sensitivity to the action of various
mycotoxins is reported. For example, piglets under
3 months of age, pregnant sows, calves, fattening pigs,
adult cattle and sheep are the most susceptible to af-
latoxins. Turkeys, ducklings, and goslings are highly
sensitive among poultry. Pigs and poultry are suscep-
tible to ochratoxins. Horses and cattle are sensitive
to stachyobothriotoxin, horses, pigs; poultry are suscep-
tible to fusariotoxins and fumonisins, pigs and cattle to
patulin [1,12, 13, 14,15, 16].

In the Russian Federation, the ten-year monitoring data
obtained from annual mycotoxicological tests of complete
feeds for pigs and poultry, provided by farms and process-
ing plants located in the Northwestern, Central, Southern,
Volga and Ural Federal districts, reveal the following toxins:
T-2 mycotoxin, diacetoxyscirpenol, deoxynivalenol, zear-
alenone, fumonisins B, alternariol, ochratoxin A, citrinin,
aflatoxin B,, sterigmatocystin, cyclopiazonic acid, myco-
phenolic acid, ergot alkaloids and emodin. The results
obtained confirmed the relevance of mycotoxin contami-
nation systematic control [17].

According to BIOMIN GmbH (Austria) scientific data ob-
tained by testing of 6,844 samples of agricultural products,
the most frequent mycotoxins in the world are deoxyniva-
lenol (66%), fumonisins (56%) and zearalenone (53%) [18].

According to literature sources, among several hundred
known mycotoxins, aflatoxins, T-2 mycotoxin, ochratoxin A,
patulin, fumonisins, zearalenone and deoxynivalenol are
the most common and dangerous to livestock health and
performance [19, 20, 21, 22].

Aflatoxins, when ingested, inhaled or adsorbed
through the skin, have hepatotoxic, teratogenic and cyto-
toxic effects. The toxic effect is enhanced by the presence
of T-2 toxin or ochratoxin in feed and relatively low le-
vels of crude protein, methionine, and vitamin D,. Out of
the ochratoxins, ochratoxin A is the most dangerous one,
which inhibits protein synthesis and disrupts carbohydrate
metabolism by inhibiting the activity of a specific enzyme
that initiates protein synthesis [23, 24, 25, 26, 27, 28].

Fusariotoxins commonly encountered in the world
are deoxynivalenol (DON, vomitoxin) and zearalenone.
DON is most often detected in wheat, less often in corn,
barley, rye, oats and grain products. Zearalenone differs
from other mycotoxins as it has hormone-like effect and
is less toxic, not leading to death. It is an uterotrophic
and estrogenic substance that induces hyperestrogenism
in pigs, infertility and stunted growth in cattle and poul-
try [29, 30, 31, 32, 33].
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Patulin is usually found in rotten fruits, berries and
vegetables; it has mutagenic, neurotoxic, nephrotoxic
and immunotoxic effects, and can cause gastrointestinal
injuries [1, 34].

Geographically, aflatoxins are most widespread in re-
gions with a tropical climate (Africa and Southeast Asia);
ochratoxins are found in regions with a cool, humid cli-
mate (Northern Europe); fusariotoxins and zearalenone are
widespread everywhere, including in the Russian Federa-
tion [1, 13].

According to the Food and Agriculture Organization of
the United Nations (FAO), up to 30% of food and fodder
crops are contaminated with mycotoxins. Reports from do-
mestic and foreign information sources confirm that myco-
toxicosis significantly impairs the livestock performance
and reproduction, bringing significant economic losses for
livestock farming. In addition, toxic substances produced
by mold fungi pose a serious danger to the health of con-
sumers of agricultural products. In this regard, the issues
related to the detection of mycotoxins in agricultural and
food products are relevant [1, 6, 33, 34, 35, 36].

In the Russian Federation, the maximum levels of myco-
toxins in agricultural and food products are regulated by
the Technical Regulations of the Customs Union, namely:
TRCU 015/2011“On grain safety”, TRCU 021/2011“On food
safety”, TR CU 033/2013 “On the safety of milk and dairy
products”. In addition, mycotoxins have been included in
the list of parameters to be tested for monitoring purposes
since 2007. The monitoring is organized and conducted
annually by the Federal Service for Veterinary and Phyto-
sanitary Surveillance (Rosselkhoznadzor) [37].

The novelty of this work consists in the analysis and in-
terpretation of information on mycotoxin contamination
of food and feed in European countries.

The aim of the study is to analyze information on myco-
toxin contamination of food and feed in the European
Union (EU) countries based on reports from the RASFF
(Rapid Alert System for Food and Feed) for 2020-2022.

MATERIALS AND METHODS

The RASFF notifications on the detection of mycotoxins
(aflatoxins, ochratoxin A, deoxynivalenol, zearalenone and
patulin) in food and feed for 2020-2022 became the ob-
ject of analysis.

RESULTS AND DISCUSSION

Rapid Alert System for Food and Feed (RASFF). The
common legal framework regarding safety of agricultu-
ral products, food raw materials and feed based on Re-
gulations No. 178/2002 and No. 882/2004 is valid in
the EU [38, 39].

Regulation No. 178/2002 lays down general principles
and requirements for the quality and safety of agricultur-
al products and food raw materials, covering all stages
of production and processing. In addition, this act estab-
lishes and defines the powers of the European Food Safety
Agency (EFSA) and provides the legal basis for the RASFF
in the EU. Regulation No. 882/2004 establishes the general
principles of official control performed to ensure compli-
ance with feed and food law [40, 41, 42, 43].

The RASFF is a key tool for the rapid exchange of in-
formation on detections of contaminants in food or feed
posing risks for human and animal health. This system was
created in 1979 under Food Safety Directive. The feeds

were not officially covered by the system. Since January 28,
2002 Article 50 of Regulation No. 178/2002 of the Europe-
an Parliament and the Council has been the legal basis for
the RASFF. The Article establishes the general principles
and requirements of the EU food legislation, covering all
stages of food production and processing within the food
chain “from stable to table’, including feed and feed raw
materials [39, 40, 44].

In 2020, hazards were established to be included into
notifications categorized by feed products, origin coun-
tries, and notifying countries. From March 2021 RASFF, to-
gether with the Administrative Assistance and Coopera-
tion Network (AAC) and the Agri-Food Fraud Network (FFN)
have been merged into the Alert and Cooperation Net-
work (ACN). The Network was established by Commission
Implementing Regulation (EU) 2019/1715 which sets up
and manages a computerized information management
system for official controls (IMSOC). The ACN notification
system includes three networks (RASFF, AAC and FFN), en-
suring an unhindered exchange of information between
the competent authorities of the Member States and faci-
litating cooperation between them [45].

The RASFF notifications concern product controls at
the EU’s external borders, at entry points or border in-
spection posts, and inspections by competent author-
ities or food poisoning incidents. Contact points have
been set up in all RASFF Member States and the Euro-
pean Commission, between which information is ex-
changed [38, 45, 46, 471.

The RASFF member notifies of the existence of a seri-
ous, direct or indirect, risk to public health linked to food
or feed. After receiving the notification, other members
can trace whether these products are available on their
market. Next, these members report back on what they
have found and what measures they have taken. The noti-
fications also concern controls at European Economic Area
borders, at points of entry or border inspection posts when
a consignment was not accepted for import [45, 46, 47].

When a problem is detected in the internal market, it is
the task of the national food and feed authorities to take
action. This includes any action necessary to immediately
address the risk but also to prevent a similar risk reoccur-
ring. Awhole range of actions are carried out and reported
back through RASFF: withdrawal or recall of the products
and their possible destruction, information to the public,
re-dispatch to origin etc. [45, 46].

Mycotoxin hazards (aflatoxins, ochratoxin A, patu-
lin, DON, zearalenone) notified by the EU countries
in 2020-2022. According to the RASFF and ACN annual
reports, mycotoxins rank third behind pesticide residues
and Salmonella among hazards [45, 46, 47].

An analysis of mycotoxin contamination dynamics,
focusing on concentrations exceeding maximum levels
(MLs) in RASFF notifications, revealed a clear upward trend
in 2021-2022.1n 2021, reported mycotoxin cases increased
by 6% compared to 2020, followed by a further 10.5% rise
in 2022. The 2020 RASFF Annual Report documented
a 23% decline in hazard detections compared to 2019,
which authorities attributed primarily to COVID-19 pan-
demic disruptions [45, 46, 47].

According to RASFF reports for 2020 and ACN reports
for 2021 and 2022, 1,335 notifications on exceeding MLs
of mycotoxins in food and feed were reported. In 2020,
400 notifications were registered, 450 notifications were
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Table

Mycotoxin detection dynamics in 2020-2022 according to RASFF and ACN
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Total number

Mycotorin of notifications
Aflatoxins 343 87.0 387 88.8 413 85.7 1,143
Ochratoxin A 4 104 46 10.5 65 13.5 152

DON 6 1.5 1 0.2 0 0 7
Zearalenone 1 03 0 0 1 0.2 2

Patulin 3 0.8 2 0.5 3 0.6 8

Total 394 100 436 100 482 100 1312

* % of the total number of detections for the year.

Ochratoxin A 11.6%,
n=152

Patulin 0.6%,

Aflatoxins PN n=8
87.1%, N DON 0.5%
n=1143 n=7

Zearalenone 0.2%,

n=2

Fig. 1. Types of mycotoxins and rates of their detection in plant product samples in 2020-2022

made in 2021, and 485 in 2022. Of 1,335 reports, 1,312
contain information on mycotoxin findings covered by this
paper: aflatoxins, ochratoxin A, patulin, DON and zeara-
lenone. Mycotoxin detection dynamics in 2020-2022 ac-
cording to RASFF and ACN is given in the table below.

Of the 1,312 notifications on mycotoxin findings,
1,007 were reported during border control, 162 during of-
ficial market control, 142 as a result of internal inspections,
and one notification was generated in the RASFF system
following a consumer poisoning incident due to ochratox-
in A exceeding levels [48].

It was found that during this period, aflatoxins (87.1%),
ochratoxin A (11.6%), patulin (0.6%), DON (0.5%), zearale-
none (0.2%) were most frequently notified mycotoxins in
the RASFF system. Data are shown in Figure 1. It should
be noted that only plant-based commodities contained
mycotoxin concentrations above maximum limits.

Aflatoxin findings (according to RASFF data
for 2020-2022). Of 1,143 RASFF notifications, 97.1% were
for aflatoxins detected in food products and 2.9% in feed
and feed materials.

The exceeding MLs of aflatoxins in food are evidenced
by 1,110 notifications in the following product categories:

“Nuts, nut products and seeds’, “Fruits and vegetables”,
“Cereals and bakery products’, “Herbs and spices”, “Other
food product / mixed”, “Confectionery’, “Cocoa and cocoa
preparations, coffee and tea” and “Ice cream and desserts”.

Notifications in the category “Nuts, nut products and

seeds” category were made in 67.9% of cases (776 noti-

fications); 52.0% (403) of them were made for peanuts;
27.6% (214) for pistachios; 9.1% (71) for hazelnuts; 3.6% (28)
for almonds; 2.1% (16) for peanut butter; 1.2% (9) for wa-
termelon seeds; 1.0% (8) for melon seeds; 0.5% (4 for each)
notifications were reported for Brazil nuts and sesame
seeds; 0.4% (3) for almond flour; 0.3% (2 for each) notifi-
cations for ogbono seeds, apricot kernels, hazelnut paste,
cashews; 0.1% (1 for each) for sunflower, lotus seeds, nut
mix, chia seeds, pistachio flour, almond nougat, peanut
paste and nut crackers.

163 notifications (14.3%) were reported in “Fruits and
vegetables” category. Most findings were reported for
dried figs — 94.5% (154), as well as for dried dates — 3.1% (5),
mulberry -1.8% (3), date syrup — 0.6% (1).

7.4% of notifications (85) were made in “Cereals and
bakery products” category, of which 75.0% (64) were
findings in rice; 4.7% (4) in corn, 3.5% (3) in wheat flour,
2.4% (2 for each) in buckwheat, millet seeds, dry soy pro-
duct, a mixture of millet, corn and baobab juice, 1.2%
(1 for each) in wheat, rice flour, corn flour, spelt flour, al-
mond flour and buckwheat husk flour.

74 (6.5%) notifications were made to the RASFF about
aflatoxins in “Herbs and spices” category products with-
in the mentioned period. Among them 21 notifications
(28.4%) were on hazards in spice mixture; 16 (21.6%) in nut-
meg, 13 (17.6%) in whole dried chili peppers; 10 (13.5%)
in crushed chili peppers; 5 (6.8%) in turmeric, 4 (5.4%) in
ground ginger, 3 (4.0%) in curry powder; 2 (2.7%) in black
pepper.
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In “Other food product / mixed” category, which in-  each). Most DON detections were made in 2020 (6 RASFF
cluded hazelnut paste, date syrup, shelled peanuts, rice  notifications were registered), and 1 notification was re-
flour, paste for filling and ice cream sprinkles, only 5 noti-  ceived in 2021. In 2020, one wheat sample, in addition
fications (0.4%) were made; one for each type of product.  to DON levels above MLs, zearalenone concentration was
Only 5 notifications (0.4%) were reported in the “Confec-  also too high. The second case of zearalenone detection
tionery” category, of which 3 (60.0%) were for peanut  was reported in 2022; this mycotoxin was detected in rice
candies; 1 (20.0% each) for peanut halva and pistachio  crackers.
halva. In the “Cocoa, cocoa preparations, coffee and tea” Patulin findings (according to RASFF data for 2020-2022).
(in cocoa powder) and “Ice cream and desserts” (in peanut ~ During the study period, 8 notifications were received
paste for ice cream) categories, 1 notification was regis-  about non-compliant MLs of patulin in two RASFF cate-
tered (0.1% for each). gories: “Fruits and vegetables” (37.5%) and “Non-alcoholic

33 notifications were made on exceeded MLs of afla-  beverages” (62.5%). In 75.0% of cases (6 notifications), this
toxins in feed and feed materials in the following cate- mycotoxin was detected in apple juice, 12.5% (1 notifica-
gories: “Source material / feed” - 25 notifications (75.8%);  tion foreach)forapple sauce and natural apple-cherry juice.
“Nuts, nut products and seeds” (peanuts) — 6 (18.2%) no- Analysis of the distribution of identified mycotoxins by ca-
tifications; one notification was made in “Feed materials”  tegories of plant products and feeds according to the RASFF
(non-compliances found in corn gluten) and “Pet food” ca-  classification. It should be noted that exceeding MLs of se-
tegories (3.0% each). In the “Source material / feed”catego-  veral types of mycotoxins have been reported in various
ry: 16 notifications (64.0%) were made for peanuts, 2 (8.0%  product categories. Thus, in products of “Cereals and bak-
each) for millet and sunflower seeds, 1 notification foreach  ery products” category, exceeding MLs of four mycotoxins
of (4.0% each) in rice flour, rice bran and protein, corn glu-  were detected; in “Fruits and vegetables” category, three
ten and cottonseed flour. mycotoxins were identified; in products from the “Nuts,

Ochratoxin A findings (according to RASFF data for  nut products and seeds”, “Herbs and spices’, “Other food
2020-2022). During the study period, 152 notifications  product / mixed” and “Cocoa, cocoa preparations, coffee
of ochratoxin A non-compliant concentration were made.  and tea” categories two mycotoxins were detected. The

In products from “Fruits and vegetables” category, mycotoxin distribution (aflatoxins, ochratoxin A, DON,
73 non-compliances (48.0%) were detected, of which  zearalenone, patulin) by product category is demonstra-
43 (58.9%) were in dried figs; 20 (27.4%) in raisins, 3 (4.1%)  ted in Figure 2.
in mulberries and 3 in dates, 1 (1.4%) in date syrup, fig The MLs of aflatoxins (85 notifications; 65.4%), ochra-
bread with almonds, canned plums and apricot kernels. toxin A (36 notifications; 27.7%), DON (7 notifications; 5.4%)

In the “Cereals and bakery products” category, 36 no-  and zearalenone (2 notifications; 1.5%) were reported in
tifications were made in 2020-2022, which accounted  products from the“Cereals and bakery products” category.
for 23.7% of the total number of notifications on ochra-  Moreover, in 2022, there was more than double increase
toxin A. Among them, 44.4% (16 notifications) were on ex-  in the number of reports of identified non-compliant afla-
ceeding MLs in rice, 11.1% (4 notifications) in wheat flour,  toxin levels in this category.
notifications were made for wheat, oats, rye bread, rye In the “Fruits and vegetables” category, there were
flakes, rye flour, bread rolls, muesli, dry soy product, quinoa  notifications about levels of 3 types of mycotoxins above
groats, corn flour, whole-grain rye pasta, oat flakes, baby ~ MLs: aflatoxins — 181 notifications (70.4%), ochratoxin A -
food, fruit and oat bars, red quinoa and rolls (one foreach). 173 notifications (28.4%) and patulin - 3 notifica-

27 notifications (17.7%) were made in the “Herbs and  tions (1.2%).
spices” category, 11 (40.7%) on exceeding MLs in nutmeg, Non-compliant levels of aflatoxins (758 (99.3%) and
10 (37.1%) in ground pepper, 3 (11.1%) in crushed licorice 74 (73.3%) notifications, respectively) and ochratoxin A
root, 2 (7.4%) in chili seasoning, 1 (3.7%) in dietary sup- (5 (0.7%) and 27 (26.7%) notifications, respectively) were

plements. reported in“Nuts, nut products and seeds”and “Herbs and
5 notifications (3.3%) were made in the “Nuts, nut  spices” categories.

products and seeds” category: 4 (80%) in pistachios and During the period under review, there were 5 notifi-

1 (20%) in watermelon seeds. cations on aflatoxins and 4 notifications on ochratoxin A

There were 4 notifications (2.6%) on ochratoxin A in products from “Other food product / mixed” category.
in date syrup (“Other food product / mixed” category), In 2021, 4 notifications were reported to the RASFF about
and 4 notifications (2.6%) on exceeding MLs in instant cof-  exceeding MLs of ochratoxin A and aflatoxins in “Cocoa,
fee (3) and in a mixture of roasted and ground coffee (1)in  cocoa preparations, coffee and tea” products.
the “Cocoa, cocoa preparations, coffee and tea” category. In categories such as “Confectionery”, “Prepared dishes

During the studied period, the RASFF received notifica- and snacks’, “Dietetic foods, dietary supplements’, “Ice
tions about exceeding MLs of ochratoxin A in astragalus ~ cream and desserts”, “Wine” and “Soft drinks’, only one of

extract powder (“Dietetic foods, food supplements and  the mycotoxins was above the established MLs.

fortified foods”), Rossa wine (“Wine” category ) and fruit In products intended for feed purposes of “Pet food”,

bars (“Prepared dishes and snacks”), one for each (0.7%).  “Feed materials” and “Nuts, nut products and seeds”, cate-
Deoxynivalenol and zearalenone findings (according  gories exceeding MLs of aflatoxins were found.

to RASFF data for 2020-2022). Violations of European MLs During the analytical study, co-contamination with sev-

for DON were reported only in “Cereals and bakery pro-  eral mycotoxins was noted in 16 cases, co-contamination
ducts” category: 7 notifications were sent during the pe-  with aflatoxins and ochratoxin A was reported in 14 noti-
riod under study. This mycotoxin was found in wheat fications, co-contamination with zearalenone and DON, as
and corn grains (2 notifications, 28.6% each), wheat flour,  well as with zearalenone and aflatoxins were also notified
instant noodles and breadcrumbs (1 notification, 14.3% (1 notification for each case).
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Non-alcoholic beverages

Wine

Dietetic foods, food supplements
Prepared dishes and snacks

Ice cream and desserts

Cocoa, cocoa preparations, coffee and tea
Other foodproduct / mixed
Confectionery

Herbs and spices

Cereals and bakery products
Fruits and vegetables

Nuts, nut products and seeds

m aflatoxins wochratoxin A

u deoxynivalenol

5.4%
1.5%

1.2%

0.7%

zearalenone u patulin

Fig. 2. Percentage ratio of detected mycotoxins in different plant product categories

(according to RASFF for 2020-2022)

Based on the information provided in the RASFF no-
tifications for 2020, 2021 and 2022, an increasing trend
in the number of contaminations of feed and plant prod-
ucts with aflatoxins and ochratoxin A was noted. There
were only a few notifications regarding the exceeding
MLs of mycotoxins such as DON, zearalenone and patu-
lin (Table), and they are insufficient to establish reliable
trends in contamination of plant products and feed. At
the same time, the findings confirm that this issue is prev-
alent, warranting systematic monitoring and control mea-
sures, as well as a thorough risk assessment of mycotoxin
contamination in feed and plant-derived commodities.

According to literature data, DON, T-2 toxin, zearale-
none and aflatoxins are most often detected in the Rus-
sian Federation. An analysis of contamination of food grain
harvested in 2020 showed that 10% of the samples are
co-contaminated with two or more mycotoxins. The most
common contaminants of grain were tentoxin, DON, and
cyclopiazonic acid, while those of corn were fumonisins B,
and B,. Ochratoxin A, aflatoxins, zearalenone, T-2 and HT-2
toxins, citrinin, sterigmatocystin, ochratoxin B, alternariol
and its methyl ester, altenuene, and mycophenolic acid
were also detected [49].

Mycotoxins exhibit organism-specific pathological ef-
fects, combining high toxicity, bioaccumulation potential,
and diverse impacts - including embryotoxicity, teratoge-
nicity, mutagenicity, carcinogenicity, immunosuppression,
and cytotoxic, hepatotoxic, neurotoxic, dermatotoxic, and
nephrotoxic effects. Mycotoxins disrupt protein synthesis,
induce lymphatic tissue hypoplasia and bone marrow
alterations, impair protein/lipid/mineral metabolism, exa-
cerbate allergic responses, and cause hepatic, renal, and
reproductive system damage [1, 12, 50].

For EU countries, the MLs of mycotoxins in food and ag-
ricultural products are established by the Joint FAO/WHO
Expert Committee on Food Additives (JECFA). The Com-
mittee consists of independent international experts who,
based on the results of scientific research, issue recom-
mendations on MLs, on measures to prevent and reduce
contamination, laboratory methods for concentration
measurement, etc. JECFA publications are regarded as in-
ternational reference documents underlying international
and regional standard development.

CONCLUSION

According to RASFF annual reports for 2020-2022,
there were 1,312 notifications on exceeding MLs of myco-
toxins. It was found that aflatoxins were the most fre-
quently reported contaminants during the period under
review (87.1%), with ochratoxin A ranking second (11.6%).
Levels of patulin (0.6%), DON (0.5%), zearalenone (0.2%)
above the established MLs were also notified. Herewith,
exceeding MLs of studied mycotoxins were reported only
for plant-derived products.

In products of “Cereals and bakery products” catego-
ry, exceeding MLs of all mycotoxins were detected: afla-
toxins (65.4%), ochratoxin A (27.7%), DON (5.4%) and zear-
alenone (1.5%), in “Fruits and vegetables” category three
mycotoxins were prevalent: aflatoxins (70.4%), ochra-
toxin A (28.4%), and patulin (1.2%).

Of the 1,312 RASFF notifications in 2020-2022, 97.5%
mycotoxins were detected in plant-derived foods and
2.5% in feed and feed materials. Moreover, only aflatoxins
were found in the feed.

Co-contamination with several mycotoxins was
noted in 16 cases, co-contamination with aflatoxins and
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ochratoxin A was reported in 14 notifications, co-contami-
nation with zearalenone and DON, as well as with zeara-
lenone and aflatoxins were also notified (1 notification for
each case).

During the period under review, 76.8% of notifications
on mycotoxins concerned border control; 12.3% were
made following official market control; 10.8% resulted
from internal inspections; 0.1% reported consumer com-
plaints.
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ANNIVERSARY DATES
OBUNENHbIE JATHI

On the 70" anniversary of Idris G. Idiatulin

Idris G. Idiatulin was born on June 6, 1955. In 1982,
he graduated from the Leningrad Veterinary Institute.
He pursued postgraduate studies and earned a PhD
in 1982-1983.

Here is a clear chronological breakdown of his employ-
ment history:

« Deputy Director, Agricultural Dairy Farm
(1993-1998);

+ Head, Baltiysky Border Crossing Point at the North-
western Territorial Administration of Gosvetnadzor
on the State Border of the Russian Federation and Trans-
port (1998-2005);

« Deputy Head, Organizational and Inspection De-
partment;

» Head, Organizational and Inspection Department;

» Deputy Head, Rosselkhoznadzor Territorial Ad-
ministration for St. Petersburg & Leningrad Oblast
(2005-2011);

+ Head, Veterinary Administration, Committee
for Agriculture and Fisheries of the Leningrad Oblast
(2011-2013);

- Head, Veterinary Administration of the Leningrad
Oblast (2013-2019).

With over 26 years of experience in veterinary medicine
and animal production, he played a significant role in safe-
guarding the country’s borders against the introduction
of infectious animal diseases and ensuring veterinary over-
sight for the export/import of animals, animal products
and raw materials. He contributed to the reorganization
of the state veterinary service, particularly in the areas of
state veterinary surveillance at the border and transport
within the Leningrad Oblast.

As Head of the Veterinary Administration of the Le-
ningrad Oblast, he exercised extensive organizational
and leadership responsibilities. He deserves credit for
swiftly addressing challenges during the implementa-
tion of a new system to record the fulfillment of state
assignments in veterinary service institutions: drafting
state assignments, calculating necessary funding from
the regional budget, ensuring timely budget allocation,
and supplying municipal and city veterinary institutions
with essential material, technical, and financial resources.
He elevated the paid veterinary services offered by state
veterinary institutions in the Leningrad Oblast to a mo-
dern level by spearheading the development of scientifi-
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cally grounded pricing, which ensured the cost-effective
operation of these facilities. Among his contributions,
Idris G. Idiatulin organized the calculation of time norms
for veterinary work and the standardization of veteri-
narians’ labor in medical, preventive, diagnostic, and
veterinary-sanitary institutions. This work led to the es-
tablishment of scientifically grounded standards in state
veterinary institutions. Under his leadership, successful
efforts were made to prevent and control infectious ani-
mal diseases, including African swine fever and highly
pathogenic avian influenza.

With decades of expertise, Idris G. Idiatulin serves as
the chairman of the Public Council under the Veterinary
Administration of the Leningrad Oblast. As a seasoned
specialist, he plays a key role in guiding initiatives aimed
at supporting and improving the management of stray
animals.

Idris G. Idiatulin has been honored with awards at
the federal, regional, and district levels, earning well-
deserved respect among colleagues and agricultural pro-
fessionals.

On this special anniversary, please accept our heartfelt
wishes for continued success in all your endeavors, along
with good health, happiness, and prosperity!
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Dedicated to the 100" anniversary of the birth:
Dr. Vladislav P. Onufriev (1925-1998)

On April 16, 2025, we commemorate the 100" anniver-
sary of the birth of Vladislav Petrovich Onufriev, an emi-
nent virologist, distinguished coordinator in the field
of veterinary medicine, Doctor of Science (Biology), Pro-
fessor, Corresponding Member of the Lenin All-Union
Academy of Agricultural Sciences (VASKhNIL), the Russian
Academy of Agricultural Sciences (RAAS), Honored Scien-
tist of Ukraine, veteran of the Great Patriotic War, and Di-
rector of the All-Union Foot-and-Mouth Disease Research
Institute (AUFMDRI) for 18 years.

Vladislav P. Onufriev was born in the village of Alek-
seevka, the Kalanchak Raion, the Kherson Oblast. After
completing junior high school in 1938-1941, he studied
at the Tsyurupynsk Veterinary Technical School (the Kher-
son Oblast).

As the war broke out, he was mobilized to partici-
pate in the defence of the Crimea. From November 1943
to August 1946, he served in the Soviet Army, participated
in the Great Patriotic War, fought for a year and a half as
a scout and commander of a motorized reconnaissance
company in the 33 Guards Rifle Division, and was woun-
ded. In late 1943, he was awarded the Medal “For Courage”
for his bravery, followed by the Order of Glory 3™ Class
in 1944 and the Order of Glory 2" Class in 1945.The battles
near Kdnigsberg were particularly fierce, and as a partici-
pant of the events he received the Medal “For the Capture
of Kénigsberg”. He was also awarded the Order of the Pa-
triotic War 2" Class (1985) and numerous other medals.

After demobilization, from 1946 to 1951, he was a stu-
dent at the Kharkiv Veterinary Institute, which he gradua-
ted with honors. From 1951 to 1955, he worked as the chief
veterinarian of the Mglin District Agricultural Department
(the Bryansk Oblast) and later on as a senior veterinarian
at the Prosyana MTS (the Dnipropetrovsk Oblast).

From 1955 to 1958, he pursued postgraduate studies
at the Leningrad Research Veterinary Institute. In 1960,
he defended his dissertation on “The Toxic Effects of Cer-
tain Preparations on the Tick Ixodes Ricinus” for the Candi-
date of Science Degree. From 1959 onward, he engaged
in research as a senior scientist at the Foot-and-Mouth
Disease Laboratory of the Ukrainian Research Institute
of Experimental Veterinary Medicine (Kharkiv), was head
of the Epizootology Department at the Institute of Animal
Husbandry and Veterinary Medicine of the Tajik SSR Aca-
demy of Sciences (1960), and director of the Tajik Research
Veterinary Institute (Dushanbe, 1961-1963).

In March 1963, Vladislav Onufriev was appointed as
a director of the newly founded AUFMDRI subordinated
to the USSR Ministry of Agriculture. In this role, he proved

himself an excellent organizer and authoritative leader. He
oversaw the construction of the modern, well-equipped
institute, staffing it with scientific and technical personnel,
and launching research on foot-and-mouth disease. Com-
bining administrative duties with scientific work, he also
headed the institute’s Immunology Laboratory. In 1969,
he successfully defended his dissertation on “Experimen-
tal Studies on the Immunology of Foot-and-Mouth Dis-
ease”for Doctor’s Degree (Biology) and in March 1972 was
awarded the title of Professor in Virology. The research
work performed by Dr. Onufriev and his students was
focused on foot-and-mouth disease, its prevention and
eradication in the USSR. Considerable attention was paid
to passive immunity in animals caused by anti-foot-and-
mouth sera, immunolactone, and lactoglobulins, as well
as to studying active immunity induced by inactivated
mono- and polyvalent vaccines. His diagnostic and pre-
ventive methods significantly improved the animal health
situation and helped eradicate the disease.

With the direct involvement of Vladislav Onufriev, jus-
tification was prepared for construction of the Transcau-
casian (Yerevan) and Central Asian (Dushanbe) branches
of the AUFMDRI. Since 1970 these branches had served as
bases for scientific and practical work in the areas where
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foot-and-mouth disease and other highly dangerous ani-
mal diseases could be introduced into our country.

For successful completion of the planned research and
successful implementation of the obtained results into
production, the institute headed by Vladislav P. Onufriev
was repeatedly awarded with the Transferable Red Banner
Prize from the Central Committee of the Communist Party
of the Soviet Union (CPSU), the USSR Council of Ministers,
the All-Union Central Council of Trade Unions (ACCTU),
and the Central Committee of the Komsomol, diplomas
from the Exhibition of Achievements of National Eco-
nomy (VDNKh) and from the Ministry of Agriculture of
the USSR. For developing a set of measures that ensured
elimination of foot-and-mouth disease outbreaks nation-
wide and established sustainable control over this infec-
tion, a group of veterinary specialists from the institute
was awarded the State Prize of the Russian Federation
in Science and Technology.

From 1968 to 1981, Vladislav P. Onufriev was a Chair-
man of the Coordination Council on Foot-and-Mouth
Disease for CMEA Member Countries (Council for Mutual
Economic Assistance). In this role, he did extensive work
to improve scientific research in specialized laboratories
across the USSR and in the CMEA Member Countries and
to speed up implementation of the latest breakthroughs
into veterinary practice. He undertook numerous interna-
tional assignments and participated in congresses, sym-
posia, and sessions of the OIE (now the WOAH) and CMEA.
His scholarly output includes over 300 scientific publi-
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cations and 18 invention patents. Under his mentorship,
14 researchers earned Doctor of Science Degree and more
than 40 obtained Candidate of Science degree. Professor
Onufriev chaired the Academic and Dissertation Councils
at AUFMDRI and served on the expert council of the USSR
Higher Attestation Commission (VAK).

In 1975, Vladislav P. Onufriev was elected as a Corre-
sponding Member of the VASKhNIL. By 1991, he became
a Corresponding Member of the RAAS and the Ukrainian
Academy of Agrarian Sciences, Honored Worker of Science
and Technology of Ukraine. Concurrently, he engaged in
extensive public work, i.e. since 1963 he had been annu-
ally elected to the institute’s Communist Party Bureau and
since 1964 he had been a Candidate Member to the Vladi-
mir Regional Committee of the CPSU. From 1966 to 1980
he became its Full Member. His agricultural research break-
throughs earned him Order of Lenin, Two Orders of the Red
Banner of Labor, Diplomas and Certificates of Honor from
the USSR VDNKh.

In April 1981, he became head of the Epizootology
Department and later the Microbiology and Virology De-
partment at the All-Ukrainian Academy of Agricultural
Sciences (Kyiv), where he worked until his passing on De-
cember 16, 1998.

Vladislav P. Onufriev was renowned for his scholarly
erudition, dedication, and kindness. He is remembered as
a man of great warmth and vision who advanced the fron-
tiers of veterinary science and earned deep respect both
in the USSR and abroad.
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WOAH REFERENCE LABORATORY FOR FOOT AND MOUTH DISEASE
PEQEPEHTHAA TABOPATOPUA BO3X MO ALYPY
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PEQEPEHTHAA TABOPATOPWA BO3X MO rPUMNY NTUL
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PEQEPEHTHAA TABOPATOPUA BO3X N0 BONE3HN HbIOKACIA
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EUROPE, CENTRAL ASIA AND TRANSCAUCASIA
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LIEHTPANbHO A3111 11 3AKABKA3bA
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PEOEPEHTHBIA LLEHTP OAO MO ALLYPY
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PEOEPEHTHBIA LEHTP OAO N0 300HO3HbIM KOPOHABUPYCAM




