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AIMS AND SCOPE

The mission of the publication is the delivery of information on basic development trends of veterinary
science and practice and highlighting of vital issues and innovative developments in veterinary area for
scientific community.

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

LLENN U OBJIACTb (TEMATUYECKNI OXBAT)

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

*KypHan opreHTMpPOBaH Ha yUYeHbIX, 3aHUMAIOLMXCS GyHAAMEHTANbHBIMY 1 NPUKIAAHBIMU UCCIeL0BAHUAMY
B 0611acTu 06LLeN N BETePUHAPHOW BUPYCONOrK, SMIM300TONOMMIU, UMMYHOSOTW, MUKOSOTAK,
MUKOTOKCUKONIOTUW, GaKTePUOOornm, NPakTUKYIOLWNX BETEPUHAPHbIX Bpayel 1 Bpayeii BeTepUHaPHbIX
nabopaTopuii ¥ FoCyfapCTBEHHbBIX BETEPUHAPHDBIX CIYX0, NpenogaBaTenei By30B BETEPUHAPHON,
6V010rMYECKOi, MeMLMHCKOW HanpaBieHHOCTEN, acNMPaHTOB U CTYAEHTOB BY30B U KONNeKel.
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HayuHbin xypHan «BeTepunHapua cerogHa» BXOAUT B «[lepeyeHb peLeH3npyemblX HayUHbIX
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From the Editor-in-Chief of “Veterinary Science Today”

Dear readers and colleagues!

The editorial board of “Veterinary Science Today
presents the next issue of the journal dedicated to
the World Rabies Day, which is celebrated annually
on September 28.

Rabies is a viral disease that affects the central
nervous system of mammals (dogs, cats, foxes, etc.),
including humans. According to the World Organiza-
tion for Animal Health, the rabies virus is present in
the saliva and brain of infected animals and is transmit-
ted through a bite. The main reservoir of the pathogen
is wild carnivores, and in some regions, bats. Accord-
ing to the World Health Organization, rabies is one of
the five zoonotic diseases of great social importance,
poses a mortal threat to humans and animals, and kills
about 59,000 people annually. The human mortality
rate is 100%. Thanks to modern scientific advances,
veterinary services in many European countries suc-
ceeded to eradicate this disease. However, in most
countries of the world, including Russia, the rabies
situation remains tense.

The global initiative of the World Health Organization, the Food and Agriculture Organization
of the United Nations, and the World Organization for Animal Health to eliminate dog-mediated
human rabies by 2030 has received worldwide support. In our country, a number of legal mea-
sures have been taken concerning rabies prevention, epidemiological monitoring, research ex-
pansion and awareness-raising campaigns in the media.

We encourage everyone to contribute to the solution of the rabies problem.

"

Sincerely,
Editor-in-Chief of the Journal,
Doctor of Biological Sciences,
Professor Konstantin N. Gruzdev

The editorial board of “Veterinary Science Today” congratulates
Dr. Emmanuelle Soubeyran on her appointment as Director General
of the World Organization for Animal Health.
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Alternative treatment methods
for bovine mastitis: prospects and limitations (review)

Vladlena D. Zubareva, Olga V. Sokolova, Maksim V. Bytov, Anna S. Krivonogova, Sofia V. Volskaya
Ural Federal Agrarian Scientific Research Center, Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg 620142, Russia

ABSTRACT

Mastitis remains the most common problem of dairy industry despite the preventive measures and treatment schemes being developed. Antibacterial drugs remain
first line agents for therapy of the mammary gland inflammatory diseases in animals. Taking into account the risks associated with antibiotic therapy, such as de-
creased drug effectiveness due to occurrence of bacterial resistant strains, food safety issues, environmental impact and restrictions on the use of antibacterial drugs
in veterinary medicine, an increasing number of scientific studies are addressing new therapeutic agents that can serve as an alternative to conventional therapy.
The aim of this review is to give an idea of currently available literature data on alternative methods for the prevention and treatment of mastitis in cattle that are
not associated with antibiotics. In general, a significant number of in vitro studies aimed at finding new effective and safe drugs are yielding promising results. This
review describes the following alternative remedies: probiotics, bacteriocins, bacteriophages, phage enzymes (endolysins), nanoparticles, plant extracts, essential
oils and immunobiological agents (vaccines). Understanding the mechanisms of their action will allow recommending the best treatment option for mastitis in
each specific case. These treatment methods can potentially reduce use of antibiotics and increase animal productivity, however more in vivo studies are needed to
prove the effectiveness of antibiotics used directly in the conditions of farm settings.

Keywords: review, mastitis, alternative treatments, probiotics, bacteriocins, bacteriophages, endolysins, nanoparticles, herbal extracts, essential oils, immuno-
biological prevention

Acknowledgements: The study was financed from the budget under the governmental programme No. 0532-2021-0004 “Development of methodological
approaches to monitoring, control and containment of antibiotic resistance of opportunistic microorganisms in animal husbandry”.

For citation: ZubarevaV.D., Sokolova 0.V., Bytov M.V., Krivonogova A. S., Volskaya S. V. Alternative treatment methods for bovine mastitis: prospects and limitations
(review). Veterinary Science Today. 2024; 13 (3): 203—213. https://doi.org/10.29326/2304-196X-2024-13-3-203-213

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

For correspondence: Vladlena D. Zubareva, Postgraduate Student, Senior Specialist, Department of Animal Genomics and Selection, Ural Federal Agrarian Scientific
Research Center, Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg 620142, Russia, zzub97@mail.ru

YK 619:618.19-002:636.2:615.85

An bT€PHAT/IBHbIE METOAbI NeYEHNA MaCTUTA

KPYMHOr0 poraToro ckoTa: nepcneKkTUBbI 11 orpaHnueHus (063op)

B. 1. 3y6apesa, 0. B. Cokonoga, M. B. bbiToB, A. C. KpusoHoroBa, C. B. Bonbckas

OIBHY «Ypanbckuit desepanbHblil arpapHblii HayuHO-1CCe0BATENbCKNIA LieHTp Ypanbckoro oTaenexna Poccuiickoii akagemmn Hayk» (OTBHY Yp@OAHILL YpO PAH),

yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccusa

PE3IOME

MacTuT npogosiKaeT 0CTaBaTbCA Haubosnee pacpoCTpaHeHHoN NPOBIEMOIt MOSIOUHOTO XUBOTHOBOAICTBA, HECMOTPA Ha pa3pabaTbiBaemble IPOPUIAKTUYECKIE
Mepbl 1 CXeMbl fieyeHIs. AHTUOAKTepUasbHble Npenaparbl ABMAOTCA OCHOBHbIM CPEACTBOM Tepanyy npy BOCNANNTENbHbIX 3a60/1eBaHUAX MONOYHOIA Xene3bl
¥ KUBOTHbIX. lPUHUMAA BO BHUMAHWe (BA3aHHbIE C aHTUBUOTUKOTEPANMEN PUCKM, TaKWE KaK CHINKeHNE SOOEKTUBHOCTU AeICTBUA NpenapaToB U3-3a nosBse-
HISl PE3UCTEHTHBIX LITAMMOB BaKTepuii, npobnema 6e30nacHoCTH NULLEBbIX NPOAYKTOB, BO3AEICTBIE Ha OKPYXaloLLYlo Cpedly U BBEAEHHUE OrpaHInueHHii Ha
NpUMeHeHNe aHTUBAKTEPUanbHbIX NPENapaTos B BETEPUHAPHON MeAULHE, Bce GoMbluee KOMYECTBO HayuHbIX CCIeA0BAHMI 06PaLLAeTCs K HOBbIM Tepa-
MEBTUYECKIM CPEAICTBAM, KOTOPbIE MOTYT CTaTb 3aMeH0ii TpaANLMOHHI Tepanuu. Lienb HacTosiiero 0630pa — 4aTb NpeacTaBsieHue 0 JOCTYMHbIX B HACTOR-
Liee BPEMs IMTEPATYPHBIX JaHHbIX M0 UCCNIEAOBAHINIO ANIbTEPHATUBHBIX METOLOB NPOGUIAKTAKA 1 IeYeHNs MACTUTa KPYMHOTO POraToro CKOTa, He (BA3aHHbIX
C aHTUOMOTUKAMM. B LieNoM CYLLECTBYET OrPOMHOE KONMYECTBO UCCE0BAHMIA in Vitro, HANPABAEHHbIX HA UCCNIEA0BAHNE HOBbIX 3DGEKTUBHBIX 11 6E30MaCHbIX
(PEACTB, KOTOpbIE JaloT MHOrooGeLLatLLe pe3ynbTaTbl. B JaHHOM 0630pe onvcaHbl Takue CpeacTBa, Kak NpobuoTHkM, 6akTepuowmHbl, 6akTepuodaru, daroble
depMeHTbI (3HZONM3UHbI), HAHOYACTILbI, PACTUTENbHbIE IKCTPAKTHI, 3PUPHDIE MACNa U UMMYHOOUONIOTYECKHE CPEACTBA (BaKLMHbI). PaCCMOTPEHbI MeXaHU3Mbl
UX efiCTBIS, NOHUMAHME KOTOPbIX M03BOINT PEKOMEH/10BATb HAUY ULl BaPUAHT IEYEHIA MACTUTA B KX AOM KOHKPETHOM Cyuae. [laHHble MeTofibl Tepanum
MOTEHLMAIbHO MOTYT COKPATUTb MCMOJIb30BaHIE aHTUBHOTUKOB 1 MOBBICUTb NPOIYKTUBHOCTb MBOTHBIX, 0HAKO TPEGYeTCA GonbLue UCCne0BaHMiAin vivo, uTobbl
J10Ka3aTb SOOEKTUBHOCTL MX MPUMEHEHINS HEMOCPEACTBEHHO B YCIOBUSAX CENbCKOXO3ANCTBEHHDIX OPraHU3aLMii.

© Zubareva V.. D., Sokolova 0.V., Bytov M. V., Krivonogova A. S., Volskaya S. V., 2024
© Federal Centre for Animal Health, 2024

VETERINARY SCIENCE TODAY. 2024; 13 (3): 203-213 | BETEPUHAPUA CETOAHA. 2024; 13 (3): 203-213

203


https://crossmark.crossref.org/dialog/?doi=10.29326/2304-196X-2024-13-3-203-213&domain=pdf&date_stamp=2024-09-27

204

REVIEWS | BOVINE DISEASES 0B30PbI | BONE3HI KPC

KnioueBble cnoBa: 0630p, MaCTUT, anbTePHATUBHbIE METOAbI NEYEHUS, I1p06VIOTI/IKI/I, 6aKT€pI/IOL|,I/IHbI, 6aKT€pl/IO¢aI'M, SHA0JIU3UHDI, HAHOYACTULLbI, IKCTPAKTDI

TpaB, PMPHbIe Macna, UMMyHobUoNoryeckas NpoPunakTuka

BnarogapHocTu: iccnenoBanue BbINONHEHO 3a cyeT 610/KETHbIX CPEACTB B paMKax BbINoNHeHWA rocyAapcTBeHHOro 3aaaqna N2 0532-2021-0004 «Paspabotka
METOZONOrNYECKNX MOAXOA0B K MOHUTOPUHTY, KOHTPOAIO 1 CAEPKUBAHMIO aHTUOUOTUKOPE3NCTEHTHOCTM ONMOPTYHUCTUYECKUX MUKPOOPTaHN3MOB B KUBOTHO-

BOACTBEY.

[ina yutuposanus: 3y6apesa B. /1., Cokonosa 0. B., buitos M. B., Kpuoworoga A. C., Bonbckas C. B. AnbTepHaTuBHble MeTOAbI leYeHna MacTuTa KpynHoro
poratoro ckoTa: nepcneKTuBbI v orpaHinyeHna (063op). Bemepunapus cezodns. 2024; 13 (3): 203-213. https://doi.org/10.29326/2304-196X-2024-13-3-203-213

KoHdnukT uHTepecoB: ABTOpbI 3aABNAKT 06 OTCYTCTBUI KOHGNNKTA UHTEPECOB.

[ina koppecnoxpeHuuu: 3ybapesa BnaaneHa IMuTpueBHa, acnupaHT, CTapLUuii CNeLuanucT oTAeNa reHOMHbIX CCNEA0BAHUI U CENEKLMN KUBOTHBIX
OTBHY YpOAHWL, YpO PAH, yn. benurckoro, 112a, r. Ekatepun6ypr, 620142, Poccus, zzub97@mail.ru

INTRODUCTION

Bovine mastitis, or mammary gland inflammation in
livestock, is the most common disease of dairy cows that
incurs losses in agriculture. It was established that about
150 different bacterial species/subspecies are capable
of causing this disease in cattle. However, more than 95%
of mastitis cases are associated with only 10 groups of mi-
croorganisms, including both opportunistic and patho-
genic ones, depending on their reservoir and transmission
method [1]. Such bacteria include Staphylococcus aureus,
Mycoplasma spp., Streptococcus uberis, Streptococcus dys-
galactiae, coliforms and other gram-negative bacteria
such as Escherichia coli and Klebsiella pneumoniae. Other
agents, such as Arcanobacterium pyogenes, various strep-
tococci (Streptococcus parauberis, Streptococcus agalactiae,
Streptococcus zooepidemicus), Corynebacterium bovis and
Mpycobacterium bovis, may be involved in the inflammatory
process to a lesser extent [2].

Antibiotics are considered the frontline drugs in
the treatment of this inflammatory process. However,
the issue of antimicrobial residues in animal products
and the continuous growth of antimicrobial resistance,
together with the possible spill-over of antibiotic-resistant
bacteria from animals to humans, results in restrictions
on the use of these products in veterinary medicine [3].
The development and introduction of new classes of an-
tibiotics may seem the most obvious strategy, but since
1987 not a single class of antibiotics has been discovered
and only derivatives of existing antibacterial drugs have
been used [4, 5]. The discovery of several classes of antibio-
tics in a short period of time has led to their overuse, as
well as to a rapid increase in the number of microorgan-
isms with antibiotic resistance genes. In the 1990s such
companies as Pfizer, AstraZeneca and GlaxoSmithKline
performed studies on potentially new antibacterial tar-
gets for antibiotic development, but no suitable candidate
was found [6]. Studies of pharmaceutical companies are
aimed at modifying existing classes of antibiotics, rather
than developing potentially new ones [7]. In this regard,
there is currently a need to develop alternative means for
the prevention and control of bovine mastitis.

The aim of this review is to give an idea of the latest
discoveries related to alternative means, including probio-
tics, bacteriocins, bacteriophages (phages) and phage en-
zymes, nanoparticles, herbal extracts, essential oils and im-
munobiologicals (vaccines) for prevention and treatment

of bovine mastitis. Systematized and generalized informa-
tion and literature sources within the review scope [8-42]
are presented in Table 1 in the Additional Files section at:
https://doi.org/10.29326/2304-196X-2024-13-3-203-213.

PROBIOTICS

According to modern concepts, mastitis is developed
due to imbalance of the mammary gland microbiota,
therefore probiotics are viewed as alternative preventive
and therapeutic means. Intramammary inoculation of pro-
biotics (lactic acid-producing bacteria) leads to their colo-
nization in the udder [43]. The mechanisms of probiotic
activity against pathogenic microorganisms are as follows:
adhesion to epithelial cells, aggregation and coagulation,
biofilm formation, colonization, production of biosurfac-
tants and/or antagonistic metabolites (organic acids, hy-
drogen peroxide, bacteriocins), competition for nutrients
and/or enzyme production [11]. Probiotic bacteria can
be used to control inflammatory processes, especially in
the dry season, due to antagonistic activity against mas-
titis etiological agents and through immunomodulation,
namely by influencing the development, differentiation
and effector functions of a wide range of subpopulations
of immune cells, as well as epithelial cells [11, 44, 45, 46].
In addition to intramammary use, probiotics can also be
used as disinfectants, nipple treatments before and after
milking [9, 471.

Modern studies are devoted to probiotics used for pre-
vention and treatment of mastitis that contain Lactococ-
cus lactis, Lactobacillus perolens, Lactobacillus paracasei,
Lactobacillus plantarum, Lactobacillus casei, Lactobacillus
rhamnosus, Schleiferilactobacillus perolens, Bifidobacterium
breve, Bacillus subtilis.

Many scientists note the potential of probiotics against
the most common mastitis pathogens: S. aureus, Staphy-
lococcus epidermidis, Staphylococcus chromogenes, Staphy-
lococcus intermedius, S. agalactiae, S. dysgalactiae and
E. coli [8], however, these studies were mainly conducted
in vitro.The mechanism of action of many lactic acid bacte-
ria as probiotics is the inhibition of aggregation of bacteri-
al pathogens to mammary epithelial cells (MAC-T) [19] and
the secretion of antimicrobial substances (bacteriocins) [9].

Researchers from Argentina studied 12 species of lactic
acid bacteria. Two of them, L. lactis subsp. lactis CRL 1655 and
L. perolens CRL 1724, are capable of adhesion to mammary
epithelial cells, inhibition and coagulation of 15 S. aureus
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strains. For mastitis prevention Pellegrino M. et al. re-
commend intramammary inoculation of these probiotics
to cows at dry-off period to activate the immune response
by triggering the production of specific antibodies [11].

Another feature of some lactobacilli is the production
of their own biofilms. L. rhamnosus ATCC 7469 and L. plan-
tarum 2/37 strains have the ability to disrupt pathogenic
staphylococcal biofilms and replace them with biofilms
of their own [12].

The Chinese researchers [15] note the effectiveness
of L. rhamnosus GR-1-based probiotic for coliform masti-
tis. This strain of lactic acid bacteria blocks the production
of reactive oxygen species and mediates the activation
of mitophagy, thereby inhibiting E. coli-induced assembly
of NLRP3 inflammasome of the family of NLR receptors
(NOD-like receptors) that causes apoptosis of mamma-
ry epithelial cells. Thus, the use of probiotics promotes
the activation of mitophagy and the preservation of mi-
tochondrial cell function.

Qiu M. et al. studied the mechanism of action of En-
terococcus mundtii H81 in mammary inflammation and
for that they used mice models with S. aureus-induced
mastitis. E. mundtii H81 was found to have ability to inhi-
bit S. aureus growth. The H81 strain protects the integrity
of the mammary epithelial barrier. The results demon-
strated that E. mundtii H81 reduces pathological damage
to mammary tissue by reducing the secretion of proin-
flammatory cytokines and inhibiting the activation of
the signaling pathway of the nuclear transcription factor
NF-kB. Consequently, E. mundtii H81 may have potential
as a promising candidate for the treatment of S. aureus-
induced mastitis [17].

A number of experiments are aimed at studying
the probiotic potential of lactic acid bacteria to better
understand how these properties can be used for in vivo
control of bovine mastitis pathogens.

Intramammary administration of the L. lactis probiotic
strain proved to be as effective as the conventional an-
tibiotic for the treatment of various forms of mastitis. In
this case, the lactococci were completely eliminated from
the treated gland after a few days. Many researchers as-
sume that reconvalescence occurs due to induced local
inflammation, intensive involvement of leukocytes and
stimulation of mammary protection [9, 10, 13].

Catozzi C. et al. [14] investigated intramammary ad-
ministration of L. rhamnosus in buffaloes with a subclinical
form of mastitis and observed proinflammatory activity
and modification of the milk microbiota. Treatment with
L.rhamnosus elicited a strong chemotactic response, as de-
termined by a significant increase of leukocytes in milk.
Concerning the analysis of the microbiota, the treatment
induced the modification in relative abundance of some
genera such as Pseudomonas spp. and 5-7N15. Initially,
there was an increase in the number of somatic cells in
milk, but after 6 days the number of somatic cells de-
creased significantly. A similar response was observed with
intramammary infusion of B. breve [16]. In this regard, fur-
ther studies are needed to assess the potential use of GRAS
(Generally Recognized as Safe) bacteria as a maintenance
treatment against mastitis.

Oral administration of probiotic strains is an alternative
for the prevention and treatment of mastitis. As shown
by M. Urakawa et al., the introduction of a B-subtilis C-3102-
based feed additive into the diet leads to a significant
reduction in the incidence of mastitis, as well as main-

taining the mean value of somatic cells in milk at a lev-
el significantly lower than in the control group. Besides,
the experimental group had lower levels of cortisol and
reactive compounds of thiobarbituric acid, consequent-
ly, the cows did not experience oxidative stress. The flow
cytometry showed an increase in the proportion of CD4+
T-cells and CD11c + CD172aMe" dendritic cells in the blood.
Dendritic cells are antigen-presenting cells specializing
in the absorption and processing of antigen, which play
an important role in innate and adaptive immune respon-
ses. The data show that B. subtilis C-3102 can be used for
prevention of bovine mastitis [18].

In general, the studies described above show that
probiotic strains have great potential for the develop-
ment of effective means for the treatment and preven-
tion of mastitis, but their effectiveness in the treatment of
the clinical disease form has yet to be determined.

BACTERIOCINS

Bacteriocins are bacterial peptides synthesized on ri-
bosomes that show antimicrobial activity against other
bacteria, including antibiotic-resistant strains [44]. Some
bacteriocins (e.g., nisin produced by L. lactis) are already
used for food preservation due to their antimicrobial ef-
fectiveness and at the same time a high degree of safety
for consumers [3]. In practice, either purified bacterio-
cins administered directly in their purest form, or viable
bacteria producing bacteriocins (mainly lactic acid) are
applied [13]. The sensitivity of bacteria to bacteriocins
is associated with their interaction with the bacterial cell
surface and cell membrane. Cell permeabilization and
pore formation represent the main mechanism by which
bacteriocins attack target bacteria. Since the surface
charge of the plasmolemma and the fluidity of the mem-
brane are two bacterial properties used as targets for bac-
teriocins, changing these properties makes bacteriocins
ineffective, which leads to the development of resistance
to bacteriocins [48]. However, this resistance can be over-
come by using bacteriocin combinations [49] with each
other or with other antimicrobial compounds [50]. In ad-
dition, the effectiveness of bacteriocins can be increased
through bioengineering. As bacteriocins, unlike antibio-
tics, are ribosomally synthesized peptides, their amino acid
residues can be altered, thus inducing their antimicrobial
effect. Bacteriocins are generally divided into 3 classes
(Table 2) [48].

A drug containing bacteriocin produced by Streptococ-
cus equinus HC5 has been developed for the treatment
of bovine mastitis. Bovicin HC5 has some similarities with
nisin as regards its mechanism of action, since it is able
to bind to lipid Il in the cytoplasmic membrane. Brazilian
researchers studied the activity of bovicin HC5 against
pure or mixed cultures of staphylococci, streptococci and
escherichia strains isolated from cows diagnosed with
mastitis in various dairy herds, and confirmed its ability
to inhibit the growth of more than 80% of the tested strep-
tococci and staphylococci strains, but noted that no anti-
microbial effect against E. coli strains was observed [20].

Scientists from Thailand studied the antimicrobial po-
tential of the non-ribosomal peptide Pm11, which is pro-
duced from pleurocidin, belonging to the family of cationic
a-helical peptides found in Pleuronectes americanus. In this
study, the Pm11 peptide was found to be active against
E. coli SCM1249, S. aureus CM967, S. agalactiae SCM1084
and S. uberis SCM1310 strains. However, no antimicrobial
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Table 2
(lassification of bacteriocins
(lass Features Producers Example Mechanism of action
Lantibiotics (< 5 kDa peptides containing . . Cell permeabilization and pore formation, lipid
la o - L. lactis Nisin . . " -
lanthionine and S-methyl lanthionine) |1 receptor, action against gram-positive bacteria
Carbocyclic lanthibiotics . R . . Herpes simplex virus (HSV) and human
L] containing labyrinthine and labionine Actinomadura namibiensis Labyrinthopeptin A1 immunodeficiency virus (HIV)
Sactibiotics . T - o .
Ic (sulphur-to-g-carbon-containing antibiotics) Bacillus thuringiensis Thuricin (D Gram-positive bacteria
Small heat-stable peptides, synthesized Pediococcus pentosaceus, I . Cell permeabilization and pore formation, mannose
: S ) s Pediocin PA-1, sacacins A . . "
lla | inaform of precursor which is processed Pediococcus acidilactici, : permease receptor. Active against gram-positive
) . ) . and R, leukocin A . ) ) R
after two glycine residues Lactobacillus sakei and gram-negative bacteria, active against listeria
Two-component systems: two different . . Lactococcins G, Cell permeabilization and pore formation,
A . : ) L. lactis subsp. cremoris, -
Ilb | peptides required to form an active poration plantaricin EF UppP receptor (undecaprenyl pyrophosphate
L. plantarum L ) . - .
complex and plantaricin JK phosphatase), action against gram-positive bacteria
Il
Lactobacillus gasseri, Gassericin A, Cell permeabilization and pore formation,
llc | Circular bacteriocins E. faecalis, enterocin AS-48, ABC receptor transporter,
Lactococcus garvieae garvicin ML action against gram-positive bacteria
Unmodified, linear, leaderless, Lactobacillus salivarius, ) Cell permeablllzatlop and pore formation,
Ild o o . . Bactofencin A, LsbB metallopeptidase receptor,
nonpediocin-like bacteriocins L. lactis subsp. lactis - ) o ’
action against gram-positive bacteria
Lactobacillus crispatus, . - Cell permeabilization and pore formation,
. ) . Helveticin M, helveticin J . . .
Il Large molecules sensitive to heat Lactobacillus helveticus, ) action against gram-positive
. and enterolysin A . .
E. faecalis and gram-negative bacteria
activity was observed against the Klebsiella spp. SCM1282  teriocins both individually and in combination, using
strain due to the presence of an extracellular polysaccha-  them as a means to treat udder nipples before and after
ride capsule in these microorganisms. When the peptide  milking. The conducted research showed that the use
interacts with the bacterial capsule, its structural changes  of bactofencin A did not reduce the amount of staphylo-
occur, causing sequestration and preventing the peptide  cocci and streptococci on the surface of udder nipples;
from reaching its pathogen membrane target [21]. nisin and reuterin, on the contrary, reduced bacterial con-
Garvicin is class Il bacteriocin produced by L. garvieae  tamination. When these bacteriocins were used in combi-
strains [24]. Norwegian researchers identified the inhibi-  nation, the most pronounced antibacterial effect similar
tory ability of garvicin KS against Acinetobacter baumannii.  to the biocidal action of nisin and iodine was observed.
When used in combination with nisin, garvicin also inhibits ~ Thus, the combined use of several bacteriocins has many
S. aureus growth [25]. advantages [23]. Xu X. et al. demonstrated that lower
In another study, Brazilian scientists studied the an-  concentrations of antimicrobials with synergistic effects
tagonistic activity of aureocin 4181, a staphylococcin pro-  are needed to inhibit bacterial growth [55]. Consequent-
duced by S. aureus. This bacteriocin has proven effective ly, it reduces treatment costs and risks of adverse effects
against a wide range of gram-positive bacteria, includ-  caused by drug toxic effect [23]. In addition, bacteriocins
ing other strains of staphylococci and streptococci [26].  can be used in combination with antibacterial drugs. For
The bactericidal mode of action of aureocin is associated ~ example, nisin A increases the activity of cephazolinum,
with the destruction of cell membranes of mastitis patho-  thereby reducing the dose of the antibiotic in the mastitis
gens [51]. treatment. This combination is effective against S. aureus,
Bactofencin A was isolated from gram-positive L. sali-  S. intermedius, S. agalactiae, S. dysgalactiae, Enterococcus
varius [52] and demonstrated inhibitory activity against  faecalis and E. coli [24].
S. aureus and Listeria monocytogenes by acting on the bac- The rapid discovery of new bacteriocins, their deve-
terial cell wall [22]. Nisin A, a lantibiotic produced by L. lac-  lopment and combination with other bactericidal agents
tis, exhibits broad-spectrum activity against gram-positive  inevitably leads to increased resistance to these drugs.
bacteria. Its mode of action is based on the destruction  The potential hepatotoxicity of these bacterial peptides
of the bacterial cell wall by pore formation and inhibi-  should also be taken into account [48]. In general, various
tion of the biosynthesis of important cell wall precursors.  approaches are to be considered to solve the issue of resis-
Lactobacillus reuteri generates an active aldehyde known  tance and reduce the toxicity of bacteriocins, which have
as reuterin in the presence of glycerin. This compound was  great potential as bioconservants and therapeutic agents.
found to be effective against a wide range of gram-posi-
tive and gram-negative bacteria because it causes oxida- BACTERIOPHAGES
tive stress in cells. Several studies were aimed at evaluating Bacteriophages (phages) specifically infect bacteria, re-
the potential of reuterin as a food preservative [53] and  sulting in either lysis of the bacterial agent (lytic or virulent
disinfectant [54]. Canadian scientists studied the anti- phages), or in lysogeny - the integration of the bacterio-
bacterial effect of bactofencin A, nisin and reuterin bac-  phage’s genetic material into the bacterial chromosome
206 VETERINARY SCIENCE TODAY. 2024; 13 (3): 203-213 | BETEPUHAPUA CEFOJHA. 2024; 13 (3): 203-213
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of the host (moderate or symbiotic phages) [56]. Bacterio-
phages, due to the specificity of their action, cause minimal

disruption of the normal microbiome of animals, thereby
not causing dysbiosis [57]. Such selectivity of bacterial

targets by phages is achieved by recognizing specific re-
ceptor proteins located in the bacterial cell wall, on which

the phage is adsorbed using specialized fibrils, after which

bacteriophages penetrate and release their genetic ma-
terial in the bacterial cell [58]. As a rule, phages of most
S. aureus strains interact in the cell wall with teichoic acid,
which differs from other acids inherent in coagulase-
negative staphylococci [59]. For studies aimed at searching

bacteriophages acting against one of the main pathogens

of mastitis — S. aureus, the following main domains loca-
ted in endolysin sequences are used: cysteine, histidine-
dependent amidohydrolase/peptidase (CHAP), amidase 2

(N-acetylmuramoyl-L-alanine amidase) and SH3b for recog-
nition of the cell wall of the pathogenic agent [60].

Following successful adsorption and penetration into
the cell, lytic phages capture the mechanism of bacterial
DNA replication to synthesize their own genetic material
and structural proteins during the latent period. The du-
ration of the period required to start synthesis varies for
bacteriophages acting against bovine mastitis pathogens
and can be 5 (E. faecalis), 10 (S. aureus), 20 (Pseudomonas
aeruginosa) or 30 minutes (S. agalactiae) [61, 62, 63, 64].
Subsequently, after viral synthesis, numerous phage par-
ticles are assembled and eventually released by the lysis
of the host through a combined activity of the endolysin
and holin enzymes that degrade the bacteria cell wall [57].
In case of bovine mastitis, the number of phage particles
synthesized and released per bacterial cell varies from 20
to 100 PFU/cell (plaque-forming units per 1 cell) for ap-
proximately 175 minutes [61, 62, 63, 64]. The ability of lytic
phages to eventually lyse bacteria and replicate after infec-
tion ensures the destruction of bacterial pathogens, as well
as a constant increase in the concentration of infectious
phages (auto-dosing) at the site of infection [65]. In addi-
tion, the short replication time demonstrated by phages
makes it possible to shorten the drug development time-
line, providing the opportunity for rapid individual treat-
ment aimed at specific bacterial strains [57].

Many studies have noted a significant decrease in bac-
terial load during exposure of phages against pathogenic
agents that cause mastitis [27, 28, 29, 30, 31]. However,
the resistance was detected within two hours after phage
treatment, as evidenced by the resumption of bacterial
growth after lysis, which may adversely affect therapeutic
efficacy [28]. In order to limit the development of resis-
tance and lysogeny, increase the specificity of the target
bacteria and raise lysis efficiency, it is possible to optimize
the composition of the phage cocktail [66, 67].

For instance, I. Titze and V. Kromker investigated the ef-
ficacy of bacteriophage mixture with L. plantarum on S. au-
reus strains isolated from the milk of cows with mamma-
ry gland inflammation. The phage cocktail, as well as its
combination with lactic acid bacteria, demonstrated high
antimicrobial activity against S. aureus during a 24-hour
incubation period at 37 °C. Statistical calculations showed
that only a bacteriophage mixture had a significant effect
on the growth rate of S. aureus [32].

The Chinese researchers assessed the antibacterial ac-
tivity of bacteriophage mixtures experimentally. For this
purpose, eight lactating Holstein cows were selected and

randomly divided into four groups, two animals per each
group. Three groups of cows were intramammarly inocu-
lated with 60 CFU E. coli ECD2 suspended in 1T mL of py-
rogen-free phosphate buffer saline solution (PBS). Phage
cocktails containing SYGD1, SYGE1, and SYGMH1 were pre-
pared by mixing the three phages ata 1:1:1 ratio with a pri-
mary concentration of about 10" PFU/mL.The mixture was
100-fold diluted with PBS. One group was intramammarly
inoculated with 5 mL ceftiofur sodium (600 mg/mL), the
second group was intramammarly inoculated with 5 mL
phage cocktails (1 x 108 PFU/mL), the third group was in-
tramammarly inoculated with 5 mL PBS only. All products
were administered once a day for three consecutive days.
The fourth group, as a control group, was neither inocula-
ted nor treated. All three bacteriophages showed promis-
ing results as antimicrobial agents, especially when used in
a cocktail, such therapy can reduce the number of bacteria,
somatic cells and inflammatory factors, alleviate the symp-
toms of mastitis in cattle and achieve the same effect as
with antibiotic treatment [33].

Pathogens causing mastitis are capable of forming
biofilms, which limits the access of antibiotics to bac-
teria [68, 69, 70]. However, phages can prevent biofilm
formation or penetrate bacterial pathogens in vitro and
in vivo, which indicates the possibility of their use as an in-
dependent treatment or in combination with antibiotics
toincrease therapeutic effect [28, 69]. In a study by Iranian
scientists, bacteriophage M8 showed noticeable lytic ac-
tivity against all tested types of S. aureus (multi-resistant,
methicillin-resistant and biofilm-forming strains). This
bacteriophage, alone or in combination with other phag-
es and antibiotics, has the potential of being a therapeutic
option for intractable inflammatory mammary diseases
caused by S. aureus [34].

The results of many in vitro and in vivo studies show that
phage therapy is a promising alternative to antibiotics for
the treatment of mastitis in cows, and in combination with
antimicrobials will reduce the dose of the latter or short-
en the period of treatment [71]. However, the efficacy
of phage therapy is limited due to their strict specificity
against certain combinations of mastitis pathogen strains
and the need to use several phages to control a variety
of bacterial pathogens. Phage therapy is most effective
when the target pathogen is readily available and present
in large quantities [72].

PHAGE ENZYMES

One of the ways to handle challenges of phage therapy
may be the use of purified products of phage genes, such
as lysines. Endolysins (amidase, endopeptidase, glucosi-
dase and transglycosylase), commonly known as enzybiot-
ics, are mureolytic enzymes that are synthesized at the end
of the phage lytic life cycle [73]. They impact peptidogly-
can bonds and lyse bacteria from the inside, promoting
the release of new phages. Endolysins have a wider anti-
bacterial spectrum compared to phages. In addition, they
can also lyse bacteria when used exogenously. Endolysins
are specific, highly active and carry a lower risk of deve-
loping resistance [74].

The well-studied and most active lysines include
streptococcal-specific lysine PlyC obtained from bacterio-
phage C1. Although almost all gram-positive endolysins
described to date are encoded by a single gene, the en-
dolysin PlyC of the C1 phage of group A streptococcus
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is the only example of a multimeric lysine consisting of
two different gene products: PlyCA and PlyCB. One PlyCA
subunit with enzymatic activity and eight PlyCB subunits
that make up the cell wall binding domain form a com-
plete PlyC complex, which is an endolysin with the highest
activity, just one nanogram is enough to destroy 10’ CFU
of various streptococcal species in a few seconds [3, 35, 75].

Schmelcher M. et al. studied the possibility of using
endolysins of ASA2 and B30 streptococcal phages as an-
timastitis agents in 2015. Lysine ASA2 showed high ac-
tivity in cow’s milk against S. dysgalactiae, S. agalactiae
and S. uberis, whereas lysine B30 was less effective. Both
enzymes significantly reduced the concentration of all
three types of streptococci in the mouse mastitis model
(with the exception of B30 relative to S. dysgalactiae). It is
worth noting that the synergistic effect found for the two
enzymes in vitro was not observed in the mouse model.
In general, the results obtained demonstrate the potential
of endolysins for the treatment of streptococcus-induce
bovine mastitis [36].

A study by the Chinese scientists has shown that
LysKkAamidase endolysin is able to inhibit 71 methicillin-
sensitive and 66 methicillin-resistant staphylococcus
strains isolated from the milk of cows with mastitis. The
wide antistaphylococcal in vitro activity of this enzyme,
including that against multidrug-resistant staphylococ-
ci and biofilm-producing staphylococci, indicates that
LysKAamidase can become a means of therapy for intrac-
table inflammatory diseases of mammary glands [37].

However, the number of clinical studies on the use
of endolysins for the treatment of bovine mastitis is limi-
ted. In one of such experiments J. Fan et al. intramammarly
administered 20 mg of endolysin Trx-SA1 to cows at the ini-
tial stage of clinical mastitis once a day for 3 days. In 60%
of cases, milk samples demonstrated decrease in S. aureus
total count and the number of somatic cells [38].

Despite the promising prospects for the use of endoly-
sins as a therapeutic means for mastitis, their use requires
further study as there are certain limitations. For example,
repeated administration of lysing proteins leads to the for-
mation of immunoglobulins against the inoculated phage
enzymes, which limit the antimicrobial activity of the lat-
ter [44]. In addition, most endolysins are not active against
gram-negative bacteria, since the outer membrane pro-
tects the underlying carbohydrates and peptidoglycan
from direct contact with lysines. Nevertheless, one of
the main advantages of using bacteriophages and phage
endolysins is their ability to eliminate antibiotic-resis-
tant pathogens against which conventional therapeutic
methods are ineffective [38].

NANOPARTICLES, PLANT EXTRACTS
AND ESSENTIAL OILS

In addition to the above-mentioned means of mastitis
therapy and prevention, relatively new control strategies
include the use of nanoparticles, herbal extracts and es-
sential oils.

Nanoparticles have broad-spectrum antimicrobial po-
tential and do not affect the development of resistance
in bacteria. The antimicrobial effect of metal nanoparticles
is explained by: 1) release of the resulting active oxygen;
2) peroxidation of bacterial proteins and lipids; 3) penetra-
tion of carbohydrates into bacterial cells; 4) degradation
of microbial DNA; 5) damage to the cell membrane and,
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as aresult, an increase in its permeability [76, 77]. After ex-
posure of nanoparticles on bacteria, a decrease in lactate
dehydrogenase activity and adenosine triphosphate levels
was observed, which indicates ineffective energy regula-
tion in mastitis pathogens. There is also downregulated
gene expression in pathogens, including genes encoding
glutathione (GSH), glutathione S-transferase (GST), super-
oxide dismutase (SOD) and catalase (CAT), which induces
bacterial death [77]. The results obtained during the pilot
studies showed that copper nanoparticles inhibit S. aureus
growth and exhibit minimal toxicity to fibroblast cell lines
at a concentration of 6.25 pg/mL. Intramuscular admin-
istration of copper nanoparticles to rats with staphylo-
coccus-induced mastitis turned out to be more effective
than gentamicin injections; these conclusions were made
based on clinical signs, results of total bacterial load and
the study of histological specimens [39].

However, as the use of nanoparticles in mastitis the-
rapy has not yet become widespread as an alternative
to the classical approach using antibiotics, many resear-
chers prefer combination therapy including nanoparticles
and antimicrobials. It is already known that intramammary
administration of the drug with nanosilver and ceftiofur
has therapeutic efficacy up to 93.33% of cases. This com-
bination can also be used for preventive purposes, for
example before calving [78].

The use of plant extracts and essential oils in the treat-
ment of mastitis is a fairly promising area of research, since,
compared with antibiotics, these drugs have a natural
composition, they do not have severe side effects [79],
and plant components do not participate in bacterial
resistance in bacteria after prolonged exposure [80]. This
method of mastitis treatment in food-producing animals
has been known for a long time, extracts of plants such
as Taraxacum mongolicum, Lonicera japonica, Viola patrinii,
Folium isatidis, Angelica dahurica, Coptis chinensis, Phello-
dendron amurense, Rheum officinale, Scutellaria baicalensis
have been used in traditional Chinese medicine, showing
detoxifying, anti-inflammatory and antibacterial effects [3].
However, the mechanism of action of most extracts and
essential oils has not been fully clarified [81]. For example,
the antimicrobial activity of such drugs is provided by vari-
ous plant secondary metabolites,among them are: geranyl
acetate, eugenyl acetate, trans-Cinnamaldehyde, menthol,
carvacrol, thymol, geraniol, eugenol, p-cimene, limonene,
terpinene and carvone [82].

The mechanism of action of plant extracts and essential
oils on a bacterial cell is probably associated with degrada-
tion of the cell wall, damage to the cytoplasmic membrane
and its proteins, release of cellular contents, coagulation
of the cytoplasm and destabilization of proton driving
force [82]. Gram-positive bacteria are more susceptible
to essential oils as compared to gram-negative ones, pos-
sibly because the latter have a thick layer of lipopolysac-
charides in the outer membrane that covers the cell wall,
limiting the diffusion of hydrophobic compounds [83].

In fact, many studies have confirmed the effectiveness
of these plant derivatives against bacteria that cause
inflammation of bovine mammary gland. For example,
the scientists from Pakistan studied the antibacterial effect
of Allium sativum, Bunium persicum, Oryza sativa and Triti-
cum aestivum against strains of the most common patho-
gens of mastitis, such as S. aureus, E. coli and K. pneumoniae.
It was found that all extracts significantly inhibit (p < 0.01;
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p < 0.05) bacterial strain growth [40]. In another study,
M. F. Cerioli et al. observed the inhibitory effect of Mintho-
stachys verticillata essential oil and limonene on biofilm
formation in E. coli, Bacillus pumilus and Enterococcus fae-
cium strains isolated from cattle with signs of mammary
gland inflammation. The results showed that the effect
of essential oils is more apparent than limonene, which did
not show bactericidal activity against E. faecium [41]. The
Serbian scientists studied the antibacterial activity of Thy-
mus vulgaris L., Thymus serpyllum L., Origanum vulgare L.
and Satureja montana L. essential oils in the treatment
of mastitis. For that, lactating cows of the experimental
group received 15 mL of a drug containing essential oils
into the mastitis-affected udder lobes. When comparing
the total bacterial load in milk samples before and after
treatment, it turned out that this drug effectively inhibited
growth of Staphylococcus spp., Streptococcus spp., Klebsiel-
la spp., Proteus mirabilis, E. coli, S. uberis, Serratia marcenses.
The dominant compounds in the resulting product were
thymol and carvacrol. The quantification of these two com-
pounds in the evaluated biological samples showed that
their withdrawal period is 24 hours [42].

However, there are some aspects that are consi-
dered as limiting the use of plant extracts and essential
oils for the treatment of bovine mastitis. Thus, research
should be aimed at finding industrial extraction methods,
methods for converting plant extracts or essential oils
into concentrated and homogeneous products and ways
to use such drugs.

VACCINE PREVENTION

In many countries, the disease freedom of agricultural
organizations is ensured by means of autogenic vaccines
used mainly for the prevention of diseases caused by
S. aureus and Mycoplasma bovis, and, to a lesser extent,
by S. uberis. These vaccines are prepared based on iso-
lates recovered on site from cows with mastitis, and then
administered to the entire herd. In addition, commercial
autogenic vaccines against mastitis are also available, for
example, Bestvac® based on S. aureus strains (IDT, Ger-
many) [84]. Mono- and polyvalent vaccines are also com-
mercially manufactured. The vaccines against coliform
mastitis available on the market include: 1) Enviracor™
J-5 contains the mutant strain J-5 E. coli (Zoetis, USA) and
is administered subcutaneously three times (at drying
off, in 4 weeks after drying off and within 2 weeks after
calving); 2) J-VAC® E. coli contains bacterin-toxoid E. coli
mutant strain J-5 (Merial, Germany) and is administered
subcutaneously or intramuscularly twice (at drying off
and in 2-4 weeks); 3) ENDOVAC-Dairy® is a bacterin toxoid
derived from the mutant Re-17 Salmonella typhimurium
(Endovac Animal Health LLC, USA), it provides protection
against pathogens such as E. coli, Salmonella, Pasteurella
and Mannheimia, is administered intramuscularly twice (at
drying off and in 2-3 weeks). Vaccines effective against
S. aureus are also available, for example Lysigin® (Boeh-
ringer Ingelheim, Germany), which is injected subcuta-
neously into the intramammary lymph node three times
(4 weeks and 2 weeks prior to calving, with revaccination
in 6 months).

Besides autogenic vaccines, inactivated ones are also
used for mastitis prevention. The STARTVAC® multivalent
vaccine (Hipra, Spain) contains E. coli (strain J-5) and S. au-
reus CP8 (strain SP 140) [85] and is administered intra-

muscularly thrice (45 days before calving, 10 days before
calving, 62 days after the second vaccination). As for do-
mestic products, there is MastitVak-EVA vaccine (ARRIAH,
Vladimir) consisting of inactivated bacterial cells of S. aga-
lactiae, S. dysgalactiae, S. uberis, two strains of S. aureus,
Staphylococcus hyicus and two E. coli strains. For devel-
oping a primary immune background against the main
clinically significant mastitis pathogens, it is recommen-
ded to vaccinate heifers starting from 20-22 weeks of age,
and revaccinate after 2 weeks, followed by revaccination
every 6 months.

Despite the fact that various commercial vaccines
against mastitis are available, none of them provide com-
plete protection, and moreover, are cost-effective [43].
Thereis evidence that the studies conducted in this respect
did not reveal significant differences in mastitis occurrence
and the somatic cell count in the milk of the control group
cows and experimental groups of vaccinated animals [86].
The insufficient protective potential can be explained
by many factors: age, health status, and differentimmune
responses in individual animals depending on genetic and
environmental conditions [3, 87, 88].

CONCLUSION

To sum it up, most of the literature data presented
has shown the possibility of using new therapeutic ap-
proaches to overcome the limitations of traditional anti-
biotic-based therapy. However, for most of the alternative
testing methods, only in vitro tests were conducted; ad-
ditional, mainly in vivo tests, are not available yet, though
they are critically important and necessary. The considered
treatment methods probably will not be able to complete-
ly replace antibiotic therapy. The most rational solution
would be to combine conventional antibiotic treatment
schemes with new alternative approaches, this will re-
duce the duration of antibiotic use and the withdrawal
period for milk, which, in turn, will increase productivity
and reduce the likelihood of resistant bacterial strains.
It should be considered that the prevention of bovine
mastitis is achieved through improving the quality of life
and conditions of animals, disinfection of udder nipples
before and after milking, timely maintenance of milking
machines, which are generally accepted measures to pre-
vent the occurrence of new cases of mastitis.
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Rabies situation in the Moscow Oblast
in 2011-2023 and the role of oral vaccination
of wild carnivores against rabies
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ABSTRACT

Rabies is a zoonotic viral disease of all warm-blooded animals caused by a neurotropic virus, member of the Lyssavirus genus of the Rhabdoviridae family. About
59,000 people die from hydrophobia globally every year. According to the World Health Organization, the red fox (Vulpes vulpes) and the common raccoon dog
(Nyctereutes procyonoides) are the main reservoirs and vectors among carnivores of the rabies virus in Europe. The paper describes animal rabies situation in
2011-2023 and the role of oral vaccination of wild carnivores against rabies in the Moscow Oblast. The region is a part of the Central Federal District and located
in the center of the Russian plain bordering seven Oblasts (Tver, Smolensk, Kaluga, Tula, Ryazan, Vladimir and Yaroslavl Oblasts), which are also rabies infected.
Notwithstanding the metropolis growth, the number of wild carnivores in the Moscow Oblast remains high. Comprehensive preventive measures to control the pop-
ulation of the wild carnivores are taken to stabilize the rabies situation and decrease the incidence, innovative achievements in laboratory diagnosis are introduced,
population immunity of wild carnivores by oral vaccination is improved and the epidemic situation in neighboring regions is analyzed. In 2017 the systemi,
consistent and thoroughly organized campaign was started — the oral vaccines were distributed by light aircrafts. The research revealed the correlation between
the decrease in annual number of reported rabies cases and increase in the amounts of oral vaccines distributed. The use of controlling devices (camera traps)
confirmed that oral rabies vaccines are consumed by the target animals (red foxes). The onward systemic, methodical approach to rabies prevention will mitigate
the risks of rabies occurrence in the Moscow Oblast.

Keywords: rabies virus, red fox, common raccoon dog, oral vaccination, epidemic situation, Moscow Oblast
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JNM300TUYECKasd CUTYaLMA NO OeLleHCTBY
Ha Tepputopumn Mockockoii obnacti (2011-2023 rr.)
1 PONb OPaNbHON BakLMHALN JUKNX NNOTOALHbIX

A. B. Mapowmn’, C. b. Bockpecenckuit?, K. H. [py3paes?, E. B. YepHbiwosa®

'TBYB MO «TepputopuanbHoe BeTepuHapHoe ynpasnenue No 5, yn. MpombliunerHas, 15, Mkp. LieHTpanbHblid, T. 0. Llomopesoo, 142002, MockoBckas 06nactb, Poccua
2 MuHMCTEPCTBO CeNbCKOro X03AiACTBA 11 NPoZoBOAbCTBIA MockoBcKoil 06nacTu, 6ynbap Crpouteneit, 7, . KpacHoropck, 143407, MockoBckaa obnactb, Poccus

3 OTBY «DesepanbHblii LieHTp 0XpaHbl 380poBbA KUBOTHBIX» (OTBY «BHUIU3X»), mKp. I0pbesew, r. Bnagumup, 600901, Poccua

PE3IOME

beLweHCTBO — 300H03HOE BUPYCHOE 3a60n1eBaHIe TeNNMOKPOBHbIX XUBOTHBIX, BO30YAUTENEM KOTOPOTO ABNAETCA HEIAPOTPONHbIN BUPYC PoAa Lyssavirus cemeiicTa
Rhabdoviridae. ExxeronHo B Mupe ot rugpodobum norubaet okono 59 000 uenosek. B EBpone, no gaHHbIM BcemupHoii opraHu3aumum 3apaBooxpaHeHns, 0CHOB-
HbIMU BIUAAMU ANKIX NIOTOALHDIX, KOTOPbIE NOAAEPKIUBAIOT NPUPOAHbIE 0uark beweHcTBa, ABAAIOTCA nnca (Vulpes vulpes) n eHoToBuaHas cobaka (Nyctereutes
procyonoides). B cTatbe npeAcTaBneHa 3NKU300TUYECKaA KapTUHA MO BeLleHCTBY XMBOTHbIX (2011-2023 rr.), npoaHanu3upoBaHa posb 0panbHOIl BaKLMHALMM
ANKUX NNOTOAAHBIX B MockoBcKoil 06nacTu. Pervon BxoauT B coctas LieHTpanbHOro GefepanbHoro 0kpyra, pacronoxeH B LeHTpe Pycckoli paBHIHbI 1 FpaHunT
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¢ cembto obnactamu: Teepckoit, CmoneHckoit, Kanyxckoi, Tynbckoi, PasaHckold, Bnagumupckoid, pocniaBckoii, — KOTopble TaKkxKe ABAAKTCA HeONArononyyHbIMM
10 6eLLeHCTBY UBOTHbIX. HeCMOTPA Ha ypOaHn3aLMt0 Meranonuca, YUCNEHHOCTb AKX NNOTOALHBIX XUBOTHbIX B MOCKOBCKOI 06n1acTy 0CTaeTcA BbICOKOIA. B pe-
TI10He NPOBOANTCA CUCTEMHAA NPOUNaKTUYeckas paboTa No KOHTPONIO YNCNEHHOCTI AUKMX NNOTOASHBIX XXUBOTHBIX, CTabUNM3aLMI INM300TUYECKON CUTYaLMN
11 yMeHbLLEHWH CNlyuaes GeLLeHCTBa, BHEAPAIOTCA NepefjoBble HayyHble pa3paboTki B 06nacTh n1abopaTopHOi ANArHOCTUKIA, NOBbILLEHNA NONYAALNOHHOTO
UMMYHWUTETa CPean ANKIX MAOTOALHBIX XUBOTHBIX NyTeM OpabHOI BaKLHALWMIN NPOTUB BELLEHCTBA, aHANN3NPYeTCA INU300TINYeCKaA CUTYaLMA B CONPEAENbHBIX
o6nactax. C2017 r. 8 MockoBcKoii 061aCTv Hauanacb CUCTeMHas, NNaHOMepHas, TLATEbHO OPraHM30BaHHAA KaMNaHUA — C NOMOLLbH CPEACTB MANoil aBuaLln
(Tana NPoBOANTLCA TOTaNbHAA PackiaaKka 0panbHON BaKLMHbI. iccneoBaHA BbIABUAN KOPPENALII0 MEXAY CHIXKEHUEM eXeroAHOro Y1CNa perucTpupyembix
CnyyaeB beLLeHCTBA 11 yBeNMYeHeM 06bEMOB CMOMb30BaHNA OpanbHOIl BaKLHbI. [pUMeHeHNe (PeACTB BHEAPEHHOr0 0GbEKTUBHOTO KOHTPONA (GOTONOBYLLEK)
MOATBEPANN0 NOeaHNe 0PaNbHOIA aHTUPabUUecKoil BaKLMHDI LieneBbIMU BIZAMU XUBOTHbIX (nucuuamu). lanbHeiwmii cucTeMHbIi, METOANYHBIA MOAX0A
K NpodunakTKe beLIeHCTBA CHIUT PUCKI BO3HUKHOBEHMA BCMblLek 3Toro 3abonesaHus B MockoBckoii obnactu.

KnioueBble cnosa: Bupyc 6eLueHCTBa, KpacHaA nucula, eHoToBUAHAA cobaka, OpanbHaA BaKLMHALNA, 3N1300TUYECKAA CUTYaLInA, MockoBckas obnactb
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INTRODUCTION

Rabies is an infectious disease of mammalian animals
caused by a neurotropic virus (genus Lyssavirus, family
Rhabdoviridae). Rabies virus (RABV), as a typical lyssavirus
occurs in different parts of the globe, has reservoir hosts,
which maintain the viral circulation [1]. From the primary
reservoir host, the virus is transmitted to other susceptible
animals and to humans (Fig. 1). In Europe, such animals are
the red fox (Vulpes vulpes) and the raccoon dog (Nyctereu-
tes procyonoides) [2].

Lyssavirus species affect only mammals. The evolu-
tion of lyssaviruses is associated with the animal species
in which the virus can maintain an independent cycle
of development. These are a wide range of mammalian
species within the Carnivora and Chiroptera orders. They
are spread on various continents of the globe, excluding
Antarctica. It is generally accepted that bats are the true
primary reservoir hosts of almost all lyssaviruses. How-
ever, unlike all other lyssaviruses, rabies viruses (RABVs) as
the typical species for lyssaviruses have established mul-

tiple independent transmission cycles in a broad range of
carnivore host reservoirs. Typical carnivore host reservoirs
for RABV are dogs, jackals, raccoon dogs, coyotes, skunks;
in Eurasian and American arctic and subarctic regions is
the arctic fox (Alopex lagopus) [1, 3].

In the Russian Federation, rabies cases are reported
in many regions of the country, including the Moscow
Oblast [4, 5], which is part of the Central Federal District
(CFD) and located in the center of the Russian Plain. The re-
gion is adjacent to the Tver, Smolensk, Kaluga, Tula, Rya-
zan, Vladimir, and Yaroslavl Oblasts, which are also rabies
infected. The fauna of the CFD regions includes reservoir
hosts of the rabies virus that maintain the sylvatic cycle
of the disease. The main role in this process is played
by the red fox (Vulpes vulpes), which is one of the most
common predatory mammals among canines inhabiting
the Moscow Oblast. It is a medium-sized carnivorous va-
rious shaded red predator, which dwells in burrows and
sees well in the dark. The diet includes mainly small ro-
dents [6, 7, 8,9, 10, 11]. The density of the fox population

BE Rt

Fig. 1. Circulation and transmission of the rabies virus explained by the example of the red fox, Vulpes vulpes
(https://www.who-rabies-bulletin.org/sites/default/files/epi_1.jpg)
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per 1,000 hectares in the Moscow Oblast varies depending
on the area. Fox harvesting in 2010-2021 was not regular
due to the lack of demand for fox pelts [11].

The Moscow Oblast surrounds the city of Moscow and
is a region in which the rabies situation is under special
control. Despite the high urbanization levels in the mega-
lopolis, the number of wild carnivores in the Moscow
Oblast remains high. The geographical position in the cen-
tral part of the East European Plain with favorable climatic
and landscape conditions for the habitat of carnivores
contribute to that [12]. An increase in the fox population
density, in our opinion, is the main risk factor for the main-
tenance of rabies sylvatic cycle and incidence in the Mos-
cow Oblast. This is confirmed by the data published by
N. I. Osipova [13].

Rabies remains a global threat. It causes great econom-
ic damage to agriculture. The rabies virus accumulates in
the saliva and brain of infected animals and is transmit-
ted through biting and licking. The transmission through
contacts does not evoke any explosive outbreaks of rabies
and its rapid spread, as it happens with highly contagious
diseases, for example, foot-and-mouth disease. Many spe-
cies of farm animals are considered to be dead end hosts
(cattle, sheep, goats, pigs, horses) in the rabies epizootic
chain. They usually die when infected, although all di-
seased animals and animals during the incubation period
are the source of the virus, and dead animals and virus
contaminated environmental objects become transmis-
sion factors.

Low ambient temperatures are favourable for the pre-
servation of the virus virulence. In this regard, the carcasses
of animals killed by rabies pose a real danger, since the vi-
rus remains alive in them for 2-3 weeks, and at subzero
temperatures for several months [14, 15].

It is difficult to overestimate the social significance of
the disease, since rabies poses a real threat to humans.
Human deaths from rabies are also reported in the Rus-
sian Federation. This is the case when an individual does
not seek medical assistance after an animal bite, scratch
or licking. The sylvatic rabies contributes to the mainte-
nance of rabies virus circulation in the Russian Federation,
therefore, the risk of human infection is always high. Ra-
bies cases are reported more often in spring and summer.
A rabid animal causes typical injuries to humans. Especial-
ly dangerous targets are head, face, and fingers. The ex-
posed human shall be immunized against rabies as soon
as possible. For specific prophylaxis, COCAV rabies vaccine
is used. For severe cases, after multiple bites, combined
therapy scheme using the COCAV vaccine and specific
gamma globulin has been developed. In order to prevent
rabies in humans, it is necessary to raise awareness among
public through mass-media [16]. About 59,000 humans
die from rabies every year in the world [17].

All this identifies the challenges faced by the Moscow
Oblast Veterinary Service when developing animal rabies
control plans. In addition to constantly changing econom-
ic environment of the metropolis, it is important to take
into account the biology and ethology, firstly, of foxes and
raccoon dogs, changes in their food supplies and popu-
lation density. The threshold value of the fox population
density when sylvatic rabies is reported is more than one
individual per 1 km?[18].

Advanced scientific developments in laboratory di-
agnosis, aimed at improvement of population immunity

among wild carnivores through oral rabies vaccination
are introduced in the Moscow Oblast, and the disease situ-
ation in the neighboring regions is analyzed.

Oral vaccination of wild carnivores remains a recog-
nized method of rabies prevention in the complex of di-
sease control measures taken by the veterinary services
both in our country and abroad [19, 20].

The aim of the research was an in-depth study of
the animal rabies situation in the Moscow Oblast, as well
as an assessment of the oral immunization role for wild
carnivores.

MATERIALS AND METHODS

Data from statistical reports of the Moscow Oblast State
Veterinary Service for the period from 2011 to 2023 were
used for the work. The data were processed by descriptive
and evaluative epidemiological and statistical methods.
To determine the territorial-geographical location of rabies
cases search engines, like Google Earth Pro and Yandex,
were used.

The final diagnosis of rabies was made after confir-
mation by laboratory tests in accordance with approved
GOST 26075-2013 “Animals. Methods of Laboratory Diag-
nostic of Rabies”' and “Recommended practice for the di-
agnosis of animal rabies by immunofluorescence™.

Tetracycline in teeth and bones of carnivorous animals
was determined in accordance with the “Guidelines for
the detection of tetracyclines by fluorescence method in
animal teeth and bones to control the oral rabies vaccine
consumption” and the recommendations of A. M. Gulyu-
kin [21]. For sample preparation, a Buehler low-speed pre-
cision cutter (USA) was used to determine the tetracycline
marker by making 1-2 mm thick cuts of teeth and jaws
of wild carnivores.

For the assessment of epidemiological surveillance re-
sults, the method of retrospective epidemiological analysis
was used.

RESULTS AND DISCUSSION

The effectiveness of the disease control comprises
a whole range of measures developed by the Moscow
Oblast Veterinary Service, which are adjusted to concrete
conditions:

— strict recording of susceptible animals in order to im-
plement rabies vaccination plans among pets and live-
stock, zoo animals, as well as to comply with the regula-
tory requirements for appropriate and humane keeping
of domestic carnivores;

- interaction with employees of hunting farms to con-
trol the fox density;

- oral vaccination of wild carnivores against rabies;

- short-term and long-term forecasting;

— awareness raising campaigns among public with re-
gards to the rabies dangers and prevention.

Rabies prevention and control with an ultimate goal
of its eradication also involves the development and im-
plementation of a constant monitoring of this infectious

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

2 Sukharkov A. Yu., Eremina A. G., Nazarov N. A, Egorov A. A,, Metlin A. E.,
Shulpin M. I. Recommended practice for the diagnosis of animal rabies by
immunofluorescence:MR33-16.Vladimir:FGBI"ARRIAH"2016.14p.(inRuss.)
3 MG 36-16 Guidelines for the detection of tetracyclines by fluorescence
method in animal teeth and bones to control the oral rabies vaccine
consumption. Vladimir: FGBI“ARRIAH’, 2016. 11 p. (in Russ.)
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Fig. 2. Animal rabies incidence reported in the Moscow Oblast in 2011-2023 and its trend

disease in a certain area over a certain period of time, i.e.
epidemiological surveillance and control.

Itisimportant to identify possible carriers, to recognize
the manifestation (presence) of the disease in a healthy
population as early as possible, to prove the absence of
rabies in susceptible animal subpopulations, and to estab-
lish the disease trend. To do this, well-known strategies
are used: monitoring, screening, examination, observa-
tion, etc.

Every year since 2011, state epidemiological monitor-
ing plans, covering rabies tests, have been implemented
in the Moscow Oblast. They are implemented by the in-
stitutions subordinate to the Rosselkhoznadzor. In addi-
tion, diagnostic test plans are implemented at the level
of the Russian Federation Subject, which also cover test-
ing for rabies. According to the regulatory documents
of the Russian Federation, data on tests performed shall
be provided to the relevant organizations using the ap-
proved templates. Test reports shall be entered into the
Rosselkhoznadzor information systems“Assol”and “Vesta".

This system is used to detect the disease, prevent and
reduce morbidity, and ultimately eradicate rabies in the
designated areas.

As can be seen in Figure 2, rabies was reported annually
in the Moscow Oblast in 2011-2023. The rises and falls in
the disease manifestation over the years are clearly visi-
ble, which confirms the rabies cycle nature. The beginning
of the observation period coincides with an increase in
the total number of reported cases (2011-2012), followed
by a decline and a new rise. The highest rabies incidence
was reported in 2015. In general, the trend is decreasing.

The species structure of animals involved in the rabies
epizootic process is shown in Figure 3. The highest inci-
dence over the entire observation period was reported
in wild carnivores (65%), followed by domestic carni-
vores (33%) and farm animals (2%). It should be noted that
the objectivity of reports on animal rabies has increased
since “Sirano” system was introduced in our country.

A relatively high incidence of rabies among carnivores
during the observation period suggests the sylvatic cycle
of the disease, when the vectors, in particular diseased
foxes, can carry the virus to potential victims or can
transmit the virus to susceptible animals (stray cats, dogs
and farm animals). Monitoring tests have shown that
the number of stray domestic carnivores, as a rule, in-
creases in autumn, when the summer season is over. This
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Fig. 3. Species structure of animal rabies in the Moscow Oblast in 2011-2023
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Fig. 4. Light aircraft for oral vaccine distribution

Evaluation of oral vaccine performance

Number of doses consumed

Blister packs consumed
by target animal species

Fig. 5. Evaluation of oral vaccination results

peculiarity was highlighted by B. L. Cherkassky [22]. It is
necessary to implement awareness raising campaigns
among the public in the urban territories, where special
conditions for the rabies virus circulation are created.

Stray animals bring additional risks of rabies occur-
rence and increase in its incidence. To solve the social
and economic problem of stray animals in the Moscow
Oblast a management system has been created to im-
prove the coordination and interaction of services, di-
rectly or indirectly responsible for trapping and keep-
ing of stray animals. This will increase the effectiveness
of control and measures taken to regulate the number
of stray animals.

Due to the fact that wild carnivores are the main rabies
reservoir, oral vaccination has been initiated in the region.
The first field trials conducted in Switzerland in the 70s
of XX century, showed that oral immunization is an ef-
fective method of animal rabies control. The possibility
of using a live attenuated strain of rabies virus embed-
ded into a special bait attractive for wild carnivores was
demonstrated. The attenuated virus penetrates the lym-
phoid tissue through the oral cavity of the animal, activates
theimmune response inducing resistance to the infection
with the virulent virus. Oral immunization is currently
a highly effective method of the disease control. The mo-
dern strategy of rabies control invariably includes specific
prevention of the disease among domestic carnivores [14].
The experience of the European Union countries, the USA,
and Canada has shown that the consistent long-term use
of oral rabies vaccines in wildlife effectively reduces the in-
cidence, until the disease is eradicated.

Seroconversion evidence

Development of sufficient
amounts of rabies antibodies

Tetracycline detection

Demonstration of tetracycline
biomarkers in bone tissues

The main purpose of oral immunization is to induce
and strengthen specific immunity in susceptible wild car-
nivores. The presence of specific virus neutralizing anti-
bodies in the sera of the target vaccinated animals in a titer
of > 0.5 IU/cm? provides sufficient protection in the target
animal species [23, 24].

Rabivak-0/333 (vaccine for oral immunization of wild
carnivores against rabies, Pokrovsky Plant of Biological
Products, Russia) and Rabistav (vaccine against rabies of
wild carnivores, Stavropol Bioplant, Russia), registered and
authorized in the Russian Federation, were used in the Mos-
cow Oblast. When handling the vaccines, all rules prescribed
in the instructions for their use were carefully followed.

Oral rabies vaccines are constructed as follows: a blister
or capsule with a viral suspension is embedded into a bait
in the shape of a rectangular block, weighing 25-55 g.

At the beginning, when the oral vaccination was intro-
duced, the vaccine was distributed using two methods:
manual baiting in the territory of the Moscow Oblast
municipalities at the rate of 25-30 doses of the vaccine
per 1 km?, and aerial distribution in hard-to-reach areas
2 times a year. Personal safety measures were obligatorily
observed during the distribution process.

Since 2017, light aircrafts have been used in the Mos-
cow Oblast to distribute oral vaccines (Fig. 4), in compli-
ance with the international requirements. The distribution
pattern is based on GPS mapping. Before the vaccination
campaign, the area was mapped; flight charts were made
to depict the planned routes for the vaccine distribution,
zones to be covered by light aircraft were defined and
approved; controlled forest areas were highlighted.
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Fig. 6. Camera trap “Filin 120"

Spring vaccination campaign was conducted in late
March, April, and early May (depending on weather con-
ditions). The second vaccination was performed in autumn,
in September - October. Due to the fact that after spring
vaccination, fox cubs have colostral immunity, the third
vaccination was conducted in June or early July.

The vaccination campaign effectiveness was evalua-
ted (Fig. 5), which included visual determination of the bait
up-take at the control sites, sampling and their laboratory
testing to determine the tetracycline marker in teeth and
bones and the level of rabies antibodies in wild carnivores.

The active use of the oral vaccines against rabies
among wild carnivores required correction of the vac-
cination effectiveness evaluation, search for and intro-
duction of new methods. Therefore, we have studied
the possibility of using camera traps. The camera trap
is a fully automatic camera with GSM functions, which
is disguised from animals using a special case. “Filin 120"
camera trap was used for this work (Fig. 6). It is triggered
by a motion sensor and automatically captures images
or videos when an animal appears in the controlled area
at a distance of up to 20 m.

Fig. 7. Approaching and consuming of vaccine baits by foxes
in the controlled area

Thus, for the first time in Russia, a remote method for ra-
bies oral vaccine up-take control and efficacy evaluation
was used in the Moscow Oblast. The camera trap automat-
ically sends images to a mobile phone using a GSM/GPRS
network. The MMS make it possible to receive 1-99 images,
which are processed by a computer (Fig. 7).

The camera trap data showed that all distributed vac-
cine baits were willingly consumed during the first two
days by the main target animal species - the fox. The up-
take rate at the controlled areas was calculated and was
equal to 70-90%.

The vaccine uptake is also controlled by the tetracycline
marker. When consumed, tetracyline binds to growing
bones, in particular, to tooth tissue, and can be detected by
the fluorescence method in teeth or mandible bones [25].

The analysis of the rabies epizootic processin 2013-2015,
conducted by M. I. Gulyukin and A. A. Shabeykin [26],
showed that there was an increase in the disease inci-
dence in most of the European territory of Russia. The oral
vaccination campaign carried out in the country did not
give the expected effect, except in some isolated regions.
According to A. A. Shabeykin [27], the sylvatic nature
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Fig. 8. Rabies incidence and number of the used oral vaccine doses in the Moscow Oblast in 2013-2023
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of rabies in the Russian Federation underlies its spread
geography, seasonality, outbreak periodicity and species
involved in the epizootic process, and parameters of spe-
cies- and spatiotemporal manifestations of the epizootic
process are subject to constant changes. The large regions
of the country, the size of the disease distribution area,
the variety of geographical conditions, and the renewal
of the reservoir animal population are the factors that
significantly complicate the task of wild carnivore vacci-
nation in Russia. This dictates the need to further improve
the strategy of oral rabies vaccination.

Spatial analysis of the data and digital models of
the epizootic processes created by A. A. Shabeykin [28]
made it possible to determine rabies epizootic develop-
ment patterns with regard to natural zones and provinces
of the Russian Federation. In the conditions of mixed forest
biomes, there is a shift towards higher number of rabies
cases reported among wild carnivores. Rabies incidence
in raccoon dogs is at its maximum level in forest biomes,
where this animal species is most likely an additional bio-
logical reservoir of the rabies virus.

In the Moscow Oblast, too, despite the ongoing oral
vaccination of wild carnivores in 2013, 2014, 2015 (0.770;
1.018; 1 million doses of vaccine were used, respectively),
the number of rabies cases increased, reaching its maxi-
mum (389 cases) by 2015.

Since the oral vaccination method has proved its ef-
fectiveness in many countries of the world, a systematic,
consistent and thoroughly arranged vaccination cam-
paign was launched in the region. “Recommended prac-
tice for rabies oral vaccination of carnivores in the Moscow
Oblast™ was developed and approved by the Main Veter-
inary Department of the Moscow Oblast and the annual
number of the vaccines used increased: from 1.2 million
doses in 2016 up to 1.587 million doses in 2021. The num-
ber of rabies cases in the wild fauna started decreasing.
Aslightincrease in the rabies incidence in 2018 (191 cases)
was replaced by a significant decrease by 2021 (20 cases),
after which a kind of plateau was formed by 2023, when
24 cases of rabies were reported (Fig. 8).

A retrospective analysis of the rabies situation in
the Moscow Oblast showed thatin 2011-2023 there were
three rises and falls in the intensity of the rabies epizootic
process. The peaks occurred in 2012, 2015 and 2018. De-
spite the subsequent sharp decrease in the reported rabies
incidence in the region, the disease is persisting in wild
fauna, which suggests the presence of sylvatic rabies.

CONCLUSION

The rabies situation in the Moscow Oblast at the begin-
ning of the period under review (from 2011 to 2015) can
be considered tense. It was characterized by the sylvatic
cycle of rabies and the epizootic periodicity [29]. The reser-
voirs are mainly red foxes. The subsequentimplementation
of the set of disease control measures, including intensive
annual oral vaccination of wild carnivores in compliance
with strict recommendations for its use, has reduced
the reported incidence and the intensity of the epizootic
process in the region. The Moscow Oblast Veterinary Ser-

“Sugrobova I. S., Voskresensky S. B., Kvochko P. S., Metlin A. E.,
Gruzdev K. N., Paroshin A.V. Recommended practice for rabies oral
vaccination of carnivores in the Moscow Oblast: approved by the Main
Veterinary Department of the Moscow Oblast on 31.08.2018. (in Russ.)

vice confirmed the high importance of constant monitor-
ing of all handling of rabies-susceptible animals.

It was shown that a decrease in the number of annually
reported rabies cases correlated with an increase in oral
vaccine doses used. The data recording devices (camera
traps) confirmed the up-take of oral rabies vaccine by tar-
get animal species (foxes).

The introduction of advanced scientific developments
in laboratory diagnostics, enhancement of population im-
munity among wild carnivores through oral vaccination
and analysis of the animal disease situation in neighbor-
ing regions have improved the animal rabies situation in
the Moscow Oblast.
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Development and validation of highly sensitive
multiplex real-time RT-P(R assay for detection
of classical swine fever virus genome
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ABSTRACT

(lassical swine fever (CSF) remains a challenge for pig farming industry all over the world despite the measures taken. The last CSF case in the Russian Federation
was reported in 2020, however, the threat of the disease emerging still persists. A set of anti-epidemic measures including mainly preventive vaccination and
annual diagnostic monitoring using molecular-genetic and serological methods is required for CSF virus introduction prevention and rapid eradication of potential
disease outbreaks. Therefore, a real-time reverse transcription-polymerase chain reaction using an internal control sample has been developed. Therefore, a real-
time reverse transcription-polymerase chain reaction using an internal control sample has been developed. Modified primers (locked nucleic acids containing
conformationally blocked nucleosides) providing a higher affinity to the DNA matrix and physicochemical stability and a FAM-labeled TagMan probe were selected
for 5"-untranslated region of the genome. The following validation parameters were defined: accuracy, repeatability, reproducibility, specificity and sensitivity. For
comparative analysis of the developed assay sensitivity, swabs, samples of organs and tissues collected from pigs experimentally infected with an epizootic strain
of the classical swine fever virus (spleen, kidney, liver, blood, lymph nodes, rectal and oral smears), animal-contaminated feed and virus-containing material with
known virus titres were also tested in parallel with coded test systems No. x1 and x2. The developed assay was shown to have 100% diagnostic sensitivity and
detection limit of 0.23 Ig CCID, /cm”. Therewith, the results of analysis of test systems No. x1, X2 based on above parameters were lower that could give rise to false
positive real-time RT-PCR results and incorrect diagnosis. Thus, described assay can be used for extensive monitoring of classical swine fever in the Russian Federation.

Keywords: classical swine fever, real-time RT-PCR, internal control sample, diagnostic sensitivity, analytical sensitivity

Acknowledgements: The study was funded by the FGBI “ARRIAH" as a part of research activities “Veterinary Welfare”. The authors express their gratitude
toV. A. Evgrafova, Cand. Sci. (Veterinary Medicine), Head of Laboratory for Bacterial Disease Prevention, and A. 0. Krotova, Leading Biologist, Reference Laboratory
for Cattle Diseases, for advisory assistance.

For citation: Sadchikova A. S., Igolkin A. S., Chernyshev R. S., Kozlov A. A., Kolbin . S., Sprygin A.V., Biryuchenkov D. A., Chvala . A., Mazloum A. Development and
validation of highly sensitive multiplex real-time RT-PCR assay for detection of classical swine fever virus genome. Veterinary Science Today. 2024; 13 (3): 223-233.
https://doi.org/10.29326/2304-196X-2024-13-3-223-233

Conflict of interests: Igolkin A. S. and Chvala l. A. are members of the editorial board of the “Veterinary Science Today” journal, none of the authors were involved
into decision making process related to the article publication. Before being published, the manuscript has been appropriately reviewed. The authors did not declare
any other conflicts of interests.

For correspondence: Anastasiya S. Sadchikova, Postgraduate Student, Veterinarian, Reference Laboratory for African swine fever, Federal Centre for Animal Health,
Yur'evets, Vladimir 600901, Russia, sadchikova@arriah.ru

YK 619:578.833.31:616-076:577.2

Pa3paboTka 1 Banuaaumsa BbICOKOYYBCTBUTENBHOIO

meToaa mynbrunnekcHon OT-MLP-PB gna obHapyxeHna reHoma

BUpYCa KNaccMyeckoll Yymbl CBUHeEN

A. C. CapuukoBa', A. C. Uronku’, P. C. YepHbiwes', A. A. Ko3nos', U. C. Kon6un', A. B. Cnpbirun’, [1. A. Bupiouenkos’, U. A. Ygana', A. Ma3nym?
' OIBY «QepepanbHblil LEHTp 0XpaHbl 380poBbA X1B0THBIX» (OTBY «BHUN3M»), mkp. 0pbesed, . Bnagumup, 600901, Poccua
2YHuBepcuTer wrata Jlyusuaa, . batoH-Pyx, LA 70803, CLUA

PE3IOME
[Tpobnema Knaccuyeckoii Uymbl CBUHeIT B CBUHOBOACTBE MO-NPeXHEMY 0CTAeTCA aKTyanbHOM BO BCeM B MUPe, HECMOTPA Ha NPpUHIMaeMble Mepbl. locneaHui
(nyyail faHHoro 3abonesanus B Poccuiickoit Oeaepauun peructpupoany B 2020 r., 0fHAKO COXPaHAETCA YrPo3a IMEPAMKEHTHOTO BO3HUKHOBEHNA 60ne3HN.
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[inA npepoTBpaLLeHna 3aHoCa BUPYCa KNaccuueckoil Yymbl CBUHEI 1 GbICTPOIl AMKBUAALMI NOTEHLMANBHO BO3MOXHDIX BCbILLEK He06X0AMMO NpoBezeHue
KoMMneKca NpoTUBOINN300TUYECKIX MEPONPUATHIA, MPEUMYLLECTBEHHO BKIKYALLMX BAKLMHONPOGUNAKTUKY N ©XET0AHbIA ANATHOCTUYECKINE MOHUTOPUHT
Ha OCHOBE MOMEKYNAPHO-TEHETUYECKMX U CePONOTMYecKIX UCCefoBaHNi. B (BA3M ¢ 3TUM pa3paboTaH MeToA nonumepasHoli LenHoii peakLmn ¢ 0bpaTHoli
TPaHCKpUNLMeil B pexuMe peanbHoro BpemeHi C UCMonb30BaHNeM BHYTPEHHero KOHTposbHoro o6pasua. Mpaiimepbl B Mogudukauum Locked Nucleic Acid (koH-
dopMaLmoHHO 6NOKMPOBaHHbIX HyK1e031a0B), 0becneursalolL e bonee BbiCOKUI ypoBeHb addunHOCTY K JHK-MaTpuLe n du3nko-xummnyeckoi crabunbHocty,
1 FAM-meueHbiii TagMan-30Hp 66111 nogobpatbl K 5'-HeTpaHcnupyemoil 06nacTi reHoma. Takxxe onpeseneHbl BanuaaLMOHHbIe NoKa3aTeNny: NpaBuabHOCTD,
CXOAMMOCTb, BOCPON3BOAMMOCTb, CELMGUYHOCTD U YyBCTBUTENbHOCT. C LieNblo CPaBHUTENbHOTO aHaNM3a YyBCTBUTENbHOCT NapassiebHO TeCTUPOBANNCh
3aLMpoBaHHbIMM TeCT-cucteMamu N2 X1, X2 06pa3Libl CMbIBOB, OPraHOB U TKaHeil, MONyYeHHbIX OT CBUHEN, SKCEPUMEHTAIbHO 3apPaXeHHbIX INM300TUYECKUM
LUITAMMOM BUpYCa KNAccuueckoii ymbl CBUHeN (ceneseHKa, Nouka, neyeHb, KPoBb, iuMdaTnyeckue y3nbl, pekTanbHble 1 OpasnbHble Ma3Ku), KOpMa, KOHTa-
MUHIPOBAHHOIO XMBOTHBIMU, 1 BUPYCCOAEPIKALLEr0 MaTepuana ¢ n3BecTHbIMU TUTpamu. Mokasawbl 100%-4 AuarHoCTMYeckas yBCTBUTENbHOCT W Npejen
netekunm B 0,23 lg KKMHEO/CW pa3pabotaHHoro meToga. lpu 3Tom nokasatenu Tect-cuctem N X1 1 X2 66111 HItKe, UTO MOXET NPUBOANTD K T0XKHOOTPHULA-
TeNbHbIM pe3ynbTaTam noMMepasHoii LienHoN peakwum ¢ 06paTHoil TpaHckpunumed B pexume peanbHoro Bpemenn (OT-MLP-PB) n Banatb Ha HegocToBepHyto
NOCTAaHOBKY AMarHo3a. Takum 06pa3om, NpeCcTaBneHHbI METOR MOXET UCM0Mb30BaTbCA NPH NPOBEAEHMH LINPOKOMACLUTABHOTO MOHUTOPUHTA KNacCyecKoil
YyMmbl cBUHei B Poccuiickoii Oegepauun.

KnioueBbie cnosa: knaccnyeckas uyma cuneid, 0T-NLP-PB, BHyTpeHHNiA KOHTPONbHbIA 06pa3eL, AUarHOCTYeCKas YYBCTBUTENbHOCTD, aHANNTUYECKAsA YyB-
(TBUTENbHOCT
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ABTopbI BblpaxatoT ry6oKylo bnarogapHocTb 3aBeaylolLemy nabopatopueil npodunakTuki 6akTepuanbHblx 6one3sHeit kaHg. Ber. Hayk B. A. EBrpadoBoil 1 Be-
Aywemy 6uonory pedepeHTHoit nabopatopun GonesHeii kpynHoro poratoro ckota A. 0. KpoToBo#i 3a KOHCYNLTATUBHYHO NOMOLLb.
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INTRODUCTION

Classical swine fever (CSF, Pestis suum) is one of the ma-
jor viral diseases having a significant impact on pig farm-
ing and wild boar hunting [1].

The CSF etiological agent is a Pestivirus C with a pos-
itive-sense, single-stranded RNA genome of 12.3 kb
in length of the genus Pestivirus, family Flaviviridae [2].
RNA molecule contains 2 nontranslated regions (5-NTR
and 3'-NTR), as well as one open reading frame coding for
13 proteins (4 structural and 9 nonstructural proteins) [3].

According to the recommendations of the World Orga-
nization for Animal Health (WOAH) classical swine fever
is subject to notification [4]. And despite the fact that CSF
was eradicated in the European countries and in Russia,
where the last outbreak in domestic pigs was reported
in 2019 and the last outbreak in wild boars was reported
in 2020, the threat of this transboundary disease introduc-
tion still persists, that requires systematic disease moni-
toring [5]. Due to the lack of reliable data on the number
of samples tested within passive serological monitoring, it
is difficult to reliably prove absence of virulent CSFV circu-
lation in wild boar population in Russia [6].

Currently, the polymerase chain reaction (PCR) assay
is widely used as one of the most rapid, specific and sen-
sitive molecular biological methods for the pathogen
genetic material detection [7]. However, the classical PCR
assay with electrophoretic detection in agarose gel is
a time- and labour-consuming method posing a high risk

of cross-contamination [8]. The real-time multiplex reverse
transcription polymerase chain reaction (real-time RT-PCR)
with an internal control sample (ICS) minimizing unreliable
results is the most suitable for CSF diagnosis, including
screening and monitoring [9].

TagMan probes enabling real-time hybridization-fluo-
rescence detection of PCR products and being the most
practical and reliable ones for pestivirus infection diagno-
sis are used in some assays [10]. Most real-time RT-PCR-
based test systems described earlier for the CSFV genome
detection amplify a fragment of 5’-nontranslated region
(5'-NTR) and demonstrate sufficient sensitivity and speci-
ficity [11]. Modification of oligonucleotides in locked nu-
cleicacids (LNA) increases primer affinity to the target DNA
and provides for physicochemical stability [12]

Exogenous ICS allows for avoiding false negative results
due to errors both at the stage of sample preparation (nu-
cleic acid extraction) and at the stage of the target frag-
ment amplification [13].

The study was aimed at development and validation
of highly sensitive, specific and reproducible multiplex
real-time RT-PCR assay enabling diagnosis of all CSFV
subgenotypes circulating in the Russian Federation territo-
ry (1.1,1.2,2.1,2.3) in the period from 1982 to 2020 [5, 14].
Such assay should have characteristics meeting all
the requirements for a real-time PCR-based test system
and be widely applicable in monitoring for the infection
diagnosis [15].

VETERINARY SCIENCE TODAY. 2024; 13 (3): 223-233 | BETEPUHAPUA CEFOJHA. 2024; 13 (3): 223-233



ORIGINAL ARTICLES | PORCINE DISEASES OPUTVIHATIbHbIE CTATbY | BONIE3HY CBUHEN

MATERIALS AND METHODS

Viruses and bacteria. The following CSFV strains were
used for the assay development: reference Shimen strain,
684 strain, 719 strain (subgenotype 1.1), vaccine SK strain
(subgenotype 1.2), CSF Amur 19-10/WB-12555 strain and
CSF Tigrovoe 16/WB-634 (subgenotype 2.1), 275 strain
(subgenotype 2.2), 368, 870, 843 strains (subgenotype 2.3)
and CSFV 589, 924, 925, 929, 917, 918, 920, 926, 927, 930
strains with unidentified virus genotype isolated in the
period of 1982-2020.

The following heterologous porcine disease agents
were used for determination of the assay analytical speci-
ficity: vaccine VK-DEP strain of Aujeszky’s disease virus,
Irkutsky 2007 strain of American porcine reproductive
and respiratory syndrome virus (PRRSV), reference Mo-
zambique-78 strain of African swine fever virus (ASFV)
genotype V; Chelyabinsk 2021 isolate of bovine viral di-
arrhea virus (BVDV) genotype I, field isolate of swine ery-
sipelas agent (Erysipelothrix rhusiopathiae). The biological
pathogens were obtained in the form of freeze-dried ma-
terial from the State Microorganism Strain Collection and
working microorganism collection of the Federal Centre
for Animal Health.

Animals. Piglets at the age of 2-2.5 months weigh-
ing 10-15 kg and obtained from CSF-free farms located
in the Vladimir Oblast were used for primary cell culture
preparation. The piglets were euthanized and testicular ex-
plants were collected in accordance with the requirements
of Directive 2010/63/EU of the European Parliament and of
the Council of the European Union of 22 September 2010
on the protection of animals used for scientific purposes.

Cultivation. CSFV was propagated in the initially tryp-
sinized swine testicle (ST) cell culture cultivated in Eagle-
MEM medium prepared according to the Federal Centre
for Animal Health procedure and supplemented with
10% bovine fetal serum and 50 pg/cm? of gentamicin sul-
phate [16]. The virus reproduction was identified with real-
time RT-PCR according with the methodical guidelines’.

Internal control sample (ICS). MS2, RNA-containing bac-
teriophage belonging to Leviviridae family and pathogenic
for Escherichia coli, was selected as an ICS [17].

Designing of primers and probes. cDNA nucleotide
sequences of different CSFV subgenotypes imported
from the GenBank database were aligned and subjected
to comparative molecular-genetic analysis using Bioedit
v7.2.5 and NCBI: Nucleotide BLAST software. Conserved
segments of CSFV genome served as a criterion for se-
lection of optimal primers. Primers and probe for ampli-
fication and hybridization of ICS fragment were selected
based on the literature data [18]. Synthesis of oligonucleo-
tides was performed at the Syntol company (Russia).

Extraction of nucleic acids. CSFV RNA was extracted from
the virus-containing ST cell culture suspension, genomes
of heterologous viruses and bacteria were extracted from
freeze-dried materials with nucleosorption method using
RIBO-sorb reagent kit for DNA/RNA extraction from biolo-
gical materials (Central Research Institute of Epidemiology,

"Kolbin I.S., Vlasova N. N., Igolkin A.S., Elsukova A. A, Gavrilova V. L.,
Puzankova O. S. Methodical guidelines for isolation of classical swine
fever virus with real-time polymerase chain reaction with fluorescent
hybridization probe for the product detection in primary cell cultures
(porcine spleen, porcine bone marrow, porcine kidney, lamb testicle,
swine testicle) approved by the Federal Centre for Animal Health on

14 September 2021, No. 42-21. Vladimir: Federal Centre for Animal Health,
2021.56 p. (in Russ.)

Federal Service for Surveillance on Consumer Rights Pro-
tection and Human Wellbeing, Russia) in accordance with
the manufacturer’s instructuctions?.

Real-time RT-PCR procedure. PCR master mix produced
by the Eurogene (Russia) contained the following compo-
nents: OneTube RT-PCR TagMan kit consisting of OneTube
RT-PCRmix, TM-MMLYV revertase, nuclease-free water. All
PCR stages (reverse transcription, amplification and fluo-
rescence-hybridization detection) were performed in
automatic Rotor-Gene Q thermocycler using provided
software (QIAGEN, Germany).

Positive control sample (PCS). Vaccine SK strain of CSFV
(virus titer - 3.5 Ig CCID, /cm?) in the form of freeze-dried
material dissolved in 4.0 cm?® of saline solution and ther-
mally inactivated by heating for 60 minutes at +60 °C was
used as a positive control. Tests for inactivation complete-
ness were carried out by three blind passages in ST cell
culture according to the methodical guidelines’.

Negative control sample (NCS). Nuclease-free water pro-
duced by the Eurogene (Russia) was used as a negative
control.

Validation. Validation parameters were determined in
accordance with the recommended guidelines for pub-
lication of the quantitative real-time PCR development
outcomes (MIQE: Minimum Information for Publication
of Quantitative Real-Time PCR Experiments) [19]. To de-
termine accuracy, repeatability and reproducibility CSFV
719 strain-positive sample was analyzed in 6 repeated re-
actions, in 3 parallel tests performed by the same operator
within one day and in 3 parallel tests performed by two
operators within 3 days. Analytical sensitivity (detection
limit) was estimated using 10-fold dilutions of CSFV 719,
684, Shimen strain with known titer. Detection limit was
expressed as minimal virus titer (Ig CCID, /cm’) detected
by the assay under validation. Amplification efficiency was
calculated according to the formula:

E=(10"sPe — 1) X 100%,

where slope - the slope value of the linear region of the
curve constructed using the Ct values plotted on a loga-
rithmic scale according to cDNA matrix concentration.
The real-time RT-PCR assay was tested for its analytical
specificity using known CSFV RNA-negative samples con-
taining extracted genomes of heterologous viruses and
bacteria as well as using CSFV strains of different subge-
notypes. To tests the assay for its diagnostic sensitivity
a panel of 27 true positive samples (spleen, liver, kidney,
blood, lymph nodes, muscle, oral and rectal swabs) collec-
ted from the pigs experimentally infected with epizootic
CSFV strain at different stages of the infection process as
well as contaminated feed samples was prepared. The as-
say was tested for its diagnostic specificity by examination
of 27 known negative samples of complete mixed feed
for pigs, 10% spleen, liver, lymph node suspensions, por-
cine meat products, whole blood, oral and rectal swabs
that were free from CSF and were prepared at the Federal
Centre for Animal Health Reference Laboratory for ASF for
official animal disease monitoring implementation and for
commercial tests of samples from pig holdings located in
the European part of the Russian Federation. The assay

2 Instruction on use of RIBO-sorb reagent kit for DNA/RNA extraction from
clinical materials: approved by the Order No. 1337-Pr/09 of the Federal
Service for Surveillance in Health Care of 20 February 2009. https://www.
amplisens.ru/upload/iblock/259/RIBO-sorb.pdf (in Russ.)
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was tested for its diagnostic and analytical sensitivity in
comparison with coded Russian test-systems No. x1, x2
by parallel testing of the samples. The coded test systems
were used according to their manufacturers’ instructions.
The selected test systems are the most commonly used in
Russia for the CSF diagnosis and contain ICS similar to that
one used in the tested assay.

The data were statistically processed with Microsoft
Excel. GraphPad Prism programme was used for graph
plotting.

RESULTS AND DISCUSSION

Oligonucleotide design. Alignment and comparative
assessment of nucleotides sequences of CSFV strains of dif-
ferent subgenotypes showed that, as expected, 5'-NTR was
the most conservative genome region. Forward and re-
verse LNA-containing primers amplifying 120 nucleotides
fragment were selected for this region (Fig. 1).

TagMan probes for the target fragment of CSFV ge-
nome and for ICS fragment were labelled by fluorophores:
6-FAM (6-carboxyfluorescein) and Cy5.5 (cyanine-5.5), re-
spectively.

Optimization of real-time RT-PCR conditions. Thermal-
temporal profile and quantitative composition of the PCR
mix were determined during the optimization.

The PCR mix for one reaction contained 1X OneTube
RT-PCRmix, 0.4 pmol of forward primer and 0.4 pmol of
reverse primer, 0.2 pmol of TagMan-probe specific for the
CSFV fragment; 0.1 pmol of forward primer and 0.1 pmol
of reverse primer and TagMan probe specific for ICS frag-
ment, IX TM-MMLV revertase, 10.0 uL of RNA matrix. Nuc-
lease-free water was added to make the final reaction mix
volume of 25.0 pL.

The PCR procedure included reverse transcription
at 50 °C for 25 minutes and double-cycling amplification:
general denaturation to inactivate revertase and activate
DNA polymerase with a“hot-start” at 95 °C for 10 minutes,
the first 10 cycles without fluorescence detection (dena-
turation at 95 °C for 10 seconds, primer annealing at 60 °C
for 40 seconds, elongation at 72 °C for 10 seconds), then
35 cycles with fluorescence detection on the Green and
Crimson channels (denaturation at 95 °C for 10 seconds,
primer annealing at 55 °C for 40 seconds, elongation
at 72 °Cfor 10 seconds).

ICS selection and optimization. MS2 bacteriophage
is used as ICS for diagnosis of diseases caused by RNA vi-
ruses (hepatitis C, acquired human immunodeficiency syn-
drome, etc.). The phage of the Leviviridae family is a small

R
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icosahedral virion, pathogenic for Escherichia coli. The ge-
nome is made of single-stranded RNA of 3,569 nucleotides
in length [20]. MS2 was chosen as ICS owing to its RNA
genome and safety for humans, animals, and plants [21].

Intact ST cell culture, 10% spleen suspension samples
collected from pigs infected with epizootic CSFV strain
and from CSF-free pigs, culture CSFV 719 strain and NCS
with different MS2 bacteriophage contents in the sample
were tested to determine sufficient ICS concentration for
adding to RNA extraction system (Table 1).

As a result, the optimal ICS amount was 3.2 x 10 PFU
of MS2 bacteriophage per 100 pL of the sample. MS2 sus-
pension with recommended titer was tested by storing at
a temperature of +4 °C, and was found to have a stable
threshold amplification cycle (Ct) with changes of + 2 Ct
when it was used for real-time RT-PCR after six-months
storage. Ct value remained stable during five freezing
(=20 °C) / thawing (room temperature) cycles.

Assessment of accuracy, repeatability and reproduci-
bility. The developed assay under validation was shown
to have 100% accuracy, repeatability and reproducibility
during tests since known CSFV 719 strain-positive sample
was found positive during 6 repeats in 3 parallel tests per-
formed by one operator within one day and 3 parallel tests
performed by two operators during three days (Table 2).

However, according to the graph (Fig. 2), Ct value in-
creased by 3.09 + 0.81 on day 3 of testing of the same
sample as compared to that one on day 2 of testing by two
operators that could be accounted for multiple freezing/
thawing of the virus-containing material.

Assessment of analytical sensitivity. Mean minimum
CSFV titers detectable by the real-time RT-PCR assay in
0.23 Ig CCID, /cm?® were determined for CSFV 719, 684
and Shimen strains.

According to Table 3, comparative analysis of parallel
tests of the virus strains using different real-time RT-PCR-
based test systems showed that for CSFV 684 strain the de-
tection limit of the developed assay was 1.2 Ig higher than
detection limits of test systems No. x1 and x2, and for refe-
rence Shimen strain the detection limit of the developed
assay was 2.0 Ig higher than that one of the test system
No. x2. CSFV 719 strain-containing sample with a titer
of 7.5 1g CCID, /cm® was tested with the developed assay
with positive results, while inconclusive results were ob-
tained when the same sample was subjected to parallel
tests using test systems No. x1 and x2.

A graph of correlation was plotted based on obtained Ct
values (n=3) and 10-fold dilutions of CSFV 719 strain (Fig. 3).

Fig. 1. Alignment of CSFV genome 5"-untranslated region (5’-NTR) sequences obtained from the GenBank (forward and reverse
primer annealing sites are given in orange, TagMan probe hybridization region is given in green)
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Table 1
Results of internal control sample (ICS) titration with real-time RT-PCR using samples of different types

ICS titer (PFU/reaction) (t/Green (t/Crimson

NCS - 20.22
Intact ST cell culture - 26.02
10% spleen suspension from CSF-free pig 10° - -

10% spleen suspension from CSFV infected pig 14.28 -

(SFV 719 strain-containing suspension 6.15 -

NCS - 19.85
Intact ST cell culture - 25.67
10% spleen suspension from CSF-free pig 3.200° - 22.80
10% spleen suspension from CSFV infected pig 13.62 2322
(SFV 719 strain-containing suspension 5.66 -

NCS - 14.11
Intact ST cell culture - 15.93
10% spleen suspension from CSF-free pig 108 - 17.90
10% spleen suspension from CSFV infected pig 15.12 14.73
(SFV 719 strain-containing suspension 5.95 26.07
NCS - 11.70
Intact ST cell culture - 13.21
10% spleen suspension from CSF-free pig 3.2x10° - 15.21
10% spleen suspension from CSFV infected pig 12.10 10.48
(SFV 719 strain-containing suspension 5.56 24.25
NCS - 12.34
Intact ST cell culture - 17.82
10% spleen suspension from CSF-free pig 107 - 11.93
10% spleen suspension from CSFV infected pig 14.43 -

(SFV 719 strain-containing suspension 8.37 -

u n

The high statistical parameters calculated using correla-
tion analysis were as follows: reaction efficiency E = 105%,
adequacy coefficient R?=0.9928 and significance criterion
p value < 0.0001, that were indicative of the prospects of
this real-time RT-PCR assay use for further development of
quantitative PCR with reference samples.

Assessment of analytical specificity. Samples con-
taining heterologous virus and bacteria genomes (ASFV,
Aujeszky’s disease virus, PRRSV, erysipelas agent and
BVDV) were tested with the real-time RT-PCR assay with
negative results and samples containing CSFV strains were
tested CSFV RNA-positive with the real-time RT-PCR assay,
so analytical specificity of the real-time RT-PCR assay was
100% (Table 4).

ICS fragment amplification was found to be inhibited
at high Ct value on the Green channel (CSFV genome) that
could be accounted for consumption of the reaction mix
components (deoxyribonucleotide triphosphates, DNA

—negative result; PFU — plaque-forming unit; Ct/Green — cycle threshold value for CSFV genome detection; Ct/Crimson —cycle threshold value for ICS detection.

polymerase, etc.) for the target PCR product synthesis with
a large number of the matrix copies [20]. This should be
taken into account when interpreting the results.

Determination of diagnostic sensitivity and specifi-
city. All 27 true positive samples containing CSFV or col-
lected from the pigs experimentally infected with epizoot-
ic CSFV strain as well as samples of the feed contaminated
by infected animals were tested positive for CSFV genome
with the real-time RT-PCR assay. Similarly, all 27 true nega-
tive samples were tested negative for CSFV RNA with the
real-tine RT-PCR assay (Fig. 4).

Thus, the tests showed that diagnostic sensitivity
and specificity of the assay were as high as possible and
equaled to 100%. At the same time, the real-time RT-PCR-
based test system No. x2 did not detect a positive blood
sample collected from pigs experimentally infected with
epizootic CSFV strain, as well as a positive feed sample col-
lected in the animal facility where the pigs experimentally
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Table 2
Developed real-time RT-PCR assay accuracy, repeatability and reproducibility values

Accuracy

Sample (t/Green (mean value + SD) (t/Crimson
(SFV 719 strain 531 -
(SFV 719 strain 522 27.29
(SFV 719 strain 5.30 26.01
532+0.148
(SFV 719 strain 5.52 21.27
(SFV 719 strain 533 26.67
(SFV 719 strain 5.28 29.37
Repeatability
Procedure (t/Green (mean value + SD) (t/Crimson
First measurement 538 28.63
First measurement 574 26.85
First measurement 571 22.68
5.64+0.237
First measurement 5.61 23.78
First measurement 5.59 23.87
First measurement 5.86 24.41
Second measurement 5.63 23.14
Second measurement 5.37 23.95
Second measurement 5.02 23.62
5.44+0.493
Second measurement 511 2.1
Second measurement 5.96 23.01
Second measurement 5.56 23.70
Third measurement 5.59 28.84
Third measurement 5.60 30.30
Third measurement 5.58 28.72
5.60+0.095
Third measurement 574 30.26
Third measurement 5.57 28.06
Third measurement 5.57 28.87

Reproducibility (Ct/Green)

Day 1 Day 2 Day 3
first operator second operator first operator second operator first operator second operator
5.52 5.07 5.67 6.51 7.83 8.95
5.27 5.10 5.61 4.70 8.01 9.19
5.46 5.82 5.65 4.55 6.71 9.17
5.42 5.98 5.64 5.14 8.28 8.98
538 533 573 5.44 8.02 9.30
5.46 5.06 5.78 5.49 9.21 9.34
54183 +0.125 53933 +0.591 5.68 +0.0917 5.305+1.019 8.01+1.166 9.155+0.233

u_n

— negative result; Ct/Green — cycle threshold value for CSFV fragment; Ct/Crimson — cycle threshold value for ICS fragment.

228 VETERINARY SCIENCE TODAY. 2024; 13 (3): 223-233 | BETEPUHAPUA CETOAHA. 2024; 13 (3): 223-233



ORIGINAL ARTICLES | PORCINE DISEASES OPUTVIHATIbHbIE CTATbY | BONE3HY CBUHEN

® Day1
20 5] Day 2
R 18- 4 Day3

104
B
5 coseey Emm

L L L
Dayl Day2 Day 3

Fig. 2. Distribution of Ct values for known positive sample
in different days of testing when the real-time RT-PCR assay
was assessed for its reproducibility

Y=3.193 x X + 3.639
P value < 0.0001
R square 0.9928
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Fig. 3. Graph of linear correlation of CSFV 719 strain
dilutions with Ct-values

infected with the same strain were kept, test-system No. x1
also did not detect the said positive blood sample that was
indicative of their lower diagnostic sensitivity (92.6% for
test system No. x2 and 96.3% for test system No. x1) than
that one of the developed assay under validation.

Analysis and interpretation of the results. The recom-
mended parameters of PCR assay for the Green and Crim-
son channels were identical: dynamic baseline setting,
slope correction, emission reduction by 10%, linear scale,
and threshold value of 0.05. The results were interpreted
based on the presence or absence the standard curve
intersection with the set threshold line that corresponds
to Ct value presence or absence in relative line of the re-
sults table (Fig. 5).

Also, 2-fold dilution of the RNA extracted from CSFV 719
strain suspension with final titer of 7.5 Ig CCID, /cm?® was
tested to establish the PCR assay parameters and to de-
termine maximum Ct value at which the sample could
be interpreted as “positive” (Table 5).

The obtained data showed that the maximum Ct value
was 27.83 that was equivalent to CSFV 719 strain titer of
0.231g CCID, /cm?.

The result was considered reliable when the correct
results were obtained for positive and negative controls.

The sample was considered positive for CSFV genome
when Ct value on Green channel did not exceed 28. In this

Table 3

Real-time RT-PCR results for 10-fold dilutions of various epizootic CSFV strains

Virus
dilution

Shimen strain

719 strain

684 strain

(titer —4.01g CCID, /em?®) | (titer —7.51g CCID, /cm?’) | (titer — 6.2 |g CCID, /cm’)

(t/Green

(t/Green

(t/Green

d’i\:zg d 11.88 (pos) 5.41 (pos) 6.79 (pos)
1:10" 16.18 (pos) 9.75 (pos) 9.89 (pos)
1:10 20.52 (pos) 12.53 (pos) 13.69 (pos)
1:10° 22.64 (pos) 16.68 (pos) 16.97 (pos)
1:10 27.06 (pos) 18.79 (pos) 20.24 (pos)
1:10° - 20.60 (pos) 23.45 (pos)
1:10¢ - 21.57 (pos) 26.30 (pos)
1:107 - 24.71 (pos) -
1:10° - - -

Test system No. x1

Ct/Yellow (result)
dﬂﬁ{‘e | 12.89 (pos) 6.44 (pos) 8.27 (pos)
1:10" 16.77 (pos) 8.33 (pos) 12.89 (pos)
1:10 18.67 (pos) 13.56 (pos) 15.08 (pos)
1:10 21.96 (pos) 17.67 (pos) 17.36 (pos)
1:10 25.78 (pos) 18.82 (pos) 22.85 (pos)
1:10° - 24.01 (pos) 26.57 (inconcl)
1:10° - 22.79 (pos) -
1:10° - 28.19 (inconcl) -
1:10° - - -

Test system No. x2

Ct/Yellow (result)
dﬂﬁ;‘e ] 19.07 (pos) 10.60 (pos) 937 (pos)
1:10° 22.42 (pos) 13.34 (pos) 12.69 (pos)
1:10? 25.28 (pos) 16.46 (pos) 16.13 (pos)
1:10° - 17.67 (pos) 19.19 (pos)
1:10 - 20.55 (pos) 22.22 (pos)
1:10° - 22.55 (pos) 24.68 (pos)
1:10 - 25.44 (pos) -
1:107 - 28.02 (inconcl.) -
1:108 - - -

u_n

— negative result; pos — positive result; inconcl — inconclusive result;

(t/Green — cycle threshold value for CSFV fragment; Ct/Yellow — cycle threshold value for CSFV
fragment obtained when real-time PCR-based test systems No. x1 and x2
were used in accordance with their manufactures’instructions.
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Zasls’li:ment of analytical specificity of the real-time RT-PCR assay when the assay was used for CSFV genome detection (n = 2)
Sample (t/Green Ct/Crimson Result of test for CSFV genome

Field Erysipelothrix rhusiopathiae isolate - 19.08 negative
PRRSV Irkutsky 2007 strain - 13.03 negative
Aujeszky’s disease virus VK-DEP strain - 13.73 negative
ASFV Mozambique-78 strain - 15.39 negative
BVDV Chelyabinsk 2021 strain - 15.31 negative
Reference CSFV Shimen strain 18.64 15.39 positive
CSFV Amur 19-10/WB-12555 strain 12.19 16.88 positive
(SFV Tigrovoe 16/WB-634 strain 17.26 18.02 positive
(SFV 275 strain 11.27 - positive
(SFV 719 strain 6.56 - positive
(SFV 843 strain 6.27 - positive
(SFV 917 strain 6.24 - positive
(SFV 918 strain 218 16.7 positive
(SFV 920 strain 21.16 14.88 positive
(SFV 926 strain 14.12 16.07 positive
(SFV 927 strain 13.61 17.91 positive
(SFV 930 strain 27.25 14.61 positive
(SFV 368 strain 10.01 19.04 positive
(SFV 589 strain 11.81 19.81 positive
(SFV 684 strain 6.79 17.15 positive
(SFV 870 strain 9.64 18.45 positive
(SFV 924 strain 13.26 18.89 positive
(SFV 925 strain 13.93 17.04 positive
(SFV 929 strain 15.28 19.12 positive
NCS - 15.17 negative
PCS (vaccine SK strain of CSFV) 19.57 18.76 positive

u_n

— negative result; Ct/Green — cycle threshold value for CSFV fragment; Ct/Crimson — cycle threshold value for ICS fragment.
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W Spleen(-)
344 A Kidney(¥)
32+ y [Kidney ()
304
28 # Mesenteric lymph nodes (+)
26 @ Mesenteric lvmph nodes (-)
g: M Liver(+)
20+ A Liver()
O 184 ¥ Muscle (+)
::' T ; . & Muscle()
12+ % I ® Blood (+)
0] $ $ s Blood ()
8- L4 ® Oral swab (+)
:‘ Oral swab ()
2: Rectal swab (+) '
@ Rectal swab () -
———— kT — O ——
g ® Feed(4)
® Feed()
Samples

Fig. 4. Kinetics of Ct values for the panel of samples selected for determination of diagnostic sensitivity and specificity
(samples — 10% suspensions of the indicated organs; “+" - true positive sample; “~" - true negative sample;
I/n = lymph nodes; porcine raw meats and products were used as negative muscle samples)
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Table 5
Real-time RT-PCR results for two-fold dilutions of CSFV RNA

(SFV RNA dilution (t/Green

non-diluted 6.04
1.2 6.86
1.2 7.55
1.2 8.75
1:24 12.02
1.2 11.75
1:26 12.06
1.2 12.90
1.2 13.42
1.2 14.61
1:21 15.61
1:2" 16.32
1.2 17.19
1:28 18.21
1.2 19.27
1:28 20.14
1:2% 2107
1:27 22.08
1:2% 22.98
1.2 24.06
1:22 24.74
1:2% 24.22
1:22 26.13
1:22 26.18
1:2% 27.83
1:25 27.01
1:2% -
1:27 -
1:2% -
1:2% -
1:2% -

CSFV RNA was extracted from CSFV 719 strain-containing suspension;
titer 7.5 g CCID, /em?, “~"— negative result.

case, the result was valid regardless of the values on Crim-
son channel.

A result for the presence of the CSFV genome was
interpreted as negative when there was no Ct value on
Green channel, but Ct value on Crimson channel did not
exceed 31.

If Ct value on Green channel exceeded 28, but on Crim-
son channel was less than 31 the PCR result was consid-
ered inconclusive.

When there were no Ct values on Green and Crimson
channels, as well as when Ct value on Crimson channel
exceeded 31, the PCR result was considered invalid.

08
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Fig. 5. Fluorescence curves: 1 - for Green channel (CSFV fragment);
2 —for Crimson channel (ICS fragment)

In case of inconclusive or invalid results the sample
was to be retested starting from the RNA extraction stage
in order to confirm absence or presence of CSFV genome
in the sample.

CONCLUSION

The developed assay has high validation characteristics:
100% accuracy, repeatability, reproducibility, analytical
specificity, diagnostic sensitivity and specificity, detection
limit of 0.23 Ig CCID, /cm?®. Such characteristics make the
developed real-time PCR-RV assay competitive on the do-
mestic market of diagnostic tools and suitable for use for
large-scale monitoring of CSF situation in Russia.
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Clinical signs and post-mortem lesions caused
by clostridial enterotoxemia in rabbits

Anastasiya S. Metleva, Mariya N. Khakimzyanova, Egor E. Sionikhin
Kuzbass State Agrarian University named after V. N. Poletskov, 5 Markovtseva str., Kemerovo 650056, Russia

ABSTRACT

Enterotoxemia, accompanied by diarrhea and bloating, is still a matter of pressing concern to the rabbit farming. Clostridia bacteria are often isolated from the internal
organs of rabbits that have died of an anaerobicinfection. Clostridial infection, manifested in various forms, is a major problem for veterinarians. The following drivers
contribute to the emergence of the infectious disease: malnutrition (insufficient fiber intake); non-compliance with hygiene requirements for animal handling;
unsustainable use of antibacterial drugs; gastrointestinal congestion. All these drivers can disrupt healthy caecum microflora due to changes in the gastrointestinal
environment. Low-fiber diets result in slow cecum motility, thus, delaying transit of the intestinal contents and eventually changing the microflora. Use of antibiotics
together with stress make Clostridia accumulate in the gastrointestinal tract, at the same time, reducing the number of microorganisms of other groups. The first
signs of toxicoinfection are observed when rabbit kits are weaned from does. Clinical manifestation begins with bloating, weakness, inappetence, which ultimately
lead to death. Observations have shown that the risk group includes rabbit kits weaned from the 35-77-day old does. Mortality was less reported in breeding stock
and among replacement young animals. Autopsy revealed signs of enterotoxemia: serous-catarrhal gastritis, serous-hemorrhagic lymphonodulitis, degenerated
kidneys, liver and heart muscle; passive congestion of lungs and pulmonary edema. Microbiological diagnosis revealed Clostridium histolyticum and Clostridium
perfringens species known for their pronounced toxigenic profile, most often bacteria were found in the stomach, intestines and heart.

Keywords: enterotoxemia, Clostridium, rabbits, mortality, toxigenicity
Acknowledgements: The research work was carried out under a commercial contract.

For citation: Metleva A. S., Khakimzyanova M. N., Sionikhin E. E. Clinical signs and post-mortem lesions caused by clostridial enterotoxemia in rabbits. Veterinary
Science Today. 2024; 13 (3): 234—241. https://doi.org/10.29326/2304-196X-2024-13-3-234-241

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

For correspondence: Anastasiya S. Metleva, Cand. Sci. (Veterinary Medicine), Associate Professor, Department of Veterinary Medicine and Biotechnology,
Kuzbass State Agrarian University named after V. N. Poletskov, 5 Markovtseva str., Kemerovo 650056, Russia, zveryski@mail.ru

YK 619:636.92:616.98:579.852.13

KnuHnueckne npu3Haki u natonoro-aHaToMuyeckue
M3MEHEHUA NPU KNOCTPUANO3HOI SHTEPOTOKCEMIN KPONNKOB

A.C. MetneBa, M. H. Xakum3saHoBa, E. E. ChoHuXuH
Orb0Y BO «Ky3bacckmii rocynapcTBeHHblii arpapHblii yHuBepcutet umenn B. H. Moneukosa» (Ky3bacckmii TAY), yn. MapkoBLesa, 5, 1. Kemeposo, 650056, Poccua

PE3IOME

Mpo6nema 3HTepOTOKCEMMY, CONPOBOXAAIOLLEIACA NOHOCAMY 1 B3ZYTUEM XKMBOTA, NPOAOIKAET 0CTaBAThCA JOCTATOUHO OCTPOIi B KPONMKOBOAUECKO MPaKTHKe.
3ayacTyio M3 BHYTPEHHIX OPraHOB KPOIKOB, MaBLUMX OT aHa3POOHOI UHEKLIUM, BbIAENAIOT MUKPOOpraHu3mbl poda Clostridium. KnoctpuganosHas nHekuna
B pa3HblX GopMaXx cBOEro NPoABNEHNA ABNAETCA aKTyaNbHOI Npobnemoii AnA BeTepuHapHbIX Bpayeit. MpuuMHaMu BO3HUKHOBEHUA JAHHON MHOEKLMOHHOI
6onesHn ABNAIOTCA: HapyLLeHUA B KOPMAEHUI (MOHIKEHHOE CORepKaHIe KNeTUaTKu); HecobniofieHue 300rurieHnyeckx TpeboBaHuii k cofiepaHitio XIBoT-
HbIX; HepaLMoHaNbHOe UCM0b30BaHIe aHTUOAKTEPUaNbHbIX NPenapaToB; 3acToil B XXeNyA0UHO-KUILEYHOM TpaKTe. Bce 3T0 MOXKET NpUBECTY K HapyLLEeHWI0
6anaHca CnoxHoi MUKPOGROPbI CNENoit KULLKK BCIEACTBIE U3MEHEHUA NoKa3aTenei Cpefibl XKeNyA0uHO-KULLIEYHOTo TpaKTa. [INeTbl ¢ HU3KMM cofiepXaHuem
KNIETUaTKi BbI3bIBAOT FMMOMOTOPYKY CNIeNoii KMLIKIA, NPOANEBas 3aiepXKKy B Hell COepXMMOro U B KOHEUHOM CYeTe Bbi3blBas 3MEHEHUA ee MUKPOGIOpbI.
[lpumeHeHe aHTUOUOTUKOB U CTPECChI CNOCOBCTBYIOT HAKOMMEHMHO KNOCTPUAWIA B XKeNyLOUYHO-KULLIEUHOM TPaKTe C OHOBPEMEHHBIM CHUXKEHIEM APYTUX Fpynn
MMKPOOPraHu3moB. lMepBble Npu3HaKm TOKCKOMHGEKLMY HabAAAIOTCA NPY 0TbeME KpoNbyaT 0T camok. MaHudecTauma KNMHUYeCKuX npu3HaKkoB HauMHaeTca
€0 B3yTVA XIBOTA, BANIOCTM, OTCYTCTBIA anneTUTa, YTo B UTOre NIPUBOANT K NeTanbHoMy ncxogy. Kak nokasanu uccnefoaxus, B rpynny pucka BXOAUIM Kponb-
yaTa nocsie 0TbeMa 0T CaMok B Bo3pacte 35—77 cyT. Pexe nagex Habniogany cpein MaTouHOro NOrooBbA 11 B rpynne peMoHTHOro MONOAHAKA. 1py BCKPbITM
YCTaHOBNEHbI NPU3HAKM SHTEPOTOKCEMUN: CePO3HO-KaTapanbHbIli FaCTPUT, CePO3HO-Temopparnyeckitii NMMOHoYNIT, AUCTPOGUA Noyek, NeyeHIn 1 cepLeyHoil
MbILLIL|bI, NETKiAe B COCTOAHMIA 3aCTOHOIA runepemun 1 oTeka. Mpu MUKPOOUONornuecKoii AMarHoCTUKe BbIABUIN HaNYie MUKPOOpraHin3MoB BUgoB (lostridium
histolyticum w Clostridium perfringens ¢ BblpaeHHbIMI TOKCUTeHHbIMM CBOCTBaMY, Hanbonee YacTo 6akTepuu 06HapyKUBaV B XKeNnyaKe, KULLEYHUKE 1 cepaLe.

KnioueBbie cnoBa: SHTEPOTOKCEMUA, KNOCTPUANN, KPOINKH, NAZiEX, TOKCUTEHHOCTDb
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INTRODUCTION

A growing interest in healthy foods stimulates rabbit
meat consumption in Russia, therefore, studying infec-
tious diseases of rabbits is an urgent scientific task. Rabbit
meat production is a profitable business due to a rapid
herd replacement’. However rabbit raising is associated
with some specific problems that result from diseases and
subsequent mortality.

In the rabbit farming, veterinarians often have to en-
counter enteritis symptoms accompanied by diarrhea.
As a result, enterotoxemia, septic processes leading to
the animal death can develop. Enterotoxemia is always
caused by various microorganisms [1].

Enterotoxemia in rabbits is very often caused by
the enterotoxigenic Clostridium spiroforme strain, when
the normal microbiome is disturbed. Most often, animals
got diseased at the age of 3-6 weeks after weaning. Gut
microflora of young rabbits is characterized by either an in-
sufficient number or absence of its normal representatives
and by a high pH in the stomach which cause rapid mul-
tiplication of C. spiroforme [2]. The highest mortality rate
is recorded in baby rabbits during this period. Clinical signs
of acute C. spiroforme caused enterotoxemia include: in-
appetence; lethargy; brown watery diarrhea with blood
and mucus resulting in stained perineum and hind limbs.
As the disease progresses, body temperature decreases,
death occurs after 24-48 hours [3]. Autopsy reveals pete-
chial and ecchymotic hemorrhages on the cecum serous
membrane. The appendix and the proximal colon may
be affected, where hemorrhages and/or mucus are ob-
served [4].

Clostridium bacteria occur due to a decreased immu-
nological resistance of the body, gastrointestinal disea-
ses and metabolic disorders [5]. Pathogenic mechanisms
of gastrointestinal diseases in rabbits are launched when
normal peristalsis is impaired and normal peristalsis can
be ensured only by large amounts of indigestible fiber [6].
When intestinal motility is impaired, the liquid is ab-
sorbed from the stomach, further condensing its con-
tents. Condensed food causes discomfort, which further
contributes to anorexia and exacerbates reduced moti-
lity of the gastrointestinal tract. Insufficient fiber intake
resulting either from malnutrition or from conditions
that cause anorexia is the main cause of gastrointestinal

' Marketing research: Rabbit meat market for 2018-2022 http://ikc.
belapk.ru/upload/iblock/976/976166bcbfb2b60b2440e64aa60f11aa.pdf
(in Russ.)

congestion. Fiber improves the cecum motility either
through increasing the volume of the contents, or di-
rectly. High fiber diet stimulates generation of special
volatile fatty acids in the caecum, which ensure proper
work of gastrointestinal tract [7].

Slow motility changes pH of the cecum contents, in-
creasing the level of Clostridium spp. and coliform species
such as Escherichia coli, at the same time reducing the po-
pulation of good gut microorganisms. Small amounts of
these potentially pathogenic bacteria are usually observed
in the caecum [8]. The cecum functions as a fermentation
chamber and contains a complex microbiome, includ-
ing anaerobic microorganisms such as Bacteroides, large
metachromatically stained bacteria, gram-negative oval
and spindle-shaped rods, yeast, several non-pathogenic
species of protozoa and amoebas, and many still unex-
plored bacterial species [9, 10]. This microbial population
ensures processing of fiber into easily digestible nutrients,
which then re-enter the body due to cecotroph consump-
tion [11,12].

Bacteroidetes and Firmicutes species are dominant mi-
croorganisms of the rabbit jejunum.The former are mainly
involved in the metabolism of carbohydrates, steroids and
other nutrients, supporting the morphology and physio-
logical function of the intestinal tract and microflora ba-
lance. Firmicutes play an important role in carbohydrate
metabolism [13]. Among Firmicutes representatives, clos-
tridia predominate in the intestinal microbiota. They are
involved in the process of nutrient absorption and synthe-
sis of short-chain fatty acids [14]. High levels of these bac-
teria can cause a number of pathological changes: from
abdominal bloating to death from enterotoxemia. Gas and
toxin generation is accompanied by pain; because of stress
the rabbits gradually lose appetite till it is lost completely,
hypomobility is observed.

An increased level of carbohydrates creates an envi-
ronment which benefits the growth of such pathogens
as E. coli and various Clostridium species [15]. Glucose is
a product resulting from a breakdown of complex carbo-
hydrates, which is required by Clostridium bacteria to pro-
duce iota toxin. Thus, diarrhea and enterotoxemia in do-
mestic rabbits are often caused by microflora imbalance,
commonly called dysbacteriosis [16].

Concomitant factors that contribute to the growth
of pathogenic bacteria are also important: i.e. stress, in-
appropriate foods, use of antibiotics, and a genetic sus-
ceptibility to intestinal disorders [17, 18]. The development
of acidosis and increased acidity in the stomach make
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the Clostridium biomass grow, accumulate and develop
virulence. The bacteria can also be activated by a number
of stress factors (such as abrupt changes in feeding asso-
ciated with a decrease in carbohydrate levels, an increase
in protein amounts; regrouping, transportation of ani-
mals, etc.) [19]. The active bacterial growth is accompa-
nied by release of large amounts of exotoxins, which have
local effects on the intestinal mucosa or are absorbed
into the blood, thus causing more severe systemic da-
mage to the body, and act as the key factor behind Clos-
tridia pathogenicity. Some low-toxin-producing bacteria
(as C. chauvoei, C. septicum) have flagella that contribute
to virulence of pathogenic bacteria and also provide hem-
agglutination [20].

The Clostridium group includes several pathogenic
species that cause intestinal signs, as well as neurotoxic
or histotoxic infections. Intestinal infections in animals
are mostly caused by C. perfringens, C. difficile, C. histo-
lyticum and C. septicum: C. perfringens causes such intes-
tinal signs as enterocolitis, enterotoxemia, and gastritis.
According to A. V. Supova et al., the most common an-
aerobes included C. perfringens, C. sporogenes, C. bifer-
mentans, C. septicum, C. cadaveris, C. tertium, C. difficile,
C. novyi, C. baratii [1].

With clostridiosis, intrauterine or early postnatal infec-
tion is possible. Infection may be spread by a contact with
milk, colostrum, litter, environmental objects contamina-
ted with feces of adult animals, feed, soil, water [2, 7]. In
case of intrauterine infection, the pathogen penetrates
into the uterus with blood flow, which leads to intraute-
rine infection of young animals, abortions, metritis and en-
dometritis. Members of Clostridium genus cause mastitis
along with microorganisms of other families [21].

Clostridiosis on Siberian livestock farms mostly pro-
ceeds as a co-infection [22].

Given the segmentation of the rabbit breeding market
and its status of a developing industry in Western Siberia,
the problems faced by veterinarians are poorly under-
stood and need to be considered in detail. In particular,
the novelty of this research is that it is focused on studying
enterotoxemia caused by Clostridium on a rabbit breeding
farm in Western Siberia.

Therefore, the purpose of this work is to study etiology,
epizootic data, clinical patterns and post-mortem lesions
in clostridious enterotoxemia-infected rabbits on a breed-
ing farm of Western Siberia.

MATERIALS AND METHODS

For the research purposes the following pathological
materials were used (liver, spleen, stomach contents, in-
testinal contents, lungs, heart, kidneys); taken from dead
or emergently killed sick rabbits of different age groups,
i.e. from birth to 35 days old - 21 rabbits; 35-77 days old -
45 rabbits; replacement young rabbits from 35-71 days
old - 14 rabbits; breeding stock from 72 days old - 9 rabbits.

The animals are bred on a closed-type rabbit breed-
ing farm located in the south of Western Siberia, in cages
equipped with automatic feeding and watering systems.
The water supply is non-municipal. The water is supplied
from a well with a water treatment system. Manure is re-
moved daily by a scraper conveyor and is transported to
a manure storage facility located at least 1 km away from
the farm. The rabbit diet includes commercial balanced
compound feeds. All mature rabbits (females, males, fat-

tening, replacement rabbits) are kept in one house without

“all in/all out” production principle. Disinfection is carried
outonlyin the presence of animals, since there is no room
for their regrouping during antiepidemic work. The live-
stock has been vaccinated against viral hemorrhagic dis-
ease and rabbit myxomatosis. In accordance with the plan
of antiepizootic measures, preventive measures are taken
against coccidiosis and helminthiasis. The farm is consi-
dered free from infectious diseases.

The animals were treated with oral antibiotics adminis-
tered via drinking water: fluoroquinolone (“Enroflon 10%")
5-7 days - 1 g/L of water, sulfonamides (“Trimethoprim’,

“Zinaprim”) 5-7 days — 1 g/L of water. Also, “Nitox 200" (tetra-
cycline group) was administered intramuscularly once at
a dose of 0.1 mL/kg of body weight. The breaks between
taking medications were 7-10 days.

In 2023, the bacterial strains were cultivated and iden-
tified using classical bacteriological analysis. Cultivation
and identification was performed in the research labora-
tory“Biochemical, molecular-genetic studies and selection
of farm animals” of the Kuzbass State Agrarian University
named after V. N. Poletskov.

The dead animals were delivered to the laboratory
in a thermocontainer with cooling agents immediately
after death (maximum within 30 minutes). Correspond-
ing autopsy was performed, followed by examination
of post-mortem lesions and diagnosis.

Nutrient media and cultivation conditions. Pieces of or-
gans were inoculated into 5% meat-peptone broth (MPB)
with glucose, incubated for 18-24 hours at 37 °C under
anaerobic conditions. After incubation, primary cultivation
was performed in Wilson and Blair Medium (incubation for
24-48 hours at 37 °Cunder anaerobic conditions). Blacken-
ing of the medium due to gas production, seen as cracks
and bubbles in the dense medium, together with a very
persistent and unpleasant odor of butyric acid shall be
considered a positive result of Clostridium cultivation.

The following tests were performed to identify the ge-
nus of the recovered microorganisms: Gram staining,
growth in MPB containing 6.5% NaCl and 20% bile (incu-
bation for 24 hours at 37 °C under anaerobic conditions),
hemolysis on 5% blood agar (incubation for 24 hours at
37 °C under anaerobic conditions), catalase test (with hy-
drogen peroxide), oxidase test (commercial OXITEST kit),
indole test (Kovac's reagent).

Species were identified on differential diagnostic Gissa’s
media with arabinose, dulcite, fructose, galactose, glucose,
inositol, inulin, lactose, maltose, mannitol, mannose, me-
lesitose, melibiose, raffinose, rhamnose, ribose, salicin, sor-
bitol, sorbose, sucrose, trehalose and xylose (incubation
for 24 hours at 37 °C under anaerobic conditions). After
incubation, change in the media color together with gas
production were used to assess the ability of the isolated
cultures to ferment.

Toxigenic properties were determined by intraperito-
neal injection of microbial suspension to 70 white mice
in an amount of 0.5 mL at a dose of 500 million microbial
cells grown on 5% blood agar (incubation for 24 hours
at 37 °Cunder anaerobic conditions). Post-injection death
of the animal was considered as a positive result.

All experiments in animals were conducted in strict
compliance with interstate Guidelines for accommo-
dation and care of animals (GOST 33216-2014 and
GOST 33215-2014), adopted by the Interstate Council for
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Fig. 1. The number of rabbits of different age groups that died in 2023

Standardization, Metrology and Certification, as well as
in accordance with Directive 2010/63/EU of the Europe-
an Parliament and of the Council of the European Union
of 22 September 2010 on the protection of animals used
for scientific purposes.

To confirm death cases caused by Clostridium microor-
ganisms, smears were prepared from the affected paren-
chymal organs of mice, using Gram staining. At the same
time, in order to ensure more distinct staining of spores,
dye solution on the microscope slide was heated over
a burner flame to form vapors, which made it possible
to identify Clostridia. Large rod-shaped gram-positive
microorganisms in the smear without a visualized spore
(C. perfringens) or with a terminal spore exceeding the di-
ameter of the vegetative cell (C. histolyticum) was the evi-
dence of Clostridium presence.

Statistical data processing. Percentage for the relative
values of the isolated microorganisms was calculated
by dividing the number of the isolated microorganisms
from each organ by the total number of isolates, multi-
plied by 100%?2.

RESULTS AND DISCUSSION

Between January and November of 2023, mortali-
ty among rabbits (12,402 death cases) was reported on
the farm in all sex and age groups. The situation was
defined as mortality, if there were more than 5 dead ani-
mals in one group per one day, with typical clinical symp-
toms such as weakness, emaciation, ruffled fur, bloating,
foul-smelling stool (if the number of death cases was less
than 5, it was considered to be a regular death rate re-
sulting from non-infectious courses: injuries, physiological
characteristics, etc.). The mortality was reported in all fat-
tening groups, less often in adult females and males from 1
to 3 years old (Fig. 1). Most death cases (1,050 animals,
aged 35-77 days) were reported in August; peak mortality

2Shorokhova 1. S., Kislyak N. V., Mariev O. S. Statistical methods of analysis:
a textbook. Yekaterinburg: Ural University Press; 2015. 300 p.
https://elar.urfu.ru/bitstream/10995/36122/1/978-5-7996-1633-5_2015.
pdf (in Russ.)

in the age group of 0-35 days was observed in September
(564 rabbits); the maximum number of young replacement
rabbits died in May (122 rabbits) and in the breeding herd
in November (116 rabbits).

The following clinical symptoms were observed in ani-
mals of the age group starting from birth up to 35 days:
bloating, foul-smelling stool, ruffled fur, emaciation, de-
hydration. Death occurred 1-2 days after detection of
the signs. The greatest number of death cases was repor-
ted in the age group from 35 to 77 days - 7,763 animals; at
the same time, the clinical signs were similar to those ob-
served in the group of young animals under 35 days of age.

The clinical signs in does included stillbirths (20% of
the offspring), lethargy, bloating, kits from such does were
weak, poorly fed and died on days 3-5 after birth.

Post-mortem lesions were typical for general toxicosis:

- the dead rabbits looked emaciated, with clearly seen
bone structures;

- bloated stomach;

- fur around the anal area and tail was contaminated
with fecal material;

- dry subcutaneous tissue;

- pale and degenerated skeletal muscles;

- stomach mucous membrane is swollen, red, with a lot
of mucus (catarrhal gastritis);

- mucous membrane of the small intestine is diffusely
thickened with hemorrhages and large amounts of mucus;

- enlarged mesenteric lymph nodes, with sporadic
redness or drainage from incision, with changes typical
for acute serous hemorrhagic inflammation;

- spleen usually without visible changes;

- liver is slightly enlarged, flabby, unevenly colored,
gray-yellowish with red spots;

- the kidneys are enlarged, slightly softened, of grayish-
clay color, the border between the cortical and cerebral
layers is unclear;

- enlarged heart resulting from expansion of cardiac
cavities, mainly the right ones; flabby, the incision surface
is grayish;

- passive congestion of lungs and pulmonary edema.
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As bacteriological tests show, Clostridia grew most-
ly from pathological material sampled from animals at
the age of 35-77 days, less often from those older than
72 days (Fig. 2). The main organs infected with Clostridi-
um spp. were: stomach (12-89%), intestines (24-74%),
heart (10-64%). Bacteria were also found in liver (5-17%),
kidneys (15-21%) and lungs (3-46%).

Biochemical typing of the isolated Clostridium cultures
revealed the following two species: C. histolyticum and
C. perfringens (Fig. 3). C. histolyticum was isolated from
pathological material taken from young animals under
35days of age, i.e.in 43% of cases (9 rabbits); C. perfringens
was isolated in 19% of cases (4 rabbits). The percentage
of C. histolyticum isolated from samples taken from rab-
bits at the age of 35-77-days was 42% (19 rabbits), C. per-
fringens — 47% (21 rabbits). C. histolyticum was isolated in
43% of cases (6 rabbits), C. perfringens — in 29% of cases
(4 rabbits) from the biological material taken from dead
or emergently slaughtered replacement young animals
of 35-71 days of age. C. histolyticum was found in 33%
(3 rabbits) of the samples from rabbits of the breeding
stock older than 72 days.

The number of dead laboratory animals accounted
for 66. These are the animals in whose internal organs
gram-positive large rods with rounded ends or large
gram-positive rods with a subterminal spore were detected.

Analysis of the on-farm epizootic situation revealed the
reasons behind the disease situation.

1. Non-compliance with the requirements for animal
handling, namely: no isolation ensured for rabbits of dif-
ferent age groups; no conditions for disinfection when
animals are moved to other premises. Unsatisfactory
environment for animal keeping is one of the reasons
for propagation and spread of various microorganisms,
including Clostridia, which is confirmed by research results
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provided by other authors [2, 7, 17, 18]. Violation of ve-
terinary and sanitary rules and rabbit keeping approa-
ches have a negative impact on the epizootic situation
on the farm. Prevention of bacterial diseases consists in
the application of an integrated control system, which in-
cludes: monitoring; use of effective antibacterial products
and their alternatives; disinfection quality control; HACCP
principles in production. Until a new group of animals ar-
rives, highly resistant clostridium spores spread in the fa-
cilities due to poor-quality sanitation [23, 24].

2. Use of antibiotics to control opportunistic micro-
organisms has resulted in selection and accumulation
of toxigenic Clostridium strains. This fact is widely con-
firmed by L. N. Mazankova and S. G. Perlovskaya [25],
whose studies demonstrate a key role of antibiotics
in spread of clostridium due to death of endogenous
microflora, without which Clostridia actively multiply
and release toxins.

3.The group that was most susceptible to clostridiosis
included weaned baby rabbits older than 35 days of age,
because weaning is one of the stress factors that, com-
bined with the rearrangement of animals and a switch
to commercial feeds, undermines nonspecific protection.
The fact is confirmed by other studies as well [26, 27] that
show that rabbits aged between 3 and 7 weeks are highly
susceptible to Clostridia-associated intestinal diseases.

CONCLUSION

Clostridiosis in rabbits on this farm is caused by two
toxin-realising species: C. histolyticum and C. perfringens.
The most susceptible group included weaned baby rabbits
atthe age of 35 to 71 days. At the same time, rabbits of this
group demonstrated pronounced clinical signs and patho-
logical and anatomical lesions typical for enterotoxemia:
inflammation of the stomach and intestines, dystrophic
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Fig. 2. Clostridium levels in pathological material from rabbits
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Fig. 3. C. histolyticum (left) and C. perfringens (right) in Gram-stained smears

changes in liver, kidneys and myocardium. Adult animals
demonstrated less pronounced clinical signs which mainly
included bloating, stillbirths and non-viable births. Clos-
tridium was most often isolated from gastric, intestinal and
cardiac tissue biopsies. Clostridium spp. was less isolated
from lungs, liver and kidneys. The pathological and ana-
tomical picture in clostridiosis is characteristic of general
toxicosis: exhaustion, bloating, serous-catarrhal gastri-
tis, enteritis, serous-hemorrhagic lymphodulitis of mes-
enteric lymph nodes, liver, myocardium and kidneys in
a state of dystrophy, congestive hyperemia and edema in
the lungs.

REFERENCES

1.Supova A.V,, Kapustin A.V., Pimenov N.V., Bangura M.
Vidovoi sostav klostridii, vydelennykh ot sel’'skokhozyaist-
vennykh zhivotnykh na territorii otdel’nykh regionov RF =
Clostridium species isolated from farm animals in certain
regions of the Russian Federation. Aktual’nye problemy ve-
terinarnoi meditsiny, zootekhnii, biotekhnologii i ekspertizy
syr'ya i produktov zhivotnogo proiskhozhdeniya: sbornik tru-
dov 2-i nauchno-prakticheskoi konferentsii (Moskva, 8 noya-
brya 2022 g.) = Hot trends and topics in veterinary medicine,
zootechnics, biotechnology and control of raw materials and
products of animal origin: proceedings of the 2" scientific
and practical conference (Moscow, November 8, 2022). Mos-
cow: Agricultural technologies; 2022; 305-307. https://
elibrary.ru/aogpsh (in Russ.)

2. Kapustin A. V., AliperT. |. Epizootologiya i profilaktika
klostridiozov krupnogo rogatogo skota = Epizootology
and prevention of bovine clostridial diseases. Edinyi mir -
edinoe zdorov'e: materialy VIl Mezhdunarodnogo veterinar-
nogo kongressa (Ufa, 19-21 aprelya 2017 g.) = One world -
one health: Materials of Vil International Veterinary Congress
(Ufa, April 19-21, 2017). Moscow: Russian Veterinary Asso-
ciation; 2017; 106-108. https://elibrary.ru/zarmnr (in Russ.)

3. Akhmedzhanov M. A., Krutskaya E. D., Isakeev M. K.
The results of laboratory studies to determine the cause
of the death of rabbits. Biosafety and Biotechnology. 2022;
(9): 59-67. https://doi.org/10.58318/2957-5702-2022-9-59-
67 (in Russ.)

4.TihonovV.K., Tihonova G. P, Efimoval. O, Tsarevsky I. V.
Differential diagnosis of clostridioses. Aktual’nye problemy
veterinarnoi meditsiny i zootekhnii: materialy Vserossiiskoi
(natsional’'noi) nauchno-prakticheskoi konferentsii (Chebok-
sary, 26 oktyabrya 2023 g.) = Hot trends and topics in veteri-

nary medicine, zootechnics: materials of the scientific and
practical (national) conference (Cheboksary, October 26,
2023). Cheboksary: Chuvash State Agrarian University;
2023; 175-179. https://elibrary.ru/uivicv (in Russ.)

5. Devrishov D. A., Pulotov F. H., Faizova M. J. Specific
prevention of clostridiosis in animals. Science and Innova-
tion.2023; (3): 151-156. https://elibrary.ru/zsqaau (in Russ.)

6. Pimenov N. V., Kolesnikova Y. N. The etiology of clos-
tridiosis in cattle and the comparative characteristics of
isolates. Nauka molodykh - innovatsionnomu razvitiyu
APK: materialy Mezhdunarodnoi molodezhnoi nauchno-
prakticheskoi konferentsii (Ufa, 15-17 marta 2016 g.). Ch. 1 =
Science of the young - innovative development of agricul-
ture: materials of the International Youth Scientific and Prac-
tical Conference (Ufa, March 15-17, 2016). P. 1. Ufa: Bashkir
State Agrarian University; 2016; 120-125. https://elibrary.
ru/wbrnkl (in Russ.)

7. Mussayeva A. K., Yegorova N. N., Shakibaev Ye., Oz-
bekbai N. Klostridiozy sel’skokhozyaistvennykh zhivot-
nykh = Clostridial diseases of farm animals. National As-
sociation of Scientists. 2022; (81): 6-14. https://elibrary.ru/
mjgjwh (in Russ.)

8. Moiseeva K. A., Sukhinin A. A. Rol’ toksinov Clostridi-
um perfringens v razvitii infektsii cheloveka i zhivotnykh =
The role of Clostridium perfringens toxins in human and
animal infections. Current Issues of Modern Science and
Practice: Abstracts of XIV International Scientific and Practi-
cal Conference (Rome, Italy, May 17-19, 2021). Rome; 2021;
219-221. (in Russ.)

9. Djukovic A., Garcia-Garcera M., Martinez-Paredes E.,
Isaac S., Artacho A., Martinez J., Ubeda C. Gut colonization
by a novel Clostridium species is associated with the onset
of epizootic rabbit enteropathy. Veterinary Research. 2018;
49 (1):123. https://doi.org/10.1186/s13567-018-0617-8

10. Nagahama M., Ochi S., Oda M., Miyamoto K., Take-
hara M., Kobayashi K. Recent insights into Clostridium per-
fringens beta-toxin. Toxins. 2015; 7 (2): 396-406. https://doi.
org/10.3390/toxins7020396

11. Borriello S. P. Clostridial disease of the gut. Clinical
Infectious Diseases. 1995; 20 (Suppl. 2): S242-5250. https://
doi.org/10.1093/clinids/20.supplement_2.s242

12. Garcia J. P, Li J., Shrestha A., Freedman J. C., Bein-
gesser J.,, McClane B. A., Uzal F. A. Clostridium perfringens
type A enterotoxin damages the rabbit colon. Infection
and Immunology. 2014; 82 (6): 2211-2218. https://doi.
org/10.1128/iai.01659-14

VETERINARY SCIENCE TODAY. 2024; 13 (3): 234-241 | BETEPUHAPUA CEFOZHA. 2024; 13 (3): 234-241

239



ORIGINAL ARTICLES | DISEASES OF SMALL PETS OPUTUHAJIbHBIE CTATbI | BOME3HI MENKINX JOMALIHUX XWUBOTHbBIX

13. Duncan C. L., Sugiyama H., Strong D. H. Rabbit ileal
loop response to strains of Clostridium perfringens. Jour-
nal of Bacteriology. 1968; 95 (5): 1560-1566. https://doi.
org/10.1128/jb.95.5.1560-1566.1968

14. Liu H., Zhang B, Li F,, Liu L., Li F. Shifts in the intes-
tinal microflora of meat rabbits in response to glucocorti-
coids. Journal of the Science of Food and Agriculture. 2022;
102 (12): 5422-5428. https://doi.org/10.1002/jsfa.11895

15. Oglesbee B. L., Lord B. Gastrointestinal Disea-
ses of Rabbits. In: Ferrets, Rabbits, and Rodents: Clinical
Medicine and Surgery. Eds. K. E. Quesenberry, C. J. Orcutt,
Ch. Mans, J. W. Carpenter. 4" ed. 2020; 174-187. https://doi.
org/10.1016/B978-0-323-48435-0.00014-9

16. Whitney J. C. A review of non-specific enteritis
in the rabbit. Laboratory Analysis. 1976; 10 (3): 209-221.
https://doi.org/10.1258/002367776781035305

17. Dementyeva M. S., Krysenko Yu. G. Klostridiozy
krupnogo rogatogo skota. Etiologiya, laboratornaya di-
agnostika = Clostridial diseases in cattle. Etiology, labo-
ratory diagnostics. Tekhnologicheskie trendy ustoichivogo
funktsionirovaniya i razvitiya APK: materialy Mezhdunarod-
noi nauchno-prakticheskoi konferentsii, posvyashchennoi
godu nauki i tekhnologii v Rossii (Izhevsk, 24-26 fevralya
2021 g.). Tom Il = Technological trends in sustainable work
and development of the agro-industrial complex: materi-
als of the International Scientific and Practical Conference
dedicated to the Year of Science and Technology in Russia
(Izhevsk, February 24-26,2021). Vol. Il. 1zhevsk: Izhevsk State
Agricultural Academy; 2021; 102-106. https://elibrary.ru/
gwglfh (in Russ.)

18. Glotova T. |, Koteneva S. V., Nefedchenko A. V., Glo-
tov A. G. Mastitis agents in cows at big dairy farms and
their resistance to antibacterial drugs. Aktual’nye prob-
lemy lecheniya i profilaktiki boleznei molodnyaka: materi-
aly Mezhdunarodnoi nauchno-prakticheskoi konferentsii
(Vitebsk, 2—4 noyabrya 2022 g.) = Crucial issues of treating
and preventing diseases in young animals: materials of
the International scientific and practical conference (Vitebsk,
November 2-4, 2022). Vitebsk: Vitebsk the Order of “the
Badge of Honor” State Academy of Veterinary Medicine;
2022; 72-79. https://elibrary.ru/nzdibt (in Russ.)

19. Agnoletti F, Ferro T., Guolo A., Marcon B., Cocchi M.,
Drigo I., et al. A survey of Clostridium spiroforme antimicro-
bial susceptibility in rabbit breeding. Veterinary Microbio-
logy. 2009; 136 (1-2): 188-191. https://doi.org/10.1016/j.
vetmic.2008.10.020

20. Glotova T. I., Sudorgina T. ., Koteneva S. V., Glo-
tov A. G, Velker D. A., Nefedchenko A.V. Patogennye vidy
anaerobnykh bakterii i ikh rol’ v patologii krupnogo roga-
togo skota = Pathogenic anaerobic bacteria and their role

in bovine pathology. Advances in Medical Mycology. 2023;
25: 14-19. https://elibrary.ru/ntpitw (in Russ.)

21. Sudorgina T. E., Glotova T. I, Koteneva S. V., Nefed-
chenko A.V.,, Glotov A. G. Modern concepts on the causes
of clostridial anaerobic infection in cattle. Aktual’nye prob-
lemy infektsionnoi patologii zhivotnykh i puti ikh resheniya:
materialy Mezhdunarodnoi nauchno-prakticheskoi konfe-
rentsii, posvyashchennoi Dnyu Belorusskoi nauki i 95-letiyu
kafedry epizootologii i infektsionnykh boleznei (Vitebsk,
15-16 dekabrya 2022 g.) = Crucial problems of infectious
animal pathology and solutions to them: materials of the
International scientific and practical conference dedicated
to the Day of Belarusian Science and the 95" anniversary
of the Department of Epizootology and Infectious Diseases
(Vitebsk, December 15-16, 2022). Vitebsk: Vitebsk the Order
of“the Badge of Honor” State Academy of Veterinary Medi-
cine”; 2023; 109-111. https://elibrary.ru/elnbcw (in Russ.)

22.TerentjevaT.E., GlotovaT.l, KotenevaS.V., Glotov A.G.
Species spectrum of bacteria of genus Clostridium isola-
ted from cattle on big dairy farms. Russian Veterinary Jour-
nal. Productive Animals. 2016; (1): 5-8. https://elibrary.ru/
vmdwdn (in Russ.)

23. Novikova O. B. Mikroflora, vydelyaemaya ot pere-
pelov, i kontrol’ bakterial'nykh boleznei v perepelovod-
cheskikh ptitsekhozyaistvakhakh = Microflora isolated
from quails and control of bacterial diseases on quail farms.
Effectivnoe Zhivotnovodstvo. 2020; (9): 66-69. https://doi.
org/10.24412/cl-33489-2020-9-66-69 (in Russ.)

24. \etvitskaya A. Metody bor’by s nekroticheskim en-
teritom u sel'skokhozyaistvennykh ptits = Control of ne-
crotic enteritis in farm birds. Effectivnoe Zhivotnovodstvo.
2020; (7): 100-105. https://elibrary.ru/ycsngs (in Russ.)

25. Mazankova L. N., Perlovskaya S. G. Antibiotic-asso-
ciated diarrhea and Cl. difficile-infection in children: risk
factors. Children Infections. 2015; 14 (2): 29-34. https://doi.
0rg/10.22627/2072-8107-2015-14-2-30-34 (in Russ.)

26.Pudn-Peldez X.-H.D., McEwan N.R., Gdmez-Soto J. G.,
Alvarez-Martinez R. C., Olvera-Ramirez A. M. Metataxo-
nomic and histopathological study of rabbit epizootic en-
teropathy in Mexico. Animals. 2020; 10 (6):936. https://doi.
org/10.3390/ani10060936

27. Peeters J. E., Geeroms R., Carman R. J., Wilkins T. D.
Significance of Clostridium spiroforme in the enteritis-
complex of commercial rabbits. Veterinary Microbiolo-
gy. 1986; 12 (1): 25-31. https://doi.org/10.1016/0378-
1135(86)90038-6

Received 01.03.2024
Revised 16.05.2024
Accepted 11.07.2024

INFORMATION ABOUT THE AUTHORS / UHOOPMALLUA 06 ABTOPAX

Anastasiya S. Metleva, Cand. Sci. (Veterinary Medicine), Associate
Professor, Department of Veterinary Medicine and Biotechnology,
Kuzbass State Agrarian University named after V. N. Poletskov,
Kemerovo, Russia; https://orcid.org/0009-0001-5454-8122,
zveryski@mail.ru

Mariya N. Khakimzyanova, Teacher of secondary vocational
education, Kuzbass State Agrarian University named after
V. N. Poletskov, Kemerovo, Russia;
https://orcid.org/0009-0008-4457-7975, mariyabarker@mail.ru

MeTtneea AHactacusa CepreeBHa, KaHf. BET. HayK, AOLIEHT
Kadeapbl BeTepUHapHOW MeAnLMHbI U GUOTEXHOMOrUN,
Kys6acckui lAY, r. Kemeposo, Poccus;
https://orcid.org/0009-0001-5454-8122, zveryski@mail.ru

XakumsaHosa Mapwua HukonaesHa, npenofasatesib cpefHero
npodeccrmoHanbHoro obpasosaHus, Kysbacckuii FAY, r. Kemeposo,
Poccus; https://orcid.org/0009-0008-4457-7975,
mariyabarker@mail.ru

VETERINARY SCIENCE TODAY. 2024; 13 (3): 234241 | BETEPUHAPUA CETOLHA. 2024; 13 (3): 234-241



ORIGINAL ARTICLES | DISEASES OF SMALL PETS OPUTUHAJIbHBIE CTATbY | BONE3HI MENKAX JOMALLIHUX XIUBOTHBIX

Egor E. Sionikhin, Postgraduate Student, Department CuoHuxuHErop EBreHbeBud, acnmpaHT Kadeapbl BETEPUHAPHOW
of Veterinary Medicine and Biotechnology, Kuzbass State Agrarian ~ meanuuHbl 1 6uotexHonoruin, Kysbacckuin AY, r. Kemeposo,
University named after V. N. Poletskov, Kemerovo, Russia; Poccus; https://orcid.org/0009-0001-4211-3949,
https://orcid.org/0009-0001-4211-3949, sionichin99@mail.ru sionichin99@mail.ru

Contribution: The authors made an equal contribution to the research: collected and analyzed the materials; specified goals and
objectives and research methods; formulated scientifically-based conclusions; were involved in writing the article on the key research
results.

Bknap aBTopoB: ABTOPbI BHEC/IV PaBHbIN BKNaZ B NPOBeeHNe NCCnefoBaHnA: cbop 1 aHanus matepuana; onpefeneHue Lenei n 3agay,
MEeTOA0B UCCNeA0BaHNSA; GOPMYNMPOBaAHME 1 HAyYHOEe 06OCHOBAHVIE BbIBOLOB, 0QOPMIIEHNME KIOYEBbIX PE3YNIbTAaTOB UCCIEA0BAHNA
B BUAE CTaTbU.
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Effective measures to control eimeriosis
in poultry in the Republic of Dagestan

Asiyat B. Dagaeva, Bakhu M. Makhieva
Caspian Regional Research Veterinary Institute — Branch of Dagestan Agriculture Science Center, 88 Dakhadaeva str., Makhachkala 367000, Republic of Dagestan, Russia

ABSTRACT

The most common disease of young poultry in commercial farms of the Russian Caspian region is eimeriosis. In most cases, after convalescence from coccidiosis
caused by one of Eimeria species poultry remains susceptible to other species. This parasite has a very short life cycle and immense reproductive capacity that is
why it can cause large-scale outbreaks of the disease in commercial poultry houses. To control avian eimeriosis, various coccidiostats are used in combination with
probiotics and vitamins. Frequent and long-term use of the same drugs against this infection can potentially result in the emergence of resistant £imeria populations.
This suggests that this coccidiosis control requires rotation of eimeriocidal drugs. Studies on eimeriosis prevalence were performed in the laboratory of the Caspian
Regional Research Veterinary Institute and in different poultry farms of the Republic of Dagestan. Swabs of the floor, litter, equipment, droppings, feedstuffs, cecum
smears from dead poultry were used for testing. High infection rate with eimerias was established in floor-housed poultry in the plain and piedmont zones of
the Republic (Khasavyurtovsky and Karabudakhkentsky raions), where the infection rates were 81.6 and 82.4%, respectively. In batter-cage system poultry farms
of the mountain and mountain valley zones (Khunzakhsky and Gergebilsky raions) the infection rates were significantly lower — 61.2 and 58.0%, respectively. The
comparative efficacy study of two eimeriocidal drugs showed that “Robenidine’, used daily from the first day of life during the entire rearing period at a dose of
33 g per 1 ton of feedstuffs controls coccidiosis in poultry. At the same time, the survival rate of the experimental young poultry during the observation period was
98.0% compared with “Sarucoxum 12%" group (96.7%).
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JdPeKTUBHbIE Mepbl 60PLObI € 3iMepr03amu NTUL
B ycnoBuaAx Pecnybnukn [arectaH

A.b. laraeBa, b. M. MaxueBa
[TpuKacnuiickuii 30HaNbHbII HayYHO-NCCNEROBATENbCKII BeTepUHAPHbIA MHCTUTYT — duanan OTBHY «DepepanbHbiii arpapHblil HayuHblil LieHTp Pecny6nuky [larectan»
(Mpukacnuitckmit 3oHanbHblit HUBW — dunnan OTBHY «OAHL| PLI»), yn. laxagaesa, 88, r. Maxaukana, 367000, Pecny6nuka [larectan, Poccus

PE3IOME

(amblM pacnpocTpaHeHHbIM 3a60n1eBaHeM MOIOAHAKA Ha NTMLedabpuKkax npomblLuneHHoro Tuna B Mpukacnuiickom pernoHe Poccum ABRAeTCA ditmepuo3
(KoKUIMAN03). B GonbLUMHCTBE CyyaeB NTULa, KoTopas nepebonena KOKLMANO30M, BbI3BaHHBIM OAHIIM BUZOM SiAMEpUH, 0CTaeTcA BOCMPUMMUMBA U K APYriM
BUAaM B036yauTend. Y faHHOro napasiTa 0ueHb KOPOTKMI KU3HEHHBIN LWAKN W OTPOMHaZA penpopyKTvBHaA CNocobHOCTb, BUIGACTBUE Yero B NTUYHMKAX Npo-
MBILLAEHHOTO TUNA CYYaKTCA MACCoBble BCMbILLKY 3aboneBaua. s 6opbObl ¢ JliMeprozamu NTUL NPUMEHAT pa3AnyHble KOKLMAVOLMAHbIE Npenaparb
B COYETaHUM € NPOOUOTUKAMU U BUTaMUHAMM. YacToe 1 LONrOCPOYHOE MCMONb30BaHME OFHMX U TeX Xe CPEACTB NeYeHA JaHHOI NHBA3NM NPUBOAUT K BO3-
HUKHOBEHWIO YCTORYMBBIX NONYNALMIA SAMEPUIA. ITO FOBOPUT 0 TOM, UTO Np 6opbbe € 3TMM Napa3nTo30M BaXKHO YepefoBaTb diiMepuoLAHbIe NpenapaTbl.
VlccneioBaHNA No M3yyeHnio pacnpocTpaHeHua sliMepro3a npoBoaUAN Ha 6a3e nabopatopim MpUKaCANIACKOro 30HaNbHOMO HaYYHO-MCCNEL0BATENbCKOO Be-
TePUHAPHOTO UHCTUTYTA U B NTULEBOAYECKNX X03AiCTBaX Pecnybnuku [larectan pasnuuHoro Tuna. MaTepuanom Ana uccnefoBanmit Ciyxuam cockobbl ¢ nona,
MOACTUNKY, NHBEHTAPA; NOMET; KOPMa; Ma3Ku-0TNeyaTKu CnemblX 0TPOCTKOB KMLLIEYHNKA NaBLUei NTULbI. BbiABNEH BbICOKAsA 3apaXKeHHOCTb SAMepUAMIA NTIL,
BbIpaLLMBAeMbIX B YC/OBMAX HANOMLHOTO COEKaHIA B PaBHUHHOI 1 NPeAropHoli 30Hax pecnybnuki (XacaBropToBckmii u KapabyaaxkeHTckuii paitoHbl), rae ypo-
BeHb HBa3MpoBaHMA coctasin 81,6 1 82,4% co0TBETCTBEHHO. B NTILEBOAYECKIX X03AIICTBAX FOPHOI 30HbI M 30HbI TOPHBIX A0ANH (XyH3axcKuii 1 [eprebunbekuii
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paiioHbl) NpY KNETOUHOM BbIpaLLMBAHNI CTEMEHb NOpaXeHnA NTuL 6bina 3HaunuTeNbHo Hke — 61,2 1 58,0% cooTBETCTBEHHO. [Tpy CPaBHUTENIBHOM U3yUeHUN
3hdeKTUBHOCTI ABYX SIMEPUOLMAHBIX NPENAPATOB YCTAHOBNEHO, UTO «POBEHIANHY eXE[HEBHO C IEPBOTO AHA XN3HM B TeUeHNe BCEro Neprofa BblpallnBaHua
B 103€ 33 T Ha 1 TOHHY KOPMa CaHMpyeT OpraHu3M NTULbI OT NapasuToB. [pu 3ToM BbIKMBAEMOCTb NOJOMBITHOTO MONOAHAKA NTULbI 33 NepUod HabntaeHNa
coctauna 98,0% no cpaBHeHwio € rpynnoii, rae npumeHani «Capykokc 12%» (96,7%).

KnioueBbie cnoBa: ubinnAta-6poitnepbl, 3liMeprno3, 00LKUCTbI, diiMepun, SiMepuoLaHble npenapatsl, «PobeHnanny, «Capykokc 12%», 3¢deKTUBHOCTb, UH-
TEHCUBHOCTb MHBA3IM, CIEMble OTPOCTKY KULLEYHUKA, MOMET

bnaropapHocTu: Pabota BbinonHeHa npu puHaHcosoii noaaepxke MuxobpHayku PO 8 pamkax lporpammbl ¢yHAaMeHTaNbHbIX HayYHbIX NCCNeA0BaHMI
rocyAapcTBeHHbIX akaZeMuil HayK no HanpaeneHuio <MonekynapHo-6uonoruyeckue u HaHobuoTeXHONOMYECKIe MeTOAbI CO3AaHNA BInONpenapaTos HOBOMO
MOKONEHNA, TEXHONOTUI 1 CNOCOBLI X MPUMEHEHNA ¢ Lieiblo 60pb6bI ¢ 0C060 ONACHBIMU MHGEKLIMOHHBIMYU, NAPa3UTapHbIMU U He3apa3HbIMU 60Ne3HAMM
KUBOTHBIX».

[ina yutnposanua: laraesaA. b., Maxnesa b. M. 3ppektusHble Mepbl 60pbObl ¢ iimepuozamu nTuw B ycnousax Pecnybaukn [larectan. Bemepurapus ce2o0ks.
2024; 13 (3): 242-247. https://doi.org/10.29326/2304-196X-2024-13-3-242-247

KOH¢JWIKT UHTEepecoB: ABTOpr 3aABNANT 00 OTCYTCTBUN KOH¢HMKTa NHTEPECOB 1 He UMEKT ¢MHaH(OBOI7I 3aNHTEpPeCoBAHHOCTH B NPeACTaB/IEHHbIX MaTepianax
unu meToaax.

[ins koppecnongeHumn: [laraesa Acuat barayTanHOBHa, HayuHblil COTPYAHMK NabopaTopui No U3yueHNIo NHBA3UOHHDIX Gone3Hei CeNbCKOX03AACTBEHHbIX
KUBOTHBIX 1 NTIL, Mpukacnuiicknit 3oHanbHbIi HUBYU — dunnan OFBHY «OAHL| Pll», yn. [axanaesa, 88, r. Maxaukana, 367000, Pecnybnuka [larectan, Poccus,

nos4561@mail.ru

INTRODUCTION

The most common disease of young poultry in com-
mercial farms of the Russian Caspian region is eimeriosis
(coccidiosis) [1].

The scientists point out that eimeriosis mainly affects
young poultry (10 day - 3-month old) and attribute this
to underdeveloped immunity [2, 3, 4, 5, 6].

In most cases, after convalescence from coccidiosis
caused by one of Eimeria species poultry remains suscep-
tible to other species. This parasite has a very short life
cycle and immense reproductive capacity that is why it can
cause large-scale outbreaks of the disease in commercial
poultry houses [6, 7, 8, 91.

Many authors describe the enormous damage caused
to poultry farming by poultry deaths, reduced weight gain
and meat production [10, 11,12, 13].

To control avian eimeriosis, various coccidiostats
are used in combination with probiotics and vita-
mins [14, 15,16, 17].

The peak incidence in poultry is most often observed
during warm and humid periods of the year (spring and
late autumn).

The scientists note that 4-10 Eimeria species can infect
poultry at the same time, which significantly complicates
this disease control [6, 9].

In recent years, co-infections with eimerias and cryp-
tosporidias, salmonellas and colibacterias have been fre-
quently reported [18].

Frequent and long-term use of the same drugs against
this infection can potentially result in the emergence
of resistant Eimeria populations. This suggests that con-
trol of this coccidiosis requires rotation of eimeriocidal
drugs [19, 20, 21].

The aim of the research was to study eimeriosis prev-
alence in poultry farms of the Republic of Dagestan and
the efficacy of "Robenidine” and “Sarucoxum 12%" by com-
parison.

MATERIALS AND METHODS

Commercial drugs “Robenidine” and “Sarucoxum 12%
were tested.

“Robenidine”has a coccidiostatic effect against the main
species of avian coccidia (Eimeria necatrix, Eimeria tenella,
Eimeria acervulina, Eimeria brunetti, Eimeria maxima, Eime-
ria mivati), at the stage of first and second generation schi-
zonts.”Robenidine” affects energy metabolism of coccidia
cells and adversely affects the process of nuclear division
which leads to the death of parasites.

“Sarucoxum 12%”" contains salinomycin sodium, a poly-
etherionophore antibiotic. The drug disrupts the transport
of sodium and potassium ions in the oocyst and leads to
the death of coccidia at the stage of schizogony. It has
an anticoccidial effect against all coccidia species of poul-
try and other livestock.

The experiments were performed in the laboratory of
the Caspian Regional Research Veterinary Institute and
commercial poultry farm AO “Poultry farm “Makhachka-
linskaya”, as well as in other poultry farms of the region.

Swabs of the floor, litter, equipment, droppings, feed-
stuffs, cecum smears from dead poultry were used for
testing.

Laboratory tests to establish the diagnosis and Eimeria
infection rate in poultry were carried out in accordance
with GOST 25383-82 (ST SEV 2547-80) “Domestic animals.
Methods of laboratory diagnostics of coccidiosis™'.

To conduct an experiment in a commercial poultry farm
of AO“Poultry farm Makhachkalinskaya’, 3 groups of chicks
were formed: 2 test groups and 1 control group (150 chicks
per group).

Test group 1 broilers received “Robenidine” daily from
the first day of life during the entire rearing period at a dose
of 33 g per 1 ton of feedstuffs. The drug was removed from

"

" https://docs.cntd.ru/document/1200025474?ysclid=lwmb1ge
0n7566471140 (in Russ.)
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Table 1

Prevalence of eimerioses in poultry in the raions and different attitudinal zones of the Republic of Dagestan

Raions and zones No

of samples

subjected to post-mortem
examination

Tested for eimeriosis

subjected
to microscopy

positive samples
detected

Kha;avyurtovsky 364 104 364 297 81.6
(plain zone)
quabudakhkentsky 256 84 256 211 82.4
(piedmont zone)
Khunzakhsky 178 34 178 109 61.2
(mountain zone)
Ggrgebilsky 188 3 188 109 58.0
(intermontane valley zone)

TOTAL 986 254 986 726 73.6

the diet 5 days before slaughter. Test group 2 was trea-
ted with “Sarucoxum 12%" at a dose of 7 mg/kg, which
is equivalent to 1T mL per 1 liter of drinking water given
within 48 hours. Control chicks were not treated.

Poultry were observed during the entire period of
the experiment. Treated chicks were tested for oocysts on
days 16, 26, 36, 48.

The experiments on animals were carried out in accor-
dance with GOST 33215-2014, adopted by the Interstate
Council for Standardization, Metrology and Certification,
as well as in accordance with the requirements of the
Helsinki Declaration (2000) and Directive 2010/63/EU of
the European Parliament and of the Council of the Europe-
an Union dated 09/22/2010 on the protection of animals
used for scientific purposes.

The intensive efficacy (IE) of the drugs was determined
by coproscopy for Eimeria oocysts in ceca and droppings.

The effect of the drugs on poultry performance was
evaluated by clinical signs manifested; oocyst index and
mortality rates caused by eimeriosis, as well as weight
gains in control and test groups.

A McMaster or VIGIS counting chamber was used to
count oocysts in 1 g of droppings.

The results were statistically processed using Biometrics
software.

RESULTS AND DISCUSSION

The eimeriosis situation in different altitudinal zones
of the region was studied at the poultry farms and small-
scale farms practicing floor and battery cage system
rearing, located in Khasavyurtovsky (plain zone), Karabu-

Table 2
The results of testing of broiler intestines and droppings for eimerias

Raions and zones No. of samples

dakhkentsky (piedmont zone), Khunzakhsky (mountain
zone) and Gergebilsky (intermontane valley zone) raions
of the Republic.

986 carcasses of dead and killed poultry were examined,
including 254 birds subjected to post-mortem examina-
tion, and 986 birds subjected to microscopy. There were
726 positive results which is 73.6% (Table 1).

In the plain and piedmont zones of the Republic
(Khasavyurtovsky and Karabudakhkentsy raions), a high
Eimeria infection rate in floor-housed poultry was revealed.
The prevalence was 81.6 and 82.4%, respectively.

A completely different picture is observed in the cage-
housed poultry at the farms of the mountain zone and
intermontane valley zone (Khunzakhsky and Gergebilsky
raions) infection, where the prevalence of infection was
61.2 and 58.0%, respectively.

The laboratory tests revealed eimerias in ceca, duodena
and droppings of broilers (Table 2).

According to the literature data the morphology of
the eimerias detected in pathological samples (drop-
pings, ceca and duodena) was consistent with Eimeria
tenella, Eimeria maxima, Eimeria mitis, Eimeria acervulina
species.

To control avian eimeriosis successfully, it is necessary
to conduct constant research and development of mod-
ern highly effective eimeriocidal drugs, therefore, one of
the stages of the study was a comparative efficacy study
of “Robenidine” and “Sarucoxum 12%" against sponta-
neous eimeriosis in broilers in a commercial poultry farm
(battery cage system) of AO “Poultry farm “Makhachka-
linskaya” (Table 3 and 4).

Eimeria oocysts detected (No. seen in a single field of view)

in cecum in droppings in duodenum

Khasavyurtovsky (plain zone) 104 54-56 8-10 7-9
Karabudakhkentsky (piedmont zone) 84 24-26 4-5 4-6
Khunzakhsky (mountain zone) 34 11-12 2-3 1-2
Gergebilsky (intermontane valley zone) 32 6-8 2-3 1-2
TOTAL 254 - - -
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Table 3
Design of testing in cage-housed ROSS 308 broilers

Groups Drug Number of chicks Dose and course of treatment
Control - 150 -
Table 4

The efficacy of eimeriocidal drugs against spontaneous eimeriosis in broilers

Indicator

Control

Test groups

“Robenidine” “Sarucoxum 12%”"

Before treatment
No. of chicks per group 150 150 150
Age of chicks, days 15 15 15
The average weight of 1 chicken at the beginning of the study, g 426 432 443
The number of oocysts in the tested samples (mean value), No. in a single FoV
In cecum 403+53 36719 32.8+23
In 20 samples of droppings 33719 293+21 246+23
After treatment
Chickens died within 48 days (%) 59(39.3%) 3(2.0%) 5(3.3%)
The number of oocysts in the tested samples (mean value), No. in a single FoV
In cecum 8.6+44 - 55+14
In 20 samples of droppings 403+3.8 - 49+1.1
Intensive efficacy, % - 98.0 9.7
Survival rate of chicks within 48 days, % 60.7 98.0 96.7
Average daily gain within 48 days, g 44 53 48
Feed consumption per 1 kg of weight gain within 48 days, kg 2.24 1.95 2.10
Live weight at slaughter, g 2,536 2,978 2,729

No. in a single FoV — number of oocysts in a single field of view.

It was found that in the test groups, after the use of “Ro-
benidine” and “Sarucoxum 12%" in therapeutic doses, 3 and
5 chicks respectively died during the entire observation peri-
od (48 days). Thus, the survival rate of poultry in test groups
was 98.0 and 96.7%, respectively. In the control group, the sur-
vival rate of broiler chicks was significantly lower — 60.7%.

The post-mortem examination of dead chicks
of groups 1 and 2 revealed no lesions characteristic
of eimeriosis in the internal organs and intestines.

Microscopy of cecum smears from dead birds of group 1
demonstrated no Eimeria oocysts, whereas single oocysts
were found in group 2 broiler chicks (4-5 oocysts in
a single field of view).

The intensive efficacy of “Robenidine” treatment
was 98.0%, of “Sarucoxum 12%" - 96.7%. Thus, the thera-
peutic efficacy of “Robenidine” turned out to be higher
than “Sarucoxum 12%".

The average daily gain in broiler chicks during the rear-
ing period (48 days) in test groups 1 and 2 was 53 and 48 g,
respectively, and feed consumption per 1 kg of live weight
gain was 1.95 and 2.1 kg.

CONCLUSION

Monitoring tests performed in the plain and piedmont
zones of the Republic (Khasavyurtovsky and Karabudakh-
kentsy raions) revealed a high Eimeria infection rate
in floor-housed poultry. The prevalence was 81.6 and
82.4%, respectively.

The prevalence of infection in cage-housed poultry in
the mountain zone and intermontane valley zone (Khun-
zakhsky and Gergebilsky raions) was 61.2 and 58.0%, re-
spectively.

Morphology study of Eimeria detected in patholog-
ical samples (droppings, ceca and duodena) allowed
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to identify them as Eimeria tenella, Eimeria maxima, Eimeria
mitis, Eimeria acervulina.

As aresult of a comparative assessment of eimeriocidal
drugs in the setting of spontaneous eimeriosis in broiler
chicks in the commercial poultry farm AO “Poultry farm

“Makhachkalinskaya’, 98.0%“Robenidine” effectiveness was
established.

Daily treatment of chicks with “Robenidine” from
the first day of life during the entire rearing period at
a dose of 33 g per 1 ton of feedstuffs and removing
the drug the diet 5 days before slaughter keeps the poul-
try free from the parasites. The survival rate of the young
poultry under study during the observation period
was 98.0%.

Thus, the therapeutic efficacy of “Robenidine” turned
out to be higher than “Sarucoxum 12%". The commercial
drug “Robenidine” can be used in poultry farms of the Re-
public of Dagestan for treating eimeriosis in broilers.
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Use of "ARRIAH-AviFluVac” vaccine
in turkeys, geese and ducks

Natalia V. Moroz, Sergey V. Frolov, Viktor N. Irza, Lidia 0. Scherbakova, Vladimir Yu. Kulakov
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

“ARRIAH-AviFluVac” vaccine against H5 avian influenza was demonstrated to be effective for ducks, geese and turkeys both in the laboratory and production envi-
ronment. When administered to ducks at 0.5; 1.0 and 1.5 cm?, the vaccine provided 100%-effective protection of birds against the disease and death after challenge
with the relevant high pathogenicity avian influenza virus of subtype H5N1, clade 2.3.4.4b. Singular 0.5—-1.5 cm? inoculation induced formation of antibodies, which
were detected in the hemagglutination inhibition test at the titres that ranged from 4.3 to 6.1 log,. The vaccine facilitated 9-26-fold decrease in the virulent virus
shedding by the ducks. Protection of turkeys vaccinated at the dose of 1.0 cm® was maintained at the level of 87.5% after challenge with high pathogenicity avian
influenza virus of subtype H5N1, clade 2.3.4.4b. The vaccine induced formation of antibodies at the titres of 4.9 and 5.5 log, in turkeys after singular and double
vaccination at the dose of 1.0 cm?, respectively. It was demonstrated, that after double administration of 1.0 cm?® of “ARRIAH-AviFluVac” vaccine, the post-vaccinal
avian influenza antibody level exceeded 5.0 log, in 75.9-90.0% of the geese population. The most appropriate way of the vaccine use in turkeys, ducks and geese
involves at least its double administration at the double commercial dose. Higher species resistance of ducks to the challenge with avian influenza virus of subtype H5,
clade 2.3.4.4b as compared to turkeys was also demonstrated.

Keywords: high pathogenicity avian influenza, H5 avian influenza virus, inactivated vaccine, immunogenicity, ducks, geese, turkeys
Acknowledgements: The study was funded by the Federal Centre for Animal Health within the research topic “Veterinary Welfare”.

For citation: Moroz N. V., Frolov S.V., Irza V. N., Scherbakova L. 0., Kulakov V. Yu. Use of “ARRIAH-AviFluVac” vaccine in turkeys, geese and ducks. Veterinary Science
Today. 2024; 13 (3): 248-254. https://doi.org/10.29326/2304-196X-2024-13-3-248-254

Conflict of interests: IrzaV. N. is a member of the editorial board of the “Veterinary Science Today” journal, but was not involved into the decision making process
related to this article publication. The manuscript has passed the review procedure accepted in the journal. The authors did not declare any other conflicts of interests.

For correspondence: Natalia V. Moroz, Cand. Sci. (Veterinary Medicine), Head of Laboratory for Avian Diseases Prevention, Federal Centre for Animal Health,
Yur'evets, Vladimir 600901, Russia, moroz@arriah.ru

YK 619:616.98:578.832.1:636.5:615.371:616-097.3

[pumeHeHne BakumHbl «BHAN3M-ABn®nyBak»
1A UHAEEK, TYCen U YTOK

H. B. Mopos3, C. B. Oponos, B. H. Up3a, /1. 0. Llep6akoBa, B. l0. Kynakos
OIBY «DefepanbHblii LieHTp 0XpaHbl 380poBbA X1BOTHbIX» (OTBY «BHUIU3X»), mkp. I0pbesew, . Bnagumup, 600901, Poccua

PE3IOME

B nabopatopHbix 1 Npon3B0ACTBEHHbIX YCIOBIAX NOKA3aHO, uTo BakLmHa npotis rpunna iy H5 «BHUN3X-AsnOnyBak» aBnaetca 3¢pdeKTnBHbIM npenapatom
ANA NpodUnakTKI 60Me3HI Y ryceid, yTok 1 MHAeeK. BakuuHa npn BBeseHUn yTkam B 1o3ax 0,5; 1,0 1,5 cm? co 100%-i1 3O OeKTMBHOCTbIO 3aLLmLLana nTuLy,
o1 3a60neBaHmA 1 rnbenn Npu 3apaxeHnin akTyanbHbIM BUPYCOM BbiCOKonaToreHHoro rpunna ntuw noatuna H5N1 reHeTuueckoil knagpl 2.3.4.4b. OpHokpaTtHas
npuBMBKa B 403e 0T 0,5 40 1,5 (M’ Bbi3biBana 06pa30BaHUe aHTUTeN], BbIABNAEMbIX B PEaKLMM TOPMOXKEHIA reMarr/loTUHal K, B THTpax ot 4,3 o 6,1 log,.
BaKumHa cnoco6cTBOBaNa CHIXKEHNIO BbIAENEHNsA BUPYNIEHTHOTO BUPYCa yTKaMu B 9—26 pa3. lpoTeKTUBHAA 3aLuuTa HHAEEK, NPpUBUTHIX B Ao3e 1,0 cm?, obe-
cneunBanacb Ha ypoBHe 87,5% npu 3apaxeHun BUPYCOM BbicoKonatoreHHoro rpunna ntuu nogruna H5N1 knagbl 2.3.4.4b. BakuuHa BbibiBana obpasoBaHue
anTuTen B THTpax 4,9 u 5,5 lg, y MHAeeK npu 0AHOKPaTHOM 11 IBYKPaTHOM BBeZieHUN B o3e 1,0 (M® COOTBETCTBEHHO. YCTaHOBNIEHO, 4TO MPY ABYKPaTHOM
npumeneHin npenapara «BHUN3XK-AsnOnyBak» B fo3e 1,0 cm? ypoBeHb NOCTBAKUMHANLHbIX AHTUTEN K BUPYCy rpunna Tyl 6bin Bbiwe 5,0 log, y 75,9-90,0%
nonynALMM ryceit. PaunoHanbHbIM peLleHrem UCNoNb30BaHNA BaKLMHbI ANA MHAEEK, YTOK U ryceil ABNAETCA ee MPUMEHeHwe B ABOHOM KOMMepyeckoil fo3e
11 KaK MUHIMYM BYKpaTHOe BBeZieHue. Takixe Obina ycTaHoBMeHa Gonee BbiCOKas BIUA0BAA YCTONUMBOCTb YTOK K 3aparkeHito BUPYCOM rpunna nTuy noatuna H5
Knagpl 2.3.4.4b no cpaBHeHMIo C MHAeIKaMu.

KnioueBble c10Ba: BbICOKONATOreHHbIN Fpunn NTUL, BUPYC rpunna nTuL H5, iHaKTMBMPOBAHHaA BaKLMHA, UMMYHOTEHHOCTb, YTKM, TYCU, MHAEHKN

BnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OTBY «BHUN3X» B pamkax TemaTuky HayuHo-uccnesoBaTeNbCkx pabor «BetepuHapHoe 6narononyune».

© Moroz N. V., Frolov S. V., Irza V. N., Scherbakova L. 0., Kulakov V. Yu., 2024
© Federal Centre for Animal Health, 2024
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Konnukr untepecos: Vp3a B. H. anaeTca uneHom peaKonnerum xypHana «Betepuxapus cerofHs», Ho He IMEET HUKAKOTO OTHOLLEHNS K PeLLeHuto ony6u-
KOBaTb 3Ty CTaTbi0. PyKOMUC NpoLLNa NPUHATYIO B ypHane NpoLeaypy peLieH3upoBaHua. 06 UHbIX KOHGANKTaX MHTEPECOB aBTOPbI He 3aABNAIM.

[ina koppecnonpeHuuu: Mopo3 Hatanba BnagummposHa, KaHp. BeT. Hayk, 3aBepytolyuii nabopatopueit npodunaktuki 6oneseit nriw, OrbY «BHUU3X»,

MKp. l0pbesed, . Bnagumup, 600901, Poccua, moroz@arriah.ru

INTRODUCTION

Avian influenza (Al) is a highly contagious viral disease
that can affect several poultry species [1]. Over the past
10 years, high pathogenicity avian influenza (HPAI) H5Nx
viruses of Eurasian genetic lineage Gs/Gd/96 clade 2.3.4.4
spread globally. In 2022-2023, an unprecedented HPAI
panzootic occurred, which was caused by H5N1 virus
of Eurasian genetic lineage 2.3.4.4b [2]. A huge number of
the disease outbreaks in poultry and cases of the virus de-
tection in wild and synanthropic birds of different species,
as well as their mass mortality were reported in different
countries. The virus was detected in terrestrial and marine
mammals thus raising serious global concern due to pan-
demic threat (WOAH Situation Reports for Avian Influenza,
2021-2023; FAO Empres-i; WHO).

Starting from 2021, HPAI epizootics in the Russian Fede-
ration were also caused by H5N1 virus of Eurasian genetic
lineage (clade) 2.3.4.4b [3].

Since the disease causes enormous damage to poul-
try farming and becomes enzootic in many countries,
issues on the use of vaccination as an additional tool
to contain the spread of infection and reduce unjustified
losses were actively discussed at the international level
in 2022-2023 [4, 5, 6]. The Terrestrial Animal Health Code
(WOAH, Chapter 10.4) contains recommendations on
poultry vaccination against HPAI and describes the con-
ditions under which it can be used [7].

In most countries where Al vaccination is practiced,
mainly whole-virion vaccines based on low-pathogenici-
ty and genetically modified low-pathogenicity Al viruses
obtained by reverse genetics and containing a hemag-
glutinin gene fragment of the relevant highly virulent H5
and H7 viruses are used.

Current inactivated Al vaccines are limited in effec-
tiveness in Anseriformes, therefore, it is recommended
to administer a double chicken dose, or to add a strong
stimulant for effective immunity [8, 9, 10, 11]. It was also
demonstrated that double dose of the bivalent vaccine
protected ducks from the disease and death, but, however,
the antibodies were formed at a low level (from 4 to 8 log,)
and after challenge, the virus was isolated from 13% of vac-
cinated and 100% of unvaccinated birds. The inability of
the challenge virus to induce the repeated production
of antibodies in birds vaccinated with a closely related H5
strain is a convincing evidence of the lack of the virulent vi-
rus replication in the vaccinated ducks [12]. Most scientific
articles show that the whole-virion vaccines are generally
effective for ducks [9, 10, 13, 14, 15] and geese [10, 16],
but these avian species react to vaccination in different
ways [10, 17].

According to A. Kandeil et al., use of inactivated Al H5
vaccine induced development of an immune response in
all avian species housed together on the backyards (ducks,
geese and chickens), and after double vaccination the an-
tibodly titres reached 10 log,. The immune response was,
however, different in different bird species. The vaccinated
birds remained alive after challenge and shed less virus
as compared to the unvaccinated ones. It should be noted
that the unvaccinated ducks also did not get diseased and
survived throughout the experiment. Moreover, the vac-
cinated ducks shed more virus than vaccinated birds
of other species [10].

There are also many reports of positive results of ge-
netically engineered vaccines used for HPAI prevention
in poultry. Thus, according to E. Niqueux et al., simulta-
neous immunization with two recombinant Newcastle
disease and fowlpox virus-vectored vaccines provided
12-week protection in Muscovy ducks [18]. Kim D. H. et al.
also demonstrated that administration of genetically
engineered Newcastle disease virus-vectored vaccine
effectively protected Muscovy ducks from infection
with the virulent HPAI H5 virus and decreased the virus
shedding [19].

Most of the Al vaccine trials, both in the laboratory and
in the field, are carried out in chickens and turkeys, be-
cause high mortality and excretion of a large amount of
the virus into the environment are reported in them when
infected. However, with the spread of Al in Asia, the di-
sease epizootology changed, as indicated by the increased
susceptibility of wild and exotic birds. Infection of domes-
tic ducks and geese seriously affected the maintenance
and spread of H5N1 Al [20].

In 2022, the Federal Centre for Animal Health (ARRIAH)
registered “ARRIAH-AviFluVac” vaccine against Al (H5)
based on the low-pathogenic H5 Al virus strain Yamal.

As part of the post registration process, studies were
conducted to determine the vaccination dose and fre-
quency of vaccination for various poultry species (turkeys,
ducks and geese) in laboratory and field conditions, the re-
sults of which are demonstrated in this paper.

MATERIALS AND METHODS

Vaccine. “ARRIAH-AviFluVac” inactivated emulsion
vaccine against avian influenza (H5) manufactured by
the Federal Centre for Animal Health (batch 010122, re-
lease date 01.2022) was used in laboratory and field trails.
The vaccine is prepared from the extraembryonic fluid of
the chicken embryonated eggs infected with avian influ-
enza virus (the source of H5N1 production strain Yamal
is A/wildduck/YaNAO/956-21 isolate) inactivated with
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aminoethylethanolamine supplemented with Monta-
nide ISA 70 VG oil adjuvant (SEPPIC, France) at 30:70 w/w.

Poultry. Commercial poultry delivered from farms free
from acute infectious avian diseases were used for labora-
tory tests: 20 day-old ducklings, 140 ducklings at the age
of 21 days and 40 turkeys at the age of 10 days.

During the field trials, the vaccine was administered
to commercial 1-28-day-old turkeys on one of the poultry
farms in the Stavropol Krai and to the parent 30-60-day
old goose flock in the Republic of Bashkortostan.

The experiment design at the animal keeping facilities.
The day-old ducklings were divided into two groups
of 10 birds in each. They were intramuscularly vaccinated
at the doses of 0.25 and 0.5 cm?, respectively; 28 days post
immunization, the ducklings’ blood sera were collected
and tested for antibodies to AIV H5.

Twenty one-day-old ducklings were divided into
4 groups of 35 birds in each. The birds in group 1 were
vaccinated with “ARRIAH-AviFluVac” vaccine at the dose
of 0.5 cm3; in group 2 - at the dose of 1.0 cm3; in group 3 -
at the dose of 1.5 cm?. All ducklings were vaccinated
intramuscularly into the thigh. The birds in group 4
were not vaccinated. After days 7, 14 and 21, blood
samples were collected from the ducklings in each group
to monitor seroconversion to AlV H5. Twenty eight days
post vaccination, the birds in the experimental groups
of 10 birds in each were challenged with the virulent in-
fluenza A H5 virus A/chicken/Stavropol/2077-6/21 H5N1
at the dose of 6.0 Ig EID,  intramuscularly into the thigh
at the volume of 0.5 cm®. The challenged ducklings were
subjected to 10-day clinical observation.

In 6 days post challenge, the oropharyngeal swabs
were collected from the ducklings to identify the AIV ge-
nome by polymerase chain reaction (PCR).

Ten-day-old turkeys were divided into 4 groups
of 10 birds in each. Poultry in the three experimental groups
were intramuscularly vaccinated at the doses of 0.25; 0.5
and 1.0 cm?, respectively. The turkeys in group 4 were
not vaccinated. In 21 days post vaccination, blood was
collected from the birds for testing for AV H5 antibodies
by hemagglutination inhibition test (HI). The turkeys were
then challenged with A/chicken/Stavropol/2077/6/21
H5N1 virus at the dose of 6.0 Ig EID, jintramuscularly into
the thigh at the volume of 0.5 cm?. The challenged birds
were clinically observed for 10 days.

The experiment design in the field. An experimental
group of 700 day-old turkeys was vaccinated at the dose
of 0.2 cm®. Then, at the age of 28 days the turkeys were
divided into 2 groups of 350 birds in each and they were
re-immunized at the doses of 0.5 and 1.0 cm?, respec-
tively.

Two groups of 30 geese were formed. The birds
in group 1 were intramuscularly vaccinated once at the age
of 30 days at the dose of 1.0 cm3; the birds in group 2 were
also intramuscularly vaccinated twice at the age of 30 and
60 days at the dose of 1.0 cm>.

All experiments on birds were conducted in strict com-
pliance with the interstate standards for animal handling
and housing adopted by the Interstate Council for Stan-
dardization, Metrology and Certification, as well as in ac-
cordance with the requirements of Directive 2010/63/EU of
the European Parliament and of the Council of 22 Septem-
ber 2010 on the protection of animals used for scientific
purposes.

Serological tests for AIV H5 antibodies were carried
out by HI test using the ARRIAH-manufactured HI test-
kit for detection of antibodies against H5 avian influenza
virus. HI results were expressed in log,, and an antibody
titre equal to or higher than 5 log, was considered to be
the minimum protective titre according to the recommen-
dations of the World Organization for Animal Health [21].

Challenge. Resistance of vaccinated poultry to the chal-
lenge with A/chicken/Stavropol/2077/6/21 H5N1 AlV at
the dose of 6.0 Ig EID, , was justified by the absence of mor-
tality and disease clinical signs (depression, respiratory
and nervous disorders) in the poultry.

Molecular genetic tests. Detection of AIV genome in bio-
material samples and determination of the amplification
cycle threshold were carried out in accordance with
the “Methodological recommendations for detection of
Type A avian influenza virus RNA by real-time RT-PCR"".

Oropharengeal swabs were collected with sterile tup-
fers. The samples were collected from all ducklings in the
relative groups in 6 days post challenge. Amplification
cycle thresholds (Ct) were determined in the control group
(Ct,) and in the groups of the vaccinated birds (Ct). The re-
action was considered positive (AIV H5 genome is present)
if 0 < Ct <37 [21]. Next, a comparison with the control was
performed and the difference of the compared values was
calculated (d, = Ct, - Ct ). In addition, the average estimates
of the difference (D) and standard errors of measurement
of the averages (£ m) were calculated from the group
samples (d).

The immunogenicity of “ARRIAH-AviFluVac” vaccine
for ducks was determined in laboratory experiments by
the results of the resistance to challenge, by the titres of
serum antibodies and by PCR-indicated virus shedding.

The immunogenicity of “ARRIAH-AviFluVac” vaccine
for turkeys was determined in laboratory and field experi-
ments based on the results of the resistance to challenge
and serum antibodly titres.

The immunogenicity of “ARRIAH-AviFluVac” vaccine
for geese was determined in the field experiments by se-
rum antibody titres.

Statistical processing of the resulted data included
determination of mean values, error of mean, statistical
significance of the differences between the experimental
groups of animals along with the indication of the statis-
tical criterion values, number of degrees of freedom and
prediction error probability (p).

RESULTS AND DISCUSSION

Table 1 demonstrates the HI results of the sera of duck-
lings of different ages tested for the antibodies to AIV H5
after vaccination.

It was found that day-old ducklings vaccinated at
the dose of 0.25 cm?® demonstrated AIV H5 antibodies
in low nonuniform titres (p > 0.05). At the same time,
the AIV H5 antibody titres in the group of ducklings vac-
cinated at the dose of 0.5 cm® reached 4.4 log, with good
uniformity in 28 days (p < 0.001).

The vaccinated 21-day-old ducklings demonstra-
ted AIV H5 antibodies in comparable titres regardless
of the vaccine dose (0.5; 1.0 or 1.5 cm®). Seroconversion

' Andriyasov A.V., Andreychuk D. B., Chvala I. A. Methodological
recommendations for detection of Type A avian influenza virus RNA
by real-time RT-PCR: No. 45-16. Vladimir: ARRIAH; 2016. 13 p. (in Russ.)
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Table 1
Results of duckling serum tests for AIV H5 antibodies using HI test

Antibody titres (log,) at different time points post vaccination

Qo] bi(ds qt LS Vaccination dose, cm?
of vaccination, day !
0.25 n/t n/t n/t 13+06
1 0.5 n/t n/t n/t 44+03
0.5 0.9+0.6* 0.9+0.6 (0) 43+0.5(4,5) 44+0.6
21 1.0 3.1£06 3.1+0.6 (4.0) 5.0+0.4(5.0) 5104
15 21+08(1.5) 21+08(1.5) 6.1+0.5(6.0) 6.2+0.6

*mean Hl antibody titre and error, median (Me) is in brackets; n/t — not tested.

was observed in groups of immunized ducklings 7 days
later with antibody titres reaching the maximum levels
in 28 days post vaccination.

Statistical processing of the primary antibody titres
obtained 28 days post vaccination in the experimental
groups was carried out by one-way analysis of variance
in Excel. It was found that the F-test statistics was below
F critical value (F_ 3.0 <F__ 3.4), thatis, the mean anti-
body titres for the three groups did not differ.

To determine the protective properties of the vaccine
against the H5 HPAI pathogen, the vaccinated ducks were
challenged with A/chicken/Stavropol/2077-6/21 H5N1
virus. Table 2 demonstrates the results of the experiment.

It was found that the vaccinated ducklings in all expe-
rimental groups did not get diseased within 10 days after
challenge with the high pathogenicity Al H5N1 virus. In
the group of the unvaccinated birds, six birds demonstra-
ted the disease signs and one bird died.

In order to establish the immunity level in the vaccina-
ted ducks, the studies were performed to detect the viru-
lent virus shedding. This stage was targeted at the detec-
tion of AIV H5 genome in the oropharyngeal secretions of
the birds in 6 days after the challenge.

It was revealed that AIV H5 genome was present in
all tested samples. However, the initial concentration
of the viral material in the oropharyngeal excretions of
the vaccinated birds was significantly lower as compared
to the controls. Thus, amplification cycle thresholds (Ct)
in the control group ranged from 20.93 to 25.47 (aver-
age - 23.83), in the group of ducklings vaccinated at
the dose of 0.5 cm? - from 24.49 to 29.46 (average — 26.84),
in the group of ducklings vaccinated at the dose of 1.0 cm? -
from 23.08 to 30.29 (average - 27.5), in the group of duck-
lings vaccinated at the dose of 1.5 cm?® - from 26.12
to 31.41 (average - 28.32). Considering that one amplifica-
tion cycle approximately involves doubling of the amount
of the target product, the initial concentration of the viral
material in the test sample (%) as compared to the control
can be described as J = (1/2P) x 100. Hence, by the groups
of the vaccinated birds, the target estimates were (%):
J,=108;J,=6.9and J, = 3.9, i.e. the ducks vaccinated at
the dose of 0.5 cm? shed the virus in 9-fold lesser amount,
at the dose of 1.0 cm® - in 14-fold lesser amount, and at
the dose of 1.5 cm? —in 26-fold lesser amount as compared
to the unvaccinated birds.

The vaccination of ducklings, therefore, contributed to
the decrease of the virus shedding by the vaccinated birds
compared with the unvaccinated ones, and the higher the
vaccine dose, the more significant the decrease was.

To determine the protective properties of the vaccine
against the AlV H5 pathogen, the vaccinated turkeys were
infected with A/chicken/Stavropol/2077-6/21 H5NT1 virus
in the laboratory.

The data presented in Table 3 demonstrate that the re-
sistance of the vaccinated turkeys to infection varied in
different groups. Thus, turkeys vaccinated at the dose
of 1.0 cm? (87.5%) had the highest resistance, and the tur-
keys vaccinated at the dose of 0.25 cm? (28.6%) had the
lowest resistance. The unvaccinated turkeys died in 3 days
post infection.

Postvaccinal humoral immune response was deter-
mined in turkeys before challenge. It was found that in
the group of birds vaccinated at the dose of 0.25 cm?,
the average antibody titre was 3.3 + 0.6 log,, in the group
vaccinated at the dose of 0.5 cm® - 4.0 £ 0.6 log,, and in
the group vaccinated at the dose of 1.0 cm®-4.9+ 0.4 log.,.

Thus, single vaccination of turkeys at the dose of 1.0 cm?
induced the most intense immune response to AlV H5,
which was expressed by high protection level (87.5% of
the birds did not get diseased) and high antibody titres.

In addition to the laboratory tests, field trials of the vac-
cine were carried out in commercial turkeys in the Stav-
ropol Krai.

The turkey immunity level to AIV H5 was assessed by HI
antibody titres in 35 days after the second vaccination.

Table 2

Resistance of vaccinated ducklings to challenge with subtype H5N1 influenza A virus

Observation
period, days

0.5 1.0 1.5

Groups by the inoculation dose, cm?

Control

1 0/10% 0/10 0/10 0/10
2 0/10 0/10 0/10 0/10
3 0/10 0/10 0/10 0/10
4 0/10 0/10 0/10 0/10
5 0/10 0/10 0/10 2/10
6 0/10 0/10 0/10 5/9 (1 dead)
7 0/10 0/10 0/10 5/9
8 0/10 0/10 0/10 5/9
9 0/10 0/10 0/10 5/9
10 0/10 0/10 0/10 5/9

* ratio between the diseased ducklings to the total number of duckling in the group.

VETERINARY SCIENCE TODAY. 2024; 13 (3): 248—254 | BETEPUHAPUA CETOZIHA. 2024; 13 (3): 248-254

251



ORIGINAL ARTICLES | AVIAN DISEASES OPUTUHAJIbHBIE CTATbI | BOMIE3HI NTUL

Table 3
Resistance of vaccinated turkeys to challenge with subtype H5N1 influenza A virus

Groups according to the vaccination dose, cm?

0.25 0.5 1.0 Control

Observation period,
days

1 0/7* 0/9 0/8 0/8
2 0/7 0/9 0/8 2/8
3 0/7 0/9 0/8 6/6
4 177 0/9 0/8 -
5 2/6 1/9 0/8 -
6 1/4 2/8 0/8 -
7 13 1/6 1/8 -
8 0/2 0/5 0/7 -
9 0/2 1/4 0/7 -
10 0/2 0/4 0/7 -
Protection level, % | 28.6 (2/7)** 44.4(4/9) 87.5(7/8) 0(0/8)

* ratio between the dead birds to the total number of birds in the group;
** ratio between the survived birds to the total number of birds in the group.

It was found that the average antibody titres in the group
of turkeys vaccinated twice at the dose of 1.0 cm® were
5.5 + 0.2 log,, and in the group vaccinated at the dose
of 0.5 cm®- 3.5 £ 0.3 log,. Statistical results differed with
high degree of confidence (99.9%).

Based on the results of the laboratory tests and field
trials of “ARRIAH-AviFluVac” vaccine in turkeys, the op-
timal parameters of its administration were established,
i.e..dose - 1.0 cm?, frequency - at least double vaccination.

Studies were also conducted to examine the vaccine
immunogenicity in commercial geese in the Republic
of Bashkortostan.

The data in Table 4 demonstrate that after single im-
munization, the vaccine induced formation of AIV H5
antibodies in 48.5% of the goose population at the titre
of 3.7 log, one month after vaccination; and in two months
after immunization, the number of birds with protective
antibody titres was only 23.3% and the average group titre
was 1.9 log,.

As the study results demonstrated, the minimum pro-
tective AIV H5 antibody titre (= 5 log,) after double vacci-
nation was reported in 22-27 out of 30 birds for 10 months,
i.e. the protection coverage was at the level of 75.9-90.0%
of the population. During this period, the average antibody
titres were also at a high level and ranged from 6.3 to 6.8 log..

Table 4
Results of goose serum tests for post-vaccinal AIV H5 antibodies

CONCLUSION

Single vaccination of ducklings with “ARRIAH-AviFluVac”
vaccine at the dose of 0.5-1.5 cm?® induced HI-detected
formation of antibodies in titres from 4.3 t0 6.1 log,, which
is consistent with the data reported by D. Middleton [12]. It
was demonstrated that the ducklings were resistant to in-
fection with the AIV H5N1 28 days after single administra-
tion of “ARRIAH-AviFluVac”vaccine at doses of 0.5, 1.0 and
1.5 cm?. It is also worth mentioning that the initial concen-
tration of the viral material in the oropharyngeal excreta of
the vaccinated birds was 9-26 times lower as compared to
the unvaccinated birds.

Thus, the vaccine has a high antigenicity sufficient for
the formation of immunity in ducklings when adminis-
tered at the doses from 0.5 to 1.5 cm?. It was also demon-
strated that inoculation of day-old ducklings at the dose
of 0.25 cm?® was insufficient to protect the birds.

The unvaccinated ducklings were less susceptible to
the infection with the virulent H5 virus of clade 2.3.4.4b
as compared to turkeys, and 60% of the birds were di-
seased, which is consistent with the data on low sensitivity
of unvaccinated ducks when infected with the H5 virus
of clade 2.2.1.2 H5N1 reported by A. Kandeil et al. [10].
This is indicative of the capacity of the virus carrier ducks
to maintain the pathogen reservoir.

The laboratory study results demonstrated that the op-
timal inoculation dose of “ARRIAH-AviFluVac” vaccine
for turkeys was 1.0 cm?, when the vaccinated birds were
protected from the infection by 87.5% and antibodies
were formed at the highest titres (4.9 log.).

In the field trials, the vaccine effectiveness was
also demonstrated when used twice at the dose
of 1.0 cm?, when it was possible to gain high antibody
titres (5.5 log,) in commercial turkeys. Based on the data
resulted from the laboratory and field trials, it was found
that the dose of 1.0 cm? is optimal for use in turkeys, and
the frequency of vaccination should be at least double
vaccination.

In the field trials, two schemes of “ARRIAH-AviFluVac”
administration were tested in geese, and it was found
that when administered twice at the dose of 1.0 cm?
the vaccine provided 10-month immunity in 75.9-90.0%
of the poultry population.

The data obtained are consistent with the conclusions
of a number of scientists [8, 9, 10, 11] and indicate that
double administration of “ARRIAH-AviFluVac” vaccine
against Al H5 at a double commercial dose and at least
twice is reasonable for large and domestic waterfowl spe-
cies with subsequent control of immunity level and revac-
cination by indications.

Antibody titres (log,) at different time points after vaccination

Vaccination frequency
day of vaccination 2 months 7 months 10 months
. 37406 19+0.4
Single n/d (16/33%; 48.5%) (7/30; 23.3%) n/d n/d
63+05 6.5+0.5 6.8+03
Double 08+03 (25/30; 83.3%) n/d (22/29; 75.9%) (27/30; 90.0%)

* seroconversion is expressed as the ratio between the number of birds demonstrating Hl antibody titre above 5 log, and total number of tested birds (%);

n/d - no data.
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Overview of animal infectious disease situation
in the Republic of Dagestan in 2023

Mikail M. Mikailov, Nurdin R. Budulov, Shakhrudin A. Gunashev, EImira A. Yanikova

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

ABSTRACT

An epizootiological survey of livestock farms of Dagestan was conducted, the main infectious diseases common in the region were considered, and measures taken
to protect against them were described. At present, the Veterinary Service is undertaking systematic efforts to prevent the occurrence and spread of infectious
diseases such as brucellosis, leukosis, rabies, pasteurellosis, blackleg, bradsot and enterotoxemia in the Republic. Among the above-mentioned diseases reported
in 2023, brucellosis and leukosis are responsible for the vast majority of outbreaks and diseased animals detected in them. In particular, the following diseases have
the largest share in the nosological profile of quarantinable infectious diseases based on the number of detected infected localities during the period under study:
brucellosis (52.63%), bovine leukosis (30.70%), rabies (8.77%), enterotoxemia (3.51%), pasteurellosis (1.75%), bradsot (1.75%) and blackleg (0.88%). In total,
1,812 animals were affected with quarantinable infections and 35 animals died in 114 infected localities. Most often over the past year, quarantinable infections
were reported in cattle (69.59% of cases) and small ruminants (29.36%); in 1.05% of cases, the diseases affected horses, cats, wild animals and birds. In order
to maintain animal disease freedom and sustainable growth of livestock production, the Veterinary Committee of the Republic of Dagestan annually implements
measures to prevent the occurrence and spread of 75 diseases of animals and birds, including 10 highly dangerous ones. Anti-epizootic measures taken in the past
yearincluded a total of 93.8 million vaccinations and 6.2 million tests performed in the diagnostic institutions. Plans for the prevention of highly dangerous and other
contagious diseases of animals and birds were fully implemented.
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0630p 3M11300TMYECKON CUTYALIN N0 UHPEKLIMOHHBIM

bonesHam XuBoTHbIX B Pecnyonuke [larectan B 2023 roay

M. M. Mukaunos, H. P. byaynos, LL. A. Tynawes, 3. A. flHukoBa

TTpuKacnniickuii 30HaNbHbIN HayYHO-NCCNIER0BATENbCKII BETEPUHAPHDIA MHCTUTYT — duanan OTBHY «DepnepanbHbiii arpapHblil HayuHblil LieHTp Pecnybnmuky [larectan»

(Mpukacnmitcknit 3oHanbHblii HUBW — dunuan OTBHY «OAHL, PI»), yn. [laxanaesa, 88, r. Maxaukana, 367000, Pecnybnuka [JarectaH, Poccua

PE3IOME

lpoBeneHo 3nu3ooTonoruyeckoe 0bcne0BaHme XUBOTHOBOAYECKIX X03AIACTB [larecTaHa, PacCMOTPeHbI 0CHOBHbIE MHQEKLMOHHbIe 3aboneBanua, XxapakTep-
Hble NA PervoHa, OnncaHbl MeponpuATU, NPOBOAUMbIE ANA 3aLLUTbI OT HIX. Ha AaHHbI MOMEHT BeTepuHapHoii cny60il BefeTcA cucTematinyeckas pabota
110 NPeOTBPALLEHMH0 BO3HUKHOBEHNA 1 PACNPOCTpaHeHIs B pecnybnuke Takix MHdeKLIMOHHbIX 3a60neBaHuil, Kak OpyLiennes, neiiko3, GeLeHCTBO, nacTepennes,
3MKap, 6paa3oT u 3HTepoToKcemmA. Cpeau BblLuenepeuncneHHbIX 3aboneBaHIii, 3aperncTpupoBanHbix B 2023 1., noaasnAioLLee 60NbLMHCTBO MU300TUYECKIX
0YaroB ¥ BbIAB/EHHDIX B HX 3a00M1eBLLNX XMBOTHbIX IPUXOAUTCA Ha OpyLienne3 1 Neiiko3. Tak, B HO30710TNYeCKOM Npodune KapaHTUHHbIX NHOEKLMOHHBIX 3a-
boneBaHuii HanboNbLUNIA yaeNbHbIIi BEC O YNCTY BbIABNEHHDBIX HEOMArONONyYHbIX NYHKTOB 3a MCCNEAyeMblil nepuog 3aHuMatoT: bpyuennes (52,63%), neitko3
KpynHoro poratoro ckota (30,70%), 6ewweHcTBo (8,77%), sHTepoTokcemua (3,51%), nactepennes (1,75%), 6pag3ot ogel (1,75%) 1 3MduU3eMaTo3Hblil Kap-
6yHkyn (0,88%). Beero B 114 HebnarononyyHbIX NYHKTax KapaHTUHHbIMK UHeKunamn 3aboneno 1812 u nano 35 XUBOTHbIX. YalLe BCero 3a ncTeKLumii rog
KapaHTUHHblE MHdEKLMN PerucTpupoBani cpeam KpynHoro (8 69,59% cnydaes) u menkoro (29,36%) poratoro ckota, B 1,05% cnyyaes 6onesHu nopaxanu
NOLaAel, KOLIeK, ANKIX XXUBOTHBIX 1 NTULL. [1nA COXpaHeHNA 3M1300TUYECKOro 6narononyyms u yCTovMBOro PoCTa NPOU3BOACTBA XMBOTHOBOAYECKOI MPO-
Aykumum Komutetom no BeTepuHapuu Pecnybnuku [larectaH exeroaHo npoBoAATcA NpodunakTyeckue MeponpuaTUa no NpeaynpexaeHmio BO3HUKHOBEHNA

© Mikailov M. M., Budulov N. R., Gunashev Sh. A., Yanikova E. A., 2024
© Federal Centre for Animal Health, 2024
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I pacnpocTpaHeHus 75 3a6001eBaHU KUBOTHBIX U NTHL, U3 KOTOPbIX 10 ABAAOTCA 0060 onacHbiMu. 0L 06beM NPOTUBOINN300TYECKHUX MEPONPUATIIA
B MCTEKLLEM oAy COCTaBIN 93,8 MIIH ron0B006PAtOTOK 11 6,2 MAH UCCNEA0BAHMI B AUATHOCTIAYECKIX YupexaeHusX. NnaHbl no NpodunakTike 0060 onacHbix
1 ZIPYrIX 3apa3Hblx 3a6071€BaHUNIA MBOTHbIX U MITUL| BbINOAHEHbI B NOHOM 06bEME.

KntoueBble c1oBa: MOHUTOPUHT, 3MU300THYeCKoe cocToAHMe, Pecnybnuka [larectan, nHdeKLmMoHHble 3a6oneBaHuA, KapaHTUHHbIE 3a6oneBaHus, Hebnarono-
NYYHbIi NYHKT, 0yar 3aboneBaxna

bnarogapHocTu: Pabota BbINONHEHa B pamMKax rocyAapCTBeHHOT0 3afaHna «BHeaputb 3gdeKTuBHyt0 KoMneKcHyto cuctemy 6opb0bl ¢ Hanbonee pacnpo-
CTPaHeHHbIMM COLIMANbHO 3HAUMMBbIMY 60ONE3HAMY CeNbCKOXO3ANCTBEHHDIX XKUBOTHIX, TybepKyne3om, neiiko3om 1 GpyLienne3om, B ycrnouax Mpukacnuiickoro
PEr1oHa, Ha 0CHOBE YCOBEPLLEHCTBOBAHHDIX CNocoboB AnarHoctukm» (FNMN-2024-0016).

[insa untuposanua: Mukaunos M. M., byaynos H. P, [yHawes LL. A., lunkoga 3. A. 0630p 3N1300TINYECKOI CUTYaLMN MO MHQEKLIMOHHBIM 60N1E3HAM KUBOTHBIX
B Pecnybnuke larectau B 2023 rogy. Bemepunapus ce2o0ns. 2024; 13 (3): 255-260. https://doi.org/10.29326/2304-196X-2024-13-3-255-260
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INTRODUCTION

Studying an epizootic process plays a major role in
the development of effective anti-epizootic measures
for infectious disease control. A set of measures aimed at
the eradication of infection outbreaks and the prevention
of pathogen introduction into disease free farms should
take into account the specificities of krais and regions [1, 2].

Maintaining sustainable freedom of the country’s live-
stock from quarantinable infectious diseases is the most
important task of veterinary science and practice, it is cru-
cial in protecting the health and life of humans and ani-
mals, in providing the population with ecologically safe
food products and industry with high-quality raw mate-
rials [3, 4, 51.

Therefore, anti-epizootic measures should be deve-
loped taking into account the knowledge of the animal
disease situation based on the analysis of long-term data
on epizootic process development for each infectious
disease in a particular area. An effective solution to this
problem requires appropriate information support, the es-
tablishment and implementation of an epizootological
monitoring system [6,7, 8,9, 10, 11].

Disease freedom of a particular animal population
is achieved through the implementation of a set of special,
general and organizational measures aimed at the effec-
tive control of the epizootic process, the main condition
of which is the commitment to achieve biological equilib-
rium in any parasitic systems in all cases at the territorial
and population levels [12, 13].

Dagestan Republic is one of the largest regions in
the North Caucasus. Its total area is 50.3 thousand square
kilometres. It occupies the northeastern slopes of the Main
Caucasian Ridge and the southwestern part of the Caspian
Depression. The territory of the Republic is divided into
four main physico-geographical zones: flatland, foothill,
mountain and highland, based on which the zonal classifi-
cation of municipal areas and urban districts was approved
by a Decree of the Government of Dagestan Republic’.

Animal husbandry occupies a leading place in the agri-
culture of Dagestan Republic and is represented by the fol-
lowing sectors of great importance: cattle, sheep, pig,
horse, poultry farming, beekeeping, pond fish farming
and others. The most essential conditions for their suc-
cessful development are the prevention and eradication of
quarantinable infectious diseases, which cause significant
economic damage resulting from animal deaths, reduced
performance and product quality, as well as the costs
of basic organizational-economic, veterinary-sanitary and
anti-epizootic measures. In the light of the above, studying
the animal and bird infectious disease situation in Dages-
tan Republicis currently important and serves as the basis
for the improvement of regional programmes aimed at an-
imal contagious disease eradication.

The aim of the study is to monitor and assess the qua-
rantinable animal and bird infectious disease situation in
Dagestan Republic in 2023.

MATERIALS AND METHODS

The examination and analysis of statistical reports
were carried out at the Laboratory of Infectious Pathology
of Caspian Zonal Research Veterinary Institute — Branch of
the Federal Agrarian Scientific Center of Dagestan Repub-
licand in the administrative districts.

The quarantinable animal infectious disease situation
was examined by analyzing data from the veterinary re-
ports of the Veterinary Committee of Dagestan Repubilic,
the republican, inter-raion and raion veterinary laborato-
ries, the municipal and raion veterinary departments.

The epizootological survey of livestock establishments
located in different physical and climatic zones and of in-
dividual settlements and farms was carried out in accor-
dance with “Methodical guidelines for epizootological
study”? and “Recommendations on epizootological study
methods™.

The data were statistically processed and analysed us-
ing generally accepted methods [14].

' On approval of the zonal classification of municipal areas

and urban districts of Dagestan Republic: Decree of the Government
of Dagestan Republic No. 48 of 11 March 2019. https://docs.cntd.ru/
document/553164815 (in Russ.)

2Bakulov I. A, Yurkov G. G., Peskovatskov A. P, Vedernikov V. A. Methodical
guidelines for epizootological study. Moscow: Kolos; 1982. 20 p. (in Russ.)
3 Bakulov I. A. Recommendations on epizootological study methods.
Pokrov; 1975. 75 p. (in Russ.)
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Table 1
Data on animal and bird contagious diseases reported in Dagestan Republicin 2023

During the reporting period UG EROea
fn(;lmberd total number total number
_ ofdetected | yymber of detected | numberof diseased | numberofdead | of infected localities | of outbreaks
infected localities outbreaks animals/birds animals/birds
cattle 48 7 1,236 - Al 252
Brucellosis small ruminants 12 13 500 - 9 10
horses - - 1 - - -
Leukosis cattle 35 110 18 - 96 214
cattle 4 4 4 4 - -
Rabies cats 3 3 3 3 - -
wild animals 3 3 3 3 - -
cattle - 2 2 2 - 1
Pasteurellosis
small ruminants 2 4 5 5 - -
Blackleg cattle 1 1 1 1 1 1
Bradsot small ruminants 2 2 4 4 - -
Enterotoxemia small ruminants 4 4 7 7 - -
Dysentery small ruminants - - 1 1 - -
Epididymitis small ruminants - - 15 - 6 6
Dourine horses - 5 7 - - 5
Avian influenza birds - 1 5 5 - -
Total - 14 269 1,812 35 183 489
RESULTS AND DISCUSSION
The priority areas of the activities of the State Veteri-
nary Service are maintaining the animal disease freedom 0.88% 1.75%
of the region, ensuring the production of veterinary-safe 1.75% 3.51%
animal products and protecting people from diseases
shared between humans and animals. 8.77%
The data on the animal and bird infectious disease situ- =Brucellosis
ation in Dagestan Republic for the period under study are
presented in Table 1. mBovine leukosis
It was found that a total of 114 quarantinable animal =Rabies
infectious disease infected localities were reported in the
region in 2023, of which 60 were for brucellosis in cattle = Pasteurellosis
and small ruminants, 35 for bovine leukosis, 10 for rabies
. . . . . uBlackleg
in domestic and wild animals, 4 for enterotoxemia in sheep,
2 for pasteurellosis, 2 for bradsot and 1 for blackleg. =Bradsot
The following diseases have the largest share in the no-
. . . . . . = Enterotoxemia
sological profile of quarantinable infectious diseases (Fig.)
based on the number of detected infected localities during
the period under study: brucellosis (52.63%), bovine leu-
kosis (30.70%), rabies (8.77%), enterotoxemia (3.51%), pas-

teurellosis (1.75%), bradsot (1.75%) and blackleg (0.88%).
In total, 1,812 animals became diseased in 114 localities
infected with quarantinable infections.

Over the past year, quarantinable infections were most
often reported in cattle (in 69.59% of cases) and small ru-
minants (29.36%); in 1.05% of cases, the diseases affected
horses, cats, wild animals and birds (Table 2).

During the monitoring period, 35 animals died of infec-
tious diseases in Dagestan Republic; in particular, 28.57%

Fig. Nosological profile of quarantinable infectious diseases
in Dagestan Republic in 2023

of domestic and wild animals died of rabies, 20.0% of cattle
and small ruminants died of pasteurellosis, 20.0% of sheep
died of enterotoxemia, 11.43% of sheep died of bradsot;
14.29% of birds died of influenza, 2.86% of cattle died
of blackleg, and 2.86% of sheep died of dysentery.
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Table 2
Quarantinable infection occurrence in animals and number of infected localities

in Dagestan Republicin 2023
Infected localities Diseased animals/birds
abs. number

abs. number

Species

(attle 88 77.19 1,261 69.59

Small ruminants 20 17.54 532 29.36

Horses - - 8 0.44

(ats 3 2.63 3 0.17

Wild animals 3 2.63 3 0.17

Birds - - 5 0.28
Total 14 1,812

For many years, Dagestan has been a region where
brucellosis persists in cattle and small ruminants [15].
In the past year, 48 bovine brucellosis infected locali-
ties and 12 small ruminant brucellosis infected localities
were reported, 117 and 13 outbreaks were detected, with
the diseased animals in them representing, respectively,
68.21 and 27.59% of the total number of animals affected
with quarantinable diseases. In order to improve the situ-
ation, the Veterinary Service of the Republic implements
a set of veterinary-sanitary and organizational-econom-
ic anti-brucellosis measures. In 2023, 1,210.492 thou-
sand cattle, 494.238 thousand small ruminants and
22.091 thousand horses were examined, of which 1,236;
500 and 1 animals, respectively, were found to be bru-
cellosis positive. Vaccination against brucellosis covered
830.735 thousand cattle and 3,284.252 thousand small
ruminants. The disease eradication measures for infec-
ted holdings, establishments and farms are implemen-
ted within the framework of the overall set of the disease
control activities, including the culling of reactor animals
based on the diagnostic test results and the simultane-
ous use of anti-brucellosis vaccines to ensure immune
protection.

One of the most common infectious diseases caus-
ing significant economic damage is viral leukosis, which
has been reported in dairy cows and young animals in
the majority of municipal entities of Dagestan Repub-
lic for many years [16, 17, 18]. To detect the disease,
a serological method such as agar gel immunodiffu-
sion (AGID) test is used. In 2023, the Veterinary Service
of the region conducted AGID tests of 1,104.244 thou-
sand cattle; 2,778 animals (0.25% of the tested cattle)
were found to be the virus carriers. It was established
that in 25 rural areas, municipalities and transhumance
zones, leukemia virus occurrence in animals was mode-
rate (from 0.01 to 9.2%). Hematological tests detected
18 leukosis affected animals. During the period under
study, 35 new leukosis infected localities were identified;
the association of bovine leukosis with specific territo-
ries, namely the farms of the Babayurtovsky, Kizlyarsky,
Kizilyurtovsky, Kumtorkalinsky, Tarumovsky raions and
the city of Makhachkala, was noted. The implementation
of measures provided for by the subprogramme “Preven-
tion and eradication of bovine leukosis in the holdings
of Dagestan Republic” of the governmental programme

of Dagestan Republic “Development of agriculture and
regulation of agricultural product, raw material and food
markets”* made it possible to eradicate the infection
on many farms.

Dagestan remains a rabies infected region [19, 20].
The rabies situation is challenging to a certain extent;
during the period under study, the disease was reported in
10infected localities: in cattle in 4 localities (Gunibsky, Taru-
movsky, Khasavyurtovsky raions and the city of Makhach-
kala), in cats in 3 localities and in wild animals in 3 localities.
In order to control the disease, monitoring tests and vacci-
nation of susceptible animals are carried out in the region.
In 2023, 4 wild animals, 5 cattle, 9 cats, 3 dogs were tes-
ted for rabies; 7,080 cats, 38,570 dogs, 118.311 thousand
cattle, 725 horses and 21.210 thousand small ruminants
were vaccinated.

Over the past year, 2 bradsot outbreaks were detected
in the Republic, in which 4 sheep became diseased and
died. Bradsot is an acute, often fulminant toxicoinfection
of sheep and goats, which is characterized by sudden
death of animals. In some cases, severe seizures, nervous
manifestations are observed, and animals die within
a few hours. A characteristic sign that provides grounds
for bradsot suspicion is the hemorrhagic inflammation of
the abomasum, which is detected by necropsy. In order
to prevent bradsot, 872.144 thousand sheep were immu-
nized on the farms of Dagestan.

In February 2023, high pathogenicity avian influen-
za (HPAIl) outbreak was detected in the area of a natural
body of water located 1 km northeast of the settlement
of Solnechnoye (Khasavyurtovsky raion), where 5 swans
became diseased and died. The diagnosis was confirmed
by laboratory tests, and restrictive measures (quarantine)
were imposed. Subsequently, no new death cases were
reported in synanthropic, wild birds and poultry. In order
to control the HPAI situation, 5 wild birds and 8,410 poultry
were examined, 36,608 poultry were vaccinated against
high pathogenicity avian influenza.

As for other quarantinable infectious diseases such
as pasteurellosis, blackleg, enterotoxemia, dysentery,
ovine epididymitis and dourine, single cases were repor-
ted, and the measures taken made it possible to contain
the diseases and prevent economic damage.

In order to maintain animal disease freedom and sus-
tainable growth of livestock production, the Veterinary
Committee of Dagestan Republic annually implements
measures to prevent the occurrence and spread of 75 dis-
eases of animals and birds, including 10 highly dangerous
ones.

Anti-epizootic measures taken in the past year included
a total of 93.8 million vaccinations and 6.2 million tests per-
formed in the diagnostic institutions. Plans for the preven-
tion of highly dangerous and other contagious diseases
of animals and birds were fully implemented.

CONCLUSION

The analysis of the study findings shows that animal
infectious diseases mentioned in the paper are the main
factors hindering the development of livestock farming

“0n approval of the governmental programme of Dagestan Republic

“Development of agriculture and regulation of agricultural product,

raw material and food markets”: Decree of the Government of
Dagestan Republic No. 673 of 13 December 2013. https://docs.cntd.ru/
document/422452925 (in Russ.)
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in Dagestan Republic. The complete eradication of these
infections is not yet possible. However, it is possible
to monitor changes in the animal disease situation and
reduce its tension, using real epizootological monitor-
ing data for this purpose. The risk of animal infectious
disease occurrence dictates the need for the implemen-
tation of the systematic monitoring and careful analysis
of the animal disease situation. In 2023, 114 quarantin-
able animal disease infected localities were reported in
Dagestan Republic, including 60 for brucellosis in cattle
and small ruminants, 35 for bovine leukosis, 10 for ra-
bies in domestic and wild animals, 4 for enterotoxemia,
2 for pasteurellosis, 2 for bradsot and 1 for blackleg.
As of the end of the period under study, there were
183 infected localities, including 96 for bovine leukosis,
80 for bovine and small ruminant brucellosis, 6 for ovine
epididymitis and 1 for blackleg. The presented data on
the occurrence of quarantinable animal diseases con-
tribute to the scientific and practical studies of the epi-
zootiology of the main infectious diseases reported in
Dagestan Republic.
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The effect of the nisin-based pharmaceutical
formulation used in the treatment plan for cows
with subclinical mastitis on the milk microbiota

Mariya N. Isakova, Yana Yu. Lysova
Ural Federal Agrarian Research Center, Ural Branch of the Russian Academy of Sciences, 112a Belinsky str., Ekaterinburg 620142, Russia

ABSTRACT

Due to the growing threat of antimicrobial resistance, the search and development of new drugs to treat infectious mammary gland diseases of high yielding cows
is an urgent task. The paper presents data on the microbiota composition of milk from high yielding cows suffering from subclinical mastitis; 144 microbial isolates
were recovered from 70 milk samples; with the highest number of Staphylococcus aureus and Streptococcus dysgalactiae detected (22.2 and 16.0%, respectively).
The study showed that a significant number of Staphylococcus aureus isolates (53.1%) were resistant to | generation cephalosporins; 52.6% of the isolated Strep-
tococcus dysgalactiae strains showed resistance to tetracyclines; 33.3% of Staphylococcus haemolyticus isolates were resistant to macrolides. 42.1; 35.3 and 62.5%
of Enterococcus faecium, Aerococcus viridans and coliform bacteria isolates, respectively, were resistant to penicillins. 38.5% of Staphylococcus epidermidis isolates
were found to be resistant to tetracyclines. Corynebacterium pseudotuberculosis isolates showed equal resistance to penicillin and tetracycline antimicrobials (20.0%).
The research revealed presence of multi-drug resistant coliform bacteria, Streptococcus dysgalactiae, Aerococcus viridans, Staphylococcus aureus strains. Experiments
to study the effect of the new nisin-based pharmaceutical formulation on microbiota of milk from cows with subclinical mastitis were carried out using 35 high
yielding cows. A microbiological testing of cow milk on day 14 from the beginning of the treatment showed that the number of microbiota-free samples increased
to 88.6%, while in 1.4% of cases Staphylococcus aureus isolates were recovered (10° CFU/mL). The titers of coliform and Staphylococcus aureus bacteria isolated in
1.4% (10" CFU/mL) and 2.7% (102 CFU/mL) of cases, respectively, were not etiologically significant.
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BnuAxne Komno3numm Ha 0CHOBe HaKkTepUOLIMHA HU3MHA
B (XeMe JieYeHNs KOpoB C CYOKNUHNYECKM MaCTUTOM
Ha MUKPOOMOTY MONOKA

M. H. UcakoBa, 1. 10. JIbicoBa

OIBHY «Ypanbckuit desepanbHblil arpapHblii HayuHO-1CCIe0BATENbCKNIA LieHTP Ypanbckoro oTaenexna Poccuitckoii akagemmn Hayk» (OTBHY Yp@AHILL YpO PAH),

yn. benuckoro, 112a, r. Ekatepunbypr, 620142, Poccusa

PE3IOME

B cBA31 ¢ pacTywuieil yrpo3oi pa3BUTUA aHTUOMOTUKOPE3NCTEHTHOCTU MOMCK M Pa3paboTKa HOBbIX CPEACTB ANA NeYeHa NHOEKLIMOHHbIX 3aboneBaHuii Mo-
NIOYHOI Xene3bl BbICOKOMPOAYKTUBHBIX KOPOB ABNAETCA aKTyanbHOIl 3afayeit. B cTatbe npeAcTaBaeHbl AaHHbIE M0 M3YYeHHio COCTaBa MUKPOOUOTbI CekpeTa
MOMOYHOIA Xene3bl BbICOKOMPOAYKTUBHbIX KOPOB Npy CKpbIToii hopme MacTuTa. 113 70 npob cekpeta MonouHoii xene3bl 6bino BblgeneHo 144 u3onata MuKpo-
OpraHM3MoB, HaubonbLuee KoNMYeCTBO NPUXOAUNOCH Ha Staphylococcus aureus w Streptococcus dysgalactiae (22,2 v 16,0% cooTBeTCTBeHHO). ccnefoBaxuamu
YCTAHOBNEHO, UTO Yy MaKCUMANbHOro Konnuectea 3onatoB Staphylococcus aureus (53,1%) Habntogany ycToitumBocTb K Ledanocnopuxam | nokonenus. Boige-
NeHHble WTamMMbl Streptococcus dysgalactiae 8 52,6% cnyyaeB npoABIMAY YCTOAYMBOCTb K Npenapatam rpynmbl TeTpaumkanHoB; 33,3% nzonatos Staphylococcus
haemolyticus 6b111 pe3nCTeHTHbI K NpenapaTam rpynnbl MakponuaoB. YCTOAYMBOCTbIO K NpenapaTtam rpynn neHuuunnmHoB obnaganu 42,1; 35,3 n 62,5% usonatos
Enterococcus faecium, Aerococcus viridans n 6akTepuii rpynnbl KULIEYHOIA NAN0YKI COOTBETCTBEHHO. B 38,5% cyyaeB ycTaHOBNEHA PE3NCTEHTHOCT K Mpenapa-
TaM rpynnbl TETPALMKANHOB Y U30nATOB Staphylococcus epidermidis. U3onatl Corynebacterium pseudotuberculosis npoABMAN YCTORYMBOCTD K aHTUMUKPOOHbBIM
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npenaparam rpynn neHNLUNNNHOB U TETPaLMKNUHOB B paBHoi cTenenn (20,0%). MonyueHHble AaHHble NOKa3anu Hanuuue noAnpPe3NCTEHTHbIX LTaMMOB bakTe-
puii rpynnbl KULLeUHOI nanoukw, Streptococcus dysgalactiae, Aerococcus viridans, Staphylococcus aureus. JKcnepumeHTanbHble MCCNEA0BAHNA N0 U3yYeHNI0 BAUAHNA
pa3paboTaHHoil GapmaLeBTUUECKOl KOMMO3NLMIA, CORepalLieil GAKTEPUOLIMH HU3WH, HA COCTaB MUKPOBUOTLI MONOKa MY NeYeHInn KOPOB ¢ CYOKNMHYECKIM
MAcTUTOM BbINOMHeHbI Ha 35 BbICOKONPOAYKTUBHBIX KopoBax. [IpoBefeHHoe Ha 14-ii ieHb C Hauana Kypca eyeHus MUKpob1onornyeckoe MccnefioBaHue cekpeta
MOJOYHOIA Xene3bl KOpoB NOKa3ano, uTo YMco Npob ¢ OTcyTCTBIEM MUKPOGNOpbI yBeNMUMNOCh A0 88,6%, Npy 3TOM KONNYECTBO KOOHME0OPa3yIoLLIMX eAnHuL,
pasHoe 10° KOE/mn, yctaHoBneHo y 1,4% u3onatos Staphylococcus aureus. Boipenentbie 8 1,4 (10" KOE/mn) u 2,7% (10 KOE/mn) cnyuaes 6aktepum rpynnb
KuwweyHoil nanoyki u Staphylococcus aureus COOTBETCTBEHHO He ABNANNCH STUONOMUYECKN 3HAUMMbIMU B ANArHOCTUYECKOM TUTpe.

KnioueBbie cnoBa: KOpOBbI, (y6KJ'IVIHI/Ne(KI/II7I MacTuT, aHTI/IGVIOTI/IKOpE3I/I(TeHTHOCTb, aHTVIMVIKpOﬁHbIE npenaparbl, (Xema neyeHua, 6aKT€pVIOL|,I/IH HU3WH,

MUKPOO1OTa MOOKa, KONOHMeobpa3yioLLme eAuHNLbI

BnaropapHocTu: Miccnegoanme BbINONHEHO 3a cueT rpanTa Poccuiickoro HayuHoro Goxpa (npoekT N2 22-76-00009, https://rscf.ru/project/22-76-00009).
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INTRODUCTION

Mammary gland inflammation in cows is most often
caused by a bacterial infection [1, 2, 3]. The quantity of bac-
teria detected depends on the form of mastitis and its se-
verity, as well as the pathogen type [4, 5, 6, 7]. The most
often detected microorganisms in milk of cows suffering
from mastitis are Staphylococcus aureus, Streptococcus aga-
lactiae, Streptococcus dysgalactiae, Escherichia coli, Entero-
coccus faecium, Enterococcus faecalis [1, 2, 3, 4]. The sub-
clinical form of mastitis, which is more difficult to diagnose
due to the lack of visible changes in the mammary gland
and milk is the major danger for dairy farming, though it
gives higher somatic cell counts and total bacterial counts
in milk. Microbial metabolites and toxins accumulate in
the milk from subclinically mastitic cows affecting milk
taste, nutritional value of raw milk and dairy products
and decreasing their shelf life [8,9, 10, 11]. The prevalence
of subclinical mastitis in high yielding cows in developing
countries is high [12, 13, 14, 15, 16]. That is why to reduce
milk rejection and prevent antimicrobial resistance (AMR),
the use of antimicrobials is minimized in treatment plans,
and vaccines, bacteriophages, phage lysines, bacteriocins
are used as an alternative [17, 18, 19, 20, 21, 22, 23, 24].
Pursuant to the “Strategy to Prevent the Spread of Antimi-
crobal Resistance in the Russian Federation to 2030", ap-
proved by the Russian Federation Government Decree on
25 September 2017 No. 2045-r, we tested the drugs based
on antimicrobial peptides of microbial origin used to treat
infectious mammary gland diseases of high yielding cows.

The work is relevant because the formulation is based
on bacteriocin nisin to be used in the treatment regi-
men for cows with subclinical mastitis as an alternative
to known antimicrobial drugs.

The novelty of the work is that for the first time, data
on the effect of a new nisin-based formulation used in
the treatment regimen of cows with subclinical mastitis
on the milk microbiota were obtained.

Practical significance: in order to prevent AMR, the use
of the nisin-based formulation makes it possible to reduce
the use of antimicrobial drugs for mastitis treatment.

The purpose of this study was to evaluate the effect
of the nisin-based pharmaceutical formulation used in
the treatment plan for cows suffering from subclinical
mastitis on the milk microbiota. For this purpose the fol-
lowing tasks were set: to study the microbiota composition
of milk from high yielding cows with subclinical mastitis;
to analyze the comparative AMR profiles of microorga-
nisms isolated from milk of subclinically mastitic cows;
to study the effect of the nisin-based formulation used in
the treatment regimen of cows with subclinical mastitis on
the milk microbiota composition.

MATERIALS AND METHODS

Objects of the study: high yielding cows with subclinical
mastitis, microorganisms isolated from milk, a nisin-based
formulation.

The effect of the nisin-based formulation, used in
the treatment regimen of cows with subclinical mastitis,
on the milk microbiota composition was studied in 35 high
yielding cows with a milk yield of more than 8,000 kg
per year, kept at the nucleus farm in the Polevsky Raion
of the Sverdlovsk Oblast. According to the treatment regi-
men of subclinical mastitis, the animals received 10 mL of
a new pharmaceutical formulation intra-cisternally into
the affected quarter daily for five days.

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

During the study in 2023, the following isolates were
recovered: Staphylococcus aureus (n = 32), Streptococcus
dysgalactiae (n = 23), Staphylococcus haemolyticus (n = 20),
Enterococcus faecium (n = 19), Aerococcus viridans (n = 17),
Staphylococcus epidermidis (n = 13), coliform bacteria
of Escherichia and Enterobacter genera (n = 8), Corynebac-
terium pseudotuberculosis (n = 5), Mucor (n = 4) and Penicil-
lium spp. (n = 3) fungi.

A previously developed formulation containing nisin
and water-based excipients was used with the following
weight ratio percentage: nisin A — 0.3; silicon glycerolates
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in a 6-mole excess of glycerol Si(C;H,0,), x 6C,H,0, - 3.0;

3873

boron bisglycerolates H[B(C,H,O,).] - 2.0; glycerol - 10.0;
distilled water — up to 100 [25, 26].

Test methods. The morphology of the recovered isolates
was studied by seeding on Hiss growth media with sugars
(“motley row”"), was referenced by Bergey’s Manual of De-
terminative Bacteriology [27], and the Guide to Clinically
Significant Fungi [28], and then studied by MALDI-TOF
mass spectrometry (Matrix-assisted laser desorption ioni-
zation time-of-flight mass spectrometry) using VITEK® MS
(bioMérieux, France). For bacteriological and mycological
testing, the milk samples were seeded on liquid and solid
nutrient agars: meat peptone, Streptococcus Selective Agar,
Enterococcus Selective Agar, Endo agar, Staphylococcus Se-
lective Agar No. 10, Czapek medium, Sabouraud Dextrose
Liquid Medium, bismuth sulfite agar, cetrimide agar, Levin
medium, Ploskirev medium (State Research Center for Ap-
plied Microbiology and Biotechnology, Russia), 5% sheep
blood agar (based on Columbia agar; Bio-Rad, France), de-
fibrinated sheep blood (E&O Laboratories Ltd, Scotland),
Salt Egg Yolk Agar Base (nutrient agar for microorganism
culture GRM-agar, State Research Center for Applied Mi-
crobiology and Biotechnology, Russia), UriSelect4 non-
selective chromogenic agar (Bio-Rad Laboratories, Inc.,
USA) and Sabouraud 2% Glucose Chloramphenicol Agar
(SIFIN diagnostics GmbH, Germany).

The resistance of recovered isolates to 34 antimicrobial
drugs from 15 groups (tetracyclines, penicillins, carbape-
nems, macrolides, lincosamides, ansamycins, amphenicols,
I, 1I, 11l generation aminoglycosides, |, I, Ill generation ceph-
alosporins, I, Ill generation fluoroquinolones) was evalua-
ted by the disc diffusion test [29]. Commercially available
discs were used (Scientific Research Center of Pharmaco-
therapy, Russia). The results were interpreted taking into
account the recommendations of the European Commit-
tee on Antimicrobial Susceptibility Testing (EUCAST).

Statistical data were processed using AMRcloud, Micro-
soft Excel 2007 and Statistica 6.0. softwares.

RESULTS AND DISCUSSION

The studies were performed in 2023-2024 in the De-
partment of Reproductive Biology and Neonatology, the
Laboratory of Microbiological and Molecular Genetic Re-
search of the Ural Federal Agrarian Research Center, Ural
Branch of the Russian Academy of Sciences, in the labora-

tory of the medical center”Quality Med”LLC (Ekaterinburg)
funded by the grant of the Russian Science Foundation
No. 22-76-00009.

144 microorganisms were isolated from 70 milk samples
from cows with subclinical mastitis, among them (Fig. 1):
S. aureus (22.2%), S. dysgalactiae (16.0%), S. haemolyti-
cus (13.9%), E. faecium (13.2%), A. viridians (11.8%), S. epi-
dermidis (9.0%), coliforms of Escherichia and Enterobacter
species (5.6%), C. pseudotuberculosis (3.5%), as well as Mu-
cor (2.8%) and Penicillium spp. (2.1%) fungi.

In the present study, 81.4% of cows with subclinical
mastitis were co-infected, among them 21.4% were co-
infected with two pathogens, 28.6 and 17.1% of cows were
infected with three and four pathogens. A complex micro-
biome consisting of five microorganisms was isolated in
14.3% of the samples.

The proportion of S. aureus isolates resistant to |, Il and
Il generation cephalosporins was 53.1, 46.8 and 37.5%,
respectively; to macrolides (erythromycin, clarithromy-
cin) - 34.4%. Resistance to tetracyclines and penicillins was
found in 31.3 and 28.1% of isolates, respectively. The mini-
mum percentage of resistant S. aureus strains was reported
for the following groups of antibiotics: Il generation fluoro-
quinolones (12.5%), lll generation fluoroquinolones (9.4%),
carbapenems (6.3%). Intermediate resistance was estab-
lished in 25.0% of isolates to amikacin (lll generation ami-
noglycoside antimicrobial drug).

52.6% of S. dysgalactiae isolated strains showed resis-
tance to tetracyclines (tigecycline, doxycycline). Non-sen-
sitivity to Il generation cephalosporins was established
in 42.1% of isolates. Comparatively lower resistance was
reported against Il generation aminoglycosides (31.6%).
57.9% of S. dysgalactiae isolates demonstrated intermedi-
ate resistance to Il generation cephalosporins (cefuroxim,
cefoxitin).

Monitoring of antimicrobial resistance of S. haemolyti-
cus isolates recovered from milk showed their resistance
to macrolides (erythromycin, clarithromycin) in 33.3%
of cases. A few isolates showed resistance to lll generation
cephalosporins (cefixime, cefoperazone, ceftriaxone) and
ansamycins (rifampicin) — 13.3 and 6.7%, respectively. In-
termediate sensitivity was revealed in 6.7% of the isolates
to tetracyclines (doxycycline).

Resistance to penicillins, | generation aminoglycosides
and lll generation cephalosporins (42.1, 36.8 and 26.3%,

3.5 2.8 2.1

i

= S, aureus
= S. dysgalactiae
= S. haemolyticus
E. faecium
= A. viridans
= S. epidermidis
= Coliforms
= C. pseudotuberculosis
= Mucor

= Penicillium spp.

Fig. 1. Composition of the milk microbiota from cows with subclinical mastitis (n = 144)
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Table 1 respectively) was demonstrated by E. faecium isolates. In-
The structure of the microorganism population termediate sensitivity was found in 21.1% of the isolates

isolated from milk of cows with subclinical mastitis after using the new nisin-based to doxycycline from the tetracycline group.

formulation (n = 35) The AMR profile of A. viridans isolates recovered from

After treatment Day 14 milk demonstrated the highest resistance to penicillins

Start of course (from (ampicillin, amoxicillin, penicillin) - 35.3% and | genera-
the experiment

Microorganism (Day 5) the beginning) tion aminoglycosides (kanamycin) — 23.5%. Intermediate
susceptibility was revealed in 29.4% of the studied isolates
to the tetracyclines (tetracycline, doxycycline).

Monocultures 38.5% of S. epidermidis isolates showed resistance

to tetracyclines (tetracycline, doxycycline). Minimal resis-
3. dureus 8 23 4 14 3 86 tance (15.4%) was reported against Il generation aminogly-
S. dysqalactie 4 14 2 57 - - cosides (gentamicin). 23.1% of the isolates demonstrated
intermediate resistance to lll generation fluoroquinolones
A. viridans 2 5.7 1 29 - - (levofloxacin).
S. epidermidis 1 29 - - - - Isolated coliform bacteria had the greatest resis-
tance (62.5%) to penicillins. Resistance to the ansamycins
(. pseudotuberculosis 1 29 - - - - (rifampicin) was found in 37.5% of coliform isolates. Inter-
S. haemolyticus 1 29 - - - - mediate resistance to penicillins and Il generation cepha-
losporins (cefuroxim, cefoxitin) was reported in 25.0 and
Coliforms - - - - 1 28 12.5% of coliform bacteria, respectively.
Associations Corynebacterium pseudotuberculosis isolates were
found to be equally resistant to penicillin and tetracycline
$. aureus + coliforms + E. faecium 4 | N4 2 57 - - antimicrobials (20.0%). Intermediate sensitivity was ob-
S. aureus + coliforms -+ ; i B B B ) servgd in 40.0%. of the isolates to Il generation cephalo-
Streptococcus spp. + Penicillium spp. ’ sporins (cefuroxim).
The obtained AMR profile of the milk microbiota from
. aureus + coliforms + 3 86 | - _ _ - subclinically mastitic cows revealed the presence of multi-
Streptococcus spp. + E. faecium drug-resistant coliform bacteria, S. dysgalactiae, A. viridans,
S aureus + coliforms -+ Mucor 2 57 - - - - S. aureus isolates. 62.5 and 47.1% of the tested coliform
- and A. viridans isolates respectively, had resistance to two
S. aureus + coliforms + 2 57 - - - - groups of antimicrobials. Resistance of S. dysgalactiae
Streptococcus spp.+ Mucor to three antimicrobial groups was found in 43.5% of the
S. aureus + coliforms + ) 57 _ _ _ _ isolated strains, to four groups in 26.1% isolates. 62.5% of
Streptococcus spp. + E. faecalis + Mucor ’ the tested S. aureus isolates were resistant to four groups
. of antimicrobials, 46.9% of them were resistant to five
5 aureys+collforms+ 1 29 - - - - groups and resistance to more than six groups of antimi-
E. faecium + Streptococcus spp. ’ . R X
crobials was reported in 15.6% of isolates.
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Fig. 2. The structure of microbial population isolated from milk samples from cows
with subclinical mastitis at the beginning of the experiment (n = 80)
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In milk samples from cows with subclinical mastitis,
before using the nisin-based formulation, the isolated mi-
croorganisms were found both as a monoculture (48.6%)
and as bacteria and fungi associations (51.4%). S. au-
reus (22.9%), S. dysgalactiae (11.4%), A. viridans (5.7%),
S. epidermidis (2.9%), C. pseudotuberculosis (2.9%), S. hae-
molyticus (2.9%) were recovered as monocultures.

In the structure of bacterial associations, 11.4% of
the samples were represented by S. aureus + coliforms +
E. faecium; three-component associations included
S. aureus + coliforms + Mucor (5.7%), S. aureus + Strep-
tococcus spp. + Mucor (2.9%). Moreover, four-compo-
nent associations were most often isolated from milk
samples: S. aureus + coliforms + Streptococcus spp. +
Penicillium spp. (8.6%), S. aureus + coliforms + Strepto-
coccus spp. + E. faecium (8.6%), S. aureus + coliforms +
Streptococcus spp. + Mucor (5.7%), S. aureus + coliforms +
E. faecium + Streptococcus spp. (2.9%). The composition of
the five-component associations was represented by S. au-
reus + coliforms + Streptococcus spp. + E. faecalis + Mu-
cor (5.7%). The results are given in Table 1.

Eighty microorganisms in total were isolated from
35 milk samples at the beginning of the experiment,
among them 74 bacteria and 6 fungi species (Fig. 2).

Herewith, the number of microbial cells in each sample
was different. At the beginning of the experiment, 28.4%
of S. aureus isolates were etiologically significant for
the inflammation development in the mammary gland;
the number of colony-forming units per 1 mL of the tes-
ted sample equal to 103 10° and 10’ CFU/mL was found
in 9.5; 8.1 and 10.8% of the isolates, respectively. All 16 iso-
lated Streptococcus spp. cultures (21.6%) were detected
in the amount of 10® CFU/mL; 13.5% of coliform isolates,
which can cause mastitis in animals, were in the amount
of 10° CFU/mL. 10° and 10° CFU/mL values were found
in 2.7 and 8.1% of E. faecium isolates, respectively. S. epi-
dermidis, C. pseudotuberculosis, and S. haemolyticus were
detected in the amount of 10* CFU/mL in 1.4% of cases.
A.viridans were detected in a titer of 102 CFU/mL and from
the beginning of the experiment were not an etiological-
ly significant microorganism for mastitis development
in cows (Table 2).

After the treatment course of animals with subclinical
mastitis using the new nisin-based formulation, no mi-
croflora growth was observed in 68.6% of the samples
(Table 1). The microbiota isolated from 11 samples of milk
was a monoculture in 20.0% of cases represented by S. au-
reus (11.4%), S. dysgalactiae (5.7%), A. viridans (2.9%). In
other samples, microorganism associations were detec-
ted: S. aureus + coliforms + E. faecium (5.7%); S. aureus +
coliforms (2.9%); E. faecalis + coliforms (2.9%). 10° and
10° CFU/mL of S. aureus microbial cells were revealed in
an equal number of isolates (1.4%). In 6.8% of cases, S. au-
reus isolated in a diagnostic titer, were not etiologically
significant (102 CFU/mL), as well as coliforms, E. faecium,
A. viridans, detected at the level of 10'-102 CFU/mL. In
one sample, E. faecium was detected in the amount of
10° CFU/mL, which accounted for 1.4% in the total struc-
ture of isolated microorganisms.

A microbiological testing of milk performed on Day 14
from the beginning of the treatment course showed
an increase in the number of microbiota-free samples
to 88.6%. In the tested samples, the milk microbiota was
represented as a monoculture, where S. aureus and coli-

Table 2
Number of bacteria, isolated from cow milk (n = 74)

After treatment
course
(Day 5)

Start of the
experiment

Bacteria CFU/mL

10? 5 6.8 5 6.8

Day 14 (from
the beginning
of treatment)

10° 7 9.5 1 14

S. aureus

108 8.1 1 14

107 10.8 - -

10' 3 4.1 2 2.7

Coliforms 10? 4 5.4 1 14

10° 10 135 - -

107 2 2.7 2 2.7

E. faecium 10° 2 2.7 1 14

10° 6 8.1 - -

Streptococcus spp. 10° 16 21.6 2 2.7

A. viridans 10? 2 14

S. epidermidis 10° 1

C. pseudotuberculosis |  10° 1

S. haemolyticus 10 1 14 - -

forms accounted for 8.6 and 2.8%, respectively (Table 1).
1.4% of S. aureus isolates were revealed in the amount
of 10® CFU/mL. Coliforms and S. aureus isolated in 1.4%
(10" CFU/mL) and 2.7% (10% CFU/mL) of cases respec-
tively, were not etiologically significant in the diagnostic
titer (Table 2).

In the last decade, intensive studies look at the po-
tential of bacteriocins as next-generation therapeutics
against drug-resistant bacteria [30, 31, 32, 33]. Bacte-
riocins from lactic acid bacteria are being tested as con-
trolling agents for bacterial and viral infections; they can
inhibit biofilm synthesis [33, 34, 35]. In a number of ex-
periments, high antimicrobial activity of bacteriocin nisin
was established against several species of staphylococci,
including Staphylococcus saprophyticus, S. aureus, S. epi-
dermidis, S. haemolyticus [36, 37, 38], including multi-
drug resistant and methicillin-resistant S. aureus [39].
There are studies on clinical isolates of S. agalactiae that
have demonstrated different susceptibility to nisin [40].
Pérez-Ibarreche M. et al. [41] described the results of us-
ing nisin to effectively control biofilm of S. uberis strains
that cause mastitis in cows. The use of nisin, which
has antimicrobial activity against major mastitis-caus-
ing pathogens, could offer a potential alternative to an-
tibiotics [36, 42, 43]. The data of our study confirm that
it is feasible to include nisin into mastitis treatment regi-
mens. During the experiment, it was found that the mas-
titis-causing pathogens isolated from milk, such as S. au-
reus, coliforms, E. faecium, Streptococcus spp., A. viridans,
S. epidermidis, C. pseudotuberculosis, S. haemolyticus, are
susceptible to the nisin-based formulation. Since the dis-
covery of bacteriocins, researchers have mainly focused
on testing their antimicrobial activity in vitro. However,
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for the use of bacteriocins as antimicrobial drugs, it is
necessary to study their clinical efficacy [44]. The effect of
the nisin-based formulation on microbiota of milk from
high yielding cows proved its effectiveness for treating
subclinical mastitis: for example, in 88.6% of the samples,
no microorganism growth was observed.

CONCLUSION

The study revealed the milk microbiota composi-
tion of high yielding cows with subclinical mastitis. It
was found that in 81.4% of cases the disease occurs as
a co-infection, among them two pathogens were isolated
together in 21.4% of cases and three pathogens were
isolated in parallel in 28.6% of cases. S. aureus (22.2%) and
S. dysgalactiae (16.0%) were the most frequent isolated
species.

A comparative analysis of the AMR of isolates reco-
vered from milk of cows with subclinical mastitis showed
the presence of multi-drug resistant strains of coliform
bacteria, S. dysgalactiae, A. viridans, S. aureus. 62.5 and
47.1% of the tested coliforms and A. viridans isolates re-
spectively, had resistance to two groups of antimicrobi-
als. Resistance of S. dysgalactiae to three antimicrobial
groups was found in 43.5% of the isolated strains, to four
groups in 26.1% isolates. 62.5% of the tested S. aureus
isolates were resistant to four groups of antimicrobials;
46.9% of them were resistant to five groups and resis-
tance to more than six groups of antimicrobials was re-
ported in 15.6% of isolates.

The study of the effect of the nisin-based formulation
on microbiota of milk from cows with clinical mastitis
revealed that after treatment 88.6% of the milk samples
showed no microorganism growth. The milk microbiota
in 8.6% of cases was represented by S. aureus, 2.8% were
coliform bacteria. Herewith, in 1.4 and 2.7% of the samples,
coliforms and S. aureus were detected in diagnostic titers
equal to 10" and 102 CFU/mL, respectively, therefore they
were not etiologically significant microorganisms for mas-
titis development.
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ABSTRACT

Formation of biofilms of microorganisms, including those of Nakaseomyces glabratus, is responsible for the development of local and systemic pathologies in humans
and animals. The system of gene expression coordination (quorum sensing) in the representation of signaling molecules allows regulation of the amount and compo-
sition of biofilm populations thus expanding the adaptive capacity of microorganisms. In the presence of gingivitis and odontolithiasis clinical signsin dogs, excessive
growth of gram-positive yeast microorganisms s a differential sign of the decreased resistance of the digestive system mucous membranes to colonization. Examination
of the densitometric and morphometric parameters revealed general patterns of biofilm formation, regardless of the source of Nakaseomyces glabratus isolates. De-
pending on the time of cultivation of the microorganisms, a gradual increase in the optic density absolute values was established. Intercellular communications were
achieved by coaggregation of the heteromorphic structures, which formed clusters with rounded liquid-containing formations detected among them. The population
immobilization of the architectonics of the mature three-dimensional biofilm, as consistent with cultivation conditions, was accompanied by the differentiation of nu-
merous cells of different sizes and shapes depending on the stage of the cell cycle. Results of the examination of the general patterns of the heterogeneous micromycete
population development are promising for expanding the boundaries of knowledge of the adaptation mechanisms of ubiquitous microorganisms to long-term in vivo
and in vitro persistence. Methods for studying morphometric and densitometric indicators avoiding interfering into the natural biofilm architectonics are recommended
to optimize the long-term and retrospective mycological studies, as well as to develop effective mycosis treatment and prevention regimens.
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[inHamuka pa3sutus 6uonneHok rpudos
Nakaseomyces glabratus

E. M. Nlenuenko’, H. . Caunskuna?, A. B. Jluceiiyes’
1Qrb0Y BO «Poccuiickmii buotexHonoruueckuii ynusepcutet (POCBUOTEX)», Bonokonamckoe wocce, 11, 1. MockBa, 125080, Poccus
2(rA0Y BO «Poccuiickuii yHuBepcuTeT Apyx6bl HapoRoB uMerm Matpuca llymymbbi» (PYLH), yn. Muknyxo-Maknas, 6, . MockBa, 117198, Poccus

PE3IOME

(DopmupoBaHue 6ronneHoK MUKpOOpraHu3moB, B Tom uncne n Nakaseomyces glabratus, 06ycnonuBaet pa3guTie NOKaNnbHbIX M CUCTEMHDIX NaTONOrMi YenoBeka
1 KMBOTHBIX. C1CTEMA KOOPAMHALIMM SKCMPecciit reHOB (quorum sensing) Npu penpe3eHTaLmy CUrHanbHbIX MOIeKyN N03BONAET perynupoBaTh KONMYeCTBO U CO-
(TaB nonynAwwii GronneHok, yto paclunpAeT aianTuBHbIi NOTEHLMaN MUKPOOPraHN3MoB. Mpu HaMUYMM KNMHUYECKUX NPU3HAKOB TUHIVBMUTA U OLOHTONUTHA3A
y cobaK U36bITOUHBIA POCT FPAMMONOXKUTENbHBIX APOXKKEBOI GOPMbI MUKPOOPraHU3MOB ABNAETCA AnddepeHLMaNbHBIM NPU3HAKOM CHUKEHIA KONOHN3ALN-
OHHOIA Pe31CTEHTHOCTI CN3NCTON 060NOYKM NULLeBAPUTENbHOI CUCTeMbI. MccnejoBaHIe JeHCUTOMETPUYECKIX U MOPOMETPUYECKINX NoKa3aTeNell BbIABUNO
00LLi1e 3aKOHOMEPHOCTI Pa3BUTIAA GIUONEHOK, HE3aBUCMO OT UCTOUHMKA BblaeneHus uonatos Nakaseomyces glabratus. B 3aBucumoctyn ot BpemeHH KynbTu-
BIPOBAHYA MUKPOOPraHU3MOB YCTaHOBUMM NOCTENEHHOE YBENMYEHMe 3HaUeHUii abCOMIOTHBIX BENIMUYIMH ONTUYECKOIA MNOTHOCTY. Peanu3aLyms MeXKIETOUHbIX
KOMMYHUKaLyil foCTUranach Koarperawyeil retepoMopdHbIX CTPYKTYp, GOPMUPYIOLLMX KNACTepbl, MEXAY KOTOPbIMU BbIABAANMCH OKPYTible 06pa3oBaHus,
CopepKaLLie XuaKocTb. lonynAauMoHHas MMMOOUAM3aLIUA APXUTEKTOHUKI 3pEN0il TPEXMepHOI 61ONNEHK, B COOTBETCTBUM € YCIOBUAMM KYNbTUBIMPOBAHMA, CO-
npoBoXAanack A depeHLnaLeit MHOroUNCIeHHbIX KNETOK pasHbIX pa3mMepoB 1 GopM B 3aBUCUMOCTY OT CTaZMN KNETOUHOTO LuknNa. Pe3ynbTaTbl nccneoBaHmii
061Ly1X 3aKOHOMEpHOCTeI pa3BUTIA FeTeporeHHOi NONYAALMA MUKPOMULETOB NPEACTaBAAIOT NepCeKTUBHOCTD ANA pacllpeHNa rpaHuL No3HaH!A MexaH3MoB
ajanTauuy youKBUTApHbIX MUKPOOPraHU3MOB K ANUTENbHON NepeucTeHLu in vivo 1 in vitro. Cnocobbl n3yueHns MopGoMETPUUECKUX 1 JeHCUTOMETPUYECKIX
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nokasateneii 6uonneHok 6e3 HapyLieHna eCTeCTBEHHOI APXUTEKTOHUKI PEKOMEHAYIOTCA ANA ONTUMU3aLUN MUKOSIOrUYeCKIX CCNe0BaHMIA, ABNAIOLMXCA
ANUTENbHBIMUW U PETPOCNEKTUBHBIMU, A TaKXKe pa3pa60TK|/| 3¢¢EKTVIBHI:IX (XeM neyeHua n HpO¢MﬂaKTI/IKI/I MWKO30B.

KnioueBbie cnosa: buonneHki, Mukpockonuyeckue rpubbl, Nakaseomyces glabratus, ontuyeckas nnoTHOCTb, MUKPOCKonNA, AnddepeHLnanbHble npusHaki

bnaropaproctu: Atopbl 6naropapat POCBUOTEX u PYIIH 3a npepocTaBneHHbie BO3MOXHOCTY ANA MPOBeAeHNA UCCNe0BaTenbekoil paboTs.
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INTRODUCTION

Nakaseomyces glabratus microfungi (formerly Candi-
da glabrata) are recognized as one of the priority patho-
gens for research that cause development of nosocomial
infections with high epidemiological mortality rates [1].
With the development of septicemia, endocarditis, pyelo-
nephritis, bronchopneumonia, catheter-, prosthesis-asso-
ciated pathologies, N. glabratus isolates are significantly
often characterized by multidrug resistance [2, 3, 4].

The tendency of a statistically significant increase in
the etiological significance of N. glabratus has been es-
tablished with the development of opportunistic endoge-
nous infection of animals against the antibiotic thera-
py[5,6,7,8,9, 10].

With the development of micromycete overgrowth syn-
drome, the pathogenic potential is realized by increasing
the biofilm biomass, which are a heterogeneous associ-
ation of microorganisms aggregated by the extracellular
matrix [11,12, 13].

Gene expression coordination system (quorum sens-
ing), when representing signaling molecules, allows
regulation of the number and composition of biofilm
populations thus expanding adaptive potential of the mi-
croorganisms [12, 14, 15].

Transcriptional control of adhesion, invasion, and syn-
thesis of polymeric substances allows the multicellular
population to realize virulent properties in interaction
with immunocompetent cells, provides protection against
phagocytosis and effects of chemotherapeutic drugs
and disinfectants [16, 17, 18].

Initiation, development and outcome of superficial,
deep and systemic mycoses with excessive growth and
increase in pathogenic potential of ubiquitous microor-
ganisms are attributed to hyperaggregation, presence
of dissociative variants and dispersion of heterogeneous
biofilms. The investigation of the ways to indicate bio-
films, including when exposed to chemotherapeutic
drugs and disinfectants, in the future will allow the deve-
lopment of fungicidal medicinal products aimed to block
the synthesis or destruction of the biofilm extracellular
matrix.

To improve the procedures of mycological research
and development of preventive antiepidemic measures,
the priority area of scientific investigations is to ex-
pand the boundaries of knowledge of the mechanisms
of the multi-stage biofilm formation process.

The aim of the work was to study the morphometric
and densitometric parameters of N. glabratus isolates re-
covered and identified during the progress of gingivitis
and odontolithiasis in dogs.

MATERIALS AND METHODS

Strains. N. glabratus isolates were used in the experi-
ments, which were recovered from the swabs and scrap-
ings of the oral mucosa of dogs demonstrating gingi-
vitis and odontolithiasis clinical signs. Reference strain
ATCC 66032 was tested as control [19].

Nutrient media. Meat-extract broth (HiMedia Laborato-
ries Pvt.Ltd., India), bovine blood serum (Microgen, Russia);
rice extract agar (API-System R.A.T., France); Sabouraud
glucose agar with penicillin and streptomycin (100 [U/L);
Columbia agar; chromogenic agar (BioMedia, Russia).

Test-kits. HiCandida™ Identification Kit (HiMedia Lab-
oratories Pvt. Ltd., India) was used to identify the micro-
organisms.

Indication and identification of microorganisms. For mi-
croscopy, fingerprints were prepared from the swabs and
scrapings and Gram-stained.

Medium quality control - sterility test at (36 + 1) °C for
48 hours.

To indicate hyphal germ tubes, the day-old cultures of
the microorganisms were cultured in meat-extract broth
supplemented with 1.0 mL of blood serum at (35 + 2) °C
for 5 hours and microscopic examination of the methylene
blue-stained specimens was performed.

Chlamydospore presence was tested on native micro-
organism culture specimens grown on rice agar at
(25 + 2) °C for 24 hours.

When adding cycloheximide (0.5 g/L of the medium)
to Sabouraud agar, the growth of microorganisms at
(25 £ 2) °C during 72 hours was recorded.

The microorganisms were indicated and identified
with due consideration of the typical growth properties
of the microorganisms and using generally accepted me-
thods [20, 21].

To record the biochemical properties, the day-old cul-
tures of the microorganisms (optical density OD = 0.5;
wavelength 620 nm) were added into the wells of HiCandi-
da™ Identification Kit panel and cultivated at (22.5 + 2) °C
for 48 hours. The microorganisms were identified in accor-
dance with the identification tables and codes of the spe-
cified test-kit.
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Investigation of the biofilm formation dynamics. To re-
cord the biofilm formation dynamics, the microorganisms
were cultivated under static conditions at (35 + 2) °C for
18, 24 and 48 hours.

To assess the densitometric parameters, upon the spe-
cified cultivation period completion, the fluid was re-
moved and the sediment was washed three times with
200.0 L of the phosphate buffer solution (pH 7.2). The
specimens were fixed with 150.0 pL of 96° ethanol for
15 minutes. The specimens were further dried at (35 + 2) °C
for 20 minutes, 0.5% crystalline violet solution was added
and transferred to the thermostat at (35 + 2) °C for 5 min-
utes. The contents of the wells were removed, the wells
were washed three times with 200.0 L of the phosphate
buffer solution (pH 7.2) and dried. The stain was eluted
with 200.0 pL of 96° ethanol for 30 min [13].

The OD of the tested specimens was determined by
the degree of crystalline violet binding (HiMedia Laborato-
ries Pvt. Ltd., India) using a photometric analyzer Immuno-
Chem-2100 (High Technology Inc., USA) at wavelength
580 nm (OD,,).

For morphometric tests, the slides were placed in
Petri dishes and 100.0 mL of 18-hour cultured micro-
organism suspension were added at 10° CFU/mL. After
a predetermined time of the microorganisms’ cultivation,
the specimens were fixed three times, sequentially im-
mersed in 96° ethanol for 10 minutes and air-dried for
10 minutes. Then the specimens were stained with gen-
tian violet solution supplied with the Gram staining kit
(BioVitrum, Russia).

During representative sampling of significant frequen-
cy of occurrence (= 90.0% of the field of Carl ZEISS Axio
Lab.A1 optical microscope, Germany) microphotography
was made using ADF PRO 08 digital camera (China) with
matrix resolution of 8 megapixels (4K).

The resulted data were processed by statistical analysis
method using the Student’s criterion, the results were con-
sidered reliable at p < 0.05 [18].

RESULTS AND DISCUSSION

Indication and identification of microorganisms. With
gingivitis and odontolithiasis clinical signs in dogs, intense
yellow-gray deposits tightly attached to the mucous mem-
brane were observed. Bright red ulcers were generally de-
tected when these deposits were removed.

Optical microscopy of fingerprints of oral mucosa
scrapings revealed a large number of gram-positive yeast-
shaped microorganisms of (1.1-2.1 x 3.1-4.0) um in size.

After 48 hours at (35 + 2) °C, the microorganisms formed
shiny white colonies on Sabouraud agar.

Table
Differential features of N. glabratus

Fig. 1. Features of N. glabratus growth on chromogenic agar
at (35 +2) °Cfor 48 hours

Presence of chromogenic substrates in the indicator
medium allowed differentiation of N. glabratus colonies
of pink color with a slightly purple hue (Fig. 1).

Nakaseomyces glabratus microfungi fermented maltose,
trehalose; they did not ferment urease, melibiose, lactose,
sucrose, galactose and xylose. The microorganisms did not
have any urease activity.

Microscopic examination of the specimens of the mi-
croorganisms cultured in 1 mL serum supplemented-
meat-extract broth at (35 + 2) °C for 5 hours did not reveal
formation of hyphal germ tubes; therefore, the test result
was negative.

In microorganism cultures grown on rice agar at
(25 + 2) °C for 24 hours, chlamydospores were not detec-
ted; therefore, the test result was negative.

When incubating the culture on cycloheximide-con-
taining Sabouraud agar (0.5 g/L) at (25 + 2) °C for 72 hours,
no microorganisms’ growth was observed; therefore,
the test result was negative.

When recording the microorganisms’ tolerance to tem-
perature (35 + 2), (42 £ 2), (45 + 2) °C for 24 hours, typical tur-
bidity of the liquid Sabouraud medium, presence of a slight
sediment and gray thin film on the surface of the medium
were detected; therefore, the test result was positive.

The reference strain and isolates, regardless of
the source of isolation, demonstrated properties typical
of yeast-like fungi of N. glabratus species (Table).

Differential signs

Microorganism cultures

Hyphal tubes

Chlamydo-

(yclo- Temperature tolerance

spores heximide

N. glabratus, ATCC 66032 - - - + + +
N. glabratus, swabs from the dorsal surface of the tongue - - - + + +
N. glabratus, swab from the gums - - - + + +

“+"— presence of microbial growth; “~" — absence of microbial growth.
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Fig. 2. Stages of N. glabratus biofilm formation at (35 + 2) °C in beef-extract broth (yeast-like cells of species-typical
shape and size aggregated by the extracellular matrix): a — in 18 hours; b — in 24 hours. Methylene blue staining,

ocular lens 10x, objective lens 100%, immersion

Biofilm formation dynamics. The study of densito-
metric and morphometric parameters revealed common
patterns of biofilm formation of N. glabratus isolates, re-
gardless of the source of isolation.

Depending on the time of cultivation of the microor-
ganisms, a gradual increase in the OD absolute values of
the tested specimens was established: after 18 hours —
from 0.218 + 0.05 to 0.221 + 0.08, the intensity of bio-
film formation - > 0.1; after 24 hours — from 0.289 + 0.04
to 0.297 + 0.09, the intensity of biofilm formation - > 0.2;
after 48 hours — from 0.331 + 0.10 to 0.350 + 0.08, the in-
tensity of biofilm formation - > 0.3.

During representative sampling according to the mor-
phometric parameters of the significant frequency of occur-
rence (= 90.0% in the field of view of an optical microscope -
yeast cells of shape and size typical for N. glabratus species
were found aggregated by the extracellular matrix (Fig. 2).

Depending on the time of cultivation, such stages
as adhesion, fixation, coagulation, microcolonies, and dis-
persion were revealed during the biofilm formation.

At the early stages of the formation, primary attach-
ment due to planktonic forms sorption, i.e. adhesion of
the microorganisms to the test substrate, was reported
(in our studies - to the slide surface). This stage is consi-
dered reversible, that is, the attached cells can detach from
the substrate and return to the planktonic form.

During the adhesion, the cell walls of the micro-
organisms produced exocellular molecules that ensured
the cell fixation to the slide surface. The cells tightly fixed
to the substrate contributed to the adhesion of the sub-
sequent cells.

The population immobilization of the architectonics
of the mature three-dimensional biofilm dependent on
the cultivation conditions is mediated by the quorum

Fig. 3. Stages of N. glabratus biofilm formation at (35 + 2) °C in beef-extract broth in 48 hours: intense cell proliferation
is accompanied by the formation of net-like structures and extracellular matrix thickening. Gentian violet staining:
a-ocular lens 10x, objective lens 5%; b — ocular lens 10X, objective lens 10x
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sensing phenomenon. This is a special form of extracel-
lular communication of the microorganisms due to the
synthesis of numerous exocellular molecules, whose con-
centration is proportional to the cell density.

When increasing the cultivation time, intensive prolife-
ration was accompanied by differentiation of yeast forms
and formation of an extracellular matrix (Fig. 3).

The number of the attached dividing cells significantly
increased and, accordingly, the growth of microcolonies
was observed, which resemble colonies formed on dense
nutrient media. With an increase in the number of micro-
organisms due to an increase in the synthesis of exocel-
lular molecules, extracellular bonds were formed, and
the population, called a mature biofilm, was immobilized.

When certain sizes of microcolonies were reached, dis-
persion of individual cells periodically occurred, which
were after a while able to attach to the surface and form
a new microcolony.

The general pattern of the regularity and compact-
ness of the multicellular heteromorphic biofilm popula-
tion was determined by the cell cycle stages and degree
of development of the extracellular matrix. The cellu-
lar composition of the mature biofilm was represen-
ted by ovoid- or ellipsoid-shaped cells of typical size of
(1.1-1.9) x (3.1-3.4) microns (Fig. 4).

The population immobilization of the architectonics
of the mature three-dimensional N. glabratus biofilm, as
consistent with cultivation conditions, was accompanied
by the differentiation of numerous cells of different sizes
and shapes depending on the cell cycle stage [12, 15, 18].

Results of the examination of the general patterns
of the heterogeneous microorganism population deve-
lopment are promising for expanding the boundaries
of knowledge of the adaptation mechanisms of ubiqui-
tous microorganisms to long-term in vivo and in vitro per-
sistence.

Methods for studying morphometric and densitometric
indicators avoiding interfering into the natural biofilm ar-
chitectonics are recommended to optimize the long-term
and retrospective mycological studies, as well as to deve-
lop effective mycosis treatment and prevention regimens.

CONCLUSION

Microscopy of the fingerprints of the scrapings of
the oral mucosa of dogs demonstrating gingivitis and
odontolithiasis clinical signs revealed excessive growth
of gram-positive yeast microorganisms. Depending on
the time of cultivation of the microorganisms, a gradual
increase in the OD absolute values was established. Extra-
cellular communications were achieved by coaggregation
of the heteromorphic structures forming clusters, among
which rounded liquid-containing formations were detec-
ted. Regularity and compactness of the multicellular hete-
romorphic population of mature biofilm is determined by
the cell cycle stages and degree of the extracellular matrix
development.
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Characteristics of the intestinal tract microbiota
in calves with various forms of acute catarrhal
bronchopneumonia
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ABSTRACT

The intestinal barrier is one of the most important components that maintain gastrointestinal homeostasis, therefore changes in bacterial composition can lead to in-
creased intestinal permeability and the development of intestinal translocation of opportunistic microorganisms, with the subsequent development or complication
of various infectious diseases. A comparative description of the microbiota of the intestinal tract of calves with compensated, subcompensated and decompensated
acute catarrhal bronchopneumonia of calves was carried out in the conditions of livestock farms of Vadimir and Moscow Oblasts. Calves aged 1-3 months with acute
catarrhal bronchopneumonia (n = 37) were used for the study. The severity of the disease was assessed based on clinical and laboratory tests. The samples taken
from clinically healthy animals (n = 8) were used as controls. It has been shown that in calves with compensated acute catarrhal bronchopneumonia, the qualitative
and quantitative composition of the intestinal microbiome does not differ from clinically healthy animals. During the clinical manifestation of subcompensated
and decompensated acute catarrhal bronchopneumonia in calves, a significant quantitative and qualitative shift in the microbiome occurs in the intestines, which
indicates the occurrence of dysbiosis. We believe that this area is quite relevant and requires further scrupulous research.
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XapakTepucTika MKpoOuoTbI KILLIEYHOrO TPAKTA
y TENIAT C pa3NINYHbIMN GOPMaMI 0CTPOIA KaTapasbHOid
6pOHXONHEBMOHMY

H. 10. PoguonoBa’, E. B. Kynukos', E. [1. CothukoBa’, U, E. Ipo3opoBckuii’, 10. A. BatHukos’, B. b. Pyaenko?, Il. A. Pyaenko'
T OrAOY BO «Poccuiickmit yHuepcutet Apyx6bl Hapogos umenn Matpuca ymymoboi» (PYH), yn. Muknyxo-Maknas, 6, . Mocksa, 117198, Poccua

2 Ounuan OTBYH locynapcTBeHHoro HayuHoro LeHTpa Poccuitckoii Oesepauyn HcTuTyTa GroopraHuyeckoii xumum um. akagemmukos M. M. Lemakuxa v H0. A. OBUMHHMKOBA

Poccuitckoii akagemmn Hayk (Qunnan THL UBX PAH), npocnekt Hayku, 6, T. MywmHo, 142290, Mockockaa obnacts, Poccua

PE3IOME

KuwweyHblit 6apbep ABNAETCA OAHIM U3 BaXHENLLMX KOMMOHEHTOB, NOAAEPKUBAKLLYX FOMEOCTa3 B XKeNyLOYHO-KULLEUHOM TPaKTe, N03TOMY U3MeHeH!A bak-
TepUabHOT0 COCTaBa MOTYT NPUBECTM K NOBBILLEHHOI MPOHULIAEMOCTY KULLIEYHNKA U KULLEUHOIE TPAHCNIOKaLIM YCTIOBHO-NATOreHHbIX MAKPOOPraHU3MOB C No-
CeflyloLLMM Pa3BUTHEM IGO0 OCTIOXKHEHEM Pa3NUYHDBIX MHOEKLIOHHDIX 3a60neBaHwil. lpoBeieHa (PaBHUTENbHAA XapaKTePUCTUKA MUKPOOUOTbI KULLEYHOTO
TpaKTa TeNIAT C KOMMEHCMPOBAHHOIA, CyOKOMNEHCMPOBAHHOIA 1 AeKOMNEHCUPOBAHHOI OCTPOIA KaTapanbHOI 6POHXOMHEBMOHMEIA B yCNIOBIAX XKIBOTHOBOAYECKMX
depm Bnagumupckoii u Mockosckoii obnacteil. 06beKToM CcTief0BaHNA CRYXUNK TenaTa B Bospacte 1—3 mec., 6oNbHble 0CTPOiA KaTapanbHOi OPOHXOMHEBMO-
Hueif (n=37). OueHKy CTeneHy TAXecT 3a60N1eBaHINA 0CYLLLECTBAANM HA 0CHOBAHI NPOBe/EHHDIX KNMHIKO-NabopaTopHbIX UccnefoBaHmil. KoHtponem cysmn
Matepuan, 0To6paHHbIil OT KIMHIYECKM 350POBbIX XMBOTHbIX (1 = 8). [loKa3aHo, uTo y TENAT NPI KOMNEHCMPOBAHHOI OCTPOIA KaTapanbHoil 6pOHXONHEBMOHMN

© Rodionova N. Yu., Kulikov E. V., Sotnikova E. D., Prozorovskiy I. E., Vatnikov Yu. A., Rudenko V. B., Rudenko P. A., 2024
© Federal Centre for Animal Health, 2024
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KauecTBEHHbIii 1 KONMYEeCTBEHHDII COCTaB KMLLEYHOrO MUKPOOMOMa He OTAMYALTCA 0T KNMHIYECKM 3/0POBbIX KMBOTHBIX. Mpn KNUHNYECKoi MaHudecTaumm
Cy6KOMNEHCUPOBAHHO 1 1eKOMMNEHCMPOBAHHOIA 0CTPOIA KaTapanbHOi GPOHXOMHEBMOHMN Y TENAT B KLIEUHUKE NPOUCXOANT CYLLECTBEHHbI KONNYECTBEHHbIN
1 KaueCTBeHHbIil (ABUT MUKPOBIOMa, UTO CBUAETENbCTBYET 0 BOHUKHOBEHMH AucbakTepuo3a. (untaem, uTo JaHHOE HanpaBreHue AOCTAaTOUHO aKTyasbHo

n TpeﬁyeT [JanbHeiwwnx CKpynyne3HbIX NCCef0BaHIA.

KnioueBbie cnoBa: 6p0HXOI’IHeBMOHVIﬂ, ﬂMCﬁaKTepVI(B KULLIEYHIKa, MMKpOﬁVIOTa, 6buoTon, KnwweyHas TpaHCoKauua, Tenata

bnaropapHocTu: MiccnegoBanme BbinonHeHo 3a cueT rpanTa Poccuiickoro HayuHoro Goxpa (npoekT Ne 24-26-00091, https://rscf.ru/project/24-26-00091).

[ina untuposanusa: Pognorosa H. 0., Kynukos E. B., CothukoBa E. 1., Mpo3oposckuii U. E., Bathukos 10. A., PyseHko B. b., Pyaenko I1. A. XapakTepuctuka
MUKPOOMOTBI KULLIEYHOTO TPAKTa Y TENAT C pa3nnuHbIMU opMaMI OCTPOIA KaTapanbHoii OpoHXonHeBMOHUM. BemepuHapus ce2o0ws. 2024; 13 (3): 275-281.

https://doi.org/10.29326/2304-196X-2024-13-3-275-281

Kondnukr nutepecos: ABTopbl 3aABAAIOT 06 0TCYTCTBUM KOHONMKTA MHTEPECOB.

[ins koppecnoxpexumn: Pygexko aen AHatonbeBiy, 4-p BET. HayK, Npodeccop enapTameHTa BeTepHapHOii MeAMLIHbI ATpapHO-TEXHONOTMYECKOr0 HH-
crutyTa PYIH, yn. Muknyxo-Maknas, 6, . Mocksa, 117198, Poccus, pavelrudenko76@yandex.ru

INTRODUCTION

The number of cattle in livestock complexes has recently
increased due to dairy farming intensification. This, in turn,
creates unfavorable conditions resulting in reduced animal
resistance to various adverse environmental effects, includ-
ing the negative impact of opportunistic microflora asso-
ciations circulating in farm biogeocenoses [1, 2, 3]. Factor
infections are quite common in cattle and cause significant
economic losses in livestock. The most common factor infec-
tions include obstetric and gynecological diseases in cows,
as well as pneumoenteritis in calves. To prevent these cattle
infections, it is necessary to follow preventive measures, in-
cluding regular vaccination, maintaining hygiene in animal
pens, monitoring feeding and watering, as well as regular
examination and treatment of diseased animals [4, 5, 6].

Respiratory diseases which are most often diagnosed in
young animals are currently widespread in livestock farms
among highly productive animals. At the same time, eco-
nomic losses for the industry comprise animal mortality,
drop in diseased or recovered animal productivity, retar-
ded growth and development, and costs on treatment
and prevention [7]. Bronchopneumonia of calves is regis-
tered in nearly all areas of our country and it ranks second
after gastrointestinal diseases among all in-farm animal
pathologies, reaching 20-30% [8]. The etiological factors
of nonspecific bronchopneumonia of calves are a complex
of causes: high density of animal housing, decreased resis-
tance and immunological reactivity of newborn animals,
exposure to adverse environmental factors, stress, feeding
imbalance, as well as conditionally pathogenic microbiota
of the respiratory tract, which under these conditions can
acquire pathogenic properties [9, 10, 11].

Trillions of microorganisms living in the intestinal
tract are important health regulators, therefore, qualita-
tive and quantitative disorders in microbial biotopes of
the intestine can cause or complicate various infectious
diseases [12, 13, 14, 15]. Leaky gut syndrome is a condition
characterized by increased intestinal permeability. Since
the intestinal barrier is one of the most important struc-
tures supporting homeostasis in the gastrointestinal tract,
loss of its integrity due to changes in bacterial composi-
tion, decreased levels of expression of dense compound
proteins and increased concentrations of proinflammato-

ry cytokines can lead to increased intestinal permeability
with the subsequent development of gastrointestinal and
non-gastrointestinal diseases. The translocation of micro-
organisms and their toxic metabolites outside the biotope
being the gastrointestinal tract, is one of the consequen-
ces of the leaky gut syndrome [16, 17, 18].

Translocation of the intestinal microbiota is a process
where microorganisms from the intestinal tract penetrate
through its wall into the bloodstream and distribute in
the body. This may play a significant role in the develop-
ment of infectious diseases of various etiology, including
respiratory ones. Thus, pathogenic microorganisms en-
tering the bloodstream by intestinal translocation can
cause a systemic inflammatory response in the body, thus
deteriorating the course of infection. Also, bacteria pene-
trating through the intestinal wall may cause metastatic
infections in various organs and tissues, leading to com-
plications and a more severe course of the disease. In ad-
dition, intestinal translocation of microorganisms can fa-
cilitate bacteremia, which might result in sepsis and shock.
The entry of infectious agents from the intestinal tract into
the bloodstream may also cause recurrence of infection
after completion of antibiotic therapy [19, 20, 21, 22].

In general, intestinal translocation of microorganisms
plays an important role in the development and course
of various infectious diseases, therefore, control of this
process may be a key aspect in the treatment of such
conditions. In this regard, the study of the role of intes-
tinal translocation of microorganisms in acute catarrhal
bronchopneumonia of calves of varying severity is an ur-
gent issue requiring timely and competent solutions.

The novelty of the paper consists in the fact that it is
for the first time that the condition of the rectal biotope in
calves with acute catarrhal bronchopneumonia of varying
severity was studied. It has been shown that, depending
on the severity of the infectious process, significant quali-
tative and quantitative shifts occur in the setting of intes-
tinal dysbiosis.

The aim of the work is to conduct a comparative ana-
lysis of the intestinal microbiota in calves with compensa-
ted, subcompensated and decompensated acute catarrhal
bronchopneumonia on the livestock farms in the Vladimir
and Moscow Oblasts.
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MATERIALS AND METHODS

The research was supported by the grants of the Rus-
sian Science Foundation (project No. 24-26-00091, https://
rscf.ru/project/24-26-00091) and conducted on the basis
of livestock farms in the Vladimir and Moscow Oblasts
with a total cattle population of 3,680 animals, including
1,690 cows.

Bacteriological tests were performed in the VETTEST
veterinary laboratory (Moscow).

The study was aimed at 1-3 months-old calves with
acute catarrhal bronchopneumonia (n = 37). The diag-
nosis was established based on comprehensive data,
taking into account the medical history, clinical exami-
nation and microbiological tests. The animals that re-
ceived medical treatment within 14 days prior to samp-
ling were removed from the experiment. The severity
of acute catarrhal bronchopneumonia of calves (1t de-
gree — compensated; 2"* degree - subcompensated;
3" degree - decompensated) was assessed on the basis
of clinical and laboratory tests. The animals were divi-
ded into three groups based on the severity of broncho-
pneumonia: calves with the mild degree (compensated,
n =12), moderate degree (subcompensated, n = 14) and
severe degree (decompensated, n = 11) of the disease
severity. The samples collected from clinically healthy
animals were used as controls (n = 8).

Fecal samples were collected from experimental calves
in the morning hours and placed into sterile test tubes.
For microbiological tests, the pathological samples were
inoculated onto nutrient media using a Pasteur pipette.
Sabouraud glucose agar was used for yeast-like fungi;
peptone-salt medium, yolk-salt agar and meat-peptone
agar (MPA) were used for staphylococci; Endo agar, Plos-
kirev medium, King medium and bismuth-sulphite agar —
for enterobacteria; Blaurocca medium - for bifidobacteria;
skimmed milk and MRS agar - for lactobacilli. The inocula-
tions were then incubated in a thermostat at 37-38 °C for
24 hours, and if no growth was observed, the dishes were
kept longer for up to 3 days. After testing the cultural and
morphological properties, all species colonies were sepa-
rately inoculated into test tubes and incubated at 37-38 °C
for 24 hours. The resulting pure bacterial cultures were
tested for mobility in crushed droplet preparations using
phase contrast microscopy in a darkened field of view and
subjected to identification.

For quantitative bacteriological test, 1.0 g of feces were
collected and added into sterile tubes with sterile sodium
chloride saline solution (9.0 cm?). The contents of the first
tube, considered as 107" dilution, was used for preparing
further ten-fold dilutions up to 107'°. Then, 0.1 cm? of
the resulting mixture from each tube was inoculated into
Petri dishes onto solid nutrient media (Endo, MPA, Sabou-
raud, Blaurocca, MRS, PSL, King, Ressel, bismuth-sulphite
agar, yolk-salt agar).

The number of microorganisms (C) in 1.0 cm? of feces
collected from calves with acute catarrhal bronchopneu-
monia was calculated using the formula below and ex-
pressed in logarithms with a base of 10:

C=(N/V)xK,

where N is the mean number of colonies in one bacte-
riological dish; V is the volume of suspension applied
during inoculation onto agar (cm?®); K is the multiplicity
of dilution.

The morphology of bacteria was tested in smears
stained according to Gram and Romanovsky — Giemsa. Fur-
ther identification based on biochemical properties was
carried out in accordance with Bergey’s Manual of Deter-
minative Bacteriology’.

The obtained test results were processed statistically
and presented in the tables. All calculations were per-
formed using the STATISTICA 7.0 program (StatSoft, USA),
while the normality of the distribution was preliminarily
estimated using Shapiro - Wilk tests. In case of a normal
distribution of quantitative variables, the Student’s in-
dependent samples t-test was used to compare the two
groups. The arithmetic mean (Mean), standard error (SE)
and standard deviation (SD) were calculated. The reliabi-
lity of the analyte difference between the indicators of
the control and experimental groups was calculated using
the Mann - Whitney method?.

RESULTS AND DISCUSSION

During the epizootological examination, 37 calves
(1-3 months of age) with acute catarrhal bronchopneumo-
nia were identified. Based on clinical study results 12 ani-
mals were classified as having a mild, compensated dis-
ease stage (slight depression, subfebrile body temperature,
shallow hard breathing, serous nasal discharge), 14 calves
had a medium, subcompensated disease stage (depres-
sion, fever, increased pulse and respiration, dry wheezing
and cough, abundant serous catarrhal discharge), and
11 calves had a severe, decompensated disease stage
(pronounced depression and exhaustion, inappetence,
decreased reaction to external stimuli, fever, increased
pulse and respiration, painful dry cough, wheezing, foci
of dulling percussion sound, abundant serous-catarrhal
exudate of greenish color).

Microbiological studies of bronchoalveolar lavage
samples collected from diseased animals have shown that
the occurrence of bronchopneumonia in calves is due to
a fairly wide range of conditionally pathogenic microflora.
Thus, 115 bacteria of thirteen species classified into nine
genera were isolated from the bronchial samples. At the
same time, the following strains were isolated more of-
ten from bronchoalveolar lavage samples: Staphylococcus
aureus - 18 (15.6%) cultures, Mannheimia haemolytica —
18 (15.6%) strains, Escherichia coli — 15 (13.1%) isolates,
Pasteurella multocida - 11 (9.6%) cultures and Klebsiella
pneumonia - 11 (9.6%) strains. Staphylococcus intermedius
and Proteus mirabilis were isolated much less frequently —
three (2.6%) cases per each species, respectively.

The quantity of microorganisms (Ig) in 1 g of feces from
calves with compensated, subcompensated and decom-
pensated acute catarrhal bronchopneumonia is shown in
the Table.

The analysis of the results showed that the qualitative
and quantitative composition of the intestinal microbiome
in calves with compensated acute catarrhal bronchopneu-
monia does not differ from that in clinically healthy animals.

The presented data demonstrate that significant quan-
titative and qualitative changes occur in the intestinal

"Holt J. G, Krieg N.R., Sneath P. H. A,, Staley J. T., Williams S.T.
Bergey’s Manual of Determinative Bacteriology. 9* ed. Baltimore:
Williams & Wilkins; 1994. 787 p.

2 Rebrova O. Yu. Statistical analysis of medical data. Application of
the STATISTICA software package. Moscow: Media Sphere; 2002.
312 p. (in Russ.)
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biotope of animals with a clinical manifestation of mode-
rate severity of acute catarrhal bronchopneumonia, which
indicate the development of dysbiosis. The fecal samples
from calves with subcompensated bronchopneumonia
demonstrated a reliable increase in Enterobacter spp.
by 1.26 times (p < 0.05), Citrobacter spp. by 1.35 times
(p <0.05), Klebsiella spp. by 1.90 times (p < 0.01), Proteus spp.
by 1.66 times (p < 0.01), Pseudomonas spp. by 2.58 times
(p < 0.001), Clostridium spp. by 2.06 times (p < 0.001) and
Candida spp. by 2.12 times (p < 0.01) when compared
with the indicators for the control group animals. This
was observed against the background of a highly reli-
able (p < 0.001) decrease in representatives of the gen-
era Lactobacillus and Bifidobacterium from (10.42 £ 0.72)
t0 (8.59+0.76) Ig and from (10.94 £ 0.73) to (9.06 £ 0.62) Ig,
by 17.56 and 17.18%, respectively, when compared with
the indicators for clinically healthy calves.

The results shown in the Table also indicate that sig-
nificant quantitative and qualitative dysbiotic shifts in
the microbiota of the intestinal tract were observed in
calves with the most severe decompensated degree of
acute catarrhal bronchopneumonia. Thus, the testing of
fecal samples from diseased animals showed a significant
increase in the amount of representatives of the follow-
ing genera: Escherichia by 1.21 times (p < 0.001), Entero-
bacter by 1.63 times (p < 0.001), Citrobacter by 1.83 times
(p < 0.001), Klebsiella by 3.08 times (p < 0.001), Proteus
by 1.90 times (p < 0.001), Pseudomonas by 3.57 times
(p < 0.001), Staphylococcus by 1.24 times (p < 0.05), Strep-
tococcus by 1.38 times (p < 0.01), Bacillus by 1.47 times
(p < 0.01), Clostridium by 3.34 times (p < 0.001) and yeast
fungi (genus Candida) by 2.82 times (p < 0.001), when
compared with the indicators for the control group
animals. The presented quantitative differences were
recorded against the background of a highly reliable
decrease in the amount of the following species in fe-
cal samples of experimental animals: Lactobacillus spp.
(p < 0.001) and Bifidobacterium spp. (p < 0.001) from

Table

(10.42 £ 0.72) to (6.51 + 1.08) Ig and from (10.94 + 0.73)
to (7.36 £0.81) Ig, by 37.5 and 32.7%, respectively, as com-
pared with the control group. That was the first time that
we obtained these data.

The qualitative parameters of the intestinal microflora
in calves with acute catarrhal bronchopneumonia of com-
pensated, subcompensated and decompensated severity
are shown in the Figure.

As we can see, the representatives of the genera Kleb-
siella, Pseudomona and Clostridium were not detected in
the most mild, compensated forms of the disease, how-
ever, were isolated in the more severe course of the di-
sease — subcompensated and decompensated degrees of
severity. It can be assumed that the severity of broncho-
pneumonia may be associated with intestinal dysbiosis
and the phenomenon of intestinal translocation of mi-
croorganisms from a natural, evolutionarily developed
biotope to the focus of destruction - the lungs. There-
fore, further studies should be aimed at determining
the identity of the intestinal microflora with microorga-
nisms isolated from lung tissue in the setting of broncho-
pneumonia.

Thus, the new criteria for assessing the severity of acute
catarrhal bronchopneumonia in calves have been sugges-
ted.To this extent, when subcompensated and decompen-
sated acute catarrhal bronchopneumonia is clinically ma-
nifested in calves, significant quantitative and qualitative
microbiome disorders occur in the intestine, indicating
dysbiosis. The development of intestinal dysbiosis may
serve as a kind of trigger for the formation and progression
of pathologies of the respiratory tract. The data obtained
comply with the study results on intestinal microbiome
in inflammatory processes of various localization [20, 23].
This confirms the important role of the intestinal micro-
biota and intestinal permeability (normal and increased)
in the manifestation of many infectious diseases. However,
the currently available data are selective and insufficient,
their assessment is a matter of debate, and their clinical

Composition and quantity (Ig) of opportunistic microflora in 1 g of calf feces in various forms of acute catarrhal bronchopneumonia (M + m)

Microorganism genus Control (n=38)

Mild degree (n=12)

Medium degree (n = 14) Severe degree (n=11)

Escherichia 7.07 £0.96 7.40+0.77 7.69+0.79 8.55 +£0.61%**
Enterobacter 2.65+0.70 2.72+0.77 3.35£0.50% 4.31£0.82%%*
Citrobacter 2.26+0.75 2.34+0.78 3.05£0.84% 414 £0.70%%*
Klebsiella 0 0 1.90 £ 1.43%* 3.08 £ 1.02%**
Proteus 1.79+0.51 2.01+£0.69 297 £0.85** 3.40 £ 0.76***
Pseudomonas 0 0 2.58 £0.72%** 3.57 £0.78***
Staphylococcus 3.61+0.78 3.50+0.71 3.93+0.75 447 +0.76*

Streptococcus 3.59+0.75 3.26£0.91 417 £0.65 4.95+0.78**
Bacillus 2.74+0.89 2.65+0.85 3.13+0.49 4.02£0.97%*
Clostridium 0 0 2.06 £ 1.13%* 3.34 £0.67%**
Lactobacillus 10.42 £0.72 10.27 £0.67 8.59+0.76*** 6.51 £ 1.08***
Bifidobacterium 10.94£0.73 10.72£0.84 9.06 + 0.62%** 7.36 +0.81***
(andida 1.29+£1.48 1.28+£1.27 2.74£0.77** 3.64 +0.88***

*p <0.05;**p <0.01;*** p < 0.001 as compared with the control group.
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Fig. Qualitative changes in the intestinal microflora in calves with acute catarrhal bronchopneumonia

of varying severity

significance requires additional studies. In this regard, we
believe that the study of intestinal microflora in animals
during inflammatory and infectious processes requires
further scrupulous investigation.

CONCLUSION

The paper gives a detailed description of the intestinal
tract microbiota in calves with acute catarrhal broncho-
pneumonia with varying degrees of severity of the infec-
tious process. It has been shown that the qualitative and
quantitative composition of the intestinal microbiome in
calves with compensated acute catarrhal bronchopneu-
monia does not differ from clinically healthy animals.
It has been established that significant quantitative and
qualitative shifts occur in the intestinal biotope of ani-
mals in case of subcompensated acute catarrhal bron-
chopneumonia, indicating the dysbiosis. Thus, the fecal
samples showed a reliable increase in the number of
the following genera populations: Enterobacter, Citro-
bacter, Klebsiella, Proteus, Pseudomonas, Clostridium and
Candida, against the background of a highly reliable de-
crease in the genera Lactobacillus and Bifidobacterium
by 17.56 and 17.18%, respectively, when compared with
the indicators of clinically healthy calves. Even more sig-
nificant quantitative and qualitative dysbiotic shifts in
the intestinal tract microbiota were observed in calves
with the most severe decompensated form of acute ca-
tarrhal bronchopneumonia. Thus, the fecal samples from
diseased animals showed a reliable increase in the num-
ber of the following genera populations: Escherichia, En-
terobacter, Citrobacter, Klebsiella, Proteus, Pseudomonas,
Staphylococcus, Streptococcus, Bacillus, Clostridium and
yeast fungi (genus Candida) when compared with the in-
dicators of animals in the control group. This was revealed
against the background of a highly reliable decrease
in fecal samples of experimental animals of the Lactoba-
cillus and Bifidobacterium genera populations by 37.5 and
32.7%, respectively, as compared with the control group.
It should be noted that in case of subcompensated and
decompensated acute catarrhal bronchopneumonia, the
representatives of the genera Klebsiella, Pseudomonas

and Clostridium were found in samples of feces of calves,
unlike healthy animals and animals with a mild degree
of pathology.
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Situational analysis on porcine diseases:
general risk assessment and prioritization

of epizootic threats to biosecurity systems

of pig establishments in the Russian Federation

Andrey S. Oganesyan, Mikhail A. Shibayev, Olga N. Petrova, Natalia Ye. Baskakova, Anton K. Karaulov
Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia

ABSTRACT

The results of the situational analysis on porcine diseases in the Russian Federation and the expert assessment prioritizing the list of porcine pathogens significant
for the pig industry of the country are presented. The method applied to analyse the expert estimates in the situational analysis allows for rapid assessment and
interpretation of the situation with identification of priority diseases to be further addressed. The calculations demonstrated the sufficient degree of agreement
among the experts (coefficient of concordance W = 0.61), and Pearson's chi-squared test statistic y> = 51.33 (= 21.02607) indicated that the concordance is not
random and the results can be used in subsequent studies. The specific features of epizootiology of the agents of African swine fever, classical swine fever, porcine
reproductive and respiratory syndrome that can impact the effectiveness of biosecurity systems of pig establishments, as well as further ways for improving
biosecurity management measures are discussed. The overall risk for the pig industry in the Russian Federation that is associated with external sources is currently
characterized as permanently high, requiring maintaining risk management measures at the pig establishments by both the managerial staff of the establish-
ments and the State Veterinary Service. It is recommended that biosecurity measures against external threats should focus on diseases such as African swine fever
(weight A =0.52), porcine reproductive and respiratory syndrome (1= 0.071), classical swine fever (1= 0.068) and infections considered emerging for the Russian
Federation (4= 0.05) according to the weights based on the expert estimation results. The biosecurity systems of the establishments should equally address other
threats significant for the pig industry of the country: swine enzootic pneumonia, porcine pleuropneumonia (Actinobacillus pleuropneumoniae), Aujeszky’s disease,
streptococcosis (Streptococcus suis), porcine circovirus infection, foot-and-mouth disease, leptospirosis, transmissible gastroenteritis, cysticercosis (1=0.02. . .0.05).
The improvement of the governmental policy for eradication of African swine fever, porcine reproductive and respiratory syndrome, classical swine fever (including
the substantial modification of the existing official pig turnover control, zoning, diagnosis and prevention quality, as well as the implementation of biosecurity
standards) is the most significant factor, without which the disease eradication perspective is questionable.

Keywords: porcine diseases, epizootic situation, pig industry, biosecurity, veterinary and sanitary measures
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PE3IOME

[TpencTaBneHbl pe3ynbraTbl CUTYaLMOHHOTO aHanK3a no 60ne3HAM cBuHet B Poccuiickoii DefepaLini 11 3KCNePTHOI OLieHKM, B KOTOPOI NPUOPUTU3MPOBAH CTINCOK
3HQUUMbIX ANA NPOMBILLNEHHOTO CBUHOBOACTBA CTPaHbI NaToreHoB. /cnonb3oBaHHbIil CNOC06 OLeHKM IKCMEPTHOrO MHEHUA B CUTYaLMOHHOM aHanu3e No3Bo-
NAeT ObICTPO Peanu3oBaTh 11 MHTEPNPETUPOBATb CUTYaLVIO, BLIAENAA NPUOPUTETLI N0 Bone3HAM Ana AanbHeiilwero 06cyxaeHus. Mpon3seseHHble pacyeTbl
MoKa3anu JOCTaTOYHbIIl YPOBEHb COrNACOBAHHOCTA MHEHUI SKcnepToB (Ko3dduumeHT KoHkopaaumn W = 0,61), a pacueTHblit kputepuii cornacua Mupcoxa
X-= 51,33 (= 21,02607) yka3biBan Ha T0, 4TO KOHKOpAALMA He CJyyaiiHas 1 pe3ynbTaTbl MOTYT CMONb30BATHCA B AANbHENLLNX NCCNefoBaHNAX. 00CYKAeHbI
0c0beHHOCTY 3nKU300TONOrNM BO3OYAUTENelH adPUKAHCKOI YyMbl CBUHEN, KNACCUYECKO YyMbl CBIUHE, penpPOAYKTUBHO-PeCPaTOPHOTO CMHAPOMA CBUHEI,
(nocobHble MoBANATL Ha IGDEKTUBHOCTb CMCTEM 61103aLUMTbI CBUHOBOAYECKUX NPEANPUATHIA, @ TaKXKe AanbHelilLne MyT N0 YAyYLUeHNio Mep ynpaBaeHus
6uro3awutoit. CoBOKYMHbIN PUCK ANA NPOMBILUIEHHOTO CBUHOBOACTBA B Poccuiickoli MefiepaLun co CTOPOHbI BHELUHIX NCTOYHUKOB B HACTOALLEI CUTYaLnK
0XapaKTep130BaH Kak NepMaHeHTHO BbICOKIIA, TpeOyoLLMii NoAAepXKaHNA Mep YNpaBieHua PUCkamu Ha CBUHOBOAYECKUX NPEANPUATAAX KaK aAMUHUCTPaLNell,
TaK 1 r0CyapCTBEHHOI BeTepUHAPHON CNyx60i1. Mepbl 6103aLyuTbl ANA NPOTUBOAEICTBIA BHELUHIM YTpo3am PeKOMEHZOBAHO aKLIEHTUPOBATb Ha TaKuX 3a60-
NeBaHNAX, KaK ahpuKaHckas uyma ceuHeit (BecA = 0,52), penpogyKTUBHO-pecnupaTopHblii cuapom ceuedt (4= 0,071), knaccuyeckas uyma cauHeii (= 0,068)
n3mepaKeHTHbIX And Poccuitckoii Depepaunm nHdekunax (A= 0,05) cOOTBETCTBEHHO NONYYEHHOMY BECY N0 UTOTaM IKCNEPTHOI oLieHKM. OCTanbHbIM 3HAUMMbIM
INA (BUHOBOACTBA CTPaHbl YrPo3aM: IH300TMYECKas NHEBMOHIA CBUHEN, aKTHOOALMANE3HaA NNeBPONHEBMOHUA (BUHEN, 6one3Hb Ayecku, CTPeNTOKOKKO3
(Streptococcus suis), LUPKOBIPYCHAA MHOEKLMA CBUHEIA, ALLYp, NENTOCNPO3, TPAHCMIUCCMBHBIA TACTPOIHTEPUT CBIMHEN, uncTULepko3 (A =0,02...0,05) — npea-
(TaBNAETCA BO3MOXKHBIM YAENUTb PaBHOE BHUMAHME B CucTeMax 61103aLmuTbl npesnpuaTyil. Hanuune rocynapcTeHHol NONUTUKIA SpasmuKaLimv adpukaHcKoil
UyMbl CBUHE, penpoayKTUBHO-PECIMPaTOPHOro CUHAPOMA CBUHEIA, KNaccuueckoil YyMbl CBIHeN (C 0CHOBATENbHBIM M3MEHEHIeM CYLLeCTBYHLLEro 0QuLManbHoro
KOHTPOAA 060pOTa MOroN0BbA, 30HMPOBAHNA, KAUECTBA AMATHOCTUKM 1 NPOPUNAKTUKM, BHEAPEHUA (TAHAAPTOB OM03aLLUTbI) ABNAETCA Haubonee 3HaYUMbIM
(akTopom, 6e3 KOTOPOro NepcneKTMBa UCKOPeHeHUs 6one3Hel COMHUTENbHA.
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INTRODUCTION

Biosecurity, as defined by the World Organisation for
Animal Health (WOAH), is a set of measures and manage-
rial solutions designed to reduce the risk of introduction,
establishment and spread of diseases, infections or infes-
tations to, within and from an animal population. The set
of measures is also aimed at reducing microbial/viral load,
blocking pathogen transmission routes inside the estab-
lishment and preventing infection introduction from the
outside. It includes specific and non-specific measures
such as maintenance of the animal disease free status
of the establishment (sanitation of facilities, feeds, water,
personnel and animal hygiene, veterinary treatments);
compliance with appropriate practices of animal farm-
ing, sanitary treatment of premises, vehicles, fomites,
feeding lines and water pipelines (cleaning, washing
and disinfection); prevention of infection introduction
(ensuring that the staff members of the establishment,
as well as animals, feeds, equipment, etc. introduced to
the establishment comply with the relevant veterinary
and sanitary requirements, the implementation of disin-
fection, insect and rodent control measures). As part of

animal disease control activities, the biosecurity of estab-
lishments globally serves to gain the time required for
early detection of an infectious agent in the production
flow and at the start of the implementation of disease
eradication measures in the zone or country in order to
prevent an epizootic.

The mostimportant thing in this regard is the availabili-
ty of information on external threats (animal disease situa-
tion in the territory of location, seasonal disease absence/
presence in the populations of domestic and wild animals
and birds), as well as on factors predisposing to changes
in the extent of external threats (orientation of the live-
stock industry of the region, feed production and animal
product processing; orientation of the quarantine policy
of the veterinary authority of the region; seasonal, socially
and economically determined activity of various groups
of urban and rural population, the structure of protected
livestock and their contact patterns). Studying the specific
features of the epizootiology of porcine diseases in the
pig industry and prioritizing their significance will allow
for the development of adequate biosecurity measures for
the pig production sector [1].
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Therefore, the description and assessment of external
epizootic threats to pig establishments and prioritization
thereof remains an urgent topic for situational analysis
within the framework of discussing the arrangement and
development of biosecurity measures for pig establish-
ments in the Russian Federation.

MATERIALS AND METHODS

The assessment of external epizootic threats to the pig
industry was carried out in the form of situational analysis
with discussion of the characteristics of pathogens, which
made it possible to identify gaps in biosecurity measures.
Official data on porcine diseases, data from open official
sources and specialized mass media were used for the
work [2, 3].

Estimates were obtained through a survey of experts of
the Laboratory and Diagnosis Centre (3 persons) and Infor-
mation Analysis Centre (4 persons who are the authors of
this paper, except N. Ye. Baskakova) of the Federal Centre
for Animal Health. The authors of the paper (5 persons)
summarized and discussed the results, described special
aspects relevant for infection management based on the
prioritized list.

The experts (m = 7) assessed the degree of significance
of threats for the domestic pig industry by assigning them
arank. In total, 13 threats (n = 13) were assessed: 12 disea-
ses/pathogens and 1 category - emerging diseases (exotic
for the Russian Federation and not reported previously).
The threat considered to be the most significant by an ex-
pert was ranked 13.When several factors were recognized
as equally significant, they were assigned an equal rank.
On the basis of the data from the questionnaire-based sur-
vey, a summary matrix of ranks was compiled, the ranks
given by the experts were rearranged without changing
the opinion of the experts. The reformatted rank matrix
was used to make a ranked list of sums of the ranks and
mean ranks for 13 threats; based on the sums of the ranks,
the weights of the threats were calculated, and the survey
matrix was converted into a matrix of transformed ranks.
The evaluation of the results of the expert survey was
carried out by calculating Kendall’s coefficient of concor-
dance (W) [4] for cases where there are tied ranks (identical
rank values among the estimates from one expert), using
the following formula:

W= 5

*(P’-n)-mXxT, '

1
ﬁm

where S is the sum of squared deviations of all ranks of
each object of expert assessment from the mean value;

nis the number of assessed threats;

m is the number of experts;

T is the number of ties (types of repeated ele-
ments) among the estimates from the i-th expert:

7= 75 E-t)),

i

where t,is the number of elements in the /-th tie for the
i-th expert (the number of repeated elements).

The significance of Kendall’s coefficient of concordance
was evaluated using Pearson’s chi-squared test statistic (x?).
The weights of the assessed threats (A) were obtained by
converting the survey matrix into a matrix of transformed
ranks (using the formula Sij =X o XI./., where X =1 3).

The prioritization results were presented graphically in
the form of a ranked list of threats and a diagram based

on the weights (A) reflecting threat significance, as well
as through the discussion of the most significant threats.

RESULTS AND DISCUSSION

The following are epizootically significant threats, in-
cluding transboundary ones, to the pig industry: 1) an-
thrax; 2) foot-and-mouth disease (FMD); 3) Aujeszky’s di-
sease (AD); 4) classical swine fever (CSF); 5) African swine
fever (ASF); 6) porcine reproductive and respiratory syn-
drome (PRRS); 7) swine vesicular disease (SVD); 8) Nipah vi-
rus infection; 9) cysticercosis; 10) swine brucellosis; 11) ra-
bies; 12) trichinellosis; 13) tuberculosis; 14) transmissible
gastroenteritis (TGE); 15) porcine epidemic diarrhea (PED);
16) swine erysipelas; 17) swine enzootic pneumonia (Myco-
plasma hyopneumoniae); 18) porcine parvovirus (PPV) in-
fection; 19) porcine circovirus (PCV) infection; 20) porcine
pleuropneumonia (Actinobacillus pleuropneumoniae, APP);
21) Teschen disease; 22) Glasser disease (Haemophilus
parasuis); 23) streptococcosis (Streptococcus suis); 24) lep-
tospirosis; 25) Seneca Valley virus infection; 26) swine dy-
sentery; 27) swine influenza; 28) opportunistic bacterial
infections [2, 3, 5, 6].

According to official data on porcine diseases for 2022,
cases of swine erysipelas (1), rabies (2), chlamydiosis (2),
mycoplasmosis (3), pasteurellosis (4), pseudomoniasis (6),
trichinellosis (6), echinococcosis (6), Aujeszky’s disease (10),
tuberculosis (16), porcine parvovirus infection (20), lepto-
spirosis (42), edema disease (ED) (383), colibacillosis (2,394)
and African swine fever (6,626) were reported in the pig
and wild boar populations in the Russian Federation [2].

Anthrax, rabies, trichinellosis, tuberculosis and bru-
cellosis in pigs are subject to control by the veterinary
authorities of the Russian Federation in accordance with
the surveillance pattern that has historically proven to be
reliable and that covers all epizootiologically significant
areas. Thus, the country has comprehensive measures in
place to ensure protection of both animals and humans.
The situation for these porcine diseases in the Russian Fe-
deration as a whole is stable (controlled risk with sustained
surveillance and prevention), the epidemic thresholds
have not been exceeded in the past 3 years (from 2020 to
the 1%t quarter of 2023) [2]. It is expectable that at a par-
ticular establishment, the risk level would be most heavily
influenced by the veterinary surveillance coverage of do-
mestic and wild pig populations in the pig farming areas,
isolation of populations and vaccination quality, where
applicable. In case of detection of any of these diseases in
the industrial pork production chain, immediate measures
shall be introduced to identify and eliminate the source.
Regardless of the local significance of these diseases for
the establishments, in view of risks to humans, the signi-
ficance of these diseases is assumed to be high and is not
discussed further.

The results of the assessment of 13 main threats ranked
by the experts according to their significance for the pig
industry of the country (Fig.) showed that ASF has the
prevailing priority based on the relative weight () (52%).

Besides, PRRS (7.1%) and CSF (6.8%) occupy a relative-
ly significant place. Infections considered emerging for
the Russian Federation (5%) also have a higher priority
than other threats (swine enzootic pneumonia, APP, AD,
streptococcosis (S. suis), PCV infection, FMD, leptospirosis,
TGE, cysticercosis), which were assessed as being of mod-
erate or low priority to the pig industry of the country
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(threats ranked by weight)

Results of expert assessment of threats of priority
to pig industry of the Russian Federation

O Cysticercosis
0O TGE
0O Leptospirosis
@ FMD

B PCV infection
0O AD

0O Streptococcosis

@ APP

@ Swine enzootic
pneumonia

B Infections considered
emerging for RF

B CSF

B PRRS

s

é m? {nj n) m ZT

W= ,atn=13;m=7

Weight (A):
0.5209 B ASF
0.0710 B PRRS
0.0679 B CSE
0.0496

ASF

0.0406 B Swine enzootic pneumonia
0.0400 B APP

0.0390 O Streptococcosis

0.0381 OAD

0.0351  mPCV infection

0.0325 EFMD

0.0231  OLeptospirosis

0.0214 OTGE

0.0208  OCysticercosis

Kendall’s coefficient of concordance W = 0.61;
X2=51.33 (2 21.02607), at a = 0.05

Fig. Results of assessment of threats (n = 13) ranked by experts (m = 7) according to their significance

for the pig industry of the Russian Federation

(relative weight < 5%). Kendall's coefficient of concordance
W=0.61 demonstrates the sufficient degree of agreement
among the experts, and the calculated chi-squared statis-
tic x>=51.33 (= 21.02607) indicates that the concordance
is not random and the results can be used in subsequent
studies. The Figure shows that there are three pathogens
prioritized as significant external threats, so we will focus
on the discussion of ASF, PRRS and CSF (Table).

African swine fever. By 2023, an ASF panzootic had
overtaken 36 countries of the world, including wide areas
in Eurasia. Russia has been facing the problem of ASF virus
spread in domestic and wild pigs for 16 years [2, 3]. There
is no commercially available ASF vaccine that meets the
WOAH recommendations regarding safety and effective-
ness requirements. The major factor contributing to the
transboundary spread of the infection is the human factor
(in our country, it is also officially recognized as the main
factor according to Resolution of the Federation Council of
the Federal Assembly of the Russian Federation No. 207-SF
of 28 June 2017"), which in some cases can include not
only neglect of and intentional disregard for biosecurity
rules, lack of competencies, but also a protracted delay in
carrying out preventive and eradication activities. Special
attention is paid to studying possible ASF virus vectors, in-
cluding mechanical ones, which, in the light of the global
trends of changes in climate and environmental factors,
is a task that is gaining relevance for the Russian Federa-
tion [7]. The detection of African swine fever virus in sus-
ceptible animals in ASF free areas, as well as the detection
of ASF virus genome in the ready-to-eat product samples
may indicate a continuing trend of ASF persistence.

The factors that contributed to ASF spread in the Rus-
sian Federation by 2013 included the diverse structure of
pig farming in all federal districts of the Russian Federa-
tion and a high proportion of backyards [15], which de-

! https://base.garant.ru/71706886/?ysclid=Iz81cejes4538929535 (in Russ.)

clined significantly as of 2023. During the ASF epizootic of
2007-2023, the number of compartments and the sizes
of herds in the indoor-keeping pig production systems in
the Russian Federation were increased, biosecurity plans
were introduced. However, population management and
biosecurity management were not established systemati-
cally along the entire chain. Therefore, it was not possible
to completely reduce the increased risk of the disease
spread correlating with an increase in the number of farms/
links and the expansion of pig and pork turnover in the
context of the formation of the “grey market” of animals
and meat outside and around the production systems.

The pork production system existing in the Eastern
European countries is a combination of large and small
pig farms, which is typical for ASF endemic countries [16].
ASF eradication in Spain, Portugal and the Czech Republic
went hand in hand with a complete reshaping of the go-
vernment policy of the disease surveillance, pig population
recording, implementation and control of zoning, qualita-
tive changes in diagnosis and establishment biosecurity.
The assessment of risk in the biosecurity systems of the
establishments plays a key role in the consideration of ASF
risk [17], and compliance with the WOAH recommenda-
tions on ASF compartmentalization principles can serve as
amechanism for the establishments to contain the spread
of the disease [18]. The main components of ASF control
are timely and accurate diagnosis, stamping out of infec-
ted herds, establishment of restriction zones and tracing of
possible contacts. In the future, ASF control should focus
on enhanced restrictive measures, compensation of losses,
tracing, wild boar control programmes, strict hygiene and
biosecurity measures [19, 20, 21]. Activities undertaken
to ensure the biosecurity of systems/establishments are
aimed at isolating pigs kept there from wild boars [22, 23]
and domestic pigs kept in the backyards.

Taking into account the opinions of foreign and do-
mestic experts and summarizing the experience of pork
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producers in implementing effective measures to prevent
ASF in the pig industry [24, 25, 26], the following recom-
mendations can be made.

1. The origin and movement of feeds, animals, vehicles
and other objects, rodents, birds and persons entering
the territory of a pig production establishment and hav-
ing contact with pigs and fomites should be controlled by
the biosecurity system of the establishment.

2. Monitoring of the area around the farms is required
to demonstrate ASF absence and to maintain the ASF
free status of the boundaries/zones. The involvement of
backyards in pork production and pig turnover against
the background of rising meat prices will remain a factor
influencing the unauthorized pig and pork turnover.

3. The use of non-invasive samples from animals and
laboratory control of the effectiveness of cleaning, wash-

ing and disinfection procedures may be recommended for
early detection of ASF virus in the production flow.

4. Future vaccines against ASF shall not only be safe
for the pig population and protect animals from death,
but shall also be highly effective for routine use in the pig
industry (they shall not reduce weight gain or cause abor-
tions and shall prevent the circulation of field and vaccine
strains in the pig population). The recognition of the safety
and effectiveness of ASF vaccines shall take into account
the international standards laid down by the WOAH.

Porcine reproductive and respiratory syndrome. Con-
siderable attention is paid to the prevention of and protec-
tion against PRRS [27, 28, 29], given the high contagious-
ness of the pathogen, its ability to spread between pig
farms over considerable distances through airborne trans-
mission, with pigs, feeds and contaminated fomites and to

Table

Situation for priority epizootic threats to pig industry in the Russian Federation

Threat

Situation in the Russian Federation: year of the last

reported cases / vaccination / RF status

Special aspects relevant for infection management

Very high priority (A =0.52)
1.The human factor predominates in the epizootiology of genotype Il ASF
2023 (104 outbreaks: 66 outbreaks in the domestic in the Russian Federation.
population and 38 outbreaks in the wild population) / | 2. Itis necessary to control the implementation of measures aimed at the prevention
vaccination: none / federal measures to control of contacts between livestock kept at the establishment and environmental objects,
ASF (Decree of the Government of the Russian including possible mechanical vectors.
ASE Federation No. 1159 of 29 September 2018%); 3. Surveillance in the populations around and within the establishment shall take into
compartmentalization (Order of the Ministry account the possibility of latent infection. Period covered by the retrospective study
of Agriculture of the Russian Federation No. 482 during the investigation — up to 60 days. Within-herd R : from 7.46 (5.68-9.21)
of 11 May 2023%); t09.8 (3.9-15.6); between-herd R : from 1.65 (1.42-1.88) to 2.5 (2.0-3.0) [8, 9].
regionalization (Order of the Ministry of Agriculture of | Where small farms prevail: within-herd R:10 (1.1-30.0); between-herd R;:
the Russian Federation No. 635 of 14 December 2015%) | from 1.41to 10.8.
4.The absence of an effective and safe vaccine; the leading role of diagnostic activities
in the production flow and during zoning.
High priority (A = 0.071)
2021 (4 outbreaks in the domestic population) / 1. Airborne transmission and transmission through fomites between establishments
12,836,888 animals vaccinated / there is no federal may be underestimated.
programme in place; the current instruction 2. Vaccination is an effective tool, but only as part of the set of preventive
prps | O" PRRS control regulates the use of PRRS and diagnostic measures.
vaccines for preventive purposes (Order of the 3. R, within seropositive herds:
Ministry of Agriculture of the Russian Federation from 3.3 (2.9-4.3) t07.1(3.5-10.6) [10, 11]. R for vaccinated against type 1 PRRS
No. 625 of 26 October 2020°); regionalization; (RO < 1):from 0.3 (0.05-0.96) [12] t0 0.53 (0.19-0.76) [13];
compartmentalization for type 2 PRRS — unknown [11].
4.The need for monitoring (genotyping) of circulating viruses in the vaccinated herds.
High priority (A = 0.068)
1. Effective indirect and direct transmission and spread of the infection.
Within-herd R: from 3.39 (1.54-7.45) to 7.77 (4.68—-12.9) [14].
2018 (1 outbreak in the wild population) / 2. VamnTahtlon of_domel_snbclplgs inthe Ru§5|an Fegerann t:jashbesn erllhanced mftl;_e I_as}
91,679,227 animals vaccinated / S.year.s. he va;cme reliably proLectskagalgst outbrea sandt ‘Td l(ive opment of dinica
S the Russian Federation has no official CFS signsin plgsf.T ere were no (;ut' reaksin omgstlc'plgs and wild boars in 2018-2023.
free status recognized by the WOAH; 3. The.need or monl_tonng of circulating CS_F virus isolates a_nd vaccination .
L o effectiveness in vaccinated pig herds and wild boar populations of the Russian
regionalization; compartmentalization F . ) L Lo ) . .
ederation regions. CSF virus circulation in the vaccinated animals is extremely
undesirable and dangerous.
4. Monitoring of vaccination quality at the establishment and in the population around
the establishment is important for CSF management.

R, (basic reproduction ratio) is a metric of infection reproduction (indicator of contagiousness). For all diseases, the control of animal introduction
to the establishment, feeds, fomites, disinfection, disinsection and deratization are significant for security management. There are no consolidated
biosecurity requirements/rules/standards for pig establishments.

2 https://base.garant.ru/72065765/?ysclid=1z81dxcy83438154883 (in Russ.)

3 https://base.garant.ru/406957068/?ysclid=1z81964bk5614070677 (in Russ.)

4 https://www.garant.ru/products/ipo/prime/doc/71260810/?ysclid=1z81h1rvb3947478382 (in Russ.)
° https://base.garant.ru/74832093/?ysclid=1z81jjcega297725170 (in Russ.)
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affect virtually all pig population groups. In cold climates
(att<0°C), PRRS virus is able to survive outside the host for
a long time, which contributes to contamination and me-
chanical transmission of the virus with fomites. Livestock
transportation vehicles, personnel vehicles, footwear and
other objects may come into contact with the PRRS agent
in potentially contaminated places (infected farms, com-
mercial truck wash facilities, slaughterhouses, changing
and showering facilities, animal care product warehouses,
semen transportation, transshipment facilities for tools,
food products for the personnel, etc.). In cold weather,
PRRS virus can be spread with contaminated objects over
long distances (at least up to 50 km) [11, 30], which is re-
levant for most of the Russian Federation territory with
prolonged cold seasons.

According to official data, PRRS spread in the Russian
Federation is limited to individual cases detected in diffe-
rent areas every year, which indicates an underestimation
of more widespread latent circulation of the virus in the
domestic pig population and the insufficiency of current
measures to completely eradicate the disease. PRRS po-
ses a great danger to large fully integrated pig establish-
ments [29]. This is confirmed by the results of a study of
a large-scale PRRS outbreak that occurred in 2020 on 24
out of 30 farms of a large pig production company located
in four Oblasts: the Voronezh, Lipetsk, Tambov and Penza
Oblasts. The disease was caused by two variants of wild
subtype 1 type 1 PRRS virus (PRRSV-1-1) predominant
in Europe and the Russian Federation. The clinical signs
varied depending on the pig production stage rather
than on the virus variant. Non-compliance with biosecu-
rity measures, including the movement of animals from
infected farms, contributed to the spread of the disease.
Before spreading across the production system (pig farms,
sow farms and fattening farms), PRRSV-1-1 variants were
introduced to the region around 2019 [31]. It was at the
same time that the co-circulation of type 1 PRRSV-1 (Euro-
pean type) and type 2 PRRSV-2 (North American type) was
first reported in Russia. According to the observations of
S. Raev et al. and data from the veterinary laboratories,
PRRSV-2 is circulating in both the European and Asian
parts of the country, and the detection of new subtype 2
of type 1 PRRSV (PRRSV-1-2) during the study of the 2019
outbreak in Siberia confirmed the wide territorial expan-
sion of PRRSV-1-2 in Russia [32].

Only few comparative data exist concerning the patho-
genicity of the two types of PRRS virus and mixed infection
under the field conditions in the Russian Federation; how-
ever, it is known that the isolates of PRRSV-1-1 (including
the Russian group of viruses), PRRSV-1-2 and PRRSV-1-3
differ significantly in pathogenicity. Today, PRRSV-1 is
a group of genetically diverse isolates from Eastern Europe,
Belarus and Russia [33, 34].

The quantitative assessment confirmed that the disease
caused by genotype 1 virus can be controlled with vac-
cines, but they provide only partial protection [11]. Vac-
cination constrains the dynamics of PRRSV transmission
in the population and, according to some sources [12, 13],
PRRS basic reproduction ratio within vaccinated herds
is R, < 1 [from 0.3 (0.05-0.96) to 0.53 (0.19-0.76)], which
means that the epizootic will eventually die out. On the
other hand, some findings show that despite an almost
two-fold decrease in mean R, values in the groups of vac-
cinated piglets, R, confidence intervals for vaccinated

(2.43-39.7) and non-vaccinated (5.93-32.3) animals
vary with significant overlap [35], which requires fur-
ther research. In non-vaccinated endemic/seropositive
populations within farms, R ranges from 3.3 (2.9-4.3) to
7.1 (3.5-10.6) [10, 11]. The differences in R  values are ex-
plained by many factors, including the genetic difference
between the vaccine strain and the challenge strain, the
environmental/farm conditions (quality of segregation/
ventilation) under which pigs are kept, and the difference
in strains, to which pigs are adapted on farms.

Despite the absence of the federal target/sectoral
programme for PRRS, the existing tools such as the com-
partmentalization of pig farms adopted in the country,
the regionalization of the Russian Federation territory
for contagious diseases and the current Veterinary Rules
concerning PRRS (Order of the Ministry of Agriculture of
the Russian Federation No. 625 of 26 October 2020°) are in
line with contemporary understanding of PRRS in pig in-
dustry and aimed at maintaining PRRS freedom, including
through the application of vaccines, and surveillance using
diagnostic methods that take into account the vaccination
status and allow for strain differentiation (paragraphs 8, 18
and 38 of the Veterinary Rules concerning PRRS). Accord-
ing to the WOAH recommendations (Article 15.3.3 [36]),
a country or a farm is considered to be free from PRRS
only when no vaccination against PRRS is practised, irre-
spective of the diagnostic capabilities of PRRS surveillance
currently in place in the country.

The epizootiology of PRRS is far from being fully under-
stood, but the available knowledge is sufficient to identify,
at least qualitatively, the main sources of the infection on
the farm, as well as to detect the main mechanisms of the
virus transmission within the farm.The share of each trans-
mission route in the virus introduction in different epizoo-
tiological scenarios is still unknown. The eradication of
PRRS virus in the pig production systems is a difficult prac-
tical task, not just for an individual farm, and in most cases
this process covers considerable administrative territories
and involves all economic entities/farms [27].

PRRS eradication is a developed set of managerial solu-
tions, including, as a rule, vaccination at the first stages.
A combination of strict compliance with biosecurity mea-
sures and well-designed vaccination programmes can be
useful for PRRS control at both the establishment and re-
gional levels [11], which can be recommended.

Classical swine fever. CSF remains one of the most
significant transboundary viral diseases of pigs worldwide
and is taken into consideration when setting up surveil-
lance, vaccination and biosecurity systems for farms. The
basic reproduction ratio (R ) for CSF virus, although vary-
ing across pig groups and establishments, always remains
high: for weaner pigs between-pen R and within-pen R,
are 7.77 (4.68-12.9) and 100 (54.4-186), respectively, and
for adult (slaughter) pigs they are 3.39 (1.54-7.45) and
15.5 (6.20-38.7), respectively [14].

CSF eradication on individual farms located in the CSF
infected region/the region where vaccination is practised
is an extremely costly policy, which cannot eliminate CSF
risk for the region. CSF eradication in the pig production
systems of the countries has historically included, asarule,
the depopulation of pigs across the entire regions, the im-
plementation of zoning with progressive CSF eradication

° https://base.garant.ru/74832093/?ysclid=1z81jjcega297725170 (in Russ.)
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in the zones and only then gaining the official CSF free
status recognized by the WOAH. After the introduction
of strict control measures, several countries have ma-
naged to eradicate CSF; nevertheless, CSF is present, at
least sporadically, in most regions of the world with con-
siderable pig production. Due to the proven effectiveness
of vaccines currently used in the world against the circu-
lating strains of CSF virus, immunization remains the main
measure for pig death prevention [37].

The importance of compliance with the basic protective
measures against CSF (control of animal and feed introduc-
tion, control of vaccination and immune status of animals,
tracing of pigs, etc.), regardless of the reliability and quality
of the vaccines used, is confirmed by the results of anal-
ysis of data from the surveillance implemented recently
in various countries. The surveillance results for the period
from 2014 to 2020 showed that in Ecuador, the risk factors
that most strongly influenced the odds of CSF occurrence
were swill feeding (odds ratio OR 8.53), time until detection
(OR 2.44), introduction of new pigs (OR 2.01) and lack of
vaccination (OR 1.82). The spatiotemporal model showed
that vaccination reduces the risk of CSF spread by 33%. The
complexity of CSF control programmes and the importance
of improving the surveillance system were highlighted [38].
In 2019, in Laos, the system for porcine disease (brucellosis,
PRRS and CSF) surveillance at the slaughterhouses using
serological methods did not allow for the differentiation
between seropositive vaccinated and infected pigs, which
confirmed the need for animal tracing as the basis for
surveillance programme implementation in the absence
of DIVA strategy [39]. The problems related to the imper-
fection of diagnostic tests and sampling applied for CSF
surveillance in the Russian Federation are also reported,
and in this regard the usefulness of implementing both
DIVA strategy and appropriate evaluation of vaccination
programmes is underlined [37, 40]. It is most advisable that
the biosecurity systems of the establishments should be
based on the effective surveillance of CSF virus and animal
immune status in the production flow.

No CSF cases have been reported in domestic pigs in
the Russian Federation since 2015. The country practises
routine vaccine prevention in domestic pigs [2]. According
to data from the Cerberus Information System as of 1 Janu-
ary 2024, the Vladimir Oblast is declared to be CSF free
with vaccination and the Chukotka Autonomous Okrug
is declared to be CSF free without vaccination. All other
regions of the Russian Federation have no official CSF free
status (the status is undefined). Today, the vaccine reli-
ably protects pigs against clinical CSF, and considerable
vaccination coverage over the past 5 years contributes to
the absence of outbreaks on the farms. Despite vaccina-
tion, the risk of latent circulation of the virus in the popu-
lation remains high.

The main recommendations for CSF risk management
at the establishments where vaccination is practised are
as follows: 1) the origin and movement of feeds, animals,
vehicles and other objects, rodents, birds and persons en-
tering the territory of a pig production system and having
contact with pigs and fomites should be controlled by the
biosecurity system of the establishment; 2) the control of
vaccination effectiveness (tests forimmunity level) and tar-
geted monitoring for early detection of possible CSF virus
circulation in theimmunized animals at the establishments
should be an integral part of the surveillance system.

CONCLUSION

The method applied to analyse the expert estimates in
the situational analysis allows for rapid assessment and in-
terpretation of the situation with identification of priority
diseases to be further addressed.

The overall risk for the pig industry in the Russian Fe-
deration that is associated with external sources is cur-
rently characterized as permanently high. At present, Af-
rican swine fever is the absolute priority in terms of threat
significance for the pig industry. Kendall’s coefficient of
concordance W=0.61 demonstrates the sufficient degree
of agreement among the experts, and the calculated chi-
squared statistic y*=51.33 (= 21.02607) indicates that the
concordance is not random and the results can be used
in subsequent studies. It is recommended that biosecu-
rity measures against external threats should focus on
diseases such as African swine fever (A = 0.52), porcine re-
productive and respiratory syndrome (A = 0.07), classical
swine fever (A = 0.068) and infections considered emerging
for the Russian Federation (A = 0.05), which require the
adoption and maintenance of risk management measures
by both the pig establishments and the State Veterinary
Service. The biosecurity systems of the establishments
should equally address other assessed external threats
significant for the pig industry of the Russian Federation:
swine enzootic pneumonia, porcine pleuropneumo-
nia (Actinobacillus pleuropneumoniae), Aujeszky’s disease,
streptococcosis (S. suis), porcine circovirus infection, foot-
and-mouth disease, leptospirosis, transmissible gastro-
enteritis, cysticercosis (A = 0.02...0.05). The specificities of
the epizootiology of the pathogens may underlie gaps in
the existing measures; therefore, the measures should be
subject to regular re-assessment and adjustment within
the biosecurity systems.

The improvement of the governmental policy for the
eradication of African swine fever, porcine reproductive
and respiratory syndrome, classical swine fever (including
the substantial modification of the existing official pig
turnover control, zoning, diagnosis and prevention quali-
ty, as well as the implementation of biosecurity standards)
is the most significant factor, without which the disease
eradication perspective is questionable, including given
the continuing internal risk of pathogen persistence in the
pig population of the Russian Federation or of a particular
farm, which is constrained by vaccination that protects
against the development of clinical signs. Any weaken-
ing / failure of vaccination regimens is likely to result in
outbreaks and spread of infection.

At present, there are no consolidated requirements/
rules for the biosecurity of the pig establishments. There
is also no consolidated standard that establishes biose-
curity requirements for production processes at the pig
establishments. To a great extent, certain provisions of the
current rules concerning diseases partly address the biose-
curity of the establishments, which is aimed at preventing
animal diseases, and are complemented by the existing
requirements for compartmentalization, current rules for
keeping pigs at the establishments and veterinary and
sanitary requirements for livestock facilities. Excessiveness
in the existing rules of requirements and standards rela-
ted to the biosecurity of the establishments, in the light of
their target orientation, cannot be confirmed, nor can their
effectiveness and sufficiency for the biosecurity systems of
the establishments be attested, especially in the absence
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of mandatory requirements for the biosecurity systems of
the pig establishments.
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Biochemical blood parameters
in platinum fox females and males in ontogenesis
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ABSTRACT

Currently, veterinarians pay much attention to the diagnostic examination of animals, including animals kept on fur farms. Blood is the main material used for
such examinations. Changes in its composition allows veterinary practitioners to identify disorders in various systems and organs of animals, as well as to assess
metabolism in animals. Results of biochemical tests of serum samples from platinum fox males and females of different age groups and comparative assessment
thereof are presented. The levels of aspartate aminotransferase (U/L), alanine aminotransferase (U/L), alkaline phosphatase (U/L), total protein (g/L), albumin (g/L),
urea (mmol/L), creatinine (umol/L), a-amylase (U/L), cholesterol (umol/L) were determined. Aspartate aminotransferase levels in females at the age of 6 months
were lower by 69% than that ones in males. Increase in aspartate aminotransferase by the age of 6 months helps animals to accumulate body weight before win-
ter. Sexual differences in the alkaline phosphatase levels were detected in 1.5-month-old kits: alkaline phosphatase levels were higher by 21.05% in males than
in females. By the age of 6 months, the alkaline phosphatase levels decreased in both males and females. The decline in alkaline phosphatase level with the age is
associated with participation of this enzyme in the development of animal skeleton during ontogenesis. From the age of 4 months, the growth and development
of the skeleton slows down, and by the age of 6 months the animals gain the size and body weight of adult animals. Urea and creatinine levels in foxes of both
sexes increased during their growth, but remained within the reference limits. Changes in urea levels in blood can be caused by feeding excessively high-protein
or excessively low-protein diets. The total protein content in sera from 4 month-old males and females decreased by 32.51 and 43.24%, respectively, compared
with that one in sera from animals at the age of 1.5 months, and increased at the age of 6 months up to the level observed at the age of 4 months. According to
the literature, rather rapid stabilization of protein metabolism is a biological feature of many mammals born in spring, their growth rate is accelerated and, in
general, the maturity phase is shortened.
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bruoxummnueckne nokasarenu KPOBU'Y CAMOK
N CaMLIOB TNCUL, NNTIaTUHOBOTO OKPACd B OHTOreHe3e

. I OkynoBa’, 10. A. bepesuna’, A. C. Ciotkuna', 0. A. Mnothukos', 0. 10. becnatbix™ 2, U. A. flomckuit’

T QOIBHY «Bcepoccuiickuii HayuHO-McCNefOBATENbCKUI MHCTUTYT OXOTHUUBETO X03AIACTBA 1 3BepOBOACTBA M. Npodeccopa b. M. Mutkosa»
(OTBHY BHUMO3 nm. npod. b. M. Mutkosa), yn. Mpeobpaxetckas, 79, 1. Kupos, 610020, Poccus

20rb0Y BO «Barckuit rocypapcTBeHHblit yuusepcutet» (BatTY), yn. MockoBckas, 36, 1. Kupos, 610000, Poccus

PE3IOME

B HacToAwWwee BpemA BeTepUHApHbIe CNeLnanucTbl yAenanT MHOr0 BHUMaHNA AUAarHOCTUYeCKomMy 00C/1e,0BaHMNI0 XKUBOTHBIX, B TOM UMCNe B nyLIHOM 3B€POBOA-
cTBe. OCHOBHbIM matepuanom Ana Takux 06cne10BaHNii ABNAETCA KpOBb. /13meHeHue ee cocTaBa no3BonAeT Bpayam-npakTUKam BblABUTb HapyLIEHNA B pa60Te
Pa3INYHbIX CUCTEM U OPraHOB XNBOTHDIX, a TAKXKE OLEHUTb meTtabonnam. B NpeACTaB/IEHHbIX MaTepuranax 0TpaXeHbl pe3ynbratbl 6OrOXUMINYECKNX UCCNeI0BaHMI
CbIBOPOTKM KPOBU CAMOK 1 CAamML0B JIUCULL NJIATUHOBOIO LiBETOBOTO TIMA Pa3HbIX BO3PACTHBIX TPYNN, NPOBEAEHA UX CPaBHUTENbHAA XapaKTepUCTUKa. OI'IPEAEHFU'IVI
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YPOBeHb acnaptatamuHoTpaHchepasbl (E/n), ananuHamuHoTpancdepasbl (E/n), wenouwoit pocdatasbl (E/n), obwiero benka (r/n), anbbymuna (r/n), mouesu-
Hbl (MMO7Ib/), KpeaTuHuHa (MKmonb/n), a-amunasbl (E/n), xonectepuxa (Mkmonb/n). Mokasateny acnapTataMmHoTpaHcdepasbl y camok B Bo3pacte 6 mec. bbinm
HIDKe, YeM y CamLIoB, Ha 69%. YBennueHve acnaptaTamMuHoTpaHcdepasbl K 6-MecAuHOMY BO3ACTy CNocobCTBYET HaKOMEHINI0 MacChl Tena B Nepuog NoAroToBKM
3Bepeii K 3ume. Y 1,5-MeCAUHDIX LLIEHKOB BbIABNEHDI MONOBbIE Pa3NNuNA B YPOBHE aKTUBHOCTM LLENOYHOI Gocdatasbl: Y (aMLOB JaHHbIN NOKa3aTenb BbiLle,
yem y camok, Ha 21,05%. K 6-mecauHoMy BO3pacTy ypoBeHb LLenouHoil Gocdatasbl NOHMMKANCA KaK Y CAMLIOB, Tak U Yy cAMOK. CHIDKeHIe aKTUBHOCTY LLE0YHON
dochaTasbl CBO3pacTOM XMBOTHbIX 00YCIOBNEHO yuacTeM dpepmeHTa B GOPMUPOBAHIY CKeNeTa B NpoLiecce OHTOreHeTUueckoro passutua. C 4-MecAYHOro Bo3-
pacTa pocT v pa3BuTMe CKeneTa 3amefAeTCA, a K 6 Mec. 38epy NpuobpeTaioT pasmepbl i Maccy Tena B3poCbIX XUBOTHbIX. [oKa3aTenin MoueBIHbI M KpeaTnHIHa
y ucnL 0601X NONOB B MPOLIECCE POCTa XKUBOTHBIX YBENMUNBANICD, HO OCTABaNUCh B Npeaenax pedepeHTHbIX rpaHuL. M3meHeH1e KonuyecTBa MOYEBMHbI B KPOBY
MOXeT HabnioaaTbCA Npu NOTpebaeHN KopMa Co CIULLKOM MasbiM UK upe3mepHo 6onbLuim KonuuecTBom benka. Copepxatue obLuero 6enka B cbiBopoTke
KPOBY y CAMLLOB 11 CAMOK B Bo3pacTe 4 Mec. cHu3unocb Ha 32,51 1 43,24% cooTBETCTBEHHO MO CPABHEHMIO CO 3HaueHUAMM B 1,5 Mec., a B Bo3pacTe 6 Mec. no-
Ka3aTeNn CHoBa NOAHANMC 10 YpoBHA 4 Mec. o nuTepaTypHbIM AaHHbIM, OTHOCUTENbHO BbicTpan cTabunu3auua 6enkosoro 0bmeHa ABAAETCA 61onornyeckoi
0C06eHHOCTbI0, XapaKTepHOIA ANA MHOTX MNEKONWUTAIOLLNX, POX/EHHbIX BECHOIA, Y HUX YCKOPeH TeMN pocTa 1 B 061Lem cokpaLLieHa Ga3a AOCTIKEHNA 3penocTu.

KntoueBbie cnioBa: MCLbI MNATUHOBOTO 0KPAca, LUeNoyHas Gocharasa, XonecTepuH, amMuaa, MOYEBMHA, KPEaTUHIH, anbOYMUHDI, acnapTaTaMUHOTPaHC-
depasa, anaHuHamMnHoTpaHchepasa

bnaropapHocTu: Pabota BbinonHeHa 3a cuet cpeacts OF6HY BHUWMO3 um. npod. b. M. XuTkoBa B pamkax TeMaTuKi HayuHO-UCCNeL0BaTENbCKUX PaboT
«/13yueHne mophoduzmonornueckix nokasateneii nyLUHbIX 38epeit 1 ANKIX KUBOTHBIX C LIENbH CO3LAHIA CUCTEMbI MOHUTOPUHTA 33 UX COCTOAHUEM B NpoLiecce
OHTOTEHe3a 1 pa3paboTKy afanTUBHbIX TEXHONOMYIA X MPOMBILLAEHHOTO 1 BONbepHOro passefeHna» (FNWS-2022-0002). ABTopbl npusHaTenbHbl AUpeKTopy
3BepoBOAYecKoro nnemenHoro xo3aiictea 000 «BATKA» Cnobogckoro paitoHa Kupockoii o6nactin (ukoBoii BaneHTuHe HukonaesHe v rnagHoMy BeTepuHapHOMY
Bpauy npeanpuaTa Todakosy Cepreio Hukonaesuyy 3a nomoLub B NpoBeSeH!N UCCE[0BAHMIA.

[Nina untuposanua: Okynosa 1. ., bepesnna 0. A., Clotkuna A. C., Ninothmkos I. A., Becnatbix 0. 0., Jomckuii U. A. broxumnyeckne nokasatenu KpoBi y camok
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KoHnukT MHTepecoB: ABTOPbI 32BN 00 OTCYTCTBUYN KOHGNMKTA UHTEPECOB.

[ina koppecnonpenyum: Okynoa Mpanaa IBaHoBHa, KaHA. BET. HayK, AOLIEHT, CTapLLMiA HaYUHBIii COTPYAHIK NabopaTOpUM BETepUHAPHN OTAENA 3BePOBOACTBA,

OTBHY BHUWO3 um. npog. b. M. XuTkoBa, yn. lpeobpaxerckas, 79, . Kupos, 610020, Poccus, okulova_i@mail.ru

INTRODUCTION

The analysis of biochemical blood parameters allows
us to identify changes in animal and human organisms, as
well as to assess the specificity of changes characteristic of
a certain pathology.

Despite numerous and long-term studies, blood com-
position remains understudied, especially its changes
depending on the sex and age of fur animals. This could
be accounted for different blood sample collection pro-
cedures and different methods used for blood testing [1].

Analysis of scientific and methodological literature
shows that the main publications were made 40-60 years
ago, and during this, albeit seemingly short, time, there
have been quite noticeable changes: adaptation of fur
animals to cage rearing conditions has continued, the
fur animal dietary pattern has deteriorated resulting in
blood composition changes. Therefore, even the refe-
rence values should be reviewed every 10-15 years. The
transaminase levels change first [2]. It should be noted
that different methods use different units of blood pa-
rameter measurement that hampers comparison of re-
sults from tests carried out in different years, especially
with a difference of 40-60 years. Fur animal blood tests
are described mainly in V. A. Berestov’s monographs
published more than half a century ago [3, 4]. These
monographs are rare and it is difficult to find them in
libraries. Therefore, V. A. Berestov’s monograph on fur ani-
mal clinical biochemistry was republished 20 years ago,
but it contained old data without their clarifications and
changes [5].

Biochemical reactions in the body are closely interre-
lated, metabolic reactions are highly coordinated. Taking
into account various biological functions of blood, study
of blood biochemical parameters in ontogenesis is of cur-
rent importance. So, the study was aimed at testing of
sera from platinum foxes for biochemical parameters in
ontogenesis.

MATERIAL AND METHODS

Platinum foxes kept on OO0 “Vyatka” fur animal breed-
ing farm located in the Kirov Oblast were used for testing.
Blood samples were collected from 10 fox females and
10 fox males at the age of 1.5; 4 and 6 months. The foxes
were fed a diet generally used on this fur farm.

The tests were carried out at the Veterinary Laboratory
of the Professor Zhitkov Federal State Budgetary Russian
Research Institute of Game Management and Fur Farm-
ing. Blood samples for biochemical tests were collected
from the lateral subcutaneous vein of the lower part of
a fox leg into a special tube containing a clot activator
before morning feeding of the foxes. Then, sera prepared
by centrifugation at 2,000 rpm for 15 minutes. The levels
of aspartate aminotransferase (AST, U/L), alanine amino-
transferase (ALT, U/L), alkaline phosphatase (U/L), total pro-
tein (g/L), albumin (g/L), urea (mmol/L), creatinine (umol/L),
a-amylase (U/L), cholesterol (umol/L) were determined
using the semi-automatic BiochimSA analyzer (USA) and
commercial test-kits.

The results were processed using the licensed
MS Excel (Office 2019) IBM SPSS Statistics 26 software.
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Mann - Whitney U-test, non-parametric statistical test,
was used for each group to assess the homogeneity of
the groups and the reliability of the differences in means
between the groups. Differences between the compared
groups were considered statistically significant at p < 0.05.
The data were summarized in terms of mean (M), standard
error of the mean (m) [6].

The works were performed in compliance with the in-
ternational principles laid down in the Declaration of Hel-
sinki for Animals (Declaration of Helsinki, 2013), Directive
2010/63/EC of the European Parliament and of the Council
of the European Union on the protection of animals used
for scientific purposes as well as in accordance with the
Rules for experimental animal handling (Annex to Order
of the Ministry of Health of the USSR No. 755 of 12 Au-
gust 1977) and methodological guidelines for conduct-
ing scientific and field experiments on feeding of fur ani-
mals [7, 8, 9].

RESULTS AND DISCUSSION

Biochemical tests of sera for AST and a-amylase showed
that there was no difference in AST and a-amylase levels
between fox females and fox males at the ages of 1.5,
4 and 6 months. AST levels in fox females at the age of
6 months increased by 5.25% as compared to that ones
in fox females at the age of 1.5 months (p < 0.05). In fox
males, AST levels decreased by 13.68% by the age of
6 months (p < 0.05).

ALT levels in fox females determined at the age
of 1.5 months were 37.28% higher than in fox females at
the age of 4 months (p < 0.05). In fox males at the age
of 1.5 months ALT level was 37.57% higher than in fox
males at the age of 4 months (p < 0.05). AST/ALT ratio,
known as De Ritis ratio, varies from 0.9 to 1.73 U/L in
healthy animals [10]. The AST/ALT ratio in foxes of diffe-
rent sexes at the age of 1.5 months was the same, and
in fox females at the age of 4 months was 31.58% higher

Table 1
Biochemical blood parameters in platinum fox females and fox males during postnatal ontogenesis

Age of fox females and fox males

Parameters 1.5 months

than in fox females at the age of 1.5 months, but at the age
of 6 months the AST/ALT ratio became similar to that one
at the age of 1.5 months (Table 1).

The AST/ALT ratio increased by 53.13% (p < 0.05) in fox
males at the age of 6 months, as compared to that one
in fox males at the age of 4 months. Berezina Yu. A. et al.
studied ALT and AST activities in silver-black foxes in post-
natal ontogenesis. The ALT level increased more than AST
level in foxes throughout the studied period of the fox
life. It should be noted that the enzyme activity in fox fe-
males was lower than in fox males. ALT and AST levels in
blood increased during fox ontogenesis, and the highest
AST and ALT levels were detected in adult foxes. Thus, ALT
level increased by 27% (p < 0.01) and by 34% (p < 0.05)
in adult fox females and adult fox males, respectively, as
compared to that ones in 2 months-old kits as well as AST
level increased by 16 and 26% (p < 0.01), respectively,
according to literature data [11]. The AST level became
12.04% lower in platinum fox males at the age of 6 months
than in the animals at the age of 1.5 months that was not
reliable. The maximum transaminase content observed
in fur animals in autumn (6 months of age), during the
preparation for the cold season, contributed to an active
increase in body weight in animals that also correlated to
the results of other studies [12, 13]. ALT (cytoplasmic en-
zyme) activity increases in case of mild hepatocyte injury,
and AST (mitochondrial enzyme) activity increases in case
of significant hepatocyte injury [14, 15].

Tests for alkaline phosphatase showed that the alka-
line phosphatase level was 33.65% higher in fox females
at the age of 1.5 months than in animals at the age
of 4 months and 2 times higher than in foxes at the age
of 6 months (p < 0.05). The alkaline phosphatase activi-
ty decreases with age of animals, since the enzyme is in-
volved in bone calcification reducing with the age. Fur
animals grow rapidly, so they acquire the size and weight
of adult animals by the age of 6 months [10, 16]. The age

4 months 6 months

AST, U/L #39.18 +2.00 38.80 £3.05** 37.73£1.06 3450+ 0.74 14124 +1.97% 3413+1.35
ALT, U/L 68.16 £2.53* | B73.64£11.17* | 49.65+2.23 853.53+£2.90 69.98 + 8.47 70.78 £7.91
De Ritis ratio (AST/ALT), U/L 0.57 0.52 0.75 0.64 0.58 0.98
Alkaline phosphatase, U/L M12.78£7.55% | “136.52£8.42%%* | 17483 +7.45 | ©100.70 £ 6.53*** | A55.94+2.93 (64.65 + 2.89
Urea, mmol/L 452+0.16 4.04+0.64 3.93+0.40 3.85+£0.53 538+0.59 5.80 + 0.42%*
(reatinine, pmol/L 38.94+4.17 4774544 68.40 £ 1.47%* 71.65£3.57* 77.14 +1.26* 62.85 +7.68
Total protein, g/L 88.71+3.36* 83.72 +2.88** 50.35+2.26 56.50 £2.82 83.24£3.14 84.55+13.13
Albumin, g/L 43.00£1.59 42.34 + 0.64** 39.05+£1.33 39.05£0.81 3832143 42.98+2.10
Cholesterol, pmol/L 7.21£0.47 5.84+0.18 6.67£0.77 6.06£0.09 6.00 £0.41 5.98+0.63
a-amylase, U/L 53438 +43.59 569.42 +48.59 563.25+24.12 651.83 +36.52 619.38+£18.79 | 600.80 +35.47

*p <0.05—between ¢ at the age of 1.5 and 4 months; ** p < 0.05 — between & at the age of 1.5 and 4 months;

A*p <0.05 - between @ at the age of 1.5 and 6 months; 8 ** p < 0.05 — between & at the age of 1.5 and 6 months;

€% p < 0.05—between @ and 3 at the age of 4 months.
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of the animals is directly proportional to the alkaline phos-
phatase level. Sex differences in the alkaline phosphatase
level were found in 1.5-month-old kits. It was higher
by 21.05% (p < 0.05) in fox males than in fox females. By
the age of 6 months, the alkaline phosphatase level be-
came similar in fox females and fox males.

Urea level increased by 19.03 and 43.56% (p < 0.05)
in fox females and fox males, respectively, during their
growth but remained within the reference limits (Table 2).
Urea is synthesized in the liver, travels with blood to
the kidneys, then, it is filtered through the vascular glome-
rulus and excreted in the urine. Urea plays an osmotically
active role in the body. Urea accumulation facilitates
edema development in parenchymal organs (lungs, li-
ver, kidneys, pancreas, spleen, thyroid gland), central
nervous system, myocardium, subcutaneous tissue. Tests
for urea are important since it contributes to about half of
the total residual nitrogen as liver converts ammonia into
urea, being the final product for protein metabolism. It
should also be noted that nitrogen deficiency significant-
ly increases urea reabsorption in the kidneys. Changes in
urea levels (decrease or increase) in animal blood can be
caused by feeding excessively high-protein or excessively
low-protein diets. It is known that the urea level in dogs
fed with dry food is about 1.7 times lower than in dogs fed
with canned meat [17, 18].

Tests for creatinine showed that its level increased
by 75.65% (p < 0.05) and by 62.65% (p < 0.05) in fox
females and in fox males at the age of 4 months, re-
spectively, as well as by 98.1% (p < 0.05) and by 31.65%
(p < 0.05) in fox females and in fox males at the age
of 6 months, respectively, as compared to creatinine
levelsin 1.5-month-old animals. Serum creatinine is the
most widely used functional biomarker of kidney func-
tion. Its concentration is quite stable and mainly de-
pends on the total muscle mass. Creatine is synthesized
in the liver from guanidine acetic acid, released into
the blood stream and travels to the muscle cells where
it is phosphorylated and transformed into phosphocre-
atine to be taken up to produce the energy required

Table 2
Reference limits for biochemical blood parameters in platinum fox females and fox males in ontogenesis

Age of fox females and males

for muscle contractions. Dehydrated creatinine, being
a non-threshold substance, is excreted in the urine.
The creatinine level in the blood mainly correlates with
the muscle mass and the kidney excretory ability. In case
of chronic renal failure, an increase in creatinine level
in the blood is accompanied by an increase in the con-
centration of other residual nitrogen components and,
first of all, urea. A similar pattern is observed in case of
urinary tract blockage [19, 201].

Protein including its fractions (albumin and globulins
of several types) at a certain quantitative and structural
ratio is one of the major components of the blood. Pro-
teins play an important role in maintaining the colloidal
osmotic pressure of the blood plasma. The circulating
blood volume remains constant and the formed ele-
ments remains suspended owing to the protein ability
to drag and retain water. In platinum fur animals the total
protein content in sera from 4-month-old fox males and
fox females were by 32.51 and 43.24 % (p < 0.05) lower,
respectively, as compared with that one in sera from ani-
mals at the age of 1.5 months, and increased at the age of
6 months up to the level observed at the age of 4 months.
According to some researchers [21], protein metabolism
in mammals born in the spring season is relatively fas-
ter stabilized, that is a biological feature of such animals.
Such animals grow faster and reach their maturity within
a shortened period.

Tests for albumin levels showed no significant diffe-
rence in both fox females and fox males of different age
groups. Albumin is a homogeneous plasma protein con-
taining a small amount of carbohydrates. Albumen is
the most important fraction and amounts for more than
40-60% of the total serum protein. In domestic animals,
albumin accounts for 35 to 50% of the total serum pro-
tein. Albumin is the main protein maintaining intravascu-
lar colloidal osmotic pressure, that prevents plasma from
leaving capillaries [14, 18, 19]. In our case, albumin con-
centration in both fox females and fox males practically
remained unchanged (Table 1) showing no statistical
difference, the albumin levels were within the reference

Parameters
2 3 9 3 @ 3

min/max min/max min/max min/max min/max min/max
AST, U/L 31.50/47.00 28.80/45.30 35.00/39.70 33.50/36.70 36.00/45.30 30.90/36.40
ALT, U/L 60.20/78.80 36.10/106.20 44.10/53.60 47.40/61.30 42.80/84.20 57.60/90.10
Alkaline phosphatase, U/L 80.90/135.40 109.80/160.00 59.60/94.70 8.70/112.50 49.60/65.50 60.10/72.70
Urea, mmol/L 4.30/5.30 3.30/5.30 2.80/4.60 3.00/5.20 3.90/7.40 4.70/6.50
Creatinine, pmol/L 29.90/54.00 34.80/63.10 64.00/70.10 70.50/86.30 73.70/81.30 46.60/76.80
Total protein, g/L 72.30/93.90 76.20/93.50 47.10/56.70 51.90/63.80 75.30/92.30 54.80/118.30
Albumin, g/L 38.10/48.00 40.60/44.00 36.60/42.20 37.70/41.10 33.80/41.40 36.90/46.00
Cholesterol, pmol/L 5.49/8.95 5.44/6.46 5.31/8.39 5.85/6.22 5.00/7.10 5.10/7.80
a-amylase, U/L 417.00/717.40 459.30/703.00 521.30/631.80 554.90/731.70 571.70/672.50 522.20/680.80
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limits (Table 2). Changes in albumin concentration are
observed during fasting, chronic gastroenteritis, when
protein digestion and absorption are impaired, as well
as chronic liver diseases (hepatitis, hepatodystrophy, cir-
rhosis) [17].

Tests for cholesterol showed that its level decreased
by 7.49 and 16.78% in fox females at the age of 4 and
6 months, respectively, as compared to that one in fox
females at the age of 1.5 months. Cholesterol is the most
important structural component of cell membranes. It
participates in cell permeability regulation and protects
red blood cells from hemolytic toxins. Cholesterol is used
for synthesis of steroid hormones, vitamin D,, and bile
acids. Cholesterol is synthesized in all cells of the body
but cholesterol released in the blood stream is synthe-
sized in hepatocytes and small intestine cells. The liver
plays a key role in cholesterol synthesis and cholesterol
catabolism. Changes in cholesterol levels are characteris-
tic of such diseases and pathologies as hepatic disease
(hepatitis, bile duct obstruction), nephrotic syndrome,
hypothyroidism, chronic pancreatitis, obesity, vitamin de-
ficiency [20, 22, 23].

CONCLUSIONS

Thus, tests of fox female and fox male blood for bio-
chemical parameters in ontogenesis showed the following:

1. Alkaline phosphatase levels (U/L) were higher
by 21.05% in fox males than in fox females starting from
the age of 1.5 months. By the age of 6 months, the alka-
line phosphatase levels decreased in both fox males and
fox females. The decline in alkaline phosphatase level with
the age is accounted for its participation in the animal
skeleton development during ontogenesis. From the age
of 4 months the skeleton growth and development slow
down and by the age of 6 months the animals gain the size
and body weight of adult animals.

2. Urea and creatinine levels in foxes of both sexes in-
creased during the growth of animals, but remained within
the reference limits.

3. The total protein content in sera from 4-month-old
fox males and fox females decreased by 32.51 and 43.24%,
respectively, as compared to that one in sera from animals
at the age of 1.5 months. According to V. A. Afanasyev and
N. Sh. Pereldik [21], rather rapid protein metabolism sta-
bilization is a biological feature of many mammals born
in spring; such animals grow faster and reach their matu-
rity within a shortened period.
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First detection of recombinant variant
of African swine fever virus in the Russian Federation
(brief communication)
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ABSTRACT

As part of extensive molecular and genetic research into African swine fever virus isolates circulating in Russia, a recombinant variant with a mosaic genome structure
has been identified. The one that caused an outbreak on a pig farm in the Primorsky Krai, in 2023. The characterized strain ASFV/Primorsky_2023/DP-4560.Rec
demonstrates hemadsorption, active propagation in porcine primary macrophage cell culture, 99.9917% identity with the first recombinant isolates from the Peo-
ple’s Republic of China, recovered in 2021. Recombination sites included 79 open reading frames homologous to genotype Il isolates; 49 ones homologous to
genotype | and 12 mixed ones. Testing biomaterial from dead pigs in real-time polymerase chain reaction showed no changes in sensitivity or specificity, despite
significant genetic distinctions between the recombinant and genotype Il isolates that are enzootic to the Russian Federation. However, in 2023, D. Zhao et al.
reported on high virulence of the virus related variants as revealed by the challenge tests in domestic pigs. Given the accelerating rates of AFSV molecular evolution
in the East Asian countries (China, Vietnam and the Far Eastern regions of Russia), it is required to improve control measures, general and specific prevention, national
and international surveillance over the economically significant animal disease.

Keywords: African swine fever, recombinant variant, genotype |, genotype Il, the Primorsky Krai, the Far East
Acknowledgements: The study was funded by the Federal Centre for Animal Health within the research topic “Veterinary Welfare”.

For citation: Igolkin A. S., Chernyshev R. S., Zinyakov N. G., Morozova E. 0., Shotin A. R., Gruzdev K. N., Chvala I. A., Mazloum A. First detection of recombinant
variant of African swine fever virus in the Russian Federation (brief communication). Veterinary Science Today. 2024; 13 (3): 298—300. https://doi.org/10.29326/2304-
196X-2024-13-3-298-300

Conflict of interests: Igolkin A. S., Chvala |. A. are members of the editorial board, Gruzdev K. N. is the editor-in-chief of the “Veterinary Science Today” journal.
None of the authors were involved into decision making process related to the article publication. The authors declared no other conflicts of interests.

For correspondence: Alexey S. Igolkin, Cand. Sci. (Veterinary Medicine), Deputy Head of the Laboratory Diagnostic Center, Head of Reference Laboratory for African
Swine Fever, Federal Centre for Animal Health, Yur'evets, Vladimir 600901, Russia, igolkin_as@arriah.ru

YIIK 619:578.842.1:575.28(470)

[lepBoe BbIABNEHUE PEKOMOUHAHTHOO BapUaHTa
BUPYCa apPUKAHCKOM YyMbl CBUHEIA
B Poccuiickon Oeaepauum (KpaTkoe coodLeHue)

A. C. Uronkun', P. C. Yepubiwes', H.T. 3unsakos’, E. 0. Mopo3osa’, A. P. Wotuu', K. H. Tpy3paes’, U. A. YBana', A. Maznym?
TOIBY «QefepanbHblil LIEHTP 0XpaHbl 310poBbA XMBOTHBIX» (OTBY «BHUN3M»), mkp. 0pbesed, . Bnagumup, 600901, Poccus
2YHuBepcuTer wrata Jlyusuaa, 1. batoH-Pyx, LA 70803, CLLIA

PE3IOME

B pamKkax npoBesieHna KOMMANEKCHBIX MONeKYNAPHO-TEHETUYECKIX UCCNeA0BAHMI U30NATOB BUPYCa adpUKaHCKOIT YyMbl CBUHEIA, LUpKyanpylowwmnx B Poccum,
WAEHTUGULMPOBAH PeKOMOMHAHTHBIN BAPUAHT C MO3aNYHOIi CTPYKTYPOI reHoMa, BbI3BaBLLMIA BCbILLKY 3a00neBaHNA Ha TeppuTopum cBUHOKoMMNeKca Mpu-
mopckoro Kpad B 2023 r. OxapakTepu30BaHHblii wamm ASFV/Primorsky_2023/DP-4560.Rec 06napan GpeHomeHoM «remapcopOLuu», BbICOKOIt penpopyKLnoHHoi
AKTUBHOCTbIO B MEPBUYHBIX KyNbTypax KNeTok Makpoharos cauHeil, 99,9917%-it MAEHTUYHOCTHO C NEPBLIMI PEKOMOUHAHTHBIMI M30nATaMN U3 KuTaiickoil
HapogHoii Pecnybnukn, BbiaBneHHbIMU B 2021 1. CaifTbl pekOMOMHALMN BKK0YANN 79 OTKPbITbIX PAMOK CYMTbIBAHMA, TOMONOTMYHDBIX U30nATaM reHotuna |,
49 — reHoTuny | v 12 cmewwaHHbIx. MiccneoBaHine METOAO0M NONMMEPa3HOI LieMHOI peakLm B pexuMe peanbHoro BpemeHn b1uonornyeckoro matepuana, oto-
6OpaHHOr0 OT NaBLUMX CBUHEIA, He NOKA3a/0 U3MeHeHNA YyBCTBUTENbHOCTY 1 CELMOUUHOCTIA, HECMOTPA Ha 3HAUUTENbHbIE FeHeTYeCKIe Pa3NNYNA peKOMOUHAHTA
B CPaBHEHUN C u3onaTamu reouna Il, 3H300TuuHbIMK Ana Poccuiickoii egepauuu. OgHako D. Zhao et al. B 2023 1. coo6LLanoch 0 BbICOKOBUPYNEHTHDIX CBOICTBAX
POACTBEHHDIX BAPMAHTOB BIPYCa B OCTPbIX OMbITaX Ha AOMALLHIX CBIHBAX. B (BA3M C HapacTatoLLyumu TeMnamu MoneKynapHoi SBoNIoLMN BUPYCa adpuKaHCKoi

©lgolkin A. S., Chernyshev R. S., Zinyakov N. G., Morozova E. 0., Shotin A. R., Gruzdev K. N., Chvala l. A., Mazloum A., 2024
© Federal Centre for Animal Health, 2024
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uyMbl CBUHeiA B CTpaHax BoctouHoit A3um (Kutae, BbeTHame 1 JanbHEBOCTOUHBIX perinoHax Poccun) HeobXoaMMO YCoBEPLUEHCTBOBAHME Mep KOHTPONA, 0bLueit
1 Cnewnduyeckoil NpodUAKTUKN, BHYTPEHHEr0 1 UHTEPHALMOHANBHOTO Ha/30pa 33 SKOHOMUYECKY 3HAUUMON BONE3HDBIO KMBOTHBIX.

KnioueBble cnoBa: adpukaHckas uyma ceuHeil, pekombuHaHTHbIii BapuaH, | reHotun, Il reHotun, Mpumopckuii kpai, JanbHuii Boctok
bnaropgapHocTy: Pabota BbinonHeHa 3a cuet cpeacTB OIBY «BHUWU3X» B pamkax TeMaTuky HayuHo-Ucce0BaTENbCKIX paboT «BetepuHapHoe bnarononyune.
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In 2023, African swine fever situation (ASF) in Russia
was unfavourable. The ASF outbreaks were detected in
populations of wild boars and domestic pigs both in back-
yards and on commercial pig farms in a number of subjects
of the Russian Federation.

As part of the research project implemented by
the Federal Centre for Animal Health, ASF virus isolate
(ASFV/Primorsky_2023/DP-4560.Rec), recovered from
an outbreak reported on a commercial pig farm in the Pri-
morsky Krai (in May 2023; Settlement Pervomayskoye,
Raion Mikhailovsky), was subjected to a comprehensive
sequencing and phylogenetic analysis.

The obtained results were compared with the data
from the open sources describing isolates recovered
in 2018-2023 in the Primorsky Krai and other subjects of
the Russian Federation. As reference samples we used se-
quences of ASFV genotypes|and Il strains from the GenBank
international database (i.e. OURT 88/3 — No. AM712240.1
strain and Georgia 2007/1 - No. FR682468.2 strain, respec-
tively), as well as sequences of recombinant isolates (geno-
types | and Il) detected during ASF outbreaks in 2021-2022
in domestic pigs in the Provinces of Hainan, Inner Mongo-
lia and Jiangsu (China) [1].

During the research, we identified ASF virus that is able
to accumulate in porcine bone marrow cell culture at a ti-
ter of (8.2 £ 0.23) Ig HAD, /cm’®, demonstrating the phe-
nomenon of hemadsorption.

Genome-wide sequencing of ASFV/Primorsky_2023/
DP-4560.Rec and ASFV/Pig/Jiangsu/LG_China/2021 (re-
combinant variant registered in China in 2021) isolates
demonstrated 99.9917% homology (Fig. 1).

Results of the genome-wide comparison of phyloge-
netic trees given in Figure 2 clearly demonstrate corre-
spondence of the studied virus from the Primorsky Krai
to a separate clade of recombinant isolates from Chi-
na (2021-2022).

Start (0} (88 580) Ascl

Formation of the recombination sites (79 open read-
ing frames (ORF) belong to genotype Il, 49 to genotype |,
12 are mixed) in the genome of ASFV/Primorsky_2023/
DP-4560.Rec strain are shown in Figure 3.

The recombinant variant described by D. Zhao et al.
in 2023 was characterized as highly virulent for domestic
pigs [1]. It was also reported that pilot ASF vaccines manu-
factured from HLJ/18-7GD strain (developed by Harbin
Veterinary Research Institute), protect from virulent geno-
type Il virus but do not protect pigs from infection with
the recombinant variant [2].

In 2023, the recombinant virus variant, similar to
the previous ones, was detected in the northern provin-
ces of Vietnam [3].

Currently, the Federal Centre for Animal Health
researchers are studying biological properties
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Fig. 2. Phylogenetic tree of ASFV/Primorsky_2023/DP-4560.Rec (®) and

other ASF virus strains
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Fig. 1. Genome-wide map showing correspondence of sequences between ASF isolates ASFV/Primorsky_2023/DP-4560.Rec and ASFV/Pig/
Jiangsu/LG_China/2021 (blue color shows homology between the sequences)
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Fig. 3. Map of the annotated ORFs in ASFV/Primorsky_2023/DP-4560.Rec strain (ORFs with a high percentage of identity
to genotype Il sequence are given in purple; ORFs similar to genotype | are given in green; genes having sequence identical
with genotype Il, but mutations identical to genotype | are given in orange)

of ASFV/Primorsky_2023/DP-4560.Rec isolate, testing its

properties in susceptible animals as well. Primary data sug-
gest that the genome changes do not affect sensitivity and

specificity of real-time polymerase chain reaction, which is

widely used to diagnose the disease. The results of further
and ongoing experiments will be reported additionally.

CONCLUSION

The data obtained re-confirm ASF transboundary na-
ture, demonstrate vulnerability of the global pig industry
and set up new requirements for vaccines being deve-
loped against this disease.
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