Received: 21.07.2025. Revised: 03.11.2025. Accepted: 12.12.2025

‘Bulletin
P

L |

Agrarian University R RREr O

Journal homepage: https:/knau-bulletin.com/en
UDC 619:595132:599.742.2 DOI: 10.63621/bknau./4.2025.10

Animal and bird diseases - the food chain
of the snow leopard in the highlands of the Tian Shan
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Abstract. The snow leopard (Panthera uncia) is a rare and vulnerable species that is threatened with extinction
and listed in the Red Book of the Kyrgyz Republic. It inhabits the inaccessible high-mountain areas of the Tian
Shan, where the ecological balance directly depends on the state of the fauna that makes up its food chain.
In recent years, there has been an increase in the number of diseases among wild and domestic animals,
which may affect the health of the snow leopard population and the stability of the ecosystem as a whole. The
aim of this study was to investigate parasitic diseases in mammals that are part of the snow leopard’s food
chain, determining their biological characteristics, sources of infection and impact on the epizootic situation
in mountainous areas. The study used field observations, helminthological autopsies, microscopic analysis of
biomaterial, comparative morphological and descriptive analysis of veterinary research data. As a result, it was
established that alveococcosis and muelleriosis are the most epidemiologically significant of the identified
parasitic diseases, posing a serious threat to both wild and domestic animals. The causative agent of alveococcosis
is the larval stage of the tapeworm Alveococcus multilocularis, which affects the liver and causes the formation
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of multiple cystic parasitic nodes capable of infiltrative growth and metastasis. The final hosts of this parasite
are carnivorous animals (dogs, cats, wolves, foxes, manuls, etc.), and the intermediate hosts are small wild
rodents. It has also been established that the pathogen Mullerius capillaris causes lung damage in goats, sheep
and wild ruminants, manifested by multiple foci of productive alveolitis and a decrease in the overall resistance
of animals. A comprehensive analysis of the biological and ecological characteristics of pathogens allows for
assessing their circulation in natural conditions and potential risks to humans. The practical significance of
the study lies in the possibility of using the data obtained to develop a system of preventive and diagnostic
measures aimed at protecting rare predators and stabilising the epizootic well-being of the high-mountain

ecosystems of Kyrgyzstan
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Introduction

The conservation of wild fauna and rare animal species
in the context of global environmental change is one
of the priority tasks of modern biological and veterinary
science. In recent decades, against the backdrop of in-
creasing anthropogenic impact, climate change and the
degradation of natural ecosystems, there has been a de-
cline in the numbers of many mammals in Kyrgyzstan,
including Red Book species. The most vulnerable spe-
cies include the snow leopard (Panthera uncia), Siberian
ibex (Capra sibirica), argali (Ovis ammon) and roe deer
(Capreolus capreolus), which play an important role in
maintaining the biological balance of the Tian Shan
Mountain ecosystems. Disruption of food chains, dete-
rioration of the food base and the spread of parasitic
diseases among animals in these chains have a signifi-
cant impact on the epizootic situation and the stability
of ecosystems (Esson et al., 2019). In recent years, there
has been a trend towards an increase in the number of
parasitic diseases in wild animals (Chrétien et al., 2023).
Parasitic infestations, including alveococcosis and mu-
elleriosis, are becoming an important factor limiting
the growth of ungulate and predator populations in
Central Asia. These diseases affect not only internal
hosts (rodents and ungulates) but also final hosts -
carnivorous animals, including the snow leopard, for
which parasite infection can have fatal consequences.
According to S. Ostrowski & M. Gilbert (2024), parasitic
infections cause complex morphofunctional changes in
internal organs, disrupt metabolism, suppress the im-
mune system and reduce the ability of animals to adapt
to extreme environmental conditions.

The immune system of vertebrates is a collection
of organs, tissues and cells that recognise and destroy
foreign agents. The primary organs of immunogenesis -
the thymus and bone marrow - are the source of the
formation and maturation of lymphocytes, which are
responsible for cellular and humoral immunity. Sec-
ondary organs - lymph nodes, spleen and lymphoid
formations of the mucous membranes - ensure the
implementation of immune responses and the forma-
tion of immunological memory (Weiskopf et al., 2016).
According to G. Schaller (2012), the morphological or-
ganisation of the immune system in animals living in
high-altitude conditions differs from that of lowland

species due to hypoxia, low temperatures and limited
food diversity. The adaptive mechanisms of the immune
system in wild animals are formed under the influence
of natural selection, but constant stress, parasitic load,
and environmental factors can cause depletion of im-
mune resources. Research by M. Luo et al. (2023) has
shown that chronic parasitic diseases lead to changes
in the structure of lymphoid organs, in particular thy-
mus atrophy and reduction of the follicular zones of the
spleen. Similar changes have been observed in domes-
tic ruminants infected with Mullerius capillaris (Shao et
al.,2019). In wild species living in the mountains, these
processes are more pronounced due to limited access
to food and increased physiological stress.

Parasitic diseases such as alveococcosis and mul-
leriosis have a direct impact on the immune system of
animals. The larval stage of Alveococcus multilocularis
affects the liver, causing the formation of cystic nod-
ules, infiltrative tissue growth, and metastatic spread to
the lungs and brain (Shao et al., 2021). These processes
are accompanied by a pronounced immune response,
activation of macrophages and lymphocytes, which
ultimately leads to depletion of the lymphoid organs.
The pathogen Mullerius capillaris affects the lungs,
causing chronic alveolitis and fibrosis, which also leads
to changes in the structure of secondary organs of the
immune system, especially the lymph nodes. Research
by M. Osborne & J. Laird (2022) confirms that prolonged
parasitic infections lead to the restructuring of lym-
phoid tissue, impaired lymphocyte differentiation, and
a decrease in the effectiveness of the immune response.

Despite the growing number of publications on
parasitology and immunology of domestic animals, the
morphological features of the immune system in wild
ungulates of Central Asia have been studied extreme-
ly poorly. To date, there is no comprehensive data on
structural changes in the thymus, spleen, and lymph
nodes of Siberian ibex, argali, and roe deer in parasitic
diseases. Meanwhile, such information is necessary to
assess the biological stability of populations, predict
their condition, and develop preventive measures in
the system of protection of rare species. The study of
the morphology of immune organs in wild fauna has
not only scientific but also practical significance. The
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morphological features identified in the course of re-
search can be used to diagnose invasive diseases, de-
velop criteria for epizootic monitoring, and assess the
impact of parasitic load on animal health (Ale, 2007). In
addition, the results of such analysis make it possible to
clarify the mechanisms of immunogenesis in extreme
conditions and determine the body’s adaptive capaci-
ty to prolonged exposure to pathogens. An important
direction in modern research is the interdisciplinary
approach, combining data from morphology, histology,
parasitology, and immunology. As noted by S. Ashoku-
mar (2023) noted, only a comprehensive study of struc-
tural changes in the immune system allows for an ade-
quate assessment of the impact of infectious agents on
the body and the development of effective biosecurity
measures. In Kyrgyzstan, where wildlife is under con-
stant exposure to climatic and anthropogenic factors,
such research is of particular importance.

An analysis of scientific publications shows that the
morphology of immune organs is a key indicator of an-
imal health and their ability to adapt to external influ-
ences. However, there have been no systematic studies
devoted to wild species in Kyrgyzstan to date. The aim
of this study was to identify morphological changes in
the main, primary and secondary organs of the immune
system (thymus, spleen and lymph nodes) in Siberian
ibex, argali and roe deer affected by parasitic diseases,
and to determine the characteristics of their immune
reactivity and adaptive mechanisms in the high-alti-
tude ecosystems of the Tian Shan.

Materials and Methods

The study was conducted in the Kyrgyz Republic from
May 2023 to March 2025 and included two main areas:
monitoring wild animal populations and pathomorpho-
logical study of the organs and tissues of hunted indi-
viduals. The objects of the pathomorphological study
were wild ungulates: Siberian ibex (Capra sibirica), ar-
gali (Ovis ammon) and roe deer (Capreolus capreolus),
which are the main components of the snow leopard
(Panthera uncia) food chain in the high-altitude ecosys-
tems of the Tian Shan. The animals were shot in strict
accordance with licence No. 45/2025, issued by the
Ministry of Hunting and Fisheries of the Kyrgyz Repub-
licon 10 March 2025, as well as with the Guidelines for
Wildlife Research (2022). A total of five individuals were
studied, weighing between 35 and 48 kg. The culling
was carried out in the Katta-Taldyk district of the Talas
region between 12 and 15 March 2025.

Automatic camera traps were used to assess the
abundance and spatial distribution of wild animals in
the study area. The cameras were installed on 17 May
2023 in the areas of Zindi-Suu, the Chon-Emgek gorge,
Zhaia, Koi-Suu in the Chon-Kemin valley, as well as
on the Kakshaal-Too ridge at an altitude of 2,500 to
4,500 m above sea level. A total of 13 cameras were in-
stalled at various exposures on the slopes. The camera

traps were checked between May and September 2023.
Immediately after the shooting, a detailed inspection
and photographing of the animals was carried out.

Samples of the following organs and tissues were
taken from the shot animals for histological examina-
tion: liver, lungs, heart, kidneys, spleen, thymus, lymph
nodes, thigh and back muscles, skin, and pancreas. The
size of the samples taken was 1.0-2.5 cm?, and the
weight of each was 1.2-3.5 g. The material was fixed
in 10% neutral formalin to preserve the morphologi-
cal structure of the tissues. After fixation, the samples
were sequentially dehydrated in alcohols of increasing
concentration (70%, 80%, 90%, 96%, 100%). Further
processing was carried out according to the following
scheme: alcohol/chloroform (50:50), chloroform, paraf-
fin/xylene (50:50) at a temperature of 37°C, followed by
sequential impregnation with paraffin at 56-57°C (par-
affin 1, paraffin 2) and final immersion in pure paraffin
to compact the tissues. All stages of processing, storage
and preparation of samples were carried out in the lab-
oratory conditions of the Research Laboratory of Zoolo-
gy of the Kyrgyz National Agrarian University named af-
ter K.I. Skryabin in compliance with standard safety and
hygiene protocols. The prepared samples were used
for subsequent microscopic examination according to
standard methodology (Eckert et al., 2001; Huynh et
al., 2022). Serial sections 5-7 pm thick were prepared
from paraffin blocks using a sliding microtome. The
histological preparations were stained with haema-
toxylin and eosin according to standard methodology.
The histological preparations were examined using Bi-
olam LOMO (Russia) and PZO Warszawa (Poland) light
microscopes at magnifications of x40, x100, x200 and
x400. Microphotography was performed using a Leica
ICC50 HD microscope (Leica Microsystems, Germany)
equipped with a built-in high-resolution digital camera.
During the pathological autopsy, a visual examination
of the internal organs was performed to detect mac-
roscopically visible parasitic lesions. The pathological
changes identified were photographed and described
morphologically. Parasites were identified based on the
morphological characteristics of the larval and sexually
mature stages of helminths in histological sections.

The study area is located in the high-mountain
zone of the Tian Shan at an altitude of 700 to 4,500 m
above sea level. The territory is characterised by moun-
tainous relief with pronounced vertical zonation, in-
cluding alpine meadows, rocky areas and upland scree.
Climatic conditions are characterised by low tempera-
tures, hypoxia and limited food diversity, which deter-
mines the specific adaptation mechanisms of the fauna
inhabiting this area.

Results and Discussion
Kyrgyzstan is a mountainous country located with-
in three physical-geographical territories: the Cen-
tral Asian Plain, the Central Asian Highlands, and the
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Central Asian Plateau. The Central Asian Plain is locat-
ed in the Turan Lowland and is characterised by desert
landscapes. Within its boundaries, in the north of Kyr-
gyzstan, there is the Chui Valley at an altitude of 850-
900 m, the Talas Valley at an altitude of 700-800 m, and
in the south, the sloping plains of the Fergana Valley
stretch at an altitude of 1,000-1,100 m above sea level.
The Central Asian Highlands cover most of Kyrgyzstan,
which is divided into two large regions: the mountain-
ous area of the Northern and Inner Tian Shan and the
Fergana mountainous area. These areas are character-
ised by mountain ranges with heights of 1,500-5,500 m
above sea level. The Central Asian highlands include

Arbaev et al.

the southern and south-eastern regions of Kyrgyzstan,
namely the Alay Valley in the south-west and the north-
east up to the Sary-Jaz River basin. Among these high-
lands is the mountain-syrty part of Kyrgyzstan, where
syrty is a type of highland with a flat relief, mainly used
as high-altitude summer pasture. The fauna in these ar-
eas is very diverse, including birds such as the alpine
chough, golden eagle, capercaillie, mountain turkey or
ular, saker falcon, gyrfalcon, vultures, bearded vulture,
Himalayan ular, eagles, etc. (Bar, 2021). Mammals in-
clude marmots, mountain goats, argali, snow leopards,
wolves, foxes, wild boars, brown bears, Turkestan lynx-
es,and manuls (Table 1).

Table 1. Species diversity of wild animals on the Kakshaal-Too ridge

Name Name (lat.) Approximate number

Snow leopard Uncia uncia 1
White-clawed bear (Tian Shan) Ursus arktos 3

Arhar Ovis ammon 145

Mountain goat Carpa sibirica 150
Manul Felis manul 3

Red fox Vulpes vulpes 18
Wolf Canis lupus 7
Badger Meles meles 5
Golden eagle Aquila chrysaetus 2
Bearded vulture Gypaetus barbatus 1
Himalayan ibis Tetraogallus himalayensis 34

Source: compiled by the authors based on reports from the NABU (n.d.) monitoring department for 2024

To count the number of snow leopards, mountain
goats, argali, roe deer, wild boars and other mammals
in the snow leopard’s food chain, camera traps were in-
stalled on the mountain slopes of the Turkestan Range,
Teskey Ala Too, Central Tian Shan and other locations.
The camera traps were installed in the study areas at
various exposures on slopes at an altitude of more
than 2,500-3,000 metres above sea level. The instal-
lation of camera traps began on 17 May 2023, and 13
cameras were installed in the areas of Zindi-Suu, in
the Chon-Emgek Gorge, Zhay, Koi-Suu, and the Chon-
Kemin Valley, at altitudes of 500-4,500 m above sea
level. When checking the camera traps on 26 May 2023
in the Zindi-Suu area at an altitude of 3,175 m above
sea level, the presence of a snow leopard was record-
ed. This graceful, beautiful animal has a smoky grey
coat with dark rings. Its fur is thick and fluffy, and it
is more commonly found at the edge of the perma-
nent snow line, descending to the coniferous forest
belt in winter, as confirmed by camera traps (Tetzloff &
Schwartz, 2024). In the second half of September 2023,
an expedition was conducted to the Ak-Sai Valley in the
At-Bashinsky District in collaboration with employees
of NABU (The Nature and Biodiversity Conservation
Union) Kyrgyzstan. During the expedition, camera traps

previously installed on the Kakshaal-Too ridge were re-
moved. The images captured snow leopards, ibexes, ar-
gali sheep, wolves, martens, foxes and other species of
fauna. Figure 1 shows the species diversity of wild an-
imals recorded on the Kakshaal-Too ridge in 2024. The
data reflects the approximate number of individuals
of each species identified during field observations by
NABU’s (n.d.) monitoring department. The graph clear-
ly shows the abundance of the most common species,
including argali, mountain ibex and rare predators such
as snow leopards and golden eagles. The most numer-
ous among the observed species are the mountain goat
(150 individuals) and the argali (145 individuals). Mod-
erate numbers were recorded for the Himalayan ibex
(34 individuals) and the red fox (18 individuals). Other
species, such as the wolf (7 individuals), badger (5 in-
dividuals), manul and white-toothed Tian Shan bear (3
individuals each), golden eagle (2 individuals), bearded
vulture and snow leopard (1 individual each), are much
less common. The data show a clear predominance of
large ungulates in the ecosystem of the ridge. During
the study, observations were made and the locations of
wild animals on the Kakshaal-Too ridge were recorded.
Figure 2 shows the locations of the animals, reflecting
their spatial distribution in the study area.
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Himalayan eagle : 34
Bearded vulture | 1
Golden eagle | 2
Badger ms
Wolf |7
Red fox | 18
Manul |3
Mountain goat :
Arhar |
Tianshan white-clawed bear |3
Snow leopard | 1
0 20 40

150
145

60 80 100 120 140 160

Figure 1. Species diversity of wild animals on the Kakshaal-Too ridge
Source: compiled by the authors based on reports from the NABU (n.d.) monitoring department for 2024
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Figure 2. Points where wild animals were recorded on the Kakshaal-Too ridge

Source: compiled by the authors

The cartographic diagram in Figure 2 shows the lo-
cation of the points where wild animals were recorded
(detected) in the Kakshaal-Too ridge area. The map is
drawn to a scale of 1:50,000. The scale bar in the fig-
ure allows the distances on the ground to be estimat-
ed. For clarity, the map includes symbols representing:
the boundaries of the study area; rivers and lakes (hy-
drography); the animals observed - snow leopards and
argali (mountain sheep); and the routes along which
the observations were presumably made. The distribu-
tion of animal symbols on the map allows for a visual
assessment of the areas of concentration and spatial
distribution of key fauna species - snow leopards and
argali - within the Kakshaal-Too ridge.

The snow leopard (Fig. 3) is one of the rare and en-
dangered species of animals. Body length: 100-130 cm;
tail length: 80-100 c¢cm; height at the withers: 60 cm;
weight: 37-55 kg (males), 35-42 kg (females); lifespan:
=11 years, up to 21 years in captivity; number of off-
spring: 2-3 kittens; lifestyle: solitary predator; diet: me-
dium-sized ungulates (ibex, argali, roe deer, wild boar,

14

etc.), small mammals (marmots), and birds (ulars, etc.);
habitat: high-altitude steppes and rocky terrain from
600 to 5,800 m above sea level; population: total num-
ber approximately 4,000-6,400 individuals. As noted by
J. Khatiwada et al. (2007), the total area of the histor-
ically established range of the snow leopard is about
2.2 million square kilometres, which is less than 2% of
the total land area. This territory is located in the high-
lands and inaccessible areas of the world - the Hima-
layas, Tibet, Karakoram, Hindu Kush, Pamir, Pamir-Alai,
Tian Shan, Altai and Sayan.

One of the prey species of the snow leopard is the
Siberian ibex or mountain goat (Fig. 4), which inhabits
steep mountain slopes with abundant rocks and scree
at an altitude of 2,500-4,000 metres above sea level.
Ibex graze on alpine meadows, hiding from danger in
the rocks, and descend to lower slopes with less snow
in winter (Justa & Lyngdoh, 2023). They live in small
herds of 10-30 individuals, with adult males forming
separate groups of up to 10 individuals and spend-
ing most of the year in the most inaccessible places,
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separate from the females. On summer days, mountain
goats graze in the morning and evening hours, and dur-
ing the hot part of the day, they spend time under the
shelter of rocks on windy mountain ridges. Depending
on the locality and weather conditions, the mating sea-
son for Siberian goats is in November or December and
lasts 10 days or more. The gestation period is 170-180
days, with females giving birth to one or two kids in late
May or June. Their lifespan in the wild is 15-20 years.

Figure 3. Snow leopard (Panthera uncia)
Source: authors’ photo

Figure 4. Siberian ibex (Capra sibirica)
Source: authors’ photo

One of the diseases diagnosed among Siberian
ibex is larval alveococcosis of the liver. Larval or cyst-
ic alveococcosis is a naturally occurring focal disease
of animals and humans caused by the cestode Alveo-
coccus multibocularis. The sexually mature (tapeworm)
stage of the alveococcus parasitises in the intestines
of carnivores (foxes, dogs, wolves, jackals, etc.). Accord-
ing to J. Janecka et al. (2020), the larval form is more
commonly found in the liver and other internal or-
gans of animals and humans. The macroscopic larval
form is a multi-chambered cyst consisting of a large
number of small bubbles (alveoli) tightly packed to-
gether, containing fluid and the parasite’s scolex (Bob-
dey et al., 2023). The alveococcus bubble consists of a

Arbaev et al.

cuticular and germinative layer and hydatid fluid. The
cuticular or protective layer is represented by hyaline,
and the germinative layer is the source of the forma-
tion of excretory capsules with scolexes and a cuticular
membrane. Alveococcus cysts develop primarily in the
liver and then in other organs of the abdominal cavity.
Exogenous growth of the lavrocyst (cyst) occurs through
budding. The budded cysts penetrate the intercellular
spaces and infiltrate the surrounding tissue. According
to R. Pramod et al. (2021), the cells of the organ paren-
chyma are compressed, undergo dystrophy, atrophy and
are gradually replaced by alveocytes. Alveococcal cysts
metastasise to the lymph nodes, retroperitoneal tissue,
lungs and brain. As the parasitic node grows, necrosis
occurs in its centre due to insufficient blood circulation,
and a capsule forms, which fills with a clear or cloudy
fluid. The peripheral part of the node consists of active-
ly multiplying parasite vesicles. The cavity of the vesi-
cles contains a small amount of viscous fluid. When cut
open, the parasitic node has a cellular structure with a
cavity of decay in the centre. The larval form is repre-
sented by a conglomerate of small vesicles (parasitic
node) connected by connective tissue and is character-
ised by exogenous reproduction and infiltrative growth
(Ullah et al., 2020).

Alveococcus is a biohelminth that develops by
changing hosts. Its definitive hosts are carnivores:
wolves, foxes, cats; and its intermediate hosts are wild
rodents of the Cricetidae family (Vishnu et al., 2024). A
study by A. Lypska et al. (2023) also showed that rodents
in natural populations can be carriers of multiple para-
sitic infections, including blood-borne zoonotic patho-
gens,which increases their epizootological significance
in the circulation of pathogens between wild and do-
mestic animals. The final host becomes infected by eat-
ing infected liver containing formed alveococcus vesi-
cles with scolexes (Figs. 5, 6). Wild animals and humans
suffer from natural focal diseases, with humans becom-
ing infected during skinning, when eggs stuck to the
fur get onto their hands and are carried into the mouth.
Another route of human infection with is through the
consumption of wild berries and herbs contaminated
with the excrement of infected carnivorous animals.

Figure 5. Alveococcosis, macro picture
Source: authors’ photo
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Figure 6. Alveococcosis, micrograph
Note: haematoxylin and eosin, 9x10
Source: authors’ photo

Another object in the snow leopard’s food chain
is the roe deer, a small, graceful deer with a relatively
short body (Fig. 7). Its ears are long and pointed, and its
tail is short and does not protrude from its fur. Its coat
is single-coloured, bright red in summer and dull grey-
ish in winter. Its body length is 150 cm, and it weighs up
to 60 kg. Roe deer mate in August, and gestation lasts
4-4.5 months, resulting in 1-3 fawns.

Figure 7. Roe deer (Capreolus capreolus)
Source: authors’ photo

Roe deer suffer from echinococcosis, which is car-
ried by carnivores. Echinococcal cysts are round in
shape and are most often found on the surface and
in the thickness of the liver and lungs. Depending on
the stage of the disease, the number of echinococcal
cysts in the liver varied. The cysts are represented by
a capsule containing a transparent fluid with a slightly
yellowish tint (Fig. 8). The final stages of larval echino-
coccosis were accompanied by almost total organ dam-
age, as indicated in the work of M. Bashari et al. (2018).
The wall of the cyst consists of the following layers: the
outer adventitial layer and the inner germinative layer.

Figure 8. Larval echinococcosis in cattle
Note: the liver (a) and lungs (b) are affected by typical
echinococcal cysts
Source: authors’ photo

Among roe deer, the lung disease mulleriosis was
diagnosed (Fig. 9). Mulleriosis in animals, caused by
Mullerius capillaries, belongs to the Protostrongylidae
family and affects wild ruminants (Habib et al., 2014).
These are small, thin, separately hollow nematodes,
almost indistinguishable to the naked eye against the
background of the lungs. The lung tissues are involved
in the pathological process, which is a pathological pic-
ture of chronic productive alveolitis. The affected areas
of the lung have clear boundaries macroscopically and
are coloured yellowish-grey. During invasion, numer-
ous foci are scattered in various areas of the lungs, but
mainly in the posterior lobes.

Figure 9. Macroscopic picture of muelleriosis
Source: authors’ photo

At the same time, alveolar epithelial cells divide
and multiply by amitotic and mitotic division. The pro-
cess may begin with exudative phenomena, with the
filling of the alveolar lumens with serous exudate. In
such areas, the interalveolar septa are thin, and later
they thicken noticeably due to lymphoid-histiocytic in-
filtration. Lymphoid cells, neutrophilic leukocytes, and
histiocytes are mixed with desquamated epithelial cells
in the alveolar lumens. Parasites that have reached
sexual maturity, located in the bronchial branches or
in the alveolar tissues, are localised in their lumens,
where they lay eggs in the alveolar lumens and alveolar
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passages. Sexually mature parasites are found in areas
bordering healthy tissue in the lumens of the alveo-
li or outside the foci of consolidation, among normal
tissue (Fig. 10). Freshly laid eggs have unsegmented
fine-grained cytoplasm and one large light nucleus.
Subsequently, all stages of development can be seen in
the sections, from the beginning of fragmentation into
blastomeres to the formation of a finished larva inside
the egg shell. In the areas where the eggs are located,
the alveolar tissue, especially the alveolar septa, thins,
becomes thread-like, disappears, and cavities of various
sizes may form as a result of the fusion of adjacent al-
veoli filled with eggs or larvae.

Figure 10. Paraffin section of the lungs -
muellerian invasion in a roe deer
Note: staining — haematoxylin and eosin, x90
Source: authors’ photo

The pathological process involves the small bron-
chial branches, where catarrhal bronchitis initially de-
velops. The bronchial lumens contain mucus, desqua-
mated epithelial cells, and leukocytes. The number of
goblet cells in the epithelial lining of the mucous mem-
brane increases. Changes are observed in the walls of
the small bronchi in the form of thickening. The epithe-
lial layer of the mucous membrane hyperplasiates and
papillary protrusions form in the lumen of the bronchi,
where the base of the mucous membrane is infiltrated
by lymphoid-histiocytic elements, later fibroblasts. The
lumens of the bronchi become slit-like,and the layers of
peribronchial tissue gradually expand and become in-
filtrated with cellular elements, mainly lymphoid cells.
The lumens of the alveoli are filled with the bodies of
sexually mature parasites, and the epithelial lining is
compressed and atrophied. The pulmonary pleura and
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interlobular connective tissue septa are involved in the
pathological process. They thicken and undergo severe
sclerotic changes. In other areas of the lung parenchy-
ma, proliferative changes develop, leading to thicken-
ing of the interalveolar septa due to cell proliferation
consisting of lymphoid and histiocytic elements. Later,
fibroblasts, collagen fibres and a small number of plas-
ma cells appear. In the affected areas, the thickening of
the alveolar septa is due to the growth of thick smooth
muscle bundles, while the alveolar lumens narrow or
disappear completely, and areas replaced by collagen
and smooth muscle cells appear.

Another object of the snow leopard’s food chain
is the mountain sheep (Ovis ammon) - a very beauti-
ful, slender animal, light in build, with long legs and
a high head (Fig. 11). Its horns are beautifully curved,
sometimes very large. The colouring of the sides and
back is solid yellow or brown-grey in various shades.
Mountain sheep are 120-130 cm tall at the withers
and weigh 200-220 kg. These animals prefer vast open
spaces with gently rolling terrain and gentle mountain
slopes. In summer, adult males form separate herds and
keep away from females. Gestation lasts 155-170 days,
and from April to May, females give birth to 1 or 2 lambs.

Figure 11. Argali (Ovis ammon)
Source: authors’ photo

During the pathological autopsy of a mountain
sheep that had been culled for sanitary reasons, patho-
logical changes were found on the serous membranes.
A translucent oval-shaped bubble on a thin stalk was
found under the peritoneum. The bubble was filled with
a clear fluid in which a floating scolex was visible. This
bubble is a thin-necked cysticercosis, which is the out-
er serous membrane of the host and the scolex’s own
membrane (Fig. 12). The snow leopard, eating such an-
imals, becomes the definitive host, where a tapeworm
begins to develop in its intestines, which has a head
with suckers, a neck and a body. The body or tapeworm
reaches 1.5-5 m and as the segments mature, they fall
off, are excreted with faeces, contaminate the soil, grass
and water, and the parasite’s eggs are swallowed with
the food of herbivorous animals. The causative agent is

Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 4 17



Animal and bird diseases — the food chain...

the cystic stage of the cestode Taenia hydatigena, which
lives in the small intestine of carnivores (wolves, jack-
als). The sexually mature parasite reaches a length of
2 m, its scolex has 4 suckers and is armed with 32-44
hooks arranged in two rows. The thin-necked cysticer-
cus is a bubble filled with a colourless liquid, oval in
shape, up to the size of a goose egg, hanging down like
a bubble.When the shell is cut open, the parasite, which
has a long thin neck, a tail bubble and a scolex, is easily
squeezed out of the bubble.

Figure 12. Thin-necked cysticercosis, macro picture
Source: authors’ photo

The morphofunctional state of the thymus is ex-
pressed by its lobular structure and specific mass. Each
lobe of the thymus is represented by cortical and med-
ullary substance in different proportions in different
lobules. The lobules are in different morphofunction-
al states. In the subcapsular zone, blast transforma-
tion and thymoblast proliferation are observed, and in
most lobules of the thymus, the boundary between the
cortical and medullary substances is blurred. In some
lobules, small and large Gassall’s cells with calcifica-
tions are found in the medullary layer (Fig. 13). Clus-
ters of labrocytes, lymphocytes, and macrophages are
observed, as well as products of cell breakdown. Blood
vessels are hyperemic. Lymphoid cells in mitosis are
found in the cortical substance and sporadically in the
medullary substance.

The morphofunctional state of a lymph node is
the cortical zone or cluster of lymphatic follicles, or
the B-dependent zone and paracortical zone, or the
T-dependent zone and medulla. The histological pic-
ture showed that the structure of the lymphatic follicle

centres of the lymph nodes was destroyed, with a large
accumulation of blood and haemorrhages. Hyperplasia
of the B-dependent zone was noted (Fig. 14).

Figure 13. Thymus gland
of a roe deer with Mdllerian invasion
Note: staining - haematoxylin and eosin, x90
Source: authors’ photo

Figure 14. Paraffin section of a lymph node
Note: staining - haematoxylin and eosin, x90
Source: authors’ photo

The spleen is similar in structure to the histological
structure of other animal species, where a distinction is
made between white and red pulp. In roe deer, in this
case, it stands out in the form of lymphonodules, the
B-dependent zone, while the T-dependent zone is poor-
ly developed and is detected near the central vessels.
The red pulp is abundantly injected with blood, and
hyperplasia of B-dependent zones is observed in the
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white pulp. The red pulp of the spleen is represented
by a large number of erythrocytes, T- and B-lympho-
cytes, and macrophages. Cells in mitosis are found.
Macrophages are located in large numbers around the
white pulp and in smaller numbers in the red pulp and
sinuses. Apoptosis occurs in both the white and red
pulp of the spleen (Fig. 15a). In the white pulp of the
spleen, T- and B-dependent zones are distinguished,
where T-dependent zones of the white pulp are rep-
resented by T-lymphocytes. The central artery of the
lymphoid follicles is located eccentrically. Lymphoid
formations with light centres have clearly defined cen-
tres of lymphoid follicles. The mantle zone is clearly
distinguished by the dense arrangement of B and T
lymphocytes, plasma cells, and macrophages. Lymphoid
follicles without light centres are distinguished by the
loose arrangement of B lymphocytes, and the zones are
not distinguished. Mitosis of blast cells is rare (Fig. 15b).

PV

Figure 15. Paraffin section of the spleen
Note: staining — haematoxylin and eosin, x90
Source: authors’ photo

Analysis of data on the morphology and functional
state of the organ allows for concluding that the con-
dition of the white pulp of the spleen corresponds to a
state of relative rest and moderate functioning. A large
number of red blood cells in the organ is evidence of the
highest degree of depositing function. Larvae, entering
the roe deer’s intestines with food and water, penetrate
the submucosal layer of the intestines and, together
with the chyme, enter the lymph, reach the large tho-
racic duct and, with the lymph, penetrate the blood of
the small circle of blood circulation and, through the
walls of the capillaries, enter the small bronchi, provok-
ing bronchopneumonia. Histological sections stained
with haematoxylin and eosin reveal eggs, larvae and
sexually mature forms of the pathogens, which are
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localised in the small bronchi, alveolar passages and
alveoli. Focal, diffuse lymphoid, histiocytic, and plasma
cell infiltrates are observed in the bronchial walls and
peribronchially.

The described morphological structural changes in
the primary and secondary organs of immunogenesis
in wild cloven-hoofed animals (Siberian ibex, argali,
and roe deer) in invasive diseases (alveococcosis, mu-
elleriosis, and cysticercosis) revealed functional ten-
sion in the above-mentioned organs of the immune
system. This manifested itself in the form of cellular
infiltrates, where the number of plasma cells, clusters
of macrophages, small lymphocytes, neutrophilocytes,
and fibroblasts increased, and where the effectiveness
of immunity depended on the coordinated interaction
of cellular and humoral immunity (Vishnu et al., 2024).
The morphological picture was revealed by the deple-
tion of light centres in the secondary organs of immu-
nogenesis, which indicated a sharp decline not only
in the body’s immune reactivity, but also in other vital
processes. A deficient state arose in the thymus, charac-
terised by morphological changes in secondary organs
of immunogenesis in the form of increased prolifera-
tion in the B-dependent zone, which is associated with
the endocrine system and central nervous system con-
trolling the homeostasis of the animal organism.

In conclusion, it should be noted that anthropogen-
ic factors such as an increase in livestock numbers and
degradation of grazing lands, as well as climate change,
have a negative impact on the snow leopard’s food sup-
ply and habitat. M. Bashari et al. (2018) emphasised that
direct and indirect human impact on the snow leopard’s
range and food supply is changing the snow leopard’s
lifestyle. This is also evidenced by a number of exam-
ples from the Kyrgyz Republic. In 2020 alone, there
were three recorded incidents involving snow leopards
descending from the highlands to populated areas. In
January 2020, the Department for Biodiversity Conser-
vation and Specially Protected Natural Areas reported
the discovery of a snow leopard in the village of Kok-Oy
(600-800 m above sea level) in the Talas region. Em-
ployees of the Bars Group travelled to the site together
with a veterinarian. At the examination site, NABU vet-
erinarian B. Azhybekov assessed the predator’s health
as critical. After discussing the issue with representa-
tives of state authorities, it was decided to transport
the snow leopard to the NABU office in Bishkek. An
X-ray of the snow leopard showed that the animal had
been shot in the head. A council of veterinarians decid-
ed to perform emergency surgery. At present, the leop-
ard’s life is not in danger, and it is recovering.

Second example: on 10 January 2020, information
was received from a hunting expert in the Zhumgal dis-
trict of the Naryn region about the discovery of a snow
leopard in a shepherd’s barn in one of the winter areas
(1,800-2,000 metres above sea level). The “Bars Group”
immediately left for the Zhugals district of the Naryn
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region. Upon arrival in the Zhugaly district, the hunting
expert showed the snow leopard and drew up a transfer
report. After these activities, the snow leopard was tak-
en to the NABU office in Bishkek, where, in agreement
with the state authorities, it was decided to deliver the
snow leopard to the NABU rehabilitation centre.

Third example: in May 2020, a snow leopard was
brought to the rehabilitation centre from the village of
Emgek Talaa in the Naryn region (Teskey Torpu, 1,700-
1,800 m above sea level). It was brought by the direc-
tor of the “Ysyq-Kol” biosphere territory, T. Asykulov. The
snow leopard was in serious condition and unable to
move. Upon examination, it was found that its right eye
was damaged and there was a wound on its front paw.
The snow leopard brought from the Naryn region was
examined by a veterinarian, who noted that the animal
was in a state of stress and prescribed the necessary
treatment. The snow leopard was given the nickname
Tenteq and sent to the NABU rehabilitation centre. The
rescued snow leopards caused a public outcry. In the
same year, a gamekeeper from the Kara-Buurinsky dis-
trict of the Talas region reported that he was keeping
an argali lamb in his barn. After notifying government
officials in advance, the commission decided on the fu-
ture fate of the red-listed animal. These examples show
that anthropogenic factors are severely disrupting the
snow leopard’s habitat, which is closely linked to cli-
mate change. The preservation of the snow leopard
population is influenced not only by anthropogenic fac-
tors in the habitat, but also by diseases of wild animals,
not only of an infectious and invasive nature, but also,
in this case, alveococcosis, muelleriosis, cysticercosis
and other parasitic diseases.

Conclusions
Studies of wild ungulates - Siberian ibex, roe deer and
argali, which constitute the food base of the snow leop-
ard in the highlands of Kyrgyzstan - have revealed a
significant prevalence of invasive diseases. Pathologi-
cal and parasitological studies diagnosed helminthia-
sis such as alveococcosis, echinococcosis, muelleriosis,
and cysticercosis. The most significant result is a de-
tailed description of the specific immunomorphologi-
cal response of the organs of immunogenesis to these
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AHHOTaums. AK UNBUPC — KOrosyy KOpKYHydyHAa TypraH skaHa Kbiprbiz PecnybamkacbiHbiH Kbi3bin KUTEGUHE
KMPTM3WITEH CeMpeK KesmeLyydy aHa asnyy xaHbibap 6onyn caHanat. An TaHb-LUaHabiH XXeTyyre KbiiiblH 6GUIAKK
TOOJYY PaOHA0PYHAA XALLAWMT, an Xepae 3KONOTUNbIK TEH, CAIMaKTYYNYK aHblH a3blK TU3MErMH Ty3reH dhayHaHbIH
abanblHa Ty346H-Ty3 Ke3 KapaHAbl. AKbIpKbl XblfAapbl anakbl )aHa yi >kaHblbapnapbl apacbiHaa 0opynapabiH
Kebeiywy 6aikanyyna, 6yn ak MAGMPCTMH NONYNAUMACbIHBIH abanblHa >KaHa >KaNMblCblHAH 3KOCMCTEMAHbIH
TYPYKTYYNYryHa TaacMPUH TUIATUIULWM MYMKYH. Byn MWITMH MakcaTbl ak MABUPCTMH a3blk TM3MErMHe KMpreH cyT
3MYYYyIIepayH MUTE 0OpYNapbiH U3UNAee, anapablH 6UONOrMANbIK ©3reuenyKTepyH, ByaraHyy GynakTapbiH XaHa
TOONYY PaiOHAOPAOTY 3MM300TUANbIK KblpAaanra TaaCMpUH aHbIKTOO 6oiyn caHanat. M3ungeeHyH KYpyLUyHAe
Tanaasnbik 6aiiko0NOpAYH, FeIbMUHTONOUSbIK ayTONCUsNapAbiH, GUoMaTepuanablH MUKPOCKONMANbIK aHANU3UHUH,
BETEPUHAPAbIK U3MNA6eNepAYH MaaNbiMaTTapbiHbiH CabIWTbipMa MOPGHONOTUS/bIK XKaHa CbinaTTaMa aHaaWU3MHKH
MeToALopy Maidanadbiiabl. HaTbikana, aHblKTaaraH MWUTE 00pYNapbiHbiH MYMHEH 3H YOH 3MUAEMMONOTMANbLIK
MaaHMCM Kanakbl KaHa Y XaHblbapnapbl Y4YH ONYTTYY KOPKYHYY TyyoypraH ajnbBEOKOKKO3 >KaHa MIJIepuos
3KEHAMIM aHbiKTanabl. AIbBEOKOKKO3AYH KO3rorydyy 600pro Taacup 3Tyy4y KaHa MHOUNALTPATUBAMK ©CYYre XaHa
MeTacTasra>keHaeMayy 6Mp Heue KUCTUKAbIK MUTE TYIYHAS PYHYH Naiiaa 601yLWyHa anbin Keyy4yy JeHTaHbIH IMYMHKA
cTaguacel 6onyn caHanat. byn MUTEHMH aKbIpKbl KOXOKHAAPbI XbIPTKbIYTAP (MTTEP, MbIWbIKTap, KapbiWKbipaap,
TYNIKYNep, MaHynanap x.6.), an 3Mu OpTOAOry Maiaa kanaibl kemupyydynep. OWOHAON 301e NaToreH 34Kunepae,
KOMNOPA0 XKaHa Xanaibl KeMNWwee4ynepae enkeHyH >abblipKallblH WapTTaiT, 6yN NpoayKTUBAYY abBEONUTTUH Ker
0YOKTOPY XaHa KaHblGapiapAbiH Kambl KapLUbIbIrbIHbIH TOMEHAGLY MEHEH KOpYHeT. [aToreHaepanMH 6MONOrUaNbIK
KaHa 3KONOTUS/bIK ©3reYelyKTePYH KOMMIEKCTYY TaA00 XapaTbi/blll WapTTapbiHAA anapibiH aifaHyy Kona0pyH
KaHa aflaM YYyH MYMKyH 6onyydy Tobokenauktepam 6aanooro MyMKyHAYK 6epeT. M3ungeeHyH npakTuKanbiK
MaaHMCK CEMPEK Ke3AELLYYUY XbIPTKbIUTapAbl KOProoro xaHa Kblprbi3acTaHablH 6UiMK TOONYY 3KOCUCTEManapbiHbiH
3MU300TUANBIK BEMNUNOUIMH TYPYKTALITbIpYyra GarbiTTanraH anfblH anyy aHa AMarHOCTMKanbIK UL-4apanapabiH
CUCTEMACHIH MLITEN YbIryyAa asblHraH MaanbiMaTTapAbl NainanaHyy MyMKYHLYTYHAS TypaT
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AHHoTauums. CHexHbIn 6apc (Panthera uncia) 9BNSETC PeLKUM U YSI3BUMbIM BULOM, HAXOASALWMMCS NOJ, YrpO30H
MCYe3HOBEHMS U 3aHeceHHbIM B KpacHywo kHury Kbipreidckon Pecnybnuku. OH obuTaeT B TPYyLHOLOCTYMHbIX
BbICOKOTOPHbIX panoHax TaHb-lUaHg, roe skonorMyeckoe paBHOBECME HAMPAMYK 3aBUCUMT OT COCTOSIHUS (ayHbl,
COCTaBNsAOWEN ero nuuieByo Uenb. B nocnegHue roabl HabnogaeTcs pocT ymcia 3aboneBaHwii cpeam OUKUX U
[LOMALLHUX XXMBOTHbBIX, YTO MOXET OKa3blBaTb BAMSHUE Ha 3[0pPOBbeE MOMYNALMM CHEXHOro 6apca M yCTOMYMBOCTD
3KOCUCTEMDI B LieNioM. Llenbto HacToswen paboTbl 6b110 MCcCef0BaHME Napa3uTapHbiX 3a601eBaHUM MIEKOMUTAKOLWMX,
BXOOAWMX B MULLEBYHD LieMb CHEXHOro 6apca, ¢ onpeneneHneM ux GuonorMyeckux ocobeHHOCTel, UCTOYHUKOB
3apaXKeHUs U BAMSHMS Ha 3MU300TMYUECKYI0 CUTYaUMIO B FOPHbIX paioHax. B xode nccnenoBaHMs MCMOMb30BaHbI
METOAbl MONEBbLIX HAOMOAEHMI, TENbMUHTONOMMYECKUX BCKPbITUMI, MMKPOCKOMMYECKOrO aHanusa buomatepuana,
CPaBHUTENbHOMO MOP(ONOrMYEeCKOro M OMMCATEeNbHOrO aHanM3a [AaHHbIX BETEPUHAPHbIX MCCegoBaHui. B
pe3ynbTaTe YCTAaHOB/EHO, YTO Haubonbliee 3NUAEMUONOTMYECKOe 3HAYeHUEe CpeaM BbISIBEHHbIX MapasuTapHbIX
3aboneBaHui MMEKT aIbBEOKOKKO3 U MIONNEPUO3, MPEACTaBNAOLLIME CEPbE3HY OMACHOCTb KakK ANs AMKMUX, Tak
M 0N OOMALHMX XUMBOTHbIX. Bo3byautenem anbBeOKOKKO3a SBASETCS NMUYMHOYHAS cTagms uenHs Alveococcus
multilocularis, nopa)atollas neyeHb M BbI3blBAOLWASA 0OpPa30BaHME MHOXECTBEHHbLIX KMCTO3HbIX MapasuTapHbIX
Y3/10B, CMOCOBHbIX K MHPUNBTPATUBHOMY POCTY M MeTacTa3vpoBaHuio. KOHEYHbIMU X0351€BaMK JAHHOMO napasuTa
BbICTYNAKT NAOTOSAHbIE XXMBOTHbIE (COBAKM, KOLUKW, BOSIKU, IMCULLBI, MAHY/bl U Ap.), 3 MPOMEXYTOUHbIMU — MENKue
[IMKUMeE TpbI3yHbl. YCTAHOBNEHO Takxke, YTo BO30yautens Mullerius capillaris Bbi3bIBAa€T NOPaXXeHUs IETKUX Y KO3, OBEL,
U IUKUX XKBAYHbIX, YTO NPOSIBASETCS MHOXECTBEHHbIMU 0YaraMu NpoAYyKTUBHOMO aNbBEOIUTA U CHUXKEHMEM 00LLen
PE3UCTEHTHOCTM XMBOTHbIX. KOMMAEKCHBIM aHanu3 6Monormyecknx M 3KoNormyecknx ocobeHHocTen Bo3byantenen
NMO3BONSIET OLEHWUTb NYTU WX LUPKYASLUMU B MPUPOLHbLIX YCAOBMAX WM MOTEHLMaNbHble PUCKM ONS 4YenoBeka.
[pakTnyeckas 3HaYMMOCTb UCCNEA0BAHNSA 3aKNOYAETCS B BO3MOXHOCTU MCMONb30BAHUS NOMYYEHHbIX AAHHbIX Npu
pa3paboTke CUCTEMbl NPOPUNAKTUYECKMX U AMATHOCTUHECKUX MEPOMPUATUI, HAMpaBNEHHbIX Ha OXpaHy peaKux
XWULLHUKOB U CTabMAM3aLLMIO 3MM300TUYECKOro 61arononyyumns BbICOKOropHbIX 3kocucteM Kbiprbi3ctaHa
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