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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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Аннотация 

Введение. Нотокотилидозы — довольно распространенные в России диксенные трематодозы птиц и некоторых 

млекопитающих, вызываемые представителями семейства Notocotylidae, паразитирующими в кишечнике. 

Несмотря на присутствующие в Пермском крае благоприятные факторы роста численности этого вида трематод 
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(гидрология, распространенность восприимчивых хозяев), эпизоотическая ситуация по ним в регионе на данный 

момент остается неизученной. Цель статьи — исследовать распространенность трематод семейства Notocotylidae 

на территории Пермского края. 

Материалы и методы. Объектом исследования стали пресноводные брюхоногие моллюски (n=340), трупы 

диких водоплавающих птиц (n=16) и пробы помёта из мест скоплений крякв (n=139), собранные на территории 

Пермского края в теплый сезон 2024 и 2025 гг. Исследования осуществлялись в ПГАТУ имени 

Д.Н. Прянишникова согласно общепринятым методикам: компрессорная микроскопия; метод неполных 

гельминтологических вскрытий; последовательные промывания помёта; стандартное гистологическое 

исследование тканей инвазированных моллюсков и утиных. 

Результаты исследования. Выявлена инвазия церкариями Notocotylus sp. одного экземпляра Anisus vortex из 

Мотовилихинского пруда (г. Пермь), а также марита N. attenuatus в кишечнике у Clangula hyemalis. 

Гистологические препараты инвазированного моллюска показали отёчность, разволокнение тканей, 

гиперсекрецию муцина, также выявлены отдельные церкарии. Воздействие N. attenuatus на кишечник птицы 

также оказалось хроническим и проявилось отёком и дистрофическими изменениями в тканях, развитием 

макрофагальной реакции в лимфатических узлах. 

Обсуждение и заключение. Наличие личинок нотокотилид на территории Пермского края не подтвердило 

природный очаг нотокотилидоза птиц. Вероятно, дефинитивным хозяином в данном случае выступают 

млекопитающие. Марита N. attenuatus выявлена у пролетного вида — морянки, которая могла быть инвазирована 

в местах зимовки или гнездования. 

Ключевые слова: нотокотилиды, Notocotylidae, трематоды, распространенность, птицы, моллюски, 

гистологические изменения, Пермский край 

Для цитирования. Сивкова Т.Н., Локтева Д.А., Хазова М.В. Распространенность трематод семейства 

Notocotylidae на территории Пермского края. Ветеринарная патология. 2026;25(1):7–16. 

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-

                                                                        
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) 

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 

ponds1. The malacofauna in the Upper and Middle Kama 

https://doi.org/10.23947/2949-4826-2026-25-1-7-16
https://priroda.permkrai.ru/?ysclid=mmoxx4z0we339984914%20
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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 Territory2. 

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) 

https://priroda.permkrai.ru/deyatelnost/okhotnichi-turizm/okhotnichi-resursy-i-okhotnichiturizm
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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  

Viviparus viviparus 

Kama Reservoir (Perm; Berezniki Municipality; Do-

bryansky District) 

14 

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 

Lymnaea ovata 

Usva River (Gubakhinsky District) 51 

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 

Lymnaea fragilis 

Maysky Pond (Krasnokamsk District) 13 

Koiva River (Gornozavodsky District) 5 

Sherya River (Nytvinsky District) 3 

Sylva River (Kungur District) 2 

4 Great pond snail 

Lymnaea stagnalis 

Suzdalka River (Krasnokamsk) 3 

Reservoirs (Krasnokamsky District: settlements 

Konets-Bor, Busyryata, Khukhryata, Abakshata, and 

Horticultural Non-Profit Partnership Syuzva–5) 

65 

Kopanets River (Osinsky District) 5 

Sylva River (Perm District) 3 

Reservoir (Perm District, Horticultural Non-Profit 

Partnership Rodnik) 

1 

5 Wandering pond snail  

Lymnaea peregra 

Cut-off Lake (Krasnokamsk District) 15 

6 Marsh pond snail 

 Stagnicola palustris 

Suzdalka River (Krasnokamsk) 4 

Cut-off Lake (Krasnokamsk District) 16 

7 Stagnicola callomphala Syuzva River (Krasnokamsk District) 6 

Lasva River (Krasnokamsk Region) 3 

8 Ear pond snail 

Radix auricularia 

Suzdalka River (Krasnokamsk) 3 

Syuzva River (Krasnokamsk District) 3 

Poludenka River (Gornozavodsky District) 2 

Planorbidae 

9 Whirlpool ramshorn snail 

 Anisus vortex 

Motovilikha Pond (Perm) 15 

10 Great ramshorn snail  

Planorbarius сorneus 

Sherya River (Nytvinsky District) 2 

Lipogorsky Pond (Perm) 2 

11 Margined ramshorn snail  

Planorbis planorbis 

Kopanets River (Osinsky District) 2 

Motovilikha Pond (Perm) 5 

12 Planorbidae spp. Cut-off Lakes (Krasnokamsk District) 19 

Kama Reservoir (Perm) 3 

Birds 

13 Mallard  

Anas platyrhynchos 

Perm; Perm District; Chusovskoy District 6 

14 Tufted duck 

 Aythyafuligula 

Perm Territory 4 

15 Garganey 

Spatula querquedula 

Krasnokamsk District. 2 

16 Eurasian teal 

 Anas crecca 

Perm Territory 1 

17 Long-tailed duck 

 Clangula hyemalis 

Mys Settlement (Chusovskoy District) 1 

18 Common merganser 

 Mergus merganser 

Mys Settlement (Chusovskoy District) 

 

2 

 



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

 

 

11 

P
ar

as
it

o
lo

g
y
 

  

Fig. 1. Cercaria of Notocotylus sp. 

found in Anisus vortex.  

Magnification ×400. 

 

Fig. 2. Distribution of Anisus vortex by size, taking into account infestation 

 (gray dots – not infested, red — infested) 

 

 

 

Fig. 3. Anisus vortex tissues infested with cercariae of Notocotylus sp. Magnification ×100 
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Fig. 4. Marita of N. attenuatus found in the 

intestines of a long-tailed duck. 

Magnification ×100 

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

Magnification ×200 

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 

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 (II) 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 km², created in 1736–1738 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-

tory has revealed the infestation of the mollusks of the 

family Planorbidae with invasive forms of notocot-

ylids, which were not detected in the faeces of ducks 

from the same location. N. attenuatus was recorded to 

parasitize only in the long-tailed duck, which is a mi-

gratory species. Therefore, a conclusion about the ab-

sence of the natural foci of notocotylidosis in birds in 

the studied territory can be made. 
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The Small Pond Snail (Lymnaea truncatula) and Its Role in Spreading 

Trematodiases. The Situation in the Kaluga Region: Literature Review  
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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/РИНЦ), and others. The publications in Russian and English of 

the period of 2010–2023 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/m², 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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Обзор научной литературы 

Малый прудовик (Lymnaea truncatula) и его роль в распространении трематодозов. 

Ситуация в Калужской области. Обзор научной литературы 

Я.С. Морозов 🖂, А.М. Никанорова  

Калужский государственный университет имени К.Э. Циолковского, г. Калуга, Российская Федерация 

🖂13579adh@mail.ru 

Аннотация 

Введение. Малый прудовик (Lymnaea truncatula) выступает не только как биологический переносчик отдельных 

видов гельминтов, но и как универсальный промежуточный хозяин, обеспечивающий циркуляцию широкого 

спектра трематод. Большое число этих паразитов характеризуется выраженной эпизоотологической и эпидемио-

логической значимостью, представляя угрозу для здоровья человека и сельскохозяйственных животных. Цель 

обзора — обобщить имеющиеся данные экологии, паразитологии, ветеринарии и эпидемиологии, касающиеся 

L. truncatula и его роли в распространении трематодозов, в частности, в условиях Калужской области. 

Материалы и методы. Использованы базы данных Google Scholar, PubMed, Web of Science, CyberLeninka, 

РИНЦ и др. Отбор публикаций на русском и английском языках проводился за период 2010–2023 гг. по ключе-

вым словам: L. truncatula, трематодозы, фасциолёз, дикроцелиоз, Калужская область. Исключены статьи без ре-

цензирования и данные без статистической проверки. Результаты отбора оформлены в виде блок-схемы PRISMA. 

Результаты исследования. Установлено, что малый прудовик играет ключевую роль в передаче фасциолёза, а 

также потенциально вовлечён в циркуляцию других трематодозов. Основными факторами передачи инвазии яв-

ляются гидротермический режим, высокая влагоемкость почв, интенсивность выпаса скота и состояние мелио-

ративных систем. В Калужской области плотность популяций моллюска в пойменных биотопах достигает 60–

70 экз./м², а уровень их зараженности — 23 %, что создает устойчивые очаги инвазии. Периоды наибольшей эпи-

зоотической опасности — июнь-сентябрь. Эффективный контроль и профилактика трематодозов в регионе тре-

бует интегрированного подхода, сочетающего мелиоративные мероприятия, применение моллюскоцидов и со-

временных систем мониторинга, а также системного взаимодействия специалистов ветеринарных служб, аграр-

ных предприятий и научных учреждений. 

Обсуждение и заключение. При интерпретации результатов настоящего обзора необходимо учитывать ряд огра-

ничений, характерных для работ данного типа: риск необъективной оценки исследований, связанный с тем, что 

в анализируемых базах данных преобладают публикации с положительными или статистически значимыми ре-

зультатами; неоднородность включенных исследований, затрудняющих прямое сопоставление данных; геогра-

фическую и временную ограниченность данных по региону и др. Перспективными направлениями для дальней-

ших исследований являются: изучение влияния микробиома моллюсков на их устойчивость к заражению; оценка 

эффективности новых биологических методов контроля; исследование влияния климатических изменений на па-

разитарные системы. Полученные данные позволят разработать научно обоснованную систему контроля трема-

тодозов, адаптированную к условиям Калужской области. 

Ключевые слова: обзор научной литературы, малый прудовик, Lymnaea truncatula, трематодозы, фасциолёз, ди-

кроцелиоз, Калужская область, промежуточные хозяева, эпизоотологический мониторинг, меры борьбы 

Для цитирования. Морозов Я.С., Никанорова А.М. Малый прудовик (Lymnaea truncatula) и его роль в распро-

странении трематодозов. Ситуация в Калужской области. Обзор научной литературы. Ветеринарная патология. 
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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, 
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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, MedLine, the Cochrane 

Library, EMBASE, Global.health, CyberLeninka, and 

Russian Index of Science Citation (RISC/РИНЦ).  

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; 

– a well-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/m². 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 

A total of 146 publications were 

distinguished as a result of 

citation database search 

Additional publications 

identified through the search in 

other sources (n=3) 

Number of publications after 

removing the duplicates (n=121) 

Number of publications 
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Number of publications 
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Full-text articles assessed as 

appropriate for inclusion in the 

review (n=44) 

Publications included in the 

quantitative analysis (n=36) 

Number of full-text articles 
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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]; 

 a comprehensive 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 

a risk 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/m²). 

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]. 

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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Development of an Intelligent System for Diagnosing Rumen Acidosis in Cows. 

Part 2: Computer Implementation  
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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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Оригинальное теоретическое исследование 

Создание интеллектуальной системы диагностирования ацидоза рубца у коров. Часть 2: 

Компьютерная реализация 

В. В. Побединский¹ , А.А. Побединский²  🖂, Г.А. Иовлев¹  

¹Уральский государственный аграрный университет, г. Екатеринбург, Российская Федерация 

²Тюменский государственный университет, г. Тюмень, Российская Федерация 

🖂vm993711@mail.ru 

Аннотация 

Введение. В первой части работы обоснована актуальность совершенствования методов диагностирования аци-

доза рубца у коров на базе интеллектуальных систем и предложено использовать в качестве инструментария 

такой системы теорию нечетких множеств. Была разработана структура интеллектуальной системы иерархиче-

ского типа и выполнена формализация задач. На втором этапе исследований выполнена компьютерная реализа-

ция интеллектуальной нечеткой системы на нечеткой логике диагностирования ацидоза в среде Xcos приложения 

Scilab, а для практического применения — разработана компьютерная программа в среде Scilab+Scinotes. 

Материалы и методы. Исследование проведено в Уральском государственном аграрном университете и Госу-

дарственном аграрном университете Северного Зауралья в период с 2022 по 2025 гг. Использованы методы ин-

теллектуальных систем, теории нечетких множеств, нечеткой логики, нечеткий вывод выполнен методом Мам-

дани. Программная реализация модели оценки патологии рубца в обобщенной интеллектуальной системе выпол-

нена средствами Xcos приложения Scilab. Компьютерная реализация интеллектуальной системы выполнена в 

среде Scilab+Scinotes.  

Результаты исследования. Созданы базы продукционных правил для задачи интеллектуальной системы иерар-

хического типа, включающие различные сочетания диагностических параметров и соответствующие им степени 

патологии ацидоза рубца. Проведен синтез нечетких систем в среде SciFLT приложения Scilab. Разработана обоб-

щенная модель интеллектуальной системы диагностирования ацидоза рубца у коров в среде Xcos приложения 

Scilab. Выполнена компьютерная реализация интеллектуальной системы диагностирования в программах Scilab 

и Scinotes. 

Обсуждение и заключение. Предложенная авторами модель интеллектуальной системы обладает новизной и 

может быть рекомендована для практического использования в советующих экспертных системах, для автома-

тизации рабочего места врача-ветеринара, в современных технологиях ветеринарной телемедицины. 

Ключевые слова: ацидоз рубца у коров, патология ацидоза рубца, диагностирование, интеллектуальная система 

диагностирования, теория нечетких множеств, компьютерная реализация 

Для цитирования: Побединский В.В., Побединский А.А., Иовлев Г.А. Создание интеллектуальной системы ди-

агностирования ацидоза рубца у коров. Часть 2: Компьютерная реализация. Ветеринарная патология. 

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 mortality1. 

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 

                                                                        
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. 

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; 

mailto:vm993711@mail.ru
https://doi.org/10.23947/2949-4826-2026-25-1-26-33
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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 mi = nj and ...”) 

and be based on the known data [5–22]. 

The developed fuzzy production rule bases for infer-

encing the function Y12 = f(pH, F), the function Y34 = 

f(Pulse Rate, Respiratory Rate), and the resulting function 

for the Degree of Acidosis Pathology DAP = f(Y12, Y34) are 

presented in Tables 1–3. 

Table 1 

Rule base for inferencing the function Y12 = f(pH, F)  

Values of the linguistic 

variable “pH” 

Values of the output fuzzy subsets “pH – Fat content, Y12” 

upon changing the fuzzy function “Fat content, F” 

Minimum, Min Low, L Average, Av High, H Maximum, Мах 

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 Y34 = 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” 

Minimum, Min Low, L Average, Av High, H Maximum, Мах 

Minimum, Min Min Min Min L Av 

Low, L L L L Av H 

Average, Av L Av Av H Мах 

High, H Av Av H Мах Мах 

Maximum, Мах Av H Мах Мах Мах 

Table 3 

Rule base for inferencing the function DAP = f(Y12, Y34) = f(pH, F, PR, RR) 

Values of the linguistic varia-

ble “pH – Fat content,Y12” 

Values of the output fuzzy subsets “DAP” upon changing the fuzzy function “Respiration–Pulse, 

Y34” 

Minimum, Min Low, L Average, Av High, H Maximum, Мах 

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 Мах 

Maximum, Мах Av H Мах Мах Мах 
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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 structure4. 

Fuzzy inference for obtaining the resulting membership 

functions is shown in Fig. 1a–c. In accordance with the 

fuzzy inference methodology5, on the example of the  

function Y12 = 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. 

 

 

a)                                                                b) 

 

c) 

Fig. 1. Fuzzy inference operations by means of SciFLT toolbox: a) pH and F variables; 

b) Y12 and Y34; c) fuzzy inference rule base for the function Y12 = f(pH, F) 

Note: Russian and Latin symbols in Fig. 1 с) correspond to the English equivalents as follows:  

Кн – HighestAc  

Кср – ModAc 

Нейтраль – Neutral 

Щср – ModAlk,  

Щн – HighestAlk 

SZ – F 

Мин – Min 

М – L 

Ср – Av 

В – H 

 

 

                                                                        
4Scilab. URL: https://www.scilab.org (accessed: 19.06.2024). 
5Piegat A. Fuzzy Modeling and Control: with 96 Tables. Heidelber, New York: Physica Publ.; 2001.760 p. 
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               а)                                             b)                                           

 
 c) 

 

Fig. 2. Resulting functions: a — Y12 = f(pH, F); b — Y34 = f(PR, RR); c — 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  

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.  

 

 

 

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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a)                                                                                                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:  

Методика – Methodology 

О программе – About the program 

Продолжить – Continue 

Интеллектуальная система диагностирования ацидоза 

рубца у коров создана 16.02.2024г. Версия программы 1.1.  

Разработчики:  

1.Проф., д.т.н. Побединский Владимир Викторович 

2.Доцент, к.т.н. Побединский Андрей Анатольевич 

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.  

 

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

equivalents as follows:  

Интеллектуальная система диагностирования ацидоза 

рубца у коров – An intelligent system for diagnosing rumen 

acidosis in cows 

Ввод исходных данных – Input of initial data 

Значение pH рубца = pH of rumen contents 

Жирность молока, % = Fat content in milk, % 

Частота пульса, уд./мин = Pulse Rate, beat/min 

Частота дыханий, дв./мин = Respiratory Rate, move-

ments/min 

Результаты – Results 

Рассчитать степень патологии ацидоза (СПА) – Calculate 

degree of acidosis pathology  

СПА = DAP 

Рекомендации – Recommendations 

Повторить – Repeat 

Методика – Methodology 

 

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 

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 

Elderly Cat  
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Don State Technical University, Rostov-on-Don, Russian Federation  

🖂 a_bogun@mail.ru 

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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Оригинальное эмпирическое исследование 

Клинический случай пролиферативного и некротизирующего наружного отита (PNOE) 

у возрастной кошки 

Кочеткова А.Ю. , Фомина А.С. 🖂 

Донской государственный технический университет, г. Ростов-на-Дону, Российская Федерация 

🖂 a_bogun@mail.ru 

Аннотация 

Введение. Описан клинический случай пролиферативного и некротизирующего наружного отита (PNOE) у 

взрослой кошки — диагностика и лечение с применением такролимуса. Данный синдром неизвестной этиологии 

возникает у кошек в возрасте от 2 месяцев до 12 лет: билатерально поражается вогнутая часть ушной раковины 

и наружное слуховое отверстие; распространение заболевания по слуховому проходу сопровождается вторич-

ными бактериальными или малассезиозными отитами. Рассмотрены 15 зарубежных исследований пролифера-

тивного и некротизирующего наружного отита у кошек и собак, опубликованных в 2000–2025 гг. 

Материалы и методы. В ноябре 2024 г. в ветеринарную клинику «Центр» (г. Ростов-на-Дону) обратились вла-

дельцы пятилетней кошки с жалобой на частые отиты у животного. Диагностика PNOE была основана на данных 

анамнеза, клинического осмотра, микроскопического и цитологического исследования содержимого ушного ка-

нала (ветеринарная лаборатория Vet Union, г. Москва). Терапия проводилась с применением 0,1% мази такроли-

муса наружно. 

Результаты исследования. При осмотре на внутренней поверхности ушных раковин был обнаружен стеноз 

наружных слуховых проходов, значительное количество черных и сухих корочек. При посеве материала из слу-

хового прохода на микрофлору выявлено вторичное микробное обсеменение (Pseudomonas aeruginosa, Klebsiella 

oxytoca и Enterobacter cloacae); при этом грибков рода Candidaspp и Malasseziaspp не выявлено. При микроско-

пическом анализе ушной серы клещей рода Otodectescynotis также не выявлено. После проведения терапии с 

применением 10 г 0,1% мази такролимуса наружно через 4 недели при отоскопическом исследовании ушных 

раковин отмечена нормализация состояния.  

Обсуждение и заключение. Доказана эффективность лечения PNOE у кошек с применением такролимуса 

наружно на корочки ушных раковин топикально. Представленные в статье данные и фотоматериалы могут быть 

полезными для практикующего ветеринарного врача при диагностике и лечении заболевания, регистрируемого 

достаточно редко.  

Ключевые слова: клинический случай, кошки, пролиферативный и некротизирующий наружный отит, PNOE, 

такролимус 

Информационное согласие: Получено согласие владельца на публикацию. 

Источники финансирования: Исследование проведено за счёт владельца. 

Для цитирования. Кочеткова А.Ю., Фомина А.С. Клинический случай пролиферативного и некротизирующего 

наружного отита (PNOE) у возрастной кошки. Ветеринарная патология. 2026;25(1):34–40. 

https://doi.org/10.23947/2949-4826-2026-25-1-34-40 

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 ×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 ×100 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 ×10 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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Fig. 1. Results of ear culture test and antibiotic sensitivity test  

 

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  

Ear culture test (discharge from external ear canal) 

1 Pseudomonas aeruginosa  10^7 SFU/swab 

2 Klebsiella oxytoca   10^7 SFU/swab 

3 Enterobacter cloacae   10^7 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 

Сomments to the lab test application 

Localization: discharge from external ear canal 

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

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 
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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 g 

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 ×100. 

 

 

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. 

Based on the achieved treatment results and data ob-

tained from the available literature, the efficacy of tacroli-

mus for treatment of PNOE in cats could be ascertained. 

Tacrolimus is sold in the form of ointment, which can be 

difficult to apply deep into the ear canals. Therefore, own-

ers are advised to apply the ointment topically to the pin-

nae, wearing gloves first. Side effects that might occur after 

topical use of tacrolimus include burning or pruritus. The 

data and photographs presented in the present article may 

be useful for practicing veterinarians in diagnosing and 

treating this relatively rare disease. 
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Finding Associations of Single Nucleotide Polymorphisms with Exterior Traits 

(Pelvic Parameters) in Holstein Cows 
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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 

Funding. The research was conducted in the frame of the State Assignment of the Ministry of Science and Higher Edu-

cation of the Russian Federation No. 0532-2025-0003 “Development of High-Precision Methods for Identifying Genetic 

Determinants of Disease Resistance for Use in Cattle Breeding”. 

For Citation. Bytov MV, Zubareva VD, Krasnoperov AS, Bezborodova NA, Pechenkina MA, Sokolova OV. Finding 

Associations of Single Nucleotide Polymorphisms with Exterior Traits (Pelvic Parameters) in Holstein Cows. Russian 

Journal of Veterinary Pathology. 2026;25(1):41–49. https://doi.org/10.23947/2949-4826-2026-25-1-41-49 

 

  

ANIMAL BREEDING, SELECTION, GENETICS, AND 

BIOTECHNOLOGY 

РАЗВЕДЕНИЕ, СЕЛЕКЦИЯ, ГЕНЕТИКА И БИОТЕХНОЛОГИЯ 

ЖИВОТНЫХ 

Original Empirical Research 

 

EDN: TSFAPY 

© Bytov MV, Zubareva VD, Krasnoperov AS, Bezborodova NA, Pechenkina MA, Sokolova OV., 2026 

https://doi.org/10.23947/2949-4826-2026-25-1-41-49
mailto:bytovmaks@mail.ru
https://doi.org/10.23947/2949-4826-2026-25-1-41-49
https://orcid.org/0000-0002-3622-3770
https://orcid.org/0000-0003-0284-0276
https://orcid.org/0000-0001-5281-803X
https://orcid.org/0000-0003-2793-5001
https://orcid.org/0009-0002-1561-5553
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2949-4826-2025-24-4-43-54&domain=pdf&date_stamp=2025-12-30


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

 

 

h
tt

p
s:

//
w

w
w

.v
et

p
at

.r
u
 

42 

Оригинальное эмпирическое исследование 

Поиск ассоциаций однонуклеотидных полиморфизмов с показателями экстерьера 

(тазовые параметры) коров голштинской породы 

М.В. Бытов 🖂, В.Д. Зубарева , А.С. Краснопёров , Н.А. Безбородова , М.А. Печёнкина , 

О.В. Соколова 

Уральский федеральный аграрный научно-исследовательский центр Уральского отделения Российской академии наук, 

г. Екатеринбург, Российская Федерация 

🖂 bytovmaks@mail.ru  

Аннотация 

Введение. Экстерьерные параметры коровы могут иметь решающее значение в развитии патологического состо-

яния, например, особенности строения крестца могут быть связаны с риском дистоции (патологические или труд-

ные роды). Параметры таза являются одним из ключевых факторов управления легкостью отела в молочном ско-

товодстве, однако современная селекция направлена на закрепление в стаде особей с наибольшей молочной про-

дуктивностью и длительным хозяйственным использованием, и экстерьерные параметры, к сожалению, учиты-

ваются в меньшей степени. Цель исследования — выявить ассоциации однонуклеотидных полиморфизмов с экс-

терьерными показателями таза коров, играющими важную роль в предрасположенности к легкому или трудному 

отелу, что позволит определить генетические маркеры для использования в селекционных программах.  

Материалы и методы. Исследование проведено в Уральском НИВИ — структурном подразделении ФГБНУ 

УрФАНИЦ УрО РАН в период с 2023 по 2025 гг. Исследованы модели наследования экстерьерных параметров 

по трем проекциям таза коров голштинской породы (n=155): высота в крестце, ширина в маклоках, ширина в 

седалищных буграх. Ассоциативные тесты проведены с использованием SNPassoc для программной среды R.  

Результаты исследования. Установлено, что средние значения и стандартные отклонения для высоты таза ко-

ров в крестце равны 161,7±5,3 см; для ширины в маклоках — 41,1±3,9 см; для ширины в седалищных буг-

рах — 22,4±2,1 см. Проведено генотипирование каждой особи по 13 полиморфизмам. Для коров голштинской 

породы по rs109452259 выявлен отрицательный эффект аллеля C* на ширину в маклоках. Обнаружено предпо-

ложительно эпистатическое взаимодействие для rs134055603 и rs43038601 для генотипов G/G и C/A, соответ-

ственно, с положительным эффектом на высоту в крестце. Также обнаружено эпистатическое взаимодействие 

для rs134055603 и rs137396952, вероятно, с синергическим характером для генотипа C/A и C/C соответственно. 

Обсуждение и заключение. Полученные в ходе исследования данные статистически достоверны для наблюдае-

мого взаимодействия. К потенциальным ограничениям исследования следует отнести возможное влияние не-

учтённых смешивающих факторов, таких как вариабельность внутри исследуемых групп по возрасту животных, 

живой массе, номеру лактации и т. д. Подтверждение биологических механизмов требует дополнительных функ-

циональных исследований. 

Ключевые слова: коровы, голштинская порода, экстерьерные показатели, высота в крестце, ширина в маклоках, 

ширина в седалищных буграх, полиморфизмы, генетические ассоциации, селекция 

Финансирование. Работа выполнена в рамках Государственного задания Министерства науки и высшего 

образования Российской Федерации по теме № 0532-2025-0003 «Разработка высокоточных методов иденти-

фикации генетических детерминант устойчивости к заболеваниям для использования в  селекции крупного 

рогатого скота». 

Для цитирования. Бытов М.В., Зубарева В.Д., Краснопёров А.С., Безбородова Н.А., Печёнкина М.А., Соко-

лова О.В. Поиск ассоциаций однонуклеотидных полиморфизмов с показателями экстерьера (тазовые параметры) 

коров голштинской породы. Ветеринарная патология. 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 TaqMan 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 Català 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: lm(“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 

161.7±5.3 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 α<0.00032. 
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Table 1 

Oligonucleotides used in the present study for genotyping in cattle  

SNP, localization 

and genomic 

context   

Oligonucleotides  

Amplicon,  

bp 

 

Source  

rs133674837 

6:21766662 

BDH2 

F,AAAGAAGGTGCCAAAGT 

91 This study  
R,TCAAGCTATGGAGGTGCT 

P1,[R6G]ATCAATGACTCCAAACT[BHQ1] 

P2,[ROX]ATATCAATGAATCCAAACT[BHQ2] 

rs41567027 

6:43657946 

PPARGC1A 

F, CACTAGAAAGCACACTTCA 

197 This study  
R, ATACTTGGCTGTGTGGAA 

P1, [R6G]AGAAGCCGCAAGGTCA[BHQ1] 

P2, [ROX]CAGAAGCTGCAAGGTCA[BHQ2] 

rs109279094 

6:45175137 

PPARGC1A 

F, ACTAAACCTCTCTGTCTT 

338 This study  
R, GATTTGTGTCAGCTCCT 

P1, [R6G]TCCCCCAGACTCATAA[BHQ1] 

P2, [ROX]CTCCCCTAGACTCATAAC[BHQ2] 

rs109611915 

6:88739941 

GC – NPFFR2 

F, CCTTGTAAATGCAGAATCCAC 

132 This study  
R, GAACCAAACGTTGACCTGAT 

P1, [R6G]TCATTTTGCAGATAACAGAAC[BHQ1] 

P2, [ROX]TTCATTTTGAAGATAACAGAACTA[BHQ2] 

rs110347054 

6:88751491 

GC – NPFFR2 

F, GGAGCTGGGATTGATGCCTAC 

226 [14] 
R, AAGAAAATCA+CA+CTTCAAAAGGATA 

P1, [ROX]CCTACTCCCTC+C+A+CTGGGTG[BHQ2] 

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

rs109452259 

6:88800322 

GC – NPFFR2 

F, GCAAAAACACAATATGCTGGAT 

415 [16, 15] 
R, AGGTCAAACAACTAAACAGTGG 

P1, [ROX]CTTGTC+A+A+CTT+C+CA[BHQ2] 

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

rs137396952 

6:88817457 

GC – NPFFR2 

F, ATGCAGCAGAAACAAGGGTTAAA 

225 [17] 
R, GTACAGCCACTGTGCAACAAC 

P1, [HEX]GA+TT+CAGCATG+G+T+G+TCAG[BHQ2] 

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

rs134055603 

6:88832335 

GC – NPFFR2 

F, GACAAGGCTTTTGATAGGTGAAA 

316 [17] 
R, CAAAGCAACCACACAATGTTG 

P1, [HEX]CAT+TT+TCT+T+A+GA+CT+T+CTG[BHQ1] 

P2, [Cy5]CATTTTCT+T+G+GA+CT+T+CTG[BHQ3] 

rs134668940 

6:88838658 

GC – NPFFR2 

F, GGCAGAGAACTTGACT 

276 This study  
R, AGTATCTTG+GCCTCTT 

P1, [R6G]AGAATAGCACATGGCACA[BHQ1] 

P2, [ROX]TAGAATAGCAAATGGCACATA[BHQ2] 

rs110352004 

6:88948552 

GC – NPFFR2 

F, GTAGGGATT+GAT+GC+CCTTGAA 

232 [14] 
R, TACAATA+CA+C+CATAT+CTTTTTCATCC 

P1, [HEX]AA+TA+C+GTAC+AA+CACT+CT+T[BHQ1] 

P2, [ROX]TA+C+GTAC+GA+CACTCTGT[BHQ2] 

rs109529386 

25:26982725 

LOC100847190 – 

ZNF688 

F, ACTAAAGATCCCACGTGCTA 

500 This study  
R, GTCTTACTACTGTCCCCACA 

P1, [R6G]AAGGTGCCACAGCCAGA[BHQ1] 

P2, [ROX]AGGTGCCGCAGCCA[BHQ2] 

rs43038601 

18:57032285 

TRNAG-UCC – 

TRNAG-UCC 

F, TGATAACACGTACA+GAGT 

180 This study  
R, CAATAAGGCGATTCGTGG 

P1, [R6G]TGGTGTCTCGGTTGC[BHQ1] 

P2, [ROX]TGTCTAGGTTGCTTTTACTG[BHQ2] 

rs41255693 

26:21272422 

SCD1 

F, CCCTTATGACAAGACCATCAACC 

90 [18] 
R, GACGTGGTCTTGCTGTGGACT 

P1, [FAM]СТТАСССACAGCTCCCA[BHQ1] 

P2, [HEX]TACCCGCAGCTCCC[BHQ1] 
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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. 

 

 

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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Fig. 3. Facet matrix for the pooled samples of Holstein cows in relation to sacrum height for rs134055603 and rs137396952 epistatic 

interaction. Adjusted R2 = 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 

and C/C genotypes respectively, was identified. The data 

obtained during the study are significant for the observed-

level statistical interaction; for confirmation of the biolog-

ical mechanisms, further functional studies are required. 

The potential limitations of the study include possible 

influence of the unaccounted confounding factors, such as, 

variability of the studied groups of animals by age, live 

body weight, lactation number, and origin (of an agricul-

tural enterprise). The above mentioned limitations could 

have influenced the results obtained and their subsequent 

interpretation. 
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Uncontrollable Mortality in Agricultural Animals in the Russian Federation: 

A State-Level Problem in the Context of Sanction Restrictions 
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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 IO, Ermakov AM. Uncontrollable Mortality in Agricul-

tural Animals in the Russian Federation: A State-Level Problem in the Context of Sanction Restrictions. Russian Journal 
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Оригинальное эмпирическое исследование 

Неконтролируемый падеж сельскохозяйственных животных в Российской Федерации: 

государственная проблематика в условиях санкционных ограничений  

Е.О. Миргородская  🖂, Ю.Л. Степанова , И.О. Потапенко , А.М. Ермаков  

Донской государственный технический университет, г. Ростов-на-Дону, Российская Федерация 

🖂 emirgorod@mail.ru 

Аннотация 

Введение. Неконтролируемая гибель сельскохозяйственных животных наносит значительный экономический 

ущерб производителям и создает угрозу продовольственной безопасности государства. В условиях санкционных 

ограничений и необходимости обеспечения импортонезависимости проблема управления падежом скота в Россий-

ской Федерации приобретает особую остроту. Несмотря на наличие статистических данных, в научной литературе 

недостаточно внимания уделяется комплексному анализу соотношения динамики падежа и поголовья, а также вы-

явлению факторов, приводящих к росту смертности, что определяет актуальность и цель данного исследования. 

Материалы и методы. Исследование выполнено на основе данных Федеральной службы государственной стати-

стики РФ (Росстат) за 2019–2023 гг. Использованы методы экономико-статистического анализа, включая анализ 

динамических рядов, расчет темпов прироста, структурный анализ доли падежа в общем поголовье, а также срав-

нительный анализ темпов изменения падежа и поголовья по основным видам сельскохозяйственных животных. 

Результаты исследования. Выявлено, что критическая ситуация наблюдается в свиноводстве, где доля падежа 

к поголовью выросла с 32,2 % в 2019 г. до 43,1 % в 2023 г., а также в оленеводстве, где этот показатель достигает 

14,9–19,0 %. Установлено, что по большинству групп животных (крупный рогатый скот, свиньи, овцы и козы, 

лошади) темпы роста падежа значительно превышают темпы роста поголовья, а амплитуда колебаний падежа 

выше, что свидетельствует о недостаточном уровне управления процессом. Определены ключевые группы фак-

торов, влияющих на падеж: природно-климатические (стихийные бедствия, опасные болезни), технико-органи-

зационные (недостаток кормов, неудовлетворительное состояние помещений) и организационно-человеческие 

(низкая квалификация персонала, несвоевременная ветеринарная помощь). 

Обсуждение и заключение. Полученные результаты подтверждают наличие системной проблемы неконтролиру-

емого падежа скота в РФ, требующей перехода от локальных мер к государственному регулированию. Предложен 

комплекс мероприятий, включающий планирование действий сельскохозяйственной организации при угрозе па-

дежа, развитие системы страхования, усиление государственной поддержки, повышение квалификации работников 

и расширение статистического учета. Реализация данных мер позволит повысить прогнозируемость динамики по-

головья, снизить социально-экономический ущерб от падежа и укрепить продовольственную безопасность страны. 

Ключевые слова: падеж скота, Российская Федерация, сельскохозяйственные животные, неконтролируемая 

смертность, свиноводство, северные олени, крупный рогатый скот, продовольственная безопасность, государ-

ственное регулирование, ветеринарный контроль, статистика падежа, ветеринарная интернатура 

Для цитирования. Миргородская Е.О., Степанова Ю.Л., Потапенко И.О., Ермаков А.М. Неконтролируемый па-

деж сельскохозяйственных животных в Российской Федерации: государственная проблематика в условиях санк-

ционных ограничений. Ветеринарная патология. 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 

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
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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 restrictions6 [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 

(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 

 

Fig. 1. The amount of produced and raised livestock and poultry in the Russian Federation in 2019–2023, thousand tons 

 

                                                                        
6 On 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.9 

Table 1 

Livestock population dynamics in the agricultural enterprises of the Russian Federation in 2019–2023 

Livestock 

population, 

thousand 

heads 

2019 2020 2021 2022 2023 
Rate of changing 

2020/ 

2019 

2021/ 

2020 

2022/ 

2021 

2023/ 

2022 

Cattle 8107.5 8123.8 7978.6 7 959.7 7 801.9 0.20 -1.79 -0.24 -1.98 

including 

Cows 

3274.1 3270.8 3227.5 3 227.4 3 147.4 -0.10 -1.33 -0.003 -2.48 

Pigs 22418.5 23311.3 24005.2 25 650.2 26 453.7 3.98 2.98 6.85 3.13 

Sheep and 

Goats 

3552.2 3237.7 3115.7 3 170.4 3 098.9 -8.85 -3.77 1.76 -2.25 

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 -37,84 343,4 -5,88 20,83 

Mules and 

hinnies 

10 5 2 4 7 -50.00 -60.00 100.0 75.00 

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. Federal State Statistics Service. URL: 

https://rosstat.gov.ru/compendium/document/13277 (accessed: 12.02.2024)  
9 State of Livestock Farming. Bulletin for 2019–2023. Federal State Statistics Service. URL: 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. 

https://rosstat.gov.ru/compendium/document/13277
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.10,11 

Table 2 

Livestock mortality dynamics in the agricultural enterprises of the Russian Federation in 2019–2023 

Mortality, 

thousand 

heads 

2019 2020 2021 2022 2023 

Rate of changing 

2020/ 

2019 

2021/ 

2020 

2022/ 

2021 

2023/ 

2022 

Cattle 166.9 167 197.6 211.5 201.1 0.060 18.323 7.034 -4.917 

Cows 10.6 11 19.1 5.5 6 3.774 73.636 -71.204 9.091 

Pigs 
7 

211.1 
8 450.5 9 598.80 10087.0 11393.3 17.187 13.589 5.086 12.950 

Sheep and 

Goats 
101.9 103.5 113.9 92.6 113.3 1.570 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 -28.571 73.333 

Poultry 
192 

160.00 

222 

656.00 

229 

525.30 

224 

702.30 

252 

387.30 
15.870 3.085 -2.101 12.321 

Young cattle mortality, thousand heads 

Calves 108.1 105.2 104.2 98.8 108.5 -2.683 -0.951 -5.182 9.818 

Piglets 
5 

449.7 
6 194.7 6 805.4 7 464.0 8 241.7 13.670 9.858 9.678 10.419 

Lambs and 

Goatlings 
48.6 45.6 45.9 47.8 54.1 -6.173 0.658 4.139 13.180 

Foals 1295 799 799 604 532 -38.301 0.000 -24.406 -11.92 

Reindeer 

Calves 
64.2 54.8 51.8 40.2 48.3 -14.642 -5.474 -22.394 20.149 

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. Federal State Statistics Service. URL: 

https://rosstat.gov.ru/compendium/document/13277 (accessed: 12.02.2024)  
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)  
12 State of Livestock Farming. Bulletin for 2019–2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277 

(accessed: 12.02.2024) 
13 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) 

cattle population and the rate of changing its mortality, 

which may indicate the uncontrollability of cattle mortality 

process12,13. 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.  

https://rosstat.gov.ru/compendium/document/13277
https://rosstat.gov.ru/compendium/document/13277
https://rosstat.gov.ru/compendium/document/13277
https://rosstat.gov.ru/compendium/document/13277
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Fig. 2. The proportion ofortality to the total number of livestock population in various groups of agricultural animals in the Russian 

Federation in 2019–2023 

 

 

Fig. 3. Rates of changing the cattle population and mortality in the agricultural enterprises of the Russian Federation in 2019–2023 
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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%14,15,16 

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.17,18 

 

Fig. 4. Rates of changing the cow population and mortality in the agricultural enterprises of the Russian Federation in 2019–2023 

 

 

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: 

https://agrotrend.ru/news/52775-zhivotnovodstvo-itogi-i-polugodiya-2025-g (accessed: 14.02.2026).  
15 State of Livestock Farming. Bulletin for 2019–2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277 
(accessed: 12.02.2024)  
16 Ibid. 
17 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)  
18 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 Fig. 6 shows the increase in the mortal-

ity of sheep and goats against the background of their live-

stock population decrease registered in 2020, 2021, and 

2023. Moreover, the rate of changing the mortality in sheep 

and goats had a greater amplitude than the rate of changing 

the livestock population.19,20 

The analysis of Fig. 7 also shows a significant ampli-

tude in the rate of changing mortality in horses compared 

to the rate of changing their population 
21,22

. However, it 

is necessary to take into account that in this group of ani-

mals the population numbers  are significantly greater than 

the mortality, therefore, the changes in mortality will be 

more noticeable and will have greater amplitude compared 

to the population numbers.  

 

Fig. 6. Rates of changing the population and mortality in sheep and goats in the agricultural enterprises of the Russian Federation in 

2019–2023 

 

Fig. 7. Rates of changing the horse population and mortality in the agricultural enterprises of the Russian Federation in 2019–2023 

  

                                                                        
19 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)  
20 State of Livestock Farming. Bulletin for 2019–2023. Federal State Statistics Service. URL: https://rosstat.gov.ru/compendium/document/13277 

(accessed: 12.02.2024) 
21 Ibid. 
22 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) 
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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.
23

 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
24

. 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 25,26. 

 

 

Fig. 8. Rates of changing the reindeer population and mortality in the agricultural enterprises of the Russian Federation in 2019–2023 

  

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 Ibid. 

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) 
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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.27 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. 

                                                                        
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)  

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-

https://fsvps.gov.ru/files/informacija-ot-7-aprelja-2025-goda-po-jepizooticheskoj-situacii-v-rf/
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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 

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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