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Feline chlamydiosis (review)

llya S. Tsyganov, Sergey V. Shcherbinin, Tatyana S. Galkina, Konstantin N. Gruzdev
Federal Centre for Animal Health, ul. Gvardeyskaya, 6, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Feline chlamydiosis is a disease caused by Chlamydia felis, it is characterized by conjunctivitis (unilateral or bilateral),
lacrimation and lesions of the respiratory and reproductive tracts. This pathogen is a gram-negative bacterium with a strictly obli-
gate intracellular parasitic nature. In the early 1940s, Chlamydia were considered an intermediate link between viruses and bacteria.
Until the 1960s, Chlamydia were classified as viruses due to their small size and inability to grow on artificial nutrient media. Their
unique two-phase developmental cycle allows the pathogen to persist in the body of an animal or human for a long time with-
out clinical manifestations. Treatment of chlamydiosis must be systemic, addressing both etiological therapy (use of antibiotics)
and symptomatic therapy. Immunity against chlamydiosis is weak, with cellular immunity being more important than humoral
immunity. Currently, both attenuated and inactivated vaccines are available on the market, which can protect against the clinical
manifestation of the disease but not against infection. Chlamydiosis is a globally widespread disease, with detection rates showing
a consistent year-on-year increase.

Objective. To review and systematize current data on feline chlamydiosis caused by Chlamydia felis.

Results. The article reviews global prevalence data of feline chlamydiosis. It examines the biological properties of the infectious
agent, the clinical signs of the disease, and the pathological findings. Data on immunity are presented, and disease control measures
are discussed.

Conclusion. Chlamydia felis is a worldwide spread pathogen capable of infecting not only cats and other animals but also humans,
which indicates its zoonotic potential. Such factors as complex life cycle, adeptness at host immune evasion and ability to establish
persistent infections hinder its effective eradication. The required extended treatment regimens and propensity for chronic infections
compromise companion animal welfare and pose a risk of transmission to humans. A more profound understanding of Chlamydia felis
pathogenesis is essential for developing effective treatment and prevention strategies.

Keywords: review, feline chlamydiosis, Chlamydia felis, cats
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Xnamuamos Kowuek (0630p)

W. C. Libiranos, C. B. Llep6unun, T. C. Tankuna, K. H. [py3pes
OIBY «(DenepanbHblil LieHTp 0xpaHbl 380poBbA XUBOTHbIX» (OIBY «BHUN3X»), yn. [Bapaelickas, 6, mkp. I0pbesel, . Bnagumup, 600901, Poccua

PE3IOME

BBepeHnue. Xnamuanos Kowwek — 6one3stb, Bbibisaemas Chlamydia felis, xapakTepu3yeTca KOHbIOHKTUBUTOM (OAHO- UK ABYX-
CTOPOHHUM), CNIe30TEYEHUEM, MOPAXKEHNEM PECTUPATOPHONO U PENPOAYKTUBHOTO TPAKTOB. [laHHbIi Bo36yaMTENb OTHOCUTCA
K FpamoTpuLiaTeNbHbIM 6aKTEPUAM CO CTPOr0 06AMraTHBIM BHYTPUKNETOUHBIM NapasuTU3MOM, 0fHaKo B Hauane 40-x r. XX Beka
XNaMUZUN CYMTaNM NPOMEXYTOUHBIM 3BEHOM MeX 1y BUPYCamu 1 6akTepuami. o 1960-X IT. 13-3a Manblx pa3mMepoB 1 Hecrocob-
HOCTM Pa3BMBATLCA HA MCKYCCTBEHHDBIX NUTATENbHBIX Cpefax XnaMuann KnaccuduumpoBanin Kak BUpYChl. HeobbluHblii LMKn pas-
BUTUA, COCTOALMIA U3 ABYX a3, NO3BONAET BO3OYAUTENIO AOATOE BPEMA NEPCUCTUPOBATD B OPraHU3Me XXMBOTHOTO UM YesoBeKa
6€3 KnuHUYecKux NpoABNeHMil. JleueHne Xnamnano3a JOMKHO ObITb CUCTEMHBIM M 3aTparuBaTh Kak STUONOMNYECKYIO Tepanmio
(MpUMeHeHMe aHTUOMOTUKOB), TAK N CUMNTOMATMUECKYIO. IMMYHUTET NPOTMB XNaMIAN03a CNAbbIiA, KNETOUHDIA UMMYHUTET UMeeT
fonbLuee 3HaUeHNe, YeM rymopanbHblit. B HacToALlee BpeMA Ha pbiHKe NpeACTaBNeHbl aTTeHyUPOBaHHbIE N MHAKTUBUPOBAHHbIE
BaKLMHbI, NO3BONALLME 3ALUMTUTD OT KJIMHUYECKOr0 NPOABNEHNA BONE3HM, HO He 0T 3apakeHus. PacnpocTpaHeH Xnamnano3
NpaKTYeCK NOBCEMECTHO, NP 3TOM 3aMeTHA TeHAEHLNA K POCTY BbIABAAEMOCTM U3 F0Aa B I0f,.

Llenb nccnepoBanma. AKTyanu3aumsa n cucTeMaTi3alua faHHbIX N0 XNamMuano3y KoLuek, BbibiBaemomy Chlamydia felis.

©Tsyganov 1. S., Shcherbinin S. V., Galkina T. S., Gruzdev K. N., 2025
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Pesynb1atbl. B cTatbe 0603peBaloTCA AaHHbIE 0 pacpoCTPAHEHHOCTY XNaMMAM03a KoLLeK B Mupe. PaccmoTpeHbl buonoruyeckie
CBOICTBA OMIUCbIBAEMOTO MHEKLMOHHOTO areHTa, KNMHUYECKe NPU3HAKY XNaMUAN03a KOLLIEK M NaToNoro-aHaToMUueckas KapTuHa,
NpUBESEHbI aHHbIe 00 MMMYHUTETE, OCBELLAITCA Mepbl KOHTPONA 6one3HN.

3akntouenue. Chlamydia felis ABNAeTCA pacnpocTpaHeHHbIM NaTOreHOM, CMOCOOHBIM NOPaXaTb He TONbKO KOLUEK 11 APYTuX Xu-
BOTHBIX, HO 11 YeNIOBEKa, TO eCTb UMEHLLMM 300HO3HbI NoTeHLMan. CNOXHBIA LKA pa3BUTUA, Hanuume CNocobHoCTI 0bxoauTb
UMMYHUTET X03A1HA, NPOJOMKMTENbHAA NEPCUCTEHLMA B OPraHu3Me YCIIOKHACT ero 3paanKauuio. nutenbHblit Kypc neyeHus
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INTRODUCTION

Feline chlamydiosis is a contagious disease
of felids, characterized by ocular and respira-
tory tract lesions and caused by bacteria be-
longing to the genus Chlamydia. While the dis-
ease can be caused by different Chlamydia
species, such as C. pneumoniae, C. psittaci,
C. abortus, the primary agent is Chlamydia
felis (previously known as Chlamydophila fe-
lis and earlier classified as Chlamydia psittaci
variant felis). Given the historical classification
of C. felis and C. psittaci as the same species,
it can be assumed that past cases in domes-
tic cats attributed to C. psittaci were indistin-
guishable from those caused by C. felis due
to the limitations of molecular diagnostics at
the time. Although C. psittaci and C. felis exhib-
it different host specificities and cause distinct
clinical syndromes, these pathogens are close-
ly related [1, 2, 3, 4, 5]. The reference strain for
C. felis is the FP Baker strain [6, 7, 8, 9, 10, 11].
This species is also a zoonotic pathogen capa-
ble of causing infection in humans [12, 13, 14].
Regarding host range, C. felis can asymptomati-
cally infect dogs, with the manifestation of con-
junctivitis being a rare event; however, sero-
conversion to this pathogen does occur [13].
Consequently, dogs may play a potential role
in the zoonotic transmission of Chlamydia,
making C. felis an important pathogen to di-
agnose in dogs as well. In humans, C. felis can
cause symptoms of keratoconjunctivitis, follic-
ular conjunctivitis, respiratory tract patholo-
gy, hepatosplenomegaly, glomerulonephritis

and endocarditis [15, 16, 17, 18, 19, 20]. It has
also been reported that C. felis was detected
in conjunctival swabs from an adult Eurasian
lynx with unilateral ocular lesions [21].

In the early 1940s, Chlamydia were con-
sidered an intermediate link between viruses
and bacteria. Until the 1960s, they were classi-
fied as viruses due to their small size and inabil-
ity to grow on artificial nutrient media. At the
beginning of the 21 century, after genome se-
guencing, this pathogen was classified as a bac-
terium [22, 23]. The first reports of Chlamydia
infection in cats with symptoms of ocular and
respiratory system lesions were in 1971 [171].

The relevance of this work lies in the fact
that the review presents the biology of
the pathogen C. felis and describes the features
of the disease caused by this pathogen, which
is widespread almost everywhere among
stray and domestic cats (Felis catus). This is
facilitated by inadequate pet care standards,
uncontrolled breeding, and expanded stray
population. The topic is critically important for
developing strategies to enhance the health
of companion and breeding animals - a sig-
nificant concern given the high costs of vet-
erinary care — and for mitigating the zoonotic
risk to humans. As chlamydiosis is found on all
continents, improving diagnostic and preven-
tive measures is essential.

The novelty of this article lies in its analy-
sis of current data on the epizootiology, clinical
presentation, pathology, diagnosis, and vac-
cine prevention of feline chlamydiosis.
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The objective of this review is to update
and systematize data on feline chlamydiosis

caused by C. felis.

EPIZOOTIC SITUATION

Information on feline chlamydiosis epizo-
otic situation does not reflect the true prev-
alence of the disease. Data on the frequency
of feline chlamydiosis cases caused by C. felis
from various geographical regions are based
on molecular test results. For instance, in
the United States in 2014, the percentage
of cats testing positive for C. felis was 24% [24].
In China, between November 2022 and Octo-
ber 2023, the proportion of PCR-positive sam-
ples from cats was 15.75% [25]. In European
countries over the last 20 years, the leaders
in C. felis detection rates have been the fol-
lowing countries: Slovakia (45.16%), Hunga-
ry (33.3%), Poland (25%), Italy (20%), Switzer-
land (16%) and Sweden (15.3%) [9, 13, 26, 271.
In Russia, from 2018 to September 2019,

the proportion of positive results for C. felis
was 11.2% [28]; specifically for Moscow
in 2019,it was 7.2% [29]. According to some
reports, bacteria of this species were detect-
ed in approximately 26.3% of stray cats in Ja-
pan [26]. These data, without considering
sampling and diagnostic rates, demonstrate
a high incidence of chlamydiosis in cats. Cas-
es caused by C. felis are characterized as enzo-
otic, and epizootiological studies conducted
in various countries indicate the presence of
this pathogen in 23% of cats suffering from
conjunctivitis. Higher morbidity rates are ob-
served in cats kept in groups, such as in ani-
mal shelters [2].

BIOLOGICAL PROPERTIES OF THE PATHOGEN
Chlamydia felis is a gram-negative, coccoid
bacterium with strictly obligate intracellular
parasitism. It belongs to the family Chlamy-
diaceae, genus Chlamydia (Fig.). Its size de-
pends on the phase of the developmental

Order
Chlamydiales

C. trachomatis

=

Family C. pneumoniae
Waddliaceae T T— -
C. caviae @«
Simf(zl;l;:ieae €. avium ~
C. psittaci -~
Family C. ibidis -~
Parachlamydiaceae C. gallinacea ~
C. buteonis -~
Family Genus C. corallus 7P
Chlamydiaceae Chlamydia C. poikilothermis | %3
C. serpentis &
C. pecorum ot
C. abortus [ _
C. felis «
C. suis L N
C. sanzinia -

Fig. Phylogenetic classification of Chlamydia species according to 16S and 23S rRNA gene sequence analysis as of 2019 [32].
Icons indicate the primary host species for each strain, though all members of the Chlamydia genus are considered polyhostal
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cycle, which occurs in two stages: non-infec-
tious reticulate bodies — RB (diameter from 0.5
to 1.6 um) and infectious elementary bodies -
EB (diameter from 0.2 to 0.6 um) [7, 30].
Initially, all chlamydial isolates obtained
from cats with upper respiratory symptoms
since 1942 were classified as C. psittaci. Subse-
quent 16S rRNA sequence analysis, however,
led to a reclassification of the family Chlamy-
diaceae into two genera: Chlamydia and Chla-
mydophila, with the feline agent being placed
in the latter [8, 22, 30, 31]. This taxonomy was
revised again in 2009 following whole-genome
sequencing studies, which consolidated all
pathogenic chlamydias into the single family
Chlamydiaceae and a single genus, Chlamydia,
within the expanded order Chlamydiales [11].

PATHOGEN RESISTANCE TO ENVIRONMENTAL

FACTORS AND DISINFECTANTS

Chlamydias are inactivated by heat, with ex-
posure to 55, 70, and 75 °C proving lethal after
45,2, and 1 minute, respectively. While low tem-
peratures have a preservative effect, the patho-
gen is susceptible to disinfectants (e.g., form-
aldehyde, chloramine, phenol) in standard
concentrations that are effective against chla-
mydias [28, 32]. Low pH levels are detrimental,
with an optimal pH range of 7.0-7.4. Chlamydias
can persist in tap water at room temperature
for 2-3 days and are sensitive to ultraviolet
radiation [33].

MOLECULAR BIOLOGICAL CHARACTERISTICS

OF THE PATHOGEN

The causative agent of chlamydiosis has a sin-
gle circular chromosome with a genome size
of just over 1.166 million base pairs; the gua-
nine-cytosine content is 39.1-39.4%. It also
contains a cryptic plasmid, pCfe1, approximate-
ly 7.6 thousand base pairs in size, with eight
genes [31, 34].

The chlamydial genome is highly conserved
and compact, a feature characteristic of C. felis
as well [20, 35]. Due to their intracellular lifestyle,
chlamydias have undergone genome reduction,
which is an adaptation rather than degrada-
tion [22]. The chlamydial envelope consists of
three layers: an inner bilipid membrane, an inter-
membrane structure (periplasmic space), and an
outer lipopolysaccharide membrane containing
inclusions of the major outer membrane protein
(MOMP) and polymorphic outer membrane pro-
teins (POMP - pmp1, pmp7, pmp13, and others),
as well as cysteine-rich proteins. POMP includes
the outer membrane proteins OMP1 and OMP2.
These proteins are involved in the pathogen’s
adhesion to host epithelial cells [31, 34, 33, 36].
MOMP and OMP2 proteins contain genus-,
species-, and type-specific epitopes, which can

lead to cross-reactions. The MOMP protein (also
known as OmpA - outer membrane protein A)
is found in both EB and RB and functions as both
an adhesin and a porin [31, 35, 37]. Outer mem-
brane proteins are highly conserved among
isolates [38].

The chlamydial envelope lacks peptidogly-
can but contains a polypeptide that, together
with covalently bound lipoproteins, lipopoly-
saccharides, and outer membrane proteins,
provides mechanical strength to the enve-
lope [26, 31, 39]. Experimental data show that
polymorphic membrane proteins (pmp) possess
multiple biological and immune functions, in-
cluding evasion of the host immune response,
induction of inflammatory and immune reac-
tions, and tissue tropism. The pmp genes show
a high degree of intra- and interspecies hetero-
geneity in their amino acid sequences and si-
zes, but they can be identified by the presence
of conserved amino acid sequences GGA(l, L, V)
and FxxN, repeated in the N-terminal region
and the C-terminal translocation block / 8-do-
main [40, 41, 42]. The number of pmp genes
varies among Chlamydia species, ranging from 9
to 21; 12 have been identified in C. felis. The simi-
larity between the nucleotide sequences of pmp
is high, with non-synonymous single nucleotide
polymorphisms (SNPs) limited to one site in each
of the pmp1, pmp9, and pmp20 genes. It can
be assumed that the pmp genes of C. felis are
highly conserved among strains from different
geographical regions [9, 37, 41, 42]. Pmp1 and
pmp?7 are likelyimmunodominant proteins [42].

Cryptic plasmid genes were found in cats
with severe clinical symptoms of chlamydial
infection. The cryptic plasmid is often associ-
ated with chlamydial virulence [18, 43]. The
plasmids contain non-coding RNA and 8 open
reading frames (ORF1-8), with the functions
of 5 of them being sufficiently studied. Analysis
of the nucleotide sequences of the open read-
ing frames showed that the proteins encoded
by ORF1 (pgp7) and ORF2 (pgp8) are homo-
logs of integrase and recombinase, respective-
ly, and are responsible for regulating plasmid
replication, while ORF3 (pgp1) is an analog
of DnaB helicase and is involved in unwinding
double-stranded DNA during replication. ORF4
encodes the pgp2 protein, whose function
has not yet been determined. One of the main
frames is ORF5, encoding the pgp3 protein,
which may be a marker of chlamydial infec-
tions. ORF6 encodes the pgp4 protein, contain-
ing 101-102 amino acids, and ORF7 and ORF8
encode the pgp5 and pgp6 proteins, respec-
tively, which may be involved in plasmid rep-
lication. The plasmids encode various proteins
involved in the replication of the plasmid itself,

VETERINARY SCIENCE TODAY. 2025; 14 (4): 326—336 | BETEPUHAPUA CETOAHA. 2025; 14 (4): 326-336



REVIEWS | DISEASES OF SMALL PETS 0630Pbl | BOJIE3HI MENKIX JOMALLHVX XUBOTHbIX

but it is not established whether they affect
communication with the host cell; it has only
been demonstrated that the pgp3 protein is se-
creted in the cytosol of Chlamydia-infected cells.
The role of plasmids is not yet fully understood,
although it has been shown that pgp1 (ORF3),
pgp2 (ORF4), pgp6 (ORF8), and pgp8 (ORF2) are
essential genes for plasmid maintenance, while
pgp3 (ORF5), pgp5 (ORF7), and pgp7 (ORF1) are
less essential [43].

Chlamydiae possess a specialized type Il
secretion system (T3SS), which allows these
bacteria to inject virulence factors directly into
the cytosol of the target cell of a susceptible
organism, leading to disruption of adaptive
immune response mechanisms (hindering the
fusion of the phagosome with the host cell lyso-
some) [32, 33]. Type lll secreted effectors include
the translocated actin-recruiting phosphopro-
tein, necessary at the initial stage of infection,
the family of inclusion membrane proteins
(internal compartments) required for the de-
velopment of this inclusion, and the effector
chlamydial outer protein N (CopN), involved
in the late disruption of type Ill secretion activ-
ity. Other key factors include proteins playing
a central role in chlamydial development and
gene regulation, such as histone-like proteins
HctA and HctB; cysteine-rich proteins (OmpA
and OmpB); proteins responsible for the per-
meability of the outer membrane to nutrients
(OmpA and PorB), as well as the global gene
regulatory factor Euo [11].

Comparison of the C. felis genome with other
members of the genus Chlamydia revealed that
795 genes are common to them, while 47 genes
are unique to C. felis. It was also found that or-
thologous genes show a similar divergent pat-
tern, except for 14 genes that have accumula-
ted the most mutations, suggesting that these
C. felis genes may be involved in evolutionary
adaptation [31]. There is diversity among C. felis
strains, which differ in their virulence [5, 8].

Chlamydiae are characterized by a unique
developmental cycle consisting of two phases:
extracellular and intracellular. In the extra-
cellular phase, the pathogen is represented
by EBs, which are infectious. In the intracellular
phase, the pathogen exists as non-infectious
RBs [8, 26, 32]. Elementary bodies, responsi-
ble for infecting target cells, are protected by
a three-layer envelope, which, together with
their spherical shape, provides resistance
to physical and chemical factors in the extra-
cellular environment. Reticulate bodies are also
spherical but have a reticulate structure, making
them polymorphic and possessing a thin enve-
lope [14, 17, 32]. Briefly, the reproduction cycle
consists of sequential stages: 1) adsorption onto

host cell receptors; 2) penetration of EBs into the
cell via endocytosis and residence in a phago-
some; 3) suppression of phagosome-lysosome
fusion; 4) differentiation of EBs into RBs; 5) mul-
tiplication of RBs by binary fission; 6) differenti-
ation of RBs into EBs; 7) release of EBs from the
cell via lysis [44].

The cycle initiates when a susceptible host
cell encounters the pathogen, the EBs first ad-
here to sialic acid on the cell membrane and
then penetrate into the cytoplasm. Once inside,
they form intracytoplasmic inclusions near the
host cell nucleus, Golgi apparatus and endo-
plasmic reticulum. The metabolic activity of EBs,
constrained by a limited set of enzymes, is sus-
tained by the host cell’s reserves. From these
reserves, EBs obtain the necessary metabolites
and adenosine triphosphate (ATP) for their rep-
lication. Inside the inclusions, EBs transform
into RBs, which then replicate via binary fission.
Following replication, RBs differentiate back
into infectious EBs. These new EBs are released
from the host cell either by lysis or extrusion, en-
abling the infection to spread. The entire cycleis
completed within 48 to 72 hours [8, 17, 30, 31,
32,33, 45].

Currently, another stage of the chlamydial de-
velopmental cycle is recognized: the persistence
stage. This latent form, also known as non-in-
fectious aberrant bodies (ABs), is induced under
stressful conditions, such as exposure to S-lact-
am antibiotics (e.g., penicillins, cephalosporins,
carbapenems). In this state, the bacteria do not
transform into EBs and become a non-replicat-
ing intracellular form; ABs are characterized by
the absence of MOMP and the overproduction
of stress proteins, notably Chsp60 (chlamyd-
ial heat shock protein 60, 60 kDa heat shock
proteins). This response allows the infection
to persist, contributing to chronic inflamma-
tion. The latent form is reversible if the stress-
or is removed: ABs will revert to the RB form,
begin the replication phase, and continue de-
velopment, transforming into EBs [31, 45]. Re-
ticulate bodies differ from EBs in that they are
dedicated to nutrient uptake and replication,
a process that can lead to their asynchronous
differentiation back into EBs. The latter can per-
sist for long periods in the intercellular space
without being phagocytized. There is a constant
resilience between the host and the pathogen,
and some clinical chlamydial infections can be
asymptomatic for several months [17, 31, 33].

Chlamydiae exhibit epitheliotropism. Chla-
mydial replication in epithelial cells leads
to the destruction of the epithelial layer with
the formation of scars and adhesions. During
prolonged persistence in epithelial cells,
the pathogen can enter the bloodstream and
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hematogenously spread to parenchymal organs
and lymphoid tissues. C. felis affects the eyes
and upper respiratory tract (nose or throat)
of cats [8, 33]. The pathogen is most common-
ly found in multi-cat households, shelters, and
catteries. The main carriers of the pathogen
are diseased cats, however, dogs can also serve
as a reservoir for C. felis. Transmission occurs
mainly through contact with infected material,
such as ocular discharge [46]. There is evidence
that animals can become infected through sex-
ual contact. In female cats, the pathogen locali-
zes in the cervix, while in male cats, the testes are
infected and the pathogen is shed during ejac-
ulation [47]. It was later proven that C. felis can
be isolated from rectal and vaginal swabs taken
from cats with natural and experimental chla-
mydial conjunctivitis, but the possibility of sexual
transmission is unclear; likely, the intestine and
reproductive organs may be sites of persistent
infection [8, 35]. Experimental ocular infection
of cats led to the isolation of Chlamydiae from
the vagina and rectum in 50% and 40% of cases,
respectively, demonstrating that C. felis is not lim-
ited to the conjunctival mucosa [35].

PATHOGENESIS AND CLINICAL SIGNS

OF CHLAMYDIOSIS

The incubation period ranges from 5 to
15 days [32]. Infection caused by C. felis leads to
the development of acute or chronic conjuncti-
vitis in cats. The infection typically begins in one
eye and may subsequently spread to the other,
resulting in bilateral conjunctivitis. Other clin-
ical manifestations include unilateral or bi-
lateral epiphora, hyperemia of the nictitating
membrane, blepharospasm, mucoid/mucous/
serous/seropurulent discharge, inflammation
and chemosis of the conjunctival membranes.
These symptoms persist for 22-45 days. Mean-
while, a mild form of conjunctivitis can last
for several months [9, 35, 46, 48, 49]. Clinical
signs from the respiratory system are usually
minimal [48, 49]. Some cats may experience
weight loss. Fever, decreased or loss of appe-
tite, lethargy, sneezing, serous nasal discharge,
and enlargement of the submandibular lymph
nodes are also possible [8, 32, 35]. The condition
of most cats remains satisfactory, but a small
number of animals develop serious respiratory
distress, severe wheezing, which, if left untrea-
ted, can lead to death from pulmonary edema
or asphyxia due to poorly developed mouth
breathing. In the case of systemic infection,
which is rare, the pathogen spreads through
the bloodstream to almost all organs, joints,
the brain and spinal cord, which is highly likely
to be fatal [8, 17, 32]. Most untreated cats deve-
lop chronic conjunctivitis, which is characterized

by mild conjunctival hyperemia and scant ocular
discharge, or they may develop a follicular form
of the condition [32, 35]. Ocular discharge re-
solves within 60 days, but the absence of clinical
symptoms does not guarantee recovery; chla-
mydial infection can persist asymptomatically
for several months [17, 35]. Co-infection caused
by a combination of C. felis with other patho-
gens (feline calicivirus, feline herpesvirus type 1,
mycoplasmas) increases the severity of the dis-
ease and the duration of chlamydial shedding
into the environment. Chlamydial infection can
manifest as peritonitis [8, 50]. In experimental
infection of cats, chlamydiae were detected
in conjunctival swabs for up to 8 months after
infection, suggesting a long period of asymp-
tomatic carriage. Aerosol and oral administration
of the pathogen to cats led to the development
of upper respiratory tract pathology and mild
gastritis. An association between chlamydial in-
fection and lameness in sick cats has also been
identified, manifesting two weeks after the on-
set of conjunctivitis in 10 out of 19 infected an-
imals, although this fact requires more detailed
study [8, 17, 35]. Furthermore, experimental in-
oculation of the pathogen into the genital tract
resulted in chronic salpingitis with subsequent
spread to the oviduct [46]. Literature data are
conflicting regarding reproductive disorders; it
has been suggested that the pathogen is a cause
of abortions or missed pregnancy in cats. Some
authors have indirect evidence that C. felis can
cause abortion, neonatal mortality, and infertil-
ity, but definite cause-and-effect relationships
have not been established [8, 10]. Infertility and
abortions are the most serious consequenc-
es of the chronic form of chlamydiosis [40].
Itis believed that some metabolites (isoleucine)
may act as inhibitors of chlamydial growth and
contribute to the latent course of chlamydial in-
fection [32]. Although chlamydiosis can be as-
ymptomatic and usually not fatal, the infected
animal remains a carrier capable of transmitting
the pathogen [51].

PATHOLOGICAL CHANGES IN CHLAMYDIOSIS

OF CATS

Post-mortem examination reveals the fol-
lowing pathological changes: hyperemia and
enlargement of the liver and spleen, lymph
nodes; signs of pneumonia and pericarditis;
hemorrhages on serous membranes and under
the renal capsule; lesions of the digestive tract.
The most characteristic changes are observed
in lung tissues, mediastinal and bronchial
lymph nodes [32, 47]. At the macroscopic level,
the following phenomena are visible: serous
conjunctivitis, hyperplasia of splenic lymphoid
nodules, catarrhal bronchitis, subtotal and total
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interstitial pneumonia and pneumosclerosis,
hyperplasia and serous lymphadenitis of re-
gional lymph nodes. Histological examination
reveals the following morphological criteria
of chlamydial infection at the microscopic lev-
el: interstitial pneumonia, pneumosclerosis,
fibrinous-purulent pleuropneumonia, intersti-
tial bronchopneumonia (thickening of intersti-
tial alveolar septa due to infiltration of inflam-
matory cells and exudate in bronchial tissue),
hyperplasia and serous lymphadenitis of medi-
astinal and bronchial lymph nodes, hyperplasia
of lymphoid nodules of the spleen and intestinal
mucosa, venous hyperemia of the liver and kid-
neys, fatty and granular dystrophy of the liver.
There is also marked congestion of organs with
diapedesis phenomena around capillaries and
hyperplasia of the islet regions secreting insu-
lin in the pancreas. Mild external clinical symp-
toms may be combined with serious degenera-
tive, destructive changes in internal organs and
tissues [17, 41, 52].

LABORATORY DIAGNOSIS OF CHLAMYDIOSIS

Laboratory diagnosis is based on the direct
detection of the pathogen in the material and
the determination of anti-chlamydial antibodies
through serological reactions (enzyme-linked
immunosorbent assay, complement fixation test,
long-term complement fixation test). Serologi-
cal reactions in the diagnosis of chlamydiosis are
screening tests requiring further confirmation
by other methods. There are laboratory meth-
ods for detecting RBs and EBs. These include cy-
tological (this analysis does not require special
equipment, but its sensitivity and specificity are
quite low), immunological (direct and indirect
immunofluorescence assay, enzyme immuno-
assay), cultural (considered the gold standard
but labor-intensive and time-consuming, used
in scientific practice), and molecular biological
(polymerase chain reaction — the most sensitive,
rapid, and reliable) methods [33, 53, 54]. Mo-
lecular analysis is the most reliable for making
a definitive diagnosis of “feline chlamydiosis’, as
the disease can have various clinical manifesta-
tions and occur in a subclinical form (bacterial
carriage) [51].

Due to the inability of Chlamydia to grow
on artificial nutrient media, 6-7-day-old spe-
cific pathogen-free chicken embryos are used
for their cultivation, infected into the yolk sac.
Embryo death within the first two days after
infection is considered non-specific. The incu-
bation period lasts up to 13 days, which is its
main disadvantage. Cultivation in chicken em-
bryos until 1965 was the only method for iso-
lating and propagating Chlamydia; however,
the subsequent use of cell cultures simplified

this procedure [17, 55]. To reduce cultivation
time to 48-72 hours, sensitive cell cultures
are used; in particular, for growing C. felis, cell
lines such as Vero (a continuous cell line from
the kidney of the African green monkey Chlo-
rocebus aethiops), McCoy (a hybrid line of hu-
man synovial cells and mouse fibroblasts), CrFK
(a continuous cell culture of feline kidney),
BHK-21 (a cell line from the kidney of a new-
born Syrian hamster), HeLa (human cervical
cancer cells), L929 (a mouse fibroblast cell line)
are used [17, 42, 50]. To increase the adsorp-
tion and penetration of Chlamydia into the cell,
centrifugation or physicochemical methods
to reduce the resistance of cell cultures are
used. For example, polycations (DEAE-dextran —
diethylaminoethyl-dextran) are used to treat
the monolayer before infecting cell cultures;
they neutralize the anionic surface of Chlamy-
dia, creating conditions for contact. After con-
tact, antimetabolites are added to the nutrient
medium, which slow down the metabolism
of the cells but do not affect Chlamydia, indirect-
ly stimulating their reproduction. Most often,
Chlamydia are cultured on cell cultures treated
with cycloheximide or analogs (L-cysteine hy-
drochloride, hydrocortisone, colchicine) [56].
Conjunctival, rectal, and vaginal washes are
used to isolate the bacteria, placed in a special
transport medium; the biological material must
be examined no later than 24 hours after collec-
tion, as freezing and thawing can be detrimental
to C. felis [50].

TREATMENT AND PROPHYLAXIS OF CHLAMYDIOSIS

Due to the systemic course of chlamydiosis,
local therapy is ineffective [8]. Antibiotics such
as doxycycline, azithromycin, and amoxicillin
are used in long courses, supplemented by lo-
cal treatment. For prophylaxis, melatonin, sero-
tonin, or their derivatives can be used. According
to some data, melatonin inhibits the initial pro-
gression of the chlamydial developmental cycle,
preventing the occurrence of intracellular infec-
tion and the transformation of EBs into RBs [57].
Chlamydial bacteriophages can also be used as
an alternative to antibiotics, thereby addressing
the problem of antibiotic resistance. In particu-
lar, antibiotics are unable to suppress chlamyd-
ial EBs, which are metabolically inert and diffi-
cult to eradicate [42]. Chlamydiaphages cause
inhibition of the developmental cycle and delay
the transition of RBs to EBs, thereby reducing
the possibility of infecting other cells. Chlamyd-
ial bacteriophages are found in only six species,
including C. felis [43].

Vaccination for the prevention of chlamydi-
al infection usually begins at 8-9 weeks of age,
followed by revaccination after 2-4 weeks and
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then annually. It should be noted that informa-
tion on the duration of immunity is limited. Live
attenuated and inactivated adjuvanted vaccines
are available on the market. There are no reliable
data to compare their effectiveness. Vaccines are
effective in protecting against clinical symptoms
of the disease but not against the occurrence
of infection. They reduce chlamydial replication
in the body and lessen the clinical manifesta-
tions of infection. According to World Small
Animal Veterinary Association recommenda-
tions, vaccination against chlamydiosis caused
by C. felis is non-core and is recommended
in cases where there is a risk of infection (out-
dooraccess), as part of disease control measures,
in crowded conditions, shelters, and for animals
participating in shows and breeding [30, 50, 58].
No strong and convincing correlation has been
found between the level of specific antibodies
and the resistance of vaccinated cats to C. felis
infection [50].

Immunity against the chlamydial pathogen
is weak or short-term and does not protect
against reinfection. Cats develop resistance
to infection with age. Both humoral and cellular
immunity are involved in response to chlamyd-
ial infection [8]. Cellular immunity is considered
to play a decisive role in protecting the body
against this pathogen. MOMP and POMP pro-
teins are targets for protective immune respons-
es of the body. Kittens are initially protected
by antibodies for 9-12 weeks when receiving
colostrum from recovered queens [8, 30].

At the initial stage of the infectious process,
polymorphonuclear lymphocytes are involved
in the immune response. Polyclonal activation
of B-lymphocytes is of primary importance
in protection against chlamydiosis. Never-
theless, the leading role in immune defense
against chlamydiosis belongs to T-helpers,
which activate the phagocytic activity of mac-
rophages [59].

One of the key virulence factors of Chlamydia
is the proteasomal protein CPAF (chlamydial pro-
tease / proteasome-like activity factor), which
suppresses neutrophil activation. In the pres-
ence of CPAF, the expression of the anti-apop-
totic protein myeloid cell leukemia 1 (Mcl-1) is
induced, which promotes the degradation of
pro-apoptotic molecules such as BCL-2-like pro-
tein 11 (Bim). Thus, Chlamydia prevents apopto-
sis of host cells, leading to a prolonged period
of persistence, i.e., replication inside host cells.
CPAF degrades the major histocompatibility
complex (MHC), hindering antigen presenta-
tion to T-cells. Furthermore, members of the ge-
nus Chlamydia increase the expression of PD-L1
(Programmed Death-Ligand 1) in host cells. The
binding of PD-L1 to the PD-1 (programmed

cell death protein 1) receptor on the surface
of T-cells represents a negative signal that sup-
presses T-cell receptor (TCR) activation [60].
Thus, Chlamydia is a bacterium well-adapted
to many of the host’s protective mechanisms,
which complicates the process of its elimination
and confirms the need for developing effective
prevention methods.

CONCLUSION

Analysis of modern scientific data on feline
chlamydiosis allows us to conclude that infor-
mation on the epizootic situation does not re-
flect the true prevalence of this disease. C. felis
is a pathogen capable of infecting not only cats
but also other animals and humans.

The complex developmental cycle, the abil-
ity to overcome host immunity, and long-term
persistence in the body complicate its eradica-
tion. Diagnosis of chlamydiosis is difficult due
to the low stability of the pathogen outside
the body; the most sensitive method is PCR. The
long course of treatment, transition to a chronic
course, and regular relapses reduce the quality
of life of companion animals, and therapy re-
quires high economic costs.

Prevention involves timely vaccination; how-
ever, immunity against the chlamydial patho-
gen is weak or short-lived and does not protect
against reinfection. Moreover, cellular immuni-
ty is more important than humoral immunity.
Hence, the need for preventive measures to pro-
tect animals from the disease arises.

For the purpose of developing successful
treatment and prevention regimens for feline
chlamydiosis, a more detailed study of C. felis is
required.
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FMD under control: enhanced FMD surveillance
in the Russian Federation results in the WOAH Official Recognition

of Zone Western Siberia — Urals as FMD-free

Alexey A. Shmelev, Viktor V. Nikiforov, Svetlana N. Fomina, Artem N. Spiridonov, llya A. Chvala
Federal Centre for Animal Health, ul. Gvardeyskaya, 6, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Foot-and-mouth disease is one of the key threats to global animal welfare and international economic relations. Like any other transhoundary animal
disease, it shall be notified to the World Organisation for Animal Health (WOAH) in accordance with the relevant international standards. By 2016, the largest part of
the territory of the Russian Federation (i.e. 50 subjects and 2 federal cities) had been recognized by the WOAH as an FMD-free zone without vaccination. From 2021
to 2023, 4 more zones of the country were granted the status of freedom from foot-and-mouth disease with vaccination. At the end of 2024, only 10 subjects of the
Russian Federation, all located within zone Western Siberia — Urals, lacked official recognition.

Objective. Descriptive analysis of the animal health situation in the Russian Federation from 2021 to 2024: substantiating success of the Rosselkhoznadzor’s systematic
approach to regionalization in accordance with the WOAH Terrestrial Animal Health Code.

Materials and methods. Various information sources were used to collect and analyze materials on the animal health situation in Russia, including the USSR archives,
veterinary reports, and the WOAH statistics.

Results. FMD situation was analyzed in 10 subjects of the Russian Federation bordering on the Republic of Kazakhstan, with an emphasis on FMD control measures,
regionalization and zoning. This section focuses on distribution of statuses across Russia’s administrative subjects and the historical records on the disease outbreaks.
It also outlines regulatory and surveillance measures implemented by the Federal Service for Veterinary and Phytosanitary Surveillance (the Rosselkhoznadzor) to
manage the FMD status in various regions, taking into account the prophylactic measures implemented in place. The paper describes these measures and their results
step-by-step, showing a dynamic improvement of the FMD surveillance system.

Conclusion. On 29 May 2025, at the 92" WOAH General Session of the World Assembly of Delegates, Zone Western Siberia — Urals was officially recognized as a foot-
and-mouth disease-free zone with vaccination. This decision completes the process of structuring the territory of the Russian Federation into 6 zones. The WOAH-granted
disease-freedom statuses confirm efficacy of the preventive and surveillance measures, which is crucial to ensure global epizootic stability. These accomplishments
result from the efforts jointly taken by the Rosselkhoznadzor and its subordinate institution the Federal Centre for Animal Health.
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Awyp noa KoHTponem: oduumanbHoe NpusHaHme
BO3M cTaryca bnarononyuna 30Hbl «3anagHaa (nbupb —
Ypan» Kak UTOr COBepLLEHCTBOBAHNA Mep M0 Haf30py

3a 3a00neBaHueMm Ha Bceil Tepputopun Poccuitckoit Qegepaviun

A. A. limenes, B. B. Hukugopos, C. H. Domuna, A. H. CnupupoHos, U. A. Yana
OIBY «DefepanbHblit LieHTp 0xpaHbl 30poBbA XnBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, r. Bnagumup, 600901, Poccua

PE3IOME
BBepenue. K uncny ocHoBononaraioLLx yrpo3, 0kasblBaloLLVIX BIUAHME HA COCTOAAHUE MIAPOBOIA 3MM300TIMUECKO 0GCTaHOBKI U Ha MEXTOCYAAPCTBEHHbIE KOHOMMYECKIE
B3aUMOOTHOLLIEHUA, OTHOCUTCA ALLYp — 3aboneBaHye, NoAnexaluee 0bs3aTenbHoii HoTUMKaLMM Bo BceMUpHYto opraHy3aLuio 35paBooxpaHeHis XuBOTHbIX (BO3X).

© Shmelev A. A., Nikiforov V. V., Fomina S. N., Spiridonov A. N., Chvala l. A., 2025
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bonbLuas yactb Tepputopun Poccuiickoit Oeaepaumm (50 cybbekToB 1 2 ropoga depepanbHoro 3Hauexna) B 2016 r. 6oina npusHana BO3X 30Hoik, cBo60AHOIA 0T ALLypa
6e3 BaKumHaLwu. Ewe 4 30Ham Hawweii cTpatbl B nepuog ¢ 2021 no 2023 r. npucsoeH cTatyc (Bo6ozbl 0T AlLypa ¢ BakuuHauueii. Ha koHey 2024 r. oduumansHoe
NPU3HaHKe AAHHOTO CTaTyca OTCYTCTBOBaNO nLb AnA 10 cybbekToB Poccuiickoil Depepaumy, BXoAALLMX B 30HY «3anagHas (ubupb —Ypan».

Llenb uccnepoBanma. OnucatenbHblii aHaN3 3NU300THYECKOI 06CTaHOBKM Mo ALLypy B Poccuiickoii Oeaepauum B nepuog ¢ 2021 no 2024 r.; aprymeHTawuua
YCNeLWHOCTI CUcTeMHOro noaxoza Poccenbxo3Haza3opa K pernoHanu3aLii B COOTBETCTBUN ¢ nonoxeHnAMY Koaekca 340poBbA Ha3eMHbIX XIBOTHbIX BO3MX.
Marepuanbi u meToAbl. [1n4 c6opa v nocneayloLLero aHanu3a MHGOPMALMOHHbIX MaTepUanos No 3NU300TINYECKOIl CUTYaLWH NO ALLYpY B Poccun MCnonb30BaHbl
pa3nuuHble NCTOYHMKIA, B TOM Yncie apxuHble Matepuansbl CCCP, BeTepuHapHas 0TYeTHOCTb M CTaTUCTUYECKKe AaHHble BO3XK.

Pe3ynb1arbl. [IpoBeeH aHanu3 3NK300TYECKO cuTyaumu no Awwypy B 10 cybbektax Poccuitckoii Oeaepaumn, rpannuaiumx ¢ Pecny6nukoil Kazaxcrah, ¢ akeHTom
Ha Mepbl KOHTPONA, PErvOHaNM3aLIM 1 30HMPOBaHKA NO ALLYPY. PaccvmaTpuBaeTcA CTaTycHoe pacnpeaeneHie aAMIUHINCTPATUBHBIX Cy6bekToB Poccuiickoil Oeaepauym
1 UCTOpUYECKMe AaHHbIE 0 BCMbLLKaX 3a60neBaHnA. OnucaHbl HOPMATUBHDbIE AelCTBUA U PernameHTUpylLLne Mepbl, peanusyemble DedepanbHoil cnyx6oi
110 BeTepvHapHOMY 11 GuTOCaHWTapHOMY Haa30py (Poccenbxo3Haa3op) B OTHOLLEHUM PErynupoBaHINA 300CaHNTAPHOTO CTATyCa N0 ALLYPY B PErMoHax ¢ yuetom
NPOBOAMMbIX NPOUNAKTUYECKUX MePONPHUATHIA. /3yueHa nocneoBaTeNbHOCTb 3TUX MePONPUATIIL 11 X Pe3yNbTaTbl B AUHAMUKe COBEPLIEHCTBOBAHUA HAA30PHbIX
Mep 1o ALypy.

3akntouenue. 29 mas 2025 . Ha 92-ii [eepanbHoii ceccun BcemmpHoii accambnen aeneratos BO3X 3oHa «3anagHas Cubupb —Ypan» oduumanbHo npu3HaHa 3oHoi,
(BOOOAHOI OT ALLYPA C BaKLMHALMelR. IT0 peLueHme 3aBepLUaeT CTPYKTYpupoBaHue pernoHos Poccuitckoii Oeaiepauun Ha wectb 3oH. (Tatycol 6narononyumsa BO3XK
NOATBEPXKAAIT IPHEKTUBHOCTL NPOGUNAKTYECKIX 1 HAA3OPHDBIX Mep, UTO BaXHO ANA roBanbHOi 3NM300TYECKOIi CTaBUNBLHOCTI. 3TH BOCTIKEHUA — pe3yNbTaT
COBMeCTHOI paboTbl Poccenbxo3Haa3opa v noasesomcTBeHHoro OefepanbHoro LieHTPa 0XpaHbl 30pOBbA XUBOTHIX.

KnioueBbie cnoBa: ALyp, HaA30p, pernoHanu3aums, 30Huposanue, BO3X, aHanus, cratyc 6narononyumnsa

bnarogapHocTu: PaboTa BbinoHeHa B pamKax rocyAapCTBEHHOO 3aiaHuA No Teme «(60p ¥ aHanU3 3MU300TONOTNYECKUX AAHHBIX ANA OLEHKM CTaTycoB bnaro-
nonyuma cybbektos Poccuitckoil OefiepaLiuy v CTpaHbI B LIENIOM, B TOM YUCe ANA NOSYYEHUA 1 NOJLAEPXAHNA CTATYCOB B COOTBETCTBUN ¢ TpeboBaHuAMM Kopekca
Ha3eMHbIX XUBOTHbIX BO3X». ABTOpbI BbIpaxatoT 6narofapHoCTb COTPYAHUKAM MHOPMaLMOHHO-aHanuTuyeckoro ueHTpa OrbY «BHUWU3X»: A. K. KapaynoBy, kaHa.
BET. Hayk, 3aBeayloLuemy cekropom, 1 0. 1. KopeHHoMy, KaHg. reorp. HayK, CTapLUemy Hay4HOMY COTPYAHMKY.

[ina untuposanusa: Wmenes A. A., Hukudopos B. B., ®omuna C. H., Cnupugoros A. H., Usana 1. A. flyp nop koHTponem: opuumanbHoe npusHatme BO3MX cratyca
6narononyuna 3oHbl «3anagHaa (M6Upb — Ypan» Kak uTor COBEPLUEHCTBOBAHMA Mep N0 HaA30py 3a 3aboneBaHnem Ha Beeit TeppuTopui Poccuiickoil Oepepaumn.
Bemepurapus cezo0HA. 2025; 14 (4): 337-343. https://doi.org/10.29326/2304-196X-2025-14-4-337-343

KOHq)HI/IKT WHTEepecoB: Ysana W. A. aBndetca uneHom peakonnerumn XypHana <(BeT€pI/IHapVIH (erogHA», HO HUKAKOro OTHOLLIEHUA K peLLEeHNI0 0I1y6J1VIKOBaTb

3Ty CTaTbl0 HE UMEET. PyKOHI/ICb NpoLLna NpUHATYI0 B XXypHane npoueaypy peLeH3npoBaHus. 06 uHbIX KOH¢J1I/IKT3X WHTEPECOB aBTOPbI HE 3aABNANN.

[ina koppecnonpenuum: Hukudopos Buktop Buktoposuy, KaHp. BeT. Hayk, 3aBeayloLuuii pedepeHTHoi nabopatopueil AMarHoCTuKy ALLypa,
OIBY «BHUU3M», yn. [Bappeiickas, 6, mkp. I0pbesew, r. Bnagumup, 600901, Poccus, nikiforov@arriah.ru

INTRODUCTION

In view of the recent world events, the Russian Fed-
eration is actively building new foreign economic ties.
Recently, there has been a significant increase in im-
port and export of meat and dairy products with many
countries, including, inter alia, China, Kazakhstan and
Mongolia [1, 2]. International trade dynamics is boosting
the variety and volumes of the traded animal products,
however, simultaneously is elevating the risk of intro-
ducing highly dangerous animal diseases [3, 4, 5]. Foot-
and-mouth disease (FMD) is considered to be one of the
essential threats to global epizootic stability and inter-
national economic relations. As a transboundary animal
disease, it shall be notified to the World Organisation for
Animal Health (WOAH) in accordance with the interna-
tional standards [6, 7, 8].

In addition to the risks associated with import of live
animals and livestock products, wild ungulates in Mongo-
lia, Kazakhstan, and Turkey pose an extrarisk [9, 10, 11, 12],
because they are a natural reservoir of FMD virus (FMDV) in
the wild, able of complicating the FMD situation in these
regions [13].

As the WOAH data suggest, the FMD epizooty is still
of great concern [14]. Consequently, enhanced control
measures taken by the veterinary services are a crucial pre-
ventive component aimed at minimizing the risk of FMD
introduction [15, 16, 17, 18].

By 2016, the greater part of the Russian Federation ter-
ritory, i.e. 50 zone and 2 Federal Cities (Moscow and Saint
Petersburg) had been recognized by the WOAH as an FMD-
free zone without vaccination [19].

Between 2020 and 2024, the Russian Federation kept
submitting dossier materials to the WOAH for reviewing
FMD statuses in the zones recognized as FMD-free with
vaccination.

Coordinated efforts of the Rosselkhoznadzor and
the Federal Centre for Animal Health succeeded in getting
the official WOAH FMD-free status with vaccination for the
following zones:

- Zone | South, which includes 13 zone of the Southern
and North Caucasian Federal Districts (2021);

— Zone lll Eastern Siberia, which includes the Republics
of Buryatia, Tyva and Kosh-Agachsky Raion of the Altai
Krai (2022);

- Zone IV Sakhalin, which includes the Sakhalin Oblast
and the Kuril Islands (2021);

— Zone V Far East, which includes the Amur Oblast,
the Jewish Autonomous Oblast, the Zabaikalsky, Primorsky
and Khabarovsk Krais (2023).

At the end of 2024, only 10 zone of the Russian Feder-
ation lacked the officially recognised status of FMD free-
dom. This territory included the Russian Federation zone
bordering on the Republic of Kazakhstan and belonging
to zone Il Western Siberia — Urals with vaccination (Fig.).
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MATERIALS AND METHODS

Various information sources were used to assess
the FMD situation in the RF. In particular, the USSR ar-
chives — documents of the established Form No. 3-Vet
“Logbook for Documenting District (City) Epizootic Sta-
tus”; official veterinary records — information on registered
FMD cases in certain regions of the RF, as well as infor-
mation on the FMD-vaccination campaigns. The country’s
FMD statistics, collected and verified through the official
reports published on the WOAH platform, were accord-
ingly analysed.

Data on the infection sources in the Russian Federation
zone included into zone Il Western Siberia — Urals were
collected as a follow-up to the analysis of the archives and
official reports. Changes in the administrative statuses of
the Russian Federation zone in zone Il Western Siberia -
Urals were reviewed pursuant to the decisions made by the
Rosselkhoznadzor; effectiveness of pathogen monitoring
and control measures were accordingly analyzed.

The WOAH Terrestrial Animal Health Code, 2019 and
2024 editions (hereinafter referred to as the WOAH Code),
was used as a basic reference to define the criteria for
the disease-freedom status and to assess compliance with
the veterinary regulatory framework.

RESULTS AND DISCUSSION

As the USSR archives and official veterinary records of
the Russian Federation show, the last FMD outbreaks in
zone |l Western Siberia — Urals were registered in the fol-
lowing subjects:

the Tyumen Oblast —in 1949;

the Altai Republic (Ust-Kansky, Ust-Koksinsky, Shebalin-
sky, Ongudaysky, Chemalsky, Maiminsky, Choysky, Ulagan
and Turochak Raions) - in 1966;

the Samara Oblast - in 1970;

the Omsk Oblast —in 1972;

the Chelyabinsk and Novosibirsk Oblasts —in 1973;

the Kurgan Oblast - in 1974;

the Altai Krai —in 1974;

the Saratov Oblast — in 1984;

the Orenburg Oblast —in 2021.

The principal approach used in the USSR to eradicate
FMD included regular preventive measures, i.e. vaccina-
tion, and stamping-out of FMD-susceptible animals in the
outbreak.

Concurrently, ring vaccination was implemented to-
gether with stringent restrictions on movement of ani-
mals and animal products, thus, mitigating the risk of the
disease spread.

The measures were taken in accordance with the “In-
struction on FMD prevention and eradication”, developed
on the basis of a detailed analysis of epizootological
data, as well as on the practical experience, which pro-
vided a scientific substantiation for the measures and
techniques used.

To minimize the risk of FMD introduction into the RF,
some Russian Federation subjects — namely, the Chelya-
binsk, Kurgan, Tyumen, Omsk, and Novosibirsk Oblasts,
the Altai Krai, and the Altai Republic - were designated
as part of the zone with annual FMD vaccination. This

Zone Il Western Siberia - Urals
(FMD-free with vaccination)

10 Subjects of the RF where annual preventive FMD vaccination
is practised:

14 - Altai Krak

15 - Kurgan Oblast

16 - Novosibirsk Oblast

17 - Omsk Oblast

18 - Orenburg Cblast

18 - Republic of Altai #ih e sxeptin of iah-Agachsky Rasas)
20 - Samata Oblast

21 - Saratov Oblast

22 - Tyumen Oblast

23 - Chelyabinsk Oblast

FMD-free zone without vaccination (52 Subjects
of the RF} recognized by WOAH in 2016

Zone | Socuth FMD-free with vaccination (13 Subjects
of the RF) recognized by WOAH in 2021

Zone IV Sakhalin FMD-free with vaccination (1 Subject
of the RF) recognized by WOAH in 2021

] Zone |l (10 Subjects of the Russian Federation)

Zone Il Eastern Siberia FMD-free with vaccination (3 Subjects
of the RF) recognized by WOAH in 2022

Zone V Far East FMD-free with vaccination (5 Subjects
of the RF) recognized by WOAH in 2023

FMD-free zone without vaccination (6 Subjects of the RF)

Fig. Map of zone Il Western Siberia — Urals administrative devision (provided by the Federal Centre for Animal

Health Information and Analysis Center)
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decision enabled to timely implement required preventive
measures, thereby reducing the likelihood of outbreaks by
establishing a framework for rapid response and control
of FMD. Thus, this comprehensive approach based on pre-
ventive measures and strict sanitary control, has become
a cornerstone for ensuring safety of the livestock industry
and maintaining epizootic stability in the region.

FMD vaccination campaigns in these areas were imple-
mented up to and including 2019. In 2019, in compliance
with the Order of the Minister of Agriculture of the Russian
Federation and as part of implementation of the national
project “International Cooperation and Export”, anti-FMD
vaccination of susceptible animals was officially ceased
and this decision aligned with the changes in the veter-
inary control regulations.

From 2017 to 2021, the aforementioned 10 Russian Fed-
eration subjects shared borders with the WOAH-officially
recognized zones of the Republic of Kazakhstan that were
FMD-free without vaccination.

Therefore, in 2020, those 10 Russian Federation zone
were incorporated into the FMD-free zone where, ac-
cording to article 8.8.2 of the WOAH Code: “no FMD-spe-
cific vaccination had been practiced during the preced-
ing 12 months; no outbreaks or evidence of infection had
been detected during the preceding 12 months; no vac-
cinated livestock had been introduced since cessation of
vaccination; disease and infection surveillance complied
with the WOAH Code provisions; a regulatory frame-
work was in place for FMD early detection, prevention,
and control”.

In August 2021, the “Dossier on FMD Control and Sur-
veillance in the Russian Federation” (hereinafter, the Dos-
sier) was submitted to the WOAH for zone Il Urals — Western
Siberia, considered as FMD-free without vaccination, with
the objective to be officially recognized by the WOAH.
However, in December 2021, this Dossier was withdrawn
due to an outbreak caused by FMDV type O in the Orenburg
Oblast. Following the FMD outbreak on 29 December 2021,
restrictive measures were imposed by a Decree of the Gov-
ernor of the Orenburg Oblast in the Karagachsky Selsovi-
et of the Belyaevsky Raion, the Orenburg Oblast [20]. The
susceptible animals kept in the risk and protection zones
were vaccinated with inactivated adsorbed monovalent
FMD vaccine against type O.

Pursuant to Decree of the Governor of the Orenburg
Oblast, the FMD-related restrictive measures were lifted on
14 February 2022.

Pursuant to the official letter from the Rosselkh-
oznadzor as of 28 December 2021, FMD vaccination for cat-
tle and small ruminants was resumed in January 2022 in
the 10 zone of the Russian Federation bordering on the Re-
public of Kazakhstan. This measure was implemented
to mitigate the risk of FMD introduction into these regions
and, in the event of an outbreak, to contain further FMD
spread.

Field efficacy of the FMD vaccination is assessed, ac-
cording to the WOAH recommendations, with the help of
monitoring tests that show antibody titres in the vaccina-
ted herds. According to the WOAH guidelines, the immu-
nity response in cattle and small ruminants shall account
for at least 80%.

The post-vaccination monitoring program involves a se-
ries of tests in the vaccinated animals aimed at objectively
assessing their FMD immunity status, as well as at detect-
ing hidden circulation of this pathogen in the susceptible

livestock. These measures are implemented pursuant to
the official Order of the Rosselkhoznadzor, which is an-
nually updated and approved. Standardized laboratory
methods are used by the Federal Centre for Animal Health
for the research purposes and the enzyme-linked immuno-
sorbent assay is the main tool, which is distinguished by its
capacity to quantitatively assess post-vaccination immune
response and antibody titres in animals.

In response to the FMD outbreak in the Orenburg
Oblast and due to the initiation of the vaccination cam-
paign in zone Il Urals — Western Siberia, on 29 December
2021, the Rosselkhoznadzor issued a decision changing
the status of the 10 zone within the zone to FMD-infected
with vaccination.

In January and June 2022, the WOAH suspended the of-
ficial status of FMD freedom without vaccination for the
relevant zones in Kazakhstan (including those ones that
border on the regions of the RF), following an FMD out-
break in the Karaganda Oblast and the subsequent vacci-
nation [20]. Considering these circumstances and pursuant
to the Rosselkhoznadzor’s Decision of 22 December 2022
“On granting statuses to the Russian Federation regions
for contagious animal diseases and specifying movement
conditions for commodities subject to the state veterinary
surveillance’, 10 Russian regions bordering on Kazakhstan
were grouped into three isolated zones based on the es-
tablished regionalization requirements:

- Zone |l Saratov — Samara: an FMD-free zone with vac-
cination, comprising 2 zone of the RF;

- Zone VI Urals — Western Siberia, which has the status of
an FMD-free zone with vaccination and comprises 7 zone
of the RF;

— Zone without the WOAH FMD-free status with vacci-
nation, comprising 1 Russian Federation Subject (the Oren-
burg Oblast) established in accordance with Article 8.8.5 of
the WOAH Code.

Theisolated zone Il Saratov — Samara and zone VI Urals —
Western Siberia were established due to:

- the absence of recorded FMD outbreaks or evidence
of FMDV for not less than the preceding 24 months;

- the absence of FMDV transmission events over
the preceding 12-month period;

— the FMD surveillance conducted in accordance with
Articles 8.8.40-8.8.42 of the WOAH Code;

- the routine anti-FMD vaccination of all susceptible
livestock (cattle and small ruminants), using a vaccine com-
pliant with the requirements of Chapter 3.1.8 of the Manu-
al of Diagnostic Tests and Vaccines for Terrestrial Animals,
since January 2022;

- compliance with the WOAH import requirements and
adherence to regulations governing the movement of live
animals and livestock products;

- the specific operational characteristics of livestock es-
tablishments in these districts (specifically, their self-suffi-
cient and independent functioning in terms of both feed
supply and processing).

In August 2023, two dossiers documenting FMD con-
trol and surveillance results in the Russian Federation were
submitted to the WOAH for zone Il Saratov — Samara and
zone VI Ural - Western Siberia — both recognized as FMD-
free with vaccination — with the aim of obtaining an official
WOAH status.

After the dossier review, the Scientific Commission con-
cluded that the application does not fully comply with the
provisions outlined in Chapter 8.8 of the WOAH Code.

VETERINARY SCIENCE TODAY. 2025; 14 (4): 337-343 | BETEPUHAPUA CETOJHA. 2025; 14 (4): 337-343



ORIGINAL ARTICLES | FOOT-AND-MOUTH DISEASE OPUTUHANBHbIE CTATBY | ALLYP

Before resubmitting the application, it was necessary
to implement a number of recommendations put forward
by the Scientific Commission:

- provide updates on the adopted and implemented
national legislation aimed at expanding the FMD case
definition;

- submit data, including quantitative indicators, to ob-
jectively assess effectiveness of the implemented legisla-
tive framework;

- ensure continuous monitoring of the herd immunity
status across all the vaccinated animal species. Special at-
tention shall be paid to the territories with livestock immu-
nity levels below 80%, as well as to regions characterized
by a high risk of FMD introduction. In this context, it is rec-
ommended that systematic data collection and analysis
be conducted to evaluate trends in immunity indicators,
thereby enabling development of corrective measures,
if required;

—include the 6-12-month-old group into post-vaccina-
tion monitoring tests. This age group is characterized by
a lower number of prior immunizations, making it a key
indicator for assessing effectiveness of the implemented
vaccination strategy. The data obtained shall be stratified
by age group. This will help to get reliable and detailed
immune response indicators and will help to identify those
groups that require additional protection from the stand-
point of adequate immunity;

- review the existing scheme of serological tests. Spe-
cifically, it is essential to ensure that test parameters, in-
cluding sensitivity and specificity, are based on detection
of antibodies to non-structural proteins (NSPs) in the vac-
cinated animals. This methodological adjustment is cru-
cial for securing diagnostic reliability and population-wide
sample representativeness, ultimately improving precision
of the epizootic situation surveillance [21];

- conduct an investigation into detection of animals
showing a serological response to FMD NSPs. As part of
this investigation, sample collection for serological analysis
shall be conducted to enable subsequent animal monitor-
ing, as stipulated in Article 8.8.42 of the WOAH Code;

— pay attention to segregation of livestock and control
movement of both animals and products across the zones
with differing sanitary and vaccination statuses. Such a
measure will reduce the risk of FMD spread and ensure
country’s biosafety.

In 2024, following implementation of the recommen-
dations from the WOAH Scientific Commission for Animal
Diseases regarding FMD surveillance criteria, and based
on the analysis of data submitted by 10 zone of the Rus-
sian Federation, on 6 May 2024, the Rosselkhoznadzor
issued Decision “On granting statuses to the Russian Fed-
eration regions for contagious animal diseases and spec-
ifying movement conditions for commodities subject to
state veterinary surveillance’, which established a unified
zone Il Western Siberia - Urals with an FMD-free status
with vaccination. The zone comprised 10 Russian zone
bordering on Kazakhstan: the Saratov, Samara, Orenburg,
Chelyabinsk, Kurgan, Novosibirsk, Omsk, Tyumen Oblasts,
the Altai Krai, and the Altai Republic (with the exception
for the Kosh-Agach Raion).

This decision was made pursuant to Article 8.8.4
of the WOAH Code and was based on several prelimi-
nary criteria:

- no recorded FMD outbreaks or evidence of FMDV in-
fection for a minimum of the preceding 24 months;

- no FMDV transmission events over the preceding
24-month period;

- FMD surveillance conducted in compliance with Ar-
ticles 8.8.43-8.8.45 of the WOAH Code over the preceding
24 months;

- mandatory systematic anti-FMD immunization in
the target animal population since January 2022 to achieve
adequate immunization rate and herd immunity;

- compliance with the WOAH Code import requirements
and adherence to regulations governing movement of live
animals and livestock products into the country or zone;

- compliance with the relevant provisions of para-
graph 2 of Article 1.4.6 of the WOAH Code.

Consequently, these measures regulating the status
modification demonstrate a systematic approach to con-
trol over contagious animal diseases in the Russian Fed-
eration. The decisions taken by the Rosselkhoznadzor
in 2022-2024 on regionalization are based on the WOAH
Code criteria, thus, ensuring compliance with the interna-
tional standards on the veterinary surveillance and disease
control, as well as contributing to preventive measures at
both national and regional levels.

CONCLUSION

On 29 May 2025, during the 92" WOAH General Ses-
sion of the World Assembly of Delegates, a decision was
made to grant the Russian Federation’s zone Il West-
ern Siberia — Ural the official status of an FMD-free zone
with vaccination.

This decision was made within the overall classification
of the Russian Federation’s regions into six separate zones.
Five of the aforementioned zones had already been gran-
ted official WOAH FMD-free statuses.

The official FMD-free status granted to zone Il West-
ern Siberia - Urals, stretching along the border with Ka-
zakhstan, is considered as an international recognition
of the fact that the Russian Federation’s territory is safe
and disease-free, which fully complies with the standards
of the WOAH Code. This decision confirms adherence to
the most rigorous disease control protocols, which in turn
demonstrate effectiveness of both preventive measures
and well-organized surveillance within the country.

From 2013 to 2025, the Rosselkhoznadzor kept taking
all the required measures for the whole country to be offi-
cially recognized as FMD-free. This result was achieved due
to comprehensive prevention, coupled with the consistent
activities mandated by the Rosselkhoznadzor’s Decision
“On granting statuses to the Russian Federation regions
for contagious animal diseases and specifying movement
conditions for commodities subject to the state veterinary
surveillance”. Collectively, these efforts ensured a high de-
gree of disease control, as formally confirmed by the offi-
cial statuses, which reflect successful implementation of
the preventive strategies.

The granted FMD-free statuses objectively demonstrate
that significant progress has been achieved in control of
the infectious disease. Furthermore, they demonstrate ef-
ficacy of the preventive and organizational measures that
facilitate safe trade in livestock products.

These outcomes are critical for maintaining global ani-
mal health stability and for mitigating the risk of new dis-
ease outbreaks at both regional and international levels.

The WOAH-recognized FMD-free zones in the Rus-
sian Federation significantly enhance export potential of
the business operators located within them. Therefore,
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relevant measures have been implemented both to achieve
regulatory statuses and to enhance competitiveness of
the national commodities worldwide.

Official recognition from the WOAH for FMD-free zones,
both with and without vaccination, is the result of a long-
term and intensive collaboration between the Rossel-
khoznadzor and the Federal Centre for Animal Health. The
implemented measures have enabled to annually recon-
firm the WOAH FMD-free status for the entire territory of
the Russian Federation, which is substantiated by statistical
reviews and findings from epizootiological monitoring.

Consistent measures implemented to enhance infec-
tion control have significantly improved animal health
situation.

The WOAH status granted to zone Il Western Siberia — Urals
points to both efficacy of the applied preventive measures
and to a high degree of international recognition for the prop-
erly organized veterinary services and research activities.

Consequently, the measures taken to obtain the WOAH
status bolster Russia’s epizootic stability and help Russia to
effectively compete on the global livestock markets.

This experience can be a good example to follow
in order to further enhance preventive programs ensur-
ing high-level protection against infectious diseases that
aligns with the international standards and the WOAH rec-
ommendations.
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Spread dynamics of bovine leukosis on breeding
farms in the Republic of Dagestan
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ABSTRACT

Introduction. The problem of bovine leukosis on breeding farms in the Republic of Dagestan has been a pressing issue since the mid-1960s. Due to the fact that
the coverage of planned serological testing did not exceed 1-2% of the existing population of susceptible animals, there was no clear understanding of the scale
of leukosis spread.

Objective. Analysis of the current situation regarding the spread of bovine leukosis on breeding farms in the Republic of Dagestan.

Materials and methods. Animals infected with the bovine leukemia virus were identified using the agar gel immunodiffusion test (AGID). Animal disease control
measures were assessed in accordance with the new “Veterinary Rules for the Implementation of Preventive, Diagnostic, Restrictive and Other Measures as well as

for the Imposition and Release of Quarantine and Other Restrictions Aimed at Containing Bovine Leukosis as well as at Eradicating its Outbreaks” approved by Order
No. 156 of the Ministry of Agriculture of Russia of March 24, 2021.

Results.Thebovineleukemiavirusinfectionrateinanimalsinthe period 2009—2017rangedfrom0.1t077.3%. With theadoption ofthe subprogram“Preventionand Eradication
of Bovine Leukosis on Farms in the Republic of Dagestan” (2018—2020) under the republican target program, serological testing coverage has increased by more than
5.7 times over the past seven years, and the detection rate of new seropositive animals has decreased from 23.6 t0 0.1% in 2024.

Condusion. Epizootological analysis revealed a heterogeneousstructure and dynamics of the bovineleukosis spreadin cattle. The system of measures aimed at preventionand
eradication ofbovine leukosisin cattleimplemented in the Republicof Dagestan has led to sustainable stabilization of the disease situation and areductionin theinfection rate
in animals on breeding farms. Owing to the veterinary service’s systematic efforts to eradicate the viral infection, breeding farms are now completely free from bovine
leukosis. Health improvement work, including the use of serological diagnostics and immediate culling of AGID-positive animals, continues.

Keywords: bovine leukosis (BL), bovine leukemia virus (BLV), spread, breeding farms, serological and hematological testing, health improvement measures,
Republic of Dagestan
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[lnHamuka pacnpocTpaHeHns nenkosa KpynHoro poraToro
(KOTa B NnyieMeHHbIX X03AicTBax Pecnybnukm [larectan

LUl A. T'ysawes™?, H. P. bypynos', I. X. Azaes?, M. M. Mukaunos'2, 3. A. lnukosa'

! MpuKacnuiickuil 30HanbHbIi HayuHo-NCCNIeA0BATENbCKNIA BETEPUHAPHBII MHCTUTYT — dunnan OTBHY «DeaepanbHbiii arpapHblii HayuHbIi LWeHTp Pecnybamku
[Narectan» (Mpukacnuitckuit 3oHanbHblit HUBU — dunnan OTBHY «OAHL Pll»), yn. laxagaesa, 88, r. Maxaukana, 367000, Pecny6nuka [arectan, Poccus
2(rb0Y BO «[larectanckuii rocynapcTBeHHbIii arpapHblii yHuBepcutet umenn M. M. Ixxambynatosax (OrB60Y BO [Jarectackuii TAY), yn. Maromera lagxuesa,
180, r. Maxaukana, 367032, Pecny6nuka [larectan, Poccua

PE3IOME

BBepenue. lTpobnema neiiko3a KpynHoro poratoro ckoTa B nemxo3ax Pecnybnuku [larectan ctana aktyanbHoil ewue ¢ cepeautbl 60-x rogos XX Beka. B caazun
CTeM, 4TO B Te rOAbIOXBAT MAAHOBbIMI CEPONIOTMYECKUMI UCCIIEA0BAHNAMY He npeBbilan 1-2% uMeloLLeroca norosoBbA BOCPUUMUUBBIX XKUBOTHBIX, ACHOrO
npeACTaBneHna 0 MacluTabax pacnpocTpaHeHya neiiko3a He 6bino.

Lienb uccnepoBaHmA. AHanu3 COBpeMEHHOI CUTYaLMI MO PACPOCTPAHEHNIO NeliK03a KPYMHOro PoraToro ckota B niemeHHbIX xo3AaicTBax Pecnybnuku [larectan.
Matepuanbl u MmeToAbl. MHOULMPOBAHHBIX BUPYCOM NElK03a XMBOTHBIX BbIABAANM C NOMOLLbI peakyuu UMMYHHoIi Anddy3un B araposom rene (PUL).
[TpoTMBO3NN300TUYECKINE MEPONPUATUA OLEHNBANN C YYETOM HOBbIX «BeTepuHapHbIX NPaBUA OCYLECTBAEHNA NPOGUAAKTUYECKNX, AUATHOCTUYECKIX,
OrPaHUYUTENbHBIX 1 UHBIX MEPONPUATUN, YCTAHOBAEHUA U OTMEHbI KaPaHTUHA 1 MHbIX OrPaHYeHIiA, HanpaBAeHHbIX Ha NpeaoTBPaLLeHIe PacnpoCTpaHeHus
11 NIMKBMAALYNIO 04aroB Neiiko3a KpyMHOro poraToro ckota», yTBepxAeHHbIX npukazom Miuncenbxo3a Poccun ot 24 mapta 2021 1. N 156.
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Pe3ynbratbl. 3apaXeHHOCTb XUBOTHbIX BUPYCOM JleiiK03a KPYMHOr0 poraToro cKota B petpocnektuse 3a 20092017 rr. Bapbuposana ot 0,1 go 77,3%.
CnpuHaTMeM noanporpammbl «MpodunakTika U IMKBUAALMA NeliKo3a KPYMHOro poratoro ckoTa B xo3aitctBax Pecnybnuku Jarectan» (2018—2020 rr.) B pamkax
pecnybnuKaHcKoli LeneBoii nporpamMMbl 3a nocnieHIe Cemb JIET yBENMYWIICA 0XBAT NOTON0BbA CEPONOTMYECKUMI NCCe0BaHNAMY Gonee yem B 5,7 pa3a, yacToTa
BbIABNIEHNS HOBbIX (Iy4aeB ePOMO3NTUBHBIX XUBOTHbIX CHU3MNach ¢ 23,6 10 0,1% B 2024 .

3aKnioueHue. In1300ToN0rNYECKUI aHANM3 NOKa3an HEOAHOPOAHYH CTPYKTYPY M AMHAMUKY PAaCPOCTPaHEHMA NeilKO3HOro NpoLiecca Cpeay KpYnHoro poratoro
cKoTa. Peanusyemas B ycnosuax Pecnybnuku [larectaH cuctema mep no NpeaynpexaeHmio u NMKBIUAALIMM 3a60n1eBaHMA KPYMHOTO POraToro ckoTa eiiko3om
n03BoANNa A06UTHCA YCTORYMBOI CTabUAM3aLIMM 3MU300TUYECKON 06CTAHOBKM 1 COKPATUTD YPOBEHb 3aPaXKEHHOCTU XKMBOTHBIX B NNEMEHHbIX X03AACTBAX.
bnaropapa npoBopMMoil BeTepuHapHoii cnyx60ii nnaHomepHoil pabote No NMKBUAALIMY BUPYCHOI MHPEKLIMM NNEMX03bl CErofHA NONHOCTbIO 6narononyyHbI
no neiiko3y. 0310poBuTENbHAA paboTa, BKNIOUAOLLAA NPUMEHEHIe CePONOruyeckoii ANarHoOCTUKY 1 HemeNeHHOIA BbIOpaKoBKY PY[-N03UTUBHBIX MBOTHBIX,
NpOAOMKAETCA.

KnioueBble cnoBa: neiiko3, BUPYC Neiiko3a KpYnHoro poratoro CKoTa, pacnpocTpaHeHue, NeMeHHble X03AiACTBa, Ceponoriyeckie i rematonornyeckue
UCCnenoBaHuA, 0340poBUTENbHbIE MeponpuaTus, Pecnybnuka larectaH

bnaropapHocTu: Pabota BbinonHeHa B pamkax rocynapcrenHoro 3afanua FNMN-2024-0016 «BHeaputb 3¢ dekTrBHYI0 KoMnnekcHyto cuctemy 6opbobl
CHaubonee pacnpocTpaHeHHbIMU COLMANBHO 3HAUMMbIMM 60NE3HAMM CENbCKOXO3ANCTBEHHDIX KMBOTHBIX, TYOepKyNe30M, Neiiko3om 1 6pyLienne3om, B yCnoBuAX
[TpuKacnuiickoro peruoHa, Ha 0CHOBE YCOBEPLUEHCTBOBAHHDIX CMOCO60B AUArHOCTUKYY.

[ina untuposaunusa: fyHawes L. A., byaynos H. P, A3aes I X., Mukaunos M. M., flnukosa 3. A. [luHamuka pacnpocTpaHeHuA neiiko3a KpynHoro poratoro
CKOTa B NNeMeHHbIX X03aiicTBax Pecnybnuku [larectan. BemepuHapus ce2o0ns. 2025; 14 (4): 344-352. https://doi.org/10.29326/2304-196X-2025-14-4-344-352

Kondnukt uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUN KOHGINKTA UHTEPECOB.

[ina koppecnoHpeHuuu: fAHnKoBa INbMupa APCNIaHOBHA, KaHA. BET. HayK, BeAylMii HayuHblil COTPYAHUK Nabopatopun MHGEKLMOHHOI naTonoru
CeNbCKOX03AICTBEHHbIX KUBOTHBIX pukacnuiickoro 3oHanbHoro HUBU — dunnana OTBHY «OAHL| PLl», yn. laxagaesa, 88, r. Maxaukana, 367000, Pecnybnuka

[Narectan, Poccus, vetmedservis@mail.ru

INTRODUCTION

Bovine leukosis (BL) is a chronic infectious dis-
ease caused by an RNA-containing tumorigenic
virus of the family Retroviridae, genus Deltaretrovi-
rus[1, 2, 3,4]. Diseased animals and bovine leukemia
virus (BLV) infected animals are considered to be the
source of the disease [5]. Key factors contributing to
its spread include delayed or untimely diagnosis,
non-compliance with veterinary and sanitary re-
quirements when purchasing livestock for breeding
and production purposes, and the common housing
of infected and healthy livestock [6, 7, 8, 9].

Bovine leukosis inflicts significant economic los-
ses on agricultural establishments of various forms
of ownership, primarily, on breeding farms. The fi-
nancial impact is multifaceted, arising from: loss of
milk and offspring due to the premature culling of
BLV-infected cows, slaughter of stud bulls, destruc-
tion of carcasses of diseased animals, sale of breed-
ing young stock from diseased dam cows for meat,
reclassification of breeding animals into the com-
mercial category if they are BLV-infected, culling
of young BLV-infected stock, as well as substantial
operational expenses for diagnostic, veterinary-san-
itary and zootechnical measures required for herd
health management (improvement) and BL outbreak
control to be conducted on farms and locations af-
fected by BL. Beyond these direct costs, BL negatively
impacts overall livestock productivity and operation-
al efficiency, constraining the economic potential
of affected farms [10, 11, 12, 13].

The presence of BLV carriers on breeding farms,
which concentrate valuable cattle gene pools,
poses a significant risk of spreading the infec-
tion to disease-free farms through the sale of ani-
mals [14, 15, 16].

The problem of BL on breeding farms in the Re-
public of Dagestan emerged as early as the mid-
1960s. Initial studies conducted by scientists from
the Dagestan Research Veterinary Station, employ-
ing hematological and pathomorphological meth-
ods, detected the disease in 14.0-19.1% of affected
cows. Furthermore, the frequent observation of car-
casses with BL-characteristic lesions at meat-process-
ing plants during that period confirmed the wide-
spread of the disease [17].

Beginning in 1988, comprehensive lifetime di-
agnosis of BL was implemented on cattle farms
using the agar gel immunodiffusion (AGID)
test [18, 19, 20, 21], facilitating the development
of optimized BLV prevention and eradication strat-
egies. However, as planned serological testing
in those years covered less than 1-2% of the suscep-
tible cattle population, the true scale of BLV infection
remained unclear.

This study aims to analyze the current epidemio-
logical situation of BL on breeding farms in the Re-
public of Dagestan.

MATERIALS AND METHODS

The research was conducted in the Laboratory
of Infectious Pathology of Farm Animals at the Cas-
pian Zonal Research Veterinary Institute — Branch
of Dagestan Agriculture Science Center.

Data reported by the Committee on Veterinary
Medicine of the Republic of Dagestan and republican
and district veterinary laboratories were analyzed.
This data was obtained from BL monitoring on breed-
ing farms during 2002 and the period from 2009
to 2024, and was subjected to statistical processing.

Serological and hematological tests were con-
ducted in veterinary laboratories in accordance with
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Fig. 1. The BLV infection rate on the breeding farms in the Republic
of Dagestan in 2002 (%)

the“Methodological Guidelines for the Diagnosis of BL
in Cattle™, epizootological tests were conducted in
accordance with the “Methodological Recommenda-
tions for Epizootological Investigation of BL in Cattle".

The effectiveness of preventive and disease con-
trol measures was evaluated based on the new “Vet-
erinary Rules for the Implementation of Preventive,
Diagnostic, Restrictive and Other Measures the Es-
tablishment and Cancellation of Quarantine and
Other Restrictions Aimed at Containing BL as well
as at Eradicating its Outbreaks’, approved by Order
No. 156 of the Ministry of Agriculture of Russia of
March 24, 20213,

RESULTS AND DISCUSSION

A preliminary assessment of the BL situation
on Dagestan’s breeding farms was conducted in
2002. Official statistics from January 1, 2002, report-
ed 14 breeding farms in the region, maintaining
a total cattle population of 13,411, which included
4,955 cows. The findings on the spread of BL and BLV
on these farms are presented in Figures 1 and 2.

Our analysis established a widespread distribution
of BL at the start of the study period. Among Dages-
tan’s breeding farms, the BLV infection rate in sus-
ceptible animals varied considerably, ranging from
2.2% at agricultural cooperative “Plemkhoz Kulinsky”
to 83.5% at agricultural cooperative “Novochirkeys-
ky” Similarly, BLV incidence rates ranged from 2.3%
(agricultural cooperative “Druzhba”) to 19.0% (agri-
cultural cooperative “Novochirkeysky”), with average
rates of 32.2 and 10.4%, respectively.

Serological testing coverage for BL was 37.9%,
while hematological testing covered 25.8% of the to-
tal cattle subjected to diagnostic screening.

! https://docs.cntd.ru/document/1200118749
2 https://elibrary.ru/ucvzwj
? https://docs.cntd.ru/document/603433105

Fig. 2. The BL incidence rate on the breeding farms
in the Republic of Dagestan in 2002 (%)

A comparative epizootological assessment re-
vealed a more intense epizootic process caused
by BLV on breeding farms compared to commercial
and backyard farms, with infection rates of 29.7, 24.7,
and 7.9%, respectively [22].

Thus, determining the BLV prevalence rate in cat-
tle and clinical severity of BL on breeding farms
through systematic diagnostic testing became im-
perative. To this end, the dynamics of the BLV infec-
tion rate were assessed annually from 2009 to 2017
across an average of 11-19 farms (Table 1).

Over the nine-year period, 33,838 animals were
tested using the AGID-test, of which 7,977 (23.6%)
were seropositive for BLV. Furthermore, hematolog-
ical examination of 1,950 cows confirmed a BL diag-
nosis in 606 individuals (31.1%).

BLV infection rates on breeding farms remained
persistently high. The lowest number of virus-carriers
in animals was reported in 2012 — 7.2%, in other years
it ranged from 10.1 to 37.1%. Similarly, the propor-
tion of animals with BL, as determined by hemato-
logical tests, remained elevated, fluctuating between
15.9 and 67.5%.

It was established that breeding farms compa-
ny “Vympel-1" agricultural cooperative “Agrofir-
ma Sivukh’, agricultural cooperative “Named after
A. Daniyarov” were free from BL; on family operated
farm “Boztorgay’, company “Kurbanservice’, munici-
pal unitary enterprise named after Kirov, Agricultur-
al cooperative plemkhoz “Urkarakhsky”, agricultural
cooperative “Plemkhoz Kulinsky”, agricultural coop-
erative “Plemkhoz named after B. Aminov’, govern-
mental unitary enterprise “Dylymskoye’, the infection
rate did not exceed 10%; on agricultural coopera-
tive “Druzhba’, company “Agrofirma “Molochnik’,
agricultural cooperative “Novaya Zhizn", company
“Plempredpriyatiye Elita", scientific production as-
sociation “Plemservice” the infection rate ranged
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Table 1
Dynamics of BLV infection on the breeding farms in the Republic of Dagestan in 2009-2017

Number of BLV-carriers identified, % Total number
Breeding farms 0
2009 2010 2011 2012 | 2013 for9 years, %
Joint-stock company "Kizlyaragrocomplex" 47.6 379 0 - - - 0 126 441 39.9
Company “Plempredpriyatiye Elita” - 54.1 - - - - - 1.5 - 27.0
Company “Averyanovka” - 514 48.2 - - - - - - 50.8
Company “Agrofirma “Molochnik” 22.5 - - - - - - - - 22.5
Open joint-stock company “Marenevka” - 64.2 - - - - - - - 64.2
Agricultural cooperative “Khizroeva” 60.7 60.8 81.5 - - 70.0 - 90.8 0 62.2
Agricultural cooperativeKolkhoz 761 | 905 | 923 | o | w2 | o | &7 | 930 | o0 773
Krasny Partizan
fqentlﬁc proguctlon association _ B B : a _ _ 767 0 271
Plemservice
Agricultural cooperative
plemkhoz“Urkarakhsky” 2.0 0.5 0 0 0 0 15.8 7.8 7.6 1.8
Collective farm “Agrofirma Chokh” 384 13.6 52.8 - 38.9 48.0 64.7 613 64.9 48.0
Agrofirma “Sogratl” - - - - - - - 45.4 36.9 40.9
Agricultural cooper"atlve ‘Agrofirma named 345 B 0 _ a 0 249 558 2.9 353
after U. Buynaksky
ﬁ\gncultgral coop"eratlve 583 B B _ _ _ _ _ 400 531
Novochirkeysky
Agricutural cooperative 7 | ouo | - | o4 wr | - | 19| o 0 65
Plemkhoz Kulinsky
Agricultura! coolPerative Plemkhoz named _ 143 _ 82 _ 48 20 19 22 68
after B. Aminov
Joint-stock company “Darada-Murada” 527 79.1 58.5 0 20.0 - 624 - - 51.6
Worker cooperative “Murad” - 68.5 - 342 - - 353 82 24.0 412
Municipal unitary enterprise named after Kirov 0 0 0.6 - - - - - - 0.2
Agricultural cooperative “Druzhba” 12.7 49.5 321 - 22 3.6 0 13.0 9.4 15.5
Agricultural cooperative “Novaya Zhizn” - 254 219 220 189 216 218 163 32,8 231
Governmental unitary enterprise 0 | 403 | 148 | 03 | 69 | 14 | o 17 | o 85
Dylymskoye
Company “Vympel-1” - - - - - - - - 0 0
Agricultural cooperative 3 _ _ _ _
“Agrofirma Sivukh” 0 0 0 0 0
Agncu!tural 5ooperat|ve Named after 0 0 0 _ 0 _ 0 3 0 0
A. Daniyarov
Munlclpal Bmtary a"grlcultural 0 8438 383 _ _ _ _ _ _ 02
enterprise “Talovka
Family operated farm “Boztorgay” - - - 0 - 0 0.6 - 0 0.1
Company “Kurbanservice” - - - - 0.7 - 0 0 0 0.1
Company “00RKh «Dagestanskoye” - - 72.9 - 81.8 - 0 - - 46.1
Total for the year, % | 29.0 371 35.1 7.2 183 10.1 226 232 135 23.6

u_n

there was no data on the status of the breeding farm.
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Fig. 3. The BLV infection rate on the breeding farms in the Republic of Dagestan in 2009-2017 (%)

from 10 to 30%, on the remaining breeding farms
the infection rate ranged from 35.3 to 77.3% (Fig. 3).

In 2009, BL restrictions were officially imposed
on 17 farms, 9 of which were breeding farms.

15

10

14.6

2018

2019 2020 2021 2022 2023 2024

m Percent of infected animals, %

Fig. 4. Dynamics of BLV infection on the breeding farms in the Republic
of Dagestan in 2018-2014
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By 2013, one additional breeding farm was identified
as affected, while health status of animals on 2 farms
was improved. However, for a prolonged period (as
of January 1,2019), a significant number of breeding
farms remained BLV-positive (agricultural coopera-
tive “Agrofirma named after U. Buynaksky", agricul-
tural cooperative “Kolkhoz Krasny Partizan’, scientific
production association“Plemservice”, agricultural co-
operative “Plemkhoz Kulinsky”, agricultural coopera-
tive “Plemkhoz named after B. Aminov’, agricultural
cooperative “Druzhba’, governmental unitary enter-
prise “Dylymskoye”, agricultural cooperative “Novaya
Zhizn") [23, 24, 25].

When assessing the disease situation, it is im-
portant to note that leukosis intensity varied sig-
nificantly across breeding farms in the Republic of
Dagestan. The disease’s widespread persistence
is attributed to several key factors: the long-stand-
ing infection on these farms, a lack of comprehensive
control measures, and insufficient diagnostic cov-
erage. From 2009 to 2017, serological testing rates
remained critically low, at only 17.5-21.6%.

It should be noted that the number of breed-
ing farms in the region often varied depending
on the disease situation. Due to BL restrictive mea-
sures, some breeding farms were converted to com-
mercial farms.

Thus, a tense situation regarding BLV persisted in
the region’s breeding farms until 2017. The presence
of hematologically BL-diseased animals and BLV-
infected animals was confirmed in almost all breed-
ing herds. In fact, with the exception of agricultural
cooperatives “Plemkhoz Kulinsky” and “Plemkhoz
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Table 2
Serological testing of cattle for BL on the breeding farms in the Republic of Dagestan in 2018-2024

+ % tests + % tests + % tests + % tests + % tests + % tests + %
1 2,474 | 705 285 | 6633 | 488 74 | 6062 | 128 21 | 6192 98 16 | 2449 | 216 8.8 470 13 28 619 " 18
2 51 34 66.7 851 29 34 | 1221 | 255 209 | 813 78 96 | 2264 | 23 1.0 | 1,548 0 0 - - -
3 - - - 150 91 60.7 | 533 1 0.2 807 70 87 | 1233 37 3.0 | 1457 0 0 - - -
4 422 18 43 [ 1927 | 9% 50 | 1,505 83 55 12017 | 63 31 1,383 20 14 | 129 0 0 1377 0 0
5 M 102 200 | 1,067 | 83 78 | 1273 51 40 | 1,751 77 44 831 46 55 897 0 0 1,457 0 0
6 144 5 35 785 4 0.5 415 8 19 492 4 0.8 520 n 21 660 0 0 510 0 0
7 58 1 17 130 1 0.8 158 3 19 232 3 13 130 0 0 623 0 0 - - -
8 67 22 328 197 0 0 365 0 0 526 0 0 778 20 26 - - - 350 0 0
9 640 28 44 | 1,131 83 73 | 1376 0 0 1,115 9 08 | 1,534 0 0 1,553 0 0 1,060 0 0
10 361 7 19 630 5 0.8 700 9 13 315 3 1.0 553 0 0 553 0 0 580 0 0
n 1,009 | 7 70 | 2,028 18 09 | 1,167 0 0 1,192 0 0 1171 0 0 1,643 0 0 1,646 0 0
12 1,010 0 0 890 0 0 1,185 0 0 1,368 0 0 1,667 0 0 1,809 0 0 2,005 0 0
13 21 4 19.9 306 50 163 363 57 15.7 172 0 0 - - - - - - - - -
14 161 5 31 395 2 0.5 196 5 26 180 0 0 - - - - - - - - -
15 250 31 124 | 317 50 15.8 - - - - - - - - - - - - - - -
16 - - - 942 4 0.4 905 0 0 875 0 0 1,002 0 0 1,045 0 0 1296 0 0
17 199 49 246 | 506 49 9.7 403 0 0 65 0 0 - - - - - - - - -
18 198 38 192 | 565 2 0.4 - - - - - - - - - - - - - - -
19 114 9 79 243 2 0.8 - - - - - - - - - 267 0 0 m 0 0
20 168 5 3.0 830 6 0.7 - - - - - - - - - - - - - - -
2 - - - - - - - - - - - - - - - 505 0 0 1054 0 0
2 - - - - - - 86 0 0 270 0 0 114 0 0 126 0 0 140 0 0
23 - - - - - - 353 1 03 555 2 0.4 767 0 0 1,768 0 0 832 0 0
24 - - - - - - - - - - - - 280 0 0 344 0 0 419 0 0
25 - - - - - - - - - - - - 261 0 0 320 0 0 - - -
26 - - - - - - - - - - - - - - - - - - 253 0 0
27 - - - - - - - - - - - - - - - - - - 756 0 0
28 - - - - - - - - - - - - - - - - - - 230 0 0
:::t::ber 8,058 | 1,174 | 146 [20523 | 1,063 | 52 | 18266 | 601 33 [ 18937 | 407 21 16927 | 373 22 (16883 | 13 01 [14855 | M 0.1

*No. (breeding farms): 1 — joint-stock company “Kizlyaragrocomplex’, 2 — joint-stock company “Darada-Murada’, 3 — worker cooperative “Murad’, 4 — collective
farm “Agrofirma Chokh’, 5 — agrofirma “Sogratl’, 6 — agricultural cooperative “Kolkhoz Krasny Partizan’, 7 — agricultural cooperative “Alkhas Kuli’, 8 — scientific
production association “Plemservice’, 9 — agricultural cooperative “Plemkhoz Kulinsky”, 10 — agricultural cooperative “Plemkhoz named after B. Aminov’,

11— agricultural cooperative “Agrofirma named after U. Buynaksky’, 12 — company “Kurbanservice”, 13 — agricultural cooperative “Novaya Zhizn’,

14 — governmental unitary enterprise “Dylymskoye’, 15 — agricultural cooperative “Druzhba’, 16 — company “Vympel-1", 17 — company “Averyanovka’,

18 — agricultural cooperative “Novochirkeysky’, 19 — agricultural cooperative plemkhoz “Urkarakhsky”, 20 — agricultural cooperative “Khizroeva’, 21 — family
operated farm “Iman’, 22 — agricultural cooperative “Ulluchai’, 23 — agricultural cooperative “Mesed”, 24 — agricultural artel “Otgonnik”, 25 — family operated
farm “Kosulya’, 26 — agricultural cooperative “Agrofirma-Tsovkra-2", 27 — company “Chirkeysky ecoproduct’, 28 — company “Chokh-Agroproduct”;

“+" — number of animals infected with BLV; “~"— no data on the status of the breeding farm.
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named after B. Aminov”in the highland zone, all oth-
er breeding farms were affected by leukosis.

The most valuable cattle gene pool in Dagestan
is concentrated on breeding farms where leukosis in-
fection was also was also widespread. Therefore, in
the following years, the primary task for the regional
veterinary service became the health improvement
on breeding farms from leukosis infection.

This was particularly critical as these farms con-
centrated Dagestan’s most valuable cattle gene pool.
Consequently, the regional veterinary service prior-
itized the improvement of animal health on these
breeding farms from leukosis.

A large-scale, systematic effort began with
the adoption of the“Bovine Leukosis Prevention and
Control Action Plan in the Republic of Dagestan™ and
the subprogram “Prevention and Eradication of Bo-
vine Leukosis on Farms in the Republic of Dagestan”
under a republican target program?®, which has been
extended through the current year. The health im-
provement strategy on BL-affected farms (herds) in-
volves culling and sending for slaughter of all sero-
positive animals identified during routine laboratory
testing.

It should be noted that since 2019, serological
testing has covered nearly the entire susceptible
cattle population on breeding farms. The resulting
trend of reduced BLV infection from 2018 to 2024
is presented in Table 2 and Figure 4.

Over the seven-year period, state veterinary ser-
vice laboratories tested 114,449 blood serum sam-
ples using the AGID test obtained from 28 regional
operational breeding farms, revealing an average
infection rate of 3.2%. Hematological testing for BLV-
infected animals has been discontinued, as all BLV-
infected animals are now sent forimmediate slaugh-
ter without being held over.

Analysis of infection dynamics confirms a consis-
tent downward trend in BLV infection rate among
susceptible animals (Fig. 4). Specifically, the infec-
tion rate (carrier state) among the tested livestock
dropped from 14.6% in 2018 to 5.2% in 2019, 3.3%
in 2020, 2.1% in 2021, 2.2% in 2022, and 0.1% in
2023.This progress was sustained in 2024, with only
11 AGID-positive animals (0.1%) detected out of
14,855 tested, underscoring the stability and efficacy
of the control measures implemented on the breed-
ing farms in the Republic of Dagestan. The BLV-infect-
ed animals were traced to a single source: company
“Plempredpriyatiye Elita’, a subsidiary of joint-stock
company "Kizlyaragrocomplex”

CONCLUSION

Epizootological analysis confirmed a heteroge-
neous pattern in the spread and progression of BL.
The comprehensive system of measures implement-
ed in the Republic of Dagestan aimed at prevention
and eradication of BL has successfully stabilized
the disease situation and significantly reduced
the level of BLV infection on breeding farms. As a result
of these systematic veterinary efforts, the breeding
farms are now recognized as leukosis-free. Ongoing

4 https://docs.cntd.ru/document/450340001
® https://docs.cntd.ru/document/550147549

health improvement work, based on serological test-
ing and the immediate culling of AGID-positive reac-
tors, remains in place to sustain this status.
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Immunological control of aerosol phytotherapy
of acute catarrhal bronchopneumonia for its
effectiveness in calves

Evgeny V. Kulikov, Natalia Yu. Rodionova, Pavel A. Rudenko, Elena D. Sotnikova, Ivan E. Prozorovsky, Kristina V. Shepeleva,
Yury A. Vatnikov, Oleg 0. Novikov
Peoples’ Friendship University of Russia named after Patrice Lumumba, ul. Miklukho-Maklaya, 6, Moscow 117198, Russia

ABSTRACT

Introduction. Respiratory diseases are widespread on livestock farms, especially in high-yielding animals, and they are particularly severe in young animals.
Non-specific bronchopneumonia in calves is caused by a combination of factors including opportunistic respiratory microbiota, which can become pathogen-
ic under unfavorable conditions, overcrowding, nutritional imbalances, stress, drafts, noise, other environmental stressors as well as compromised immunity
in newborn animals.

Objective. Immunological control of aerosol phytotherapy of acute catarrhal bronchopneumonia for its effectiveness in calves.

Materials and methods. One — three month-old calves with acute catarrhal bronchopneumonia (n = 60) were used for the study. The calves were divided into
three test groups, 20 calves per group. Blood samples were collected from the diseased animals before the start of treatment, as well as on day 7 and 12 after
treatment and used for immunological tests.

Results. Aerosol administration of Hypericum perforatum extract, herbal product, in the complex treatment of calves with acute catarrhal bronchopneumonia
demonstrated high efficacy compared to two other treatment regimens. In the test group receiving phytotherapy overall clinical improvement was observed as
early as on (4.90 £ 0.64) day, which was 47.0% faster than in the group where animals were treated according to the treatment regime routinely used on the
farm. Furthermore, the calves in this group demonstrated a faster recovery of appetite, consumed feed more readily, their coats became smooth and shiny, and
their cellular and humoral immunity levels, as well as their pro-inflammatory cytokine levels reached the reference levels of clinically healthy animals by day 12
and day 7, respectively.

Conclusion. While all three regimens for acute catarrhal bronchopneumonia were effective, the aerosolized Hypericum perforatum extract produced the best
results. Calves receiving this treatment showed the most significant improvements in cellular and humoral immunity, along with the reduction in pro-inflammatory
cytokine levels.

Keywords: bronchopneumonia, therapy, aerosol treatment, herbal products, Hypericum perforatum, calves
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MMMyHONOrnyecknii KOHTPOsb 3PPEKTUBHOCTH
a3p030N1bHON GUTOTEPANIN OCTPON KaTapanbHOIA
OpOHXOMHEBMOHNN y TeNAT

E. B. Kynukos, H. 10. PoguonoBa, 1. A. Pypenko, E. J1. CothukoBa, W. E. Ipo3opoBckuii, K. B. Lienenesa, 10. A. Bathukos, 0. 0. HoBukos
OrAQY BO «Poccuiickuit yHuBepcuteT Apyx6bl HapoZos Umeru Matpuca lymymobbl» (PYLH), yn. Muknyxo-Maknas, 6, r. Mocksa, 117198, Poccua

PE3IOME

BBepneHue. PecnvlpaToprle 3aboneBaHus LINPOKO pacnpoCTpaHeHbl B XXNBOTHOBOAYECKUX X03AiiCTBaX, 0C06EHHO Cpesn BbICOKONPOAYKTUBHDIX XXUBOTHbIX,
NPy 3TOM [0CTAaTOYHO TAXKENO OHU NPOTEKAIOT Yy MONOJHAKA. Bo3HukHoBeHue Hecneumd)uuecmﬁ 6p0HXOI'IHEBMOHI/II/I Yy TENAT (BA3aHO C KOMMIEKCOM NPUYIH,
BK/KOYAIOLLM Npexie BCEro yCUI0BHO-NATOr€HHY0 MVIKpOﬁVIOTy [bIXaTeNbHbIX I'IyTEI;I, KoTopasa npu HEﬁJ’IarOI’IpVIﬂTHbIX YCNOBUAX MOXET (TaTb NaToreHHol,
a TaKXe CKYYEHHOCTb CoflepXaHua, Hec6anchmposaHHoe KOpMNeHUe, CTpecc, CKBO3HAKK, WYM, BANAHNE HEFATUBHbIX ¢aKTOPOB Opr)KaK)LI.leVI (pefbl, a Takxe
CHUMEHWE PE3UCTEHTHOCTN U VIMMyHHOl7| PEAKTUBHOCTA HOBOPOXAEHHBIX XXNBOTHbIX.

© Kulikov E. V., Rodionova N. Yu., Rudenko P. A., Sotnikova E. D., Prozorovsky . E., Shepeleva K. V., Vatnikov Yu. A., Novikov 0. 0., 2025
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Lienb nccnepoBanua. [poseaeHe MMMYHONOTNYECKOTO KOHTPONA GdEKTUBHOCTM a3P030/bHON GUTOTEPanNK OCTPOI KaTapanbHOR GPOHXONHEBMOHUN TENAT.
Marepuanbl u metoppl. Vccnegosanue npoeny Ha 1-3-MecAYHbIX TenATax, 60MbHbIX 0CTPOi KaTapanbHoil 6poHxonHeBMOHHeit (n = 60). bbino chopmmpo-
BaHO TPW OMbITHbIE rpynMbl no 20 ocobeil B KaxAoii. Y 60NbHBIX KMBOTHBIX A0 Hauana Tepanuy, a Takxe Ha 7-e 1 12-e cyT nocne NeveHus oT61pany KpoBb AnA
npoBeAeHUA MMYHONOrMUeCKIX UCCeS0BaHNIA.

Pe3ynbrartbl. Y(TaHOBNEHO, UTO 33P030/IbHOE NPUMEHEHMe duTonpenapara «JKCTPaKT 38epo6os MPOAbIPABIEHHOTO» B KOMMIEKCHOM JeUeHINM TENAT C 0CTPOIA
KaTapanbHoii 6pOHXONHEBMOHMeN NPOAEMOHCTPUPOBaNO Honee BbICOKYH IOHEKTUBHOCTL MO CPABHEHMIO C OCTAbHBIMI ABYMS CxeMaMu. B onbiTHoid rpynne,
rae ucnonb3osanu Gutotepanmio, obiuiee KNMHUYECKOe yyyLueHe Habnoaany yxe Ha (4,90 £ 0,64) cyT, uto Ha 47,0% 6bicTpee, yem B rpynne, rae neyeHne
KUBOTHbIX NPOBOAUAM N0 06LLENPUHATOIA B X03AiiCTBE CXeMe. [Py 3TOM Y TENIAT YKa3aHHOI rpynnbl anneTT BOCCTaHABNUBANCA ObICTpee, OHI NTyylLe Noefant
KOpM, LLIepCTb CTaHOBMNAC MajKoiA 1 BnecTALLelf, noka3aTeNu KNETOUHOro 1 ryMopanbHOro MMMyHUTETa Ha 12-e cyT, a ypoBeHb NPOBOCTANMUTENbHBIX IUTOKUHOB
yKe Ha 7-e CyT Npubnux«anuc K pedepeHcHbIM NoKasatenam KNMHUYeCKM 30POBbIX KUBOTHbIX.

3aknioueHue. Bce Tpu TepaneBTUueckue cxembl Npu 6opbbe ¢ 0CTPOiA KaTapanbHoil HPOHXONHEBMOHMEN NOKa3anH 0THOCUTENbHYH IOYEKTUBHOCTD, OZHAKO
a3p030/IbHOE NPUMeHeHNe duTonpenapata «IKCTPaKT 38epo6os NPOALIPABNEHHOT0» B KOMMIEKCHOM JleueHUU GONbHBIX TENIAT NPOEMOHCTPUPOBANO HaMYy-
LKe pe3ynbTaThl, 0 YeM CBUAETENbCTBYIOT 3HAUNTENbHBIE NO3UTUBHBIE CABUIY B KIIETOUHOM U ryMOPaNbHOM 3BeHe MMMYHHTETa, a TakiKe CHUMKEHUE YPoBHA

NPOBOCNANNTENbBHbIX LUTOKMHOB.

KnioueBbie cnoBa: 6p0HXOI‘IH€BMOHI/Iﬂ, Tepanus, a3po30JibHadA 06p360TKa, ¢|/|Tonpenaparb|, SB€p060I7I HpOﬂprﬂBJ’IEHHbIVI, Tendata

bnaropapHocTu: MiccnegoBanme BbinonHeHo 3a cyeT rpanTa Poccuiickoro HayuHoro Goxpa N 24-26-00091 (https://rscf.ru/project/24-26-00091).

[ina untnposanus: Kynukos E. B., Pognonosa H. H0., Pyaenko M. A., CotHukosa E. ., lpo3oposckuii . E., IWenenesa K. B., Bathukos H0. A., Hosukos 0. 0.
IMmyHonornueckuii KOHTPONb IPYEKTUBHOCTU a3P030MbHOI GUTOTEPANUI OCTPOIA KaTapanbHoil GpOHXONHEBMOHNI Y TenaT. Bemepurapusa ce200Hs. 2025;

14 (4): 353-361. https://doi.org/10.29326/2304-196X-2025-14-4-353-361

Kondnukt nutepecos: ABTOpbI 3aABAAIOT 06 OTCYTCTBUM KOHONMKTA MHTEPECOB.

[ina koppecnonpenuyn: Pygexko MNasen AHatonbesuy, A-p BeT. Hayk, npodeccop AenapTamMeHTa BeTepuHapHOi MeANLMHbI ArpapHO-TeXHONOryeckoro
unctutyTa PYQH, yn. Muknyxo-Maknas, 6, . MockBa, 117198, Poccuiickan Oepepauws, pavelrudenko76@yandex.ru

INTRODUCTION

Currently, respiratory diseases are widespread
on livestock farms, especially among high-yielding
animals, while they are quite severe in young ani-
mals [1, 2, 3, 4]. Respiratory diseases in livestock
cause significant economic losses through animal
mortality, reduced performance, stunted growth and
development in survivors, and the costs of treatment
and disease prevention [5, 6, 7]. Bronchopneumonia
is reported in calves in almost all regions of the coun-
try and ranks second among all pathologies on farms,
second only to gastrointestinal diseases, while reach-
ing 30% of cases in the nosological profile of all pa-
thologies [8, 9]. The etiological factors of nonspecific
bronchopneumonia in calves represent a complex
of causes, including, first of all, the opportunistic
respiratory microbiota, which under unfavourable
conditions can become pathogenic, overcrowding,
imbalanced nutrition, stress, draughts, noise, other
environmental stressors, as well as a compromised
resistance and immune response of new-born ani-
mals [10, 11,12, 13].

Under production conditions, antibiotics are wide-
ly used as antimicrobials for the prevention and con-
trol of factor diseases, including bronchopneumonia
in calves, and are most often prescribed empirical-
ly [14, 15, 16]. Therewith, empirical and uncontrolled
use of antibiotics promotes mutations as well as mi-
crobial resistance, it also leads to their accumulation
in animal tissues and products, thereby contributing
to the development of antibiotic-resistant microbi-
ota in humans consuming such animal products. In
addition, antibiotic use can result in systemic toxicity,

which may culminate in multiple organ failure
in animals. Therefore, the search for alternative tools
for combating multidrug-resistant pathogenic bac-
teria is of current importance [17, 18, 19].

Studies on theimmune system of calves with respi-
ratory diseases often yield conflicting results, though
they consistently indicate immune dysfunction and
a reduced immune response [20, 21]. Therewith, the
immunobiological responsiveness plays one of the
key roles in the formation and progression of various
infectious diseases, including acute catarrhal bron-
chopneumonia in calves. Therefore, immunological
screening during the treatment of respiratory disea-
ses in animals provides a critical method for monitor-
ing therapeutic efficacy, representing, in our opinion,
an urgent and promising area for further research.

The study was aimed at immunological control
of the aerosol phytotherapy of acute catarrhal bron-
chopneumonia for its effectiveness in calves kept on
livestock farms.

MATERIALS AND METHODS

The study was funded by grant of the Russian Sci-
ence Foundation No. 24-26-00091 (https://rscf.ru/
project/24-26-00091) and carried out on the “Baba-
yevo” livestock farm located in the Sobinsky Raion of
the Vladimir Oblast and “Delta-F” livestock farm lo-
cated in the Sergiyev Posad municipality of the Mos-
cow Oblast having the same animal keeping and
feeding practices.

One-three month-old calves with acute catarrhal
bronchopneumonia (n = 60) were used for the study.
As the calves became diseased, they were randomly

VETERINARY SCIENCE TODAY. 2025; 14 (4): 353361 | BETEPUHAPUA CETOLHA. 2025; 14 (4): 353-361



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

assigned to test groups, placed in separate isolated
rooms, and treated according to the presented treat-
ment regimes. Three test groups of animals ([T, ,T
and 3T) were formed, 20 calves with bronchopneu-
monia per group. The animals of test group 1 (,T)
were treated according to the scheme commonly
used on farms: indoor aerosol treatment of ani-
mals with iodoethylene glycol solution (3 mL/m3
the room + 10% glycerine, v/v) using industrial “Hi-
Fog” cold mist generator for 30 minutes once a day
during 7 days. As an antibacterial therapy, “Pen-
strep 400" (1 mL/10 kg) was administered intramus-
cularly to calves of | T group once a day for three days.
The calves of test group 2 (,T) were also subjected
to indoor aerosol treatment with iodoethylene gly-
col solution (3 mL/m3 the room + 10% glycerine,
v/v) using industrial “Hi-Fog” cold mist generator for
30 minutes once a day during 7 days. “Marbofloxa-
cin” (fluoroquinolone), 10% solution, administered at
a dose of 8 mg/kg, once a day, three times, was used
for antibacterial therapy based on the results of mi-
crobiological tests and tests of the isolated patho-
gens for their susceptibility to antibiotics performed
earlier. The animals of test group 3 (,T) were subjec-
ted to indoor aerosol treatment with Hypericum per-
foratum extract, herbal product, demonstrating high
antibacterial activity against the bronchopneumonia
initiators in calves that was experimentally selected
previously [22]. In addition, 10% “Marbofloxacin”
(fluoroquinolone) solution was also administered at
a dose of 8 mg/kg once a day, three times.

Blood samples were collected from diseased
animals (10 animals from each group) before treat-
ment and on day 7 and day 12 after treatment for
immunological tests. The total number of T-lympho-
cytes was determined by spontaneous rosette for-
mation using common methods. Therewith, T cells
were tested for their susceptibility and resistance
to theophylline. Number of T-suppressors was cal-
culated as the difference between the total number
of T-lymphocytes and the number of T-helpers. The
immunoregulatory index (IRl) was calculated by di-
viding the number of T-helper cells by the number
of T-suppressor cells. The number of natural kil-
ler (NK) cells was calculated by subtracting the total
count of T-lymphocytes and B-lymphocytes from
the total number of lymphocytes, using a comple-
mentary rosette formation method to distinguish
and quantify these cell types. The structure of cir-
culating immune complexes (CICs) was determined
by molecular weight. The levels of pro-inflammatory
IL-1q, IL-6, IL-8 interleukins and TNF-1a (tumour ne-
crosis factor) were determined with enzyme-linked
immunosorbent assay. Blood collected from clinical-
ly healthy calves (n = 10) once on day 1 of the study
was used as a control.

The animals were handled in accordance with the
European Convention (ETS No. 123).

The results were statistically processed using
the STATISTICA 7.0 program (StatSoft, USA). Before
the study, the Shapiro - Wilk test was used to check
the dataset for normal distribution. With a normal
distribution of quantitative variables, an ANOVA
test was used to compare the two groups.
Mann — Whitney test was used for assessment of

significance of differences between the indicators
before and after treatment of animals (* p < 0.05;
** p <0.01; ***p < 0.001).

RESULTS AND DISCUSSION

Optimal treatment outcomes are achieved
through dynamic monitoring of the animals’ state
and timely adjustment of treatment regimens.
In this context, comparative assessment of three
different treatment regimens for acute catarrh-
al bronchopneumonia in calves for their effec-
tiveness was carried out including monitoring
the animals’ state.

It should be noted that mean time to clini-
cal improvement in calves in test group T was
(9.25 + 0.91) days, complications were reported in
six cases during the treatment course, the final re-
covery rate was 90.0% (18/20), 2 calves (10.0%)
died. In test group ,T overall clinical improvement
was observed as early as on day (7.20 £ 0.61), and
the final recovery rate was 100.0% (20 animals). Ther-
apeutic monitoring in test group ,T showed a mean
time to clinical improvement of (4.90 + 0.64) days.
This was 47.0% faster than in group T, and all
20 calves (100.0%) recovered.

The clinical outcome of an infectious process -
encompassing both disease severity and animal con-
valescence — depends as much on the virulence of
the infecting microflora as well as on the resistance
and immunological competence of the host organ-
ism. Cellular immunity indicators in calves with acute
catarrhal bronchopneumonia during the treatment
are given in Table 1.

The data show that significant increase in
T-helper cells by 29.27%: from (12.30 + 0.89) to
(15.90 £ 0.94)% (*1) was recorded on day 7 when
the calves were subjected to the treatment rou-
tinely used on tested farms (test group ,T). More
significant shifts in the cellular immunity: 1.87-
fold increase in the level of T-helper cells, from
(11.90 + 0.69) to (22.30 £ 1.31)% (***1), and 1.30-
fold and 1.19-fold decrease in the level of T-sup-
pressors (**|) and NK cells (**]), respectively, was
observed in the treated calves of test group ,T on
day 7. It should be noted that the most significant
positive changes in cellularimmunity were recorded
in calves of test group ,T: an increase in total T cells
by 18.41%, from (39.10 + 1.04) to (46.30 + 1.34)%
(***1), and increase in T-helper cells by 111.72%,
from (12.80 £+ 0.87) to (27.10 + 1.36)% (***1), and
significant decrease in serum T-suppressor levels
by 1.37 times, from (26.30 + 1.36) t0 (19.20 + 1.15)%,
and decrease in NK cell levels by 1.45 times, from
(42.00 £ 1.81) to (29.00 + 2.03)%, as compared to
the indicators for the calves before the treatment
was started. Further favourable changes in cellu-
lar immunity indicators were recorded in all test
groups on day 12 after the start of treatment, but
only in calves of test group ,T these indicators ap-
proached the reference ones of healthy animals.
Thus, a highly significant increase in total T-lympho-
cytes and T-helper cells by 29.92% and by 188.28%,
respectively, and a significant decrease in T-suppres-
sors and NK cells by 1.79 and 1.68 times, respectively,
were observed in calves of test group ,T.
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Table 1
Cellular immunity indicators in calves with acute catarrhal bronchopneumonia during the treatment

(alves with bronchopneumonia

Indicators

Healthy calves

(n=10) before treatment
(n=10)
39.80+1.31 40.50+1.20 43.60 +1.21%1
Iolt‘;rlnlfl:';;y:f Y | S040+149 3930+ 1,49 B.40+135 48.20+133%%%¢
39.10£1.04 46.30 £ 1.34%%%1 50.80 + 1.58%**1
12.30 £ 0.89 15.90 £0.94*1 22.60 + 1.21%%%1
T-helpers,% 35.50+0.98 11.90 + 0.69 2230 £ 1.31%%% 32.80 + 1.03%**1
12.80 +0.87 27.10 £ 1.36***1 36.90 + 1.71%%%1
27.50£1.12 24.60 +1.08 21.00 + 1.94** |
T-suppressors, % 14.90+1.01 2740 +1.37 21.10 £ 1.58** | 15.40 £ 0.79%** |
2630+1.36 19.20 4 1.15%*% | 14.70 +1.27%%% |
41.50+1.81 40.30+1.69 35.80 +1.34%|
NK cells,% 2510141 42.50+1.51 35.60 + 1.38%* 28.10 + 1.59%%* |
42.00+1.81 29.00 £ 2.03*** | 25.00 + 1.50%%* |

1 - significant increase in indicators; |, — significant decrease in indicators; * p < 0,05; ** p < 0,01;*** p < 0,001 as compared to the indicators before treatment.

The immunoregulatory index is one of
the main laboratory indicators of the satisfacto-
ry immune state, which makes it possible to give
an objective assessment of immune response in-
tensity, IRl dynamics in calves with acute catarrhal
bronchopneumonia is given in the Figure.

It was detected that clinical manifestations
of acute catarrhal bronchopneumoniain animals
of all test groups were accompanied by a signif-
icant IRl decrease. However, it should be noted
that on day 7 the IRl increased by 44.44% (*1)
in calves of the test group T, by 143.73% (***1) in
calves of test group ,T and by 188.24% (***1) in
calves of test group ,T (the most significant IRI
increase as compared to the initial data). On
day 12, highly significant (¥***1) increase in IRl
was reported in calves of all test groups as fol-
lows: 2.71 times increase in calves of test group
,T, from (0.45 + 0.04) to (1.22 + 0.18) convention-
al units (CU); 4.98 times increase in calves of test
group ,T, from (0.44 + 0.03) to (2.19 = 0.16) CU;
5.35 times increase in calves of group ,T, from
(0.51 £ 0.05) to (2.73 + 0.32) CU, which ap-
proached the reference levels.

The data shown in Table 2 clearly demonstrate
changes in the humoral immunity of calves with
acute catarrhal bronchopneumonia during the
treatment.

Acute catarrhal bronchopneumonia in calves
was shown to trigger a major shift in humoral

immunity characterized by decrease in B-lym-
phocyte counts and significant rise in patho-
genic, medium- and small-molecular CICs. On
day 7, significant positive changes were ob-
served only in animals of test group ,T: increase
in total B cells by 30.69%, from (18.90 + 0.84)
to (24.70 £ 0.88)% (***1), and significant decrease
in total CICs by 39.61%, from (481.40 + 10.37)
to (290.70 + 11.26) AU (***]), due to decrease
in large-molecular CICs by 40.10%, from
(60.10£ 1.53) t0 (36.00 £ 0.73) AU (***]), medium-
molecular CICs by 22.49%, from (97.80 + 3.36)
to (75.80 + 1.58) AU (***|), and small-
molecular CICs by 44.70%, from (323.50 + 8.31)
to (178.90 = 10.94) AU (***|) as compared to the
initial data. It was found that on day 12, positive
changes in the specified immunological indica-
tors were recorded in calves of all test groups,
but only in calves of test group T the humoral
immunity indicators approached the reference
indicators of clinically healthy calves: increase
in total B-lymphocytes by 1.28 times, from
(18.90 £+ 0.84) to (24.20 + 0.55)% (***1), decrease
in total CICs by 2.10 times, from (481.40 + 10.37)
to (228.80 + 3.88) AU (***]): large-molecu-
lar CICs — by 1.81 times, from (60.10 + 1.53)
to (33.20 = 0.61) AU (***|), medium-molec-
ular CICs - by 1.43 times, from (97.80 + 3.36)
to (68.60 = 1.68) AU (***|), and small-molec-
ular CICs - by 2.55 times, from (323.50 + 8.31)
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Fig. The immunoregulatory index in calves with acute catarrhal bronchopneumonia during the treatment

Table 2
Humoral immunity indicators in calves with acute catarrhal bronchopneumonia during the treatment

Calves with bronchopneumonia

Healthy calves

Indicators ) before treatment
(n=10)

18.70 £ 0.66 19.20 £ 0.64 20.60 £ 0.52*1

B cells, total count, % 24.50 £0.85 18.20 £ 0.81 21.00 + 0.64*1 23.70 £ 0.77%%%1
18.90 +0.84 24.70 + 0.88***1 24.20 + 0.55%**1
464.60 + 9.68 436.40 +8.63% | 397.20 £7.70%** |
(lCs total, AU 229.10+4.34 459.70 £10.83 403.00 £8.03***| 29230 £ 6.38%** |
481.40 +10.37 290.70 + 11.26%** | 228.80 +3.88%** |

51.50+1.43 49.40 +1.62 43.10£2.07%*|

(ICslarge, AU 34.80+0.81 53.60+1.17 4730+ 134 34,80 +0.571%%%|
60.10£1.53 36.00 +0.73%** | 33.20 £ 0.61%%% ]

98.80 +3.24 93.10+2.96 83.40 £2.05%** |

(ICs, medium, AU 67.10+1.53 97.10 £3.14 79.60 +2.33%** | 71.60 £2.17%** |
97.80£3.36 75.80 + 1.58*** | 68.60 + 1.68*** |

314.30+10.35 293.90 +9.61 270.70 £7.94** |
(ICs small, AU 127.20 +3.83 309.00 £ 8.58 276.10 £ 6.74**| 185.90 + 5.97*** |
323.50 +8.31 178.90 +10.94*** | 127.00 + 3.49%** |

1 —significant increase in indicators; |, — significant decrease in indicators; * p < 0,05; ** p < 0,01; *** p < 0,001 as compared to the indicators before treatment.
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Table 3
Pro-inflammatory cytokine levels in sera from the calves with acute catarrhal bronchopneumonia during the treatment

(alves with bronchopneumonia

Healthy calves
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IRt (n=10) before treatment
(n=10)
37.50£0.92 29.42 £0.61%%% 2447 £0.744%|
IL-1a, pg/mL 17.35£0.41 35.97+1.22 2254+ 051% | 19.67 £0.29%*% |
36.55+1.21 19.084+0.31%** | 18114027
46.55+1.14 3751 £ 1,138 25.03 £ 0.65%**|
IL-6, pg/mL 13.14+047 44,68 +1.36 26.78 +1.23%* | 17.74£0.52%%
45114131 15.39 +0.38*** | 1348 +0.45%% |
30.67 +0.87 2419+ 1.23%% 141940475 |
IL-8, pg/mL 12.51£0.50 30.04+0.83 20.65 + 0.48*** | 16.28 = 0.40%*% |
30.67 £0.77 13.67 +0.25%%* | 12,06 +033%**|
93.20+2.05 82.43 137 55.18 4 1.41%%%|
TNF-1g, pg/mL 4455+0.92 94.40 +1.96 5835 1.18%* 44.0440.51%%% |
9414+ 1.68 46.23 £ 1,139 41.66 % 0.45%%% |

1 —significant increase in indicators); |, — significant decrease in indicators; * p < 0,05; ** p < 0,01; *** p < 0,001 as compared to the indicators before treatment.

to (127.00 £ 3.49) AU (¥***|), when compared to indi-
cators before the start of treatment.

Cytokines are known to be critical regulators of
the hostimmune response during inflammation and
infection. Cytokines are small proteins that facilitate
intercellular communication and form an indepen-
dent regulatory system that directs fundamental
body functions, particularly in maintaining homeo-
stasis following microbial challenge or tissue injury.
Systemically, cytokines integrate the immune, ner-
vous, endocrine, and hematopoietic systems, there-
by organizing a complex defence against antigens
and regulating protective reactions [20].

According to data given in Table 3, calves develop
acytokine storm accompanied with marked upregula-
tionin pro-inflammatory cytokine synthesis during the
clinical manifestation of acute respiratory pathology
as compared to clinically healthy animals. Sharp de-
crease in interleukin levels was observed in animals
of all test groups as early as on day 7, and in calves
of test group T, these indicators approached the
reference values. Thus, a significant decrease (***|)
of the following indicators were reported in tested
sera on day 7 as follows: in calves of test group T
decreasein IL-1a - by 1.27 times, IL-6 — by 1.24 times,
IL-8 - by 1.27 times, TNF-1a — by 1.13 times; in calves
of test group ,T: decrease in IL-1a - by 1.60 times,
IL-6 — by 1.67 times, IL-8 — by 1.45 times, TNF-1a -
by 1.62 times; in calves of test group ,T the most

significant positive changes were recorded: de-
crease in IL-1a - by 1.92 times, from (36.55 + 1.21)
to (19.08 = 0.31) pg/mL, in IL-6 — by 2.93 times,
from (45.11 = 1.31) to (15.39 + 0.38) pg/mL, in IL-8 -
by 2.24times,from(30.67+0.77)to(13.67+0.25) pg/mL
and in TNF-1a increased by 2.04 times,
from (94.14 £ 1.68) to (46.23 + 1.13) pg/mL, when
compared to indicators before the start of treat-
ment. It should be noted that on day 12, the animals
showed a further decrease in pro-inflammatory
cytokine levels. In calves of test group ;T receiving
standard treatment it was accompanied by decrease
in IL-1a by 1.53 times only, in IL-6 — by 1.86 times, in
IL-8 — by 2.16 times, and in TNF-1a — by 1.69 times.
More significant interleukin shifts were detected
in sera from calves of test groups ,T and ,T: IL-1a -
by 1.83 and 2.02 times, IL-6 — by 2.52 and 3.35 times,
IL-8 — by 1.85 and 2.54 times, TNF-1a - by 2.14 and
2.26 times, respectively, when compared with the
initial data.

Thus, the treatment was shown to be effective
for calves with acute catarrhal bronchopneumoniain
all three test groups. However, the best results were
achieved with the aerosol administration of Hyper-
icum perforatum extract, herbal product, in combi-
nation with antibacterial treatment, as evidenced
by significant positive changes in cellular and hu-
moral immunity, as well as decrease in the of pro-
inflammatory cytokine levels.
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CONCLUSION

Aerosol administration of Hypericum perforatum
extract, herbal product, within the complex treat-
ment of calves with acute catarrhal bronchopneu-
monia demonstrated high efficacy compared to two
other treatment regimens. Therewith, in test group
,T overall clinical improvement was observed as
early as on (4.90 + 0.64) day, which was 4.35 days
faster than in calves of test group | T; the calves in this
group demonstrated a faster recovery of appetite,
consumed feed more readily, their coats became
smooth and shiny, and their serum immunological
parameters reached the reference levels of clin-
ically healthy animals by day 12. Calves receiving
routine treatment (group ., T) demonstrated 29.27%
increase in T-helper cells only on day 7. More sig-
nificant shifts in the cellular immunity: a 1.87-fold
increase in T-helper levels, and decrease in T-sup-
pressor levels by 1.30 times and NK cells by 1.19 ti-
mes were observed in calves of test group ,T on
day 7. The most significant positive changes in cel-
lularimmunity were reported in calves of test group
,l:anincreasein total T cells by 18.41% and T-helper
cells by 111.72% and decrease in T-suppressor and
NK cell levels by 1.37 and 1.45 times, respectively.
Further positive changes in cellular immunity indi-
cators were noted in all test groups on day 12, but
only in calves of test group ,T they reached the ref-
erence values. Thus, increase in total T-lympho-
cytes and T-helper cells by 29.92% and by 188.28%,
respectively, and decrease in T-suppressors and
NK cells by 1.79 and 1.68 times, respectively, were
observed in calves of test group ,T. On day 7 IRl in-
creased in test group |T by 44.44%, in test group
,T—by 143.73%, and test group ,T - by 188.24%. On
day 12 calves of all test groups demonstrated high-
ly significant increase in IRI: in calves of test group
,T-by 2.71 times, test group ,T - by 4.98 times; test
group ,T - by 5.35 times (in ;T group it was reaching
the reference values). Acute catarrhal bronchopneu-
monia in calves was shown to trigger a major shift
in humoral immunity characterized by decrease in
B-lymphocyte counts and significant rise in patho-
genic medium- and small-molecular CICs. Clinically
manifested acute respiratory pathology in calves
can lead to a cytokine storm, where the immune
system’s overreaction causes an overproduction
of pro-inflammatory cytokines. On day 7 a sharp
drop in interleukin levels was observed in calves of
all test groups, and in calves of test group ,T these
indicators reached the reference values: IL-1a de-
creased by 1.92 times, IL-6 — by 2.93 times, IL-8 - by
2.24 times, and TNF-1a - by 2.04 times. It should be
noted that on day 12, the animals showed a further
decrease in pro-inflammatory cytokine levels. In
calves of test group T receiving routine treatment it
was accompanied by decrease in IL-1a by 1.53 times,
in IL-6 — by 1.86 times, in IL-8 — by 2.16 times, and
in TNF-1a - by 1.69 times only. More significant inter-
leukin shifts were detected in sera from calves of test
groups Tand,T:IL-Ta-by 1.83 and 2.02 times, IL-6 -
by 2.52 and 3.35 times, IL-8 — by 1.85 and 2.54 times,
TNF-1a - by 2.14 and 2.26 times, respectively, when
compared with the initial data.

REFERENCES

1. Sustronck B., Deprez P, Van Loon G., Coghe J,,
Muylle E. Efficacy of the combination sodium ceft-
iofur-flumethasone in the treatment of experimen-
tal Pasteurella haemolytica bronchopneumonia
in calves. Journal of Veterinary Medicine Series A. 1997;
44 (3):179-187. https://doi.org/10.1111/j.1439-0442.
1997.tb01099.x

2. Rudenko A., Glamazdin I, Lutsay V., Sysoeva N.,
Tresnitskiy S., Rudenko P. Parasitocenoses in cat-
tle and their circulation in small farms. E3S Web of
Conferences: XV International Scientific Conference on
Precision Agriculture and Agricultural Machinery Indus-
try “State and Prospects for the Development of Agri-
business — INTERAGROMASH 2022" (Rostov-on-Don,
May 25-27, 2022). EDP Sciences; 2022; 363:03029.
https://doi.org/10.1051/e3sconf/202236303029

3. Haydock L. A. J., Fenton R. K., Smerek D., Re-
naud D. L., Caswell J. L. Bronchopneumonia with
interstitial pneumonia in feedlot cattle: Epidemio-
logic characteristics of affected animals. Veteri-
nary Pathology. 2023; 60 (2): 226-234. https://doi.
org/10.1177/03009858221146096

4.KalaevaE., Kalaev V., Chernitskiy A., Alhamed M.,
Safonov V. Incidence risk of bronchopneumonia
in newborn calves associated with intrauterine disele-
mentosis. Veterinary World. 2020; 13 (5): 987-995.
https://doi.org/10.14202/vetworld.2020.987-995

5. Nishi Y., Tsukano K., Otsuka M., Tsuchiya M.,
Suzuki K. Relationship between bronchoalveolar
lavage fluid and plasma endotoxin activity in calves
with bronchopneumonia. Journal of Veterinary Med-
ical Science. 2019; 81 (7): 1043-1046. https://doi.
org/10.1292/jvms.18-0643

6.Boccardo A., Ossola M., Pavesi L.F, RaineriS., Gaz-
zola A, Sala L., et al. An on-farm observational study
on the prevalence and associated factors of bacte-
remia in preweaned dairy calves diagnosed with
bronchopneumonia by thoracic ultrasonography.
BMC Veterinary Research. 2025; 21:258. https://doi.
org/10.1186/512917-025-04707-x

7. Rodionova N. Yu., Kulikov E. V., Sotnikova E. D,
Prozorovskiy I. E., Vatnikov Yu. A., Rudenko V. B.,
Rudenko P. A. Characteristics of the intestinal
tract microbiota in calves with various forms of
acute catarrhal bronchopneumonia. Veterinary
Science Today. 2024; 13 (3): 275-281. https://doi.
0rg/10.29326/2304-196X-2024-13-3-275-281

8. Sergeyeva N. N., Dedkova A. |. The efficacy of
different treatment schemes for bronchopneumonia
of calves. Bulletin of Agrarian Science. 2021; (5): 64—
68. https://doi.org/10.17238/issn2587-666X.2021.
5.64 (in Russ.)

9. Gorpinchenko E. A,, Lifentsova M. N., Zaiko K. S.,
Ratnikov A. R. Pharmacoprophylaxis of calves
non-specific bronchopneumonia by using aerosols.
Russian Journal of Veterinary Pathology. 2021; (3):
24-33. https://elibrary.ru/pzwwwe (in Russ.)

10. Haydock L. A. J,, Fenton R. K., Sergejewich L.,
Veldhuizen R. A. W., Smerek D., Ojkic D., Caswell J. L.
Bronchopneumonia with interstitial pneumonia
in beef feedlot cattle: Characterization and laboratory
investigation. Veterinary Pathology. 2023; 60 (2): 214-
225. https://doi.org/10.1177/03009858221146092

VETERINARY SCIENCE TODAY. 2025; 14 (4): 353-361 | BETEPUHAPUA CETOZHA. 2025; 14 (4): 353-361



ORIGINAL ARTICLES | BOVINE DISEASES OPUTVIHATIbHbIE CTATbY | BONE3HI KPYMHOIO POTATOTO CKOTA

11. Berman J., Francoz D., Abdallah A., Dufour S.,
Buczinski S. Development and validation of a clinical
respiratory disease scoring system for guiding
treatment decisions in veal calves using a Bayesian
framework. Journal of Dairy Science. 2022; 105 (12):
9917-9933. https://doi.org/10.3168/jds.2021-21695

12. Hunter R. P, Brown S. A., Rollins J. K., Nel-
ligan D. F. The effects of experimentally induced
bronchopneumonia on the pharmacokinetics and
tissue depletion of gentamicin in healthy and pneu-
monic calves. Journal of Veterinary Pharmacology
and Therapeutics. 1991; 14 (3): 276-292. https://doi.
org/10.1111/j.1365-2885.1991.tb00838.x

13. Vatnikov Yu. A., Rudenko P. A., Rudenko A. A.,
Kulikov E. V., Kuznetsov V. I., Seleznev S. B. Clinical
and therapeutic significance of microbiota in puru-
lent-inflammatory processes in animals. Internation-
al Bulletin of Veterinary Medicine. 2021; (1): 286-291.
https://doi.org/10.17238/issn2072-2419.2021.1.286
(in Russ.)

14. Chauhan A. S., George M. S., Chatterjee P,
Lindahl J.,, Grace D., Kakkar M. The social biography
of antibiotic use in smallholder dairy farms in India.
Antimicrobial Resistance and Infection Control. 2018;
7:60. https://doi.org/10.1186/s13756-018-0354-9

15. Khan D. A., Hamdani S. D. A., Iftikhar S., Ma-
lik S. Z., Zaidi N. us S. S., Gul A., et al. Pharmacoin-
formatics approaches in the discovery of drug-like
antimicrobials of plant origin. Journal of Biomolecu-
lar Structure and Dynamics. 2022; 40 (16): 7612-7628.
https://doi.org/10.1080/07391102.2021.1894982

16. lli¢ K., Jakovljevi¢ E., Skodri¢-Trifunovic V.
Social-economic factors and irrational antibiotic use
as reasons for antibiotic resistance of bacteria causing
common childhood infections in primary healthcare.
European Journal of Pediatrics. 2012; 171 (5): 767-777.
https://doi.org/10.1007/s00431-011-1592-5

17. Hoque R., Ahmed S. M., Naher N., Islam M. A,,
Rousham E. K., Islam B. Z., Hassan S. Tackling antimi-

crobial resistance in Bangladesh: A scoping review
of policy and practice in human, animal and envi-
ronment sectors. PLoS ONE. 2020; 15 (1):e0227947.
https://doi.org/10.1371/journal.pone.0227947

18. Grudlewska-Buda K., Skowron K., Bauza-Kasze-
wska J., Budzynska A., Wiktorczyk-Kapischke N.,
Wilk M., et al. Assessment of antibiotic resistance and
biofilm formation of Enterococcus species isolated
from different pig farm environments in Poland. BMC
Microbiology. 2023; 23:89. https://doi.org/10.1186/
$12866-023-02834-9

19. Chetri S. Escherichia coli: An arduous voyage
from commensal to antibiotic-resistance. Micro-
bial Pathogenesis. 2025; 198:107173. https://doi.
org/10.1016/j.micpath.2024.107173

20. Kovaci¢ M., Fratri¢ N., Arsi¢ A., Mojsilovic¢ S.,
Drvenica I., Markovi¢ D., et al. Structural character-
istics of circulating immune complexes in calves
with bronchopneumonia: Impact on the quiescent
leukocytes. Research in Veterinary Science. 2020; 133:
63-74. https://doi.org/10.1016/j.rvsc.2020.09.004

21. Bua¢ M., Mojsilovi¢ S., Misi¢ D., Vukovi¢ D.,
Savi¢ O, Val¢i¢ O, et al. Circulating immune com-
plexes of calves with bronchopneumonia mod-
ulate the function of peripheral blood leuko-
cytes: In vitro evaluation. Research in Veterinary
Science. 2016; 106: 135-142. https://doi.org/10.1016/
j.rvsc.2016.04.002

22.Rodionova N.Y., Rudenko P. A, Sotnikova E. D.,
Prozorovskiy I. E., Shopinskaya M. I, Krotova E. A,
Semenova V. |. Sensitivity of the initiators of acute
catarrhal bronchopneumonia in calves to antibiotics
and phytobiotics. RUDN Journal of Agronomy and An-
imal Industries. 2024; 19 (2): 358-369. https://elibrary.
ru/ghbnxr (in Russ.)

Received 17.05.2025
Revised 24.06.2025
Accepted 27.09.2025

INFORMATION ABOUT THE AUTHORS / UHOOPMALIUA 06 ABTOPAX

Evgeny V. Kulikov, Cand. Sci. (Biology), Associate Professor,
Department of Veterinary Medicine, Agrarian and Technological
Institute, Peoples’ Friendship University of Russia named after
Patrice Lumumba, Moscow, Russia; https://orcid.org/0000-0001-
6936-2163, kulikov-ev@rudn.ru

Natalia Yu. Rodionova, Assistant, Department of Veterinary
Medicine, Agrarian and Technological Institute, Peoples’
Friendship University of Russia named after Patrice Lumumba,
Moscow, Russia; https://orcid.org/0000-0002-8728-2594,
sapego-nyu@rudn.ru

Pavel A. Rudenko, Dr. Sci. (Veterinary Medicine), Professor,
Department of Veterinary Medicine, Agrarian and Technological
Institute, Peoples’ Friendship University of Russia named after
Patrice Lumumba, Moscow, Russia; https.//orcid.org/0000-0002-
0418-9918, pavelrudenko76@yandex.ru

Elena D. Sotnikova, Cand. Sci. (Biology), Associate Professor,
Department of Veterinary Medicine, Agrarian and Technological
Institute, Peoples’ Friendship University of Russia named after
Patrice Lumumba, Moscow, Russia; https://orcid.org/0000-0003-
1253-1573, sotnikova-ed@rudn.ru

Ivan E. Prozorovsky, Assistant, Department of Veterinary Medicine,
Agrarian and Technological Institute, Peoples’Friendship University of

Kynukos EBreHuii BnagumupoBu4, KaHg. 6MOn. Hayk,
[OUeHT AenapTameHTa BeTepUHAPHOW MeauunHbl ArpapHo-
TexHonorunyeckoro nHctutyta PYAH, r. Mocksa, Poccus;
https://orcid.org/0000-0001-6936-2163, kulikov-ev@rudn.ru

PognoHosa Hartanba lOpbeBHa, acCUCTEHT genapTaMeHTa
BeTepMHapHON MeauunHbl ArpapHO-TEXHONOrMYECKOro
nHctutyTa PYOH, r. MockBa, Poccus; https://orcid.org/0000-0002-
8728-2594, sapego-nyu@rudn.ru

PyneHko Maeen AHaTonbeBudY, A-p BeT. HaykK, npodeccop
fenapTaMmeHTa BeTepUHapHOW MefuumnHbl ArpapHo-
TexHonorunyeckoro nHctutyTa PYH, r. MockBa, Poccus;
https://orcid.org/0000-0002-0418-9918, pavelrudenko76@yandex.ru

CoTHukoBa EneHa [muTpueBHa, KaHA. 6MON. Hayk,
[OLEeHT AenapTameHTa BeTepUHaApPHOW mMeauunHbl ArpapHo-
TexHonorunyeckoro nHctutyTta PYAH, r. Mocksa, Poccus;
https://orcid.org/0000-0003-1253-1573, sotnikova-ed@rudn.ru

Mpozoposckuin Nean ExxneBny, accUCTEHT genapTaMeHTa
BeTepMHapPHON MeauunHbI ArpapHO-TEXHONOrMYecKoro

VETERINARY SCIENCE TODAY. 2025; 14 (4): 353361 | BETEPUHAPUA CETOLHA. 2025; 14 (4): 353-361



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

Russia named after Patrice Lumumba, Moscow, Russia; https.//orcid.
0rg/0000-0002-1849-3849, prozorovskiy-ie@rudn.ru

Kristina V. Shepeleva, Assistant, Department of Veterinary
Medicine, Agrarian and Technological Institute, Peoples’ Friendship
University of Russia named after Patrice Lumumba, Moscow, Russia;
https://orcid.org/0000-0002-1105-2602, shepeleva-kv@rudn.ru

Yury A. Vatnikov, Dr. Sci. (Veterinary Medicine), Professor,
Director of the Department of Veterinary Medicine, Agrarian and
Technological Institute, Peoples’ Friendship University of Russia
named after Patrice Lumumba, Moscow, Russia;
https://orcid.org/0000-0003-0036-3402, vatnikov-yua@rudn.ru

Oleg 0. Novikov, Professor, Dr. Sci. (Pharmacy), Professor of the
Department of Veterinary Medicine, Agrarian and Technological
Institute, Peoples’ Friendship University of Russia named after
Patrice Lumumba, Moscow, Russia; https://orcid.org/0000-0003-
3145-6783, novikov_oo@pfur.ru

nHcTuTyTa PYQH, r. MockBa, Poccus; https://orcid.org/0000-0002-
1849-3849, prozorovskiy-ie@rudn.ru

LWeneneBa KpuctyHa BUKTopoBHa, acCUCTEHT AenapTameHTa
BETEPUHAPHON MeguUunHbl ArpapHO-TEXHONIOTNYECKOro
nHcTuTyTa PYQH, r. MockBa, Poccus; https://orcid.org/0000-0002-
1105-2602, shepeleva-kv@rudn.ru

BaTtHukos Opuin AHaTtonbeBuY, A-p BeT. HayK, npodeccop,
OVpPeKTop AenapTaMeHTa BeTepUHapPHOWN MeauunHbl ArpapHo-
TexHonornyeckoro nHctutyta PYAH, r. Mocksa, Poccums;
https://orcid.org/0000-0003-0036-3402, vatnikov-yua@rudn.ru

HoBukoe Oner Onerosud, npodeccop, A-p dapm. Hayk,
npodeccop fenapTameHTa BeTeprHapHO MeAnLMHbI ArpapHo-
TexHonorunyeckoro nHctutyta PYAH, r. Mocksa, Poccus;
https://orcid.org/0000-0003-3145-6783, novikov_oo@pfur.ru

Contribution of the authors: Kulikov E. V. - visualization of results; Rodionova N. Yu. - methodology, performing the experiments;
Rudenko P. A. - conceptualization, validation, study design; Sotnikova E. D. — analysis and generalization; Prozorovsky |. E. - statistical
calculations; Shepeleva K. V. — analysis and generalization; Vatnikov Yu. A. — assistance in paper preparation; Novikov O. O. - analysis

and generalization.

Bknap aBTopoBs: Kynukos E. B. - Bu3yanusauma pesynbtatos; PognoHosa H. l0. - meTogonorua, nposegeHne 3KkCnepuMeHToB;
Pynenko M. A. - KoHUeNTyanu3auus, Banugauns, niaHnposaHne nccnegosaHus; CotHukosa E. [1. - aHann3 n o6o6uweHne;
Mpo3oposckuii U. E. — ctaTuctnueckne pacyetsl; Lenenesa K. B. — aHanu3 n 0606uieHune; BatHukos 0. A. — nomolb B opopmneHnmn

ctatbu; Houkos O. O. - aHanu3 1 o6o6bLyeHue.

VETERINARY SCIENCE TODAY. 2025; 14 (4): 353-361 | BETEPUHAPUA CETOZHA. 2025; 14 (4): 353-361

361



ORIGINAL ARTICLES | BOVINE DISEASES OPUTWHATIbHbIE CTATbY | BONE3HI KPYMHOTO POTATOTO CKOTA

W) Gheck for updates @c)

https://doi.org/10.29326/2304-196X-2025-14-4-362-371

Seasonal and age-related dynamics of buffalo
fascioliasis in the Dagestan lowlands

Sadrutdin Sh. Kabardiev, Karine A. Karpushchenko
Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, ul. Dakhadaeva, 88, Makhachkala 367000,
Republic of Dagestan, Russia

ABSTRACT

Introduction. Fascioliasis is highly prevalent in the North Caucasus lowlands, infecting 37-46% of adult buffaloes; however, the critical drivers of infection —
seasonality and host age — are poorly understood.

Objective. Investigating seasonal and age-related fascioliasis dynamics in buffaloes kept in the lowland zones of the Republic of Dagestan.

Materials and methods. To investigate the spread of fascioliasis in the lowland Babayurt region, a total of 240 fecal samples from buffaloes aged one year and
older, 20 liver samples, and 1,428 pond snails (Lymnaea palustris, Lymnaea stagnalis, Lymnaea auricularia, and Lymnaea truncatula) were collected. Parasites were
detected using both antemortem (coproscopy) and postmortem (helminthological autopsy of the liver and gallbladder) methods.

Results. A high prevalence of fascioliasis was established in adult buffaloes of the lowland zone, a phenomenon attributable to the cumula-
tive nature of parasitic infection. Infection rates demonstrated significant seasonal variation, peaking in December (60%) and reaching a minimum
in June (40%). A marked increase in both prevalence and intensity of infection was observed from August to November, likely driven by a seasonal rise
in the population of infected intermediate hosts on pastures. Among the gastropods studied (L. palustris, L. stagnalis, L. auricularia, and L. truncatula), larval stages
of fasciola were found exclusively in the dwarf and great pond snails, confirming their role as the key intermediate hosts in this region.

Conclusion. Understanding the regional epizootology of buffalo fascioliasis is crucial for developing effective control strategies against this zoonosis. Our findings,
which elucidate the local dynamics of the parasite’s life cycle, provide a foundation for targeted prevention measures tailored to the specific conditions of the area.

Keywords: Republic of Dagestan, lowlands, fasciolasis, fasciola hepatica, buffalo, infestation rate, invasion prevalence and intensity, seasonality, age-related
dynamics
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(e30HHaA 1 BO3paCcTHaA AUHAMIKa dacumonesa
6y11B0N0B B paBHUHHOI 30He Pecnybnuku [larecTtaH

C. Ll Ka6apawes, K. A. KapnyweHko
MpuKacnuiickuii 30HaNbHbIN HayYHO-UCCNIEROBATENbCKII BeTepUHAPHDIA UHCTUTYT — dunnan OTBHY «DepepanbHbiii arpapHblil HayuHblil LieHTp Pecrybnukm
[Narectan» (Mpukacnuitckmit 3oHanbHblit HUBU — dunnan OTBHY «OAHL, PLl»), yn. laxagaesa, 88, r. Maxaukana, 367000, Pecnybnuka JJarectan, Poccua

PE3IOME

Beepenue. B paBHuHHbIX 06nacTax CeepHoro KaBkasa HabnioaaeTca BbiCOKaA pacnpoCTpaHeHHOCTb dacuonesa CpeAn B3poCroro noronoBbs byiiBonos,
roKa3arenu UHBa3UpOBaHHOCTY BapbupytoT oT 37 40 46%. (e30HHaA 1 BO3paCTHaA AUHAMIKA 3apaXeHHOCTY BYiiBONOB Gacmonamm B JaHHOM PervoHe 0CTaeTca
HeBbIACHEHHOM.

Lienb nccnepoBanma. M3yuexne ce3oHHoI 1 BO3pacTHO AMHaMUKI dacuyone3sa 6yiiBonoB, COREPXALLNXCA B PAaBHUHHON 30He Pecnybnukn arecTaH.
Marepuanb! n metopbl. Matepuanom ana nccnegoBaxua cyxunu 240 npob dekanuii 6yiionos (B Bospacte ot roga 1 crapiue), 20 3K3eMNAAPOB NeyeHn
1 1428 5K3eMNNAPOB MONNIOCKOB CeMeiicTBa NPYAOBUKOB: Lymnaea palustris, Lymnaea stagnalis, Lymnaea auricularia v Lymnaea truncatula. C uenbto uyyenms
pacnpocTpaHeHna pacumonesa B paBHMHHOM babalopToBCckom paiioHe NpoBeAeHbl MCCeA0BaHNA ¢ MCNONb30BaHNEM NPUXKU3HEHHBIX (KONPOOBOCKONKA)
1 MOCMEpTHbIX (FeNIbMUHTONOTNYECKOE BCKPbITHE MEUEHU U XENYHOT0 Ny3bipsA) 00HapyXeHNA napasuTos.

Pe3ynbrartbl. YcTaHOBNEHA BbICOKAA CTeneHb MHBA3UN B3POC/bIX OYiiBONOB B paBHUHHOI 30He pecny6nuku. JaHHbIil GakT 00bACHAETCA KyMYNATUBHBIM
XapaKTepoM 3apaxeHus, To eCTb HaKonaeHnem NapasuToB B OpraHu3me XMBOTHBIX. (e30HHOCTb 0Ka3blBAET 3HAUNTENbHOR BUAHIE HA 3apaXeHHOCTb OyilBONOB
dacumone3om. IKCTEHCMBHOCTb UHBA3MM JOCTURANA NnKa B Aekabpe (60%) 1 bbina MUHMManbHoii B uoHe (40%). B nepuopa ¢ aBrycta no Hoabpb Habntoganca
3aMeTHBIii POCT SKCTEHCMBHOCTIA M MHTEHCUBHOCTY HBA3WY, YTO, NO-BUANMOMY, (BA3HO € YBENMYEHUEM YUCTIEHHOCTM MPOMEXYTOUHBIX X03A€B NapasuTta
Ha nactbuax B 370 Bpema roaa. Bapocnble 6yiiBonbl, 06uTatoLLIMe HA PaBHUHAX, Yallle BCero 1 6onee MHTEHCMBHO 3apaxanuch dacumonamu. B pesynbrare
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MpoBe/ieHHbIX NCCNeS0BaHMIA N0 MHBA3UPOBAHHOCTU MONNIOCKOB L. palustris, L. stagnalis, L. auricularia v L. truncatula ycTaHoBAEHO, 4TO TONbKO Manblil 1 06bIK-
HOBEHHbIi NPyZ0BUKM ObIIN 3apaXeHbl IMYMHKaMU dacLinon, B To BpeMA Kak Apyrie BIWAbI IUMHeEN 0Ka3anucb CBOBOLHbI OT 370l TPeMaToA03HOI UHBA3UM.
3aknmioueHue. 3yueHue kpaeBoii 3nu300Tonorvn Gacumonesa byiiBonos no3sonuT Gonee ycnewwHo 60poTbCA ¢ AAHHBIM 300HO3HBIM 61OreNIbMUHTO30M C Y4eTOM
0C06eHHOCTel MeCTHOCTU 1 BIUAOBOTO COCTaBa BO3byAuTeneil. 3HaHne 0cobeHHOCTei XIU3HEHHOTO LnKNa TPeMaTop TaKkxKe ABNAETCA BaXHOI COCTaBAALLEN
B NPOBEAEHUY MepOnpuATHii Mo 6opbbe v NpodunakTuke napasuTapHbix 6onesHeii.

KnioueBbie cnosa: Pecnybnuka [larectan, paBHuHHas 30Ha, dacumones, Fasciola hepatica, 6yiiBon, 3apakeHHOCTb, IKCTEHCUBHOCTb U MHTEHCMBHOCTb MHBA3WH,
Ce30HHOCTb, BO3PACTHaA ANHAMMUKA

bnaropgapHocTu: Pabota BbinonHeHa B cootetctaum ¢ ETUCY 1022040700659-8-4.3.1 «YcoBepLueHCTBOBATb CyLLeCTBYIoLLMe Mepbl 60pbObl 1 NpodUAaKTUKI
€ 0060 OMacHbIMI MHBA3MOHHBIMM 60NIE3HAMIN CENbCKOX03AACTBEHHBIX XUBOTHBIX 11 NTHL, € Y4ETOM 3M300TONOrYECKIX 0CO0BEHHOCTEN NApa3uToB, B YCMOBMAX
[pukacnuiickoro pervioHa Poccumy.

[ina yutupoanma: Kabapawes C. LU, Kapnywenko K. A. Ce30HHa 1 Bo3pacTHaa AnHamuka dacumonesa byiiBonos B paBHUHHOI 30He Pecnybauku [arectan.
Bemepurapus cez00ns. 2025; 14 (4): 362-371. https://doi.org/10.29326/2304-196X-2025-14-4-362-371

Kondnukr untepecoB: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOHGANKTA UHTEPECOB.

[ina koppecnonpexumnn: Kabapanes Cappytant LamwutoBuy, A4-p BET. HayK, IMaBHbIil HayuHbIi COTPYAHIK, 3aBeAyHLMil nabopaTopueii No U3yyeHnto MHBa-
3UOHHBIX 60Me3Hell CeNbCKOX03AMCTBEHHDIX XKUBOTHbIX U ML, Mpukacnmitckiii 3oHanbHblit HUBW — dunuan OTBHY «OAHL, PI1», yn. laxapaesa, 88, r. Maxaukana,

367000, Pecnybnuka farectan, Poccua, pzniviO5@mail.ru

INTRODUCTION

Animal husbandry is a crucial branch of agricul-
ture, important for a country’s economy. The spread
of infectious and invasive diseases in animal hus-
bandry is a significant barrier to industry deve-
lopment [1, 2].

Trematodiases, particularly fascioliasis caused
by the liver fluke Fasciola hepatica, represent a sig-
nificant global health and veterinary concern. This
helminth is a widespread parasite of numerous
mammalian species, including both domestic live-
stock and wildlife within the Russian Federation and
beyond. Infection with F. hepatica induces immuno-
suppression, heightening host susceptibility to sec-
ondary viral and bacterial infections, which can result
in mortality [3, 4, 5, 6].

Episodic and incomplete anthelmintic treatment
of livestock fails to significantly reduce the inci-
dence of fascioliasis. The success of a deworming
program is not absolute but is mediated by several
critical variables. The local climate and habitat define
the parasite’s environmental viability, the parasite’s
development cycle in mollusks dictates transmis-
sion windows, and agricultural practices — notably
the timing and length of grazing, which are often
linked to rainfall - determine host exposure risk. Fa-
vorable environmental conditions stimulate pond
snail population growth, which in turn increases the
host population available for infection by larval fas-
ciolids, facilitating parasite transmission. This, in turn,
leads to a high incidence of livestock infection with
trematodes. Consequently, current prophylactic and
therapeutic strategies against fascioliasis do not con-
sistently achieve the eradication of sexually mature
parasites from livestock hosts [7, 8,9, 10, 11].

Fascioliasis is a widespread parasitic disease of cat-
tle, particularly in southern Russia and the North Cau-
casus region. Notably, the prevalence of infection on
specific farms in the region can be as high as 54.7%.

Concurrent infection with F. hepatica and F. giganti-
ca is frequently observed in livestock populations of
southern zones. Studies in Kalmykia indicate an aver-
age bovine fascioliasis prevalence of 17.8%, ranging
from 15.9 to 20.8%. The highest levels are recorded
during the winter, and both infection rate and the
number of helminth eggs shed increase signifi-
cantly with host age. The prevalence peak occurs at
6 years of age [12].

Kabardino-Balkaria also demonstrates high preva-
lence of fascioliasis among food-producing animals.
Helminthoscopic analysis revealed a cattle infection
rate of 48.2% and a mean fecal egg count of 47.7 fa-
sciola eggs per gram. Post-mortem helminthologi-
cal examination revealed an infection prevalence of
52.3% and a mean intensity of infection (Il) of 99.8 fa-
sciola individuals per animal. Infection of adult cat-
tle is observed year-round, with the rates ranging
from 52.5% in August to 76.6% in February. Studies
demonstrate that the Il with fascioles in farm animals
in Kabardino-Balkaria varies significantly depending
on the time of year. In particular, there are different
infection rates with adult trematodes and young fas-
cioles [13, 14, 15].

The predominant species of fascioles affecting
livestock in the region is F. hepatica (78.3%). How-
ever, the prevalence of infection with F. gigantica is
higher in irrigated areas (from 6.4 up to 30.3%). In
juvenile cattle, the first fasciola eggs are detected in
fecal samples in July, after which the extensity of in-
fection (El) increases. Overall prevalence of fasciola
infection among young animals is 22.7%. According
to S. B. Cherkesov and A. K. Oshkhunova, the devel-
opment of F. hepatica and F. gigantica eggs occurs
in Kabardino-Balkaria from mid-March to mid-No-
vember. During winter, fasciola eggs exposed to
freezing air temperatures desiccate and die, while
up to 38.1% of fasciola eggs submerged in water can
remain viable [16].
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Studies in Kabardino-Balkaria demonstrate that
the summer-autumn season provides the most
favorable conditions for the reproduction of Lym-
naea auricularia and Lymnaea truncatula snails, the
intermediate hosts of fasciola. At this time, the in-
fection rate of mollusks with parasite larvae reaches
3.8-9.5%. The distribution of mollusks depends on
the landscape: L. truncatula prefers mountainous and
foothill areas, L. auricularia prefers irrigated lands. It
is important to note that the metacercarial cysts of
fasciola are highly resistant to adverse conditions, re-
maining viable on hay during winter and on pasture
vegetation. However, intense sunlight (insolation)
quickly desiccates and destroys metacercarial cysts
on exposed vegetation. Parasites at all developmen-
tal stages can be found in animal hosts throughout
the year. The parasite population exhibits clear sea-
sonal dynamics: adult forms dominate in the liver
and gallbladder during the winter-spring period,
while preimaginal stages predominate during the
summer-autumn period [17, 18].

A comparable pattern of fascioliasis epidemiology
is observed in cattle populations across the North
and Central Caucasus. The highest prevalence of
fasciola infection (70.7%) was recorded in January
among the adult cattle. The first cases of fascioliasis
in young cattle were detected at the end of July. The
high reproductive capacity of fasciola, particularly
during the summer months, is a key driver of wide-
spread invasion in the host population [19].

Studies in the Chechen Republic have revealed
varying prevalence rates of fasciola infection among
domestic livestock and wild animals. Prevalence in
sheep was 33.2% (Il - 8-59 individuals/animal), 8.1%
in goats (Il - 3-11 individuals/animal), 19.2% in cattle
(Il-12-108 individuals/animal), 13.4% in buffaloes (Il -
5-42 individuals/animal), 4.8% in horses (Il - 3-7 indi-
viduals/animal), 5.7% in hares (Il - 2-3 individuals/an-
imal) and 0.9% in roe deer (Il - 3 individuals/animal).
Along with F. gigantica, F. hepatica was reported in
these animals. F. gigantica dominates in the lowland
Chechen regions, while F. hepatica is predominant in
the mountainous regions. The researchers also estab-
lished the following infection rates in farm animals:
28% for cattle (Il - 14-117 individuals/animal), 34.8%
for sheep (Il - 9-243 individuals/animal), 26.6% for
goats (Il - 5-24 individuals/animal) and 23.3% for buf-
faloes (Il - 21-84 individuals/animal) [7, 20].

Fascioliasis in buffaloes in the North Caucasus re-
gion is understudied. The liver fluke disease caused
by F. hepatica, is widespread in ruminant popula-
tions worldwide, occurring sporadically and locally.
The parasite has established persistent, localized res-
ervoirs of infection in specific natural habitats. Inad-
equate herd management practices, particularly the
absence of structured pasture rotation, exacerbate
the environmental contamination and transmission
of F. hepatica in ruminant populations. Analysis of ep-
idemiological data reveals that F. hepatica infection
is most prevalent in adult cattle and small ruminants
within regions of high humidity [21].

Susceptibility to F. hepatica increases signifi-
cantly with host age, a pattern primarily attribu-
ted to the cumulative effect of repeated exposure
and reinfection over time. In adult ruminants with

prolonged pasture exposure, the liver can harbor
both mature adult flukes and juvenile stages simul-
taneously [22, 23, 24].

Epidemiological data on infection seasonality are
essential for determining the most effective timing
of strategic deworming to control liver fluke burdens
in ruminants.

In central Russia, periods of high humidity — partic-
ularly in spring and autumn - elevate the risk of fas-
cioliasis outbreaks in grazing ruminants. The larval
stages develop most successfully during the warmer
months when water temperatures remain within
a permissive 12-30 °C range. Any divergence from
this thermal threshold directly disrupts development
within the intermediate mollusk, effectively breaking
the transmission cycle. Beyond temperature, the life
cycle of F. hepatica is critically regulated by ambient
humidity and solar radiation [25, 26, 27, 28, 29].

The prevalence of fascioliasis in buffalo popula-
tions exhibits clear age dependence, with infection
rates consistently higher in adult animals than in
juveniles. Sexually mature F. hepatica can survive
within the definitive ruminant host for up to 4 years.
Persistent grazing on infective floodplain meadows is
the primary driver for the elevated intensity of inva-
sion most frequently recorded in adult livestock [30].

The intensity of the trematode life cycle is influ-
enced by host population metrics - such as abun-
dance, density, and distribution — as well as by the
extensity of infection and abiotic factors like the hy-
drothermal regime (including precipitation, humid-
ity, and temperature) during the vegetation season.
This situation is a complex environmental problem
that has a negative impact on the food security of
the local population [31, 32, 33].

The freshwater biotopes of the North Caucasus
include 10 species of mollusks: Lymnaea truncat-
ula, Lymnaea auricularia, Galba oblonga, Lymnaea
peregra, Physa fontinalis, Lymnaea stagnalis, Physa
acuta, Succinea putris, Planorbis planorbis and Lym-
naea ovata. Among these, L. truncatula serves as
the obligate intermediate host for the trematode
F. hepatica. The distribution of L. truncatula covers
a wide range of natural and artificial water reser-
voirs. The intensity of invasion of L. truncatula with
by F. hepatica larvae ranges from 3.05 to 27.14%
(13.10% in average) depending on the biotope.
A parallel variation in the morphological features of
L. truncatula was observed, which correlated with
the type of water body. The greatest susceptibility
to invasion is observed in mollusks of the third stage
of development [34, 35].

Analysis of the literature indicates a correlation
between mollusk population density and their level
of parasitic infection. Higher mollusk density is asso-
ciated with a greater prevalence of parasitic infec-
tions. As common parasites of mollusks, trematodes
act as key agents of natural population control, sig-
nificantly influencing host numbers. They also alter
fundamental ecosystem processes by reshaping tro-
phic networks and modifying system-wide structure
and function. The complex, multi-host life cycle of
trematodes is a key driver of endemic mollusk infec-
tion, creating significant and persistent risks to re-
gional and national food security [36].
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MATERIALS AND METHODS

From March 2023 to March 2024, a cross-sectional
study was conducted in the lowland zone of the Re-
public of Dagestan to investigate the prevalence
of fascioliasis in buffalo across different age groups.
Fecal samples were subsequently collected from
the buffaloes and analyzed for fasciola infection us-
ing established laboratory techniques.

Fecal samples were collected from 240 buffaloes
categorized into four age groups (n = 60 per group):
calves (< 1 year), young stock (1-2 years), adults
(2-5 years), and mature animals (> 5 years). All sam-
ples were analyzed for fasciola eggs using a stan-
dardized flotation coproscopy technique.

All study animals were maintained on pastures
known to be environmentally contaminated with
parasite stages and situated near populated areas.

The age-related dynamics of F. hepatica infection
in buffalo were studied using both intravital and
postmortem diagnostic techniques. Intravital detec-
tion was based on coproscopic examination, while
postmortem assessment involved helminthological
autopsy of the liver and gallbladder, performed ac-
cording to the method of K. I. Scriabin.

The intensity of fasciola invasion was assessed
in autumn via helminthological post-mortem exam-
ination. Livers and gallbladders from 20 buffaloes,
with five animals sampled from each of the four age
groups, were analyzed for parasite burden.

Seasonal dynamics of F. hepatica development
was studied by coproscopic examination according
to the method of N. V. Demidov.

The distribution of biotopes inhabited by interme-
diate snail hosts of fasciola was surveyed monthly
across the study pastures (5-7 hectare area). Three
biotopes (5 to 10 m?) were examined. A total of
1,428 mollusks belonging to the family Lymnaei-
dae were collected from 34 water reservoirs. The
collected specimens comprised the following
species: L. palustris, L. stagnalis, L. auricularia and
L. truncatula. The mollusks were identified using the
N. D. Kruglov guide'.

During the grazing season, mollusk populations
were monitored monthly for infection with larval
stages of Fasciola spp. Parasites were initially iden-
tified using the compression slide technique under
a light microscope. Subsequently, the intensity of
infestation was quantified.

At the onset of the grazing season, field visits were
conducted to buffalo pastures to sample and exam-
ine lymnaeid snails. This preliminary work aimed
to establish the species composition and population
density of these mollusks. Concurrently, natural bio-
topes serving as habitats for the intermediate host of
F. hepatica were identified. Pond snails were collected
using tweezers and placed in plastic containers.

Following collection, the mollusks were dissected.
The soft body tissue was carefully extracted from the
shell using fine-pointed scissors. In cases where the
shell was exceptionally robust - particularly in larger
specimens — it was first cracked open with a hammer

"Kruglov N. D. Molluscs of family Lymnaeidae (Gastropoda, Pulmonata)
of Europe and Northern Asia. Smolensk: SGPU Publishing; 2005. 507 p.
https://djvu.online/file/tffRyg0rOqg4jg (in Russ.)

to facilitate access. During this procedure, hemo-
lymph - which may contain helminthic larval stages
such as cercariae and rediae — was released.

To prevent workplace contamination and facili-
tate parasite examination under the microscope, all
mollusk dissections were performed within a con-
tained vessel - either a Petri dish, a watch glass, or
a dissection cuvette. Following dissection, the mol-
lusk’s body was separated into discrete anatomical
sections or organs. Each of these tissues was then
mounted between a microscope slide and a covers-
lip (compression slide technique) for detailed micro-
scopic examination.

For very small mollusks, the entire specimen was
often examined in situ-directly within the intact
shell. In this preparation, live cercariae - if present -
would actively emerge from the mollusk’s tissue into
the surrounding liquid medium. Their intrinsic motil-
ity significantly facilitated detection and identifica-
tion under the microscope.

Statistical data were processed using variation
statistics (according to N. A. Plokhinsky) and the Bio-
metrics software.

RESULTS AND DISCUSSION

Parasitological surveys in the Babayurt Raion indi-
cated a high prevalence of fascioliasis in adult buffa-
lo, with many herds showing a heavy parasite burden
(infection intensity).

Our data suggest that in the shallow, hydrologi-
cally stable reservoirs of the lowlands, temperature
serves as the key driver of biological activity for
F. hepatica, maintaining the continuity of its epizo-
otic chain from egg to miracidium. Liver fluke life
cycle is shown in Figure 1.

The parasite’s life cycle begins with the sexual re-
production of the adult stage, known as the marita,
which resides in the bile ducts of the definitive host
(humans or cattle). Eggs produced by the marita are
excreted into the environment via the host’s feces.

For development to proceed, these eggs must
reach a freshwater habitat. In water, a ciliated larva
called a miracidium hatches from the egg.

The next stage involves the free-swimming
miracidium locating and penetrating a suitable in-
termediate host — a dwarf pond snail. Inside the snail,
a phase of complex asexual multiplication begins.
The miracidium transforms into a primary sporocyst,
which then produces numerous rediae.

Studies confirmed the widespread fascioliasis
prevalence among buffaloes inhabiting the lowlands
of the region.

A direct relationship was established between
the age of animals and the level of their infection
(extensity and intensity) with liver fluke. The results
are given in Table 1.

Prevalence of infection with fascioles in different
age groups was: calves (< 1 year old) - 18.3%, in young
animals (< 2 years old) - 23.3%, in buffaloes (2-5 years
old) - 36.7%, and in > 5 years old animals — 48.3%.

The intensity of the infection, determined by
counting the number of helminth eggs per gram
of faeces, also increased with age: in calves, it was
(58.6 £9.9), in young animals - (88.5 £ 9.2), in 2 to
5 years old buffaloes — (127.6 + 8.7), in > 5 years old
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The Life Cycle of Fasciola hepatica.
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Fig. 1. Common liver fluke life cycle

animals - (166.4 + 9.3) eggs per animal. The over-
all prevalence of fasciola infection in the buffalo
population was 31.7%. The mean intensity of infec-
tion, measured as the number of eggs per animal,
was (112.3 £9.2).

A direct positive correlation was confirmed be-
tween buffalo age and infection prevalence, with
the highest prevalence (48.3%) observed in adult
animals. The intensity of invasion in adult buffaloes
is almost three times (2.8 times) higher than in calves.
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Table 1
Prevalence of fasciola infection in buffaloes by age group, determined by coproscopy

Buffalo age

Parameters

Tested, in total 60 60 60 60 240
Infected, in total 1 14 22 29 76

El, % 183 233 36.7 483 31.7
Number of . hepatica 58.6£9.9 885492 127.6£87 166.4+9.3 1123492
eggs per animal

Table 2
Prevalence of fasciola infection in buffaloes by age group, determined by postmortem helminthological autopsy of the liver

Buffalo age

Parameters
Tested, in total 5 5 5 5 20
Infected, in total 1 2 3 3 9
El, % 20.0 40.0 60.0 60.0 45.0
Number of . hepatica 146+23 467485 927499 1324498 716+76
per animal

Post-mortem examination revealed the lowest
prevalence of fasciola infection in the youngest
cohort (buffaloes < 1 year of age): the El - 20.0%
and the Il - (14.6 £ 2.3) individuals per animal, and
the highest in the oldest cohort (> 5 years old): the
El - 60.0% and the Il - (132.4 £ 9.8) individuals per
animal (Table 2).

Analysis of seasonal dynamics revealed an ab-
sence of F. hepatica infection in the examined
livestock during March and April. In June and
August, the average parasitic burden per animal was
(19.7 £ 2.1) and (21.8 £ 2.4). In October, the num-
ber of detected fasciola increased to (49.6 + 3.5).

In December, the maximum number was recorded -
(67.1 £ 6.4), Figure 2.

Field surveys in the Babayurtovsky Raion showed
that pastures within the Terek River floodplain are
characterized by a specific hydrology, featuring nu-
merous small, lentic (stagnant or slow-flowing) water
bodies formed by distributary streams. These water
bodies are inhabited by L. palustris (marsh pond snail),
L. stagnalis (great pond snail), L. auricularia (Euro-
pean ear snail) and L. truncatula (dwarf pond snail).

During the pasture survey, persistent wet hol-
lows - small, groundwater-fed pools that do not dry
out, were identified. These basins exhibited variable

60
50
40

El, %

Fig. 2. Seasonal prevalence of fascioliasis in buffaloes of the Dagestan lowlands (coproscopy results)

VETERINARY SCIENCE TODAY. 2025; 14 (4): 362—371 | BETEPUHAPUA CETOQHA. 2025; 14 (4): 362-371



ORIGINAL ARTICLES | BOVINE DISEASES OPUTWHATIbHbIE CTATbY | BONE3HI KPYMHOTO POTATOTO CKOTA

25

20

15

10

21.2

18.3 L2y

16.7 16.9
15.8

3.9 4.3

2.3
0 0 0 0 0 0 0 0
March April May June July August September October
L. truncatula L. palustris L. auricularia L. stagnalis

Fig. 3. Prevalence of F. hepatica infection in lymnaeid snails, March — October 2023 (%)
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morphometry: surface areas started from 4 m?, the
substrate consisted of silty sediments, and the wa-
ter column depth ranged from 3 to 25 cm. Various
species of aquatic invertebrates and other freshwater
inhabitants were found in these hollows. The dwarf
pond snail was a predominant species among them.
Its population density ranged from 50 to 70 mollusks
per 1 m2 The vegetation of these wet hollows was
dominated by Elytrigia repens, Plantago lanceolata,
and several sedge species of the genus Carex.

The presence of grazing livestock in the area
was confirmed by direct observation of fresh hoof-
prints and feces. The proximity to saturated soils
and streams caused animal hoofprints to fill with
water, forming persistent puddles. In these micro-
habitats, the population density of the dwarf pond
snail reached or exceeded 60 individuals per 1 m2.
Other mollusk species were also present within
the same puddles.

In areas of peak mollusk concentration, mea-
sured parameters showed neutral to slightly alkaline
conditions (pH 7.0-7.7 in water and soil, via litmus
paper), with water temperature (17-22 °C) closely
tracking air temperature due to the shallow nature of
the water bodies.

The investigation of the malacofauna in pas-
ture-associated aquatic habitats confirmed
the presence of snail intermediate hosts of fasciola.
Among all lymnaeid snails examined, only L. trun-
catula and L. stagnalis were found harboring larval
stages of F. hepatica. Other lymnaeid species were
not infected by these trematodes. The results are
shown in Figure 3.

In rare instances, echinostomatid larvae were de-
tected. These were distinguished from fasciola larvae
by their greater motility and larger size.

From May to October, we recorded infection of
dwarf pond snails with rediae and cercariae of Fasci-
ola spp. This finding indicates that larval stages can

partially overwinter within the mollusk host. The
highest intensity of infection of the dwarf pond snail
was observed in September.

Our data established that the population density
of the dwarf pond snail in floodplain biotopes peaks
during August and September. This period of peak
snail density coincides with the highest prevalence
of F. hepatica larval infection in the snails, creating
optimal conditions for the environmental persistence
and transmission of fascioliasis.

CONCLUSION

A direct positive correlation was confirmed be-
tween buffalo age and fasciola infection prevalence.
In adult animals, the El is 48.3%, and the Il is 2.8 times
higher than in young animals.

The studies demonstrated a clear age-dependent
trend, with infection prevalence increasing signifi-
cantly in older animal cohorts. In < 1 year old calves
the El was 18.3%, the Il was (58.6 + 9.9) individuals per
animal; in < 2 years old animals the El was 23.3%, the
[l was (88.5 + 9.2) individuals per animal; in < 5 years
old buffaloes the El was 36.7%, the [l was (127.6 + 8.7)
individuals per animal; in > 5 years showed 48.3% El,
the Il was (166.4 + 9.3) individuals per animals.

Post-mortem examination of livers from 20 buf-
faloes revealed fasciola infection in 9 animals, cor-
responding to a prevalence of 45.0%. However, in
young animals < 1 year of age, the infection rate was
only 20.0%, while in buffaloes over 5 years of age, this
figure reached 60.0%. Moreover, the Il increased with
age, reaching maximum values in adult animals (on
average (132.4 + 9.8) individuals per animal). Adult
buffaloes grazing in lowland areas demonstrated
a consistently high intensity of infection by F. hepat-
ica larvae throughout the year. This trend is primar-
ily driven by a cumulative effect — fasciola parasites
accumulate within the host over time, leading to hi-
gher prevalence and intensity in older animals.
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Seasonal monitoring revealed a complete ab-
sence of fasciola parasites in buffalo during the ear-
ly spring months of March and April. In June and
August, the average parasitic burden per animal was
(19.7 £ 2.1) and (21.8 + 2.4). Infection intensity with
the liver fluke increased significantly from August
to October, peaking at (49.6 + 3.5) parasites per ani-
mal. This seasonal peak likely corresponds to the pe-
riod of highest abundance of the intermediate snail
hosts in the pastures. The peak of infection intensity
in buffalo was recorded in December, with a mean
burden of (67.1 £ 6.4) parasites per animal.

The highest densities of lymnaeid snails were
associated with specific lentic habitats: stagnant
or slow-flowing reservoirs, abandoned irrigation
channels, seasonal puddles, and small ponds prone
to summer drying. These areas are inhabited by many
species of mollusks, including the dwarf pond snail
(L. truncatula), whose population density reached
70 individuals per 1 m2

Monitoring of larval trematode infections in four
lymnaeid species - L. palustris, L. stagnalis, L. auricu-
laria and L. truncatula revealed that only the dwarf
and great pond snail harbored fasciola larvae. The
other three species showed no evidence of infection
with this parasite. In some instances, echinostomatid
larvae were detected. These were distinguished from
fasciola larvae by their greater motility and elonga-
ted shape.
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Recombinant antigens in serological diagnostics
of transboundary and emerging bovine infections

Nikita A. Tenitilov, Natalya A. Yarygina, Alexander V. Sprygin
Federal Centre for Animal Health, ul. Gvardeyskaya, 6, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Transboundary and emerging infections of cattle and small ruminants, such as peste des petits ruminants, Schmallenberg virus infection, etc., pose
a serious animal health and economic threat in the context of developing globalization. Given the current geopolitical situation, the need for modern domestically
produced diagnostic systems is particularly acute. Such systems can be developed using genetic engineering methods.

Objective. Analysis of domestic and foreign publications on the production of recombinant proteins of pathogens of transboundary and emerging infections
of cattle and small ruminants. Creation of genetic constructs based on the processed data for further development of diagnostic tools, in particular enzyme-linked
immunosorbent assay test systems.

Materials and methods. Using bioinformatics tools, codon composition of the sequences encoding the nucleocapsid proteins of peste des petits ruminants
virus and Schmallenberg virus was analyzed and optimized. The optimized gene fragments were synthesized de novo and cloned into the pET-32b(+) expression
vector. Successful insertion of the target sequence into the vector was confirmed by polymerase chain reaction and restriction analysis.

Results. Information on enzyme-linked immunosorbent assay test systems developed on the basis of recombinant antigens for the diagnosis of peste des petits
ruminants and Schmallenberg virus infection is presented. The main technological aspects of obtaining recombinant antigens for their further use in a diagnos-
tic system factored in the biological features of a particular pathogen are highlighted. Our proprietary methodology for creating protein expression vectors for
the pathogens of the diseases under review is additionally described.

Conclusion. The most promising recombinant antigens for use in enzyme-linked immunosorbent assay test systems designed to detect antibodies against peste
des petits ruminants virus and Schmallenberg virus are full-length and truncated virion nucleocapsid proteins. Furthermore, the biophysical properties and antigenic
structure of these proteins enable their production in Escherichia coli. It should be noted that production of significant amounts of functional proteins in soluble
form may require their expression as part of fusion proteins with tags enhancing solubility and facilitating correct folding.
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PekoMOUHAHTHbIE aHTUEeHbI B CEPONOTNYeCKOil
[1ArHOCTIKe TPAHCTPAHUUHbIX U IMEePIPKEeHTHbIX
MH(QEKLMI poraToro CKOTa

H. A. Tenutunos, H. A. fipbiruna, A. B. Cnpbirus
OTBY «DefepanbHblit LieHTp oXpaHbl 380poBbA X1BOTHBIX» (OTBY «BHUI3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, r. Bragumup, 600901, Poccua

PE3IOME

BBepeHue. TpaHCrpaHNuHble 1 SMePKEHTHbIE MHOEKLMI KDYTIHOTO M MENKOTO POTaTOro CKOTa, Takie Kak UyMa MENKIX XBaUHbIX XUBOTHbIX, Gone3Hb LUman-
NeH6epra U Apyrve, B YCOI0BUAX Pa3ByBatoLLeiica robanu3aLuy NpeaCcTaBaAT cepbesHyIo AMM300TYECKYI0 U IKOHOMUYECKYH Yrpo3y. C yueTom Tekylue reo-
MONUTUYECKOIA 06CTaHOBKIN HEOBXOAUMOCTb B COBPEMEHHDIX MarHOCTUYECKMX CCTEMAX OTEUeCTBEHHOTO NPOU3BO/CTBA OLLYLLAETCA 0C06eHHO 0cTpo. Mogo6Hble
CUCTEMbI MOTYT BbITb Pa3paboTaHbl ¢ UCMIOb30BAHNEM METOIOB FEHHOI UHKEHEPUN.

Llenb uccnepgoBaHus. AHau3 0TeYeCTBEHHbIX 1 3apyGeXHbIX Ny6ANKaALMiA, NOCBALLEHHbIX NONYYEHMI0 PEKOMOUHAHTHDIX 6NKOB BO30YAMTENE TPAHCTPAHIYHbIX
1 IMEPKEHTHBIX UHOEKLMIA KPYNHOTO U MENKOTO Poratoro ckota. (03a1aHue Ha 0CHOBE 06paBoTaHHbIX JaHHbIX FEHETUYECKUX KOHCTPYKLMIA ANA AanbHeilLued
pa3paboTky Ha uX 0CHOBE AMArHOCTYECKUX CPELCTB, B YACTHOCTU MMMYHOGEPMEHTHBIX TECT-CUCTEM.

Marepuanb! n meTogbl. [Tpy NoMoLLYM HCTPYMEHTOB G1OMHGOPMATUKN NPOBELEH aHaNN3 1 ONTUMU3ALMA KOLOHHOTO COCTaBa NOCE0BATENbHOCTEI,
KOAVPYIOLLMX HYKIEOKaNCUAHbIE GeNK BUPYCOB UyMbl MESIKUX BAUHBIX KMBOTHbIX 11 6013HM LIManneH6epra. ONTUMU3MPOBAHHbIE GPATMEHTbI reHoB Bblin
CMHTE3UPOBaHbI de NoVo 1 KNOHNPOBAHbI B IKCMpeccupytoLmii BekTop pET-32b(+). YcnewwHocTb BCTaBKY LeneBoii NOCef0BaTeNbHOCTY B BEKTOP NOATBEPXKAAIN
METOZ10M NMOUMEPA3HO LIENHO PeaKwun 1 PECTPUKLIMOHHOTO aHanu3a.
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Pe3ynbrartbl. lIpeacTasneHa MHHopMaLna 0 pa3paboTaHHbIX Ha OCHOBE PEKOMOMHAHTHBIX aHTUTEHOB MMMYHOGEPMEHTHBIX TECT-CUCTEMaX AA AMArHOCTUKN
YyMbI MENKUX XBaUHbIX XUBOTHbIX 1 Gone3tn LLmannexbepra. OcBeLLeHbl 0CHOBHbIE TEXHONOTUYECKHE acneKTbl NOYYeHUs PeKOMOUHAHTHDIX aHTUTEHOB
ANA AanbHeifLLero ux MCNonb30BaHNA B ANArHOCTUYECKON cUCTeMe C y4eToM 0CoBeHHOCTet 61onoruu KOHKPETHOro MHGEKLIMOHHOTO areHTa, a TakxKe onucaHa
o6CTBeHHaA MeTOI0N0YA C03AaHNA BEKTOPOB ANA IKcnpeccuy GenkoB Bo3byauTenei o6o3peBaembix GonesHeil.

3akntouenue. Havbonee nepcnekTUBHBIMU AA NCTIONb30BAHNA B KAYeCTBE PEKOMOUHAHTHbIX aHTUTEHOB B UMMYHOGEPMEHTHBIX TECT-CUCTEMAX, HanPaBNEHHbIX
Ha BbIABNIEHME AHTUTEN K BUPYCaM YyMbl MeJKVX XBAUHbIX XUBOTHBIX 1 6one3nu LLimannexbepra, ABNAKTCA NOMHbIE U YceueHHble HyKNeoKancuaHble Genkiu
BUPUOHOB. [Tpy 3T0M BroPU3nyeckue CBOICTBA 1 aHTUTEHHAA CTPYKTYpa AaHHbIX GeNKOB NO3BONAIOT NOAYYATb MX B KyNbType KneTok Escherichia coli. Cnepyer
OTMETHTb, YTO ANA NONYYEHNA 3HAUNTENBHBIX KONYECTB GYHKLIMOHANbHBIX 6eNKoB B PaCcTBOPUMOIT hOpMe MOXKET MOHAA0OUTLCA UX IKCMIPECCAA B COCTaBe
CAMTBIX 6ENKOB C NOBBILLAIOLLMMI PACTBOPUMOCTb 1 06NEratoLLMMI KOPPEKTHbIA GONAMHT Teram.

KnioueBbie cnoBa: peKOMOMHAHTHbIE aHTUTEHDI, CEPONIOTMYECkas AUArHOCTUKA, UMMYHODEPMEHTHBI aHanu3, PoraTblil CKOT, YyMa MENKIX XBauHbIX,
6onesub Lmannenbepra

bnaropgapHocTu: lccnepoBanme BbINOHEHO 3a CYeT CPeACTB rpaHTa Poccuiickoro HayuHoro GoHpa (cornawwenme N 25-24-20116) u npu nogaepxke Munu-
(TepCTBa IKOHOMUYECKOTO Pa3BUTUA Y MPOMBbILLNEHHOCTI Bnaaumupckoil obnactu.

[insa untnpoanus: Tenutunos H. A., fipbiruna H. A., Cnpbirun A. B. PekomOMHaHTHbIE aHTUreHbI B CEPONOTNYECKO AMArHOCTUKE TPAHCrPaHNYHbIX 1 IMep-

IKeHTHBIX MHdeKLmit poraToro ckoTa. Bemepurapus ce200ks. 2025; 14 (4): 372-382. https://doi.org/10.29326/2304-196X-2025-14-4-372-382
KoHpnukT uHTepecos: ABTOpbI 3aABAKT 06 OTCYTCTBUN KOH(NUKTA UHTEPECOB.

[ina kKoppecnongenuyun: Tenutunos Hukuta Anekceesiny, acnupaHT, BeTepUHapHbIi Bpay nabopatopuu MoneKynApHbIX U reHeTUUeCKX MCCedoBaHmil
OTBY «BHUW3X», yn. TBappelickas, 6, mkp. l0pbesew, r. Bnagumup, 600901, Poccus, tenitilova@arriah.ru

INTRODUCTION

To date, the transboundary and emerging
infections of cattle and small ruminants pose
a serious threat. First of all, this is due to the
significant impact on the economy and inter-
national trade.

Such infectious animal diseases as peste des
petits ruminants (PPR) and Schmallenberg vi-
rus (SBV) infection are highly contagious and, in
the context of the developing globalization and
formation of tight international relations, they
can easily spread beyond the borders of enzootic
and infected regions. Outbreaks of these infec-
tions are accompanied by significant econom-
ic losses, which are associated with the animal
disease eradication and prevention measures,
decrease in animal performance and restrictions
on the export of animals and animal products.
At the same time, the need for reliable diagnos-
tic tools becomes especially urgent.

The current level of molecular biology and bio-
technology development, in particular, recom-
binant DNA technology, allows creating highly
sensitive, specific and safe diagnostic tools.

The most valuable tool for the serological di-
agnosis of viral animal diseases is enzyme-linked
immunosorbent assay (ELISA). Furthermore,
the ability to produce recombinant proteins
ensures that future ELISA test systems will be
safe as there will be no need to handle infec-
tious agents during their manufacture. More-
over, they will have much greater sensitivity and
specificity due to a more efficient purification
method used. The ability to synthesize recom-

binant proteins in the laboratory makes it easy
to scale up the production of antigens, allowing
production to be customized to the existing re-
quirements.

It should be noted that recombinant pro-
tein-based ELISA test systems intended for
the diagnosis of infectious animal diseases are
being successfully developed abroad by such
companies as IDvet (France), IDEXX Laboratories
(USA), Ingenasa (part of Eurofins Scientific hold-
ing, Luxembourg). High sensitivity and specific-
ity are crucial factors contributing to the use
of these diagnostic tools, inter alia in domestic
diagnostic laboratories.

Peste des petits ruminants (PPR) is an acute
or subacute viral disease of sheep and goats,
characterized by fever, conjunctivitis, rhinitis,
necrotic stomatitis, gastroenteritis, pneumo-
nia and mortality of the infected animals [1, 2].
The first documented reports of this disease
date back to the early 20*" century. From 1917
to 1929, outbreaks of a disease clinically simi-
lar to rinderpest were reported in sheep and
goats in Senegal, Guinea and Nigeria. In the
period from 1940 to 1942, L. Gargadennec and
A. Lalanne described a disease affecting small
ruminants in West Africa [3]. They detected a dis-
ease with clinical signs similar to rinderpest, but
affecting only sheep and goats. Later, in 1968,
peste des petits ruminants was established as
an independent nosological entity [4].

The disease is caused by an enveloped
RNA-containing pleomorphic virus belonging
to the genus Morbillivirus of the Paramyxoviridae

VETERINARY SCIENCE TODAY. 2025; 14 (4): 372-382 | BETEPUHAPUA CETOAHA. 2025; 14 (4): 372-382

373


https://imail.arriah.ru/SOGo/so/tenitilov@ARRIAH.RU/Mail/view

ORIGINAL ARTICLES | SMALL RUMINANTS DISEASES OPUTMHANIbHBIE CTATbY | BOMIE3HW MENKOTO POTATOTO CKOTA

family. It is closely related to the viruses caus-
ing rinderpest, canine distemper, phocine dis-
temper, and human measles [1, 2]. The virion
size can vary from 150 to 700 nm. It consists
of an RNA molecule, which, together with
a phosphoprotein and an L-protein, is covered
with a nucleocapsid envelope, all housed within
a supercapsid.

The PPRvirus (PPRV) genome is composed of
a single-stranded, non-segmented, linear RNA
molecule with negative polarity. The genome is
about 16,000 nucleotides in size and encodes
six structural proteins such as nucleocapsid
protein (N), phosphoprotein (P), polymerase
protein (L), hemagglutinin (H), fusion protein (F)
and membrane protein (M). Furthermore, two
nonstructural proteins, C and V, are translated
from the P-encoding transcript using an alter-
native reading frame [1].

Today, PPR is enzootic in most parts of Afri-
ca, Middle East, South Asia, and China. Due to
the high morbidity and mortality in the pri-
mary outbreaks (up to 100%), the disease is
of great economic significance for the enzootic
regions [2]. It should be noted that in recent
years, the PPR outbreaks have been reported
in countries with which the Russian Federation
maintains trade and economic relations. This is
indicative of the threat of PPRV introduction into
Russia from the disease infected countries [5].

The main source of the PPR causative agent
are the diseased and/or convalescent animals.
The most common transmission routes involve
contact and airborne ones. Goats, sheep, and
wild small ruminants are susceptible to the PPRV.
Moreover, there are reports of the PPR causative
agent detection in cattle, camels, pigs and buf-
faloes. It should be noted that such hosts are
atypical for this virus, and in case of infection,
further disease and spread of the pathogen do
not occur [2, 6].

As soon as the virus enters the body of a sus-
ceptible animal through the oral cavity or na-
sopharynx, the virions are captured by cells of
the monocyte macrophage system and trans-
ported to regional lymph nodes and lymphoid
tissue clusters, where primary and secondary
replication of the pathogen occurs. Next, the vi-
rus is disseminated to organs and tissues remote
from the primary replication foci. It should be
noted that the PPRV demonstrates pronounced
tropism to lymphoid tissues. Its dissemination
throughout the organism causes profound
immunosuppression due to the destruction
of a significant part of leukocytes. In addition,
necrotic lesions are observed in the spleen, thy-
mus, and pulmonary lymph nodes [1].

The PPR incubation period ranges from 2
to 7 days. Viremia develops during 1-2 days

before the clinical signs onset, and the active
virus shedding begins, which contributes to
the spread of the infection [2]. The PPR clinical
signs include pyrexia, erosive stomatitis, ocular
and nasal discharge, and diarrhea. Death usual-
ly occurs within 4-6 days after the fever onset.
It should be noted that the form of the disease
and its severity can vary depending on the in-
dividual animal characteristics, such as species,
age, breed and production type [7].

As soon as the PPRV enters the body of a sus-
ceptible animal, a strong virus-specificimmune
response is reported despite significant immu-
nosuppression. The key protective cellular and
humoral immune responses are targeted at H-,
F- and N-proteins of the virion. Activation of
the cytotoxic T-cells is observed, which destroy
the virus-infected cells. Furthermore, a large
quantity of virus-neutralizing antibodies is pro-
duced, primarily targeting the glycoproteins
of the virion envelope - the H- and F-proteins.
In case of recovery, the animal acquires a stable
lifelong immunity against re-infection.

Successful control of the disease spread,
in particular, prevention of the infection in pre-
viously PPR-free regions, includes the use of
a number of diagnostic tools, aimed primarily
at detecting specific antibodies.

Several methods have been developed
for PPR serological diagnosis, such as virus neu-
tralization test, diffuse precipitation test, indirect
immunofluorescence test, direct and indirect
enzyme-linked immunosorbent assay (ELISA),
as well as competitive ELISA [8]. It is import-
ant to note that the virus neutralization test,
while considered the most accurate method,
has significant drawbacks despite its advantag-
es, i.e. labor-intensive and lengthy procedure.
ELISA is, therefore, most often used for the rou-
tine studies [7].

The first ELISA kits for the detection of PPRV
antibodies utilized inactivated and purified vi-
rus. It is worth mentioning that this approach
was characterized by low specificity due to the
presence of cell culture-contaminating proteins.
The use of recombinant protein technology has
solved this problem. Furthermore, production
safety has been significantly enhanced. For this
reason, to date, the majority of the PPR sero-
logical diagnostic tools are recombinant pro-
tein-based [9].

Recombinant N-protein is used as an antigen
for ELISA kits to detect the PPRV antibodies, ow-
ing to the high degree of conservation of the
gene encoding this protein. The protein is in-
volved in the formation of the virion nucleocap-
sid, therefore it is expressed in large numbers
by the affected cells [10]. In addition, N-protein
has different epitopes, enabling its use for the
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detection of antibodies against PPR viruses of
different genetic lineages [11], since all genetic
lineages are serologically indistinguishable.

One of the first papers devoted to the pro-
duction of the recombinant PPRV nucleo-
capsid protein was published in 1995 by
G. Libeau et al. [12]. To produce the protein,
they utilized an insect cell expression system
using Spodoptera frugiperda (5f9) cells. The pro-
tein-encoding sequence was derived from PPRV
Nigeria 75/1 strain. The recombinant baculovi-
rus Autographa californica served as the transfer
vector, generated through recombination with
the transfer vector pAcYM1 containing the in-
serted target gene under the control of a bacu-
lovirus promoter.

The competitive ELISA developed on the basis
of a recombinant protein and monoclonal anti-
bodies to it demonstrated high sensitivity and
specificity. Moreover, a good correlation of the re-
sults (r = 0.94) was shown when comparing this
method with the virus neutralization test [12].

In 2005, K.-S. Choi et al. [13] developed a com-
petitive ELISA variant based on recombinant
N-protein, which was specified by a short assay
time of less than one hour. The recombinant
antigen for this kit was also produced using
Sf9 insect cell system. In addition, the antigen
isolation included additional purification using
affinity chromatography.

In 2006, employees of the Federal Centre for
Animal Health N. V. Vavilova and A. V. Scher-
bakov developed an indirect ELISA version for
PPR diagnosis. In contrast to the previously
cited studies, the recombinant antigen for this
diagnostic tool was produced in Escherichia
coli culture. The N-protein-encoding sequence
was amplified with the RNA of the native virus
deposited in the Centre’s collection of strains
of microorganisms using reverse transcription
polymerase chain reaction (RT-PCR) and inser-
ted into the plasmid vector pQE under the con-
trol of the T5 promoter. Protein purification was
performed using metal chelate affinity chroma-
tography. The developed test system complied
with the required sensitivity, specificity and re-
producibility parameters. Over 200 sheep and
goat serum samples from various regions of
the Russian Federation were tested using this
test system [8].

In addition to the full-length N-protein, its
truncated forms were also tested for their suit-
ability as antigens for various ELISA variants.
In 2006, V. Yadav et al., having amplified the
full-length and truncated N-protein-encoding
sequences by RT-PCR, inserted them into the
PET33b vector under the control of the T7 pro-
moter. Using these genetic constructs, E. coli
BL21 strain cultures were transformed and

recombinant PPRV N-proteins were obtained,
which showed successful results, when used for
diagnostic purposes [10].

In the paper published in 2011
G.-R. Zhang et al. demonstrated the recombi-
nant protein production method, which differed
significantly from traditional ones. The PPRV
N-protein-encoding nucleotide sequence was
obtained from GenBank database (FJ905304),
and its assembly was carried out using a set
of 20 primer pairs through several overlapping
PCRs. Furthermore, upon completion of the tar-
get sequence synthesis, several nitrogenous bas-
es in the chain were replaced using site-directed
mutagenesis. After verification of the assembled
genetic construct, it was introduced into E. coli
BL21 culture to produce a recombinant protein.
The sensitivity and specificity of the indirect
ELISA variant based on the obtained antigen
was 96.7 and 96.1%, respectively, according to
the results of 697 sera testing [11].

In 2019, D. Yu. Morozova et al. published a pa-
per on the production of the recombinant PPRV
N-protein. It should be noted that in addition
to the encoding sequence, obtained by ampli-
fication of the native virus genome fragment,
the resulting recombinant plasmid contained
the thioredoxin gene. This allowed increasing
the amount of protein synthesized by bacteria
in the soluble form [9]. Later, an ELISA technique
was developed based on the obtained protein,
which demonstrated successful results [8].

Thus, the most promising antigen for routine
diagnostics is the partial or full-length nucleo-
protein N, produced using various genetic en-
gineering systems, which is widely used in both
international and domestic practice.

Schmallenberg virus (SBV) infection is an
emerging viral vector-borne disease of rumi-
nants, accompanied by depression, diarrhea,
decreased milk production, as well as abor-
tions, stillbirths, and congenital malformations
in young animals [14, 15].

In 2011, outbreaks of an infection of unknown
etiology were reported in cattle in Germany and
the neighboring Netherlands. The disease was
accompanied by a mild clinical course [16].

In herds where the new disease was reported,
an increase in the number of calves with con-
genital pathologies was observed in the subse-
quent months. Severe neurological disorders, as
well as musculoskeletal pathologies were noted.
As a rule, calves with such abnormalities were
inviable and died within a few days or weeks. In
addition, the number of abortions and stillbirths
increased [16, 17].

Using metagenomic analysis of blood sam-
ples from the diseased animals, a new virus was
identified, named after the place where the first
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disease cases had been reported — Schmallen-
berg virus [18]. Later, during experimental in-
fection of calves with the blood of cows that
showed a positive result when tested for the
virus presence by RT-PCR, the disease clinical
signs were reproduced [17]. Thus, it was estab-
lished that the cause of the outbreaks was a new
virus that had not previously been reported
in Europe.

Phylogenetic analysis of the viral genome
sequences allowed assigning SBV to the Bunya-
viridae family, genus Orthobunyavirus, Simbu
serogroup, which comprises over 170 viruses,
including pathogens that cause diseases in both
humans (Oropouche fever and La Crosse en-
cephalitis viruses) and ruminants (viruses caus-
ing Akabane disease, Aino disease and Cache
Valley fever). It is worth mentioning that most
representatives of the Simbu serogroup are
spread in the Middle Eastern, African and Ocea-
nian regions [14, 19].

The virus genome is a negative sense single-
stranded RNA and it includes three segments
(large, medium, and small), which encode RNA
polymerase, surface glycoproteins, and nucleo-
capsid proteins, respectively [14, 20].

It was demonstrated that domestic and wild
artiodactyls are SBV susceptible. Herewith,
the susceptibility does not depend on gender
or age. It is important to note that among do-
mestic artiodactyls, sheep are the most suscep-
tible to the infection, followed to a lesser ex-
tent by cattle and goats. Moreover, SBV-specific
antibodies were detected in domestic pigs, wild
boars, dogs, and elephants by various meth-
ods [14, 19, 20].

The pathogen can be transmitted both hor-
izontally and vertically. In the first scenario,
the virus enters the body of a susceptible an-
imal through the bites of blood-sucking in-
sects, primarily midges of the genus Culicoides.
In the second case, the pathogen is trans-
mitted from the infected mother to the fe-
tus [14, 15, 19]. When infected with the SBY,
the incubation period can range from one day
to 4-5 days. The infection spread efficiency and
rate depends on the regional natural and clima-
tic conditions as well as on the activity of insect
vectors. Up to 90% of the animal population can
be infected over the relatively short period. Mor-
tality from the disease is low and rarely exceeds
3-5%. Herewith, the number of abortions and
stillbirths can reach 60% of the total number
of pregnant animals [2, 15, 21].

It is worth mentioning that after the disease
discovery in Germany, the virus rapidly spread
across Europe. It was detected in biological
samples collected from cattle, sheep, goats, bi-
son and roe deer. Antibodies to the virus were

detected in the sera of alpacas, fallow deer,
mouflons, deer, and water buffaloes [18].

It was established that SBV exhibits a pro-
nounced tropism for the nervous tissue. Upon
entry of the pathogen into the body of a suscep-
tible animal, viremia develops, lasting for sev-
eral days. At the same time, a stable protective
immunity is formed in parallel. However, when
a pregnant animal not previously exposed to
the pathogen is infected, the virus can cross
the hematoplacental barrier and affect the fe-
tus. Itisimportant to note that the susceptibility
of developing embryos and fetuses depends on
the gestational age and the stage of placental
development [22, 23].

The disease is characterized by a subclinical
or subacute course with mild clinical signs, in-
cluding fever, diarrhea, and decreased milk pro-
duction in dairy animals, followed by recovery
to the herd average within 2-3 weeks. The num-
ber of stillbirths increases, as does the frequen-
cy of newborns with congenital developmental
pathologies such as arthrogryposis, brachy-
gnathia, ankylosis, torticollis, and hypoplasia of
the brain and spinal cord [20].

To effectively control the spread of the new
viral infection and further monitor the animal
disease situation, a range of diagnostic tools
has been developed, including several serolog-
ical ELISA systems based on the recombinant
nucleocapsid protein of the virus.

The N-protein was chosen as the target due
to its highest prevalence - this antigen is found
both in virions and in infected cells. In addition,
recombinant N-proteins of SBV-related hanta-
viruses (Hantaviridae), produced in E. coli cul-
ture, insect cells, or yeast, are successfully used
for serological diagnosis of human hantavirus
infections [17].

In 2013, E. Bréard et al. published a pa-
per on the development of the recombinant
N-protein-based ELISA systems for detecting
antibodies to SBV. The basis for producing
the recombinant nucleocapsid protein was
an artificially synthesized nucleotide sequence
obtained from GenBank database (accession
number HE649914). It was cloned into an ex-
pression vector under the control of the T7 pro-
moter. The expression of this genetic construct
in E. coli BL21 (DE3) pLysS culture resulted in
the production of a recombinant protein. In
addition to the amino acid sequence of the SBV
nucleocapsid protein, this recombinant protein
contained six histidine residues at its N-termi-
nus. After expression, the protein was dena-
tured in the presence of urea and purified by im-
mobilized metal affinity chromatography. The
antigen produced in such way was then used
as an antigen for testing sera of the infected
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and intact animals. It should be noted that
the ELISA system based on the produced recom-
binant nucleocapsid protein demonstrated high
sensitivity and specificity parameters. Moreover,
the effectiveness of detecting positive samples
was compared with the virus neutralization test,
resulting in 98.9% agreement [16].

In the same year, 2013, a group of Chinese
researchers led by Y. Zhang obtained the re-
combinant N-protein of the SBV. A fundamen-
tal difference in their work involved the use
of the native nucleotide sequence of the pro-
duced protein. In addition, two types of ge-
netic constructs based on pET-28a-c(+) and
pMAL-c5X vectors were used to express the
recombinant protein. They encoded proteins
containing hexahistidine labels and maltose-
binding protein, respectively. It should be not-
ed that the expression of recombinant protein
with maltose-binding protein increases its sol-
ubility. This greatly facilitates the subsequent
isolation and purification of the protein. After
expression, the proteins were purified under
native conditions and subsequently used for
monoclonal antibody generation and as anti-
gens for ELISA [18].

Later, in 2014, J. Lazutka et al. [17] produced
the SBV nucleocapsid protein in yeast cell culture.
Similar to E. Bréard et al. [16] they used in their
work an artificially synthesized sequence encod-
ing the viral N-protein. The gene was inserted
into the expression plasmid pFX7-SBV-6-HisN un-
der the control of a galactose-induced promoter.
The construct also contained an N-terminal hexa-
histidine tag for subsequent purification. The re-
sulting protein was tested as an ELISA antigen on
bovine sera. The sensitivity was 95%.

The published data allows for the conclu-
sion that SBV infection is an emerging viral
disease of ruminants posing high economic
significance due to its pronounced impact on
the reproductive performance of susceptible
livestock.

Table
Specifications of the primers used

For the SBV infection serological diagnosis,
use of a recombinant antigen represented by
a nucleocapsid protein is advisable. However,
the accumulation of the recombinant protein
during prokaryotic expression is accompanied
by the formation of inclusion bodies, which ne-
cessitates the use of denaturing conditions for
purification.

The work was aimed at the production
of plasmid vectors based on the pET-32b(+)
plasmid and codon-optimized gene sequences
encoding the PPRV and SBV nucleocapsid pro-
teins, for their expression in E. coli cells.

MATERIALS AND METHODS

The nucleotide sequences of the genes en-
coding the PPRV and SBV nucleocapsid proteins
were received from GenBank database (acces-
sion numbers NC_006383.2 and NC_043582.1,
respectively). Optimization of the codon compo-
sition for expression in E. coli was performed us-
ing the GenScript Rare Codon Analysis tool [24],
taking into account the codon adaptation index
(CAl).To eliminate mRNA secondary structure re-
gions and restriction sites, the UGENE software
was used [25]. The gene synthesis was made by
“DNA-Synthesis” Company (Russia), followed by
cloning into pUC57 vector.

E.coliXL1-Blue strain (Evrogen, Russia) of geno-
type recA1 endA1 gyrA96 thi-1 hsdR17 supE44
relA1 lac F' proAB laclqg ZAM15 Tn10 (Tetr)] was
used for cloning. The cells were cultured in LB
medium (Helicon Company, Russia) in an incu-
bator shaker at 37 °C and 180 rpm. For the se-
lection of recombinant clones, ampicillin was
added to the medium to a final concentration
of 100 pg/mL.

The pET-32b(+) plasmid vector (Novagen,
USA) was linearized using Ncol and Hindlll re-
stricting enzymes (TransGen Biotech, China) at
37 °C for 1 hour. The synthesized genes were
amplified using high-fidelity DNA polymerase
and primers containing restriction sites (Table).

Infectious disease Primer Sequence 5" —3" Enzyme
PPRV Hind 3620 ATATAAGCTTCTGCGAGGCAATCTCGCTAAC Hindlll
Peste des petits
ruminants
PPRV Ncol 3620 AAAACCATGGCTACACTGTTAAAATCGCTC Ncol
SBV_Hindlll_R CTCTAAGCTTGTGTATATTTATCCCGAACTGTTGCAGGAATG Hindlll
Schmallenberg virus
infection
SBV_Ncol ATATCCATGGATGAGCTCGCAGTTTATCTTCGAG Ncol

Recognition sites for restriction enzymes are in bold.
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Fig. 1. Design of pET-32b(+) plasmid-based vector: T7 terminator — T7 phage transcription terminator; 6xHis — histidine tag;
Gen of interest — target gene encoding PPRV or SBV nucleocapsid protein; S-Tag — ribonuclease A fragment; TrxA — thioredoxin
tag; Lac operator — lac promotor operator; Lacl promoter — promotor of lacl protein; Lacl - repressor protein; Rop — plasmid
replication regulator; Ori — plasmid origin of replication; AmpR — ampicillin resistance gene; AmpR promoter - AmpR gene
promoter. The scheme was constructed using SnapGene software’
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The DNA fragments were purified using a gel
extraction kit (Evrogen, Russia). Ligation was
performed with T4 DNA ligase (Evrogen, Russia)
with vector-to-insert molar ratio of 1:3 at 14 °C
for 16 hours.

Competent cells were transformed using the
heat shock method, after which 1 mL of LB medi-
um was added and incubated for 1 hour at 37 °C.
Selection was performed on plates with LB agar
medium containing 100 pg/mL ampicillin.

For primary screening, bacterial colony PCR
was used. For this purpose, primers comple-
mentary to the regions flanking the insertion
site were used - T7 Promoter (TAATAC GACTCA
CTATAG GG) and T7 Terminal (GCT AGT TATTGC
TCA GCG Q). The reaction was performed us-
ing Taq polymerase (Syntol, Russia). To confirm
cloning, plasmid DNA was isolated using the
CleanUp S-Cup kit (Evrogen, Russia) and restric-
tion analysis was performed.

RESULTS AND DISCUSSION

Genetic constructs based on pET-32b(+)
vector were developed for the expression of
PPRV and SBV nucleocapsid proteins. The gene

sequences obtained from GenBank database
(NC_006383.2 and NC_043582.1) underwent co-
don optimization. The design of the developed
vectors is shown in Figure 1.

After de novo synthesis of the target genes,
they were amplified using high-fidelity poly-
merase and primers containing restriction en-
zyme recognition sites. The amplification results
are shown in Figure 2.

The resulting amplicons were purified from
the agarose gel and prepared for further restric-
tion digestion alongside the vector. The restric-
tion digestion results are shown in Figure 3.

The resulted DNA fragments, after purifi-
cation and ligation via sticky ends using T4
DNA ligase, were used for the chemical trans-
formation of competent E. coli XL-1 Blue cells.
The presence of the insert in the transformant
clones was verified by colony PCR using prim-
ers flanking the insertion region. The results are
shown in Figure 4.

Aftertherequired amountof plasmid DNA con-
taining the target gene inserts was accumulated,
therestriction analysis was performed.Theresults
are shown in Figure 5.

Fig. 2. Target PPRV and SBV gene amplification results:
1 - DNA molecular weight marker (310, 603, 872,
1,078, 1,353 bp); 2 — amplicon of the target PPRV
nucleocapsid protein-encoding gene, estimated size —
1,053 bp; 3 — amplicon of the target SBV nucleocapsid
protein-encoding gene, estimated size - 719 bp

'https://www.snapgene.com

Fig. 3. Restriction digestion of target gene amplicons
and pET-32b(+) vector: 1, 3 - pET-32b(+) vector,
digested with Ncol and Hindlll restriction enzymes,
estimated size 5,861 bp; 2 - target gene amplicon
encoding PPRV nucleocapsid proteins and digested
with Ncol and Hindlll restriction enzymes, estimated
size 1,045 bp; 4 — target gene amplicon encoding
SBV nucleocapsid protein and digested with Ncol
and Hindlll restriction enzymes, estimated size 710 bp;
5 - DNA molecular weight market (250, 500, 750,
1,000, 1,500, 2,000, 2,500, 3,000, 3,500, 4,000, 5,000,
6,000, 8,000, 10,000 bp)
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Fig. 4. Screening clones for target gene-containing plasmid inserts: 1 — DNA molecular weight marker (310,
603,872, 1,078, 1,353 bp); 2 - negative PCR control; 3-7 - clones containing pET-32b(+) plasmid with PPRV
nucleocapsid protein-encoding gene, estimated size 1,876 bp; 8-12 - clones containing pET-32b(+) plasmid
with SBV nucleocapsid protein-encoding gene, estimated size 1,653 bp; 13 - positive PCR control (insertion-free
pET-32b(+) vector); 14 - DNA molecular weight marker (250, 500, 750, 1,000, 1,500, 2,000, 2,500, 3,000, 3,500,

4,000, 5,000, 6,000, 8,000, 10,000 bp)

Thus, two recombinant plasmid vectors based
on pET-32b(+) plasmid were obtained. They con-
tained codon-optimized sequences encoding
the PPRV and SBV nucleocapsid proteins.

It should be noted that the expression of co-
don-optimized genes in prokaryotic systems
such as E. coli offers a number of key advantages
due to the specifics of the bacterial translational
machinery.

Firstly, the frequency of codon use in prokary-
otes differs significantly from that in eukaryotes.
This can lead to a shortage of corresponding
tRNAs and, as a result, to translation delays, in-
correct protein folding or premature termina-
tion. Codon optimization allows adaptation of
a gene’s nucleotide sequence to the preferred
codons of the host, thereby increasing the trans-
lation speed and efficiency [26].

Secondly, it facilitates the increase in
the yield of recombinant protein by reducing

the likelihood of forming mRNA secondary
structures that can interfere with the movement
of the ribosome.

Thirdly, codon optimization minimizes the
risk of amino acid misincorporation errors, which
can occur when rare codons are used due to mi-
spairing with non-canonic tRNAs. Furthermore,
when expressing heterologous proteins (e.g.,
of human origin) in E. coli, codon optimization
is often essential to achieve physiologically rel-
evant production levels, as the native sequenc-
es may contain multiple codons that are rare in
bacteria. Therefore, the use of codon-optimized
genes in prokaryotic expression systems is
an important tool for increasing the yield, sta-
bility, and functionality of recombinant proteins,
which is particularly relevant for biotechnologi-
cal and biopharmaceutical applications [27].

Such dangerous animal diseases as PPR and
SBV infection, considering their current spread,

B

Fig. 5. Results of the restriction analysis of recombinant plasmids isolated from screening-positive clones.

A: 1 - DNA molecular weight marker (250, 500, 750, 1,000, 1,500, 2,000, 2,500, 3,000, 3,500, 4,000, 5,000, 6,000,
8,000, 10,000 bp); 2 - plasmid containing SBV nucleocapsid protein gene and digested with Ncol and Hindlll
restriction enzymes, estimated size 5,861 and 785 bp; 3 — negative control, plasmid not digested with

restrictases; B: 1 — DNA molecular weight marker (250, 500, 750, 1,000, 1,500, 2,000, 2,500, 3,000, 3,500, 4,000,
5,000, 6,000, 8,000, 10,000 bp); 2 - plasmid containing PPRV nucleocapsid protein gene and digested with Ncol
and Hindlll restriction enzymes, estimated size 5,861 and 1,202 bp; 3 — negative control, plasmid not digested
with restriction enzymes
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remain highly relevant. International cooper-
ation and trade in small ruminants and cattle
create conditions for the transmission of the
causative agents of these diseases. Current-
ly, the Russian Federation is actively pursuing
an import substitution program in the fields
of human and animal health, particularly in
the development and production of diagnostic
test systems, driven by the lack of high-quality
domestic equivalents. This leads to the chal-
lenge of timely and high-quality diagnostics
using our own technological arsenal. Domestic
manufacturers have developed many ELISA sys-
tems based on the use of native antigens. How-
ever, such systems can frequently demonstrate
non-specific results. Recombinant proteins, in
turn, demonstrate significant advantages over
native antigens, including higher product puri-
ty, reproducibility of results, and capacity to pro-
duce large amounts of material. Furthermore,
the ELISA systems based on recombinant pro-
teins are safer for personnel, as there is no need
to produce large quantities of infectious materi-
al to obtain a viral antigen preparation.

It should be noted that there are a number
of limitations to the PPR serological diagnosis.
This is related to the specific characteristics of
the disease course. Often, the diseased animals
die earlier than the virus-specific antibodies
are produced. Thus, the direct ELISA variant is
the most suitable for emergency tests of the
animals. At the same time, the indirect variant,
including the one based on recombinant anti-
gens, allows differentiation of vaccinated, con-
valescent and immune animals, for example,
during monitoring studies.

CONCLUSION

It should be noted that ELISA technologies
based on recombinant proteins continue to
evolve, enabling improvements in the test
sensitivity and specificity, thereby opening up
new opportunities for laboratory diagnostics
and fundamental research. Particular attention
should be given to optimizing the conditions
for protein expression, purification, and conju-
gation, which directly impacts the quality of the
final diagnostic product.

A significant advantage of ELISA based on
recombinant proteins is that, if the virus can-
not be cultured for any reason, one can quickly
respond to newly emerging viral strains of ex-
isting pathogens, provided the gene sequence
is available. In addition, the obtained recombi-
nant antigens can be used to produce poly-and
monoclonal antibodies and formulate appropri-
ate vaccines.

The continued refinement of recombinant
protein production technology will contribute

to the advancement of veterinary medicine
and enhance the efficacy of infectious disease
diagnostics.
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Effect of bacterial lysate-based bioactive

supplement on immunological blood parameters in grower pigs

Eduard F. Sadikhov, Sergei V. Fedotov
Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, ul. Timiryazevskaya, 49, Moscow 127434, Russia

ABSTRACT

Introduction. Modern pig farming in Russia is showing steady growth, which is accompanied by the introduction of new technologies aimed at increasing productive
performance and reducing dependence on antibiotics. This causes increased interest in biologically active products with immunostimulatory and immunomodula-
tory properties. Multiple studies confirm their positive effect on the intestinal microflora, immune status and overall productive performance of animals. However,
the morphofunctional and biochemical aspects of the action of these agents remain understudied, which highlights the necessity of further research in this field.
Objective. To justify the expediency of usingimmunomodulatory drug Immbaclys C for pigs during grower stage based on the analysis of the published resources
and experimental data.

Materials and methods. Sixty biological samples (blood) collected from grower pigs on the commercial pig farm in Kolomna Municipal Okrug, Moscow Oblast
in April — July 2024 were studied. The samples were tested using enzyme-linked immunosorbent assay, flow cytometry, and microscopy. The data was processed
using the statistical analysis software Statistica v.13.0.

Results. Course administration of Immbaclys C to grower pigs (22—113 days old) induced statistically significant enhancements in cellular and humoral immunity
markers, including elevated T- and B-lymphocyte counts, neutrophil phagocytosis, and IgG/IgM levels, demonstrating activation of immune defense pathways.
Conclusion. The dynamics of the parameters throughout the study period indicate a cumulative effect of the drug, particularly with respect to the relative count
of B-lymphocytes and the level of IgM, which may suggest its prolonged action upon repeated administration. These findings position Immbaclys Cas an effective
immunoprophylactic agent with potential for incorporation into veterinary health programs to control and preventimmunodeficiency in intensively reared young pigs.
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N3MeHeHe UMMYHONOTUYECKNX NTOKA3aTeNeii KpoBI Y NOPOCAT
Ha JI0paLLMBAHNN IO/, BO3AENCTBUEM ONONOTNYECKN AKTUBHON

}J,06aBKVI Hd OCHOBE J1N3dTd 6a|<Tep|/||7|

3. 0. Cappixos, C. B. Depotos
Orb0Y BO «Poccuitckuii rocynapcTBenHblii arpapHblit yHusepcuter — MCXA umenn K. A. Tamupsazea» (Orb0Y BO PTAY — MCXA umenn K. A. Tumupasesa),
yn. Tamupazesckas, 49, . MockBa, 127434, Poccua

PE3IOME

BBepeHue. CoBpemeHHOe (BUHOBOACTBO B Poccu AeMOHCTPUpYET CTabUNbHBIiA POCT, KOTOPbIiA CONPOBOXAAETCA BHEAPEHIEM HOBbIX TEXHONOTYIA, HaNPaBNeHHbIX
Ha yBenuyeHue NPOAYKTUBHOCTY 1 CHUXEHWE 3aBUCMMOCTU OT aHTUOMOTUKOB. 3T0 Bbi3bIBAeT NOBbILIEHHbII MHTEPeC K OUONOrNYecky aKTMBHBIM Npenapartam,
06124al0LLIM UMMYHOCTUMYANPYIOLLUMI U UIMMYHOMOAYAMPYHOLLMMI (BOACTBAMIU. MHOMXeECTBO CCne0BaHNil NOATBEPXAAIOT X NONOXKIUTENbHOE BAMAHUE
Ha KULLeYHYI0 MUKPOGNOPY, UMMYHHDII CTaTyC 1 06LLYI0 NPOAYKTUBHOCTD XMBOTHBIX. O4HAKO MOPGOPYHKLMOHANbHDIE 11 BroXMUMYeCKMe acneKTbl AelicTBINA
3TUX CPEACTB OCTAIOTCA HEAOCTATOUHO M3YUEHHBIMM, YTO NOAYEPKUBAET HEOOXOAMMOCTb AANbHEMLLNX UCCNeL0BaHMIA B 3TOl 06nacTy.

Lienb nccnegoBanmA. Ha ocHoBe aHanu3a cywecTytoLLeli nUTepaTypbl i SKCNePUMEHTANbHbIX AaHHbBIX 000CHOBATb LieNIecoobpa3HOCTb UCNONb30BaAHMA Npe-
napara «/imm6aknu3 C», 06nagatoLero MMMyHOMOAYAUPYIOLMMU CBOICTBAMM, AIA OPOCAT B NEPUOZ UX AOPALLMBAHUA.

Marepuanbi u metofbl. VccnenoBanu 60 06pa3LioB 6ronoruyeckoro matepuana (Kposi), Noy4eHHOro 0T NOPOCAT Ha opaLLyBaHuY B anpene— uione 2024 .
Ha CBIHOBOAYECKOM KOMMIEKCE NPOMbILLIIEHHOMO TUMA, PACNON0XEHHOM Ha Tepputopun KoomeHckoro ropogckoro okpyra Mockockoii o6nacti. Miccnegosaxua

© Sadikhov E. F., Fedotov S. V., 2025
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MpOBOAMANCH METOAAMMU UMMYHODEPMEHTHOrO aHan3a, MPOTOYHOI LUTOMETPUY, MUKpockonui. 06paboTka AaHHbIX 0CYLLECTBAANACH C UCMONb30BaHUEM
naKeTa CTaTUCTUYeCKkoro aHanu3a Statistica v.13.0.

Pe3ynbratbl. KypcoBoe BBepeHNe npenapata «Mmmbaknus C» nopocaTam Ha AopaLynBaHun B Bopacte 22—113 ¢yt 06yCn0BIUNO CTaTUCTUYECKN 3HAUMMOE
MoBbILLEHIe NOKa3aTeneil KNETOYHOro ¥ ryMopanbHOro 3BeHbeB MMYHHOI CUCTEMbI, BKII0YasA yBenuueHue abcontoTHOrO U OTHOCUTENBHOTO COAepXaHua
T- n B-numdoumToB, harouutapHoil akTUBHOCTI HEATPODWIOB, a TaKXKe KOHLEHTPALMK MMMYHOTN06YNMHOB KNaccoB G 1 M, uTo ykasbiBaeT Ha akTUBaLMIO
cneunduueckix v HecneunduUeckux MexaH3mMoB UMMYHHON 3aLLUUTbI.

3aKniouenne. [liHamuka nokasateneii B TeyeHve UCCIeAYyeMOro Nepiofa CBUAETENbCTBYET 0 HakoNUTeNbHOM IddeKTe npenapata, 0Co6eHHO B OTHOLLIEHUY OTHOC-
TeNbHOro cofepxanua B-numoowwTos u yposHa IgM, 4To MoXeT yKa3blBaTb Ha ero NPOSOHTUPOBAHHOE BO3AEIICTBYUE NPU MHOTOKPATHOM NpuMeHeHIK. lonyyeHHble
JaHHble N03BOAAKT paccmaTpyueaTh «Mmmbaknn3 O kak 3pdeKTnBHOe CPeCcTBO MMMYHONPOGUNAKTUKM, NOTEHLMANbHO NPUFOSHOE ANA BKIIOYEHNA B BETEPUHAPHbIE
(XeMbl 03710pOBNEHMA 1 NPOPUNAKTUKY MMMYHOZEDULIMTHBIX COCTOAHMIA Y MONOLHAKA CBIMHEIA, BbIPALLIMBAEMOTO B YCTIOBUAX UHTEHCUBHDIX TEXHONOT M.

KnioueBble c1ioBa: peMOHTHblE CBUHKIA, UMMYHUTET, IMMYHOMOZYNIATOPbI, UMMYHOCTUMYNATOPBI, «/IMM6aknu3 G, T- u B-numdouuTsl, uMMyHorno6ynuHb, darouuto3

bnaropapHocTu: Uccnegosaxue npoBeseHo B pamkax AoroBopa ot 11anpensa 2024 1. N2 23/24 Ha BbinonHeHe HayuHo-UCCNeS0BaTeNbCKIX PabOT N0 U3yyeHuto
npenapara «/immbaknu3 (», 3akniouennoro mexzay 000 «HUTA-OAPM» n OF60Y BO PTAY — MCXA umenn K. A. Tamupazesa. KonnekTus aBTopoB Bbipaxaer
npu3HaTensHocTb pykosoactBy 000 «HUTA-OAPM» (r. Capato) 1 000 CITK «MawkuHo» (r. KonomHa) 3a nomoLLb B 0praHu3aLum 11 NpoBeaeHr UCCef0BaHMi.
ABTOpbI NPU3HATENbHBI BCEM MCCNEA0BATENAM, YYaCTBOBABLLMM Ha Pa3HbIX STanax peanu3aLui 310/ pabotbl.

[inauntupoanus: Cagbixos . 0., Oenotos C. B. 13meHeHre uMMYHoNOrueckux nokasarenei KpoBM y NOPOCAT Ha AOPaLLMBaHM NOA BO3AeACTBUEM b10N0-
TUYecKy aKTUBHOI K06BKY Ha OCHOBE Nu3aTa baKTepuit. BemepuHapus cezo0ns. 2025; 14 (4): 383-390. https://doi.org/10.29326/2304-196X-2025-14-4-383-390

KoHdnukt untepecos: Penotos C. B. ABNAETCA uneHOM peAKoaneruy XypHana «BetepuHapus cerofiHa», Ho HUKKOro OTHOLLEHWA K PeLLeHIto ony6anKoBaTb
3Ty CTaTblo He UMeeT. PyKonuch NpoLuna NpUHATYHO B XypHane NpoLesypy peLieH3upoBaHiA. ABTOPbI AeKNApUPYIOT OTCYTCTBUE ABHbIX U NOTEHLMANBHBIX KOH-
GNUKTOB MHTEPECOB, CBA3aHHbIX ¢ NybNMKaLMeli HaCTOALLEN CTaTbU.

[ins koppecnoxpenuuu: Oegotos Cepreii BacunbeBuu, 4-p BeT. Hayk, npodeccop, 3aBeaytoLuil kadeapoii BeTepuHapHoil MeanumHbl OTB0Y BO PTAY — MCXA

umenn K. A. Tumupssesa, yn. Maceunas, 2, r. Mockga, 127550, Poccus, serfv@mail.ru

INTRODUCTION

Modern commercial pig farming in Russia is show-
ing steady growth, which is accompanied by the in-
troduction of new technologies aimed at increasing
productive performance and reducing dependence
on antibiotics. This causes increased interest in bio-
logically active products with immunostimulatory
and immunomodulatory properties [1, 2]. Multiple
studies confirm their positive effect on the intestinal
microflora, immune status and productive perfor-
mance of pigs [3, 4, 5]. However, the morphofunc-
tional and biochemical aspects of the action of these
agents remain understudied, and the differences in
the formulations of the products call for a systematic
method of their administration [6].

Russia holds a leading position in global pork
production: by the end of 2023, the increase in live
weight on the commercial farms reached 340 ths
tons, which is 6.5% higher than in the previous
year [1]. The industry’s development is being driven
by vertically integrated holdings and environmen-
tally focused technologies implemented by the larg-
est agricultural establishments [7]. A significant role
is played by the state support program implemented
since 2018 and aimed at modernizing production,
reducing the environmental burden and increasing
efficiency [1, 2].

The prospects of the industry are associated with
the introduction of environment-friendly technolo-
gies, expansion of export marketsand supportforsmall-
scale farming [2, 8]. Of particular relevance is the de-
velopment and introduction of antibiotic-alternative
products with immunostimulatory and immuno-
modulatory effects, including immunostimulating
and other biologically active compounds [4, 9].

The aim of the present study is to justify the effica-
cy of theimmunomodulator Immbaclys C for grower
pigs, based on the analysis of the published data and
experimental material. The objectives of the study
involve experimental assessment of the immuno-
modulatory effect of Immbaclys C and determina-
tion of its effect on the immunological parameters
of pig blood.

MATERIALS AND METHODS

The study was conducted on the commercial
pig farm in the Moscow Oblast, Kolomna Municipal
Okrug, Industria settlement, from April to July 2024.
Sixty grower pigs were included in the experiment.
The pigs were selected using the matched-pairs
method according to the following parameters:
Landrace and Large White cross-breeds, females,
22-113 days of age, 7-48 kg body weight. All animals
were raised at agricultural cooperative “Mashkino”;
they were not moved during the study and stayed
in the standard housing conditions. The animals
were divided into two groups of 30 animals: control
and experimental groups. Pigs in both groups were
housed under identical conditions, with standard-
ized management of environmental factors, feed-
ing, veterinary monitoring, and light cycles [10]. The
diet of the experimental group was supplemented
with Immbaclys C, a bioactive additive demonstrat-
ing expressed immunomodulatory and probiotic
properties.

Immbaclys C (rights holder; registration cer-
tificate holder: NITA-FARM) is an immunotropic
agent and immunomodulator (pharmacotherapeu-
tic group; ATC code recommended by the World
Health Organization: otherimmunomodulators). It is
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formulated as a modified-release coated granules
for oral administration. Each 1 g of the product con-
tains a protein-lipopolysaccharide complex of anti-
gens derived from lysate of Bordetella bronchiseptica,
Haemophilus parasuis, Streptococcus suis — 10 mg, as
well as the following excipients: monosodium gluta-
mate, D-mannitol, propyl gallate, macrogol cetostea-
ryl ether (polyethylene glycol-25-cetostearyl ether),
sugar, povidone K-30, quinoline yellow food colorant
(E104), and chalk.

The substance was administered in accordance
with the manufacturer’s instructions (0.6 g per
1 kg of feed) in a dosage calculated for the body
weight of the animal, daily throughout each course
of treatment. The control group received a standard
diet without any additional supplements. The ex-
periment design included three recurring courses:
course I: April - May, course IIl: May — June, course llI:
June - July 2024. Each course lasted 14 days with
21-day intervals. In each of the three courses, four
blood samples were collected from the jugular vein:
day 0 - before the start of the product administra-
tion, day 8 - at the stage of the immune response
formation, day 15 - at the peak of the therapeutic
effect, day 22 - at the end of the course. Laborato-
ry blood tests were performed at the Department
of Veterinary Medicine, Russian State Agrarian Uni-
versity — Moscow Timiryazev Agricultural Academy.

The volume of blood collected in one sample did
not exceed 10 mL, which is within the permissible
norms and has no adverse effect on the physiological
state of the animals [11]. The use of the test product
Immbaclys C concurrently with routine vaccinations
and antibiotics was not allowed in order to avoid
distortion of the study results. The following indi-
cators were analyzed: concentration of IgG and IgM
using enzyme-linked immunosorbent assay (ELISA);
relative and absolute count of T- and B-lymphocytes
using flow cytometry; phagocytic activity using mi-
croscopy. The data was processed using the statisti-
cal analysis software Statistica v.13.0. To assess the
reliability of the differences, Fisher’s exact test and
the Mann — Whitney U test were used. The level of
statistical significance was assumed to be p < 0.05.

The study procedure was approved by the local
ethics committee. All procedures involving animals
adhered to ethical standards for humane treat-
ment [12]. During the entire experiment, no be-
havioural or physiological deviations were reported
in any animal.

The selection of the analytical parameters was
based on the sensitivity of T- and B-cell-mediated
immunity to theimmunomodulatory agent[13]. The
studies show that when biologically active substances
are used, an increase in immunoglobulin titres and
activation of phagocytosis are reported [6]. Biologi-
cally active substances also contribute to the normal-
ization of the intestinal microbiota and suppression
of inflammatory processes [14]. According to the pre-
liminary data, Immbaclys C, can be classified as a pro-
longed-action supplement. Its efficacy may increase
when administered in courses with 30-day intervals.

The physiological characteristics of growing pigs
aged 22-113 days involve active morphogenetic
restructuring of the intestines [15]. At this time,

the crypts form and the villi lengthen in the small
intestine, while the lymphoid tissue matures [16].
Biologically active additives administered during
this period improve the body resistance to oppor-
tunistic microflora. This fact is supported by the ex-
perimental data on increased production of pro-
tective mucus and activation of small intestine
epithelial cells [17].

The repeatability of experimental conditions
was ensured through the automated feed and wa-
ter supply systems [18]. Temperature, humidity, and
ammonia levels were monitored daily. The feed lots
were standardized and tested for mycotoxins [19].
Such control of external factors excluded any influ-
ence on the immune response [8], which correspon-
ded to the reproducibility principles in veterinary
research [20].

The trial design incorporated a comprehensive
approach integrating immunological, physiological,
and hygiene control parameters. At each stage, not
only laboratory parameters were monitored, but also
such factors as behavior, productive performance,
and feed intake. The pigs from both groups were pro-
vided with equal opportunities for physical activity.
The animals were housed in individual pens. This al-
lowed minimizing the variability within the groups.

The study protocol complied with the internation-
ally recognized guidelines for the use of farm animals
in research [13]. Herewith, both daily and seasonal
changes in physiological functions were recor-
ded [21]. All the animals were kept in the same room
throughout the experiment. The animal handlers had
no information about which group was the control
one, which eliminated potential bias. The use of this
blinded design contributed to increased objectivity
of the obtained results.

RESULTS AND DISCUSSION

To analyze theimmune status indicators of the re-
placement gilts after Immbaclys C course treatment,
data obtained by calculating group means (control
and experimental groups) were used, based on in-
dividual animal health assessments. Based on these
data, mean values for each immunological parameter
were calculated, and tables were prepared to enable
comparative analysis between the groups. Dynamics
of the product’s action within each course, as well as
summary data, were analyzed.

Following the first course of Immbaclys C admin-
istration, pigs in the experimental group demonstra-
ted a significant increase in T-lymphocyte levels (Ta-
ble 1). The absolute cell count of this population was
5.20 x 10°/L compared to 4.55 x 10%/L in the control
group (an increase of 14.29%, p < 0.001). The rela-
tive count of T-lymphocytes also increased — 25.12%
compared to 20.10% in control animals (a difference
of 5.02 percentage points (pp), p < 0.001). These
changes indicate activation of the cellular immune
response, which is consistent with the results ob-
tained forimmunomodulators capable of enhancing
T-cell activity in farm animals [11, 18]. Immbaclys C,
as a drug with pronounced immunostimulatory
properties, aids to the enhancement of the function-
al activity of the lymphocyte immunity and forma-
tion of strong cellular protection.
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Comparative analysis of the humoral immunity
parameters also revealed positive dynamics in pigs
from the experimental group. The absolute B-lym-
phocyte count reached 4.01 x 10%L compared
to 3.39 x 10°%/L in the control group (an increase
of 18.30%, p < 0.001), and the relative count was
18.77% compared to 15.15% (a difference of 3.62 pp,
p =0.0102). An increase in the B-cell count indicates
the activation of antibody production, which is es-
pecially important in the context of early immuno-
prophylaxis in pigs. According to the published data,
immunomodaulators activate the humoral immunity
by stimulating B-lymphocyte differentiation and en-
hancing immunoglobulin synthesis [22, 23, 24]. Such
agents enable the formation of the functionally com-
plete humoral response already at the early stages
of rearing [17, 25].

The neutrophil phagocytic activity in the exper-
imental group was 64.88% compared to 56.98% in
the control group (a difference of 7.90 pp, an increase
of 13.86%, p < 0.001). This indicates an increase in
nonspecific resistance and activation of the innate
immune response. An increase in phagocytic func-
tion indicates the systemic effect of Immbaclys C
on non-specific protection, including activation
of the lysosomal apparatus and cytokine secre-
tion [9, 10]. Immunostimulating substances also
enhance the expression of phagocyte surface re-
ceptors thus increasing their antigen recognition
capacities [9, 25].

Theimmunoglobulinlevels confirm the overalltrend
towards the increase of the specificimmune response
in pigs from the experimental group. The IgG level was
7.58 mg/mL compared to 6.25 mg/mL in control ani-
mals (an increase of 21.28%, p < 0.001), and IgM level
reached 2.82 mg/mL compared to 2.40 mg/mL in the
control group (an increase of 17.50%, p < 0.001).These
changes are interpreted as activation of the primary
and secondary humoral responses, especially under
repeated immunostimulatory exposures. Literature
sources emphasize thatimmunomodulators enhance
IgG and IgM synthesis through activation of B-cells
and improved cooperation between T- and B-lympho-
cytes [21, 26]. Such dynamics allows for the formation
of stable and balanced humoral immunity in young
animals [12, 16].

Table 1

During the second course of the experiment,
the positive dynamics of changes in immunologi-
cal parameters in pigs from the experimental group
continued compared to the control group (Table 2).
The absolute T-lymphocyte count was 5.42 x 10%L,
whereas in the control group it was at the level of
4.58 x 10°/L (an increase of 18.34%, p < 0.001). The
relative T-cell count reached 32.63% compared to
20.23%in control animals (the difference was 12.40 pp,
p < 0.001). These data indicate the cumulative acti-
vating effect of Immbaclys C on the cellular compo-
nent of the immune system. According to the liter-
ature sources, prolonged use of immunostimulators
promotes enhanced T-lymphocyte differentiation
and strengthens the population immune response
in young pigs [4, 14, 15].

A similar trend of changes was reported for B-lym-
phocytes. Their absolute count in the experimental
group was 3.87 x 10°/L compared to 3.62 x 10°/L in
the control group (an increase of 6.90%, p = 0.0149),
and their relative count was 28.76% compared to
15.31% (a difference of 13.45 pp, p < 0.001). This
may indicate the continued activation of the hu-
moral immune system, which promotes the specific
antibody production. As demonstrated in a number
of studies, the immunostimulators activate B-cells,
increase effectiveness of their antigen-presenting
function, and stimulate the immunoglobulin pro-
duction [22, 23, 24]. These mechanisms are import-
ant at the stage of adaptive immunity formation and
increase the young animals’ resistance to infectious
agents [17, 25].

Phagocytic activity in the experimental group
reached 65.80%, while in the control group it
was 55.41% (a difference of 10.39 pp, an increase
of 18.75%, p < 0.001). The data indicate a sustained
enhancement of the innate immune response fol-
lowing repeated administration of Immbaclys C.
Immunostimulators can increase the activity of neu-
trophils and macrophages, as well as enhance their
capacities for pathogen recognition and destruc-
tion [10, 27]. According to literature sources, the use
of immunomodulating agents is accompanied by
stimulation of phagocytosis due to the activation
of receptor complexes and production of innate im-
munity mediators [9, 18].

Mean immunological parameters in pigs of control and experimental groups after course | (April — May 2024)

Indicator Experimental group Control group
T-lymphocytes, 10°/L 520+0.11 4.55+0.05
T-lymphocytes, % 25.12+0.68 20.10+0.18
B-lymphocytes, 10°/L 4.01+0.08 3.39+0.03
B-lymphocytes, % 18.77£0.35 15.15+0.13
Phagocytic activity, % 64.88 +0.30 56.98 +0.17
IgG, mg/mL 7584017 6.25+0.13
IgM, mg/mL 2.82+0.10 240+0.08

Fisher's exact test p < 0.005.
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Table 2

Mean immunological parameters in pigs of control and experimental groups after

course Il (May — June 2024)

Indicator Experimental group Control group
T-lymphocytes, 10°/L 5.42+0.39 4.58+0.26
T-lymphocytes, % 32.63£6.59 20.23+£1.09
B-lymphocytes, 10°/L 3.87£0.51 3.62+0.16
B-lymphocytes, % 28.76 £9.89 15.31+0.80
Phagocytic activity, % 65.80 £1.26 55.41+£0.81
g6, mg/mL 742110 6.61+034
lgM, mg/mL 3.05+0.41 273+051

Fisher's exact test p < 0.005.

The immunoglobulin indicators demonstrate fur-
ther strengthening of humoral immunity. The IgG lev-
el in the experimental group was 7.42 mg/mL com-
pared to 6.61 mg/mLin the control group (an increase
of 12.25%, p = 0.0005), and IgM was 3.05 mg/mL
compared to 2.73 mg/mL (an increase of 11.72%,
p =0.0097).This reflects activation of both the prima-
ry and secondary immune responses and indicates
a sustained immunostimulating effect of Immba-
clys C. According to the published data, immuno-
modulators enhance expression of genes responsi-
ble for IgG and IgM synthesis, as well as promote the
interaction between T- and B-lymphocytes, which
contributes to the comprehensive activation of
the immune system [21, 26]. These observations are
supported by the experimental results of the current
study and emphasize the effectiveness of the course-
based administration of the agent.

During the third course of Immbaclys C biological-
ly active supplement administration, a consistently
positive dynamics of immunological parameters was
reported in pigs in the experimental group as com-
pared to the control group (Table 3). The absolute
T-lymphocyte count in the experimental group was
5.56 x 10°/L, which exceeds the value in the control
group (4.55 x 10%/L) by 22.20% (p < 0.001). The rela-

tive T-cell count was also higher: 33.10% compared
to 19.94% in the control animals (the difference was
13.16 pp, p < 0.001). This confirms the continued
stimulatory effect of Immbaclys C on the cellular
compartment of the immune system. Similar data
were obtained with prolonged use of immunomod-
ulatory agents that promote enhanced differentia-
tion of T-lymphocytes and maintain their functional
activity [4, 14, 15].

The B-lymphocyte counts in the experimental
group also demonstrated an increase. The absolute
countwas 3.94 x 10°/L compared to 3.49 x 10°/Lin the
control group (an increase of 12.90%, p < 0.001), and
the relative count was 29.00% compared to 15.06%
(a difference of 13.94 pp, p < 0.001). This indicates the
continued activation of the humoral immune system.
Such shifts are typical for the course-based use of
immunostimulators that enhance production of the
antibodies and increase the functional maturity of
the B-cells [22, 23, 24]. According to the published
data, the effect of immunomodulators on adaptive
immunity is manifested in enhanced activation of
B-lymphocytes and increased immunoglobulin
levels [17, 25].

Phagocytic activity in the experimental group
was 67.11% compared to 57.23% in the control

1|\.Ilaebe:: ?mmunological parameters in pigs of control and experimental groups after course Ill (June — July 2024)

Indicator Experimental group Control group
T-lymphocytes, 10°/L 5.56+0.37 455+0.57
T-lymphocytes, % 33.10+7.15 19.94 +1.40
B-lymphocytes, 10°/L 3.94+041 3.49+0.27
B-lymphocytes, % 29.00 £ 10.13 15.06 + 0.47
Phagocytic activity, % 67.11+2.39 57.23+1.56
lgG, mg/mL 7.88+£0.83 6.48+£0.27
IgM, mg/mL 3.17+0.54 2.21£04

Fisher's exact test p < 0.005.
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group (a difference of 9.88 pp, an increase of 17.26%,
p < 0.001). These data indicate the maintenance of
a high level of nonspecific resistance, which is one
of the indicators of the immunostimulator action.
Immbaclys C promotes the activation of neutrophils
and macrophages, as well as an increase in the ex-
pression of molecules responsible for the pathogen
destruction [3, 9, 18, 27].

The immunoglobulin level in the experimental
group was also higher than in the control group. IgG
was 7.88 mg/mL compared to 6.48 mg/mL (an in-
crease of 21.60%, p < 0.001), and IgM was 3.17 mg/mL
compared to 2.21 mg/mL (an increase of 43.44%,
p < 0.001). These parameters indicate a powerful
stimulation of both the primary and secondary hu-
moral immune responses. Long-term administration
ofimmunomodulators contributes to the sustainable
synthesis ofimmunoglobulins, as reported by a num-
ber of authors who note increased expression of IgG
and IgM genes in animals after repeated administra-
tion of the immunostimulating agents [21, 26].

A comparative analysis of the mean immunolog-
ical parameters between the experimental and con-
trol groups based on the results of three courses of
Immbaclys C administration revealed significant dif-
ferences in favor of the experimental group (Table 4).
The absolute T-lymphocyte count was 5.39 x 10°/L
compared to 4.56 x 10%L (an increase of 18.20%,
p < 0.001), and the relative count was 30.29% com-
pared to 20.09% (a difference of 10.20 pp, p < 0.001).
The resulted data indicate maintenance of the
agent’s activating effect on the cellular immunity
and support its prolonged effect when adminis-
tered course-based. The immunomodulatory action
of Immbaclys C contributes to the maintenance of
the functional activity of T-lymphocytes and their
sustained circulation in peripheral blood [4, 14, 15].

B-lymphocyte counts also demonstrated higher
levels in the experimental group. The absolute count
was 3.94 x 10°/L compared to 3.50 x 10°/L in the con-
trol group (an increase of 12.57%, p < 0.001), and
the relative count was 25.51% compared to 15.17%
(a difference of 10.34 pp, p < 0.001). This indicates
an increased humoral immune response associated
with the B-cell proliferation and activation against
the background of the agent’s systematic exposure.

Table 4

Immunostimulators, including Immbaclys C, pro-
mote activation of the B-cell immunity and stimu-
late the immunoglobulin synthesis at all stages of
the immune response [22, 23, 24].

The phagocytic activity of neutrophils in the ex-
perimental group was 65.93% compared to 56.54%
in the control group (a difference of 9.39 pp, an in-
crease of 16.60%, p < 0.001). This confirms the en-
hancement of the innate resistance under the agent’s
effect. Immbaclys C demonstrates the ability to sus-
tain the activation of non-specific immune defense
mechanisms, including the stimulation of phago-
cytosis and the expression of functional receptors
on innate immune cells [3, 9, 18, 27].

Analysis of the immunoglobulin content re-
vealed an increase in IgG levels up to 7.62 mg/mLin
the experimental group compared to 6.45 mg/mLin
the control group (an increase of 18.14%, p < 0.001),
and IgM levels up to 3.01 mg/mL compared
to 2.45 mg/mL, respectively (an increase of 22.86%,
p <0.001).These data indicate high activity of the hu-
moral immunity of the immune system and mainte-
nance of the immunostimulatory effect throughout
the entire period of exposure to the agent. The im-
munomodulators activate the antibody production
by enhancing the interaction between T- and B-lym-
phocytes and expression of genes responsible for the
immunoglobulin synthesis [21, 26].

CONCLUSION

Course-based administration of the immunomod-
ulatory agent Immbaclys C to grower pigs aged 22—
113 days resulted in a statistically significant growth
of the cellular and humoral components of the im-
mune system, including an increase in the absolute
and relative T- and B-lymphocyte counts, phagocytic
activity of neutrophils, as well as I9G and IgM con-
centration, thus indicating activation of specific and
nonspecific immune defense mechanisms.

The differences between the experimental and
control groups across all key immunological param-
eters in all three courses were of high statistical sig-
nificance (p < 0.05-0.001), which confirms the reli-
ability of the results obtained and enables confident
assessment of the pronounced immunostimulatory
effect of the agent under commercial use.

Generalized mean immunological parameters in pigs from the control and experimental groups over the entire experimental period

Indicator Experimental group Control group
T-lymphocytes, 10°/L 539+033 456+0.33
T-lymphocytes, % 30.29+6.36 20.09 +0.94
B-lymphocytes, 10°/L 3.94+0.35 3.50£0.19
B-lymphocytes, % 25.51+£8.92 15.17 £0.50
Phagocytic activity, % 65.93+1.72 56.54+£1.25
IgG, mg/mL 7624075 6.45+0.28
IgM, mg/mL 3014039 245+0.41

Fisher's exact test p < 0.005.
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The dynamics of the parameters over the study
period demonstrates a cumulative effect of Immba-
clys C, particularly in respect to the relative B-lym-
phocyte count and IgM level, which may suggest
a prolonged action of the agent upon its repeated
administration.

These findings position Immbaclys C as an effec-
tive immunoprophylactic agent, with a potential for
incorporation into veterinary health programs to
control and preventimmunodeficiency in intensively
reared young pigs.

The limitations of the research included the use
of animals of the same age category and homoge-
neous genotype, as well as conducting experiments
within the same production facility. This necessitates
a careful approach to the interpretation of the results
and their extrapolation to other populations and
housing conditions.
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Serological monitoring of Newcastle disease
in the Russian Federation in 2023—-2024
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Federal Centre for Animal Health, ul. Gvardeyskaya, 6, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Newcastle disease is a highly contagious viral infection of birds that is reported in many countries around the world. Newcastle disease cases shall
be notified to the World Organization for Animal Health.

Objective. The objective of this research is to ensure monitoring of Newcastle disease using serological methods and analyze the findings obtained for 2023-2024
in the Russian Federation.

Materials and methods. The Territorial Administrations of Russian Federal Service for Veterinary and Phytosanitary Supervision sampled biological material in
74 subjects of the Russian Federation (more than 66,700 samples of avian sera). Tests for antibodies to Newcastle disease virus were conducted at the Reference
Laboratory for Avian Viral Diseases, housed within the Federal Centre for Animal Health (Vladimir, Russia). Enzyme-linked immunosorbent assay and hemaggluti-
nation inhibition assay were performed using diagnostic kits manufactured by the Federal Centre for Animal Health.

Results. The conducted tests revealed significant variations of seroprevalence in commercial and backyards poultry flocks and in wild birds. High Newcastle
disease virus seroprevalence was observed in chickens and turkeys within closed commercial farming systems due to routine mass vaccination against the disease.
At the same time, the overall seropositivity rate for all poultry species was 74% in 2023, increasing to 81% in 2024. In backyards, antibodies to Newcastle disease
virus were detected in 35% of all the tested sera samples from chickens and turkeys in 2023 and in 53% of the tested samples in 2024. Specific antibodies were
also detected in samples from the vaccinated guinea fowl and pheasants and from non-vaccinated geese and ducks. Antibodies to Newcastle disease virus were
also detected in wild birds across several Russian regions, suggesting their role of a natural reservoir for Newcastle disease virus strains of varying pathogenicity.
Conclusion. Therefore, the monitoring data indicate that routine flock vaccination helps to control successfully Newcastle disease in commercial poultry flocks,
creating a stable epizootological situation. However, a significant risk of Newcastle disease virus introduction and spread from infected backyard poultry and wild
bird reservoirs still persists.
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Ceponoruyecknit MOHUTOPUHT HbIOKACCKOM 00Ne3Hu
B Poccninckoit Oepepauun B 2023—2024 1.

M. A. Bonkosa, Up. A. YUBana, M. C. ipocnasuesa, M. A. Kynaruna, 0. C. OcunoBa, H. A. Tycesa, [I. b. Appeiiuyk
OIBY «DefepanbHblii LieHTp oxpaHbl 30poBbA XuBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepenue. Hbiokacnckas 60ne3Hb — BbICOKOKOHTarno3Has BUpYCcHas MHGEKLMA NTULL, KOTOPas PerucTpupyetca BO MHOTMX cTpaHax mupa. 0 cnyyasx nHduuu-
POBaHHA BUPYCOM HbIOKACNCKOi Bone3HI Heo6XoAMMO YBEAOMAATL BceMipHyto opraHM3aLyio 34paBooXpaHeHIs XIBOTHDIX.

Llenb nccnepoBanua. lposeaetue B Teuenne 2023—2024 rr. Ha Tepputopun Poccuiickoii OefiepaLun MOHUTOPUHTOBDIX NCCNIEA0BAHINI NO HbIOKACICKOI Bone3HM
CMCNONb30BaHNEM CepONOrMYecKUX METOLOB 11 aHaNN3 MOMYYEHHbIX Pe3yNbTaToB.

Martepuanb! u meTogbl. bronoruyeckuii matepuan (6onee 66 700 npo6 cbIBOPOTKM KpoBY NTUL) 6611 0TOOPaH TeppuTOpUanbHbIMU ypasneHnami Poccenb-
X03Haa3opa B 74 cy6bekTax Poccuiickoii Depepauun. Miccneoanua BbinonHeHbl Ha 6aze pedepenTHoil nabopatopum BUpycHbix 6onesHeit ntuy OTBY «BHUN3N»
(. Bnagumup) c ucnonb3oBaHNeM AnarHoCTUYECKNX HabopoB ANA BbIABNEHNA aHTUTEN K BUPYCY HbIOKACNCKOI 60Ne3HM MMYHO(EpMEHTHBIM METOZ0M U B pe-
aKLNM TOPMOXKEHNA remarrioTuHaLm npoussopctea OrbY «BHUN3X».

Pe3ynbTarbl. [IpoBedeHHble NCCER0BAHIA I0KA3anW Pa3HyI0 CTeneHb CeponpeBaneHTHOCTH Y CeNbCKOX03ANCTBEHHO NTILbI IPOMBILLAEHHBIX MTULEBOAYECKIX
X03ACTB, UHAMBUBYANbHOIO CEKTOPA M AMKOI NTULBI. 1A Kyp M MHAEEK B IPOMBILLIEHHBIX X03A/CTBaX 3aKPbITOr0 TN 6biia yCTaHOBNEHa BbICOKasA CeponpeBa-
NIEHTHOCTb M0 HBIOKACNCKOM 60M1€3HM, UTO (BA3aHO C MACCOBOI BaKLIMHALIMeli NTUL NPOTUB AaHHOT0 3a6oneBaHuA. Tpu 3ToM onA BbIABNEHHOI CEPONO3UTUBHON
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NTULbI (B LieNoM N0 BCem BUAAM CeNbCKOX03AMCTBEHHOM NTULbI) Obina paHa 74% B 2023 1.1 81% B 2024 1. B uHAMBUAYaNbHOM CEKTOPE aHTUTENa K BUPYCY Hblo-
Kacnckon 6onesnu bbinu 06HapyeHbl B 35% CyyaeB 0T YMcia BCex NCCNef0BaHHbIX NPob CbIBOPOTOK KPOBY Kyp U nHAeek B 2023 1. 11 B 53% cnyyaeB — B 2024 T.
(neunduyeckue aHTUTeNa ObINK BbIABNEHDI TaKXKe B NPO6aX OT BAKLMHUPOBAHHbIX LLecapoK 11 GaaHoB 1 OT HEMPUBMTBIX Tyceil 11 YTOK. B HeCKonbKuX peruoHax
Poccuitckoit Oefepaumy aHTUTENa K BUPYCY HbIOKACICKOI 60n1e3H1 06HapyeHbl Y NTIL AUKON dayHbl, KoTopble, BePOATHee BCero, ABNAKTCA eCTeCTBEHHbIM
pe3epByapom Bo36yauUTeNs HbIoKacNCKoli 60ne3HN pa3nuuHoii CTeneHu NaToreHHoCTy.

3aKnioueHue. Takum 06pa3om, pe3ynbraTbl MOHUTOPUHTOBBIX MCCNEA0BAHNI CBUAETENbCTBYIOT 0 6narononyyHoii cUTyaLmn no HbKKaCCKoil 60ne3HM B Npo-
MBbILLAEHHBIX MTULIEBOAYECKUX X03AICTBAX, 00YCI0BNEHHOI NNaHOBOI BaKLMHaLyeil NoronoBbsA. B T0 e Bpema coxpaHAeTCA yrpo3a 3aHoca U pacnpocTpaHeHmnsa
HbIOKACNCKOi BoNe3HW NTUL 3 HeBnarononyyHbIX MHAMBMAYANbHbIX X03AMCTB U AUKOIA dayHbl.

KnioueBbie cnoBa: HblKacICKas 60ﬂE3Hb, 3NU300TONOIrNA, MOHUTOPUHI, A0MALUHAA NTULA, AKKAA NTULA, CAHAHTPOMHAA NTULa

bnarogapHocTy: PaboTa BbIMoNHEHa B pamMKaX roCyAapcTBEHHOT0 3aaaHna «C6op U aHanu3 INM300TONOMMYECKUX AaHHBIX ANA OLIEHKN CTaTyCoB bnarono-
nyums cy6bekToB Poccuiickoii DefiepaLun v CTpaHbl B LLENIOM, B TOM YMCNE ANA NOYYeHNA U NOAAEPKAHUA CTATYCOB B COOTBETCTBIM € TpeboBaHNAMM Kopekca
Ha3eMHbIX XNBOTHbIX BO3M».

[ina untuposaunua: Bonkosa M. A., Ysana Up. A., ipocnasuesa M. C, Kynaruwa M. A., Ocunosa 0. C., TyceBa H. A., Auppeiiuyk [I. b. Ceponoruueckuii
MOHUTOPUHT Hblokacnckoi bonesHu B Poccuiickoit Oepepauum B 2023—-2024 rr. Bemepurapus cezo0us. 2025; 14 (4): 391-400. https://doi.org/10.29326/2304-

196X-2025-14-4-391-400

KoHnukT untepecos: ABTopbl 32ABNAKT 00 OTCYTCTBIAM KOHGNUKTA MHTEPECOB.

[ins koppecnonaenuuu: Bonkoa MapuHa AnekceeBHa, KaHz. 61on. Hayk, BeyLLmii HayuHblil COTPYAHUK pedepeHTHOIT nabopaTopuun BUPYCHBIX bone3Heii
ntuy OTBY «BHUWU3X», yn. TBapaeiickas, 6, mkp. l0pbesed, . Bnagumup, 600901, Poccua, volkovama@arriah.ru

INTRODUCTION

Newcastle disease (ND) is a highly contagious
viral disease of birds that poses a general threat
to global poultry industry resulting from significant
economic losses [1].

The ND pathogen is the RNA-containing virus of Avi-
an orthoavulavirus javaense species, which belongs to
the Paramyxoviridae family, Avulavirinae subfamily,
Orthoavulavirus genus, previously classified as Avian
paramyxovirus 1, or Newcastle disease virus (NDV) [2].
Dimitrov K. M. et al. in 2019, offered a classification
based on the genetic properties of NDV [3]. Out of the
two distinguished NDV classes, class | included geno-
type 1 only.Class Il consisted of at least 20 different geno-
types, which were divided into subgenotypes. In recent
decades, genotype V, circulating in Americas, and gen-
otype VII, circulating in other countries of the world,
have become the most crucial for poultry industry. In
the Russian Federation, NDV isolates are represented by
different genetic and biological groups, including viru-
lent and avirulent viruses, as well as vaccine strains [4].

Newcastle disease virus is capable of infecting over
200 avian species. Domestic Galliformes demonstrate
the highest susceptibility to NDV. Infected birds have
pathological lesions in the respiratory and digestive
tracts, as well as the central nervous system. Mortali-
ty rates in non-vaccinated poultry flocks can be up to
100% [5]. Disease cases are also registered in geese,
pheasants and guinea fowls [6]. Quails are susceptible
to NDV infection: experimental infection with NDV viru-
lent strains resulted in clinical signs that occur on days 3
to 14 post infection and mortality rates lower than in
chickens [7, 8]. At the same time, specific antibodies
are recorded on day 14 post infection. In quails vacci-
nated against ND (La Sota strain), the antibody peak is
observed on day 40 post vaccination, with further de-
crease after day 46.

Synanthropic (magpies, pigeons, sparrows, etc.) and
wild birds are natural NDV carriers [9, 10]. Wild water-
fowl and migratory birds serve as the primary natural
reservoirs for NDV. The disease exhibits seasonal pat-
terns, largely driven by the annual migrations of wild
birds. Waterfowl (domestic ducks and geese) are con-
sidered NDV reservoirs, since these birds are resistant
to strains that are highly virulent for chickens.

However, since the 1990s there have been reports
of ND outbreaks in domestic waterfowl in the Asian
countries, including Korea, Japan and China. In the in-
fected duck flocks, a drop in egg production was ob-
served, with a morbidity rate of approximately 80% and
a mortality rate ranging from 30 to 50%. Affected birds
exhibited both diarrheal and neurological symptoms.
Similar ND outbreaks were reported in geese flocks in
China [6, 11]. Virulent NDV strains detected in geese
across Asia during the 2000s were classified as geno-
type VIld. Xu Q. et al. [11] demonstrated that experimen-
tal infection of geese with virulent genotype Viid NDV
straininduced a robust early cellularimmune response,
a finding associated with the unique characteristics of
ND pathogenesis in geese [11]. Wan H. et al. described
virus transmission from infected geese to chickens un-
der contact housing conditions [6].

Newcastle disease is reported in many countries
worldwide and there is a mandatory requirement
to send corresponding notifications on disease cas-
es triggered by highly virulent isolates of the Avian
orthoavulavirus javaense to the World Organization for
Animal Health (WOAH).

Newcastle disease outbreaks, notified to the WOAH
over the past four years, were registered in more than
50 countries around the world (in Asia, Europe, America
and Africa), including Russia. According to the WOAH
data, ND outbreaks in poultry were reported over
a four-year period in backyards of 16 subjects included
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into to the Central, Volga, Ural, Siberian, Far Eastern and
Southern Federal Districts of the Russian Federation. Re-
cent ND epizootics in numerous Asian and European
countries have been caused by viruses from various
subtypes of genotype VII [12, 13]. In the Russian Feder-
ation, this genotype was first isolated from chickens in
2006, during an ND outbreak on a poultry farm in the
Amur Oblast. Subsequently, NDV genotype VIl caused
sporadic outbreaks among backyard poultry in different
regions of the country [14, 15, 16, 17]. ND cases in pi-
geons are recorded annually in Russia [9, 15, 16].

In order to prevent ND, some countries, including
the Russian Federation, vaccinate poultry with various
vaccines [18, 19, 20]. Vaccination efficacy is assessed by
measuring specific antibody titers against NDV before
immunization and at various time points thereafter, us-
ing hemagglutination inhibition (HI) or enzyme-linked
immunosorbent assay (ELISA) methods [21, 22]. Sero-
logical tests are of limited value for ND surveillance and
diagnosis owing to the widespread implementation of
poultry vaccination programs [23, 24].

This paper provides results of serological monitoring
program for ND in poultry, implemented in 2023-2024.
The surveillance was carried out under the state man-
date of the Russian Federal Service for Veterinary and
Phytosanitary Supervision (Rosselkhoznadzor) for the
oversight of highly dangerous infectious diseases.

MATERIALS AND METHODS

Biological material tested. The Rosselkhoznadzor
Territorial Administrations sampled biological material
(avian sera) in 2023-2024.

Test methods. The collected sera samples were tested
using commercial diagnostic kits produced by the Fed-
eral Centre for Animal Health (Russia), i.e. HI test-kit for
detection of antibodies against Newcastle disease virus
and single-dilution ELISA test-kit for detection of anti-

Table 1
Antibodies to NDV detected in poultry sera collected on commercial poultry farms of the Russian Federation in 2023-2024

bodies against Newcastle disease virus in compliance
with the instructions for use.

Treatment of the tested samples. Before the test pro-
cedure, all sera samples received for the tests were in-
activated at 56 °C for 30 minutes in a serum inactivator
(or in a water bath).

RESULTS AND DISCUSSION

This work was conducted under the state assign-
ment for epizootiological monitoring, as stipulated
by Decrees No. 1915 (dated 20 December 2022) and
No. 1630 (dated 22 December 2023) of the Russian
Federal Service for Veterinary and Phytosanitary Surveil-
lance (Rosselkhoznadzor). More than 66,700 samples
were tested for antibodies to NDV. Avian sera were de-
livered from 69 and 74 regions of the Russian Federation
in 2023 (35,005 samples) and in 2024 (31,766 samples),
respectively.

Currently, poultry farming in the Russian Federation
is represented by large commercial poultry farms using
intensive farming systems, small family-operated farms
and backyards.

26,983 and 26,004 sera samples were collected from
commercial poultry in 2023 and 2024, respectively.
Table 1 gives information on antibodies against NDV
detected in poultry sera (from chickens, turkeys, ducks,
geese, and quails) taken on commercial poultry farms
in the Russian Federation.

In 2023, monitoring tests included samples from
237 commercial farms (establishments) of 60 RF Subjects,
in 2024 — from 280 farms of 74 RF Subjects. In 2024, more
positive samples were detected in the Russian Federation
as a whole than in the previous year (81 and 74%).

Results of detecting antibodies to NDV in chick-
en sera (collected on commercial poultry farms in
2023-2024 and tested in HI and ELISA) are illustrated
in Figures 1 and 2.

" Number of samples tested in 2023 Number of farms / Number of samples tested in 2024 Number of farms/
Federal District RF Subjects in 2023 RF Subjects in 2024

positive positive

Northwestern 2,646 1,640 2377 2,540 1,936 20/8
Central 5915 4,964 55/12 6,916 5,480 61/13
Volga 9,413 6,481 64/14 5,993 5,073 75/14
Ural 2,221 1,390 23/4 2,650 2,002 28/6
Siberian 1,907 1,497 32/9 2,601 2,234 38/11
Far Eastern 1,076 973 10/7 1,571 1,336 17/8
Southern 3,080 2,618 27/5 2,601 2,054 319
North Caucasian 725 419 3/2 1,132 941 10/5

Total 26,983 19,982 (74%)* 237/60 26,004 21,056 (81%) 280/74

* percentage of positive samples from the total number of the tested ones.
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Fig. 1. Detection of antibodies to NDV in chicken sera collected on commercial poultry farms (p/f) in 2023-2024

In 2023, 25,490 samples from chicken collected
on 222 commercial poultry farms in 8 RF Federal Dis-
tricts were tested, antibodies to NDV were detected in
19,451 samples (76%). In 2024, antibodies to NDV were
detected in 19,699 (85%) out of 23,208 samples from
250 poultry farms (Fig. 1).

ND serological tests conducted in 2023 revealed
the minimum percentage of positive samples (58%) in
the North Caucasian Federal District (NCFD). Slightly
more positive samples, between 62 and 70%, were de-
tected in chickens from the Northwestern (NWFD), Ural
(UFD) and Volga (VFD) Federal Districts. In the Siberian
(Siberian FD), Southern (Southern FD) and Central (CFD)
Federal Districts, number of positive samples ranged

between 82 and 88%, and the maximum number (95%)
was detected in the Far Eastern (FEFD) Federal District.
In 2024, in 7 out of 8 Federal Districts, with the excep-
tion for the NWFD (77%), the proportion of seropositive
chickens ranged from 80 to 91% (Fig. 2).

Results of detecting antibodies to NDV in sera from
other poultry species collected on commercial poultry
farms are illustrated in Figures 3 and 4. Turkey sera were
tested using two methods: ELISA and HI test; only HI
was used for geese, ducks and quiails.

989 turkey sera samples collected in 2023 on 8 poultry
farms in 4 RF Federal Districts (CFD, VFD, Siberian FD and
Southern FD) were tested and antibodies were detected
in 529 (54%). In 2024, antibodies to NDV were detected

2z 100

G

E 80

w2

2 60

=

g

S 40

N

20
0

89 25 9
i I I | i I I 8I |
NWFD UFD Siberian FD  FEFD Southern  NCFD
m2023 m2024 FD

Fig. 2. Percentage of positive samples (chicken sera) detected in 2023-2024 on commercial poultry farms in various Federal Districts
of the Russian Federation

394

VETERINARY SCIENCE TODAY. 2025; 14 (4): 391-400 | BETEPUHAPUA CETOAHA. 2025; 14 (4): 391-400



ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHAJIbHBIE CTATbI | BOTIE3HI NTUL

700

363
281
213 155
200 155 175 175

103
100 %

o [
0 |

NWFD CFD VFD
(1p/f) (S p/h (6 p/f) (1p/h) (1p/f) (1p/f) 2p/h

618 = total number of samples (2023)

@ 600 -
] m positive samples (2023)
g 500
s 400

)
s 306
g 300
E

200
z 120 133 116 116
H= HE
" w— —
CFD (2 p/f) VED (4 p/D) Siberian FD (1 p/f) Southern FD (1 p/f)
700 m total number of samples (2024)
itive s )2

g 600 m positive samples (2024)
% 5 460
5 500 ) 440
s 400
=
[-*]
E 300
=
4

Siberian FD UFD

15T 117

Southern FD  NCFD

Fig. 3. Detection of antibodies to NDV in turkey sera collected on commercial poultry farms (p/f) in 2023-2024

in 1,271 (82%) out of 1,542 sera samples from 17 poultry
farmsin 7 Federal Districts (excluding the FEFD). Samples
from turkeys that are not vaccinated against ND from the
NWEFD showed negative results (Fig. 3).

As illustrated by the accompanying documents from
the farms, the detected specific antibodies were pro-
duced in response to live or inactivated ND vaccines.
Number of seropositive poultry on farms depended
on a number of factors, including the vaccine type and
the vaccination schedule. Use of new, more effective
vaccines, including those inactivated and produced
from virulent NDV strains, increased the proportion of
immunized birds in the flock and enhanced the level of
the immune response [25, 26, 27].

Sera from ducks were delivered from the CFD, the Si-
berian FD and the Southern FD: 290 samples from
4 poultry farms in 2023 and 591 samples from 4 poultry
farms in 2024. Antibodies specific to NDV were detected

in only 2 samples (0.7%) on one poultry farm in the Si-
berian FD in 2023 (Fig. 4).

In 2023, 133 samples from geese were collected on
the UFD poultry farms and tested; no antibodies to NDV
were detected. In 2024, 373 samples taken from 6 poul-
try farms in the VFD and UFD were tested. Antibodies to
NDV were detected in 86 samples (23%) from geese not
vaccinated against ND (from the Republics of Bashkor-
tostan and Tatarstan). Domestic waterfowl (ducks and
geese) are rarely vaccinated against ND on commercial
farms, since these avian species are less susceptible to
ND than chickens, but at the same time they can be
the disease reservoir on poultry farms [11, 28].

No antibodies to NDV were detected in quail sera
collected in two Federal Districts (CFD and FEFD) and
tested within two years, including those from the vacci-
nated birds (Fig. 4). The absence of specific antibodies in
the vaccinated quails observed in our monitoring tests
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Fig. 4. Detection of antibodies to NDV in sera collected on commercial poultry farms (p/f) in 2023-2024
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may result from incorrect sampling time after vaccina-
tion or an incorrect vaccination schedule.

In 2023 and 2024, 7,796 and 5,484 poultry sera sam-
ples were collected in backyards and on family-operated
farms, respectively, in 39 RF Subjects of 8 Federal Dis-
tricts and tested for antibodies to NDV (Tables 2 and 3).

Tests of poultry sera collected in backyards and on
family-operated farms detected antibodies specific

Table 2

to NDV in chickens, turkeys, ducks, geese and guinea
fowlsin 2023 and in chickens, turkeys, geese and pheas-
ants in 2024.

As for chickens and turkeys, antibodies to NDV were
detected in 35 and 53% of samples tested in 2023 and
2024, respectively.

As indicated in the accompanying documents, ND
vaccination was not universally implemented across

Antibodies to NDV detected in chicken and turkey sera collected in backyards and on family-operated farms of the Russian Federation.

Samples tested in ELISA and Hl assay (data for 2023-2024)

Federal District Poultry species

total/positive

Number of samples (2023)

Number of samples (2024)

9% pos. samples total/positive 9% pos. samples

Northwestern chickens 96/15 16 54/0 0
Central chickens 928/253 27 751/298 40

chickens 2,023/689 34 1,227/669 55
Volga

turkeys 45/0 0 n/t n/t
Ural chickens 200/41 21 120/15 13

chickens 607/250 41 278/165 59
Siberian

turkeys 10/0 0 10/0 0

chickens 1,222/223 18 643/286 45
Far Eastern

turkeys 167/146 87 17/54 46

chickens 500/411 82 759/538 71
Southern

turkeys n/t n/t 25/25 100

chickens 981/334 34 689/437 63
North Caucasian

turkeys 10/10 100 n/t n/t

Total 6,789/2,372 35 4,673/2,487 53

n/t — not tested; pos. — positive.
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Table 3
Antibodies to NDV detected in sera from various poultry species collected in backyards and on family-operated farms of the Russian Federation.
Samples tested in Hl assay (data for 2023-2024)

Number of samples (2023) Number of samples (2024)
Federal District | Poultry species
total/positive % pos. samples total/positive % pos. samples
ducks 75/0 0 106/0 0
guinea fowls 5/0 0 10/0 0
Northwestern pheasants 5/0 0 10/0 0
ostriches 4/0 0 n/t n/t
peacocks 5/0 0 n/t n/t
ducks 14/0 0 61/0 0
Central geese 96/6 6 30/0 0
quails 50/0 0 73/0 0
ducks 171/10 6 28/0 0
geese 378/61 16 269/24 9
Volga
quails 20/0 0 75/0 0
guinea fowls 30/30 100* n/t n/t
Ural quails 5/0 0 10/0 0
geese 8/0 0 15/0 0
Siberian
quails 10/0 0 n/t n/t
ducks 10/0 0 24/0 0
Far Eastem quails 7500 0 7500 0
geese 46/0 0 n/t n/t
Southern pheasants n/t n/t 25/25 100%
Total 1,007/107 n 811/49 6

n/t — not tested; * samples from poultry vaccinated against ND; pos. — positive.

all backyards and family-operated poultry farms. Poul-
try for backyards were mainly purchased from poultry
farms, where ND vaccination was implemented. Vac-
cine was typically administered at a single dose. Live
vaccines, which were more frequently utilized, often
induced a short-term immunity. The increase in vacci-
nation coverage against ND in backyard flocks is evi-
denced by the rise in positive test results ranging from
35% in 2023 to 53% in 2024.

528 and 314 samples from domestic geese were
delivered for tests in 2023 and 2024, respectively. Anti-
bodies to NDV were detected in 67 (2023) and 24 (2024)
samples from non-vaccinated geese brought from the
CFD and the VFD. Antibodies were detected in sera
from domestic ducks in 10 samples out of the 270 tes-
ted ones (VFD). In 2024, no specific antibodies to NDV

were detected in duck sera. Presence of antibodies in
domestic waterfowl not vaccinated against ND may
be associated with circulation of avirulent NDV strains,
since samples for the test were taken from clinically
healthy birds [11, 28]. Antibodies to NDV were detec-
ted in all samples from the vaccinated guinea fowl and
pheasants.

Many species of wild birds are natural reservoirs and
carriers of infectious disease pathogens [4, 17], and
therefore monitoring in wild fauna makes it possible
to control occurrence and spread of dangerous avian
infections, including ND.

Table 4 shows Hl results for sera from wild birds col-
lected during 2023-2024.

Testing sera samples from wild birds collected in sev-
en RF Subjects revealed antibodies to NDV in 74 out
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Table 4
Antibodies to NDV detected in wild birds using Hl assay

Number of samples (2023) Number of samples (2024)
Federal District (RF Subject) Poultry species
positive positive
wild ducks 85 6 41 2
Northwestern .
(Vologda Oblast) wild geese 54 0 62 6
seaqulls 1 0 15 1
synanthropic birds 17 0 35 0
Central I
(Lipetsk and Smolensk Oblasts) wild birds 17 0 35 0
wild ducks 7 0 n/t n/t
wild birds 20 0 n/t n/t
Volga
(Republic of Tatarstan) :
pigeons 14 3 n/t n/t
Far Eastern )
(Primorsky Krai) 200 birds n 0 nt it
Siberian
(Krasnoyarsk Krai, pigeons n/t n/t 90 56
Omsk Oblast)
Total 226 9 (4%)* 278 65 (23%)

n/t — not tested; * percentage of positive samples from the total number of the tested ones.

of 504 submitted samples. Samples from birds from
the NWFD, the VFD and the Siberian FD were positive:
59 samples from synanthropic birds (pigeons) and
15 samples from wild birds (ducks, geese and seagulls).
Two-year monitoring in the Vologda Oblast revealed
specific antibodies to NDV in samples from wild birds.
Positive samples from pigeons were obtained from
the Republic of Tatarstan, the Krasnoyarsk Krai and
the Omsk Oblast. In most cases, they were collected
next to large commercial poultry farms, thus suggesting
a threat of infection spread to poultry.

CONCLUSION

In 2023-2024, ND situation in the Russian Federa-
tion was assessed using field sera samples from various
poultry species and wild birds. Due to routine vaccina-
tion with live and inactivated vaccines throughout the
poultry rearing cycle, commercial poultry demonstra-
ted a high level of seropositivity to NDV. Due to insuf-
ficient protection against ND, backyard poultry pose
a persistent threat as a potential source of a primary
disease outbreak driven by virulent strains of the virus.
Antibodies to NDV were detected in wild and synan-
thropic birds in 4 regions of the Russian Federation.
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Investigating the infectious process in chickens infected

with Newcastle disease virus genotype VIl via different routes

Maria A. Vershinina, Natalia V. Moroz, Sergey V. Frolov, Dmitry L. Dolgov, Elena V. Kurnenkova, Lidia 0. Scherbakova
Federal Centre for Animal Health, ul. Gvardeyskaya, 6, Yur'evets, Vladimir 600901, Russia

ABSTRACT

Introduction. Newcastle disease is a notifiable disease and is a major threat for commercial poultry. There are many known genotypes of the Newcastle disease
virus (NDV), which differ in virulence. In recent years, there is an increasing interest in NDV genotype VIl that stems from its prevalence and high pathogenicity
in chickens and other species of commercial poultry, causing severe disease with up to 100% mortality.

Objective. Investigation of the infectious process and other clinical and post-mortem signs in chickens infected with Newcastle disease virus via different routes.
Materials and methods. Thirty-day-old chicks were experimentally infected with NDV genotype VIl via three different routes: intranasal, oral and intramuscular.
Forty eight hours post infection, six intact chickens were introduced in each group. Over the next 10 days, the clinical condition of the infected and contact poultry
was assessed. Oropharyngeal and cloacal swabs were collected and tested by polymerase chain reaction. Dead chicks were subjected to post-mortem examination.
Results. The experiment demonstrated that NDV/chicken/rus/Saratov/2403-3/22 isolate causes poultry mortality within 5-7 days. Intramus-
cular infection led to faster disease progression and death in poultry compared to oral or intranasal routes. The NDV genome was identified
in samples of oropharyngeal and cloacal swabs tested by polymerase chain reaction. While nonspecific signs of the disease were recorded in all individuals, the
predominant clinical presentation varied with the infection route. Pronounced neurological symptoms were observed in birds infected via the intramuscular and
oral routes. In contrast, respiratory signs were characteristic of infections via the oral and intranasal routes. The autopsy results indicate that specific pathological
signs characteristic of Newcastle disease developed within 24 hours of the disease onset. A number of post-mortem lesions were found in the internal organs of
individuals that died early. However, these lesions were not informative for a diagnosis of Newcastle disease.

Conclusion. The Newcastle disease virus NDV/chicken/rus/Saratov/2403-3/22 strain (genotype VII) was pathogenic to chickens during experimental infection.
The disease was easily reproduced by intramuscular, intranasal, and oral routes of infection and was characterized by a peracute course with respiratory and
neurological symptoms.

Keywords: Newcastle disease, infectious process, Orthoavulavirus javaense, Paramyxoviridae, genotype VII
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N3yueHue MHPEKLMOHHOTo NPoLLecca y Kyp
NPy Pa3NNUHBIX CNOCOOAX 3apakeHNA BUPYCOM
HbOKaCSICKon 6one3Hn reHotuna VIl

M. A. Bepwumnuna, H. B. Mopos, C. B. Oponos, [1. /1. lonros, E. B. KypHeHkoBa, J1. 0. LLiep6akoBa
OIBY «DefepanbHblii LieHTp oxpaHbl 30poBbA XnBOTHbIX» (OTBY «BHUIU3X»), yn. [Bapaeiickas, 6, mkp. I0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepnenue. Hbtokacnckas 6onesHb NTuL BXOAUT B nepeyeHb HOTUQULMPYeMbIX GonesHeii u ABNAETCA akTyanbHOIA Npobnemoil COBpeMeHHOro NTHLEBOACTBA.
K HacToAwemy BpemMeHM U3BECTHO 0 CYLLECTBOBAHNI Pa3ANYHbIX TeHOTUNOB BO36YAMTENA, OTANYAKLNXCA APYT OT ApYyra N0 BUPYNeHTHOCTU. Bce Gonblunii
WHTepeC B NOCNEHUE Tofibl BbI3bIBAET BUPYC HbloKACICKoii 6one3Hu reHoTuna VII, KoTopblit MHULMUpYeT TAxenyto dopmy GonesHn cpeam Kyp U Apyrux BUAOB
KoMMepyeckoil nTuLbl BnoTb A0 100%-i NeTanbHOCTU NOFOA0BbA.

Lienb uccnepgoBanma. M3yuenne HPEKLMOHHOTO NPOLIECCa, @ TaKKe KNMHMYECKIX 11 NATONOr0-aHATOMUYECKUX 0C0BEHHOCTeN HbloKacCKoli GonesHu nTuy
My 3KCNepUMEHTaNbHOM 3apaXeHnin Kyp pasHbiMu cnocobamu.

Martepuanb! u meTopbl. [poBeny FKcnepuMeHTanbHoe 3apaxeHue BIpYCoM Hblokacnckoii 6one3uu rewotuna VIl 30-cyTouHbIX UbINAAT TPEMA pa3HbIMU CMo-
co6amu: MHTpaHa3anbHo, NepopanbHoO 1 BHYTPUMbILLEYHO. Yepes 48 y nocne MHGULMPOBAHNA B KaXAYIo TPYNNY NOMECTUAN N0 6 MHTAKTHbIX LbINAAT. B TeueHmne
nocnepyloLyyx 10 cyT OLeHMBANM KNMHINYECKOE COCTOAHME 3aPaXEHHOIA Y KOHTAKTHOI NTULIbI, COBMPany 1 nccneA0Bani MeToA0M NOAUMepasHoii LienHoii peakLmum
POTOFNOTOYHbIE 1 KN0aKaNbHble CMbIBbI M MPOBOAMIN NATONOr0-aHAaTOMUUECKOe BCKPbITHE NABLUER NTULbI.

© Vlershinina M. A., Moroz N. V., Frolov S. V., Dolgov D. L., Kurnenkova E. V., Scherbakova L. 0., 2025

VETERINARY SCIENCE TODAY. 2025; 14 (4): 401-409 | BETEPUHAPUA CETOAHA. 2025; 14 (4): 401-409

401


https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2025-14-3-274-282&domain=pdf&date_stamp=2025-09-15

402

ORIGINAL ARTICLES | AVIAN DISEASES OPUTMHAJIbHBIE CTATBY | BOIE3HW NTUL

PesynbTarbl. B xose noctaBneHHoro skcnepumenTa bbino ycraHosneHo, uto nonat NDV/chicken/rus/Saratov/2403-3/22 Bbi3biBaeT rubenb NTuLbl B TeveHue
5-7 cyt. TIpu BHYTPUMbILLEYHOM 3apaxeHnn 60ne3Hb 1 Tbenb NTULLI HACcTynany bbicTpee, Yem NPY NePOPANbHOM U MHTPaHa3aNbHOM UHOULMPOBAHUM.
B MccneioBaHHbIX MeTOZOM MoOANMEPa3HOIA LLeMHOI peakLum 06pa3Liax poTOrIoTOUHbIX U KNoaKaNbHbIX Ma3KoB 6bi BbIABIEH FEHOM BUPY(Ca HbIOKACNCKON
6onesnu. Hecneumnduueckue npuzHaky 6onesHu bbinu 3adukcpoBaHbl y Beex 0cobeid, 0HaKko npeobnaganue onpeseneHHoro CUMNTOMOKOMINEKCa 3aBHCeNo
0T Cnoco6a 3apakeHna: y NTuL, MHOULMPOBAHHBIX BHYTPUMBILLIEYHO U NepPOPaNbHO, 0TMEYaniCh APKO BbipaXkeHHble HEBPONOTYECKIe CUMNTOMbI; pecnipa-
TOPHble MPU3HaKK BbiNK XapaKTepHbl NpY NepopanbHOM W MHTPaHa3anbHOM 3apaeHuAX. Pe3ynbTaTbl BCKpbITA CBUAETENbCTBYIOT 0 TOM, UTO Creuuduyeckue
1aToN0ro-aHaToMUYecKIne NpU3HaKM, XapaKkTepHble AN HbIKACCKoI bonesHu, pa3BuBanuch Nocie 24 4 ¢ MomeHTa Havana 6onesHi. Y ocobei, naBLumx paxee,
6bin 06HapyXKeH AL NaTONOrNYECKUX U3MEHEeHUT BHYTPEHHIX OPraHOB, KOTOpble TeM He MeHee He ABNANNCH MHGOPMATUBHBIMIN ANA AUArHOCTUKM HbIOKaCICKOi
6onesHu Npu BCKPbITUN.

3aknioueHue. LLitamm Bupyca Hblokacnckoii 6onestn revotuna VIl NDV/chicken/rus/Saratov/2403-3/22 aBnaeTca natoreHHbIM ANA Kyp NP1 IKCNepUMeHTaNb-
HOM WUHULMPOBaHUN. BonesHb Nerko BOCMPOU3BOANTCA NPI BHYTPUMBILLIEYHOM, UHTPaHa3anbHOM 1 NepopanbHOM Cnocobax 3apaeHus 1 xapakTepusyerca
MOJTHUEHOCHbIM TEUEHUEM C Pa3BUTUEM PECTUPATOPHDIX U HEBPONOrMYECKUX CUMMTOMOB.
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INTRODUCTION

Newcastle disease has threatened global poultry farm-
ing for over a century, continuing to cause significant
economic damage worldwide. Despite ongoing vacci-
nation efforts, recurrent Newcastle disease outbreaks in
recent decades have underscored the virus's continued
economic impact on the poultry industry [1]. Newcastle
disease is caused by the virulent avian orthoavulavirus
(Orthoavulavirus javaense, OAV)). This virus is a member
of the Paramyxoviridae family [2] and was previously re-
ferred to as avian paramyxovirus serotype 1 (APMV-1) [3].
Newcastle disease virus (NDV) genome is a negative-sense,
single-stranded RNA virus in the order Mononegavirales,
with a spiral (helical) capsid symmetry, and its replication
occurs in the host cell’s cytoplasm [4, 5]. Despite all NDV
strains belong to OAVJ species, there is significant genetic
and antigenic diversity between different genotypes [6].
NDV isolates are categorized into two classes, | and Il, based
on the genome length and unique genomic features [7, 8].
Class | strains are genotypically uniform, whereas the more
diverse class Il strains are currently divided into 21 geno-
types based on the phylogenetic analysis of the F gene
coding sequence [7,9, 10, 11].

Many bird species are susceptible to NDV, but the dis-
ease’s severity and outcome vary significantly by spe-
cies [12]. Numerous bird species are susceptible to NDV,
including domestic poultry like broilers, laying hens, ducks
and turkeys, as well as game birds such as pigeons, pea-
cocks, and pheasants, and even some non-poultry birds
like ostriches and parrots (Psittacidae). First emerging
in the 1990s, genotype VIl has since become prevalent
on multiple continents, including Asia, the Middle East,
Europe, and parts of Africa and South America, garnering

significant scientific attention in recent years [13]. Due to
its high virulence, it causes a severe form of the disease
in chickens and other commercial poultry, with mortality
rates that can reach 100%. Initial classification divided gen-
otype VIl into two subgenotypes: Vlla, which emerged in
the Far East in the 1990s and spread to Europe and other
parts of Asia, and Vllb, which also originated in the Far East
before spreading to South Africa [14]. The classification
has since evolved, dividing genotype VIl into eight subge-
notypes. This includes the recently identified VII-L, which
has been associated with Newcastle disease outbreaks in
Iran [15] and other countries. Currently, based on new no-
menclature criteria for NDV, genotype VIl is now subdivi-
ded into three subgenotypes: VII.1.1, VII.1.2, and VII.2 [16].
Itis known, that subgenotype VII.1.1 caused the third pan-
zootic in pigeons in 1980s, and caused the fourth (starting
in 1985) and the last, fifth panzootic [17].

Newcastle disease virus is traditionally divided into four
pathotypes based on virulence: velogenic, mesogenic, len-
togenic, and asymptomatic intestinal. However, the clinical
signs associated with these pathotypes may not always be
distinct [18]. Velogenic strains are further divided into two
main categories: viscerotropic, which cause widespread
hemorrhaging in the internal organs, and neurotropic,
which are characterized by neurological and respiratory
signs [19]. The disease is primarily transmitted via inhalation
or ingestion of the virus shed in feces and respiratory secre-
tions by infected birds for variable lengths of time [20, 21].
The virus can also be transmitted through the conjuncti-
va. Efficient bird-to-bird virus transmission requires the
presence of infectious virus [22]. The infection may occur
through inhalation of fine aerosols or large droplets con-
taining the virus; however, the alimentary route of infection
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is probably the main one [23]. The disease develops rap-
idly, with symptoms appearing in a flock within two days
of aerosol transmission, but the incubation period can be
longer, up to 15 days, with fecal-oral infection, especially in
caged birds [24, 25]. Some sources state that the incuba-
tion period for Newcastle disease in experimental infection
ranges from 2 to 6 days [23]. According to the World Organi-
zation for Animal Health (WOAH), the maximum incubation
period for Newcastle disease is 21 days.

The disease manifests with signs affecting the respirato-
ry, digestive, and nervous systems, with symptoms varying
based on viral virulence, bird age, and immune status [26].
Classic symptoms of Newcastle disease in birds include de-
pression, decreased appetite, ruffled feathers, conjuncti-
vitis, and green or white diarrhea [23]. The green color is
aresult of the disease affecting the digestive system, likely
due to factors like a viral-induced disruption of digestive
enzymes and bile production [27]. Respiratory symptoms
include coughing and wheezing, while neurological classic
symptoms are tremors, wing and leg paralysis, and torticol-
lis (twisted neck). The neurological signs typically appear
later in the disease, often after respiratory and digestive
signs have started or have become severe [23].

Newcastle disease causes a range of pathological
changes in birds, with their severity dependent on the
virus’s virulence and the host’s susceptibility. Significant
pathological lesions are typically induced exclusively by
velogenic strains of the NDV. Gross post-mortem lesions
consist of petechiae on serous membranes and hemor-
rhages affecting the mucosal surface of the pancreas and
the intestinal serosa. These are accompanied by multifo-
cal, necrotic-hemorrhagic lesions, particularly within lym-
phoid tissues such as the intestinal (caecal) tonsils [25]. The
spleen may be enlarged, blotchy, and necrotic [28]. The
lung tissue may exhibit hyperemia, along with multifocal
hemorrhages and necrotic areas ranging from punctate to
ecchymotic. Clinical findings can include cyanosis and pe-
techiation of the comb [29]. Congestion and hemorrhages
in the trachea are common signs of velogenic viscerotropic
Newcastle disease in chickens. Itis also reported that unlike
geese the virus replicates in the brain of chickens, causing
neurological signs and lesions [30]. Other sources confirm
that hyperemia and multi-focal point hemorrhages can
occur in the brain’s membranes of chickens infected with
certain strains of the NDV [25]. Infection with lentogenic
NDV strains typically causes airsacculitis, characterized by
thickening of the air sac membranes, and can lead to pneu-
monia from the virus or secondary bacteria [29].

The Newcastle disease situation deteriorated sharply
across the Russian Federation in 2019, following the rapid
nationwide spread of the subgenotype VII-L (VII 1.1) vi-
rus, which spread from Primorsky Krai in the east to the
Kursk Oblast in the west. As a result, 17 outbreaks were
reported, all of them in backyards, where non-vaccinated
poultry were kept [31]. According to the WOAH, a total
of 289 outbreaks of Newcastle disease were reported glob-
ally in 2023, with thirteen of these occurring in the Rus-
sian Federation’. In 2024, Newcastle disease was reported
in 15 countries across four continents, with a total of 518 re-
corded outbreaks, 399 of which were concentrated in Ni-
geria (212) and Iraq (187)2. Despite vaccination, sporadic

outbreaks of Newcastle disease caused by genotype VIl vi-
rus occur even in vaccinated poultry in South America [32]
and Asia [33]. Moreover, genotype VIl is expanding its dis-
tribution, leading to diseases in waterfowl [34]. Repeated
outbreaks of Newcastle disease in vaccinated poultry
flocks can be due to a mismatch between vaccine strains
and circulating field strains, which can have different an-
tigens or incorrect vaccination protocols used to control
the disease [13].

Currently, the most widely used Newcastle disease
vaccines rely on early genotypes (I and Il) isolated about
70 years ago. However, the predominant field strains now
belong to later genotypes — such asVin the Americas, VIl in
Asia and Africa, and the globally prevalent genotype VI in
pigeons - which are genetically and antigenically distinct
from the vaccine strains [35].

Analysis of the global situation indicates a high risk of
the virus being introduced into the Russian Federation,
underscoring the critical importance of robust preventive
measures. Numerous scientific studies have been conduc-
ted worldwide by various authors on the infectious pro-
cess of velogenic NDV in chickens. However, there are only
few Russian publications addressing this problem. There-
fore, a comparative assessment of the infectious process
in chickens, using different routes of infection with a viru-
lent NDV strain, is critically needed.

To advance specific prevention strategies against New-
castle disease, it is crucial to reproduce the genotype VII
infectious process experimentally. This allows for a detailed
study of viral properties and establishes standardized dis-
ease signs in susceptible animals, providing a foundation
for vaccine and therapy development.

MATERIALS AND METHODS

Virus. For infection, a virulent NDV/chicken/rus/Sara-
tov/2403-3/22 strain (subgenotype VII.1.1 (VII-L), gen-
otype VII) was used. The infectious dose was 6.0 IgEIDs,
according to the WOAH recommendations®. The NDV
isolate is classified as velogenic, based on the presence of
a polybasic cleavage site in the F protein sequence and an
intracerebral pathogenicity index of 1.62 [36].

Poultry. The experiment was conducted in chicks
hatched from SPF eggs (VALO BioMedia GmbH, Germany).
At the time of inoculation of the virus-containing mate-
rial, the chicks were 30 days old. The hemagglutination
inhibition assay confirmed the absence of NDV-specific
antibodies in serum samples collected from birds prior
to infection.

Infection routes. To simulate the infectious process,
three different routes of infection were applied. The virus
was administered in a suspension at different infecting
doses according to the route of inoculation: intranasal
(0.1 mL instilled into the nose), oral (1.0 mL provided
in drinking water), and intramuscular (0.5 mL injected into
the thigh muscle).

The control birds were not infected.

Study design. The experimental birds were divided into
three equal groups, 8 birds per group. The groups were in-
oculated applying the above routes. Forty eight hours post
infection, 6 intact chickens were introduced in each group.
The experimental groups were formed in accordance with

' Global Newcastle disease situation (WOAH, 2023). https://fsvps.gov.ru/
wp-content/uploads/2023/10/6H-mup-2023.pdf (in Russ.)

2 Global Newcastle disease situation (WOAH, 2024). https://fsvps.gov.ru/
wp-content/uploads/2024/06/6H-mup-2024-2.pdf (in Russ.)

3 Newcastle disease (infection with Newcastle disease virus). In: WOAH.
Manual of Diagnostic Tests and Vaccines for Terrestrial Animals.

Chapter 3.3.10. https://www.woah.org/fileadmin/Home/eng/Health_
standards/tahm/3.03.10_NEWCASTLE_DIS.pdf
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Table 1

Infectious process in Newcastle disease following different routes of exposure

Parameters

ntally infected birds

Inoculation route

Contact birds Control

Incubation period, days 2 2 3 3 -
Death following inoculation, days 5 6 7 6 -
Lethality, % 100 100 100 100 -
Virus genome in cloacal swabs + + + + -
Virus genome in oropharyngeal swabs + + + + -

the“Rules for Regulating the Veterinary Medicinal Products
Circulation in the Customs Territory of the Eurasian Eco-
nomic Union” (Council Decision No. 1 of the Eurasian Eco-
nomic Commission dated January 21,2022)% Over the next
10 days, the clinical condition of infected and contact birds
was evaluated in accordance with GOST R 58090-2018
“Clinical examination of unproductive animals. General
requirements”. Oropharyngeal and cloacal swabs were
collected at the peak of clinical signs in accordance with
the “Recommended practice of biological sample collec-
tion, storage and transportation for AlV and NDV diagnos-
tic tests"®. Dead birds were necropsied in accordance with
GOST R 57547-2017 “Services for non-productive animals.
Pathological-anatomical study of corpses of non-produc-
tive animals. General requirements”’. The necropsy proce-
dure consisted of an external examination of the carcass
and an internal inspection of the viscera for pathological
lesions. The reproductive organs of the experimental birds
could not be adequately assessed due to age-related un-
derdevelopment.

Birds were monitored daily for clinical signs. The pro-
gression of the disease, including the duration of each
phase, the spectrum of clinical manifestations, and the in-
cidence of mortality, was recorded. The dead birds were
necropsied and all pathological lesions were recorded.
The death specificity was confirmed by polymerase chain
reaction (PCR).

All animal experiments were conducted in strict accor-
dance with the interstate standard for laboratory animal
keeping and handling GOST 33215-2014, adopted by the
Interstate Council for Standardization, Metrology and Cer-
tification, and in accordance with the requirements of Di-
rective 2010/63/EU of the European Parliament and of the
Council of 22 September 2010 on the protection of animals
used for scientific purposes. The studies were approved by
the Federal Centre for Animal Health Bioethics Commission
(report of 25.07.2025).

Virus identification. The NDV genome in oropha-
ryngeal and cloacal swabs was detected by real-time
PCR in accordance with the “Recommended practice

4 https://www.alta.ru/tamdoc/22sr0001/?ysclid=mghl9evt

ve540241408 (in Russ.)
*https://files.stroyinf.ru/Data2/1/4293738/4293738274.pdf?ysclid=mghllls
82495439970 (in Russ.)

¢ Andreychuk D. B., Andriyasov A.V., Volkova M. A,, Chvala Ir. A.,

Volkov M. S., Chvala Il. A. Recommended practice of biological sample
collection, storage and transportation for AIV and NDV diagnostic tests:
approved by the Federal Centre for Animal Health on 24.06.2019. Vladimir;
2019. 17 p. (in Russ.)

7 https://files.stroyinf.ru/Data2/1/4293744/4293744536.pdf?ysclid=mghmo
wnxuy341824070 (in Russ.)

of RNA identification and differentiation of NDV virulent
isolates by qRT-PCR"2.

RESULTS AND DISCUSSION

Infectious process. The NDV used in the study was iden-
tified as genotype VlI, subgenotype VII.1.1, and proved to
be contagious for chickens across all experimental groups.
The virus demonstrated efficient transmission from in-
fected to contact birds, resulting in 100% lethality in both
directly inoculated and contact-exposed poultry. Table 1
summarizes the key parameters of the infectious process
for each experimental group.

The shortest incubation period (2 days) was observed
with intramuscular and oral inoculation, while the longest
(3 days) occurred with the intranasal route. This finding
aligns with data from the WOAH and other sources [23, 25].

The time to death was shortest with intramuscular in-
fection, intermediate with oral infection, and longest with
intranasal infection (5, 6, and 7 days, respectively). Birds in
all experimental groups, both infected and contact, shed
the virus in their droppings and oropharyngeal secretions.
The course of infection in contact chickens generally mir-
rored that of the experimentally infected birds.

Experimental inoculation routes that mimic natural
infection — with the exception of the parenteral (intra-
muscular) route - resulted in an acute infectious process
characteristic of velogenic NDV strains. Clinically, disease
manifestation in contact chickens occurred almost simul-
taneously with that in directly inoculated birds, indicating
high virus transmissibility and pathogenicity.

Clinical signs. The analysis included data from the in-
fectious process as well as the clinical signs observed in
both experimentally infected and contact birds. Table 2
demonstrates the variability of Newcastle disease clinical
signs in chickens from different experimental groups.

Nonspecific signs, including hyperthermia (Fig. 1), diar-
rhea, inappetence, and depression (Fig. 2) were observed
in all experimental groups. During episodes of diarrhea,
the feces were watery and green in color.

Following the incubation period, intramuscularly in-
fected birds developed a more severe and rapid disease
course, leading to early mortality. However, the clinical
presentation was often ambiguous and limited to non-spe-
cific signs. In addition, birds infected via the intramuscular
and oral routes exhibited pronounced neurological signs.
Respiratory signs - including coughing, sneezing, and

8 MU 47-16. Recommended practice of RNA identification and
differentiation of NDV virulent isolates by qRT-PCR: approved by
Rosselkhoznadzor on 06.06.2016. Vladimir; 2016. 11 p. (in Russ.)
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wheezing — were observed in the orally and intranasally
infected groups. Notably, nasal discharge was specific only
to the intranasal infection route. Neither the directly inoc-
ulated chickens nor the contact-exposed birds exhibited
ocular discharge or conjunctivitis. This finding contrasts
with reports from numerous authors, who identify these
clinical signs as characteristic of NDV infection [25, 37].
The clinical presentation of Newcastle disease in contact-
exposed birds across all three groups mirrored that of the
intramuscularly inoculated birds.

Post-mortem examination. Post-mortem examination
revealed no gross pathological lesions characteristic of
Newcastle disease in the viscera of birds that died with-
in 24 hours of clinical onset. The birds exhibited below-
average body condition and ruffled plumage. The beak and
eyes were closed, no discharge observed. Minor petechiae
were observed on the serosal surface of the sternum.
Visceral changes included mild mucosal hyperemia of
the intestine, without hemorrhages or necrotic foci, and
slight splenomegaly. Cerebral edema with marked vascu-
lar hyperemia and scattered petechial hemorrhages were
observed.

Birds that succumbed > 24 hours post-onset exhibited
distinct pathological changes that varied with the route
of exposure and clinical presentation. The birds exhibited
below-average body condition and ruffled plumage. The
cloaca was occluded, with the surrounding feathers soiled
by greenish fecal material. Serous edema was present with-
in the subcutaneous and interstitial tissues of the head,
neck, and particularly the thoracic region. Pallor, some-
times progressing to cyanosis, was noted in the comb
and wattles. Birds that succumbed following intranasal
infection had exudate accumulated on the beak surface
and around the nares. The oral mucosa in all experimental
groups was cyanotic and exhibited catarrhal inflammation.
The mucosa of the pharynx and esophagus was erythem-
atous with multifocal hemorrhages. The oral cavity and
pharynx contained abundant mucous exudate (Fig. 3).
Hemorrhages were noted on the posterior pharyngeal wall
and trachea (Fig. 4) in orally and intranasally infected birds.
The blood within the cardiac chambers and major vessels
was clotted. In some cases, the myocardium was flaccid.
The lungs were hyperemic and edematous. The spleen was
cyanotic and the capsule was tense. Diffuse hyperemia
was present throughout the intestinal mucosa, accom-

Table 2
Influence of exposure route on the dinical manifestation of Newcastle
disease in chickens

(linical signs

Depression + + +

Contact
birds

Loss of appetite + + +

Diarrhea + + +

Hyperthermia + + +

Coughing, sneezing - + +

Wheezing - + +

Nasal discharge - - +

Ocular discharge, conjunctivitis - - -

Neurological symptoms
(unsteady gait, torticollis, +
tremors of the head and limbs)

panied by multifocal hemorrhages and areas of necrosis.
The lymph nodes were enlarged. In some cases, the liver
was flaccid and mottled, while the kidneys were enlarged,
extending beyond the renal fossae. Cerebral edema with
marked vascular hyperemia and scattered petechial hem-
orrhages were observed.

Birds that succumbed 72-96 hours post-onset exhibi-
ted distinct gross pathological lesions upon both external
and internal examination. The birds were emaciated, with
ruffled plumage soiled by liquid, greenish fecal material.
Scalp, comb and wattles were cyanotic, without hemor-
rhage. Petechiae and small ecchymoses were present
on the pancreatic serosal surface. The mucosal lining of
the gizzard was loose and easily detached. In some birds,
the mucosa at the junction of the pancreas and the pro-
ventriculus was hyperemic and exhibited band-like hemor-
rhages (Fig. 5). The spleen was dark in color, with nectrotic
foci. The intestine exhibited catarrhal inflammation, with
hemorrhages and necrotic foci involving the intestinal
tonsils and associated lymphoid tissue. Cerebral edema

Fig. 1. Hyperthermia in infected chicks

Fig. 2. Ruffled feathers and general depression (right chick)
and a clinically healthy contact chick (left)
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Fig. 3. Accumulation of mucosal exudate in the mouth
and pharynx

o

Fig. 4. Submucosal hemorrhages in the posterior
oropharynx and trachea

Fig. 5. Hemorrhagic banding at the proventricular-
ventricular junction

with marked vascular hyperemia and scattered petechial
hemorrhages were observed (Fig. 6).

The overall pathological presentation observed in this
study aligns with the characteristic lesions of Newcastle
disease documented in prior literature [23, 37]. Neuro-
pathological changes were present in all experimental
birds, irrespective of clinical presentation, infection route,
or time of death. Although some sources report no signif-
icant splenic changes in Newcastle disease, splenomegaly
and discoloration were frequently observed pathological
signs in the present study [38]. The development of specific
lesions was contingent on survival beyond the incubation
period; in birds surviving more than 24 hours post-incu-
bation, pathological changes appeared and intensified as
the clinical disease advanced. In cases of acute disease re-
sulting in early mortality, pathological changes were mild
and nonspecific; consequently, gross necropsy was not a
reliable method for postmortem diagnosis of Newcastle
disease.

CONCLUSION

Investigating the biological properties of NDV geno-
type VIl strains and the resulting infectious process is es-
sential for refining prevention strategies and preventing
new outbreaks.

Fig. 6. Cerebral edema with associated hemorrhages

This study experimentally confirmed the conta-
giousness of the NDV isolate NDV/chicken/rus/Sara-
tov/2403-3/22 (genotype VII, subgenotype VII-L) in chick-
ens via intramuscular, oral, and intranasal infection routes.
It also demonstrated the virus’s ability to be shed into the
environment through the respiratory and digestive tracts.
An infecting dose of 6.0 Ig EIDs, was uniformly lethal for
30-day-old SPF chicks, resulting in 100% mortality under
the experimental conditions.

The specific clinical presentation of Newcastle disease
varied with the infection route. Neurological signs predom-
inated in intramuscularly infected and contact-exposed
birds, while respiratory signs were primary following intra-
nasal inoculation. Orally infected birds exhibited a mixed
clinical presentation, featuring both neurological and re-
spiratory symptoms. Necropsy revealed that the patholog-
ical presentation of Newcastle disease is highly variable.
The spectrum of lesions was influenced more by the time
from disease onset to death than by the route of infection.

The velogenic isolate NDV/chicken/rus/Saratov/
2403-3/22 (genotype VII-L) induced the most severe dis-
ease and highest mortality in birds following intramus-
cular administration. Although intramuscular infection is
a non-natural route, it is a standard method for challenge
tests and is recommended by the WOAH for evaluating
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Newcastle disease vaccine efficacy. Therefore, intramuscu-
lar route for inoculation of a virus-containing suspension
of NDV/chicken/rus/Saratov/2403-3/22 isolate is optimal
for the experimental modeling of Newcastle disease
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Antibiotic resistance of bacterial pathogens circulating
on a dairy farm in Sverdlovsk Oblast

Natalia A. Bezborodova, Maria N. Isakova, Olga V. Sokolova, Vladlena D. Zubareva, Chulpan R. Yusupova, Anna N. Vasilyeva
Ural Federal Agrarian Scientific Research Center, Ural Branch of the Russian Academy of Sciences, ul. Belinsky, 112a, Ekaterinburg 620142, Russia

ABSTRACT

Introduction. Currently, there is a need to develop a unified strategy for rational antibiotic therapy, including monitoring the sensitivity of microorganisms, medicinal
product rotation, and the use of alternative treatment methods to reduce the spread of antibiotic-resistant bacterial isolates.

Objective. Identification of bacterial pathogens that cause mastitis in cows, with an assessment of their resistance to antimicrobial medicinal products used
at a livestock farm located in Sverdlovsk Oblast, for subsequent rotation of antimicrobial agents and the development of individual recommendations.

Materials and methods. The research was conducted in 2022-2024 on the basis of an agricultural farm located in Sverdlovsk Oblast. The identification of grown
colonies was performed using MALDI-ToF mass spectrometry, susceptibility to antimicrobials medicinal products was determined by the disk diffusion method,
and antibiotic resistance genes were detected by gPCR.

Results. In 2022, test results showed the presence of Streptococcus spp. (70.6%), Escherichia coli (52.9%), Staphylococcus aureus (35.3%), and Streptococcus agalactiae
(23.5%) in mammary gland secretions. Isolates of Escherichia coli and Staphylococcus aureus were resistant to several groups of antimicrobials: aminoglycosides,
penicillins, tetracyclines and fluoroquinolones (ciprofloxacin), and vancomycin. Resistance genes were identified: blaDHA, blaCTX-M, and blaOXA-10 in Escherichia
coli (5%); ErmB in the group of bacteria Staphylococcus and Streptococcus (4%); MecA in Staphylococcus aureus (isolated cases). Upon repeated testing in 2023, it was
observed that all isolated bacteria (Staphylococcus aureus, Escherichia coli, Enterobacter spp., Streptococcus spp., Enterococcus faecalis/faecium) were sensitive to all
antimicrobials medicinal products. The blaVIM and blaNDM genes were detected in one Pseudomonas aeruginosa isolate. The test results obtained in 2024 showed
the predominance of Escherichia coli and Staphylococcus spp. (100%), Klebsiella pneumonia (30%), Enterobacter spp. (20%), Enterococcus faecalis/faecium (10%)
in mammary gland secretion samples. Eight different antimicrobial resistance genes were identified, along with the detection of carbapenem-resistant bacteria and
vancomycin-resistant Enterococcus spp. (VanB gene). Based on laboratory tests conducted in 2022-2024 at a livestock farm in Sverdlovsk Oblast, measures to control
antimicrobial resistance in bovine mastitis pathogens have been developed and tested.

Conclusion. Replacement of outdated treatment regimens (tetracyclines, aminoglycosides, cephalosporins of the Il generation) with cephalosporins of the I/1lI/IV
generations and fluoroquinolones temporarily reduced resistance. However, returning to the previous protocols in 2024 caused a sharp increase in multidrug resistance.
Therefore, recommendations have been provided. These include continuous monitoring of pathogen resistance, strict adherence to antibiotic rotation schedules,
long-term application of the revised treatment protocols, and the implementation of additional molecular genetic methods to detect bacterial resistance genes. These
measures are aimed at controlling the situation at the livestock farm.

Keywords: monitoring, antibiotic resistance, antimicrobials, antimicrobial rotation, laboratory testing, cattle, disinfectants

Acknowledgements: The study was funded from the budget as part of the fulfillment of state task No. 0532-2021-0004 “Development of methodological approaches
to monitoring, control and containment of antibiotic resistance of opportunistic microorganisms in livestock farming”.

For citation: Bezborodova N. A., Isakova M. N., Sokolova 0. V., Zubareva V. D., Yusupova Ch. R., Vasilyeva A. N. Antibiotic resistance of bacterial pathogens circulating
on a dairy farm in Sverdlovsk Oblast. Veterinary Science Today. 2025; 14 (4): 410—417. https://doi.org/10.29326/2304-196X-2025-14-4-410-417

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

For correspondence: Anna N. Vasilyeva, Junior Researcher, Department of Veterinary and Laboratory Diagnosis and Testing Laboratory,
Ural Federal Agrarian Scientific Research Center, Ural Branch of the Russian Academy of Sciences, ul. Belinsky, 112a, Ekaterinburg 620142, Russia, milka0411@ya.ru

YIK 619:579.831:615.331.015.8:631.14:636

AHTUONOTUKOPE3NCTEHTHOCTb BaKTEPUANBHDIX
NaToreHoB, LIMPKYNNPYIOLLMX HA MONIOYHOTOBAPHOM
npeanpuaTiAn CBepANOBCKOIi 06MacTu

H. A. be36opopoBa, M. H. UcakoBa, 0. B. CokonoBa, B. [l. 3y6apesa, Y. P. l0cynoBa, A. H. BacunbeBa
OBHY «Ypanbckuit denepanbHblil arpapHblii HayuHO-UCCIe0BATENbCKMIA LieHTP Ypanbckoro oTaeneHna Poccuitckoli akazieMmi Hayk»
(OTBHY YpOAHUL, YpO PAH), yn. benunckoro, 112a, r. Ekatepunbypr, 620142, Poccua

PE3IOME

BBepeHue. B HacToALee BpeMaA BO3HIKIA HE0OX0AMMOCTb pa3paboTku eAnHOI CTpaTeruy paLnoHanbHoi aHTMOMOTMKOTEPaNUK, BKIOYAKLLER MOHUTOPUHT
YyBCTBUTENbHOCTA MUKPOOPraHU3MOB, POTaLIMio MPenapaToB U 1CMoNb30BaHMe anbTepHaTUBHBIX METO0B NeueHKs, M03BONAIOLLMX COKPATUTL PacnpocTpaHeHme
QHTUOMOTUKOPE3UCTEHTHDBIX U30NATOB baKTepuil.

Lienb uccnepgoBanua. Onpesienenve 6akTepuanbHbIX NaToreHoB, BbI3bIBALLMX MACTUT Y KOPOB, C OLIEHKON X YCTOAYMBOCTH K aHTUMUKPOOHBIM NpenapaTtam,
NpUMeHAeMbIM Ha XXMBOTHOBOAYECKOM NpeANpUATIM, PaCNONOXKEeHHOM Ha Tepputopui (BepANOBCKOA 06nacTu, AnA nocnenyiolLeil poTaumu aHTUMUKPOOHBIX
CpecTB W pa3paboTKu MHANBMAYANbHBIX PeKOMEHAALNIA.

Marepuanbi u metogbl. MccnenoBaxna npoeesbl B 2022—2024 rr. Ha 6a3e cenbckoxo3ailcTBeHHoro npeanpuatua (Bepanosckoit obnactu. Maentudukaumio
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BbIPOCLLIX KONOHUIA npou3BoAWAN MeTogom MALDI-ToF macc-cnekTpomeTpum, YyBCTBUTENbHOCT K aHTUMIKPOOHbIM Npenapatam onpeaenany aucko-Anddy3unox-
HbIM METOLOM, reHbl Pe3UCTEHTHOCTY K aHTUOMOTUKaM BbIABNANN C TOMOLLbIO NONMMEPA3HOI LIeNHOIA PeakL B PeXMMe peanbHoro BpeMeHU.
Pe3ynbratbl. B 2022 1. pe3ynbTatbl McCe0BaHMiA NOKa3ann Hannume B cekpeTe MONOYHOI Xene3bl Streptococcus spp. (70,6%), Escherichia coli (52,9%), Staph-
ylococcus aureus (35,3%), Streptococcus agalactiae (23,5%). W3onatol Escherichia coli w Staphylococcus aureus o6napanu pe3ncteHTHOCTbIO K HECKONbKUM Fpynnam
AHTUMUKPOBHBIX NpenapaToB: aMUHOMMKO3MAAM, NEHULMANMHAM, TETPALMKAMHAM U GTOPXMHONOHAM (LUNPOGNOKCALMHY), BAHKOMULIMHY. YCTAHOBUAM reHbl
ycroitumsocT: blaDHA, blaCTX-M n blaOXA-10 —y Escherichia coli (5%); ErmB — y rpynnbl 6akTepuii Streptococcus (4%); MecA — y Staphylococcus aureus (eaHNYHO).
[Tpu noBTOpHOM MccnegoBaHmy B 2023 r. Habnioganu, uTo Bce M30nMpoBaHHble bakTepun (Staphylococcus aureus, Escherichia coli, Enterobacter spp., Streptococcus spp.,
Enterococcus faecalis/faecium) 6binu uyBCTBUTENbHBI KO BCEM aHTUMUKPOGHBIM Npenapatam. Y ofHoro usonata Pseudomonas aeruginosa BbiABNEHbI reHbl
blaVIM, blaNDM. Pe3ynbratsl, nonyyeHHble B 2024 1., nokasanu npeobnaganue B npobax cekpeta MonouHoit xenesbl Escherichia coli v Staphylococcus spp. (100%),
Klebsiella pneumonia (30%), Enterobacter spp. (20%), Enteracoccus faecalis/faecium (10%). bbinu BbiABNEHbI 8 Pa3NNUHbIX reHOB PE3UCTEHTHOCTU K aHTUMUKPO6-
HbIM NpenapaTam, Takxe 06HapyxeHbl kapbaneHem-ycToiiunBble 6akTepun 1 BaHKOMULMH-yCTolunBbIA Enterococcus spp. (ren VanB). Ha ocHoe nabopatopHbix
UCCnenoBaHuii, nposeaeHHbIx B 2022—2024 . Ha X1BOTHOBOAYECKOM NpeanpuaTn (BepAnoBckoi 06macti, pa3paboTaHbl U anpobupoBaHbl Mepbl KOHTPONA
AHTUMUKPOBHOI pe3nCTEHTHOCTY BO30yAUTENeil MacTUTa Y KOPOB.
3aKnioueHne. 3ameHa ycTapeBLLNX CXeM NeyeHus (TETPaLMKINHBI, AMUHOMMKO3MAbI, LedanocnopuHbl Il nokonexua) Ha uedanocnopuksl I/111/1V nokonenuii
11 GTOPXMHONOHBI BPEMEHHO CHI3UNA PE3UCTEHTHOCTb. Bo3BpaT K NpexHum cxemam B 2024 1. BbI3Ban pe3Kuii pocT NONMpe3NCTeHTHOCTI. B ¢BA3M ¢ yem faHbl pe-
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INTRODUCTION

The irrational use of antimicrobials in animal
husbandry has led to livestock becoming a reser-
voir of antibiotic-resistant bacteria. Resistant strains
of microorganisms pose a threat not only to animal
health, but also to human health as they can also
enter the human body with products of animal or-
igin (meat, eggs, and dairy products). There is now
a pressing need to develop a unified strategy for
the rational use of antimicrobials, which includes
monitoring of microbial susceptibility, rotation of
veterinary medicinal products and use of alterna-
tive methods that allow reducing their use. Import-
ant measures also include a transition to extensive
farming systems, reducing animal stress, and main-
taining high hygiene standards. Scientists worldwide
emphasize the global nature of the antimicrobial re-
sistance (AMR) problem and the importance of in-
ternational cooperation in solving it [1, 2, 3, 4]. For-
eign authors stress the need for coordinated global,
regional, and national strategies, based on the “One
World, One Health”approach, to reduce the use of an-
timicrobials and find alternatives [5, 6, 7]. The World
Health Organization and the World Organization for
Animal Health have developed lists of critically im-
portant antibiotics for human medicine and veteri-
nary medicine in order to limit their irrational use [3].

Russian scientists have experimentally established
that the repeated use of the same antibiotics in treat-
ment and prevention protocols both in cattle and
in poultry leads to the AMR development in patho-
genic microflora. This reduces efficacy of veterinary
medicinal products, negatively impacts productivity,
and increases risks to animal health [8, 9, 10].

Experience from leading international medi-
cal researchers indicates that the periodic rotation
of antibiotics can help reduce the risk of AMR devel-
opment. Rotation of veterinary medicinal products
can significantly increase the susceptibility of anti-
biotic-resistant bacterial strains. Modified treatment
protocols, routinely applied in practice, can yield
positive results even after several years. The authors
have also conducted multi-center studies to confirm
these findings and to optimize both the frequency
and rotation options of antibiotics [11, 12].

Experts agree that an effective countermeasure
against AMR necessitates an integrated approach,
combining optimized antibiotic therapy, stringent
infection control, innovative methods (such as rap-
id resistance diagnostics), and AMR monitoring
to achieve maximum effect [13, 14].

Modern Russian publications also take into
account the ecological status of the territories
of the Russian Federation when developing measures
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to control AMR. Authors discuss enhanced monitor-
ing of radionuclides and heavy metals in feed, as well
as antibiotic resistance on farms in industrial zones,
alongside the development of adaptive livestock
farming technologies to reduce animal stress in pol-
luted areas [15]. Researchers emphasize the need
for widespread application of alternative methods,
such as vaccination, probiotics, phytobiotics, bacte-
riophages, bacteriocins, rotation of antibiotics, and
controlled application of these alternative methods
in industrial livestock and poultry farming [1, 16, 17].
However, despite promising results from using these
methods, most of them require additional research,
particularly within the context of specific agricultural
farms [17,18, 19, 201.

Research aimed at identifying antibiotic resis-
tance in bacterial pathogens is highly relevant due
to the complex AMR situation in animal husbandry,
which poses a serious threat to both animal and hu-
man health through the food chain. The irrational
use of antimicrobials has led to the emergence and
spread of resistant microbial strains, significantly
reducing treatment efficacy and necessitating new
approaches to managing infectious diseases in live-
stock. In Sverdlovsk Oblast, a region with developed
livestock sectors, the AMR problem is particularly sig-
nificant, underscoring the need for localized mon-
itoring and development of tailored recommenda-
tions for specific farms.

The novelty of this study is twofold. First, it pro-
vides a comprehensive analysis of the dynamics
of the microbial landscape and the resistance pro-
files of mastitis pathogens on the operational farm
in Sverdlovsk Oblast. Second, it develops and vali-
dates a practical algorithm for rotating antimicrobi-
als, based on regular molecular genetic monitoring,
which has proven effective in a commercial herd.

This study aimed to identify the primary bacterial
pathogens responsible for mastitis in cows on the
farm in Sverdlovsk Oblast and assess their resistance
to antimicrobials. The findings provide a basis forim-
plementing an antimicrobial rotation strategy and
delivering tailored farm-specific recommendations.

MATERIALS AND METHODS

This research was conducted as part of the Rus-
sian Ministry of Science and Higher Education’s
state assignment “Development of Methodolog-
ical Approaches for Monitoring, Controlling, and
Containing Antibiotic Resistance of Opportunistic
Microorganisms in Animal Husbandry” (No. 0532-
2021-0004). The work was carried out across sev-
eral departments of the Ural Federal Agrarian Sci-
entific Research Centre, Ural Branch of the Russian
Academy of Sciences: the Department of Genomic
Research and Animal Selection, the Laboratory
of Microbiological and Molecular Genetic Research
Methods, and the Laboratory of Biological Technolo-
gies within the Department of Veterinary Laboratory
Diagnostics and its testing facility.

The study involved monitoring circulation
of pathogenic and opportunistic microorganisms,
determining their susceptibility to standard an-
tibiotics and the antimicrobials/disinfectants in
use, identifying resistance genes, and developing

recommendations for rotating antimicrobials used
in treatment of bovine mastitis. This was imple-
mented and evaluated over a three-year period
(2022, 2023, 2024) on the dairy farm located in
Sverdlovsk Oblast.

Sampling was conducted as follows: in 2022,
10 samples of mammary-gland secretion were
collected from cows with clinical mastitis; in 2023,
3 composite samples were collected from 15 cows
with subclinical mastitis on the same farm; and in
2024, 16 samples were collected.

Microbiological tests were performed in accor-
dance with the “Methodological Guidelines for
the Bacteriological Examination of Milk and Udder
Secretions from Cows” (No. 115-69, approved by the
Main Veterinary Directorate of the USSR Ministry of
Agriculture on December 30, 1983)".

The following nutrient media were used in this
study: “Columbia Blood Agar Base” (Bio-Rad Labora-
tories, Inc., France), defibrinated sheep blood (EKO-
lab, Russia), dry nutrient medium for accumulation
of Salmonella (magnesium medium), bismuth sulfite
agar, Ploskirev’s agar, GRM nutrient agar for micro-
organism cultivation (State Research Center for Applied
Microbiology and Biotechnology, Russia), Sabouraud
Dextrose agar with 2% glucose and chlorampheni-
col, Mueller — Hinton agar (SIFIN diagnostics GmbH,
Germany), and trypticase soy broth with 20% glyce-
rol (Condalab, Spain).

Grown colonies were identified using MALDI-ToF
mass spectrometry (Matrix-Assisted Laser Desorp-
tion/lonization Time-of-Flight) on a Vitek® MS device
(bioMérieux, France). For this purpose, bacterial bio-
mass was applied to atarget slide spot, then covered
by 1 uL of matrix (a-cyano-3-hydroxycinnamic acid),
and air-dried at room temperature, and its ribosom-
al mass spectra were read with a special device and
were compared with ones from the database using
the MYLAZ® software (bioMérieux, France).

Antibiotic susceptibility was determined by
a disk-diffusion test on Mueller — Hinton agar (Bio-
Rad Laboratories, Inc., France) following European
Committee on Antimicrobial Susceptibility Test-
ing (EUCAST) standard guidelines and disks impreg-
nated with preparations of a specific concentration
(Bio-Rad Laboratories, Inc., France). Antibiotic sus-
ceptibility patterns were read by an ADAGIO auto-
matic analyzer (Bio-Rad Laboratories, Inc., France).
Interpretation of susceptibility categories was per-
formed following EUCAST criteria: Clinical break-
points-bacteria (v 10.0).

The antibiotic disks used in the study included:
amoxicillin / clavulanic acid, gentamicin, oxytet-
racycline, tigecycline, levofloxacin, norfloxacin,
cefepime, cefixime, cefoperazone, cefotaxime, cef-
podoxime, ceftazidime, ceftriaxone, ciprofloxacin,
and ceftiofur (Bio-Rad Laboratories, Inc., France).
Microbiological tests also included determining sus-
ceptibility to combined antibacterials used on the
farm for treating bovine mastitis (2023-2024), which
contained antibiotics from the following classes:
cephalosporins, aminoglycosides, tetracyclines, and
polypeptide antibiotics.

! https://base.garant.ru/72125912/?ysclid=mguhhtg7xh175440448 (in Russ.)
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Table 1
Antibiotic resistance and the presence of AMR genes in bacterial pathogens isolated from cow mammary gland
secretions, 2022 (n=10)

Bacterium Resistance of the isolated bacteria
; ) A AMR genes

species to the following antimicrobials

. Aminoglycosides, blaDHA, blaCTX-M, bla0XA-10 (in 5% of cases);
E coli e ; . ) -

penicillins, tetracyclines resistance to S-lactams (cephalosporins and protected penicillins)
S. aureus FIuoroqumoanes (aproﬂgxacm), MecA (in a single case); resistance to cephalosporins of the Il generation
vancomycin, tetracyclines

Streptococcus spp. Susceptible to antimicrobials ErmB (in 4% of cases); resistance to macrolides, lincosamides, streptogramines

The isolated microbial cultures were frozen
at —20 °C in tubes containing trypticase soy broth
with 20% glycerol as a cryoprotectant.

Real-time polymerase chain reaction was per-
formed using the Diatom™ DNA Prep 200 kit (Lab-
oratory Isogene, Russia) for DNA extraction from
biological materials and the “COMPLEX RESISTOM
ESKAPE-V"reagent kit (Lytech, Russia) - for detecting
pathogen DNA and antibiotic resistance genes. Am-
plification was performed in real time using a Quant-
Studio 5 system (Thermo Fisher Scientific Inc., USA).

Based on the laboratory findings, tailored rec-
ommendations for antibacterial therapy of bovine
mammary gland diseases were developed. Anti-
biotic selection followed established methodologi-
cal guidelines [21], ensuring a scientifically ground-
ed approach to rotation of antibiotics, and complied
with Order No. 771 of the Ministry of Agriculture of
the Russian Federation (November 18, 2021)? on re-
strictions governing use of antimicrobials in veteri-
nary medicine.

The obtained data were processed using Micro-
soft Excel software (Microsoft Office Pro 19).

RESULTS AND DISCUSSION

In 2022, microbiological tests using MALDI-ToF
mass spectrometry of the collected biological mate-
rials (10 samples of mammary gland secretion from
cows) revealed the following bacterial isolates: Strep-
tococcus spp. (present in 70.6% of samples), Strep-
tococcus agalactiae (23.5%), Staphylococcus aureus
(35.3%), and Escherichia coli (52.9%).

Data on the antibiotic resistance and the presence
of AMR genes in these bacterial pathogens are pre-
sented in Table 1.

When determining antibiotic resistance by a disco
diffusion test, it was found that all identified E. coli
isolates were resistant to several groups of antimi-
crobials (aminoglycosides, penicillins, tetracyclines)
and sensitive to cefoxitin (cephalosporin of the
Il generation), ciprofloxacin (fluoroquinolone of the
Il generation). S. aureus, isolated from all 10 samples,
was resistant to ciprofloxacin (fluoroquinolone of the
Il generation), vancomycin (a glycopeptide antibio-
tic), tetracyclines and was sensitive to chloramphen-
icol, cefoxitin, and in single cases it was sensitive

2 https://fsvps.gov.ru/files/prikaz-minselhoza-rossii-ot-18-nojabrja-2021-
2/?ysclid=mgqesh36jf335708795 (in Russ.)

to tobramycin (aminoglycoside) and linezolid (oxaz-
olidinone). Streptococci isolates were susceptible to
all tested antimicrobials. Notably, isolates of S. aureus
and E. coli also exhibited resistance to chlorhexidine-
and iodine-based disinfectants used for pre- and
post-milking udder hygiene.

Key resistance genes were detected by qPCR:
blaDHA, blaCTX-M, blaOXA-10 genes (conferring re-
sistance to B-lactams - cephalosporins and protec-
ted penicillins) were detected in 5% of E. coliisolate;
ErmB gene (responsible for resistance to macrolides,
lincosamides, and streptogramins) was found in 4%
of Streptococcus spp. isolates; MecA gene (regulating
resistance to cephalosporins of the Il generation) was
identified in one S. aureus isolate.

Based on these findings, the following evi-
dence-based recommendations were developed
to enhance therapeutic efficacy and curb the further
spread of antibiotic resistance. Priority antimicrobials
for mastitis treatment were recommended: cefazolin,
ceftiofur, cefquinome (representing cephalosporins
of the |, lll, and IV generation, respectively), and cip-
rofloxacin (fluoroquinolone of the Il generation). Pre-
viously used multi-component medicinal products
containing tetracyclines, aminoglycosides, macro-
lides, and cephalosporins of the Il generation were
recommended for removal from treatment proto-
cols. It was recommended to use antimicrobials of
penicillin group with caution. With regard to hygiene
and monitoring it was recommended to implement
regular disinfection control of milking equipment
and conduct a semi-annual (every 6 months) AMR
monitoring program of detected pathogens.

In 2023, microbiological tests performed by the
disk diffusion test on 3 pooled samples of mammary
gland secretion obtained from 15 cows with subclin-
ical mastitis revealed that single E. coli and S. aureus
isolated from the biological material by MALDI-ToF
mass spectrometry, possessed resistance to cipro-
floxacin. Other bacterial isolates (S. aureus, Esche-
richia, Enterobacter, Streptococcus spp., Enterococcus
faecalis/faecium) were susceptible to all tested an-
timicrobials. It should be noted that the E. coli and
S. aureus isolates exhibited susceptibility to chlor-
hexidine- and iodine-based agents used for udder
disinfection before and after milking. Using the gPCR
method, the blaVIM and blaNDM genes, responsible
for resistance to carbapenems, were detected in
a single Pseudomonas aeruginosa isolate. The other
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Table 2

Antibiotic resistance and the presence of AMR genes in bacterial pathogens isolated from cow mammary gland

secretions, 2024 (n = 16)

Resistance of the isolated bacteria

BRI TIETEEES to the following antimicrobials

AMR genes

bla0XA-10 (in 30% of cases), blaCTX-M (sporadic);

. ) )
E. coli Cephalosporins, carbapenems (100%) resistance to cephalosporins
S. aureus Cephalosporins, carbapenems (100%) Not detected

o ]
Staphylococcus spp. Cephalosporins, carbapenems (100%) Mech (in 50% of cases);

resistance to f-lactams

K. pneumoniae Susceptible to antimicrobials

blaKPC, blaOXA-48-like (in 50% of cases);
resistance to carbapenems

Enterobacter spp. Susceptible to antimicrobials

blaGes, blaDHA (in 30% of cases);
resistance to carbapenems, protected penicillins and cephalosporins

E. faecalis/faecium Susceptible to antimicrobials

VanB (in a single case);
resistance to glycopeptides (vancomycin)

bacterial isolates exhibited no genetic mutations,
indicating rational use of antibacterials on the farm
during the study period and the future possibility
of using a broader spectrum of antimicrobials in
the treatment of inflammatory diseases of the mam-
mary gland in cows, taking into account their iden-
tification of the phenotypic antibiotic susceptibility.

Throughout 2022-2023, it was established that
the detected isolates were resistant to the agents
used for treatment after milking. So, the use of com-
binations of disinfectants with different mechanisms
of action was recommended to optimize hygien-
ic measures during milking. A product based on
a polyvinylpyrrolidone-iodine complex was pro-
posed as the disinfectant of choice for post-milking
teat treatment.

Microbiological tests conducted on the same
farmin 2024 showed the predominance of E. coliand
Staphylococcus spp. (100% of samples) in 16 samples
of mammary gland secretions collected from cows
with mastitis; in contrast, K. pneumoniae (30%), En-
terobacter spp. (20%) and E. faecalis/faecium (10%)
were less frequently detected.

Data on antibiotic resistance and the presence of
AMR genes in bacterial pathogens isolated from cow
mammary gland secretions in 2024 are presented
in Table 2.

The disk diffusion test revealed that all E. coli,
S. aureus, and Staphylococcus spp. isolates exhibited
resistance to cephalosporins and carbapenems. The
blaOXA-10 genes, conferring resistance to cephalo-
sporins, were detected in 30% of E. coli isolates by
gPCR, and in single cases the blaCTX-M genes were
detected. The blaKPC and blaOXA-48-like genes re-
sponsible for carbapenem resistance were identified
in 50% of K. pneumoniae isolates. The MecA gene,
conferring B-lactam resistance, was confirmed in
50% of Staphylococcus spp. isolates. 30% of the En-
terobacter spp. isolates harbored resistance genes
(blaGes, blaDHA) that confer resistance to carbap-
enems protected by penicillins and cephalosporins.
E. faecalis/faecium carrying the VanB gene, associa-
ted with glycopeptide (vancomycin) resistance, were
detected in single cases. Thus, microbial cultures

isolated in 2024 from bovine mammary gland secre-
tions exhibited 8 distinct AMR genes. The findings
demonstrate a high prevalence of multi-drug resis-
tance in the bacterial flora of mammary secretions,
including resistance to reserve antibiotics.

All isolates detected in 2024 demonstrated sus-
ceptibility to the post-milking teat disinfectant con-
taining polyvinylpyrrolidone-iodine complex that
was recommended in 2023.

Based on the research findings, the following
recommendations were provided to the farm: re-
vision of mastitis treatment protocols with manda-
tory susceptibility testing of identified pathogens,
enhanced biosafety measures (equipment disinfec-
tion, animal quarantine), implementation of regular
antibiotic resistance monitoring. The recommenda-
tions emphasized that critically important antibiotics
(cephalosporins and fluoroquinolones of the Il and
IV generation) should be strictly restricted to use as
a last-line therapy in exceptional cases only, to pre-
serve their efficacy.

CONCLUSION

Microbiological tests and MALDI-ToF mass spec-
trometry identified the following dominant bacteri-
al pathogens in bovine mammary gland secretions:
in 2022 - Streptococcus spp. (70.6%), S. agalactiae
(23.5%), S. aureus (35.3%), and E. coli (52.9%) iso-
lates; in 2023 - antimicrobial-susceptible S. aureus,
Escherichia coli, Enterobacter spp., Streptococcus spp.,
E. faecalis/faecium, and P. aeruginosa isolates, and in
single cases - ciprofloxacin-resistant E. coli and ci-
profloxacin-resistant S. aureus; in 2024 - E. coli and
Staphylococcus spp. were detected in 100% of sam-
ples, alongside newly emerging pathogens: K. pneu-
moniae (30%), Enterobacter spp. (20%), and E. faeca-
lis/faecium (10%).

In 2022, E. coli exhibited resistance to amino-
glycosides, penicillins, tetracyclines, with 5% of
isolates carrying several resistance genes blaDHA,
blaCTX-M and blaOXA-10 conferring resistance
to cephalosporins and protected penicillins; S. aureus
demonstrated resistance to fluoroquinolones, van-
comycin, tetracyclines, and the MecA gene resistant
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to cephalosporins of the Il generation was identified
in a single isolate; 4% of Streptococcus spp. group
bacteria had the resistance gene to macrolides, lin-
cosamides, streptogramins. In 2023, no AMR genes
were detected in the tested isolates, except for one
P. aeruginosa isolate, which carried the carbapenem
resistance genes blaVIM and blaNDM. In 2024, bla-
OXA-10 genes were identified in 30% of E. coli iso-
lates, while blaCTX-M genes, conferring resistance
to cephalosporins, were identified in a single isolate.
In 50% of K. pneumoniae isolates blakPC/OXA-48-like
carbapenem resistance genes were identified, while
the MecA gene conferring B-lactam resistance was
detected in Staphylococcus spp.; the blaGes/DHA
resistance genes to carbapenems, protected pen-
icillins, and cephalosporins were detected in 30%
of Enterobacter spp. A few single isolates of E. fae-
calis/faecium that harbored the VanB gene, which
confers resistance to glycopeptides, were reported.

In 2022 it has been established that multicompo-
nent veterinary medicinal products based on tetra-
cyclines, aminoglycosides, macrolides and cephalo-
sporins of the Il generation should be excluded from
the treatment protocols used in the bovine mastitis
treatment. As an alternative, the use of cefazolin, cef-
tiofur, cefquinome (cephalosporins of the |, Ill, and
IV generation) and ciprofloxacin (fluoroquinolone
of the Il generation) was recommended. The imple-
mentation of an antibiotic rotation system based
on monitoring made it possible to temporarily re-
duce resistance levels in 2023. However, the subse-
quent return to previous treatment protocols in 2024
provoked a sharp increase in multi-drug resistance
among bacterial mastitis pathogens. The obtained
results confirm the need for continuous monitoring
of antibiotic resistance, strict adherence to recom-
mendations for the rotation of antimicrobials, and
the integration of molecular genetic methods into
the veterinary control system as a tool for tracking
the occurrence of AMR genes in bacteria.

In 2022-2023, an increase in resistance of bacteri-
alisolates to the disinfectants used on the dairy farm
was identified. A veterinary medicinal product based
on a polyvinylpyrrolidone-iodine complex was pro-
posed as the disinfectant of choice for post-milking
teat treatment. Control studies in 2024 confirmed the
effectiveness of this measure: no resistance to the
disinfectant was detected, justifying its continued
use at the farm.

The results of the work are of practical importance
for the veterinary service of the farm and can be used
in the development of regional programs for AMR
control in animal husbandry.
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materials and products of animal origin for microbiological
contamination
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ABSTRACT

Introduction. Listeria-contaminated food remains an ongoing concern. Consumption of raw or undercooked animal-derived products contaminated with patho-
genic Listeria results in human infection. The Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing (Rospotrebnadzor) documented
100 listeriosis cases in 2023, with 18 cases resulting in death. In recent years, there has been an increase in Listeria contamination of both domestically produced and
imported food products. Thus, detection of pathogenic Listeria in the products of animal origin, food raw materials, and ready-to-eat products remains a critical task.
Objective. Detecting Listeria monocytogenes contamination in products of animal origin (meat, fish, dairy) manufactured and marketed in the Nizhny Novgorod
Oblast from 2023 to 2024.

Materials and methods. The samples were analysed and pure microbial cultures were identified in accordance with GOST 32031-2022 “Food products. Methods for
detection of Listeria monocytogenes and other Listeria (Listeria spp.)".

Results. Analysis and synthesis of the obtained data revealed that out of 3,650 tested samples, 57 (1.6%) were contaminated with L. monocytogenes bacteria.
The highest number of contaminated samples was found among such product categories as combined semi-finished meat products, beef products, and poultry meat
products. The incidence of L. monacytogenes in samples of fishery products was 1.1%. The highest levels of contamination were detected in the following products:
minced beef (10.7%), poultry meat products wrapped in dough (9.3%), mechanically deboned poultry meat (7.1%), large-cut semi-finished products (4.6%), beef
offal (4.3%), and chopped semi-finished poultry meat products (4.2%).

Conclusion. The test results show that the number of contaminated samples among combined semi-finished meat products was 4.3%, non-compliance with
the safety requirements of beef products was detected in 3.7%; 2.8% of poultry product samples were contaminated with L. monocytogenes bacteria. The num-
ber and percentage of contaminated samples among frozen and refrigerated products did not significantly differ and amounted to 0.7 and 0.8%, respectively.
L. monocytogenes were not detected in samples of dairy and ready-to-eat meat products that do not require heat treatment.
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WHaukauma baktepui Listeria monocytogenes
NPy OLIEHKE MUKPOOUONOrinueckon KOHTaMUHALMK
CbpbA 1 MPOAYKTOB XMUBOTHOTO MPOUCXOXKAEHUSA

. H. Nloraukas’, 0. B. MpyxToBa’, T. B. M6aHoBa’

" Hikeropogckuii dunuan OrbY «OepepanbHblil LEHTP 0XpaHbl 310POBbA XMBOTHbIX» (Huxkeropoackuii dunuan OrbY «BHUN3X»), np. Tarapuna, 97,
r. HwxHuit Horopog, 603107, Poccua

2QOTBY «DeaepanbHblii LieHTp 0XpaHbl 380p0BbA XKNBOTHBIX» (OTBY «BHUIU3X»), yn. [Bapaelickas, 6, mkp. l0pbesew, 1. Bnagumup, 600901, Poccua

PE3IOME

BBepeHue. lTpobnema KoHTaMUHALMM NULLEBLIX NPOAYKTOB UCTEPUAMY He TePAET (BOeH aKTyanbHOCTI. YnoTpebneue B iy o6cemeHeHHbIX NaToreHHbIMM
6akTepuamu popa Listeria npoayKTOB XKMBOTHOTO NPOUCXOMXAEHUA B CHIPOM WA HEOCTATOUHO TepMUYeckin 06paboTaHHOM BUe NPUBOANT K 3aparkeHuto Yeno-
BeKa. o saHHbIM focyaapcTeeHHoro foknaga PocnotpebHaasopa, B 2023 r. B Halweit cTpaHe 6bino 3apeructpuposato 100 ciyyaes nucTepuo3a, U3 KOTOpbIX
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18 — c neTanbHbIM ncxogoM. B nocnegHue roabl HabniogaeTca pocT KOHTAMUHALMK NUCTEPUAMIA NULLEBBIX NPOAYKTOB Kak 0TeUECTBEHHOTO, Tak 11 3apybexHoro
npou3BOACTBa. TaKkiM 00pa3oM, BbIABNEHNE NaTOreHHbIX BIROB Listeria B NpoayKTax XUBOTHOTO NPONCXOXAEHNS, NULLEBOM CbIPbe 11 FOTOBbIX MULLEBbIX NPOAYKTaX
ABNAETCA aKTYaNbHON 3afaueil.

Lienb nccnepoBanua. Onpeenenine KoHTammuHawuy 6aktepuamu Listeria monocytogenes npopyKTOB XMBOTHOTO NPOUCXOXAEHNA (MACHBIX, PbIBHbIX, MOMIOUHDIX),
npou3BeaeHHbIX 1 peani3yemblx B Huxeropogckoii 06nactu B nepuop ¢ 2023 no 2024 r.

Matepuanbl u metogbl. lccnegoBanue npob, a Takke MAEHTUOUKALI YMCTOR KYNbTYPbI MUKPOOPraHM3MOB NpoBoamaNn B cootBeTcTBuM ¢ FOCT 32031-2022
«[TpopykTbl nuLLeBble. MeToabl BbiABNeHUA bakTepuii Listeria monocytogenes w spyrux Bupos Listeria (Listeria spp.)».

Pesynbrartbl. [Ipy aHanu3e v 06061eHUI nonyyeHHbIX AaHHbIX GbIN0 NOKa3aHo, uTo U3 3650 uccnefoBaHHbIX Npob 6akTepuamu L. monocytogenes bbinn KoHTaMu-
HUpoBaHbl 57 06pa3uioB (1,6%). B Takux KaTeropuax npopyKToB, kak nonydabpukatbl MACHbIE CMeLLAHHOr0 COCTaBa, NPOAYKTbI M3 FOBAAMHDI U MACA NTULbI, 6biN0
onpezeneHo HanbonbLuee KONNYECTBO KOHTAMUHUPOBaHHbIX NPob. Mpy nccnegoBaHM NPo6 pbIGHbIX NPOAYKTOB MHLIMAEHTHOCTb L. monocytogenes coctaBuna 1,1%.
HanbonbLuwil ypoBeHb KOHTAMMHALMM OTMEYeH B Takux BIWAAX NPOAYKTOB, Kak dapLu roBaxuii (10,7%), nonydabpukatbl U3 MAca NTULbI B TeCTOBOI 060M0uKe
(9,3%), MAco NTMUbI MexaHuueckoit 06Bankin (7,1%), nonydabpukarbl KpynHokyckoBble (4,6%) u cybnpopykTbl (4,3%) u3 roagutbl, nonydabpukarsl U3 maca
nTuubl pybnebie (4,2%).

3aKknioueHue. B pesynbrate ncnbiTaHuii 66110 YCTaHOBAEHO, YTO KONMYECTBO KOHTAMUHUPOBAHHBIX NPO6 NonyhabpukaToB MACHBIX CMELIAHHOTO COCTaBa
nocturno 4,3%, HecooTBETCTBUA TpeboBaHMAM 6e30NacHOCTY NPOAYKTOB 13 TOBAAMHDI BbIABNEHbI B 3,7% nyuaes, 2,8% npob npoayKToB NTMLEBOACTBA Oblnn
o6cemeHeHbl 6akTepuamu L. monocytogenes. KonnyectBo 1 NPOLEHTHOE COOTHOLLEHIE KOHTAMUHUPOBAHHBIX P06 3aMOPOXEHHbIX 11 OXNaX/IeHHbIX NPOAYKTOB
[0CTOBEPHO He pasnuuanicb u coctasunn 0,7 n 0,8% cooTBeTcTBeHHO. bakTepun L. monocytogenes He 6binu BbIABAEHDI B NP06aX MONOUHBIX U FOTOBBIX MACHBIX
MpOAYyKTOB, He TpebytoLMx TepMUYecKoil 06paboTku.

Kniouesbie cnoBa: nuctepwos, Listeria monocytogenes, KOHTaMUHALINA, MACO, MONOKO, MULLEBbIE NPOAYKTbI
bnaropaprocTu: Pabora BbinonHeHa 3a cuet cpects OTBY «BHUIU3X» B pamkax TemaTikin HayuHo-uccneoBaTenbckix pabot «BetepunapHoe 6narononyune».

[ina yntuposauus: Nloraukaa J1. H., Mpyntosa 0. B., 6aHoBa T. B. Unankauua 6akrepuit Listeria monocytogenes npu oLieHKe MUKPOOUONOruyeckoii KOHTaMUHaL MK
CbIPbA 1 NPOJYKTOB XMBOTHOTO NPOUCXOXAEHIA. Bemepurapus ce200Hs. 2025; 14 (4): 418—425. https://doi.org/10.29326/2304-196X-2025-14-4-418-425

Kondnukr untepeco: Npyntosa 0. B. ABnAeTCA uneHom peakonnerum xypHana «BetepuHapus ceropHsi» 2012 ., Ho He IMeET HUKAKOTO OTHOLIEHHA K PELLeHio
ony6nuKoBaTb 3Ty CTaTbi0. PyKoMMCb NpOLLNA NPUHATYIO B XypHane npoLesypy peLieH3upoBaHus. 06 MHbIX KOHGANKTaX UHTEPECOB aBTOPbI He 3aABAANA.

Ina KoppecnoHaeHuuu: TNoravkas Jto6oBb HukonaesHa, ACNUPAHT, 3aMeCTUTeNb PYKOBOANTENA HM)Keroponcmﬁ WCTIbITaTeNbHON naﬁopaTopMM HI/I)KEFOpO,ElCKOFO

dunuana OrbY «BHUU3X», np. Farapuna, 97, r. Huxnuit Hosropog, 603107, Poccus, logackaya@arriah.ru

INTRODUCTION

Listeriosis is an infectious disease affecting most
farm and domestic species (pigs, horses, cattle,
sheep, goats, rabbits, chickens, and ducks) as well
as humans. The disease-related economic damage
includes reduced animal productivity, expenses for
medical treatment and prevention, and quarantine
control measures. In Russia and other countries
worldwide, the incidence of foodborne diseases, in-
cluding listeriosis, shows no signs of decline [1, 2, 3].
Listeriosis ranks fifth among the most frequently re-
ported zoonoses in humans in the European Union
and is one of the most significant foodborne disea-
ses [4]. Infection caused by Listeria monocytogenes
is highly dangerous for pregnant women (causing
miscarriages), infants (resulting in newborn fatalities)
and immunocompromised individuals [5]. Listeriosis
in pregnant women and their newborns have been
reported in the Republic of Dagestan [6]. In 2021,
a Listeria meningoencephalitis case was diagnosed
in a COVID-19 patient in the Voronezh Oblast [7].
In 2022, a case of neonatal listeriosis was registered
in the Tula Oblast [8].

In the Russian Federation, animal listeriosis has
been documented since 1956, while human listerio-
sis was officially recognized as a distinct nosological
phenomenon and included in health records by the
Russian Ministry of Health in 1992 [9, 10]. Pursuant
to the State Report of the Rospotrebnadzor, 100 cases

of listeriosis (18 deaths) were registered in the Ru-
sian Federation in 2023. Most cases were reported:
in Moscow (32 cases) and St. Petersburg (19 cases) [11].

Akey feature of Listeria is its wide growth tempera-
turerange, i.e.from 4 to 45 °C (optimum 36-38 °C) and
pH range of 5-11 [12]. It has been established that
L. monocytogenes is killed when heated to 100 °C for
3-5 minutes or to 75-90 °C for 20 minutes [13]. Liste-
ria demonstrates environmental persistence [14, 15],
grows in high concentrations of sodium chloride and
carbon dioxide, and can survive freezing and drying.
They can survive in an oxygen-free environment and
are capable of intracellular parasitism [16].

Listeria infection usually occurs when eating con-
taminated products of animal origin, including fish
and seafood that have not been properly heat-trea-
ted, as well as vegetables and fruit [17]. A large num-
ber of listeriosis cases (15-20%) are associated with
consumption of contaminated meat from domestic
animals and poultry (15-80%) [18]. In Ethiopia, ac-
cording to X. Wei et al.,, L. monocytogenes was de-
tected in raw and pasteurized milk [19]. As the US
Centers for Disease Control and Prevention (CDC)
reports, there was a listeriosis human case in 2022
caused by cheese produced by Old Europe Cheese,
Inc.In 2022, Big Olaf ice cream was the reason behind
listeriosis outbreaks in the States of Florida and Ohio.
In 2023, CDC reported listeriosis outbreaks associa-
ted with leafy greens, as well as peaches, nectarines,
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and plums [20]. In 2024, in multiple U. S. States, deli
meats and liver sausage products under the Boar’s
Head brand were contaminated with Listeria, re-
sulting in human disease and death cases [21, 22].
According to several studies, the infection may de-
velop even at relatively low bacterial concentrations
in food products (102 CFU/g) [23].

According to Food Safety News, in 2022 Fed-
eral Office of Public Health and Federal Office for
Food Safety and Veterinary Affairs of Switzerland
reported a listeriosis outbreak associated with
smoked trout [24].

Thus, detection of pathogenic Listeria in the prod-
ucts of animal origin, food raw materials, and ready-
to-eat products remains a critical task.

The objective of this research is to detect L. mono-
cytogenes contamination in products of animal origin
(meat, fish, dairy) manufactured and marketed in the
Nizhny Novgorod Oblast from 2023 to 2024.

MATERIALS AND METHODS

Samples of animal products, including food raw
materials and ready-to-eat food products were
submitted to the testing laboratory of the Nizhny
Novgorod Branch of Federal Centre for Animal Health
for the required tests.

Test materials. Totally, 3,650 samples from live-
stock and aquaculture were analyzed. The samples
were collected between 2023 and 2024 from com-
mercial poultry farms and retail chains in the Nizhny
Novgorod Oblast of the Russian Federation.

Sampling. Product samples were collected at
different storage time points (within the shelf-life
period) in accordance with established sampling
requirements for microbiological testing. They were
delivered to the laboratory in a cooler bag. The de-
livery time did not exceed an hour.

Culture media: Fraser broth (State Research Center
for Applied Biotechnology and Microbiology, Russia);
ALOA - Agar Listeria according to Ottaviani and Ago-
sti (Merck, Germany); Listeria Identification Agar Base,
PALCAM agar (HiMedia Laboratories Pvt Ltd., India);
blood agar (Sredoff, Russia).

Methods. The samples were analyzed and the
pure microbial culture was identified based on a set
of morphological and biochemical characteristics
confirming they belong to L. monocytogenes, in ac-
cordance with GOST 32031-2022 “Food products.
Methods for detection of Listeria monocytogenes and
other Listeria (Listeria spp.)"".

Preparations from pure microbial cultures were
fixed, Gram-stained, examined microscopically, and
identified based on their ability to grow at 25 °C,
B-hemolysis, catalase production, Voges — Proskauer
test, fermentation of xylose and rhamnose, and lec-
ithinase activity. API Listeria identification system
(bioMérieux, France), which includes 10 biochemical
tests, was used for identification.

Automatic miniVidas analyzer and a Vidas Liste-
ria test kit (bioMérieux, France) were used to detect
L. monocytogenes in food samples.

! https://docs.cntd.ru/document/1200193714

For statistical data processing and graph construc-
tion, Microsoft Excel and standard statistical data
analysis methods were used.

RESULTS AND DISCUSSION

Between 2023 and 2024, the testing laboratory
of the Nizhny Novgorod Branch of Federal Centre
for Animal Health tested 3,650 samples of animal-de-
rived products for L. monocytogenes, i.e. 680 samples
of dairy products, 615 samples of fishery products,
and samples of 2,355 meat products. Non-heat
treated meat products included 323 beef samples,
834 poultry meat samples, 326 combined semi-
finished meat products, and 288 pork samples. More-
over 584 samples of finished meat products were
also tested, including 187 samples of poultry meat
and 397 samples of ready-to-eat meat products, ex-
cept for poultry meat products. Ready-to-eat meat
products included jellied products, sausages, patés,
as well as heat-treated meat and meat-based conve-
nience products, excluding sausages.

The conducted tests revealed that the bacterial
isolates exhibited cell morphology characteristic
of Listeria, stained Gram-positive, were catalase-
positive, were Voges — Proskauer positive, motile at
(25 = 1) °C, fermented rhamnose but did not ferment
xylose, showed lecithinase activity on charcoal agar,
and formed a zone of B-hemolysis on blood agar.
Thus, identification of pure bacterial cultures iso-
lated from the contaminated samples of the tested
products demonstrated that all cultures belonged
to L. monocytogenes species.

The test results for animal products produced and
marketed in the Nizhny Novgorod Oblast from 2023
to 2024 are given in Table 1.

In 2023, tests revealed 41 L. monocytogenes-con-
taminated samples, which accounted for 2.1% of all the
tested samples (N = 1,970). The proportion of Listeria
detected in frozen and chilled products did not differ
statistically and amounted to 1.1 and 1.0%, respectively.

Table 1
Detection of L. monocytogenes in products of animal origin
in the Nizhny Novgorod Oblast (from 2023 to 2024)

% of positive samples

Food product
2023 2024
et | o= | 1a0-o6)
beef products 51(N=175) 2.0 (N=148)
poultry meat products 3.8(N=424) 1.7 (N=410)
pork products 0 (N="135) 0.6 (N=153)
combined semi-finished meat 63 (N=176) 20 (V=150)
products
Dairy products 0(N=316) 0(N=2364)
Fish and fishery products 1.0 (N=479) 1.5(N=136)
Ready-to-eat meat products 0 (N=265) 0(N=319)
Total | 2.1(N=1,970) | 1.0(N=1,680)

N —number of samples tested.
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Testing of food products produced in 2024 re-
vealed 16 L. monocytogenes-contaminated samples,
which accounted for 1.0% of all the samples tested
(N =1,680). In frozen and chilled products, this type
of Listeria was detected in 0.4 and 0.6% of cases,
respectively.

Figure 1 shows results for food samples tested
in 2023. The maximum detection rate of Listeria was
recorded in combined semi-finished meat products -
6.3%, beef products — 5.1% and poultry meat - 3.8%.
The bacteria rate detected in fishery products was
1.0% of the total number of the tested samples
in this category.

Figure 2 shows results for products of animal
origin tested in 2024. It was established, that
2.0% of positive samples accounted for combined
semi-finished meat products and beef products.
Listeria detections in fishery products was 1.5%
of the total number of such products tested;
in poultry products Listeria was detected in 1.7%; the
lowest percentage of detections was noted in pork
products — 0.6%.

No L. monocytogenes were detected in dairy prod-
ucts and ready-to-eat meat products that we tested
in 2023 and 2024. In 2023, no pathogenic micro-
organisms were detected in pork products either.

Table 2 gives data on Listeria detected in poul-
try meat products produced from 2023 to 2024.
The maximum L. monocytogenes detection rate
was reported in poultry products (N = 834), i.e.
in chopped semi-finished poultry meat products
(including minced meat) - 1.2%, and the mini-
mum detection rate was reported in mechanically
deboned poultry meat - 0.4%.

When testing poultry products, namely poultry
meat (carcasses, half-carcasses, wing, leg, thigh),

L. monocytogenes were detected in 1.6% of the tes-
ted samples of this product category (total number
N = 385), and in frozen and chilled products the de-
tection number was equal - 0.8% for each category.

Listeria contamination in the tested chopped
semi-finished poultry meat products, such as cutlets,
kupati (i.e. spicy Georgian sausages), minced meat,
etc., amounted to 4.2% of the tested samples be-
longing to this product group (N = 236), while 0.4%
of detections were reported in frozen products and
3.8% of detections were reported in chilled products.

Listeria was recorded in 9.3% of samples of dough-
wrapped semi-finished poultry meat products (fro-
zen dumplings, N = 43), and in 7.1% of tested sam-
ples of mechanically deboned poultry meat (only
in frozen products, N = 42).

No L. monocytogenes were detected in samples
of poultry offal (heart, stomach, liver, raw fat), skin,
uncooked convenience semi-finished poultry meat
products, and cut-style poultry meat semi-finished
products (including the ones soaked in marinade).

Percentage of contaminated samples from all
the beef products tested in 2023-2024 (N = 323)
(by product type): large-cut semi-finished prod-
ucts - 1.9% (0.6% - frozen; 1.2% - chilled products),
minced beef -0.9% (chilled products), offal, small-cut
semi-finished products and semi-finished products
wrapped in dough - 0.3% each. No L. monocytogenes
were detected in chopped semi-finished meat prod-
ucts (cutlets, meatballs and etc.). The relevant tests
results are given in Table 3.

From 2023 to 2024 L. monocytogenes was found
in the following types of combined semi-finished
meat products (N = 326): in chopped semi-finished
products — 2.76% (1.23% - in frozen and 1.53% -
in chilled products), in minced meat (chilled only) —

500 479

B Total number of samples [ Contaminated @ % detections
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Fish and fishery
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Fig. 1. Detection of L. monocytogenes in products of animal origin in the Nizhny Novgorod Oblast in 2023
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Fig. 2. Detection of L. monocytogenes in products of animal origin in the Nizhny Novgorod Oblast in 2024

in 0.6% of samples, in dough-wrapped semi-finished
products — 0.9% (in frozen).

Listeria contamination was also detected in fish-
ery products, namely in freshly frozen shrimps and
semi-finished shrimp products containing a flour
component (breaded cutlets).

Contamination with L. monocytogenes was found
in one of the samples of frozen minced pork, which
accounted for 0.3% of the total number of pork
products samples (N = 288). The remaining pork pro-
cessed products (large and small-cut semi-finished
products, chopped products, products wrapped in
dough, offal) met safety requirements and did not
contain Listeria.

Table 2
Contamination of poultry products with L. monocytogenes

Number

Types of products

Contaminated

The work conducted between 2023 and 2024
resulted in detection of 57 L. monocytogenes con-
taminated samples, which accounted for 1.6%
of the tested animal products. The percentage
of Listeria detected in frozen and chilled meat
products did not differ statistically — 0.7 and 0.8%
of the total number of the samples tested, respec-
tively. Listeria contamination in various food prod-
ucts ranged from 0.6% (samples of pork products)
to 6.3% (samples of combined semi-finished meat
products). L. monocytogenes detection in fishery
products accounted for 1.1% of the total number
of tested samples of these products (N = 615),
in pork products - 0.3%.

Listeria detected (%)

fi i 0,
Listeria detected (%) in the total number

of samples in this type of products of poultry products
Poultry meat (carcasses, parts of carcasses) 385 6 1.6 0.7
C_hoppe:d seml—ﬁnlshed poultry meat products 236 10 12 12
(including minced meat)
§emi-ﬁnished poultry meat products wrapped e 4 93 05
in dough
Mechanically deboned poultry meat 42 3 7.1 0.4
Offal 74 0 0 0
Skin n 0 0 0
Convenience semi-finished poultry meat
. 19 0 0 0

products, partially cooked
Cut-style semi-finished poultry meat products

i A 24 0 0 0
(soaked in marinade)
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Table 3
L. monocytogenes contamination of beef products

Listeria detected (%)

Types of products oysl;r%t;)elgs Contaminated irf?i:fs”t(;g:t:fc :)ergd(:/?ts in the total number
of beef products
Ground beef 28 10.7 0.9
Large-cut semi-finished products 130 4.6 19
Chopped semi-finished meat products 26 0 0
Offal 23 43 0.3
Small-cut semi-finished meat products 74 14 03
Dough-wrapped semi-finished products 42 24 0.3

The results we obtained align with the published
scientific data from other researchers. Thus, ac-
cording to the results of food monitoring in 14 EU
countries, the total number of L. monocytogenes
detections in beef products intended for human
consumption in 2019 was 4.2%, in 2020 the number
increased to 7.4%, and in 2021, decreased to 3.9% [4].
According to the foreign data, in 2023, number
of samples contaminated with L. monocytogenes
in category “fish” was 1.1% [3], which correlates with
the results of our tests.

As foreign sources report, L. monocytogenes has
been detected in milk, different types of cheese,
butter, cream, and ice cream [4, 20, 25, 26],
as well as in ready-to-eat meat products [21, 22, 27].
Absence of L. monocytogenes in ready-to-eat meat
and dairy products, as confirmed in tests conduc-
ted in the Nizhny Novgorod Branch of Federal Cen-
tre for Animal Health, may suggest that the estab-
lishments where these food products have been
produced comply with technological and sanitary
standards, the products are properly heat-treated,
production hygiene is maintained, quality control
of raw materials is well-organized, an effective qual-
ity control system is in place, product storage and
transportation of conditions meet relevant regula-
tory requirements. However, regardless of the good
current results, continuous monitoring of products
shall be in place.

The data obtained indicate that contamina-
tion of meat products with L. monocytogenes does
not depend on their storage temperature (frozen
or chilled). This confirms the cold stress adaptation
mechanisms of this pathogen described by foreign
researchers [28, 29, 30]

CONCLUSION

Tests of products of animal origin manufactured
and sold in the Nizhny Novgorod Oblast conduc-
eted in 2023-2024 show that 1.6% of samples were
L. monocytogenes-contaminated. The highest level
of contamination was found in combined semi-fin-
ished meat products (6.3% in 2023 and 2.0% in 2024),
as well as in beef products (5.1 and 2.0%, respective-
ly) and poultry meat (3.8 and 1.7%). At the same time,

no L. monocytogenes was detected in dairy products
and ready-to-eat meat products, which may indicate
compliance of production with technological and
sanitary standards.

As for poultry meat products, the highest level
of contamination was detected in semi-finished poul-
try meat products wrapped in dough (9.3%), in me-
chanically deboned poultry meat samples (7.1%)
and chopped products (4.2%), while in whole poul-
try carcasses the level was lower (1.6%). Among
beef products were minced beef (10.7%) and large-
cut semi-finished beef products (4.6%). As for fish-
ery products, L. monocytogenes was found in 1.1%
(in shrimps and fish cutlets).

Storage temperature (refrigeration/freezing) did
not have a significant impact on the level of L. mono-
cytogenes contamination, indicating the cold toler-
ance of this pathogenic microorganism.
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ABSTRACT

Introduction. Livestock facilities serve as a reservoir for microorganisms of various families and genera, including both opportunistic and pathogenic microorgan-
isms. Continuous microbiological monitoring of the production environment in livestock facilities, along with the detection and identification of microorganisms,
allow for the microflora control in these facilities, thereby preventing the risks of infectious diseases and ensuring timely implementation of appropriate veterinary,
sanitary, and zoohygienic measures.

Objective. Study of microbial species composition in the production environment of livestock facilities including contamination level and classification
of the isolated mircoorganisms by families and disinfectant-resistant groups.

Materials and methods. Swabs from the surfaces in the production facilities for cattle (namely, dairy cow facility, calf facility, calving area, and milking hall)
on the cattle farm located in the Omsk Oblast were taken for study of microbial species composition. The microorganisms were classified using MMT E24 u MMT S
multi-biochemical microtests and selective nutrient medium.

Results. Tests showed that the microflora circulating in cattle facilities included both pathogenic and opportunistic microorganisms of the following species:
Escherichia coli, Proteus mirabilis, Proteus vulgaris, Klebsiella aerogenes, Citrobacter freundii, Morganella morganii, Hafnia alvei, Klebsiella ozaenae, Enterococcus faecals,
Bacillus cereus, Staphylococcus sciuri, Staphylococcus capitis, Staphylococcus simulans, Staphylococcus intermedius and Staphylococcus lentus.

Conclusion. The recovered microorganisms belonged to the families Enterobacteriaceae, Bacillaceae and Staphylococcaceae and to the following disinfectant-resis-
tant groups: low-resistant, moderately-resistant and highly-resistant. The highest microbial load was detected on floor, walls and stall dividers in the facility for dairy
cows and in milking hall, the detected microorganisms demonstrated high species diversity. The lowest microbial load was detected in calving area and calf facility.
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W3yueHue BUAOBOrO COCTaBa MUKPOOPraHU3MOB
NPON3BOACTBEHHOW Cpefbl *KUBOTHOBOAUECKIX
NnoMeLLeHUm

A. H. Houkos, 1. B. Apxaxos, T. C. [lynonaposa, E. A. Koco6okoB
OIBHY «OmcKnid arpapHblil HayuHblii ueHTp» (OTBHY «Omckuit AHL»), np. Koponéga, 26, r. Omck, 644012, Poccua

PE3IOME

BeepeHue. [pon3BoACTBEHHbIE 00BEKTHI XKIBOTHOBOAUECKIX KOMMNIEKCOB ABAAIOTCA Pe3epByapoM MIKPOOPraHU3MOB PasNInUHbIX CeMeIiCTB 1 POJiOB, CPeAM
KOTOPbIX €CTb KaK YCIIOBHO-NATOreHHble, TaK 11 NaToreHHble npeactauteni. MocTosHHbIA MUKPO6UONOrnyeckuil MOHUTOPUHT NPOM3BOACTBEHHON CPEMbI XN-
BOTHOBOZUECKVX MOMELLEHHIA, UHANKALNA N MAEHTUOUKALMNA MUKDOOPTaHI3MOB AT BO3MOXHOCTb KOHTPOAMPOBATb MUKPOGAOPY AAHHbIX NOMeLLEHMUii, TeM
aMblM NPefoTBPALLATDL PUCKN BO3HUKHOBEHMA UHOEKLIMOHHDIX 3a601€BaHMI 11 (BOEBPEMEHHO NPOBOAMTD KaUeCTBEHHbIE BETEPUHAPHO-CAHUTAPHbIE 1 300-
TUrMeHNYecKre MeponpuATHA.

Lienb nccnepoBaHuA. /13yueHue BIUA0BOO COCTaBa MUKPOOPraHN3MOB NPOM3BOACTBEHHOI Cpe/ibl KUBOTHOBOAUECKIX NOMELLEHHIA, YPOBHA KOHTAMUHALIM
1 Knaccudukawma BblAENEHHON MUKPOGNOpbI NO CeMeiCTBAM 1 rpynnam YCTORUMBOCTY K Ae3MHOULIMPYIOLIMM NpenapaTam.

Marepuanbi u meToAbl. /1A 13yueHus BUJOBOTO COCTaBa MUKPOGNOPbI ObIN B3ATbI CMbIBbI C MOBEPXHOCTEN B NPOM3BOACTBEHHbIX MOMELLEHUAX ANIS CO-
[LepXaHuA KpYNHOTo PoraToro CKoTa (KOPOBHUK — LOHOE CTaZo, TENATHUK, POAUIbHOE OTAeNeHIe U AOMNbHbIN 3aN), PacrionoXeHHbIX B XUBOTHOBOZYECKOM
x03aiicTBe OMcKo# 06nacTu. NaeHTudMKaLMI0 MUKPOOPraHn3MOB NPOBOAMAN C UCMONb30BaHNeM Buoxummuyeckinx MyabTummukpotectos MMT E24 n MMT C
1 CeNeKTUBHOI NUTaTeNbHON cpefbl.
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Pe3synbrartbl. B pe3ynbrate NpoBeeHHbIX UCCIIeA0BAHMIA YCTAHOBIEHO, YTO MUKPOGNIOPY, LIMPKYAMPYIOLLYH0 B IOMELLEHUAX AA COfePXaHNA KPYNHOTo Poratoro
CKOTa, COCTABNAIOT Kak NaToreHHble, Tak 1 YCNOBHO-NATOTeHHbIe MUKPOOPraHU3Mbl, KOTOpble NpeCTaBReHbl CredytoLmmu Bupamu: Escherichia coli, Proteus
mirabilis, Proteus vulgaris, Klebsiella aerogenes, Citrobacter freundii, Morganella morganii, Hafnia alvei, Klebsiella ozaenae, Enterococcus faecalis, Bacillus cereus,
Staphylococcus sciuri, Staphylococcus capitis, Staphylococcus simulans, Staphylococcus intermedius w Staphylococcus lentus.

3aknioueHue. BbineneHHble MUKpOOpraHn3Mbl NpefcTaBNeHbl cemeiicTBamu Enterobacteriaceae, Bacillaceae v Staphylococcaceae w npuapnexart K cnefiyto-
LLMM Tpynnam ycToiiunBOCTH K Ae3NHGEKTaHTaM: ManoycToiiunBble, YCToilumMBble 1 0c060 ycToitumBble. Hanbonee Bbicokas MiKpoOMONoruyeckas Harpyska
Habniopanacb Ha Takux 06beKTax, Kak nosi, CTeHbl 1 OrpaXJaeHna B CTOANAX, PAaCMONOMeHHbIX B KOPOBHMKeE (AOiIHOE CTaZo) ¥ AOMAbHOM 3ane, MUKpodno-
pa XapakTepu3oBanacb 60nblnUM BUAOBLIM Pa3HO0OPa3MeM MIUKPOOPraHI3MOB, HU3KHIA YPOBEHb MUKPOBHOI AUCCEMUHALIY YCTAHOBAEH B MOMELLIEHHAX
POLUNBLHOTO OTAENEHUA Y TENATHUKA.

KnioueBbie cnosa: MWUKPOOPraHU3Mbl, MI/IKpOGI/IOﬂOFI/I‘{E(Kaﬂ Harpyska, npou3BoACTBEHHAA CpeAa

BnaropapHocTy: ccniesoBatue BbINOHEHO MU GUHAHCOBOI Noaaepxke MuHUCTEPCTBA 06pa30BaHIA U Hayku PO B pamKax NPOBEAEHUA HAyUHO-UCCNeR0-
BaTenbckux pabot no Teme FNUN-2025-0017 «CoBepLueHCTBOBaHME MPOAYKTUBHbIX NOKa3aTeneii KOPOB MONIOYHBIX NOPOA U CUCTEMbI IONEBOTO KOPMOMPOU3-
BOACTBA, 0TBEYAIOLLIEr0 TpeboBaHMAM IGEKTUBHOIO XKUBOTHOBOACTBA, C UCMONIb30BAHUEM COBPEMEHHDIX GHONOTMYECKUX METOAO0BY.

[Iina untuposanusa: Hosukos A. H., Apxaxos 1. B., lynonagosa T. C., Koco6okos E. A. A3yuenue BugoBoro cocraBa MMKpoOpraHi3MoB NpoM3BOACTBEHHOI

Cpefbl XMBOTHOBOAYECKMX NOMeLLeHVil. BemepuHapus ce200ns. 2025; 14 (4): 426—432. https://doi.org/10.29326/2304-196X-2025-14-4-426-432
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INTRODUCTION

Modern large-scale animal farming is characterized by
a high concentration of cattle in specialized livestock es-
tablishments. The animal farming industrialization and its
transfer to a large-scale mass production imply a profound
qualitative restructuring of all technological processes. Un-
der such intensive farming conditions, biological agents
accumulate at various production facilities of livestock
establishments. This leads to the emergence of mass dys-
biosis in animals and, as a result, to increased number of
infectious diseases [1, 2, 3].

The production facilities of livestock establishments
serve a reservoir of microorganisms of various families
and genera, including both opportunistic and pathogen-
ic microorganisms. Under prolonged exposure to high
humidity, various microflora contaminates the building
structures of livestock establishments, thereby increasing
the risk of infectious diseases [4, 5, 6, 7.

Infectious diseases of farmed animals are responsible
for significant losses to the livestock industry. Poor veter-
inary and sanitary practices on farms of various levels is
the one of the main causes for infectious disease occur-
rence. All these often provoke the infectious gastrointes-
tinal, respiratory and other pathologies caused by both
pathogenic and opportunistic microflora (cocci, proteus,
klebsiella, etc.), which virulence increases when the ani-
mal resistance weakens due to adverse factors related to
feeding, care and housing condition violations [8, 9, 10].

Veterinarians have to take into account the whole range
of animal habitat factors that have changed significantly
due to technological progress in order to create an optimal
environment. However, under modern conditions, veteri-
narian’s attention is focused on the animal, its health and
performance, as well as on protection of the environment
from various contaminants associated with the large-scale
livestock establishment activities. The strict observance
of veterinary containment and security measures plays

a crucial role in the livestock establishments. The high den-
sity of facilities and animals concentrated in a limited area
requires strict measures to protect establishments from the
introduction of infectious diseases [11, 12, 13].

A poorly maintained production environment is a ma-
jor obstacle to effective infectious disease control. This risk
extends beyond highly dangerous pathogens to include
opportunistic microbes, which can turn pathogenic under
suitable conditions and cause significant damage. A sig-
nificant number of microorganisms are shed by animals
during the physiological acts: coughing, sneezing, defeca-
tion, urination. The production environment of livestock
facilities, where pathogenic and opportunistic microorgan-
isms are shed, is typically not their natural habitat. There
are often no favourable living conditions here: nutrients,
optimal temperature and pH of the environment. Howev-
er, in facilities containing large quantities of organic mat-
ter, such microorganisms can maintain their viability but
also pathogenicity for long periods. They are detected on
the surfaces of livestock buildings, vehicles, in manure, ani-
mal-origin raw materials, and many other objects. The level
of production facility contamination depends mainly on
the presence of infectious diseases in animals. Diseased
animals constantly shed pathogens into the production
environment. Pathogens become to further spread from
inadequately decontaminated surfaces within the facil-
ity. One of the persistent causes of microbial contami-
nation in the production environment is carrier animals.
These animals pose even greater risk of pathogenic mi-
croflora spreading and the disease maintenance within
the establishment than apparently diseased animals, since
the latter can be isolated until their recovery [14, 15,16, 17].

Animals shedding pathogenic and opportunistic micro-
organisms with faeces and airborne droplets are the main
source of livestock production facility contamination, and
the more intensely the environment is contaminated with
secretions, the higher the probability of contamination
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of objects with the relevant pathogens. For many micro-
organism species, the intestine is a biotope, that is, their
only habitat. Consequently, the detection of intestinal mi-
croflora in the tested material (water, feed, samples from
livestock facility surfaces, etc.) serves as a direct indicator
of faecal contamination of the object and possible pres-
ence of pathogens of intestinal infections (salmonellosis,
yersiniosis, etc.) [18, 19, 20].

Many microorganisms circulating in livestock facilities
naturally possess resistance mechanisms rooted in their
cellular structure and metabolism. These include a multi-
layer cell wall, biofilm formation, enzymatic breakdown or
active xenobiotic efflux pumps. Bacterial spores possess
a unique cell membrane that enables them to withstand
biocide concentrations thousands of times higher than
those effective against vegetative cells. Spore dense coat-
ing membrane prevents the penetration of biocide into
the cell and neutralizes the effect of those that do breach
its barrier. The coating membrane accounts for up to 50%
of the spore dry mass. All these features provide spores
with the resistance to environmental factors, including
biocides. Mycobacteria are also highly resistant to many
biocides, resistant to acids, alkalis, chlorhexidine, quater-
nary ammonium compounds, heavy metals and dyes. My-
cobacteria are able to form biofilms (for example, in water
supply systems), which are more difficult to remove than
enterobacterium biofilms [21, 22, 23].

Biofilm formation is one of the manifestations of bacte-
rial survival strategy, conferring resistance to adverse fac-
tors, including biocides. Biofilm is a microbial community,
often multispecies, embedded within a self-produced ex-
tracellular polymeric matrix (glycocalyx) that acts as a pro-
tective barrier against external factors. Increased resistance
to biocides has been found in the following biofilm-grow-
ing species of microorganisms: Pseudomonas, Burkholderia
cepacia, Escherichia coli, Klebsiella pneumoniae, Enterococ-
cus faecalis, Legionella pneumophila, Salmonella typhimuri-
um, and Yersinia enterocolitica [24, 25, 26].

Numerous highly effective broad-spectrum antibiotics
are widely applied in veterinary practice. They are highly
effective when used for respiratory and gastrointestinal
infection prevention and treatment. However, prolonged
and uncontrolled use of antibiotics leads to the emer-
gence of a significant number of resistant microorganism
strains [27, 28].

The significance and innovation of this work lie in com-
prehensive analysis of the microbial species composition
and levels of production environment contamination in
livestock facilities as well as classification of the isolated mi-
croorganisms by families and disinfectant-resistant groups
that enables implementation of proper and prompt veteri-
nary-sanitary measures, such as cleaning and disinfection,
for prevention of infectious disease risks.

The study was aimed at examination of microorgan-
ism species composition in the production environment
of livestock facilities, and contamination level and classi-
fication of the isolated microflora by families and disinfec-
tant-resistant groups.

MATERIALS AND METHODS

Tested materials: 184 samples taken before cleaning and
disinfection from various surfaces in 4 facilities of the live-
stock establishment located in the Omsk Oblast.

General zoo-technical characteristics of the establish-
ment. The establishment is surrounded by 500-meter

sanitary-protective zone and located apart of other live-
stock/agricultural establishments and facilities including
backyards. The main economic activity types are legumes
cultivation and dairy cattle farming, breeding, raw milk
production. The establishment has the status of a breed-
ing farm for breeding Red Steppe dairy cattle. The dairy
cow facility is a reconstructed standard tie-stall cattle
facility for 200 animals. There is a “Parallel” automated
milking parlour (commissioned in 2020) for 24 animals,
S = 420 m?in the establishment. The parlour is divided
into three parts: a milking hall and cow facilities on milk-
ing hall both sides.

The establishment is free from acute infectious diseases.
Diagnostic tests for infectious diseases such as tubercu-
losis, brucellosis, leucosis, hypodermatosis, chlamydia,
leptospirosis are carried out according to the plan of anti-
epizootic preventive measures. Animals are vaccinated
against anthrax, blackleg, brucellosis, pasteurellosis, en-
terococcal infection, colibacillosis, salmonellosis, klebsiel-
losis and proteus infection, ringworm and treated against
hypodermatosis.

Annual plan comprising organizational, zootechnical,
and veterinary measures for leucosis prevention is devel-
oped. Key strategies include the isolated rearing of re-
placement heifers and selection of heifers based on their
family history.

Regular disinfection of all livestock facilities is carried
out. The establishment is fully fenced, there is a sanitation
checkpoint at its entrance, and there are disinfection bar-
riers at the entrances to the cow facilities and calf facilities.

Tested facilities. Dairy cow facility (48 samples from
6 sites): stall floor (rubber covering), stall walls, the walls at
the entrance, wooden window frames, stall fences, wood-
en door to the cow facility. Calf facility (48 samples from
6 sites): the floor inside the cages (straw), stall walls, walls
at the entrance, plastic window frames, fences of cages for
calves, door to the calf facility. Calving facility (48 samples
from 6 sites): stall floor (rubber covering), stall walls, the
walls at the entrance, wooden window frames, partitions
in the stalls, door to the calving facility. “Parallel” milking
parlour (40 samples from 5 sites): milking hall floor (rub-
ber covering), tiled walls, plastic window frames, milking
machines, fences of the milking plant.

The samples were taken at relative humidity of 81% in
the cow facility, 72% in the calf facility, and 74% in calving
facility; indoor temperature was (24 + 2) °C; the calving
facility was equipped with automated ventilation system.

Samples were taken by swabbing the surfaces of vari-
ous objects according to the methodological guidelines
MG 4.2.0220-20'. Sterile swab was moistened by dipping
it into the Amies transport medium immediately before
swabbing. A document including data required for unam-
biguous identification of the object, sampling place, rea-
son and conditions, date and time, conditions and time
periods of sample delivery to the diagnostic laboratory
was drawn up.

Biochemical multimicrotests: MMT E24 and MMT C
(NPO Immunotex, Russia), were used for identification
of microorganisms belonging to the Enterobacteriaceae
and Staphylococcaceae family, respectively. These

"MG 4.2.0220-20 Methods of sanitary and bacteriological testing

of environmental objects for microbial contamination: methodological
guidelines (approved by the Federal Service for Supervision of Consumer
Rights Protection and Human Welfare on 4 December 2020). https://docs.
cntd.ru/document/573595605?ysclid=mguk1xg4sw975021985 (in Russ.)
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Table 1
Results of study of species composition of the microorganisms circulating in the cattle facility (dairy herd), n =93

Tested surfaces

Microorganisms

Floor (rubber) Stall walls

Walls at the
entrance

Door to the cow

Stall fences faciity

Windows (wooden)

Positive samples, %

Enterobacteriaceae family microorganisms

E. coli 100.0 87.5 0.0 0.0 62.5 0.0
P mirabilis 75.0 87.5 0.0 0.0 0.0 0.0
K. aerogenes 75.0 0.0 0.0 62.5 62.5 0.0
C. freundii 62.5 75.0 62.5 0.0 0.0 0.0
M. morganii 62.5 75.0 0.0 0.0 0.0 0.0
E. faecalis 100.0 62.5 62.5 0.0 62.5 0.0
Bacillaceae family microorganisms
B. cereus 0.0 75.0 0.0 0.0 0.0 0.0
Staphylococcaceae family microorganisms
S. capitis 0.0 0.0 0.0 0.0 62.5 0.0
S. sciuri 0.0 75.0 0.0 375 0.0 62.5
S. simulans 0.0 0.0 0.0 0.0 62.5 0.0

multimicrotests are designed to determine the biochem-
ical activity of enterobacteria and staphylococci during
bacteriological analysis and their species identification and
are based on the determination of these microorganisms
enzyme systems reacting to the corresponding substrates.
Bacillaceae family microorganisms were identified using
Donovan’s selective nutrient medium containing lithium
chloride (selective agent). The tests were carried out at
the Diagnostic Research and Biotechnology Laboratory of
the Omsk Agrarian Scientific Center.

The test results were statistically processed using the
Microsoft Excel software.

RESULTS AND DISCUSSION

Test results showed that the microflora in dairy cow fa-
cility rooms includes various microorganisms. Thus, stall
floors, walls and stall fences are particularly prone to sig-
nificant microbial contamination. For 48 swab samples tes-
ted, the following types of microorganisms were detected

’

in 54 cases (n = 49): in swabs from floor (Hafnia alvei —
100.0%, C. freundii — 75.0% and E. faecalis - 75.0% of
swabs), fences of cages for calves (E. faecalis — 87.5% and
C. freundii - 37.5% of swabs), stall walls (C. freundii — 62.5%
of swabs). Staphylococcus lentus was detected in 75.0%
of swab samples from window frames, walls at the en-
trance and door to the calf facility (Table 2).

For 48 swab samples collected in calving facility, mi-
croorganisms were detected in 52 cases (n = 46). A high
microbial load was detected in the samples collected from
floor surface (Klebsiella ozaenae — 87.5%, H. alvei — 87.5%,
P. mirabilis - 75.0% of swabs) and from stall walls (Staphy-
lococcus intermedius — 87.5%, H. alvei — 62.5% and P. mira-
bilis — 62.5% of swabs).

Table 2

Results of study of species composition of the microorganisms circulating in the calf

facility (up to 6 months), n =49

Tested surfaces

The door
to the calf
facility

in 122 cases, n = 93 (Table 1): swabs from the floor - E. coli
and E. faecalis (100.0% of swabs), Proteus mirabilis and
Klebsiella aerogenes (75.0% of swabs), Citrobacter freundii
and Morganella morganii (62.5% of swabs); swabs from
the walls - E. coli and P. mirabilis (87.5% of swabs), C. fre-
undii, M. morganii, Bacillus cereus, and Staphylococcus sciu-
1i (75.0% of swabs), E. faecalis (62.5% of swabs); swabs from
stall fences - E. coli, K. aerogenes, E. faecalis, Staphylococcus

Microorganisms

Wallsat | Windows

the entrance

(age

(plastic) | partitions

Positive samples, %

Enterobacteriaceae family microorganisms

capitis and Staphylococcus simulans (62.5% of swabs). H. alvei 100.0 0.0 0.0 0.0 0.0 0.0
Tests revealed low microbial contamination of window ;

frame surfaces: K. aerogenes (62.5% of swabs) and S. sciuri ¢ freundii 75.0 62.5 0.0 0.0 375 0.0

(37.5% of swabs); dgor to the cow facility: S. sciuri (62.5% E faecalis 75.0 0.0 0.0 0.0 875 0.0

of swabs); as well as in samples taken from the walls at the

entrance: C. freundii and E. faecalis (62.5% of swabs). Staphylococcaceae family microorganisms

. For4§swab sam.ples.collec.ted in calffaC|I|ty thg follow- S Jentus 00 00 750 750 00 750

ing heavily contaminating microorganisms were isolated
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Table 3

Results of study of species composition of the microorganisms circulating in the calving facility, n = 46

Tested surfaces

Microorganisms

Floor (rubber) Stall walls

Walls at the
entrance

Door to the calving
facility

Windows (wooden) Partitions

Positive samples, %

Enterobacteriaceae family microorganisms

K. ozaenae 87.5 0.0 0.0 0.0 25.0 0.0
H. alvei 87.5 62.5 0.0 0.0 0.0 0.0
P mirabilis 75.0 62.5 375 0.0 0.0 0.0

Staphylococcaceae family microorganisms

S. intermedius 0.0 87.5 0.0

87.5 0.0 375

A low microbial load was detected in swab samples ta-
ken from window frames and doors in the calving facility -
S. intermedius (87.5% and 37.5% of swabs, respectively).
K. ozaenae was detected in 25.0% of swabs collected from
fences, P. mirabilis was detected in 37.5% of swabs taken
from the walls at the entrance (Table 3).

For 40 samples collected in the milking hall, micro-
flora characterized by a wide variety of microorganisms
was detected, in 84 cases (n = 69). E. coli, Proteus vulgaris
and S. simulans were detected in 87.5% of swab samples
from floor, H. alvei, C. freundii, M. morganii, and E. faecalis
were detected in 75.0% of swab samples; E. coli (62.5%),
H. alvei, M. morganii, E. faecalis, and S. intermedius were
detected in 37.5% of swab samples from the milking plant
fences (Table 4).

The microbial contamination of walls, windows and
milking machines was low. S. sciuri was detected in 75.0%
and C. freundii was detected in 62.5% of swab samples ta-
ken from wall surfaces; S. simulans and M. morganii were

Table 4
Results of study of species composition of the microorganisms circulating in the milking hall, n = 69

Tested surfaces

Microorganisms

Floor (rubber) Walls (glossy tiles)

Windows (plastic)

detected in 62.5% and 37.5% of swab samples taken from
window surfaces, respectively, and S. sciuri was detected in
37.5% of swab samples collected from milking machines.

The isolated microorganisms belong to the following
disinfectant-resistant groups: low resistant group: E. coli,
P.mirabilis, P. vulgaris, K. aerogenes, C. freundii, M. morganii,
H. alvei, K. ozaenae and E. faecalis; moderately resistant
group: S. capitis, S. simulans, S. intermedius, S. sciuri and
S. lentus; highly resistant group: B. cereus.

CONCLUSION

The study results allow us to conclude that the micro-
flora in the cattle facilities included both pathogenic and
opportunistic microorganisms belonging to the Entero-
bacteriaceae, Bacillaceae and Staphylococcaceae families.
The members of the first of them were: E. coli (causative
agent of colibacillosis in young livestock animals), P. mira-
bilis (causes purulent-inflammatory processes in wounds),
P. vulgaris (causes feed-borne toxic infections, purulent-

Milking machines
(inner surface)

Fences of the milking
plant (duralumin)

Positive samples, %

Enterobacteriaceae family microorganisms

E. coli 87.5 0.0 0.0 0.0 62.5
P vulgaris 87.5 0.0 0.0 0.0 0.0
H. alvei 75.0 0.0 0.0 0.0 375
C. freundii 75.0 62.5 0.0 0.0 0.0
M. morganii 75.0 0.0 375 0.0 375
E. faecalis 75.0 0.0 0.0 0.0 375

Staphylococcaceae family microorganisms

S. intermedius 0.0 0.0 0.0 0.0 375
S. sciuri 0.0 75.0 0.0 375 0.0
S. simulans 87.5 0.0 62.5 0.0 0.0
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inflammatory processes in wounds, enteritis, peritonitis
and sepsis), K. aerogenes (causative agent of opportunis-
tic infections), C. freundii (causative agent of infectious
urinary, respiratory and circulatory diseases), M. morganii
(urinary tract infections), H. alvei (urinary tract infections,
pneumonia, sepsis), K. ozaenae (respiratory tract infec-
tions), E. faecalis (urinary tract infections, endocarditis, and
gastrointestinal infection). B. cereus belonging to Bacilla-
ceae family and causing gastrointestinal infections was
detected in samples collected in production facilities. The
following pathogenic microorganisms belonging to Staph-
ylococcaceae family were detected: S. sciuri (responsible for
urinary and circulatory infections, endocarditis), S. capitis
(causative agent of infectious meningitis, osteomyelitis,
endocarditis), S. simulans (bacteraemia, endocarditis),
S.intermedius (causative agent of mastitis, skin infections),
S. lentus (responsible for abscess, sepsis).

The data on the microbial load in the production en-
vironment of livestock facilities allowed us to identify
the places of highest bacterial contamination. The high-
est microbial load was detected on floor, walls and stall
partitions in dairy cow facility as well as floor and milk-
ing machine fences located in milking hall. The detected
microorganisms demonstrated high species diversity. The
lowest microbial load was detected in calving facility and
calf facility where small number of animals are kept.
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