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Abstract

Introduction. Notocotylidoses are fairly widespread in Russia dixenous trematode diseases of birds and some mammals
caused by the members of the family Notocotylidae, which parasitize in the intestines. Although the Perm Territory con-
ditions (hydrological situation, prevalence of susceptible hosts) are apt to the increase of the population of this trematode
species, the epizootic situation for this trematode in the region remains unstudied. The aim of the article is to investigate
the prevalence of trematodes of the family Notocotylidae in the Perm Territory.

Materials and Methods. The objects of the study were freshwater gastropods (n=340), cadavers of wild waterfowl (n=16)
and samples of mallards’ droppings from the places of their aggregations (n=139) collected in the Perm Territory during
the warm seasons of 2024 and 2025. The research was carried out at Perm State Agro-Technological University named
after Academician D.N. Pryanishnikov in compliance with the standard techniques: using microscopy compressor; partial
helminthological dissections; sequential washings of droppings; standard histological examination of tissues of infested
mollusks and ducks.

Results. A single Anisus vortex specimen from the Motovilikha Pond (Perm) was found to be infested with cercaria of
Notocotylus sp. Also, marita of N. attenuatus was found in the intestines of a Clangula hyemalis. In the histological
samples of the infested mollusk, edema, friable tissues, mucin hypersecretion were revealed, and single cercariae were
isolated. Also, the exposure of bird’s intestines to N. attenuatus resulted in chronic condition manifested in edema and
degenerative changes in the tissues, as well as the development of the macrophage response in the lymph nodes.
Discussion and Conclusion. The presence of larval notocotylids in the Perm Territory did not confirm having a natural
focus of avian notocotylidosis there. In this case, mammals are likely to be the definitive hosts. Marita of N. attenuatus
was detected in a migratory species, in the long-tailed duck, which might have been infested in its wintering or nesting
areas.

Keywords: notocotylids, Notocotylidae, trematodes, prevalence, birds, mollusks, histological changes, Perm Territory
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(Tuaposorys, pacupoCTPaHEHHOCTh BOCIIPUUMYHUBBIX X035€B), JTN300THYECKAs CUTYyaIHs 110 HUM B PETHOHE Ha JJaHHBINA
MOMEHT OCTaeTcsl Hen3y4eHHOH. Llernb craTbu — nccie1oBaTh paclpoCTPaHeHHOCTh TpeMaTon cemeiicTBa Notocotylidae
Ha Tepputopuu [lepMckoro kpas.

Mamepuanst u memoovi. OGBEKTOM HCCIEAOBAHUS CTAIH HPECHOBOJIHBIE OproXoHOTrHE MOTIOCKH (n=340), Tpymsl
IUKUX BOJAOIUIABAIOMIKX IITUI (n=16) 1 MpoOBI TOMETA U3 MECT CKOIIICHUH KPsKB (n=139), coOpaHHBIE Ha TEPPUTOPUHU
Ilepmckoro xpas B Temmsld cezoH 2024 u 2025 1r. UccnemoBamms ocymectBistmmck B [IIATY  wmMenn
J.H. IIpsHUIIHUKOBa COTJIACHO OOLICHIPUHSTEIM METOJUKAM: KOMIIPECCOPHAsi MUKPOCKOIHMS; METOJ HETOJIHBIX
TeJIbMUHTOJIOTHIECKUX BCKPBITHH; CTaHAAPTHOE THCTOJIOTHYECKOE
HCCIIEJOBaHNE TKaHEH MHBA3NPOBAHHBIX MOJUTIOCKOB U YTHHBIX.

Pesynibmamot uccnedosanus. Brisiena nnBasus uepkapusimu Notocotylus sp. ognoro sk3emruisipa Anisus vortex us
Mortoeunuxunckoro mpyna (r. Ilepmb), a Ttakke mapura N. attenuatus B kumeunuke y Clangula hyemalis.
I'ncronoruyeckne mpenaparbl WHBAa3UPOBAHHOTO MOJUIIOCKA
THIIEPCEKPENNIO MYLIMHA, TaK)Ke BBISBICHBI OTAEIbHBIC Nepkapuu. BozaelictBue N. attenuatus Ha KMIICYHUK NTHIIBI

IMOCJIENOBATEIIBHBIE  IIPOMBIBAHU A MOMETA;

MOKa3anu OTEYHOCTh, PAa3BOJIOKHEHHE TKaHEM,
TaKKe OKa3aJloCh XPOHMYECKHM MW MPOSIBLIOCH OTEKOM M AMCTPO(YUUECKUMHM HM3MEHECHUSMH B TKaHAX, Pa3BHUTHEM
MakpoaragpbHOH peaknuy B TMM(PaTHIECKUX y3Iax.

Oécyacoenue u 3axnovenue. Hammaue TMYMHOK HOTOKOTWIIMZ HA TeppuTopmu IlepMckoro kpas HE MOITBEPIUIIO
NPUPOAHBIA OYar HOTOKOTHJIMIO3a NTHL. BeposTHO, NeQUHUTHBHBIM XO3IMHOM B IaHHOM CJIy4ae BBICTYNAIOT
mutekonuTaroiye. Mapura N. attenuatus BeIsIBIICHa y TPOJIETHOTO BUIa — MOPSHKH, KOTOpasi MOTJIA OBITh HHBa3HPOBaHA

B MCCTaxX 3UMOBKH HJIKM THE3AO0BAHUA.

KiroueBbie Notocotylidae,
TUCTOJIOTMYECKHE u3MeHeHus, IlepMckuii kpait

CJIOBAa: HOTOKOTHIIMABLI,

TPEMaTO/IBI,

PachpoOCTPAaHEHHOCTh, MTHIBL, MOJUIFOCKH,

s yumuposanusn. CusxoBa T.H., JloxteBa J[.A., Xasosa M.B. PacmpocTpaHeHHOCTh TpemaTon ceMeHcTBa

Notocotylidae ~ na  Tepputopum  Ilepmckoro
https://doi.org/10.23947/2949-4826-2026-25-1-7-16

Introduction. According to the modern understanding,
trematodes are parasitic organisms that had appeared in the
Cambrian period and currently consist of more than 2 700
nominal genera and approximately 18 000 species [1] and
parasitize in fish, amphibians, reptiles, birds, mammals,
and humans. Most of them are characterised by dixenous
or trixenous life cycles, and involve gastropods as interme-
diate hosts. Many of them are the causative agents of dis-
eases in agricultural and domestic animals, as well as in
humans, and, therefore, are being actively and comprehen-
sively studied. Particular attention is usually paid to such
diseases as opisthorchiasis, fascioliasis, clonorchiasis, par-
agonimiasis, schistosomiasis, etc., however, some infesta-
tions remain insufficiently studied.

One of such poorly studied infestations are notocot-
ylidoses — the trematodiases in animals caused by parasit-
ism of the representatives of the family Notocotylidae,
which are registered in the intestines of many bird species,
as well as in some mammals [2-6]. From the economic
point of view, notocotylidoses cause significant damage to
poultry reared at the farms and to some species of game
birds. Parasitic worms cause mechanical damage to the in-
testinal mucosa and facilitate penetration of microorgan-

Kpasi.
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isms into the intestinal wall. Despite the fact that the mor-
phology, life cycles and molecular analysis of notocotylids
attract the attention of specialists of the relevant fields [7,
8], pathoanatomical changes caused by Notocotylidae are
poorly described. The Manual on Veterinary Parasitology
specifies that in trematodiases cause the catarrhal or ca-
tarrhal-hemorrhagic inflammation of the cecum and rec-
tum mucous membrane; at the sites of parasite attachment,
the epithelium is destroyed and ulcers appear; in the in-
fested mollusks, the reaction is formed in response to the
invasion and development of trematode larval stages [9].
However, no likewise information could be found in the
literature with regard to infestation by the representatives
of the family Notocotylidae.

Notocotylidoses had been widely spread in Russia
since long ago. In earlier publications, the infestations
were reported to be revealed in Western Siberia [10], in
the Caucasus [11], in the European North of the country
[2, 12] and in some other regions. In the Perm Territory,
there are more than 29 000 rivers with a total length of
about 90 000 km, about 115 lakes (with an area of more
than 10 hectares), 18 reservoirs, including the large ones
such as Kama and Votkinsk reservoirs, and numerous
ponds®. The malacofauna in the Upper and Middle Kama

1 According to the Data of the Ministry of Natural Resources and Environment of the Russian Federation (Perm Territory).
https://priroda.permkrai.ru/?ysclid=mmoxx4z0we339984914 (accessed: 5.11.2025)
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basin alone includes 97 species of 30 genera and 10 fam-
ilies of the classes Bivalvia and Gastropoda. The most
diverse are the families Sphaeriidae (29 species),
Lymnaeidae and Planorbidae (21 species each) [13]. The
avifauna of the region is also rich [14, 15]: according to
official data of the Ministry of Natural Resources and
Environment for 2024, there were 71 846 ducks and 4 665
geese registered in the Perm Territory?,

Despite the abundance of water resources, wide spread-
ing of specific hosts, and possibility of infestation to circu-
late in natural foci, no targeted study of the prevalence of
notocotylidoses in the Perm Territory has been conducted,
which served the rationale for the present work.

Materials and Methods. The research was conducted
at the Department of Infectious Diseases of Perm State
Agro-Technological University named after Academician
D.N. Pryanishnikov. Due to the notocotylids’ having dix-
enous life cycle, the following materials were taken for
the study: freshwater mollusks (n=340); cadavers of wild
waterfowl that died for various reasons (n=16); droppings
samples (n=139) collected in mallard aggregation areas.
39 locations of various water bodies in several districts of
Perm Territory and the city of Perm were explored during
the warm seasons of 2024 and 2025 to collect the mate-
rial: Raiskii sad (Motovilikha Pond), Danilikha River,
Zolotye Peski, Parkovyi and Lipovaya gora districts. All
locations are characterized by free access to water and
abundant fauna and flora. Mollusks were collected man-
ually, and their species membership was determined by
the authors themselves based on conchological features
using open-access species identification key [16-18].
Shell height and width, and shell mouth width were meas-
ured using a TOPEX callipers (Poland). Compressor mi-
croscopy was then performed using a MIS-7 compressor
(“Petrolazer”, Russia) and a Mikromed MS-1 stereomi-
croscope (“Micromed”, Russia). The shells were addi-
tionally examined with a binocular magnifying glass to
detect larval forms of trematodes.

Until being provided to ornithologists for autopsy, the
wild duck cadavers were stored at —18°C. Autopsy was
performed according to the standard technique.

The locations of collecting the material and amounts of
material collected for examination are presented in Table 1.

For histological examination, mollusk tissues were
placed in the formalin solution with 4% formaldehyde con-

tent; birds’ autopsy specimens were placed in the 10% for-
maldehyde solution. Hematoxylin-eosin-stained speci-
mens were scanned and viewed using the Vision Assist au-
tomated system (West Medica, Austria) and Vision mi-
croscopy automation software (“Medica Product”, Russia).

Droppings samples were analysed using sequential
washing technique. Helminth eggs were identified by mor-
phological characteristics [19].

Research Results. The study of 15 specimens of
Whirlpool ramshorn snail (Anisus vortex) from the Moto-
vilikha Pond (Perm), collected in the first ten days of June,
resulted in detecting the cercariae with the morphological
characteristics of Notocotylus sp. in one of the cases (Fig.
1). The infestation extensity (IE) in Planorbidae from the
Motovilikha Pond was 6.67%. The distribution of A. vortex
from the Motovilikha Pond by shell size, taking into ac-
count their infestation, is presented in Fig. 2.

Histological examination of the infested mollusk re-
vealed that the tissue between the mantle and muscular
layer was frayed and edematous, with a high concentration
of mucin in the cell cytoplasm. In the walls of capsules
consisting of a series of cells, single cercariae were found,
which had a visible pigmented outer layer and underlying
bundles of muscle fibers, as well as parenchyma and tubu-
lar structures located closer to the tail and representing the
digestive system organs (Fig. 3). In the tissues surrounding
the parasites no inflammatory reaction was observed.

Of 16 duck specimens, only the intestines of the
long-tailed duck — a rarely found in the Perm Territory
northern migratory marine species that winters on the
shores of the Black and Azov Seas — was found to be
infested with N. attenuates (Fig. 4). The examination re-
vealed the thickened intestinal wall, mucous membrane
of grey colour, abundantly covered with thick non-trans-
parent mucus and grey-yellow creamy substance. Hel-
minths were found in the mucus. Histological examina-
tion carried out with preservation of intestinal wall
structure, the villi, and the crypts, revealed the dys-
trophic changes in the epithelial cells. Dystrophic pro-
cesses were also observed in the intermuscular ganglia.
A moderate macrophage response was observed in the
medulla of the lymph nodes. The pronounced edemati-
sation of submucosa was observed (Fig. 5). The above
changes describe the chronic toxic effect of N. attenu-
ates at the place of its localization.

2 According to the Data of the Ministry of Natural Resources and Environment of the Russian Federation (Perm Territory).
https://priroda.permkrai.ru/deyatelnost/okhotnichi-turizm/okhotnichi-resursy-i-okhotnichiturizm (accessed: 5.11.2025)
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Table 1

Material for parasitological examination and the locations of its collection

No. Species | Habitat | Number of specimens, pcs.
Mollusks
Viviparidae
1 Common river snail Kama Reservoir (Perm; Berezniki Municipality; Do- 14
Viviparus viviparus bryansky District)
Sylva River (Kungur District) 16
Chusovaya River (Perm) 10
Suzdalka River (Krasnokamsk) 1
Mulyanka River (Perm) 1
Lipogorsky pond (Perm) 9
Lymnaeidae
2 Oval pond snail Usva River (Gubakhinsky District) 51
Lymnaea ovata Poludenka River (Gornozavodsky District) 3
Koiva River (Gornozavodsky District) 1
Kopanets River (Osinsky District) 19
Sherya River (Nytvinsky District) 2
Syuzva River (Krasnokamsk District) 4
Mulyanka River (Perm) 2
Sylva River (Kishertsky District) 1
Maysky Pond (Krasnokamsk District) 2
Lipogorsky pond (Perm) 4
3 Fragile pond snail Maysky Pond (Krasnokamsk District) 13
Lymnaea fragilis Koiva River (Gornozavodsky District) 5
Sherya River (Nytvinsky District) 3
Sylva River (Kungur District) 2
4 Great pond snail Suzdalka River (Krasnokamsk) 3
Lymnaea stagnalis Reservoirs (Krasnokamsky District: settlements 65
Konets-Bor, Busyryata, Khukhryata, Abakshata, and
Horticultural Non-Profit Partnership Syuzva-5)
Kopanets River (Osinsky District) 5
Sylva River (Perm District) 3
Reservoir (Perm District, Horticultural Non-Profit 1
Partnership Rodnik)
5 Wandering pond snail Cut-off Lake (Krasnokamsk District) 15
Lymnaea peregra
6 Marsh pond snail Suzdalka River (Krasnokamsk) 4
Stagnicola palustris Cut-off Lake (Krasnokamsk District) 16
7 Stagnicola callomphala Syuzva River (Krasnokamsk District) 6
Lasva River (Krasnokamsk Region) 3
8 Ear pond snail Suzdalka River (Krasnokamsk) 3
Radix auricularia Syuzva River (Krasnokamsk District) 3
Poludenka River (Gornozavodsky District) 2
Planorbidae
9 Whirlpool ramshorn snail Motovilikha Pond (Perm) 15
Anisus vortex
10 Great ramshorn snail Sherya River (Nytvinsky District) 2
Planorbarius corneus Lipogorsky Pond (Perm) 2
11 Margined ramshorn snail Kopanets River (Osinsky District) 2
Planorbis planorbis Motovilikha Pond (Perm) 5
12 Planorbidae spp. Cut-off Lakes (Krasnokamsk District) 19
Kama Reservoir (Perm) 3
Birds
13 Mallard Perm; Perm District; Chusovskoy District 6
Anas platyrhynchos
14 Tufted duck Perm Territory 4
Aythyafuligula
15 Garganey Krasnokamsk District. 2
Spatula querquedula
16 Eurasian teal Perm Territory 1
Anas crecca
17 Long-tailed duck Mys Settlement (Chusovskoy District) 1
Clangula hyemalis
18 Common merganser Mys Settlement (Chusovskoy District) 2
Mergus merganser
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Fig. 1. Cercaria of Notocotylus sp. Fig. 2. Distribution of Anisus vortex by size, taking into account infestation
found in Anisus vortex. (gray dots — not infested, red — infested)
Magnification x400.
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Fig. 3. Anisus vortex tissues infested with cercariae of Notocotylus sp. Magnification x100
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Fig. 4. Marita of N. attenuatus found in the
intestines of a long-tailed duck.
Magnification x100

Thus, the examination of freshwater mollusks in the
Perm Territory resulted in acknowledging the presence of
parthenites of notocotylids only in the Motovilikha Pond.
Whereas, the examination of faeces of ducks from this lo-
cation, had revealed no eggs characteristic for N. attenuates
in any of the cases, even though the concentration of mal-
lards in this pond was significant, and the number of drop-
pings samples examined at different time of the year
equalled 53. The discovery of N. attenuatus in a single mi-
gratory duck is likely to indicate its infestation in nesting
or wintering areas.

Discussion and Conclusion. Analysis of shell size fea-
tures, made it possible to divide the sample into two groups:
one group — represented by the larger and older specimens
(n=7), which included a specimen infested with notocot-
ylids; the second group (n=8) consisted of younger and
smaller specimens. No information concerning the age of
mollusks susceptible to infestation by notocotylids could be
found in the scientific literature; however, it is acknowl-
edged that Bithyniidae become in maximum infested with
trematodes at the age of 2-3 years, and the timeline of infes-
tation largely depends on the ambient temperature [17, 18].

Compared to similar indicators in other regions, the IE
in mollusks of the family Bithyniidae in the estuary of the
Kargat River (Western Siberia) during many years of ob-
servation was only 0.62%, with notocotylids being com-
pletely absent in the sample of mollusks in some of the

Fig. 5. Long-tailed duck intestines infested with N. attenuatus.
Magnification x200

years. The level of infestation with parthenites of notocot-
ylids in mollusks of the family Lymnaeidae fluctuated be-
tween 0.1 and 0.2% [10]. In our sample, Lymnaeidae were
not infested by notocotylids in any of the cases. As to Bi-
thyniidae, they were not found in any of the locations.

According to the scientific data, mallards, garganeys,
shovelers, gadwalls, common pochard, and other anser-
iformes are often infested by notocotylids with the Infesta-
tion Intensity (1) of up to 1118 specimens [10, 21]; infes-
tation with notocotylids is also found in many wild species
worldwide [22-24]. Notocotylids are also known to para-
sitize not only in waterfowl, but in some micromammals
too [5]. Thus, the Palearctic species N. noyeri had been rec-
orded in 38.46% of voles of the species Microtus oecono-
mus near the Makhnevskaya cave (Aleksandrovsky Dis-
trict, Perm Territory) [26]. It could be assumed that the cer-
cariae found in the ramshorn snails belong to notocotylids
hosted by micromammals, although according to some
data, some of the notocotylids, can be hosted both by birds
and rodents [27].

The Motovilikha Pond is an artificial reservoir (Figs. 6-7)
having the area of 0.8-0.9 km?, created in 17361738 to serve
the needs of the Motovilikha copper smelting plant. Since
1991, it got the status of a specially protected natural area of
regional importance. Currently, its banks are primarily occu-
pied by private low-rise buildings, as well as recreational areas
where micromammals apparently find suitable habitat.
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Fig. 6. Geographical location of the Motovilikha Pond in Perm

Fig. 7. Location of collecting the mollusks in the coastal area of the Motovilikha Pond
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The study conducted in Perm and the Perm Terri-  parasitize only in the long-tailed duck, which is a mi-
tory has revealed the infestation of the mollusks of the  gratory species. Therefore, a conclusion about the ab-
family Planorbidae with invasive forms of notocot- sence of the natural foci of notocotylidosis in birds in
ylids, which were not detected in the faeces of ducks the studied territory can be made.
from the same location. N. attenuatus was recorded to

References

1. Gibson DI, Jones A, Bray RA (Eds.). Keys to the Trematoda. Volume 2. Wallingford, UK: CABI Publishing; 2005. 768 p.

2. Gonchar AG. Life Cycles of Trematodes of the Family Notocotylidae in Ecosystems of the Northern Seas’ Coasts.
Extended Abstract of Cand.Sci. (Biology) Dissertation. Saint Petersburg; 2023. 25 p. (In Russ.)

3. Aguilar-Morales A, Sanchez-Nava P, Aguilar Ortigoza CJ, Rodriguez-Romero F. Variaciones Morfométricas del
Género Notocotylus (Digenea: Notocotylidae), Parasitos de Avesacuaticas (Rallidae y Anatidae) en las Ciénegas de
Lerma, Estado de México. Acta Zoolégica Mexicana. 2022;38:1-16. https://doi.org/10.21829/azm.2022.3812402

4. Buriro SA, Birmani NA. Morphological Study of Notocotylus Jamshorensis n. sp. (Trematoda: Notocotylidae) from
Mallard Anas Platyrhynchos of Hamal Lake of Pakistan. The Research of Medical Science Review. 2024;2(3):2087-2093.
https://doi.org/10.5281/zenodo.14733255

5. Gagnon DK, Kasl EL, Preisser WC, Belden LK, Detwiler JT. Morphological and Molecular Characterization of
Quinqueserialis (Digenea: Notocotylidae) Species Diversity in North America. Parasitology. 2021;148(9):1083-1091.
https://doi.org/10.1017/S0031182021000792

6. Flores VR, Hernandez-Orts JS, Viozzi GP. A New Species of Notocotylus (Digenea: Notocotylidae) from the Black-
Necked Swan Cygnus Melancorhyphus (Molina) of Argentina. Veterinary Parasitology: Regional Studies and Reports.
2023;45:100925. https://doi.org/10.1016/j.vprsr.2023.100925

7. Flores V, Brugni N. Notocotylus Biomphalariae n. sp. (Digenea: Notocotylidae) from Biomphalaria Peregrina
(Gastropoda: ~ Pulmonata) in  Patagonia,  Argentina.  Systematic  Parasitology.  2005;61(3):207-14.
https://doi.org/10.1007/s11230-005-3166-2

8. Gonchar A, Jouet D, Skirnisson K, Krupenko D, Galaktionov K. Transatlantic Discovery of Notocotylus Atlanticus
(Digenea: Notocotylidae) Based on Life Cycle Data. Parasitology Research. 2019;118:1445-1456.
https://doi.org/10.1007/s00436-019-06297-8

9. Galat VF, Yatusevich Al (Eds.) Notocotylosis in Birds. In book: Manual on Veterinary Parasitology. Minsk: In-
formation and Data Center of the Ministry of Finance; 2015. 496 p. (In Russ.) URL.: https://www.activestudy.info/noko-
tilidozyptic/?ysclid=mh8xqwzwfg209359300 (accessed: 28.10.2025)

10. Serbina EA, Bonina OM. Dynamics of Foci of Bird Notocotylidosis in the Ecosystem of Lake Chany (Western
Siberia) in the Last 80 Years. Russian Journal of Parasitology. 2015;3:29-36. (In Russ.)

11. Kodzokova EKh. Ecological and Epizootiological Assessment of Notocotylidosis in Waterfowl in the Central
Caucasus Region and Development of Methods for Regulating the Number of Trematodes: Extended Abstract of Cand.Sci.
(Biology) Dissertation. Makhachkala; 2004. 25 p. (In Russ.)

12. Yakovleva GA., Lebedeva D.A., leshko E.P. Trematodes in Wetland Birds of Karelia (Based on Materials from
the 319" USSR Helminthological Expedition, 1958-1962). Trudy Karelskogo nauchnogo tsentra RAN (Proceedings of
the Karelian Research Center of the Russian Academy of Sciences). 2015;2:95-110. (In Russ.).

13. Ovchankova NB. Taxonomic Structure and Origin of Malacofauna in River Basins of the East European Plain and
the Urals. In: Proceedings of the XI All-Russian Congress of Young Researchers in Biological Sciences with the Interna-
tional participation “Symbiosis—Russia 2019” (Perm, May 13-15, 2019). Perm: Perm State National Research Univer-
sity; 2019. P. 188-190. (In Russ.)

14. Shepel Al, Klementyeva TN, Melnik AG. Waterfowl and Nearwater Birds of Man-Made Reservoirs and Ponds in
the City Perm and Their Protection. In: Proceedings of the All-Russian Scientific and Practical Conference Dedicated to
the 25th Anniversary of the Union for the Conservation of Birds in Russia “Topical Issues in Bird Conservation” (Mos-
cow, February 10-11, 2018). Moscow—Makhachkala: Union for the Conservation of Birds in Russia; 2018. P. 219-222.
(In Russ.)

15. Matveyeva GK, Dementyeva V'V, Lapushkin VA, Kazakov VP, Kharin RV, Vasyukov SM. On the Distribution
of Some Bird Species in the Perm Region. Fauna of the Urals and Siberia. 2024;(1):41-47. (In Russ.)

16. Khokhutkin IM, Vinarsky MV. Mollusks of the Urals and Adjacent Territories. Families Acroloxidae, Physidae,
Planorbidae (Gastropoda, Pulmonata, Lymnaeiformes). Part 2. Ekaterinburg: Goshchitsky; 2013. 184 p. (In Russ.)

17. Andreeva Sl, Andreev NI, Vinarsky M.V. Key to Freshwater Gastropods (Mollusca: Gastropoda) of Western
Siberia. Part 1. Gastropoda: Pulmonata. Issue 1. Families Acroloxidae and Lymnaeidae. Omsk; 2010. 200 p. (In Russ.)



https://doi.org/10.21829/azm.2022.3812402
https://doi.org/10.5281/zenodo.14733255
https://doi.org/10.1017/S0031182021000792
https://www.sciencedirect.com/journal/veterinary-parasitology-regional-studies-and-reports
https://www.sciencedirect.com/journal/veterinary-parasitology-regional-studies-and-reports/vol/45/suppl/C
https://doi.org/10.1016/j.vprsr.2023.100925
https://doi.org/10.1007/s11230-005-3166-2
https://doi.org/10.1007/s00436-019-06297-8
https://www.activestudy.info/nokotilidozyptic/?ysclid=mh8xqwzwfg209359300
https://www.activestudy.info/nokotilidozyptic/?ysclid=mh8xqwzwfg209359300

Russian Journal of Veterinary Pathology. 2026;25(1):7-16. eISSN 2949-4826

18. Alekseev VR and Tsalolikhin SYa (Eds). Identifier of Zooplankton and Zoobenthos of Fresh Waters of European
Russia. Vol. 2. Zoobenthos. Moscow-Saint Petersburg: Tovarishchestvo nauchnykh izdanii KMK; 2016. 457 p. (In Russ.)

19. Cherepanov AA, Moskvin AS, Kotelnikov GA, Khrenov VM. Atlas. Differential Diagnostics of Helminthiasis Based
on the Morphological Structure of Pathogens’ Eggs and Larvae. Moscow: Rosselkhozakademiya; 2002. 85p. (In Russ.)

20. Ataeva GL, Kozminsky EV, Dobrovolskij AA. Dynamics of Infection of Bithynia Tentaculata (Gastropoda: Proso-
branchia) with Trematodes. Parasitology. 2002;3(36):203-218. (In Russ.)

21. Maiurova AS, Kustikova MA. Features of the First Intermediary Host Distribution of Opisthorchis Felineus
near Major Cities of the KhMAO — Ugra (Western Siberia). Environmental and Human Ecological Studies.
2019;9(4):481-501. (In Russ.)

22. Vinogradova AA, Prochorova EE. Species ldentifcation of Trematodes from Notocotylidae Family Infesting
Ducks. In: Proceedings of the VIII All-Russian Conference with International Participation “School on Theoretical and
Marine Parasitology” (Sevastopol, September 12-16, 2022). Sevastopol: Federal Research Center “Institute of Southern
Sea Biology of the Russian Academy of Sciences named after A. O. Kovalevsky”; 2022. P. 29. (In Russ.)

23. Diaz JI, Gilardoni C, Lorenti E, Cremonte F. Notocotylus Pprimulus n. sp. (Trematoda: Notocotylidae) from the
Crested Duck Lophonetta Specularioides (Aves, Anatidae) from Patagonian Coast, Southwestern Atlantic Ocean. Para-
sitology International. 2020;74:101976. https://doi.org/10.1016/j.parint.2019.101976

24. Mir MR, Shah GM, Jan U. Incidence and Epidemiology of Notocotylus Attenuates Diesing, 1839 in Mallard Ducks
(Anas platyrhynchos) in Various Wetlands of Pampore, Kashmir, Jkut, India. Sustainability and Biodiversity Conserva-
tion. 2022;1(1):84-88. https://doi.org/10.5281/zenodo.7135072

25. Sasaki M, Kobayashi M, Yoshino T, Asakawa M, Nakao M. Notocotylus lkutai n. sp. (Digenea: Notocotylidae)
from Lymnaeid Snails and Anatid Birds in Hokkaido, Japan. Parasitology International. 2021;83:102318.
https://doi.org/10.1016/j.parint.2021.102318

26. Klabukov AS, Sivkova TN. Parasites in Voles at the Territory around Mahnevskaya Ice Cave (Perm Region).
Russian Journal of Parasitology. 2020;21:133-136. (In Russ.) https://doi.org/10.31016/978-5-9902341-5-4.2020.21.133-
136

27. Graczyk TK, Shiff CJ. Experimental Infection of Domestic Ducks and Rodents by Notocotylus Attenuatus (Trem-
atoda: Notocotylidae). Journal of Wildlife Diseases. 1993;29(3):434-439. https://doi.org/10.7589/0090-3558-29.3.434

About the Authors:

Tatiana N. Sivkova, Dr.Sci. (Biology), Professor of the Department of Infectious Diseases, Perm State Agro-Tech-
nological University (23, Petropavlovskaya Str., Perm, 614990, Russian Federation), SPIN-code, ORCID, Researcher ID,
Scopus 1D, tatiana-sivkova@yandex.ru

Darya A. Lokteva, Postgraduate Student of the Department of Infectious Diseases, Perm State Agro-Technological
University (23, Petropavlovskaya Str., Perm, 614990, Russian Federation), SPIN-code, ORCID, Researcher ID,
lokteva.dascha@yandex.ru

Margarita V. Khazova, Postgraduate Student of the Department of Infectious Diseases, Perm State Agro-
Technological University (23, Petropavlovskaya Str., Perm, 614990, Russian Federation), SPIN-code, ORCID,
margaritka92 @bk.ru

Claimed Contributorship:

TN Sivkova: scientific supervision, development of the concept, coprological research, preparing the article.
DA Lokteva: research in the molluscs, preparing the article.

MV Khazova: research in birds.

Conflict of Interest Statement: the authors declare no conflict of interest.
All authors have read and approved the final manuscript.

00 asmopax:

Tarbana HukosiaeBHa CUBKOBA, TOKTOP OMOJIOTMYECKHUX HAYK, JIOLEHT, podeccop Kadenpsl THOEKIMOHHBIX 0071e3-
Hell [IepMCKOro TocynapcTBEHHOIO arpapHO-TEXHOIOIMYECKOro YHUBEpcUTeTa nMeHn akagemuka [I.H. IlpsHunmankosa
(614990, Poccuiickas denepauns, r. [lepms, yi. [Terponaenosckas, 1. 23), SPIN-kon, ORCID, Researcher 1D, Scopus 1D,
tatiana-sivkova@yandex.ru

JlokreBa Jlapbsi AjlekcaHpoBHa, acTiUpaHT Kadeapsl HHOEKIMOHHBIX Oosie3Hel [lepMckoro arpapHO-TEXHOJIOTH-
YyecKkoro yHuBepcutera nmeHn akanemuka J[.H. Ipsuanmrankosa (614990, Poccwiickas @enepanus, r. [lepms, yo. Iler-
ponasiosckas, 1. 23), SPIN-koa, ORCID, Researcher 1D, lokteva.dascha@yandex.ru

Parasitology

15


https://doi.org/10.1016/j.parint.2019.101976
https://doi.org/10.5281/zenodo.7135072
https://doi.org/10.1016/j.parint.2021.102318
https://doi.org/10.31016/978-5-9902341-5-4.2020.21.133-136
https://doi.org/10.31016/978-5-9902341-5-4.2020.21.133-136
https://doi.org/10.7589/0090-3558-29.3.434
https://www.elibrary.ru/author_profile.asp?id=164843
https://orcid.org/0000-0003-0915-3540
https://www.webofscience.com/wos/author/record/51241868
https://www.scopus.com/authid/detail.uri?authorId=24472094500&origin=recordpage
mailto:tatiana-sivkova@yandex.ru
https://www.elibrary.ru/author_profile.asp?id=1313496
https://orcid.org/0000-0002-7699-6524
https://www.webofscience.com/wos/author/record/JNS-1835-2023
mailto:lokteva.dascha@yandex.ru
https://www.elibrary.ru/author_profile.asp?id=1250145
https://orcid.org/0009-0001-0436-7729
mailto:margaritka92@bk.ru
https://www.elibrary.ru/author_profile.asp?id=164843
https://orcid.org/0000-0003-0915-3540
https://www.webofscience.com/wos/author/record/51241868
https://www.scopus.com/authid/detail.uri?authorId=24472094500&origin=recordpage
mailto:tatiana-sivkova@yandex.ru
https://www.elibrary.ru/author_profile.asp?id=1313496
https://orcid.org/0000-0002-7699-6524
https://www.webofscience.com/wos/author/record/JNS-1835-2023

https://www.vetpat.ru

16

Sivkova TN, et al. Prevalence of Trematodes of the Family Notocotylidae in the Perm Territory

Xa3zoBa Maprapura BajepseBHa, acniipanT kadeapbl HHPEKIMOHHBIX Oone3Hel [lepMckoro arpapHO-TEeXHOJIOTH-
4YecKoro yHuBepcurera umenu axkagemuka J[.H. IpsaumankoBa (614990, Poccuiickas ®enepanys, r. [lepms, yiu. Ilet-
ponasnosckas, 1. 23), SPIN-kon, ORCID, margaritka92@bk.ru

3anenenHwvlil 6K1A0 ABMOPOE:

T.H. CuBKoBa: Hay4HOE PYKOBOJICTBO, pa3paboTka KOHIIEIIINH, KOMPOJIOTHIECKUE HCCIIECOBAHNUS, IIOITOTOBKA CTAaThH.
J.A. JlokTeBa: Hccneq0BaHUs MOJUIFOCKOB, ITIOATOTOBKA CTATHH.

M.B. Xa3oBa: ncciea0oBaHUe NTHULL.

Kongnuxkm unmepecog: aBTopsbl 3asiBIAAIOT 00 OTCYTCTBHH KOH(QJIUKTA HHTEPECOB.
Bce asmopuit npouumanu u 00006pusiu 0KOHUAMENbHBLI 6APUAHM DYKORUCH.

Received / ITocrynuia B pexakuuto 25.01.2026
Reviewed / Ilocrynuiaa nocie penensuposanus 20.02.2026
Accepted / llpunsaTa k nyoaukanuu 23.02.2026


https://www.elibrary.ru/author_profile.asp?id=1250145
https://orcid.org/0009-0001-0436-7729

Russian Journal of Veterinary Pathology. 2026;25(1):17-25. eISSN 2949-4826

PARASITOLOGY
IMAPA3UTOJIOTI'US
W) Check for updates
UDC 619:616.995.122 Literature Review

https://doi.org/10.23947/2949-4826-2026-25-1-17-25

The Small Pond Snail (Lymnaea truncatula) and Its Role in Spreading E- E
Trematodiases. The Situation in the Kaluga Region: Literature Review Y

Yaroslav S. Morozov'~ <, Anna M. Nikanorova E
Kaluga State University named after K.E. Tsiolkovsky, Kaluga, Russian Federation

113579adh@mail.ru EDN: ASCIVC

Abstract

Introduction. The small pond snail (Lymnaea truncatula) acts not only as a vector for certain species of helminths but
also as a universal intermediate host ensuring the circulation of a wide range of trematodes. The increased number of
these parasites is a matter of significant epizootological and epidemiological concern as they are posing a threat to the
health of humans and farm animals. The aim of the present review is to summarize the available ecology, parasitology,
veterinary and epidemiology science data regarding L. truncatula and its role in spreading the trematodiases, particularly
in the Kaluga Region.

Materials and Methods. The following science citation databases were used: Google Scholar, PubMed, Web of Science,
CyberLeninka, Russian Index of Science Citation (RISC/PUHLI), and others. The publications in Russian and English of
the period of 20102023 were selected by the keywords: L. truncatula, trematodiases, fascioliasis, dicrocoeliasis, Kaluga
Region. Articles that were not peer-reviewed and data without statistical verification were excluded. The results were
presented in a PRISMA flow chart.

Results. It has been established that the small pond snail plays a key role in the transmission of fascioliasis and is also
potentially involved in the spread of other trematodiases. The main factors affecting spreading the infestation include
hydrothermal conditions, high soil water capacity, livestock grazing intensity, and the state of melioration system. In the
Kaluga Region, the mollusk population density in floodplain biotopes reaches 60—70 specimens/m?, and the infestation
rate reaches 23%, which creates the stable foci of infestation. The periods of greatest epizootic danger last from June to
September. For the efficient control and prevention of trematodiases in the region, a comprehensive approach is required,
which combines reclamation works, the use of molluscicides, and modern monitoring systems, as well as systemic col-
laboration between the specialists of veterinary, agricultural and research institutions.

Discussion and Conclusion. When interpreting the results of the present review, it is necessary to remember the limita-
tions typical for this type of research: the risk of biased evaluation of studies due to the predominance of the publications
with positive or statistically significant results in the analysed citation databases; the heterogeneity of the included studies,
which complicates direct data comparison; the geographical and temporal limitations of data by region, etc. The following
areas of research can be of potential importance in the future: studying the influence of the mollusk microbiome on their
resistance to infestation; evaluating the efficiency of new biological control methods; and studying the impact of climate
changes on parasitic systems. The data obtained will enable the development of a scientifically based trematodiases con-
trol system adapted to the Kaluga Region conditions.

Keywords: literature review, small pond snail, Lymnaea truncatula, trematodiases, fascioliasis, dicrocoeliasis, Kaluga
Region, intermediate hosts, epizootological monitoring, control measures
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00630p Hayynou 1umepamypul

Maawrii npynoBuk (Lymnaea truncatula) m ero posb B pacnmpocTpaHeHHMH TPeMAaToOI030B.
Curyanus B Kanyxckoii o0.1actu. O030p Hay4yHO¥ JIMTEpaTyphI

S1.C. Mopo3os' - D<, A.M. HukanopoBa
Kaxyxckuii rocynapctBeHsslii yausepcuteT umenn K.9. Lnonkosckoro, . Kamyra, Poccuiickas denepanys

><113579adh@mail.ru

AHHOTaLUA

Beeoenue. Manbiii ipynoeuk (Lymnaea truncatula) Beictymaer He TOIbKO Kak OHOIOTHYESCKHI HEPEHOCYHK OTACTBHBIX
BUJIOB TEJIbBMUHTOB, HO M KaK YHHBEPCAJIbHBIN MPOMEKYTOYHBIH XO35MH, 00CCIEUNBAIONIMN UPKYIISLHUIO IIUPOKOTO
crekTpa TpeMaro/l. bolploe Yncio 3THX Mapa3uToB XapaKTepU3yeTcs BBIPaKEHHOM AN300TOJIOTHYECKOH U AITHIEMUO-
JIOTHYECKOW 3HAYMMOCTBIO, TIPEJICTABIISASL YIPO3Y [UISl 3/10POBbS YENIOBEKA U CEIbCKOXO3SHCTBEHHBIX JKUBOTHBIX. Llenb
0030pa — 0000IIUTH UMEIONINECS] JaHHBIE SKOJIOTUH, aPa3UTOIOTHH, BETEPUHAPHU M SITUIEMHUOJIOI MM, KaCAIOINECs
L. truncatula 1 ero posiu B pacpoCTpaHeHUH TPEMATO/I030B, B YaCTHOCTH, B yCIOBHsIX Kamyxckoi obmactH.
Mamepuanvt u memoowt. Vicons3oBausl 6a3er nanusix Google Scholar, PubMed, Web of Science, CyberLeninka,
PUHII u np. Ot6op mybamkanuii Ha pycCKOM M aHTIIHHCKOM sI3bIKax mpoBoawics 3a mepuoxa 2010-2023 rr. mo ximove-
BBIM ciioBaM: L. truncatula, tpemaTonossl, pacumonés, aukponenuos, Kamyxckas obnacts. MckimodeHsl cTaThu 0e3 pe-
LEH3UPOBAHUS U JAaHHBIEC 0€3 CTaTHCTHYECKOM MPOBepKH. Pe3ynpraTsr oTO00opa opopmieHs! B Buae 6mok-cxemsl PRISMA.
Pesynvmamol uccnedosanus. Y CTAHOBICHO, YTO MaJIblil IPYAOBHK MIPacT KIIOYEBYIO POJIb B Iepenade dacuuonésa, a
TaK)Ke MOTEHIIMAIBFHO BOBJICUYEH B LMPKYJIILUIO IPYTUX TpeMaTo1030B. OCHOBHBIMU (paKTOpaMu Mepeaadyy HHBa3UH sB-
JISIFOTCS] TUAPOTEPMHUYECKUI PEXUM, BBICOKAsI BIArOEMKOCTb [TOYB, HHTEHCHBHOCTH BBITIACA CKOTAa M COCTOSIHHE MEJIHO-
patuBHbIX cucteM. B Kanyxckoli 001acTy mI0THOCTh MOMYJISALUI MOJIIFOCKa B IOMMEHHBIX OMOTOMax jgocturaetr 60—
70 5k3./M?, a ypOBEHb HX 3apakeHHOCTH — 23 %, 4TO CO3JaeT yCTOHYMBBIE O4aru HHBa3uK. [lepno/ip1 HanGonbIIeH A1u-
300THYECKOH OMACHOCTH — UIOHBb-CEHTAOPb. DPPEKTUBHBII KOHTPOJIb M MPOPUIAKTHKA TPEMATOL030B B PETHOHE Tpe-
OyeT MHTEIPUPOBAHHOTO MOAXO0/A, COYECTAFOLIEI0 MEINOPATUBHEIC MEPOIPHATHS, IPUMEHCHHUE MOJUTIOCKOLIUIOB U CO-
BPEMEHHBIX CHCTEM MOHHTOPHHIA, a TAK)KEe CHCTEMHOIO B3aHMOACIHCTBHS CIICHUAINCTOB BETEPUHAPHBIX CIIYKO, arpap-
HBIX MPEANPUATHH U HAYYHBIX YUPEIKICHHH.

Oécyacoenue u 3axknouenue. I1py HHTEPIIPETANNH PE3yIbTATOB HACTOSIIETO 0030pa HEOOXOMMO YUHUTHIBATH PSIII OTpa-
HUYCHHH, XapaKTePHBIX I pa0oT JAaHHOTO THUIA: PHCK HEOOBEKTUBHOW OLICHKH MCCIICAOBAHHMN, CBSI3aHHBIN C TEM, YTO
B aHAJM3MPYEMBbIX 0a3ax JaHHBIX MPe00JIalatoT MyOIMKAIKMKU C ITOJOXKHUTEIbHBIMU UIIM CTATUCTHYECKH 3HAYUMBIMH pe-
3yJIbTaTaMHt; HEOJAHOPOIAHOCTh BKJIIOUCHHBIX HCCIIEIOBAHUM, 3aTPyIHSIONIMX NPSMOE COMOCTABICHHE JIAaHHBIX; Teorpa-
(bruecKyro ¥ BpEMEHHYIO OIPAaHUYEHHOCTh JIJAHHBIX 110 PErHOHY U Jp. [lepcriekTHBHBIMU HAPaBIICHUSIMHE IS TAlIbHEH-
LIMX MCCIIEI0OBAHUM SIBJISIFOTCS: N3y4YESHUE BIUSIHUS MUKPOOHOMA MOJUTIOCKOB Ha MX YCTOHYMBOCTD K 3apayKEHHUIO; OLIEHKA
3¢ PEKTUBHOCTH HOBBIX OMOJIOTMYECKUX METO/I0B KOHTPOJISL; HCCIIEI0BAHUE BIIMSIHUS KIIMMAaTHYECKUX U3MEHEHUI Ha T1a-
pasuTapHble cucTeMbl. [lomydeHHbIe JaHHBIE TO3BOJIAT pa3paboTaTh HAYYHO OOOCHOBAaHHYO CHCTEMY KOHTPOJIS TpeMa-
TOJI030B, aIANITUPOBAHHYIO K ycloBHsaM Kayxckoil obnactu.

KunroueBbie ciioBa: 0030p HaydHOM JIMTEPaTypHl, MaJblid IPYyI0BHK, Lymnaea truncatula, tpemaro03sl, Gpacunonés, mu-
Kporenrno3, Kamyxckast 00,1acTb, IpOMEXYTOUHBIE X035€Ba, AMN300TOJIOTHIECKUIT MOHUTOPHUHT, MEPBI 00PHOBI

st uutuposanus. Mopozos f.C., Hukanoposa A.M. Maslit npynosuk (Lymnaea truncatula) u ero pons B pacnpo-

cTpaHeHuu TpeMaTo1030B. Cutyanus B Kamyxckoit oonactu. O630p HaydHO# ITUTEpaTyphl. Bemepunaphas namonoaus.
2026;25(1):17-25. https://doi.org/10.23947/2949-4826-2026-25-1-17-25

Introduction. The small (dwarf) pond snail (Lymnaea
truncatula) belongs to the phylum Mollusca, class Gas-
tropoda, order Pulmonata, family Lymnaeidae [1]. The
species is widespread in the temperate climatic zone of
Eurasia, mainly in marshy meadows, river floodplains, wet
gullies and the margins of small water bodies [2, 3]. Due to
being an intermediate host for trematodes of the family
Fasciolidae, the small (dwarf) pond snail represents a sig-
nificant veterinary and public health problem in the regions
with well-developed livestock farming [4]. For example,
the Kaluga Region, with its favourable natural and climatic

conditions for the development of mollusks, is considered
to be an area with the persistent foci of fascioliasis [5, 6].
According to the Veterinary Department of the Kaluga Re-
gion, trematodiases refer to the cattle helminthiases most
seriously affecting the economy of the region [7]. Constant
monitoring, taxonomic clarification of the malacofauna,
and implementation of the preventive measures are neces-
sary in the regions of traditional livestock farming, in sub-
urban, recreational and tourist territories [2, 8].

The present review summarizes the available scientific
data on the ecological aspects in biology of L. truncatula,


mailto:13579adh@mail.ru
https://doi.org/10.23947/2949-4826-2026-25-1-17-25
https://orcid.org/0009-0004-4882-0224
https://orcid.org/0000-0003-1868-7464

Russian Journal of Veterinary Pathology. 2026;25(1):17-25. eISSN 2949-4826

its role as an intermediate host, current trends in the inci-
dence of fascioliasis, and modern approaches to controlling
the population of intermediate hosts and reducing the risk
of spreading the trematodiases. It also summarizes present-
day knowledge on the role of the small (dwarf) pond snail
in spreading trematodiases in agricultural animals on the
example of the Kaluga Region. Particular attention is paid
to identifying a set of factors that determine the formation
and continuance of persistent foci of infestation within the
region borders.

Materials and Methods. A search for literature was
conducted in the following citation databases: Google
Scholar, PubMed, Web of Science, MedL.ine, the Cochrane
Library, EMBASE, Global.health, CyberLeninka, and
Russian Index of Science Citation (RISC/PUHLI).

Only Russian- and English-language publications pub-
lished between 2010 and 2023 were included in the search.
The following keywords and their combinations were used:
Lymnaea truncatula, trematodiases, fascioliasis, dicro-
coeliasis, Kaluga Region.

The criteria for including the publications in the review
were: provision of original data, relevance to the topic of
the study, and peer-reviewed type of the publications. Ar-
ticles that were not peer-reviewed, did not present statisti-
cal data processing, and were not directly related to the spe-
cies studied (the intermediate host — L. truncatula) were
excluded from the review.

The process of literature sources’ selection was docu-
mented in compliance with PRISMA guidelines. The first
stage consisted of screening the titles and abstracts, and the
second involved studying the full texts of potentially ap-
propriate publications. The results of the search and step-
by-step exclusion of publications are presented in the
flowchart.

Research Results. A total of 146 publications were dis-
tinguished as a result of citation database search. Addition-
ally, 3 sources were found upon manual search (mono-
graphs, methodological manuals). After removing 28 dupli-
cate records, the total number of publications for analysis
was 121. Then, after title and abstract screening, 74 publica-
tions were deemed to have a topic irrelevant to the present
study and therefore were excluded. Potentially relevant full
text publications (n=44) were reviewed by experts. After this
step, 8 more publications were excluded (due to the low
quality of statistics processing or unavailability of the full
texts). Eventually, 36 highly relevant to the topic articles
were selected for the review. A summary of verification pro-
cess is shown in the PRISMA flowchart (Fig. 1).

Biology and ecology of L. truncatula. The small
(dwarf) pond snail inhabits temporary water bodies,
ditches, and marshy meadows, where it actively reproduces

in spring and the first half of summer. This eurythermal
species is capable of adapting to a wide range of hydrother-
mal conditions, including conditions of temperate and sub-
boreal climates. Maximum mollusk numbers are observed
in August — up to 68 specimens/m2. The life cycle of
Fasciola hepatica requires a body of an intermediate host
for rediae and cercariae to form. At temperature of 15-25
°C, the evolution completes within 5—7 weeks [4]. Cercar-
iae leave the mollusk and encyst on plants as adolescariae
that can cause harm to agricultural animals while eating the
grass.

Molecular genetic methods make it possible to detect
hidden genetic diversity of mollusks, i.e. to distinguish be-
tween the forms that look similar but may play different
roles in the transmission of parasites [4].

The period between July and September is the time of
highest infestation risk for the small (dwarf) pond snail, es-
pecially in pastures with moist soil and ditches. Seasonal
fluctuations in population size depend on hydrothermal
conditions, competition with other species, and livestock
density. By using the normalized difference vegetation in-
dex (NDVI), as well as humidity and temperature data, it
is possible to construct the accurate risk charts [4].

Natural and climatic conditions of the Kaluga Re-
gion contributing to prevalence and population size of
L. truncatula. The Kaluga Region is a unique region for
studying the ecology of L. truncatula due to combination
of favourable natural and climatic conditions [6]. The con-
ducted analysis allows for identifying several key aspects
that determine the prevalence and population size of this
mollusk species in the region.

The region is characterized by the temperate continen-
tal climate with distinct seasonality. Annual mean precipi-
tation is 550-650 mm, with approximately 70% falling in
the spring and summer period, which creates optimal con-
ditions for mollusk development. Temperature conditions
are also favourable for mollusk existence: mean July tem-
perature is +18 °C; January — approximately -10 °C. A
particularly important factor is the duration of the frost-free
period (approximately 140-150 days), which allows both
the mollusks and the associated trematodes to complete the
full life cycle [3, 6].

The hydrological network of the region includes major
waterways such as the Oka, Ugra, and Zhizdra rivers.
These rivers and their numerous tributaries form extensive
floodplain ecosystems —the ideal habitats for L. trun-
catula [6, 9]. Of particular importance are the numerous
temporary water bodies, which retain water throughout the
mollusk growing season. According to hydrobiological
studies, these temporary water bodies prove to have the
highest mollusk population densities [2, 10].
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Fig. 1. PRISMA flow chart showing the results of publications’ selection process

The predominance of sod-podzolic and alluvial soils in
the region creates optimal conditions for the existence of
mollusks. These soils are characterized by:

— high water capacity;

— abundant concentration of organic matter;

— pH neutral or slightly acidic environment;

—awell-developed capillary water system, which main-
tains the necessary moisture level even during short-term
drying out of the water bodies [5, 6].

The main L. truncatula biotopes in the Kaluga Region
include floodplain meadows, drainage ditches, and tempo-
rary water bodies in the pastures [6]. Population density
reaches 60-70 specimens/m?. Temporary water bodies
play a key role in maintaining trematodiasis foci due to:

— rapid warming of water;

— abundant vegetation;

— regular circulation of trematode eggs with animal faeces;

— the absence of planktophagous fish [4, 10].

The Kaluga Region is referred to the industrially devel-
oped regions, yet significant attention is paid to the devel-
opment of ecotourism. The region has the protected natural
areas, such as the Ugra National Park, Kaluzhskie Zaseki
Nature Reserve, and private eco-farms “Jersey” and

“Happy Farm”. These areas contribute to the conservation
of natural ecosystems and biotopes, which are home, to the
small (dwarf) pond snail, an important intermediate host
for trematodes [4].

The seasonal dynamics of the small (dwarf) pond snail
population in the region exhibits a distinctly bimodal pat-
tern, with peaks in late spring (May-June) and late summer
(August—September). Minimum values are observed in Oc-
tober, before the mollusks leave for wintering [3, 7].

Fascioliasis and its causative agent. Fascioliasis is a
helminthiasis caused by the liver fluke Fasciola hepatica,
affecting domestic and wild ruminants, as well as humans.
L. truncatula is the primary and obligate first-intermediate
host for this parasite. The life cycle includes: egg — mira-
cidium — sporocyst — redia — cercaria — adolescaria.
Infestation occurs after ingestion of vegetation or water
contaminated with adolescariae [11].

The economic damage from fascioliasis is significant: the
estimated number of infested people and animals equals to
millions of cases annually [9]. The expansion of L. truncatula
habitat upon the influence of climate changes, increases the
risk of emergence of new foci of infestation [12, 13]. Most
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vulnerable are the regions with pasture husbandry, where
there is a lack of systemic monitoring of intermediate hosts.

In humans, fascioliasis is manifested by fever, pain in
the right hypochondrium, eosinophilia, and liver enlarge-
ment. In agricultural animals, it is manifested by anaemia,
decreased productivity, cachexia, and liver and bile duct
damage [4].

Other trematodiases associated with L. truncatula.
Dicrocoeliasis is caused by Dicrocoelium dendriticum that
parasitizes in the liver of herbivores. The first hosts are ter-
restrial mollusks of the genus Zebrina, L. truncatula.
Transmission occurs through infested ants (the second-in-
termediate hosts), which are ingested by the animals. The
parasite causes chronic liver damage, bile duct fibrosis, and
reduced productivity in cattle [11].

Opisthorchiasis is caused by Opisthorchis felineus. The
first intermediate hosts are mollusks of the genus Bithynia.
However, as noted by M.V. Vinarsky, in some cases, for
example, when the ecological balance is disturbed, L. trun-
catula may be involved as a transit or atypical intermediate
[2, 6]. Such cases have been recorded in river basins with
high aquatic biomass density, and with introduction of new
species [10]. Animals become infested through consump-
tion of raw or insufficiently processed fish containing met-
acercariae. This causes hepatobiliary disorders, and bears
the risk of cholangitis, and even cholangiocarcinoma [11].

Fascioliasis, caused by Fasciola gigantica—the giant liver
fluke widely spread in southern regions, but due to global
warming, its northern expansion is possible. L. truncatula can
temporarily replace native species Lymnaea auricularia or
Radix spp., especially in hybrid zones of its habitat [9].

Echinostomatidosis (caused by Echinostoma revolu-
tum) can occur in L. truncatula in experimental conditions.
Infestation occurs through ingestion of cercariae. In hu-
mans and birds, it causes intestinal inflammation, pain, fe-
ver, and diarrhea [11].

Polyinfestations—a combination of F. hepatica with
Paramphistomum cervi or other trematodes—are possible
in mollusks in water bodies with high fecal contamination
and temperatures above 20°C. Such polyinfestations in-
crease the severity of the parasite load in ruminants [10].

The exotic species Schistosoma mansoni is not yet
transmitted by L. truncatula and does not represent a bio-
medical threat so far. However, in the event of artificial in-
troduction and global climate change, the mollusk may par-
ticipate in atypical cycles in laboratory settings. This em-
phasises the potential danger of spreading this trematodi-
asis in other epidemiological chains too [13].

Among all trematodiases, fascioliasis remains the most
significant one, but expansion of habitat, hybridization of
trematodes, global warming, and changes in the economic
pattern create conditions for pond snail involvement in the
new parasitic systems [4].

The following recent trends remain a pressing problem:

— expansion of the trematode species using L. trun-
catula as a host;

— increase of the infestation level in mollusks;

— the emergence of new foci of infestation,

These changes may be related to climatic changes, anthro-
pogenic transformation of landscapes, intensification of live-
stock farming, and changes in the grazing system [13, 14].

Trematodiasis Transmission Factors. Factors deter-
mining the intensity of trematodiasis transmission in the
Kaluga Region can be divided into three groups:

1. Natural factors:

— hydrothermal regime: optimal water temperature
(15-25°C), sufficient precipitation, duration of the grow-
ing period [3, 6];

— water body characteristics: depth (shallow areas are
preferred), flow velocity (stagnant or slow-moving wa-
ters), high degree of vegetation overgrowth [10];

—soil conditions: composition, water capacity, organic
matter concentration [5, 6].

2. Anthropogenic factors:

— land use pattern: grazing intensity (critical threshold:
2.5 heads/ha), rotation of pasture areas, availability of wa-
tering places [4, 5];

— state of melioration systems: degree of waterlogging,
drainage quality, regularity of ditch cleaning [9, 10];

—economic activity: use of fertilizers, use of pesticides,
haymaking [15].

3. Climatic changes:

— Temperature increase: increased period of mollusk
activity, accelerated development of trematodes, expansion
of the L. truncatula habitat [12, 13];

— Changes in precipitation patterns: increased number
of temporary water bodies, changes in the hydrological re-
gimes, redistribution of mollusk populations [12, 13];

— Extreme events: droughts, floods, abnormally warm
winters [12, 13].

The has analysis revealed the correlation between the
degree of anthropogenic load on water bodies, the level of
mollusk infestation, and the intensity of trematodiasis
transmission.

Trematode population control and prevention of
trematodiases. To reduce the incidence of trematodiases
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in humans and animals, it is necessary to control L. trun-
catula population size in the pastures using molluscicides
(based on niclosamide) during the periods of greatest mol-
lusk activity (late May — early August) [9, 16]. The use of
biological methods, e.g., introduction of predatory aquatic
insects (Hydrophilidae, Dytiscidae) to limit the dwarf pond
snail population size is now studied in the international
practice [17]. It is recommended to inspect the sanitary
condition of territories, especially near water bodies for im-
plementing a set of measures aimed at controlling the pop-
ulations of intermediate hosts [9].

One of the primary preventative measures is controlling
L. truncatula population size in natural and anthropogenic
biotopes. This is particularly valid for floodplain pastures
and temporary water bodies, where conditions are optimal
for the mollusk and, consequently, for the transmission of
infestation. It is important to consider weather and climate
conditions, because high humidity and warm temperatures
stimulate the reproduction of the pond snail and accelerate
the development of parasites [10]. The monitoring system
represents a complex process, which incorporates both bi-
ological and sanitary measures. Based on the analysis of
the efficiency of various methods, the following key direc-
tions of L. truncatula population control and prevention of
associated trematode infestations in the Kaluga Region can
be distinguished:

— pasture reclamation: draining temporary water bod-
ies, soil liming, deep ploughing of marshy areas, demoli-
tion of aquatic vegetation and weeds thickets — all this
leads to a decrease in the number of intermediate hosts [9];

— for local natural foci where large-scale reclamation
works are impossible (e.g., in nature reserves or ecotourism
areas), a biological method can be used: the release of mol-
luscivorous fish species (Misgurnus fossilis, Tinca tinca)
and birds capable of regulating the population size of L.
truncatula [17];

— deworming of cattle using fasciolicides (albend-
azole, triclobendazole, oxyclozanide, etc.): the frequency
of treatment depends on the epizootic situation and the ep-
idemic season phases. The most efficient time for carrying
out treatment is early spring (before turning cattle out to
pasture) and late autumn (before stall keeping) [16, 18].
The use of molluscicides, despite their efficacy, requires
consideration of the impact on the balance of aquatic eco-
systems [1, 17, 18];

— acomprehensive approach that combines: environ-
mentally friendly methods of population control [17]; mod-

ern monitoring technologies (GIS technology, PCR diag-
nostics) [8, 14, 19]; scientifically based forecasting [14,
20]; adaptive management of pasture lands [9].

The comprehensive approach proves to be the most fu-
ture-oriented method enabling achievement of a sustaina-
ble effect with minimal impact on the ecosystems and max-
imum economic efficiency [9, 17].

Research Limitations. When interpreting the results
of the present review, it is necessary to consider a number
of limitations typical of this type of work. Firstly, there is
arisk of bias evaluation of studies due to the predominance
of publications with positive or statistically significant re-
sults in the analysed citation databases. Studies that failed
to find a correlation between L. truncatula and prevalence
of trematodiases or showing negative results might not
have been published, which potentially could distort the
overall picture.

Secondly, the heterogeneity of the included studies
complicates direct comparison of data: differences in the
methods of field data collection, mollusk infestation diag-
nostic criteria, seasonal timing of research, and statistical
data processing techniques could have influenced the vari-
ability of the presented indicators (e.g., population densi-
ties from 9 to 70 specimens/m?).

Thirdly, the presented data are limited by their geogra-
phy and time: a significant portion of the sources discov-
ered for the Kaluga Region refer to the period 2016-2022,
which may not fully reflect the current epizootic situation,
especially in the context of rapid climate changes in the re-
cent years. Furthermore, data for a number of biotopes in
the region are fragmented or absent.

Fourthly, uncertainty remains in the taxonomic identi-
fication of mollusks in early-dated studies. Before the
widespread implementation of molecular genetic methods,
L. truncatula was identified solely by morphological char-
acteristics, which could lead to the erroneous attribution of
the closely related species to this taxon and, consequently,
to inaccuracies in assessing its actual role in the transmis-
sion of infestations [10, 14].

Finally, language limitations (inclusion of only Russian-
and English-language publications) could have led to the ex-
clusion of relevant studies published in other languages.

Taking into account the above limitations, it is possible
to have a more balanced approach to the interpretation of
the findings and defining directions for further research.
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Discussion and Conclusion. Based on the results of
the review of the scientific literature, the following conclu-
sions can be drawn:

1. The small (dwarf) pond snail L. truncatula plays a
key role in the transmission of several species of trema-
todes, primarily Fasciola hepatica.

2. The Kaluga Region has a unique combination of nat-
ural and climatic conditions favourable for development of
persistent L. truncatula populations. These are: temperate
continental climate, a well-developed hydrological net-
work, and the predominance of sod-podzolic soils [5, 6].

3. The level of trematode infestation in mollusks in var-
ious biotopes of the region reaches 23%, creating a con-
stant threat of infestation foci emergence [6, 10]. The for-
mation of trematode foci is induced by a combination of
interrelated natural and anthropogenic factors, including
hydrothermal conditions, grazing intensity, and the state of
melioration systems [5, 7, 9].

4. The ecological condition of the Kaluga Region is
complicated by the anthropogenic load: pollution of air and
water bodies, accumulation of wastes, and erosion of soils
[6, 15]. These factors affect the stability of wetland ecosys-
tems, which are home to mollusks—the intermediate hosts
of parasites [10, 19].
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5. The most efficient strategy for controlling the mol-
lusk population size is implementation of a comprehensive
approach that combines reclamation measures, the use of
molluscicides, biological methods, and modern monitoring
systems [9, 17, 18].

6. Prophylaxis should be adaptive, taking into account
natural and climatic fluctuations, as well as the features of
certain landscapes [7, 12, 13, 20, 21].

Efficient control of trematodiasis natural foci is impos-
sible without systemic collaboration between the special-
ists of veterinary services, agricultural enterprises, envi-
ronmental protection agencies and scientific institutions [5,
6,9, 22, 23, 24].

The potential areas for further research include:

— studying the influence of mollusks’ microbiome on
their resistance to infestation;

— evaluating the efficiency of new biological control
methods;

— studying the impact of climate changes on parasitic
systems.

Research in these areas will enable the development of
a scientifically based system of controlling trematodiases
adapted to the Kaluga Region conditions and taking into
account current environmental changes.
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Abstract

Introduction. In the first part of the study, the relevance of improving the methods of rumen acidosis diagnostics in cows
based on the intelligent systems was substantiated and the use of fuzzy set theory as a tool for such systems was proposed.
The structure of the hierarchical-type intelligent system was developed, and formalization of the problem was completed.
In the second part of the study, computer implementation of the fuzzy-logic-based intelligent system for diagnosing aci-
dosis was completed using Xcos tool of Scilab software, and a computer application was developed in the Scilab+Scinotes
environment as its practical implementation.

Materials and Methods. The study was conducted at Ural State Agrarian University and Northern Trans-Ural State Ag-
ricultural University from 2022 to 2025. The intelligent system techniques, fuzzy set theory and fuzzy logic methods,
and Mamdani fuzzy inference system were used to conduct the study. A computer model for rumen pathology assessment
was created based on the generalized smart system by means of Xcos tool of Scilab software. Computer implementation
of the intelligent system was completed in the Scilab+Scinotes environment.

Results. For solving a problem of hierarchical-type intelligent system, the production rule bases, which included various
combinations of diagnostic parameters and respective degrees of rumen acidosis pathology, were developed. Synthesis
of fuzzy systems was performed using SciFLT tool of Scilab software. A generalized model of an intelligent system for
diagnosing rumen acidosis in cows was developed using Xcos tool of Scilab software. Computer implementation of the
intelligent diagnostic system was completed in Scilab software with embedded Scinotes text editor.

Discussion and Conclusion. The model of an intelligent system proposed by the authors is innovative and can be recom-
mended for practical implementation into the expert advisory systems, for automation of veterinary workstations, and for
using in modern veterinary telemedicine technologies.

Keywords: rumen acidosis in cows, rumen acidosis pathology, diagnostics, intelligent diagnostic system, fuzzy set the-
ory, computer implementation
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0pu2uHa]le0€ meopemuyieckoe uccnedosanue

CO3}13HI/I€ HHTeHHeKTyaHLHOﬁ CHUCTEMbBI ITHATrHOCTUPOBAHUSA allUA03a pyﬁua Y KOpoB. Yacre 2:
KOMHL]OTepHaﬂ peajm3anus
B. B. ITo6equncknii’ =, A.A. Ilo6ennuckuii? = D<, I'.A. HoBieB'

'Ypanbckuii rocyAapCTBEHHBIN arpapHbIil yHUBepcuTeT, T. ExarepunOypr, Poccuiickas ®enepanns
“TroMeHCKHUI rOCyIapCTBEHHBIN yHUBEpCHUTET, T. TromeHb, Poccuiickas dexneparust

P<vm993711@mail.ru

AHHOTAIIMA

Beseoenue. B niepBoii yacTu paboThl 000CHOBaHa aKTyalbHOCTh COBEPLICHCTBOBAHUS METOAOB TUarHOCTUPOBAHUS ALlH-
J103a pyOna y KopoB Ha 0a3e MHTEIUIEKTYaIbHBIX CHUCTEM M IPEIUIOKEHO HCIOJIb30BaTh B KaUeCTBE MHCTPYMEHTApUs
TaKOW CHCTEMbI TEOPHIO HEUYETKUX MHOXKECTB. bblia pa3paboTaHa cTpyKTypa HHTEIJIEKTyaIbHONW CHCTEMbI HepapXuye-
CKOTO THIIA ¥ BBITIOTHEHA (hopManm3anus 3a1ad. Ha BTopom 3Tarme uccinenoBaHuil BEINOJTHEHA KOMIIBIOTEPHAs peann3a-
ISl HHTEJUICKTYaJIbHOM HEUETKOH CHCTEMBI Ha HEUETKON JIOTUKE ANAarHOCTHPOBAHNUS alliA03a B cpesie XCOS MPUIIOKCHUS
Scilab, a st mpakTHUeckoro MpuMeHeHHs — pa3paboTaHa KOMIbIOTEpHAs mporpamma B cpeae Scilab+Scinotes.
Mamepuansl u memoodst. ViccnenoBanue IpoBeAEHO B YpallbCKOM FOCYAapCTBEHHOM arpapHoM yHuBepcutere u ['ocy-
JIapCTBEHHOM arpapHoM yHuBepcurere CeBepHoro 3aypanbs B nepuos ¢ 2022 no 2025 rr. Mcnonb30BaHbl METOIBI UH-
TEJUIEKTYAIbHBIX CUCTEM, TEOPUH HEYETKUX MHOYKECTB, HEUETKOMN JIOTUKH, HEYETKUH BBHIBOJ| BBHITIOJIHEH MeTOI0M Mawm-
nanu. [IporpaMMHast peanu3ausi MOENHN OLIEHKH ITaTOJIOTHUH pyO1ia B 0000IIEHHOH HHTEIUIEKTYlIbHOM CHCTEME BBINOJ-
HeHa cpeacTBamu XC0S npuioxkernus: Scilab. KomneroTepHas peanuzalius MHTEIICKTYaIbHONH CHCTEMBbI BBITIOIHEHA B
cpene Scilab+Scinotes.

Pesynomamot uccredosanus. Coznansl 0a3pl MPOAYKIMOHHBIX IPABUII IS 3a71a4 HHTEIUICKTYalIbHOM CHCTEMBI Hepap-
XWYECKOTO TUIIA, BKIIFOYAIOIINE PA3IMYHbIC COUETAHMUS AUATHOCTHIECKUX ITAPAMETPOB M COOTBETCTBYIOIINE MM CTEIICHU
MATOJIOTHH aruno3a pyoma. [IpoBenen cuaTe3 HeueTkuX cucteM B cpene SciFLT npunoxxenus Scilab. Pazpadorana 06006-
IIEHHAsl MOJICNIb MHTEIJICKTYa IbHONW CHCTEMBI JUAarHOCTHPOBAHMS alu03a pyOiia y KOpoB B cpesie Xcos MPUIIOKCHUS
Scilab. BemmonHeHa KOMIIbIOTEpHAS peau3alis HHTEIUICKTYaIbHOW CHCTEMbI IHArHOCTHPOBaHUS B porpammax Scilab
u Scinotes.

Oocyacoenue u 3axouenue. lpeanoxeHHas aBTopaMu MOJICTb MHTEUICKTYaJ bHOW CHCTEMBI 00JaaeT HOBH3HOW U
MOXET OBITh PEKOMEHJ0BaHA JJIsl IPAKTUYECKOTO UCIOJIb30BaHHs B COBETYIOIIMX AKCIEPTHBIX CHCTEMAX, IS aBTOMa-
TU3alMU pabovyero MecTa Bpaua-BeTepUHapa, B COBPEMEHHBIX TEXHOJIOTHIX BETEPUHAPHON TeIeMeIUIIHbI.

KiroueBble ci1oBa: ayio3 pyoma y KopoB, IaTOJIOTHA au03a pyOIia, AMarHOCTUPOBAHKE, MHTEIUIEKTyalbHasl CHCTeMa
JIMaTHOCTUPOBAHUS, TEOPHSI HEYETKUX MHOKECTB, KOMIIBIOTEPHAS peaTn3alius

Jost uuruposanusi: [To6eaunckuii B.B., [To6emunackuii A.A., Mosnes I'.A. Co3ianne HHTEIIIEKTyaIbHOW CUCTEMBI JTU-
arHOCTHUPOBAHMS amnuao3a pyoma y kopoB. Yacte 2: KommberoTepHas peanmsanusi. Bemepunaphas namonozust.
2026;25(1):26-33. https://doi.org/10.23947/2949-4826-2026-25-1-26-33

Introduction. Ensuring sustainable development of ani-
mal husbandry is a key objective stipulated in the State Pro-
gram for the Development of Agriculture in the Russian Fed-
eration [1]. Thus, the primary objective of the industry recog-
nized at the government level for the nearest future is annual
growth of cattle population and reduction of its mortality®.

Rumen acidosis is one of the most widespread diseases
in cattle. It is called “the prime cause underlying all health
problems in cows” [2] and “the most acute problem of any
herd, both the high-yielding or ordinary one” [3]. All this
justifies the necessity to improve the diagnostics of acido-
sis at any stage of the disease. For this purpose, we have
created an intelligent system for diagnosing rumen acidosis

in cows. At the first stage of the study [4], formalization of
the tasks was carried out based on the concept of fuzzy
logic: a set of diagnostic parameters for assessing the de-
gree of acidosis pathology was justified; the structure of the
hierarchical-type intelligent system was developed; the
problem was formalized using the fuzzy set theory meth-
ods. The objective of the second part of the study is to com-
plete computer implementation of the earlier formalized
fuzzy-logic-based intelligent system for assessing the ru-
men acidosis pathology in cows.

To achieve this objective, the following tasks were defined:

1) development of the rule bases to solve a problem of
hierarchical-type intelligent system;

1 Strategy for the Development of Agro-Industrial and Fishery Complexes of the Russian Federation for the Period up to 2030. Approved by the
Resolution of the Government of the RF No. 2567-r of September 8, 2022.

Animal pathology, morphology, physiology, pharmacology and toxicology

27


mailto:vm993711@mail.ru
https://doi.org/10.23947/2949-4826-2026-25-1-26-33

https://www.vetpat.ru

28

Russian Journal of Veterinary Pathology. 2026;25(1):26-33. eISSN 2949-4826

2) synthesis of fuzzy systems using SciFLT tool of
Scilab software;

3) development of a generalized model of an intelligent
system for diagnosing rumen acidosis using Xcos tool of
Scilab software;

4) computer implementation of the intelligent diagnostic
system in Scilab software with embedded Scinotes text editor.

Materials and Methods. The study was conducted at
Ural State Agrarian University (Ekaterinburg) and North-
ern Trans-Ural State Agricultural University (Tyumen)
from 2022 to 2025. Methods of veterinary medicine, the
intelligent system techniques, fuzzy set theory and fuzzy
logic methods, along with Mamdani fuzzy inference sys-
tem were used to conduct the study. Synthesis of fuzzy sys-
tems was performed using SciFLT for Scilab software
(Scilab Consortium, France). A computer model for rumen
pathology assessment was created based on the generalized
smart system by means of Xcos tool of Scilab software.
Computer implementation of the intelligent system was
completed in the Scilab+Scinotes environment.

Research Results

1. Development of the production rule bases. Vari-
ous combinations of diagnostic parameters and corre-
sponding to them degrees of acidosis pathology were taken
to develop the rule bases. The degree of pathology will
vary from ‘“Permanent” to “Acute”, and the linguistic vari-
able will take values from “Min” (the animal is healthy) to
“Max” (acute phase).

Significant dependencies of the disease degree from the
pH of rumen contents (pH ) and Fat content in milk (F)
should be determined according to the rules of fuzzy set
theory (“If A=B and C =D and ... then m; = nj and ...”)
and be based on the known data [5-22].

The developed fuzzy production rule bases for infer-
encing the function Y, = f(pH, F), the function Yss =
f(Pulse Rate, Respiratory Rate), and the resulting function
for the Degree of Acidosis Pathology DAP = (Y12, Y34) are
presented in Tables 1-3.

Table 1
Rule base for inferencing the function Y12 = f(pH, F)
I Values of the output fuzzy subsets “pH — Fat content, Y12
Values .Of the‘!lngglstlc upon changing the fuzzy function “Fat content, F”
variable “pH _ _ _
Minimum, Min Low, L Average, Av High, H Maximum, Max
Highest Acidity, HighestAc Max Max H Av L
Moderate Acidity, ModAc Max H Av L L
Neutral H Av L Min Min
Moderate Alkalinity, ModAlk Av L L Min Min
Highest Alkalinity, . . . .
HighestAlk L Min Min Min Min
Table 2

Rule base for inferencing the function Yz4 = f(PR, RR)

Values of the linguistic variable
“Pulse Rate, PR”

Values of the output fuzzy subsets “Respiration — Pulse, Y34” upon changing the fuzzy function
“Respiratory Rate, RR”

Rule base for inferencing the function DAP = f(Y12, Y1) = f(pH, F, PR, RR)

Minimum, Min Low, L Average, Av High, H Maximum, Max
Minimum, Min Min Min Min L Av
Low, L L L L Av H
Average, Av L Av Av H Max
High, H Av Av H Max Max
Maximum, Max Av H Max Max Max
Table 3

Values of the linguistic varia- Values of the output fuzzy subsets “DAP” upo¢ c}}anging the fuzzy function “Respiration—Pulse,
ble “pH — Fat content,Y12” — _ i . -
Minimum, Min Low, L Average, Av High, H Maximum, Max
Minimum, Min Min Min Min L L
Low, L Min Min L Av Av
Average, AV Min L Av H H
High, H L Av H H Max
Maximum, Max Av H Max Max Max
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2. Synthesis of fuzzy models of the problem. Fuzzy
inference operations and synthesis of fuzzy models of the
problem were performed using the rule bases. The SciFLT
Editor toolbox for Scilab software was used to implement
the developed formal formulation of the fuzzy inference
problem, which is part of the intelligent system structure®.
Fuzzy inference for obtaining the resulting membership
functions is shown in Fig. 1a—c. In accordance with the
fuzzy inference methodology®, on the example of the

Member functions for input number 1 named pH

1 —_—

ModAc

Neutral

mu(pH)

3 35 4 45 5 55 6 65 7 75 8 85 © 05
pH
Member functions for input number 2 named F

/ Y
AN N

—— Min

—"

Av

Max

a)
7412 Ascila — RULE EDITION
des Desc 1.
Elil"lnpu R2: IF {pH IS Ku} AND {SZ

R3: IF {pH IS Ku} AND {SZ

MRRule |Rs: IF {pH IS K} AND {SZ

4

——HighestAc

ModAlk,

05 / / HighestAlk

function Y1, = f(pH, F), the operations were performed in
the following order:

1) fuzzification of problem variables (Fig. 1a-b);

2) development of a rule base (Fig. 1c).

After completing fuzzy inference and defuzzification,
the resulting functions Y12 = f(pH, F); Y34 = f(PR, RR) and
DAP = f(Y12,Y34) were obtained. They are shown graph-
ically in Fig. 2.

Membeér functions for INput numbeér 1 named Y12

1 e 3 3 ! 4 1 + | Min
N\ /T\ Z1\ y T
t)_ 054 A i \_.. ", H
E 7 I\ / \ - Max
° o . o
T 1 v T T T T T T
0 05 t 15 2 286 3 35 4 45 6
Y12
Mémber functions for Input numbér 2 named Y34
- + e g . MDY
A —_ 1
/ - Av
- - - - “’ H
/ Max
— T
0 05 1 15 2 286 3 35 4 45 &
Y34
b)

IF {pH IS Ku} AND {SZ IS Min} THEN {Y12 IS Max} weigth=1.0 4

IS M} THEN {Y12 IS Max} weigth=1.0

IS Cp} THEN {Y12 IS B} weigth=1.0

[e®0uty pg: 1F (pH IS Ru} AND {Sz IS B} THEN {Y12 IS Cp} weigth=1.0

IS Max} THEN {Y12 IS M} weigth=1.0

R6: IF {pH IS Kcp} AND {SZ IS Min} THEN {Y12 IS Max} weigth=1.0

R7: IF {pH IS Kcp} AND {Sz IS M} THEN {Y12 IS B} weigth=1.0

R8: IF {pH IS Kcp} AND {SZ IS Cp} THEN {Y12 IS Cp} weigth=1.0

Ro: IF {pH IS Kcp} AND {SZ IS B} THEN {Y12 IS M} weigth=1.0

R10: IF {pH IS Kcp} AND {SZ IS Max} THEN {Y12 IS M} weigth=1.0

R11: IF {pH IS Heitrp} AND {SZ IS Min} THEN {Y12 IS B} weigth=1.C

R12+« TF I(nH TS Hatrmnl ANN {S7 TS MY THFN (V12 TS M) weinrh=1 :I’LI
»

IF

pH is: _ SZis:
(1) Kn 3 [()Min
[~ not I~ not

THEN
Y12is:

3 (1) Min E

" not

Fig. 1. Fuzzy inference operations by means of SciFLT toolbox: a) pH and F variables;
b) Y12 and Ys3s; ) fuzzy inference rule base for the function Y12 = f(pH, F)
Note: Russian and Latin symbols in Fig. 1 c) correspond to the English equivalents as follows:

Ku — HighestAc
Kcp — ModAc
Heiitpans — Neutral
cp — ModAlk,
L= — HighestAlk
SZ-F

Mun — Min

M-L

Cp—Av

B-H

4Scilab. URL: https://www.scilab.org (accessed: 19.06.2024).

SPiegat A. Fuzzy Modeling and Control: with 96 Tables. Heidelber, New York: Physica Publ.; 2001.760 p.
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Fig. 2. Resulting functions: a — Y12 = f(pH, F); b — Yas = f(PR, RR); ¢ — DAP = f(Y12,Y34)

3. Development of a generalized model of an intelli-
gent diagnostic system. Figure 3 demonstrates a model of
an intelligent system created by means of Xcos toolbox,
which uses Constant visual blocks for inputting initial data
and Mux multiplexers for generating a data sequence

B0

Controller Y34
MUX ot PR and RR

65

F FLS
=
Controller Y12
PH MUX ot F and pH
130 Text
PR FLS
RR

vector and transmitting data to Controller blocks. These
blocks address the corresponding fuzzy systems to obtain
fuzzy inference results. The calculation results are dis-

played on a virtual electronic display.

To workspace
SVZ [128]

FLS
LN

Controller DAP
MUX 5ty12 and Y34

Fig. 3. Model of an intelligent system created by means of Xcos toolbox

4. Computer implementation of the intelligent diag-
nostic system. To be used in practice, the model requires a
user interface. Scilab+Scinotes were used for its develop-
ment. The main visual interface forms are shown in Fig-
ure 4. They provide the information about the program,

documentation, input/output data, and recommendations
for treating rumen acidosis depending on its pathology de-
gree.
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i Npaska Crpasxa

1 4| @ =

NHTennekTyanbHas
cuctema
ANArHoCTUPOBaHUSA

auunao3a pybua y Kopos

MpoponkuTs

VHTenneKTyanbHas cucteMa AMarHoCTpoBaHUs
aunposa pybua y kopos co3gaHa 16.02.2024 r.
Bepcus nporpammb 1.1.

PaspaboTumkm:

1. Mpod., 4.7.H. MobeanHckuit Bhagumup BukToposuy
2. [loueHT, K.T.H. MobeaunHckuit AHapei AHaTonbesuy

a)

BeTeqimapna

3Hauenue pH pybua =

YacToTa Nynbea, yA/MHH =

YacToTa AbiXaHui, AB/MUH =

B Berepunapnn - o

Daiin Mncrpymente Mpaese  Cnpaeks

5, 0,50 VY P @

MHTEJ'U'IEKTYBJ’IbHaﬂ CUCTEMa JUarHoCTUpoBaHWA aluuaosa pYSL(E Y KopoB
BBOA MCXOAHBLIX AAHHBIX PesyneTaTsl

PaccuMTaTh CTenexb NaTonoruu aunnosa (CNA)

JKupHoCTe Monoka, % = CNA =

PexomeHaaumn
MNosTOpHTH

MeToauka

b)

Fig. 4. The main user interface forms of the program: a — home form; b — data input/output and program operation form

Note: Russian texts in Fig. 4 a) correspond to the English
equivalents as follows:

Mertoaunka — Methodology

O mporpamme — About the program

TIponomxuts — Continue

MHTennekTyanbHast cHCTeMa ANarHOCTUPOBAHMS aIu03a
py6ua y kopoB co3nana 16.02.2024r. Bepcus nporpammsr 1.1.
Pazpaborunku:

1.IIpod., n.1.H. [obemunackuit Bnagumup BukropoBua

2. Jlouenr, k.T.H. [lobeauHckmii AHIpelt AHATOIEEBIY

An intelligent system for diagnosing rumen acidosis in cows
was developed on February 16, 2024. Program version 1.1.
Developers:

1. Vladimir V. Pobedinskiy, Dr.Sci.(Eng.), Prof.

2. Andrey A. Pobedinskiy Cand.Sci.(Eng.), Associate Prof.

Discussion and Conclusion. The Artificial Intelli-
gence undoubtedly has great potential for development in
the agro-industrial complex. The intelligent system for di-
agnosing rumen acidosis pathology in cows proposed by
the authors is innovative and can be implemented into the
expert advisory systems, be used for automation of work-
places of the veterinarians and in modern veterinary tele-
medicine technologies or for other purposes.

The adequate work of the system is an issue of particular
importance, due to impossibility to apply the traditional,
standard approaches to it. Unlike other models, intelligent
rule-based systems, i.e., fuzzy systems and neural networks,
get trained throughout their entire existence cycle [23]. This
means that upon changing external conditions (e.g., methods
of treatment, pharmacological agents, or the occurrence of
side effects), new sets of rules will be incorporated into the

References

Note: Russian texts in Fig. 4 b) correspond to the English
equivalents as follows:

WHuremnekTyanbHas CHCTeMa AUArHOCTUPOBAHMS all03a
py61a y kopoB — An intelligent system for diagnosing rumen
acidosis in cows

BBox ucxoanbix nanHeix — Input of initial data

3nauenue pH pydua = pH of rumen contents

Kupnocts Monoka, % = Fat content in milk, %

YacroTa mysbca, ya./muH = Pulse Rate, beat/min

YacroTa npixanui, 18./MuH = Respiratory Rate, move-
ments/min

Pesynprater — Results

Paccuurats crenenp narosiorun anuno3a (CITA) — Calculate
degree of acidosis pathology

CITIA = DAP

Pexomenmanmu — Recommendations

IToBTOpUTH — Repeat

Mertoanka — Methodology

fuzzy production rule bases, and the operation of intelligent
system will be automatically adjusted. If this procedure is
automated by means of software rather than performed man-
ually, the system becomes self-learning.

The standard basic treatment protocols have been in-
serted as a template into the process of forming treatment
recommendations. Possibility for a veterinarian to adjust
and clarify the treatment is obligatory foreseen, as the soft-
ware remains an advisory tool for a veterinarian to make a
final decision.

Summing up the study results, it can be concluded that
the proposed intelligent system is capable of quite accurate
diagnostics of acidosis pathology and is versatile due to its
ability to improve the diagnostic process (by adding new
rules to the rule bases or adding other diagnostic parame-
ters) without requiring any changes to the program code.
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A Clinical Case of Proliferative and Necrotizing Otitis Externa (PNOE) in an
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Don State Technical University, Rostov-on-Don, Russian Federation
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EDN: TSAVDS

Abstract

Introduction. A clinical case of proliferative and necrotizing otitis externa (PNOE) in an elderly cat has been described,
i.e. diagnostics and treatment with tacrolimus. This syndrome of unknown etiology occurs in cats aged from 2 months to
12 years. It bilaterally affects the concave pinnae and the external acoustic pore. Disease development in the ear canal is
accompanied with the secondary bacterial or Malassezia otitides. Fifteen foreign studies investigating PNOE in cats and
dogs published in the period of 2000-2025 have been reviewed.

Materials and Methods. In November 2024, the owners of a five-year-old cat attended to the veterinary clinic “Center”
(Rostov-on-Don) with the complaint on frequent otitides in their pet. PNOE diagnosis was based on the animal’s medical
history, clinical examination, microscopic and cytological examination of discharge from ears (performed in the “Vet
Union” veterinary laboratory, Moscow). Treatment included topical application of 0.1% tacrolimus ointment.

Results. Examination of the inner surface of the auricles revealed stenosis of the external ear canals and a significant
number of black, dry crusts. An ear culture test revealed secondary microbial contamination with Pseudomonas aeru-
ginosa, Klebsiella oxytoca, and Enterobacter cloacae; whereas, Candida or Malassezia spp fungi were not isolated. Also,
during microscopy of earwax, no mites of the genus Otodectescynotis were isolated. After 4 weeks of treatment with 10
g of 0.1% tacrolimus ointment applied topically, normalization of condition was noticed during the otoscopic examination
of the auricles.

Discussion and Conclusion. The efficiency of treating PNOE in cats with tacrolimus ointment applied topically to the
auricle crusts has been proved. The data and photographs presented in the article may be useful for practicing veterinarians
for diagnostics and treatment of this relatively rare disease.

Keywords: clinical case, cats, proliferative and necrotizing otitis externa, PNOE, tacrolimus
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OPMZMHaJleOe amnupudeckoe uccnedosanue

Kaunnveckuii ciyqaii mpojimgepaTHBHOT0 U HEKPOTH3HPYIOIIero Hapy:kuoro oruta (PNOE)
Y BO3PACTHOM KOIIKH

KouerkoBa A.JO. "/, ®omuna A.C. "'

JIoHCKOM rocy1apCTBEHHBII TeXHUYECKHI YyHUBEpCUTET, T. PocToB-Ha-/lony, Poccuiickas ®enepanus

< a_bogun@mail.ru

AHHOTaLUA

Beseoenue. OnmcaH KIMHWYECKUI ciaydail mponmdepaTuBHOTO W HEKpoTusupymomero HapyxHoro otura (PNOE) y
B3POCIIOHN KOIIKH — JUArHOCTUKA U JIEUYEHUE C IPUMEHEHUEM TaKponuMyca. JlaHHbINH CUHAPOM HEU3BECTHOM 3THOJIOTUU
BO3HHUKACT y KOIIEK B BO3PAcTe OT 2 MecsIeB 10 12 yieT: bunarepaabHO MOpaXkaeTcs BOTHYTAs YacTh YITHON paKOBHHEI
U Hapy>KHOE CIIyXOBOE OTBEPCTHUE; PACHPOCTPaHEHHE 3a00JEBAHMS MO CIYyXOBOMY NPOXOTY COIPOBOXKAACTCS BTOPH-
HBIMHM 0aKTepUaIbHBIMU MJIM MajlacCe3MO3HBIMH OTUTaMH. PaccMoTpeHbl 15 3apyOexHbIX HccieloBaHUN Tponudepa-
TUBHOTO Y HEKPOTU3UPYIOIIEr0 HAPY>KHOTO OTUTA y KOILIEK U cobak, omyonukoBaHHbIX B 2000-2025 rr.

Mamepuanst u memoowt. B Hosi0pe 2024 1. B BeTepuHapHyo KIMHUKY «LlenTp» (r. PocToB-Ha-/loHy) oOpaTuinch Bia-
JIEJTBIIBI MSITUICTHEH KOIIKH C JKaI000# Ha YacThie OTUTHI Y )KHBOTHOTO. Jlnarnoctrka PNOE Obuta ocHOBaHa Ha TaHHBIX
aHaMHe3a, KITMHUYEeCKOT0 0CMOTPa, MUKPOCKOIIMYECKOTI'0 ¥ IIUTOJIOTMYECKOT0 UCCIIeIOBAHUS COJIEPKUMOTO YIIHOTO Ka-
Hana (BerepuHapHas saboparopus Vet Union, r. Mocksa). Tepamnus npoBoguinacek ¢ npumenernem 0,1% masu Takponn-
Myca HapyXHO.

Pesynomamul uccinedosanus. llpn ocMoTpe Ha BHYTPEHHEH IMOBEPXHOCTH YIIHBIX PAKOBHH ObUI OOHAPY)KEH CTEHO3
HapyXHBIX CIYXOBBIX IIPOXO/I0B, 3HAUYNTEIHFHOE KOINYECTBO YEPHBIX U CYXUX Kopodek. [Ipu noceBe Marepuana u3 ciy-
XOBOT'O MPOX0/Ia Ha MUKPO(IIOPY BISIBICHO BTOpUUHOE MUKpOOHOE o6cemeneHue (Pseudomonas aeruginosa, Klebsiella
oxytoca u Enterobacter cloacae); mpu stom rpubkos poga Candidaspp u Malasseziaspp He BoisiBieHo. [Ipu MUKpPOCKO-
MUYECKOM aHallM3e YIIHOM cepbl kiemield poma Otodectescynotis taxke He BbisBiaeHO. Ilociie mMpoBeaeHHs TEpATUH C
npumererreM 10 r 0,1% mas3u TakponuMyca Hapy>kKHO uyepe3 4 HeJelu MPU OTOCKOIMYECKOM HCCIICIOBAHUM YIIHBIX
PaKOBHMH OTMEUEHa HOpMaJIU3aIisl COCTOSTHHUS.

Oocyacoenue u 3axmouenue. Jloxazana s¢pgexruBHocts jedyennss PNOE y komiek ¢ mpuMeHEHHEM TakpoJuMyca
Hapy>XHO Ha KOPOYKH YITHBIX PAKOBHH TOIHMKAIBHO. [IpecTaBieHHBIC B CTaThE JaHHBIC U (OTOMATEPHAIIBI MOTYT OBITH
MOJIE3HBIMH JUTA NIPAKTHKYIOIIEr0 BETEPHHAPHOTO Bpada MMPH JUATHOCTHKE W JICICHUH 3a00JI€BaHUs, PETUCTPHPYEMOTO
JIOCTATOYHO PEAKO.

KaioueBble cjioBa: KIMHUYECKUH cydai, KOIIKY, NpoiardepaTHBHBIN U HEKPOTH3HUpYIOMmKii HapyxHbIi otut, PNOE,
TaKpOJIMMYC

HNudpopmanuonnoe coryiacue: [lomydeHo coriacue Braaesnblia Ha TyOIMKaNHUIO.
Hcrounuku punancupoBanusi: VccneioBaHue NpoBeAeHO 3a CUET BIaJelblIa.

s murupoBanus. Kogerkosa A.1O., @omuna A.C. Knuanueckuii ciydait npoirdepaTuBHOTO U HEKPOTU3UPYIOIIETO
Hapyxuoro oruta (PNOE) 'y  Bo3pactHO#M 2026;25(1):34-40.
https://doi.org/10.23947/2949-4826-2026-25-1-34-40

KOIIIKH. BemepuHapHa}Z namoJiocust.

Introduction. Proliferative and necrotizing otitis ex-
terna (PNOE) in cats is a syndrome of unknown etiology
[1] that is quite rare. By 2025, 21 cases of PNOE had been
reported in the literature [2]. Proliferative and necrotizing
otitis in kittens was first described in [1, 3]. Initially, it
was believed that only kittens under 1 year old were sus-
ceptible to the disease, but it has now been established
that PNOE occurs in cats aged of 2 months to 12 years,
and, most often the disease is being recorded by the age
of 4 years [3-6]. Breed susceptibility has not been re-
vealed, however, sex-based susceptibility is being rec-
orded—out of 22 cases,16 were recorded in male cats [6].

The etiology of the disease is unclear, although its re-
lation to the immune system is assumed [1, 7]. This as-
sumption is supported by the possibility of PNOE treat-
ment with topical and systemic immunomodulators [2].
This is likely due to T-cell-induced caspase-positive
apoptosis of epidermal keratinocytes, which has features
common with such diseases as erythema multiforme [5].
So far, the infectious agents, including that of feline viral
diseases, have not been associated with this disease; their
involvement in its occurrence has not been proven [6].
The authors [1, 3] describe a similar case of otitis in a
kitten with the histopathological features, immunohisto-
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chemical staining results, and response to treatment con-
sistent with keratinocyte apoptosis induced by skin-infil-
trating T-cells.

Most often, PNOE bilaterally and symmetrically af-
fects the concave pinna and the external acoustic pore, but
can also develop along the ear canal and cause secondary
bacterial or Malassezia otitides, accompanied by crusting
and purulent discharge [3, 5-8]. Lesions are attributed with
erythematous plaques with hyperkeratotic crusts tight to
the pinna. Crusts are most often golden to dark brown in
colour, indicating severe hyperkeratosis and parakeratosis
[8]. In case of trauma, ulcers with some haemorrhages are
observed. Characteristic lesions can also localize in the cat
muzzle, in the periocular or perioral regions. Generalized
lesions, which get spontaneously healed, are also reported
in some publications [1, 5, 6].

The main changes observed during histopathological
examination of skin biopsies in cats with PNOE were epi-
dermal and follicular hyperplasia. This lesion underlies the
term used to describe the disease, namely, the proliferative
otitis [1, 5, 6]. Necrotic changes, which underlie the second
term used to describe the disease, are less pronounced, and
dyskeratosis is rarely observed. The histopathological anal-
ysis revealed the differences between otitis and dyskerato-
sis which mainly referred to dyskeratoses. The initial diag-
nosis would be an adverse reaction to topical medications;
however, satellite cell apoptosis and fewer hyperplastic
changes could be expected in this condition [3].

As reported in [9], treatment of PNOE variants, such as
additional auricular dermatitis and middle ear lesions, with
systemic immunosuppressants proves to be efficient: a sick
cat responded favourably to treatment with cyclosporine,
systemic prednisolone, and topical tacrolimus. In publica-
tion [10], two clinical cases of the successful use of
oclacitinib in treatment of cats with PNOE were noted, when
standard therapy with tacrolimus didn’t result in the ex-
pected response. Oclacitinib is an inhibitor of Janus kinase-
1 (JAK1), which affects the signaling pathways of cytokines
participating in the development of pruritus and allergic der-
matitis [11]. Although the use of oclacitinib is not recom-
mended in cats, some publications indicate that this drug
may have a therapeutic effect in various immune-mediated
and autoimmune diseases in dogs and cats [3, 4, 12, 13].

Otitis externa is relatively rare reported in cats com-
pared to dogs and is most often associated with ear mite
infestations, inflammatory polyps, ear canal neoplasia, and
associated allergic conditions.

The present article describes a clinical case of prolifer-
ative and necrotizing otitis externa in an elderly cat, the di-
agnosis and efficient treatment thereof with tacrolimus.

Materials and Methods. A five-year-old spayed Scot-
tish Fold cat was admitted to the veterinary clinic “Center”
(Rostov-on-Don) in November 2024 with atypical prolif-
erative lesions in both ear canals. According to the owners,
the animal had been suffering from recurrent otitis for two

years. The cat was kept in an apartment; the owners did not
own any other pets.

PNOE was diagnosed based on the patient’s medical his-
tory, clinical examination, and microscopic and cytological
examinations of the ear canal discharge. Two samples were
collected from each pinna for laboratory testing: one for mi-
croscopy (to exclude Otodectescynotis) at x 10 magnification
(Olympus CX23 microscope, Japan); another for cytological
examination. A swab sample was fixed, stained with “Di-
ahim-Diff-Quick” dye (“ABRIS+” Research and Production
Company, Russia), and examined using the same micro-
scope at x100 magnification. Otoscopy was performed using
a light otoscope (Welch Allyn Inc., USA).

Microbiological testing was performed at the “Vet Un-
ion” laboratory (Moscow). Earwax microscopy was per-
formed in the laboratory of the clinic using an Olympus
CX23 microscope at x10 magnification.

The ear culture test, antibiotic sensitivity test, and fun-
gal culture test for Candida spp. and Malassezia spp. were
also performed at the “Vet Union” veterinary laboratory.

Treatment included topical application of 0.1% tacroli-
mus ointment (Protopic, Astellas Pharma, Japan).

A general examination 4 weeks after treatment was per-
formed using a Welch Allyn light otoscope.

Research Results. According to the medical history, in
the previous months, the cat had been treated with numer-
ous topical medications against ear parasites, yeast, and
bacterial infections that included compound drops contain-
ing 5% Baytril and dexamethasone. The cat systematically
received a single topical application of selamectin (Strong-
hold, manufactured by Zoetis (formerly Pfizer Animal
Health), USA) and amoxicillin + clavulanic acid (Krka,
Slovenia) at a dose of 15 mg/kg twice a day for 14 days.

The ear culture test and antibiotic sensitivity test, revealed
the following microorganisms: Pseudomonas aeruginosa,
Klebsiella oxytoca, and Enterobacter cloacae (Fig. 1). The re-
sults of microbiological analysis proved to be characteristic
not of an infection, but of the secondary microbial contamina-
tion. The fungal culture test for fungi of the genus Candida
spp. and Malassezia spp. did not reveal any fungi (Fig. 2).

A general examination revealed no other skin lesions.
Bilateral lesions were found on the inner surface of the pin-
nae. Stenosis of the external ear canals and a significant
number of black, dry crusts were also detected. Minor
bleeding was noted during trauma and diagnostic testing
(Fig. 3). An otoscopic examination could not be performed
during first consultation due to stenosis of the ear canals.
Examination of the nasopharynx revealed no anatomical or
pathological changes.

Initially, the following differential diagnoses were con-
sidered: otoacariasis (parasitic otitis), which might have
not been healed with a single application of spot-on drops,
and chronic bacterial or yeast otitis externa secondary to
otitis media (or, less likely, to bilateral ear polyps).
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Ear culture test (discharge from external ear canal)

1 Pseudomonas aeruginosa 1077 SFU/swab
2 Klebsiella oxytoca 1077 SFU/swab
3 Enterobacter cloacae 1077 SFU/swab
Sensitivity to medications 1 2 3
AMPICILLIN R R
AMOXICILLINE CLAVULANAT S R
CO-TRIMOXAZOL R
CEFOTAXIME R S S
CEFTAZIDIME S S
CEFTRIAXON R S S
CEFEPIME R S S
GENTAMICIN S
AMIKACIN S
ENROFLOXACIN S S S
Comments

S — Susceptible

R — Resistant

I — Intermediate resistant

Comments to the lab test application

Localization: discharge from external ear canal

Test results are not a diagnosis; a consultation with a specialist is required.

Fig. 1. Results of ear culture test and antibiotic sensitivity test

The fungal culture test for fungi of the genus Candida spp.
and Malassezia spp. and Antimycogram

1. Candida spp. growth is not detected
2. Malassezia spp growth is not detected

Fig. 2. Results of ear fungal culture test for fungi of the genus Candida spp. and Malassezia spp.

Fig. 3. Proliferative and necrotizing otitis in a cat before treatment
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The earwax microscopy for the presence of Oto-
dectescynotis mites was negative, and cytological exami-
nation identified only keratinocytes (Fig. 4).

Treatment began with topical application of 10 ¢
of 0.1% Protopic ointment to the auricular crusts. After
three days of treatment, the condition of the pinnae im-
proved significantly (Fig. 5).

The cat was re-examined after 4 weeks of therapy. Oto-
scopic examination revealed both the ear canal and pinnae
to be in normal condition. A small amount of earwax still
obscured the tympanic membrane on the left side, whereas
the tympanic membrane on the right side was normally vis-
ible (Fig. 6). Cytological examination of the earwax re-
vealed only keratinocytes.

Fig. 4. Cytology of the swab sample from a cat with PNOE. Microscopy presents keratinocytes +++. Staining with “Diahim-Diff-
Quick”. Magnification x100.

Fig. 5. View of the pinna after three days of using Protopic ointment
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Fig. 6. Condition of the pinna in dynamics after 4 weeks of therapy

Discussion and Conclusion. If possible, the otoscopic
examination to evaluate the condition of external acoustic
pore and the integrity of the tympanic membranes should
always be performed in animals with otitis externa [14, 15].
Otoscopy or video otoscopy allows a veterinarian to diag-
nose and prognosticate this disease. However, in cats with
proliferative and necrotizing otitis externa, an otoscopic
examination is not always possible due to the large number
of crusts that accumulate in the ear canals. Pruritus may or
may not be present, but secondary bacterial or yeast otitides
externa are always present [1, 5]. In our case, the pinnae
were not affected, and lesions similar to that discussed
above affected only the external ear canals.
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Abstract

Introduction. Exterior traits of a cow can have crucial effect on development of pathological conditions, for example,
sacrum anatomy features can be related to the risk of dystocia (pathological or difficult parturition). In dairy farming,
pelvic parameters are one of the key factors enabling control of easy calving. However, modern breeding focuses on
selection of the herd individuals with the highest milk yield and long-term economic productivity, whereas the exterior
traits, unfortunately, are taken into account to a lesser extent. The aim of the present research is to identify associations
of single-nucleotide polymorphisms with cow pelvic exterior parameters that are important prerequisites of susceptibility
to easy or difficult calving. As a result, it will be possible to determine the genetic markers to be included into the selec-
tion-breeding programs.

Materials and Methods. The study was conducted at Ural Research Veterinary Institute — a structural division of Ural
Federal Agrarian Research Center of the Ural Branch of the Russian Academy of Sciences in the period from 2023
to 2025. The exterior trait inheritance patterns were studied in Holstein cows (n=155) across three pelvic dimensions:
sacrum height, hip width, and ischial tuberosity width. Association tests were conducted using SNPassoc R package.
Results. The mean values and standard deviations for pelvic height at sacrum in cows were found to be 161.7+5.3 cm;
for width at hips — 41.1+3.9 cm; for width at ischial tuberosities — 22.4+2.1 cm. For each individual, genotyping with 13
polymorphisms was performed. Rs109452259 polymorphism in C* allele was revealed to have negative effect on hip
width in Holstein cows. Rs134055603 and rs43038601 polymorphisms in G/G and C/A genotypes respectively, were
established to have putative epistatic interaction with positive effect on the sacrum height. Also, rs134055603 and
rs137396952 polymorphisms in C/A and C/C genotypes respectively were found to have possibly synergistic effect.
Discussion and Conclusion. The data obtained in the frame of the study are reliable for the observed-level statistical
interaction. Potential limitations of the study include possible influence of the unaccounted confounding factors, such as
variability of animals within the studied groups by age, live body weight, lactation number, etc. For confirmation of the
biological mechanisms, further functional studies are required.

Keywords: cows, Holstein breed, exterior traits, sacrum height, hip width, ischial tuberosity width, polymorphisms, ge-
netic associations, selection-breeding
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AHHOTaLUA

Beseoenue. JxcTepbepHbIe TapaMeTPBl KOPOBEI MOTYT MIMETH pelIaroliee 3HaUeHIE B Pa3BUTHH MATOJIOTHIECKOTO COCTO-

SIHUSI, HAalIpUMep, 0COOCHHOCTH CTPOEHHSI KPECTIa MOTYT OBITh CBSI3aHBI C PUCKOM JUCTOLNH (TIATOJIOTHYECKHE UITH TPYA-
Hble posibl). [lapaMeTpsl Taza ABISIOTCS OJAHUM M3 KITIOYEBBIX (PaKTOPOB yIpaBIEHUs JIETKOCTHIO OTENa B MOJIOYHOM CKO-
TOBOJICTBE, OJTHAKO COBPEMEHHAs! CEJICKIMs HAallpaBJIcHa Ha 3aKpeIyIeHUE B cTajie 0co0el ¢ HanboIbIleit MOIOYHOI Ipo-
JTyKTUBHOCTBIO U JUIUTENIBbHBIM X03IHCTBEHHBIM HCIOIB30BaHUEM, U 3KCTEPbEPHBIEC MapaMeTpPhl, K COXKAICHUIO, YUUTHI-
BalOTCs B MEHbILEH cTenenu. Lleip ucciie1oBanusi — BBISIBUTH aCCOLMAIMH OAHOHYKIJIEOTHIHBIX NOJIUMOP(U3MOB C IKC-
TEPhEPHBIMH ITOKA3aTEIIIMH Ta3a KOPOB, UTPAIOIIMMHI BXXHYIO POJIb B IPEAPACIIONOKEHHOCTH K JISTKOMY WM TPYJHOMY
OTeITy, YTO IO3BOJIUT ONPEIEIUTh TeHETHUECKIE MApKEPHI I UCIIOIb30BaHUS B CEJICKIIHOHHBIX IIPOTPaMMaXx.
Mamepuanst u memoodwt. ccnenosanne nposeneHo B Ypansckom HUBU — crpykrypHoM nogpasgeneanun GI'BHY
Yp®AHUL YpO PAH B nepuoa ¢ 2023 o 2025 rr. UccnenoBansl MOAENN HACIEIOBaHUS IKCTEPbEPHBIX ApaMETPOB
[0 TPeM HPOEKIHSIM Ta3a KOPOB TOJIITHHCKOM mopoasl (N=155): BbIcoTa B KpecTiie, IMPHHA B MAaKJIOKaX, IIUPHUHA B
CeTNTMIIHBIX Oyrpax. ACCOIMaTHBHBIE TECTHI MPOBEICHBI C UCTIOIb30BaHKeM SNPassoC aust mporpaMmHO# cpens R.
Pe3ynomamut uccnedosanusn. Y CTaHOBIICHO, UTO CPEHHUE 3HAUYCHUS U CTAHJAPTHBIE OTKJIOHEHUS JUIsl BBICOTBI Ta3a KO-
poB B Kpectie paBHbl 161,7+5,3 cM; s mmpunbl B Makinokax — 41,143,9 cM; s MpHHBI B CENATUIIHBIX OyT-
pax — 22,4+2.1 cm. [IpoBeieHO TeHOTUITUPOBAHUE KaXX0i 0cobu mo 13 momumopdusmam. [[jis KOpOB TOIINITHHCKON
mopoie! 1Mo rs109452259 BeisiBiIeH oTpHLATeNIBbHBINA 3G ekt avtens C* Ha mupuHy B Makiiokax. OOHapyKEHO MPEeIo-
JIOKUTENIBHO AIMcTaTudeckoe B3anmonaeiicteue s rs134055603 u rs43038601 misa remorunos G/G u C/A, coorser-
CTBEHHO, C IOJIOXKUTEIbHBIM 3(ekToM Ha BEICOTY B KpecTie. Takxke 00HapyKEHO 3MUCTAaTHIECKOE B3aHMMOJCHCTBHE
qutst 1s134055603 u rs137396952, BeposiTHO, ¢ cuHepruueckuM xapaktepom uisi renotuna C/A u C/C cooTBETCTBEHHO.
Oécyacoenue u 3axknouenue. IomydeHHBIC B X0/1€ UCCIICAOBAHMUS JaHHBIC CTATUCTUYECKH JOCTOBEPHBI [UIs HAaOIto1ae-
MOT0 B3auMojeicTBHA. K NOTEHIIMa bHBIM OrpaHUYEHHUSIM HCCIEAOBAHUS CIIeyeT OTHECTH BO3MOXKHOE BIIMSHHUE He-
YUYTEHHBIX CMEIIMBAIONINX (PAKTOPOB, TAKUX KaK BapuaOebHOCTh BHYTPH UCCIIEYEMBIX IPYIIH MO BO3PACTY KUBOTHBIX,
KHMBOM Macce, HoMepy JIaKTaluu U T. 1. [loaTBepkIeHne ONOJOrnYeCKUX MEXaHU3MOB TPeOyeT HOMOTHUTENBHBIX QYHK-
LHOHAJIBHBIX UCCIEIOBAHUI.

KaioueBble ciioBa: KOPOBBI, TOJIITHHCKASI TIOPOJA, SKCTEPbEPHBIE [TOKA3aTEIH, BLICOTA B KPECTIIE, ITMPHHA B MAaKJIOKaX,
IIMPHHA B CEJAIUIIHBIX Oyrpax, MOIUMOP(HU3MBI, TeHETHYECKUE aCCOIIMALINH, CENEeKINs

®unaHcupoBanue. Pabora BrinonHeHa B pamKkax ['ocynapcTBeHHOTO 3aaHuss MUHHCTEPCTBA HAYKH M BBICIIETO
ob6pasosanus Poccuiickoit ®eneparnuu o teme Ne 0532-2025-0003 «Pa3paboTka BRICOKOTOYHBIX METOJOB HIICHTH-
(UKAUU FeHETHYECKUX ACTEPMHUHAHT YCTOWYHMBOCTU K 3a00JIEBAHUSM JIJISI UCIIOJIb30BAHUS B CEJICKIIMH KPYITHOTO
pOTaToro CKoTay.

Jas uutupoBanus. berroB M.B., 3ybapesa B./l., Kpacnonépos A.C., be3boponosa H.A., ITeuénkuna M.A., Coko-
noBa O.B. [Touck acconnanuii 0JTHOHYKJICOTHTHBIX TOJTMMOP(GHU3MOB C TIOKa3aTEeNsIMH 3KCTephepa (Ta30BbIe MapamMeTphl)
KOPOB TOJIIITHHCKOHN TIOpoisl. Bemepunapnas namonozus. 2026;25(1):41-49. https://doi.org/10.23947/2949-4826-2026-
25-1-41-49

Introduction. In modern animal husbandry, the exterior
of cattle is an important production indicator directly affect-
ing health, productivity, and reproductive function [1]. Body
constitution indices are taken into account in dairy cow
breeding among the primal indicators to assess the non-pro-
ductive traits [2]. Gibson et al. believe that height of a calf is
related to the lactation efficiency of an adult cow: taller
calves will produce more milk in the future through several

lactations compared to the shorter calves, live weight con-
sidered [3]. The results of the study conducted by
Schmidtmann et al. show that larger animals with visibly
protruding bones and a low BCS (Body Condition Score) are
more susceptible to metabolic disorders [4].

Exterior traits can be decisive for the development of
pathological conditions in animals. For example, sacrum
anatomy features can be related to the risk of dystocia
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(pathological or difficult parturition) [5]. Significantly
higher incidence of dystocia has been found in cows with
the sacrum size both narrower and, on the contrary, wider
than optimal for calving [6]. The influence of a breed on
the incidence of dystocia is explained by the differences in
a relative body weight at birth, pelvis anatomy, and signif-
icant variations in dimensions of pelvis in some breeds [5].
Due to modern breeding focusing on selection of the herd
specimens with the highest milk yield and long-term eco-
nomic productivity, dystocia remains a serious problem
with incidence rate estimated at 10 to 50% [7].

The aim of the study is to identify associations of single-
nucleotide polymorphisms with pelvic exterior parameters
in Holstein cows that are important prerequisites for forming
susceptibility to easy or difficult calving. The data obtained
will make it possible to determine the genetic markers to be
included into the herd improvement breeding programs.

Materials and Methods. The study was carried out at
the Department of Genomic Research and Animal Breed-
ing of Ural Research Veterinary Institute, structural divi-
sion of Ural Federal Agrarian Research Center of the Ural
Branch of the Russian Academy of Sciences, in the period
from 2023 to 2025. PCR tests of DNA samples from Hol-
stein cows (n=155) from two cattle breeding agricultural
enterprises (AEs) (AE No. 1, n=70; AE No. 2, n=85) were
performed. The research sample included animals with one
or more lactations. The research was held in compliance
with the ethical standards, the studies (e.g., blood sampling
from the caudal veins of animals) were approved by the
Bioethics Committee of Ural Federal Agrarian Research
Center, Ural Branch of the Russian Academy of Sciences
(Protocol No. 136 of October 13, 2025).

Exterior traits of the animals were assessed across three
dimensions: sacrum height, hip width, and ischial tuberos-
ity width. Statistical data for a phenotype —mean values
and standard deviations—were calculated using
STATISTICA 12 software (StatSoft Inc, USA).

13 Single Nucleotide Polymorphisms (SNPs) were gen-
otyped across entire sample of cows. To perform association
tests, the following polymorphic markers were studied:
rs134055603, rs137396952, rs109452259, rs110347054,
rs110352004, rs133674837, rs109529386, rs109279094,
rs109611915, rs134668940, rs41567027, rs43038601,
rs41255693, which had previously shown significant asso-
ciations with a number of physiologically valuable param-
eters in cattle during GWAS studies:

— productive longevity [8];

— easy calving [9, 10];

— body weight [11];

— carcass length after cutting [12];

— and other parameters of productivity [10, 13].

The article presents both authors’ own findings based
on TagMan genotyping technology and earlier described
test systems (Table 1).

Based on the genetic data obtained, the relationship of
each polymorphic locus with a phenotype was assessed in
separate. Five patterns of trait inheritance were assessed
using the SNPStats web tool (Institut Catala d'Oncologia,
Spain) [19] and the SNPassoc package [20] in R program-
ming environment (Autonomous University of Barcelona,
Spain): codominant, dominant, recessive, overdominant,
and log-additive; the effect size was interpreted as the odds
ratio (the differences in the values of the exterior traits)
with a 95% confidence interval compared to alternative al-
lele homozygote.

To conduct association studies using the SNPassoc
package in the R programming environment, the WGasso-
ciation function was used. To test for the presence of
“gene-gene” interactions, the interactionPval (Phen,
data=data, model="co’) function was used. Association
tests were performed across three pelvic dimensions: sa-
crum height, hip width, and ischial tuberosity width; the
presence of “gene-gene” interactions was also assessed for
each of the exterior traits. For a more detailed study of al-
lele combinations contributing to the formation of a trait,
taking into account “gene-gene” interactions, a linear
model was created: Im(“Phen ~”, “SNP1”, “*” “SNP2”,
data=data). With regard to epistatic interactions, this model
envisaged sorting through each combination of genotypes
and determining mean value of each of these combinations
for a phenotype. A post-hoc Bonferroni correction was per-
formed for each analysis

Results. The mean values and standard deviations for
sacrum height in Holstein cows were determined to be
161.745.3 cm; for hip width — 41.1£3.9 cm; and for is-
chial tuberosity width — 22.4+2.1 cm.

Larger values of pelvic width proved to ensure suffi-
cient space for successful development of a fetus and easy
calving, and necessary space between hindlimbs to ensure
a more voluminous cup-shaped udder [21]. Thus, higher
values of each of the three exterior traits are considered a
favourable phenotype.

Significant effects of rs109452259 SNP on hip width
in Holstein cows were acknowledged in codominant,
dominant, and log-additive inheritance patterns. The low-
est AIC value for rs109452259 was found in the dominant
inheritance pattern, with the C/A and A/A genotypes hav-
ing 2.17 cm difference from C/C; p-value=0.0006.

When studying a phenotype inheritance mechanism, an
interesting feature was revealed, i.e. the presence of “gene-
gene” interactions among polymorphisms. In the present
study, the epistatic interactions for the pairs of
rs134055603-rs43038601 and rs134055603-rs137396952
polymorphisms were identified according to the codomi-
nant inheritance pattern (Fig. 1). The significance level for
these pairs was corrected to a<0.00032.

Animal breeding, selection, genetics, and biotechnology

43



https://www.vetpat.ru

44

Bytov MYV, et al. Finding Associa-tions of Single Nucleotide Polymorphisms with Exterior Traits (Pelvic...

Table 1
Oligonucleotides used in the present study for genotyping in cattle
SNP, localization Amplicon,
and genomic Oligonucleotides bp Source
context

15133674837 F AAAGAAGGTGCCAAAGT
6:21766662 RTCAAGCTATGGAGGTGCT 91 This study
BDH2 P1,[R6GJATCAATGACTCCAAACT[BHQ1]

P2,[ROX]JATATCAATGAATCCAAACT[BHQ2]

F, CACTAGAAAGCACACTTCA
rs41567027 R, ATACTTGGCTGTGTGGAA .
6:43657946 197 This study
PPARGCIA P1, [R6G]JAGAAGCCGCAAGGTCA[BHQ1]

P2, [ROX]CAGAAGCTGCAAGGTCA[BHQ2]
1109279094 F, ACTAAACCTCTCTGTCTT
6:45175137 R, GATTTGTGTCAGCTCCT 338 This study
PPARGOLA P1, [R6G]TCCCCCAGACTCATAA[BHQ1]

P2, [ROX]CTCCCCTAGACTCATAAC[BHQ2?]
(109611915 F, CCTTGTAAATGCAGAATCCAC
6:88739941 R, GAACCAAACGTTGACCTGAT 132 This study
GC — NPEFR? P1, [R6G]TCATTTTGCAGATAACAGAAC[BHQ1]

P2, [ROX]TTCATTTTGAAGATAACAGAACTA[BHQ?2]

F, GGAGCTGGGATTGATGCCTAC
rs110347054
6:88751491 R, AAGAAAATCA+CA+CTTCAAAAGGATA 296 [14]
oC . NPEFR2 P1, [ROX]CCTACTCCCTC+C+A+CTGGGTG[BHQ2]

P2, [Cy5]CCTACTCCCTCC+G+CTGGGTG[BHQ2]

F, GCAAAAACACAATATGCTGGAT
gsgggéiggg R, AGGTCAAACAACTAAACAGTGG i 116, 15
oC _ NPEFR? P1, [ROX]CTTGTC+A+A+CTT+C+CA[BHQ2] ’

P2, [FAM]CTTGTC+A+C+CTTCCA[BHQ1]

F, ATGCAGCAGAAACAAGGGTTAAA
;S;Z;igig? R, GTACAGCCACTGTGCAACAAC - 1
oC . NPEFR? P1, [HEX]GA+TT+CAGCATG+G+T+G+TCAG[BHQ2]

P2, [Cy5]GATT+CAGCATG+G+C+G+TCAG[BHQ3]

F, GACAAGGCTTTTGATAGGTGAAA
;S ;2;222223 R, CAAAGCAACCACACAATGTTG 216 1
oC - NPEER? P1, [HEX]CAT+TT+TCT+T+A+GA+CT+T+CTG[BHQ1]

P2, [Cy5]CATTTTCT+T+G+GA+CT+T+CTG[BHQ3]
15134668940 F, GGCAGAGAACTTGACT
6:88838658 R, AGTATCTTG+GCCTCTT 276 This study
GC — NPEER?2 P1, [R6G]JAGAATAGCACATGGCACA[BHQ1]

P2, [ROX]TAGAATAGCAAATGGCACATA[BHQ2]

F, GTAGGGATT+GAT+GC+CCTTGAA
rs110352004
6:88948552 R, TACAATA+CA+C+CATAT+CTTTTTCATCC 239 [14]
oC . NPEFR? P1, [HEX]AA+TA+C+GTAC+AA+CACT+CT+T[BHQ1]

P2, [ROX]TA+C+GTAC+GA+CACTCTGT[BHQ2]
rs109529386 F, ACTAAAGATCCCACGTGCTA
25:26982725 R, GTCTTACTACTGTCCCCACA 500 This study
LOC100847190 — | P1, [R6G]JAAGGTGCCACAGCCAGA[BHQ1]
ZNF688 P2, [ROX]JAGGTGCCGCAGCCA[BHQ2]
rs43038601 F, TGATAACACGTACA+GAGT
18:57032285 R, CAATAAGGCGATTCGTGG .

180 This study

TRNAG-UCC - P1, [R6G]TGGTGTCTCGGTTGC[BHQ1]
TRNAG-UCC P2, [ROX]TGTCTAGGTTGCTTTTACTG[BHQ2]

F, CCCTTATGACAAGACCATCAACC
rs41255693
2621272422 R, GACGTGGTCTTGCTGTGGACT 90 [18]
SCD1 P1, [FAM]CTTACCCACAGCTCCCA[BHQI1]

P2, [HEX]TACCCGCAGCTCCC[BHQ1]
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rs41255693 -
rs43038601 —
5109529386 —
5110352004 —
5134668940 —
5134055603 —
5137396952 —
5109452259 —
5110347054 —
5109611915 —
5109279084
rs41567027 —
5133674837 —

0.05 0.001

0.1

0.3
I

rs133674837
rs41567027 —
rs109279094 —
rs109611915 —
rs110347054 —f
rs109452259 —

rs137396952 —

rs134055603 —
rs134668940 —
rs110352004 —f
rs109529386 —
rs43038601 —
rs41255693 —

Fig. 1. Screening for the presence of epistatic and additive interactions among polymorphisms in relation to sacrum height parameter
inheritance in Holstein cows

A statistically significant epistatic interaction was
found for rs134055603 polymorphism. This SNP has a sig-
nificantly positive contribution to sacrum height only in the
presence of A* allele in a genotype identified by
rs43038601 polymorphism, while its absence (the combi-
nation of G/G and C/C genotypes identified by
rs134055603 and rs43038601, respectively) has a negative
effect on the phenotype (Fig. 2). It is worth noting that the
number of specimens of A/A genotype identified by
rs43038601 polymorphism for each of the three combina-
tions was < 3. Therefore, interpretation of these genotype

combinations is impossible. For each of the other six com-
binations, the sample size was > 10.

Epistatic interactions of opposite nature for 134055603
with rs137396952 polymorphism were found. The combi-
nation of A* allele in genotype of rs134055603 and the C*
allele in genotype of rs137396952 had a positive effect on
sacrum height (Fig. 3). It is worth emphasising that the
number of specimens with A/A genotype identified by
rs43038601 polymorphism for each of the three combina-
tions was < 3.

rs43038601
AA CIA ciC
170 -
Q
5 }
§ 165-
[=
g ¢ ’ s é
g 160-
£ :
k3]
S ...
5 155-
[&]
150 3 1 1 1 1 1 1 1 1 1
AIA GIA GIG ATA GIA GIG AA GIA GIG
rs134055603

Fig. 2. Facet matrix for the pooled samples of Holstein cows in relation to sacrum height for rs134055603 and rs43038601 epistatic
interaction. Corrected R2 = 0.0923. F-test = 2.957. p-value < 0.0043
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rs134055603

AA

160 -

corrected mean value

1 1 1 1

CiCc CcI T ciC

CIA CiC

1 1 1 1 1

Cm TIT ciC CcIm T

rs137396952

Fig. 3. Facet matrix for the pooled samples of Holstein cows in relation to sacrum height for rs134055603 and rs137396952 epistatic
interaction. Adjusted R? = 0.0902. F-test = 2.909. p-value < 0.0049

Discussion and Conclusion. During the study con-
ducted in 155 Holstein cows, the mean values and standard
deviations for sacrum height (161.7+5.3 cm), hip width
(41.1+£3.9 cm), and ischial tuberosity width (22.4£2.1 cm)
were determined. Genotyping of 13 polymorphisms was
conducted for each specimen. It was revealed that in Hol-
stein cows, genotyping of rs109452259 requires negative
selection by C* allele to increase the hip width. Epistatic
interaction of rs134055603 and rs43038601, probably of
synergistic nature for G/G and C/A genotypes respectively,
was identified. Epistatic interaction of rs134055603 and
rs137396952, probably of synergistic nature for the C/A
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Uncontrollable Mortality in Agricultural Animals in the Russian Federation: E E
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Abstract

Introduction. Uncontrollable mortality in agricultural animals causes significant economic damage to the producers, and
threatens the national food security. In the context of sanction restrictions, and the need to ensure the independence from
import supplies, the problem of livestock mortality control has become particularly acute in the Russian Federation. Alt-
hough the statistical data are available, the comprehensive analysis of the correlation of livestock mortality and population
dynamics, as well as analysis of the factors inducing the growth of mortality are insufficiently presented in the scientific
literature. This determines the relevance and purpose of the present study.

Materials and Methods. The study was conducted based on the data of the Federal State Statistics Service of the Russian
Federation (Rosstat) for the period of 2019-2023. The methods of economic and statistical analysis were used, including
the analysis of time series, calculation of livestock population growth rate, structural analysis of the share of mortality in
the total figure of livestock population, and comparative analysis of the mortality and population rate changes in the main
groups of agricultural animals.

Results. The situation has been identified as critical in pig farming, where the livestock mortality-to-population ratio has
increased from 32.2% in 2019 to 43.1% in 2023, and in reindeer herding, where this indicator has reached from 14.9 to
19.0%. In most of the animal groups (cattle, pigs, sheep, goats, and horses), the mortality growth rate was found to
significantly exceed the population growth rate, and the amplitude of mortality fluctuations was higher, indicating the
insufficient level of process control. The key groups of factors influencing mortality have been identified: natural and
climatic factors (natural disasters, dangerous diseases), technical and organisational factors (feed shortage, unsatisfactory
condition of the premises), and organisational and human (low qualified staff, belated veterinary care).

Discussion and Conclusion. The obtained results confirm the existence of a systemic problem of uncontrollable mortality
in agricultural animals in the Russian Federation, which requires a transition from the local measures to the State regulation.
A set of measures has been proposed, including planning the actions of agricultural enterprises that face the livestock mor-
tality threat, developing an insurance system, strengthening the state support, upgrading employee qualifications, and ex-
panding statistical recording. Implementation of these measures will improve the predictability of livestock population dy-
namics, reduce the socioeconomic damage caused by the livestock mortality, and strengthen the food security of the country.

Keywords: livestock mortality, Russian Federation, agricultural animals, uncontrollable mortality, pig farming, reindeer,
cattle, food security, state regulation, veterinary control, mortality statistics, veterinary internship

For Citation: Mirgorodskaya EO, Stepanova YuL, Potapenko 10, Ermakov AM. Uncontrollable Mortality in Agricul-
tural Animals in the Russian Federation: A State-Level Problem in the Context of Sanction Restrictions. Russian Journal
of Veterinary Pathology. 2026;25(1):50-62 https://doi.org/10.23947/2949-4826-2026-25-1-50-62

© Mirgorodskaya EO, Stepanova YuL, Potapenko 10, Ermakov AM., 2026


https://doi.org/10.23947/2949-4826-2026-25-1-50-62
mailto:emirgorod@mail.ru
https://doi.org/10.23947/2949-4826-2026-25-1-50-62
https://orcid.org/0000-0002-0708-5524
https://orcid.org/0000-0003-4682-1413
https://orcid.org/0009-0008-6980-1670
https://orcid.org/0000-0002-9834-3989
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2949-4826-2026-25-1-50-62&domain=pdf&date_stamp=2026-03-30

Mirgorodskaya EQO, et al. Uncontrollable Mortality in Agricultural Ani-mals in the Russian Federation:...

OPMZMHaJleOe amnupudeckoe uccnedosanue

HexoHTposiupyeMblii Najiex CeJbCKOX03AHCTBEHHBIX KMBOTHBIX B Poccuiickoii degepannu:
rocy1apcTBeHHasi IPo0/IeMATHKA B YCJIOBUSX CAHKIIMOHHBIX OrPAHMYCHHU I
X, 10.JI. CtenanoBa

JloHCKOM ToCyAapCTBEHHbIN TEXHUUECKUI YHUBEPCUTET, I. PoctoB-Ha-Jlony, Poccuiickas deneparus
P emirgorod@mail.ru

E.O. Mupropoackas , 1.0. lloranenko' >, A M. EpmakoB

AHHOTaUA

Beeoenue. HexoHnTponupyemass THOCIb CEIbCKOXO3SIMCTBEHHBIX JKUBOTHBIX HAHOCUT 3HAYUTEIBHBIA 3KOHOMHYCCKUI
yIep0 IpOU3BOIUTEISAM H CO3ACT YIPo3y MPOIOBOIBCTBEHHOW 0E30MMAaCHOCTH TOCYAAapCTBa. B yCIOBUSIX CaHKIIMOHHBIX
OrpaHMYCHUI U HEOOXOIMMOCTH 00CCIICUCHUST IMIIOPTOHE3aBUCUMOCTH MPo0JIeMa YIIPaBICHUS MaIe)koM ckoTa B Poccuii-
cxoii depeparu mproOpeTaeT 0codyro ocTpoTy. HecMoTpst Ha HaiuMe CTaTHCTHYECKUX JaHHBIX, B HAYYHOU JTUTEpaType
HEIOCTATOYHO BHUMAHUS YICNSCTCS KOMIUICKCHOMY aHAJTU3y COOTHOIICHHS JUHAMUKH Ta/IeKa U MOTOJIOBBS, 8 TAKIKE BbI-
SIBTICHUIO (PaKTOPOB, MPUBOIINX K POCTY CMEPTHOCTH, YTO ONPENEIISIeT aKTYalIbHOCTE | IeJb JAHHOTO UCCIICIOBAHTIS.
Mamepuanst u memoout. ViccienoBaHue BHIIIOJIHEHO Ha OCHOBE AaHHBIX DeepanbHON CityKOBI TOCY1apCTBEHHOM CTATH-
ctuku P® (Poccrar) 3a 2019-2023 rr. Mcnob30BaHbl METOIBI SKOHOMHUKO-CTAaTHCTHUECKOTO aHAJIN3a, BKITIOYAs aHaIH3
JIMHAMHUYECKUX PSIOB, pacyeT TEMIIOB IPUPOCTA, CTPYKTYPHBIN aHAIN3 JIOJH T1a/IeKa B OOIIEM MOT0JIOBbE, a TAKIKE CPaB-
HUTENBHBIN aHAJN3 TEMITOB U3MEHEHIS TaJIe’Ka U ITOTOJIOBBS 10 OCHOBHBIM BHIaM CENECKOX03SHCTBEHHBIX KUBOTHBIX.
Pesynomamot ucciedosanus. BbISBICHO, UTO KpUTHYECKAs! CUTYalMsl HAOI01aeTCsl B CBUHOBOJICTBE, TIe JIOJIS MaieKa
K IIOroJioBb1o Bbipocia ¢ 32,2 % B 2019 1. 1o 43,1 % B 2023 r., a Tak)ke B OJICHEBOJCTBE, I'/I€ 3TOT I10KA3aTEJb JOCTUTAET
14,9-19,0 %. YcTaHOBNEHO, YTO 10 OONBIIMHCTBY TPYIII XXMBOTHBIX (KPYIHBIH poraTelii CKOT, CBUHBH, OBLBI U KO3BI,
JIOIIaM) TEMITBI POCTA MajeXka 3HAYUTENHFHO MPEBHIMAIOT TEMIIBI pOCTa ITOTOJIOBhS, a aMIUTUTYyAa KoJeOaHuH mamexka
BBIIIIE, YTO CBUETENILCTBYET O HEIOCTATOYHOM YPOBHE yIpaBlieHHs IporieccoM. OmnpeaesieHs! KitoYeBbie Ipynibl (ak-
TOPOB, BIUSIOMNX HA MMANekK: MPUPOIHO-KIMMATHISCKUE (CTUXUIHBIC OCCTBHS, OTacHbIe 0O0JEe3HN), TEXHUKO-OPTraHu-
3allMOHHBIE (HEIOCTATOK KOPMOB, HEYAOBIETBOPUTEIHHOE COCTOSHHUE MOMEIIEHUI) U OpraHU3allMOHHO -4eJI0BEUYECKIe
(HM3Kas KBaTU(HUKAIKS IEPCOHANA, HECBOCBPEMECHHAS BETEPHHAPHAS TIOMOIITH).

Obcyscoenue u 3axniouenue. 11omydeHHbIe pe3yIbTaThl HOATBEPKIAIOT HATMUHE CUCTEMHOM MPOOIEMBI HEKOHTPOJIUPY-
eMoro majiexa ckota B PO, Tpebytoreii mepexoia oT JOKAIBHBIX Mep K TOCYIapCTBEHHOMY peTyIHpOBaHHUIO. [Ipemioxen
KOMILJIEKC MEPOIPUATHUM, BKIIOUAIOIINN TIIAHUPOBAHUE JIEHCTBUIN CENIbCKOXO3SHCTBEHHON OpraHU3aluy MpU yrpo3e mna-
JIeKa, pa3BUTHE CHCTEMBI CTPAXOBaHU, YCHIICHUE TOCYJapCTBEHHON ITOIICPIKKH, TIOBBIIICHHE KBATH(UKAIIN PAOOTHUKOB
Y pacHIMpeHne CTATUCTUUECKOTO yueTa. Peanuzaius JaHHBIX Mep MO3BOJIUT MOBLICUTH IPOTHO3UPYEMOCTh JUHAMHKH TI0-
TOJIOBBS, CHI3HUTH CONMATbHO-9KOHOMUYECKHUH YIIEpO OT Maexa M YKPEIUTh TIPOJOBOJIBCTBEHHYIO 0€30MMaCHOCTh CTPAHBL.

KuoueBble cioBa: najgex ckora, Poccuiickas Denepanusi, celbCKOXO35NUCTBEHHbIE UBOTHBIE, HEKOHTPOIUPYEMasl
CMEPTHOCTH, CBUHOBOJICTBO, CEBEPHBIE OJIEHH, KPYIHBIH pOTaThlif CKOT, POJOBOJIBCTBEHHAsT OE30IaCHOCTh, TOCyap-
CTBEHHOE PeryJIHpOBaHNE, BETEpUHAPHBINA KOHTPOJIb, CTATHCTHKA T1aJIe)Ka, BETEpUHApHAs HHTEPHATYpa

s uutuposanus. Mupropozackas E.O., Crenanosa 10.J1., ITotanenko U.0., Epmakos A.M. HexoHTponupyeMslii na-
JIeX CeTbCKOXO03sIMCTBEHHBIX )KUBOTHBIX B Poccuiickoit deneparin: rocyaapcTBeHHas MpoOieMaTHKa B YCIOBHSIX CaHK-
IMOHHBIX OrpaHi4eHuil. Bemepunapras namonozust. 2026;25(1):50-62. https:/doi.org/10.23947/2949-4826-2026-25-1-50-62

Introduction. Livestock mortality is a significant soci-
oeconomic problem not only for agricultural enterprises
engaged in livestock farming but for the country as a
whole. Excessive livestock mortality leads to losses of live-
stock products, valuable animal genetic resources, labour
and financial investments, and expected profit due to the
inability of the agricultural enterprises to fully complete the
production cycle. At the state level, livestock mortality can
entail a chain of inflationary processes, starting with the
rise of livestock product prices and leading to the rise of
prices in the related sectors. Such processes are highly
probable, as the demand for the livestock products won’t
decline, but rather increase with population growth due to

essential role of livestock products in a human diet. Uncon-
trollable livestock mortality can cause social problems
such as unemployment in livestock farming and related
sectors, and serious environmental problems due to the
need to dispose a large number of cadavers of dead ani-
mals. All this poses a real threat to the food security of the
country.

The problem is highly relevant for the Russian Federa-
tion: reduction of beef production leads to the growth of
prices for this type of meat and fall of its affordability for
people, which automatically results in increased share of
pork and poultry in the their diet, and can cause problems
in these sectors in the event of crises similar to the one in
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poultry farming in 2025. On the other hand, this may re-
quire enlargement of meat and meat products’ export,
which creates risks for the domestic market of the Russian
Federation in case of changes in political and economic sit-
uation. Therefore, livestock mortality control is crucial for
the development of agricultural enterprises and improve-
ment of their cost-efficiency, as well as for ensuring the
economic, food, and environmental security of the country
in the context of sanction restrictions® [1]. However, de-
spite the availability of statistical data, little attention has
been paid in the scientific literature to a comprehensive
analysis of the correlation between the dynamics of live-
stock mortality and livestock population, as well as to iden-
tifying the factors influencing excessive mortality.

The aim of the study is to evaluate the state of livestock
mortality in the agricultural enterprises of the Russian Fed-
eration, identify factors leading to excessive livestock mor-
tality, and propose measures to improve livestock mortality
control and reduce socio-economic damage.

Materials and Methods. The empirical study was
based on the official data of the Federal State Statistics Ser-
vice of the Russian Federation (Rosstat) for the period of
2019-2023. Monthly and annual bulletin “Livestock Pop-
ulation in the Farms of All Categories” served the source
of information on the numbers of agricultural animals by
species; the bulletin “State of Livestock Farming” served
the source of information on animal mortality in the agri-
cultural enterprises (small business entities excluded). In
this study, livestock mortality is understood as the death
of an animal due to the direct impact of certain factors

12 800,00

(dangerous diseases, natural disasters, etc.) or due to eutha-
nasia reasoned by the inability to help an animal suffering
from these factors.

The research was carried out using the following eco-
nomic and statistical methods: the analysis of time series
of livestock population and mortality per each year in ab-
solute values; calculation of the rates of changing (in-
crease/decrease) of both livestock population and mortality
for each animal species separately; the structural analysis
to determine the mortality-to-population ratio (as a per-
centage), which made it possible to evaluate severity of the
situation. For each animal species, the direction and fluc-
tuation amplitude of livestock population and mortality
growth rate were compared. Mortality rates exceedance
over livestock population rates, divergency of trends, and
increased volatility of mortality were interpreted as signs
of insufficient process control.

Research Results

Dynamics of livestock population and mortality in
the Russian Federation. To objectively assess the impact
of livestock mortality on the state of livestock farming, it
is necessary to understand the volumes of livestock farm-
ing production in the country. According to the Rosstat
data for 2019-2023, there was a positive growth dynamics
in the amount of produced and raised livestock and poultry,
by volume (thousand tons): the largest upsurge of this in-
dicator equal to 6.28% was observed in 2022 compared to
2021; in 2023, the increase was 2.18% compared to 2022
(Fig. 1). 7
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Fig. 1. The amount of produced and raised livestock and poultry in the Russian Federation in 2019-2023, thousand tons

8 0n Approval of the Doctrine of Food Security of the Russian Federation. Executive Order of the President of the Russian Federation No. 20 of January
21,2020. URL:https://www.garant.ru/products/ipo/prime/doc/73338425/ (accessed: 09.09.2025)
7 State of Livestock Farming. Bulletin for 2019-2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277

(accessed: 12.02.2024)
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The analysis of Table 1 shows that in 2023, compared
to 2022, cattle population decreased by 1.98%; cow popu-
lation decrease dynamics in 2023 compared to 2022 was
2.48%; during the studied years, negative population dy-
namics was observed in horses, sheep and goats, and rein-
deer. Positive population dynamics was observed in pigs
(by 6.85% in 2022 compared to 2021 and by 3.13% in 2023
compared to 2022). In 2023, there was an increase in the
population of camels by 1.88%, donkeys — by 20.83%,
mules and hinnies — by 75% compared to 2022.8

The analysis of Table 2 shows an increase in livestock
mortality in the agricultural enterprises in 2023 compared
to 2022, which was observed for all groups of agricultural
animals except for cattle (the mortality in this group de-
creased in 2023 compared to 2022 by 4.917%). In 2023,

the greatest increase of mortality was observed in the fol-
lowing groups of animals: camels by 73.3%; sheep and
goats by 22.35%; pigs by 12.95%; poultry by 12.32%.
Also, an increase of young cattle mortality should be noted
in 2023 compared to 2022, especially that of reindeer
calves (by 20.15%), although in previous years there was a
constant decrease in mortality. The mortality in lambs and
goatlings also increased significantly in 2023 — by
13.18%. A positive trend for steady decline of mortality
was observed in foals from 2019 to 2023, although, in adult
horses, the mortality was observed to increase in 2023 by
2.6%. It should be noted that in 2022, the mortality had de-
creased in most animal groups, whereas in 2023, on the
contrary, it increased significantly.®

Table 1
Livestock population dynamics in the agricultural enterprises of the Russian Federation in 2019-2023
Livestock 2019 2020 2021 2022 2023 .
population, Rate of changing
nousand 2020/ | 2021/ | 2022/ | 20231
2019 2020 2021 2022
Cattle 8107.5 | 812338 7978.6 7 959.7 7801.9 0.20 -1.79 -0.24 | -1.98
including 3274.1 | 32708 32275 32274 31474 -0.10 -1.33 | -0.003 | -2.48
Cows
Pigs 224185 | 23311.3 | 24005.2 | 25650.2 | 26 453.7 3.98 2.98 6.85 3.13
Sheep and 3552.2 | 3237.7 3115.7 3170.4 3098.9 -8.85 -3.77 1.76 -2.25
Goats
Horses 262.4 251.4 238.5 229.7 219.4 -4.18 -5.12 -3.72 | -4.46
Reindeer 904.1 881.7 869.2 920.6 890.6 -2.47 -1.42 5.91 -3.25
Camels 4547 4585 4319 3889 3962 0.84 -5.80 -9.96 1.88
Donkeys 37 23 102 96 116 -37,84 3434 -5,88 | 20,83
Mules and 10 5 2 4 7 -50.00 -60.00 | 100.0 | 75.00
hinnies

We will analyse the ratio of the livestock mortality to
population for the period of 2019-2023 (Figures 2-9).

Figure 2 shows the proportion of mortality to the total
number of livestock population in various animal groups
during 2019-2023. The analysis shows that for such groups
of agricultural animals as “camels”, “horses”, and “cows”,
the proportion of mortality didn’t not exceed 2%, which
means the damage from mortality was not critical. A positive
trend for the decrease in the values of this indicator in the
“cows” and “horses” groups in 2023 compared to previous
years is observed.

8 Livestock Population in the Farms of All Categories.

Bulletin  for 2019-2023.
https://rosstat.gov.ru/compendium/document/13277 (accessed: 12.02.2024)

The proportion of mortality to the total number of live-
stock population in the “cattle” and “sheep and goats”
groups ranged from 2—4% in the studied period.

The agricultural enterprises may suffer significant dam-
age in relation with the “reindeer” group, due to fluctuation
of the mortality proportion in this group during the studied
period in the range from 13.24% in 2022 to 19.03% in
2019. A positive trend to note is the decrease of the mor-
tality proportion to the total population in 2022-2023 com-
pared to 2019- 021.

Federal State Statistics Service. URL:

9 State of Livestock Farming. Bulletin for 2019-2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277
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The most critical situation is observed in the “pigs”
group: proportion of pig mortality to their total population
ranged within very high values, moreover, there was a neg-
ative trend for mortality increase from 32.17% in 2019 to
43.07% in 2023. Bearing in mind that pigs are the most

numerous group in the total population of agricultural ani-
mals, and due to pork being a highly demanded product on
the food market, such high mortality numbers indicate sig-
nificant damage to both the agricultural enterprises and the
state as a whole. 101!

Table 2
Livestock mortality dynamics in the agricultural enterprises of the Russian Federation in 2019-2023
Mortality Rate of changing
thousand | 2019 2020 2021 2022 2023
heads 2020/ | 2021/ | 2022/ | 2023/
2019 | 2020 | 2021 2022
Cattle | 166.9 167 197.6 2115 | 2011 | 0060 |18.323 | 7.034 | -4.917
Cows 10.6 11 19.1 5.5 6 3774 | 73.636 | -71.204 | 9.091
Pigs 2171 L | 84505 | 950880 | 10087.0 | 113933 | 17.187 | 13589 | 5086 | 12.950
Shé’f)‘;tasnd 101.9 | 1035 113.9 92.6 1133 | 1570 | 10.048 | -18.701 | 22.354
Horses | 3119 2460 2681 1917 1967 | -21.129 | 8.984 | -28.497 | 2.608
Reindeer | 172 150.3 141.9 121.9 133 | -12.616 | -5.589 | -14.094 | 9.106
Camels 56 50 63 45 78 | -10.714 | 26.000 | 28571 | 73.333
192 222 229 224 252
Poultry | 16000 | 656.00 | 52530 | 70230 | 387.30 | 12870 | 3085 | -2.101 | 12.321
Young cattle mortality, thousand heads
Calves | 1081 | 105.2 104.2 98.8 1085 | -2.683 | -0951 | -5.182 | 9.818
Piglets | , 4% | 61947 | 68054 | 74640 | 82417 | 13670 | 9.858 | 9678 | 10.419
Lambs and
Gontlings | 48° 456 45.9 47.8 541 | -6.173 | 0658 | 4.139 | 13.180
Foals 1295 799 799 604 532 | -38.301 | 0.000 | -24.406 | -11.92
Reindeer | ¢, , 54.8 51.8 40.2 483 | -14.642 | -5.474 | -22.304 | 20.149
Calves

Another negative trend in livestock farming is the ex-
ceedance of livestock mortality increase rate over the pop-
ulation growth rate. This situation makes us to forecast fur-
ther increase in mortality numbers, and decline in livestock
population numbers as well as in the potential for herd re-
production. Figures 3-9 illustrate the correlation between
the rates of changing the mortality and population numbers
in each group of agricultural animals under study.

According to Fig. 3, the rate of changing cattle popula-
tion is insignificant, ranging from 0.2% in 2019 to -1.98%
in 2023. There is a large gap between the rate of changing

10 Livestock Population in the Farms of All Categories.

Bulletin for 2019-2023.
https://rosstat.gov.ru/compendium/document/13277 (accessed: 12.02.2024)

cattle population and the rate of changing its mortality,
which may indicate the uncontrollability of cattle mortality
process'?'3. The situation is aggravated by the fact that,
with the exception of 2023, the increase of cattle mortality
is taking place against the background of the decrease of
its population. This could lead to serious problems in this
group of animals and contribute to a sharp decline in the
amount of beef and veal produced as well as milk and dairy
products, which are included in the consumer basket and
have a significant share in the structure of food products.

Federal State Statistics Service. URL:

11 State of Livestock Farming. Bulletin for 2019-2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277

(accessed: 12.02.2024)
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Figure 4 clearly confirms the fact that in cows the
fluctuation amplitudes in the rate of changing the mortal-
ity are much wider than that in the rate of changing the
population. Moreover, according to Rosstat data, the cat-
tle and small ruminant population continues to decline: in
the first half of 2025, cattle population decreased by 4.1%
compared to the same period of 2024, and cow population
decreased by 3.7%?41516

According to Fig. 5, throughout the entire period, except
for 2022, the rate of mortality growth in pigs exceeded signif-
icantly the rate of their population growth. It is also worth not-
ing that the sharper amplitude in the rate of changing pig mor-
tality compared to the rate of changing pig population. This is
especially dangerous due to pig mortality proportion reaching
more than 40% in 2023 relative to pig population, and pigs are
the most numerous group of agricultural animals.*"*8
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Fig. 4. Rates of changing the cow population and mortality in the agricultural enterprises of the Russian Federation in 2019-2023
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Fig. 5. Rates of changing the pig population and mortality in the agricultural enterprises of the Russian Federation in 2019-2023

14 Livestock Farming: Results of the First Half of 2025. Agrotrend. URL:
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15 State of Livestock Farming. Bulletin for 2019-2023. Federal State Statistics Service. URL: https:/rosstat.gov.ru/compendium/document/13277
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%6 Ibid.
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The analysis of Fig. 6 shows the increase in the mortal- o the rate of changing their population 2*22. However, it
ity of sheep and goats against the background of their live- s necessary to take into account that in this group of ani-
stock population decrease registered in 2020, 2021, and  mals the population numbers are significantly greater than
2023. Moreover, the rate of changing the mortality in sheep  the mortality, therefore, the changes in mortality will be
and goats had a greater amplitude than the rate of changing  more noticeable and will have greater amplitude compared

the livestock population.'*2 to the population numbers.
The analysis of Fig. 7 also shows a significant ampli-

tude in the rate of changing mortality in horses compared
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Fig. 6. Rates of changing the population and mortality in sheep and goats in the agricultural enterprises of the Russian Federation in
2019-2023
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The dynamics in the rate of changing mortality in rein-
deer in the agricultural enterprises of the Russian Federa-
tion during the studied period was unstable (Fig. 8): in
2022, a sharp decrease in mortality rate is observed com-
pared to 2021 (up to -14.09%); and already in 2023, com-
pared to 2022, there was a significant increase in mortality
rate in this group of animals.? The rate of changing rein-
deer population is slower and more predictable. It should
be noted that the proportion of reindeer mortality relative
to the total livestock population is significant: for example,
over the years studied, it reached 19.03% in 2019 and

equalled to 14.93% in 2023%*. The “reindeer” group has a
small share in the total population of all agricultural ani-
mals, therefore, an increase of mortality in this group could
lead to the reduction of the reproduction capacity of the
reindeer herd.

In the “camels” group (Fig. 9), significant
fluctuations in the rate of changing mortality are
observed, which does not correspond to the directions in
which changing of camel population was going in most
of the studied years 25,
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Fig. 8. Rates of changing the reindeer population and mortality in the agricultural enterprises of the Russian Federation in 2019-2023

100,00

80,00

73,33

60,00

40,00

20,00
0,84

0,00 +———

2023/2022

202072019

-20,00
-10,71

-40,00

-28,57

-60,00

Rate of changing camel population, %

—o— Rate of changing camel mortality, %

Fig. 9. Rates of changing the camel population and mortality in the agricultural enterprises of the Russian Federation in 2019-2023

23 state of Livestock Farming. Bulletin for 2019-2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277

(accessed: 12.02.2024)

24 Livestock Population in the Farms of All Categories. Bulletin for 2019-2023. Federal State Statistics Service. URL:

https://rosstat.gov.ru/compendium/document/13277 (accessed: 12.02.2024)

25 bid.

26 State of Livestock Farming. Bulletin for 2019-2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277

(accessed: 12.02.2024)


https://rosstat.gov.ru/compendium/document/13277
https://rosstat.gov.ru/compendium/document/13277
https://rosstat.gov.ru/compendium/document/13277

Mirgorodskaya EQO, et al. Uncontrollable Mortality in Agricultural Ani-mals in the Russian Federation:...

Key Factors Affecting the Increase of Livestock Mor-
tality. The authors have identified the factors affecting ani-
mal mortality in the agricultural enterprises of the Russian
Federation and the corresponding causes (Table 3).

The analysis of the factors makes it possible to summa-
rise and identify the problems that underly these situations.
Firstly, meat and dairy production often proves to be un-
profitable for various reasons leading to reduction of in-
vestments in this subsector and, subsequently, to reduction

of milking and breeding herds. On the other hand, the re-
sulting financial problems can lead to mass livestock
mortality, as occurred in the poultry industry in July
2025: some farms were unable to maintain operations due
to financial debts, which had led to the death of birds. The
hidden costs resulting from animal mortality must also be
taken into account: disposal costs, reduced production,
deterioration of milk and meat quality, and the spread of
infections.

Table 3

Factors affecting animal mortality in the agricultural enterprises of the Russian Federation

Causes

Specifics of influence

Environmental factors

Natural disasters

Are often seasonal (floods, fires), therefore the time of their occurrence can be
forecasted; in most cases, develop gradually, which gives time for undertaking
measures to protect animals.

Dangerous animal diseases

Can be highly contagious and rapidly spreading, thus, require prompt veterinary
care and early vaccination; in case of severe disease outbreaks, governments issue
the Resolutions on the mass culling of animals potentially affected by the disease.

Technical and organisational factors

Feed shortage
(feed availability level for
grazing animals)

Insufficient and unbalanced feeding leads to illnesses and problems in development
of fetus in pregnant animals; feed shortage and feed-related cost saving lead to
animal underweight, which reduces the yield of end livestock products and,
consequently, the profit of agricultural enterprises.

Unsatisfactory condition of
agricultural premises and
equipment

Unsatisfactory zoohygienic conditions lead to deterioration of animal health and
untimely death of young animals.

Organisational and human factors

Insufficient level of
qualification and discipline of
the employees of agricultural
enterprises

Noncompliance with animal feeding technologies, established requirements for the
microclimate of livestock farming buildings, and the absence of on-duty
agricultural specialists lead to an increase in animal morbidity and mortality.

Belated veterinary care and
insufficient prophylaxis

The influence of this factor is possible in the event of discipline violations by the
personnel of agricultural enterprises and noncompliance with the animal care
regulations, the absence or violation of vaccination schedules.

Poor quality veterinary care

Insufficient qualification of a veterinarian; negligent attitude towards animals at
the veterinary clinics; insufficient supply of necessary medications; use of low-
quality or counterfeit medications; insufficient equipment in the veterinary clinics,
including diagnostic equipment; inefficient organisation of work in the veterinary

clinics [2].

Secondly, a neglectful attitude toward livestock welfare
and pasture quality is currently observed, which, of course,
reduces livestock productivity and increases uncontrolled
disease incidence. Despite the measures taken, the epizootic
situation in Russia remains tense. In early 2025, Federal Ser-
vice for Veterinary and Phytosanitary Surveillance (Ros-
selkhoznadzor) reported new cases of rabies and bovine leu-
kemia.?” The incidence of anthrax in 2025-2026 is expected
to depend on the scale of vaccination and monitoring.

Thirdly, weakening of state regulation of these pro-
cesses at both the federal, regional, and local levels, as well
as the lack of transparent and efficient state policy, hinders
the development of livestock farming sector and does not
foster solution of the existing problems.

Discussion and Conclusion. Tracking the causes and
trends of livestock mortality at the local and national levels
is essential for planning, monitoring, and developing pro-
grams aimed at reducing mortality in agricultural animals.
The study revealed a persistent negative trend developed in
the Russian Federation over the period of 2019-2023, char-
acterized by mortality growth rates exceeding population
growth rates in most animal species, high volatility in mor-
tality numbers, and the presence of critical aspects in pig
and reindeer farming.

Particular attention should be paid to the decline in cat-
tle population (including cows), one of the most significant
and numerous groups, as well as to decline in the popula-

27 Data as of April 7, 2025, on the Epizootic Situation in the Russian Federation. Federal Service for Veterinary and Phytosanitary Surveillance
(Rosselkhoznadzor). URL: https://fsvps.gov.ru/files/informacija-ot-7-aprelja-2025-goda-po-jepizooticheskoj-situacii-v-rf/ (accessed: 14.02.2026)
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tions of horses, reindeer, sheep, and goats. Although cur-
rently the proportion of mortality does not exceed 2% (in
camels, horses, and cows), which is considered acceptable,
it should still be kept under control and measures devel-
oped to prevent livestock mortality growth in the future. In
the “sheep and goat” group, the proportion of mortality to
the total population is approaching 4% and has the trend
for rising. The growth of the mortality proportion in camels
in 2023 is also a concern: management of the agricultural
enterprises should investigate the causes underlying this
situation and take measures to prevent further increase of
this indicator.

High livestock mortality level poses a threat not only
due to direct economic losses but also due to reducing the
herd reproduction potential. This is particularly valid for
reindeer mortality, which reached 19.0%, and even with a
decline to 14.9% in 2023, the situation remains tense. A
critical situation has also developed in pig farming, where
the proportion of mortality relative to population increased
from 32.2% in 2019 to 43.1% in 2023. It is recommended
to develop the state programs aimed at reducing pig mor-
tality, and strictly control the compliance with the discipli-
nary and technological requirements for pig farming in the
agricultural enterprises, as well as to develop the preven-
tive measures to reduce animal mortality [3, 4].

Table 4

Measures to reduce socio-economic damage from livestock mortality

Measure

Essence

Planning the actions to
follow in the event of
arising a livestock
mortality causing
situation

Knowing the main causes of livestock mortality makes it necessary to develop an action
plan in the face of a threat of adverse events. This will allow the staff of agricultural
enterprises to rationally assess the severity of the situation and the scale of potential
losses and follow a clear plan of actions for preventing the situation or mitigating its

negative impact. This measure is crucial in combating such causes of livestock mortality

as natural disasters and dangerous diseases.

Livestock insurance

It is an efficient financial tool that protects agricultural producers in the event of
emergency situations resulting in mass livestock mortality, as well as reduces damage
from other negative factors. However, livestock insurance programs must be elaborated
at the state level [5, 6].

Examining and testing
animals throughout
transportation and
inclusion into the food
chain

Constant monitoring of animal health will help promptly identify deviations and take
measures to stabilize or isolate sick animals. Implementation of this measure will
mitigate the influence of the factors increasing livestock mortality.

State support of
agricultural enterprises
in case of significant
losses

Elimination of consequences of the natural disasters and combating especially dangerous
animal diseases will require state support, since the scale of socio-economic damage may
be so significant that the agricultural enterprises will not be able to solve the arising
problems themselves to resume normal functioning [7].

Training and
continuous
professional
development of
employees of
agricultural enterprises

Understanding the specifics of livestock management and proper technical and ethical
handling of animals is crucial for increasing their productivity: improved keeping and
care conditions reduce stress in animals, thus, lead to greater weight gain and improved
quality of meat, milk, and other livestock products; such attitude reduces animals’ losses
caused by accidents, negligence, and staff ignorance. Furthermore, the introduction of
internships in veterinary medicine opens up new opportunities for improving the quality
of diagnostics: the specialty of “veterinary pathologist” is introduced, which improves
postmortem examination of animals, allowing for more accurate determination of the
true causes of mortality. Accurate diagnostics, in turn, provides the basis for the
development of efficient preventive measures and targeted reduction of livestock
mortality [8].

Expansion and
disclosure of statistical
data on animal
mortality and its causes
with respect to time
period and location

Sufficient statistical data will enable the analysis of the causes of agricultural animal
mortality, provision of a reliable and adequate assessment, and direction of resources for
solving the identified theoretical and applied problems faced by modern livestock
farming. This will increase awareness among the employees of the agricultural
enterprises and enable them to make more efficient decisions.

Sensitizing scientific
research in the fields of
livestock farming,
veterinary medicine,
and economics

The availability of targeted scientific studies will enable the development and
implementation of more efficient methods of combating livestock mortality, depending
on the influencing factor.
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Thus, in the studied period, across all groups of studied
agricultural animals, significant fluctuations in the rate and
direction of changing the mortality were observed, which
indicates uncontrollability of this process and the lack of
systemic management of this process in the agricultural en-
terprises. Uncontrollable livestock mortality can cause a
cascade effect, with losses in agricultural industry entailing
increased losses in related and dependent sectors of the
country’s economy. The state must not simply initiate
some actions, but rather formulate a clear action plan, pro-
pose the tools and appoint the responsible bodies to prevent
the catastrophic consequences of the uncontrollable pro-
cesses in this area. To overcome these challenges, includ-
ing achievement of import independence in technologies
and means of production, as well as overcoming deficit of
human recourses, the national project “Technological Sup-
port for Food Security” is being implemented since this
year. It is stipulated that by 2030, Russia should provide
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72% of its needs in improved breeding stock of dairy cattle
and 10% — in improved breeding stock of poultry.

To complement the initiatives mentioned, we propose a
set of practical measures (Table 3), including planning the
actions in the face of mortality threat, developing the live-
stock insurance system, strengthening the state support in
case of significant losses, improving the qualifications of
workers, expanding and detailing statistical record on mor-
tality with spatial and time reference, as well as intensify-
ing scientific research in the field of veterinary medicine
and livestock farming economics.

Consistent and ongoing implementation of these
measures will ensure control over livestock mortality in ag-
ricultural enterprises, improve the predictability of live-
stock population dynamics, and eventually reduce the so-
cio-economic damage to the state by strengthening the food
security of the Russian Federation.
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