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 Abstract. To analyse the involvement of immune cells in the pathogenesis of diseases of various aetiologies, 
and to inform therapeutic and preventive interventions, it is essential to understand the normal morphology of 
the immune system organs and tissues. This study presented the findings of a morphological investigation of the 
secondary (peripheral) immune system organs in the Asian wild boar subspecies (Sus scrofa nigripes) inhabiting 
the forest-steppe region of the Moskva District, Chüy Region, Kyrgyz Republic. This research aimed to identify the 
general morphological and functional features of the lymphoid structures of the spleen, mesenteric lymph nodes, 
and haemolymph nodes in healthy animals. Study materials were collected from three sexually mature wild boars. 
Anatomical and histological methods were employed to achieve the study aim. Anatomical methods were used 
to determine the syntopy, shape, colour, and consistency of these organs. Histological studies were carried out 
using standard techniques: haematoxylin and eosin staining was employed to examine the general structural 
organisation of the organs, while Van Gieson’s method was used to differentiate muscular and connective tissue 
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been conducted on the morphology and morphofunc-
tional state of secondary lymphoid organs and tissues 
in domestic pigs. For instance, age-related changes 
in mucosa-associated lymphoid tissue (MALT) of the 
conjunctiva in pigs were investigated by A. Irgashev et 
al. (2020). They established that conjunctiva-associat-
ed lymphoid tissue in pigs contains all the necessary 
structures and cells required for an immune response 
and the protection of parocular tissues of the eye. In 
addition, V.  Grigoryev  et al.  (2023) examined the his-
togenesis and functional development of the thymus 
and lymph nodes in piglets during the prenatal peri-
od. It was revealed that the thymus, as a central organ 
of the immune system, begins to form in pig foetuses 
from the 30th day of embryonic development, while the 
lymph nodes, acting as sites of lymphoid haemato-
poiesis and components of the peripheral immune 
system, attain morphofunctional maturity by the 70th 
day. T.  Chuluunbaatar  et al.  (2023) studied the ana-
tomical and histological characteristics of lymphoid 
tissue associated with the reproductive organs, specif-
ically in the region of the vaginal vestibule, in healthy, 
non-pregnant, adult goats and pigs.

Secondary organs of the immune system in animals 
are recognised to include the spleen, lymph nodes, and 
haemolymph nodes (Ghosh & Stumhofer, 2021; Pan et 
al., 2023; Cruz de Casas et al., 2024). The spleen is a cru-
cial component of the immune system, responsible for 
filtering blood to maintain immune homeostasis (Wei et 
al., 2022). As noted by G. Crane et al. (2021), the unique 
morphological organisation of this organ facilitates 
a key role in the integration of the circulatory, reticu-
loendothelial, and immune systems. The organ filters 
ageing erythrocytes, immune complexes (antigen-anti-
body), apoptotic bodies, damaged cells, and other el-
ements circulating within the blood. The histological 
structure of the spleen reflects its functional diversity 
and complexity. As a specialised lymphoid organ, the 
spleen plays a significant role in both innate and adap-
tive immune responses. Populations of innate immune 
cells, including B cells, natural killer cells (NK cells), and 
macrophages, are located within different functional 
zones of the organ (Aliyu et al., 2021).

 Introduction
The Asian wild boar subspecies (Sus scrofa nigripes) is 
one of the largest wild animals inhabiting the moun-
tainous steppe territories of the Kyrgyz Republic and 
serves as a primary target for sport hunting among 
commercial species. According to data from the Nation-
al Statistical Committee of the Kyrgyz Republic  (n.d.), 
the population of these animals showed steady growth 
between 2019 and 2023, reaching 3,089 individuals in 
2023. The wild boar (Sus scrofa) is recognised as one 
of the world’s most widely distributed omnivorous 
mammals, present on all continents except Antarctica 
(Markov et al., 2022). Despite its extensive range, there 
is currently a lack of comprehensive scientific studies 
focusing on the morphological and functional charac-
teristics of both the primary and secondary organs of its 
immune system under normal conditions. Furthermore, 
it should be noted that this topic remains relatively 
understudied in current scientific practice. The avail-
able literature presents only isolated studies on this 
subject: for instance, А. Panphilof et al. (2005) investi-
gated the cytoarchitecture of mesenteric lymph nodes; 
Y.  Bozkurt  et al.  (2019) conducted an analysis of the 
histological and immunohistochemical characteristics 
of abdominal and thoracic lymph nodes; and Е. Chirk-
ova et al. (2023) examined the anatomical structure of 
the heart and spleen in this species. A. Marunchyn  et 
al. (2023) studied the clinical manifestations of splenic 
tumour lesions and associated structural changes.

It is recognised that the wild boar is the direct an-
cestor and close relative of all known breeds of do-
mestic pigs (Getmantseva  et al.,  2020). Unlike other 
domesticated animals, pigs have undergone the few-
est genetic alterations. Compared to their wild coun-
terparts, they are frequently utilised as subjects in bi-
omedical and bio-veterinary experiments (Lunney  et 
al.,  2021). Scientists in the field of porcine immuno-
morphology have achieved significant progress, lead-
ing to the accumulation of extensive data regarding 
the morphology and morphofunctional state of lym-
phoid organs and tissues under normal conditions 
and various pathological states. Information concern-
ing these investigations is detailed in the article by 
R.  Pabst  (2020). Numerous high-quality studies have 

elements. Light microscopy was used to analyse the stromal and parenchymal structure, cellular composition, 
and morphofunctional state of lymphoid formations. The study established the morphofunctional condition and 
morphological characteristics of the spleen, lymph nodes, and haemolymph nodes in sexually mature Asian wild 
boar subspecies. The findings represented the morphological norm for the secondary immune system organs of 
this subspecies. These results may serve as a reference framework for future experimental and applied research 
in the morphology and immunology of organs and tissues in wild boars, both under normal conditions and in 
pathological states. The data may also be of practical use to veterinary specialists and biologists engaged in 
functional, ecological, and comparative morphology of organs in domestic and wild animals

 Keywords: spleen; lymph nodes; haemolymph nodes; trabeculae; organ parenchyma; lymphoid follicles; 
lymphocytes
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Lymph nodes are compact, highly organised struc-
tures of the secondary lymphoid organs, playing a key 
role in coordinating innate and adaptive immune re-
sponses to exogenous antigens, including vaccine com-
ponents (Cakala-Jakimowicz  et al.,  2021). To perform 
this function, specialised zones are formed within the 
nodes, integrating blood and lymphatic vessels and 
facilitating the directed migration of immune cells. 
Specifically, according to L. Dubreil et al. (2022), B cells 
are directed to lymphoid follicles, where they undergo 
selection and maturation of clones producing high-af-
finity antibodies against antigens.

Haemolymph nodes are small, soft, dark red lym-
phoid organs found in mammals. They are typically lo-
cated along the vertebral column, abdominal aorta, and 
within the perirenal adipose tissue, functioning as sec-
ondary organs of haematopoiesis and immunogenesis. 
They are involved in the destruction of aged erythro-
cytes, processes of erythropoiesis, erythrophagocytosis, 
and the activation of immune cells, thus contributing 
to the body’s immune response (Arbaev et al., 2019). Ac-
cording to M. Yamada et al. (2025), haemolymph nodes 
represent a unique immune organ, distinct from con-
ventional lymph nodes and the spleen.

Investigating the morphology of these organs in 
wild boars is significant for both fundamental science 
and the applied aspects of veterinary medicine and epi-
demiology. Such a study allows for assessing population 
health status, identifying the impact of environmental 
factors and pathogenic agents, and developing measures 
for animal conservation and the control of infectious dis-
eases. Furthermore, analysis of the morphological fea-
tures of these organs in wild boars provides insights into 
the state of their immune system and adaptation mech-
anisms in a changing environment. This study aimed to 
examine the morphological and functional characteris-
tics of the lymphoid structures within the spleen, mes-
enteric lymph nodes, and haemolymph nodes in sexually 
mature individuals of the Asian wild boar subspecies.

 Materials and Methods
The subject of this study was the Asian wild boar sub-
species, inhabiting the mountainous steppe zone of the 
Moskva District, Chüy Region, Kyrgyz Republic. Research 
materials comprised the spleen, mesenteric lymph 
nodes, and haemolymph nodes, which were collected 
during post-mortem examination (necropsy). Biological 
material was obtained through the licensed harvesting 
of animals for scientific purposes, carried out under 
permission issued by the Department of Protection and 
Rational Use of Natural Resources of the State Agency 
for Environmental Protection and Forestry under the 
Government of the Kyrgyz Republic. The harvesting was 
conducted in the autumn of 2024, adhering to the prin-
ciples of humane animal treatment (European Conven-
tion…,  1986) and following the Hunting Rules in the 
Territory of the Kyrgyz Republic (2003).

The study group consisted of three individuals: two 
males and one female. Animal age was determined 
based on age-related changes in the skull and den-
tal system, following the methodology described by 
P. Kozlo (1973). The first boar was approximately four 
years of age, and the second was approximately five 
years of age. The age of the female corresponded to 
indicators characteristic of four-year-old individuals. 
The mass of the animal carcasses was not determined 
due to the absence of weighing procedures. Immedi-
ately after harvesting, a post-mortem examination of 
the animals was performed in the field, followed by 
a detailed pathological inspection of the organs, dur-
ing which no macroscopically visible changes were 
observed. During the visual inspection, the syntopy, 
shape, colour, and consistency of the organs were as-
sessed. For histological analysis, tissue samples were 
fixed directly on-site in a 10% aqueous solution of 
neutral buffered formalin for 24 hours.

Under laboratory conditions, standard histological 
processing of organ fragments was conducted, includ-
ing dehydration, embedding in paraffin, and the prepa-
ration of paraffin blocks. Tissue samples, fixed in a 10% 
aqueous solution of neutral formalin, were initially 
washed in running water for 24 hours before being se-
quentially dehydrated in increasing concentrations of 
ethanol (50%, 60%, 70%, 80%, 90%, 96% I, and 96% II). 
Each dehydration step lasted for 24  hours. Residual 
ethanol was removed using chemically pure xylene 
over a period of three hours, after which the samples 
were infiltrated with paraffin. Finally, paraffin blocks 
were prepared and mounted onto wooden holders.

Serial sections, 4-5 µm thick, were cut from the par-
affin blocks using a pfm Slide 4004M sledge microtome 
(Germany). Sections were floated onto a water bath 
heated to 37°C, then transferred to glass slides using a 
dissecting needle and subsequently dried on a special-
ised hot plate. Histological sections were stained with 
haematoxylin and eosin for general structural descrip-
tion and assessment of cellular composition, and Van 
Gieson’s method was applied for the identification of 
muscular and connective tissue elements.

Microscopic examination of the histological sec-
tions was performed using a MicroOptix  MX  100 
binocular microscope (Austria), and imaging of tis-
sue structures was carried out using a ToupCam  
UCMOS01300KPA camera (China), specifically designed 
for light microscopy. All aforementioned histological 
procedures were performed manually under standard 
conditions in the histological laboratory of the Depart-
ment of Veterinary and Sanitary Expertise, Histology 
and Pathology at the Kyrgyz National Agrarian Univer-
sity named after K.I.  Skryabin. The research was con-
ducted in compliance with established methodological 
recommendations and requirements applicable to such 
investigations, following the methodology detailed in 
the guide by G. Merkulov (1969).
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 Results and Discussion
The study was conducted on the spleen, mesenteric 
lymph nodes, and haemolymph nodes of Asian wild 
boars (Fig.  1a). Upon external examination, all har-
vested animals were found to be in good body condi-
tion, possessing elastic skin, a dense undercoat, and a 
firmly attached hair coat. No macroscopically visible 
pathological changes were observed in the organs 
and tissues during necropsy. The anatomical investi-
gation established that the wild boar spleen is an un-
paired parenchymatous organ. It was situated in the 
left hypochondrium, adjacent to the greater curvature 
of the stomach. The dorsal pole of the spleen contact-
ed the left kidney and partially the pancreas, while 
the ventral pole reached the umbilical region and 
bordered the liver. The parietal surface of the organ 
lay adjacent to the diaphragm, and the visceral sur-
face featured a ridge through which the splenic hilus 
passed. The spleen exhibited an elastic consistency, 
a dark red colour, and an elongated, flattened shape 
with slightly rounded margins (Fig. 1b). These findings 
are consistent with the results of studies by Е. Chirk-
ova et al. (2023) investigated the location of the wild 
boar spleen. Furthermore, the syntopy of the wild boar 
spleen demonstrates similarity to the anatomical po-
sition of the pig spleen, as supported by data present-
ed by H. Kaur (2019).

Upon sectioning the spleen, the stroma and pulp 
were discernible. Small, greyish-white punctate for-
mations were observed on the surface of the pulp. 
Microscopic examination revealed that the spleen 
of the Asian wild boar subspecies was encased in a 
dense connective tissue capsule, comprising a se-
rous membrane. Large connective tissue trabeculae 
extended inwards from the capsule into the organ 
parenchyma, containing blood vessels – arteries and 
veins. Collagen fibres and a small number of smooth 
muscle cells were present within the capsule and tra-
beculae. Collagen fibres were distinctly evident in the 
capsule and trabeculae, and to a lesser extent around 
the walls of the blood vessels. Similar morphologi-
cal features are described by N. Shringi et al. (2018) 
in their study of the spleen of the White Yorkshire 
pig (Sus scrofa), indicating structural similarity  
between the subspecies.

The organ parenchyma comprised white pulp 
and red pulp. The white pulp included lymphoid fol-
licles and the periarterial lymphoid sheath, popu-
lated by corresponding populations of T and B cells, 
which defined them as the T and B zones, respective-
ly. The T zone was represented by a diffuse infiltrate 
of T cells surrounding the central artery. The B zone 
consisted of lymphoid follicles situated adjacent to 
the T zone and containing B cells. Lymphoid follicles 
were characterised by the eccentric positioning of the 
central arteries. Findings from studies by B.  Steini-
ger (2015) and R. Asaro & P. Cabrales (2021) confirm 
that the white pulp of the human spleen exhibits a 
similar organisation. Lymphoid follicles are located 
at varying distances from the commencement of the 
periarterial lymphoid sheath and are found both in 
the region where the artery branches from the tra-
becula and in its distal branching areas. However, ac-
cording to L. da Fonseca Filho et al. (2023), the central 
artery within the white pulp of the brown-throated 
sloth spleen is centrally located within the germinal 
centres of the lymphoid follicles.

Lymphoid follicles within the spleen of the Asian 
wild boar subspecies displayed diverse shapes, includ-
ing both round and oval forms. Functionally, they were 
categorised into three groups: newly formed follicles, 
resting follicles, and actively functioning follicles. New-
ly formed follicles were typically characterised by small 
size, indistinct boundaries, and a loose cellular struc-
ture (Fig. 2a). This appearance was attributed to their 
developmental stage and the absence of the morpho-
logical maturity characteristic of fully functional lym-
phoid structures. In contrast, resting lymphoid follicles 
(lacking a germinal centre) generally exhibited a round 
or oval shape, a compact arrangement of cells, and 
relatively small dimensions (Fig.  2b). However, these 
structures were observed relatively infrequently and in 
limited numbers within the spleen parenchyma of the 
Asian wild boar subspecies.

Figure 1. Asian wild boar subspecies after harvesting 
(a) and macroscopic appearance of the spleen (b), 

indicated by arrows
Source: authors’ photo

a

b
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Within an actively functioning lymphoid follicle, a 
germinal centre was observed – a lighter region con-
taining proliferating young cells – while the peripheral, 
darker portion comprised mature immunocompetent 
cells, including lymphocytes, monocytes, macrophag-
es, and plasma cells. A well-defined marginal zone was 
distinctly evident, situated around the periphery of 
the follicle and enclosing the T and B zones. This zone 
served as a transitional area between the white and 
red pulp (Fig. 2c). According to R. Riedel et al.  (2020) 
and G. Victora & M. Nussenzweig (2022), the formation 
of the lymphoid follicle germinal centre is contingent 
upon B cell activation in response to antigenic stimula-
tion. Furthermore, the findings obtained by the authors 
of this article align with data from N. Fedorovskaya et 
al.  (2020), who established that the functional activ-
ity of lymphoid follicles is determined by the devel-
opmental stage of their germinal centre. An increase 
in germinal centre size indicated an active phase of 
the immune response, whereas its decrease pointed to 
structural regression. Thus, the observed morphologi-
cal features of the lymphoid follicles reflected the dy-
namics of the immune response and the degree of ac-
tivation of splenic cellular elements contingent upon 
the nature of antigenic exposure.

The red pulp of the spleen was comprised of splen-
ic sinuses and cords, containing a significant number 
of blood vessels. It was located between the capsule, 
trabeculae, and the lymphoid tissue of the white pulp. 
Its stroma was formed by reticular tissue, which in-
cluded lymphocytes, macrophages, plasma cells, and 
erythrocytes. The morphological characteristics of the 
wild boar spleen’s red pulp were consistent with data 
obtained in studies by R.  Gnanadevi  et  al.  (2019) in-
vestigating the spleen of sheep and goats, as well as 
H. Kaur (2019) studying the spleen of pigs.

Accumulations of lymphocytes, capable of forming 
new (primary) lymphoid follicles of the white pulp, were 
observed in certain areas of the red pulp (Fig. 2d). This 
finding was consistent with data presented by J. Kranich 
& N. Krautler  (2016). Their study demonstrated that a 
significant portion of the red pulp lacks terminal capil-
laries and does not perform a filtering function. These 
areas consisted of aggregates of B and T cells, along 
with mononuclear phagocytes, at which sites lymphoid 
follicles could subsequently develop.

Based on the findings, the mesenteric lymph nodes 
of the Asian wild boar subspecies were determined to 
have an oval or elongated shape, a dense consisten-
cy, and a greyish-yellow colour. These nodes were ar-
ranged in a chain within the mesentery of the small 
intestine, between the loops of the colon, and in the 
short mesentery of the rectum (Fig.  3a). Microscopic 
examination revealed that the lymph nodes were ex-
ternally enclosed by a well-developed connective tis-
sue capsule. Wide trabeculae extended inwards from 
the well-developed capsule into the organ, forming a 
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Figure 2. Microscopic appearance of the spleen 
parenchyma of the Asian wild boar subspecies 

(haematoxylin-eosin staining)
Note: a. Newly formed lymphoid follicles: 1 – trabeculae, 
2 – white pulp, 3 – red pulp. Magnification x40. b. Resting 
lymphoid follicles: 1 – central artery, 2 – densely packed 
lymphocytes around the central artery. Magnification x100. 
c. Actively functioning lymphoid follicles: 1 – central artery, 
2 – light (germinal) centre, 3 – mantle zone, 4 – marginal 
zone, 5 – red pulp. Magnification x100. d. Primary lymphoid 
follicles with loose cell arrangement: 1 – central artery, 2 – 
trabecula, 3 – red pulp. Magnification x100
Source: authors’ photo
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branched structure within the cortical zone of the node. 
The internal framework of the lymph node was consti-
tuted by the stroma, which consisted of reticular con-
nective tissue. The capsule and trabeculae comprised a 
dense network of collagen fibres, which were revealed 
as bright red structures when stained by Van Gieson’s 
method (Fig.  3b). Collagen fibres were also present 
within the walls of blood vessels, albeit in limited 
quantities. Similar data were reported by A.  Kalita  et 
al. (2014), who indicated that the capsule and trabecu-
lae of both the cortex and medulla of lymph nodes in 
Mizo local pig (Zo Vawk) primarily consisted of collagen 
fibres, with a lesser proportion of elastic fibres. The con-
tent of elastic fibres was notably higher in the blood 
vessels situated within the capsule and trabeculae. 
Furthermore, studies by Y. Bozkurt et al. (2019) demon-
strated that the capsule and trabeculae of the wild boar 
lymph node were analogous to those of the domestic 
pig. They contained both collagen and elastic fibres and 
also included smooth muscle cells and fibroblasts.

discernible: the cortex, the paracortical region, and the 
medulla. The cortex was characterised by a high den-
sity of lymphocytes and was subdivided into the out-
er cortex and the paracortical zone. Lymphoid follicles 
were located in the outer cortex and were subdivided 
into primary (resting follicles) and secondary (actively 
functioning follicles). Secondary follicles predominat-
ed among them, distinguished by a distinctly evident 
light (germinal) centre, along with mantle and mar-
ginal zones. The germinal centre contained large lym-
phocytes (lymphoblasts) and was encircled by a layer 
of densely packed small (mature) lymphocytes (Fig. 4a). 
Similar morphological organisation has been noted 
in other animal species, including sheep (Rahmoun et 
al., 2020) and camels (Fares et al., 2023).

Figure 3. Macroscopic and microscopic appearance  
of the mesenteric lymph nodes of the Asian  

wild boar subspecies
Note: a. Mesenteric lymph nodes (indicated by arrows). b. 
Microscopic appearance of the lymph node cortex: 1 – organ 
capsule, 2 – branched trabeculae, 3 – organ parenchyma. 
Collagen fibres appear bright red in the capsule and 
trabeculae. Van Gieson’s staining, magnification x40
Source: authors’ photo

Figure 4. Microscopic appearance of the mesenteric 
lymph nodes of the Asian wild boar subspecies

Note: haematoxylin-eosin staining, magnification: a – 
x40, b – x100. a. Regions of the organ cortex: 1 – actively 
functioning lymphoid follicles, 2 – resting lymphoid follicles, 
3 – paracortical zone, 4 – medulla. b. Region of the medulla 
surrounded by paracortical zones: 1 – paracortical zone, 2 – 
medulla, 3 – primary lymphoid follicle
Source: authors’ photo
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The organ parenchyma primarily comprised lym-
phocytes at various stages of maturation and function-
al activity. Within its structure, three main zones were 

The paracortical zone of the lymph node was situ-
ated between the outer cortex and the medulla. It pri-
marily consisted of diffusely distributed lymphocytes 
and surrounded both primary and secondary lymphoid 
follicles. In addition to lymphocytes, the cellular com-
position of the paracortical zone included dendritic 
cells and reticular fibroblasts. According to the study by 
G. Slack (2016), this region was considered the T zone 
of the lymph node, as it was predominated by mature 
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T cells, as well as varying numbers of large transformed 
immunoblasts, which could be either T or B cells. T cells, 
upon exposure to antigens, were activated, proliferated, 
and differentiated into effector cells or memory cells 
(Notarbartolo & Abrignani, 2022).

In the medulla, numerous reticular cells with asso-
ciated reticular fibres were observed, interspersed with 
lymphocytes, plasma cells, and macrophages. Primary 
lymphoid follicles, lacking a distinctly defined separa-
tion zone, were identified in this region (Fig. 4b). Their 
number was significantly lower compared to the cortex. 
The cellular composition was predominantly represent-
ed by small lymphocytes, macrophages, and plasma cells. 
These findings were consistent with data presented by 
А. Panphilof et al. (2005), additionally noted that the main 
cell type in wild boar lymph nodes comprises lympho-
cytes, reticular cells are second in prevalence, and mast 
cells are present throughout all zones of the lymph node.

Haemolymph nodes identified in the wild boar were 
primarily located within the abdominal cavity along the 
abdominal aorta, in the perirenal adipose tissue, and 

deep within the omentum (Fig.  5a). They presented 
as formations of varying size, exhibiting a round-oval 
shape, ranging from dark red to brown in colour, with 
an elastic consistency. Similar haemolymph nodes have 
been described in humans (Pototskaya & Lapsar, 2016) 
and in the water deer (Artemeva, 2018). Upon section-
ing, the parenchyma of the nodes was saturated with 
blood, while in certain areas, greyish-white inclusions 
and connective tissue strands were observed. Micro-
scopic examination established that the haemolymph 
node was covered by a capsule consisting of fibrous 
connective tissue. Connective tissue trabeculae extend-
ed inwards from the capsule into the organ, dividing 
the parenchyma into separate regions. According to 
data from K. Arbaev et al.  (2019), in the wild boar, the 
trabeculae in the haemolymph nodes not only pos-
sessed significant width but were also welldeveloped. 
A small number of smooth muscle cells and a signifi-
cant quantity of collagen fibres were found in the cap-
sule and trabeculae, which corresponded to data from 
T. Kannan et al. (2019).

2

1 2 1
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2

1

Figure 5. Macroscopic and microscopic appearance of the haemolymph node of the Asian wild boar subspecies
Note: a. Haemolymph nodes deep within the omentum (indicated by arrows). b. Microscopic appearance of the middle 
zone of the haemolymph node: 1 – accumulation of erythrocytes in the parenchyma, 2 – lymphoid follicles in different 
morphofunctional states. Magnification x200
Source: authors’ photo

The organ parenchyma was subdivided into zones 
containing a mixture of blood and lymph, thus confirm-
ing the presence of haemolymph within the afferent 
vessels and sinuses. Beneath the capsule lay a wide 
subcapsular sinus, which was continuously connect-
ed to the trabecular sinuses. A significant number of 
erythrocytes were observed within the subcapsular si-
nus and peritrabecular spaces, imparting the node its 
characteristic red hue. According to studies by M. Zidan 
& R. Pabst (2004), haemolymph nodes contained sub-
capsular sinus, trabecular and medullary blood sinuses, 
indicative of their involvement in blood circulation and 
filtration. Accumulations of erythrocytes were observed 
throughout the entire parenchyma of the node, among 
which regions featuring a local concentration of lym-
phocytes were encountered. These lymphoid accumu-
lations formed both follicles and diffusely distributed 
zones within the interfollicular space (Fig.  5b). Sec-
ondary lymphoid follicles, separated by blood sinuses, 
were predominantly observed. They were in an active 

ba

functional state, evidenced by the presence of well-de-
veloped germinal centres. A mantle zone was identified 
around the periphery of the germinal centres. The cel-
lular composition included small, medium, and large 
lymphocytes, macrophages, and plasma cells. These 
findings indicated that haemolymph nodes functioned 
as lymphoid organs. According to data from C. Park et 
al. (2001), haemolymph nodes likely perform functions 
related to haematopoiesis, blood filtration, and immune 
responses. However, the precise mechanisms underly-
ing the functioning of this organ remain insufficiently 
studied (Boes & Durham, 2017). Consequently, the mor-
phological characteristics of the secondary organs of 
immunogenesis presented in this study for the Asian 
wild boar subspecies serve as baseline data and reflect 
their functional activity in a healthy state.

 Conclusions
Morphostructural analysis revealed that the spleen, 
mesenteric lymph nodes, and haemolymph nodes of 
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the Asian wild boar subspecies possess characteris-
tic anatomical, histological, and cellular features. The 
spleen exhibits an organisation typical of a parenchy-
matous organ, with a clear demarcation between the 
white and red pulp. Its lymphoid follicles are present 
at various stages of maturation, indicative of active 
immune processes. The red pulp, comprised of retic-
ular tissue and an extensive vascular network, con-
firms its role in blood filtration and the destruction 
of erythrocytes.

Mesenteric lymph nodes feature a well-developed 
capsule and trabeculae containing collagen fibres. Their 
structure includes distinct cortical and medullary zones, 
as well as a paracortical region containing diffuse lym-
phoid tissue. The predominance of secondary lymphoid 
follicles with germinal centres signifies active antigenic 
stimulation. Haemolymph nodes are characterised by a 
prominent sinusoidal system saturated with erythro-
cytes, indicating their involvement in blood filtration 
and the destruction of aged erythrocytes. The active 
state of lymphoid follicles further confirms their role in 
the immune response and haematopoiesis.

Further studies should encompass age-related and 
seasonal variations in the morphofunctional state of 

these organs, and include a comparative analysis with 
domestic pigs to elucidate evolutionary differences in 
immune system organisation. These findings are of im-
portance for veterinary medicine, ecology, and animal 
husbandry, potentially contributing to the development 
of strategies for controlling infectious diseases in wild 
animal populations.
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 Аннотация. Ар кандай этиологиядагы ылаңдардын патогенезинде иммундук клеткалардын катышуусун 
талдоо жана аны дарылоо жана алдын алуу иштеринде колдонуу үчүн иммундук системанын органдарынын 
жана ткандарынын нормадагы морфологиясын билүү зарыл. Бул иште, Кыргыз Республикасынын Чүй облусунун 
Москва районунун тоо-талаа аймактарын жердеген азиялык түрчөдөгү жапайы камандардын (Sus scrofa 
nigripes) экинчилик (четки) иммундук органдарынын морфологиялык изилдөөлөрүнүн жыйынтыктары берилген. 
Изилдөөнүн максаты болуп дени сак жаныбарлардын көк боорунун, мезентериалдык лимфа түйүндөрүнүн жана 
гемолимфа түйүндөрүнүн лимфоиддик түзүмдөрүнүн жалпы морфологиялык жана функциялык өзгөчөлүктөрүн 
аныктап көрсөтүү саналат. Изилдөөнүн материалы жыныстык жактан жетилген үч баш жапайы камандан алынган. 
Коюлган максатка жетүү үчүн анатомиялык жана гистологиялык изилдөө ыкмалары пайдаланылган. Анатомиялык 
ыкмалар аркылуу органдардын синтопиясы, формасы, түсү жана консистенциясы аныкталган. Гистологиялык 
изилдөөлөр жалпы кабыл алынган ыкмалар боюнча жүргүзүлгөн: органдын жалпы түзүмдүк уюмдуулугун 
аныктоо үчүн гематоксилин жана эозин боёктору, ал эми булчуң жана тутумдаштыргыч ткандын элементтерин 
айырмалоо үчүн Ван-Гизон ыкмасы колдонулган. Жарык микроскобунун жардамында органдардын стромалык 
жана паренхималык түзүмдөрү, клеткалык курамы жана лимфоиддик пайда болуулардын морфофункциялык 
абалдары талданган. Изилдөөлөрдүн жыйынтыгында жыныстык жактан жетилген азиялык түрчөдөгү жапайы 
камандардын көк боорунун, лимфа жана гемолимфа түйүндөрүнүн морфологиялык өзгөчөлүктөрү жана 
морфофункциялык абалы аныкталды. Азиялык түрчөдөгү жапайы камандардын иммундук системасынын 
экинчилик органдары боюнча алынган маалыматтар морфологиялык норманы өзүнө камтыйт. Жыйынтыктар, 
жапайы камандардын органдары менен ткандарынын нормадагы жана патологиялык абалдардагы 
морфологиясы жана иммунологиясы боюнча мындан аркы эксперименталдык жана колдонмо мүнөздөгү 
иштерди жүргүзүү үчүн нормативдик негиз катары сунушталат. Ошондой эле бакма жана жапайы жаныбарлардын 
органдарынын функциялык, экологиялык жана салыштырмалуу морфологиясы боюнча алектенген биологдордун 
жана ветеринардык дарыгерлердин илимий жана практикалык ишмердүүлүгүндө колдонулушу мүмкүн
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 Аннотация. Чтобы проанализировать участие иммунных клеток в патогенезе болезней различной этиологии 
и использовать в лечебных и профилактических работах, необходимо знать нормальную морфологию 
органов и тканей иммунной системы. В данной работе представлены результаты морфологического 
исследования вторичных (периферических) органов иммунной системы дикого кабана азиатского подвида 
(Sus scrofa nigripes), обитающих в горностепной местности Московского района Чуйской области Кыргызской 
Республики. Целью исследования было выявление общих морфологических и функциональных особенностей 
лимфоидных структур селезенки, мезентериальных лимфатических узлов и гемолимфатических узлов у 
здоровых животных. Материалы исследования были отобраны от трех голов половозрелых диких кабанов. 
Для достижения поставленной цели использованы анатомические и гистологические методы исследований. 
Анатомическими методами были определены синтопия, форма, цвет и консистенция данных органов. 
Гистологические исследования проводили по общепринятым методикам: для выяснения общей структурной 
организации органа окрашивали гематоксилином и эозином, а для дифференцировки мышечных и 
соединительнотканных элементов использовали метод Ван-Гизона. С помощью светового микроскопа 
анализировали стромальную и паренхиматозную структуру, клеточный состав и морфофункциональное 
состояние лимфоидных образований. В результате исследований были установлены морфофункциональное 
состояние и морфологические особенности селезенки, лимфатических и гемолимфатических узлов у дикого 
кабана азиатского подвида в половозрелой стадии. Полученные данные о вторичных органах иммунной 
системы кабана азиатского подвида представляют собой морфологическую норму. Результаты могут быть 
рекомендованы как нормативная основа для дальнейших экспериментальных и прикладных разработок 
морфологии, иммунологии органов и тканей диких кабанов в норме и при патологических состояниях. Также 
будут использованы в исследованиях и практической работе ветеринарных врачей и биологов, занимающихся 
функциональной, экологической и сравнительной морфологией органов домашних и диких животных

 Ключевые слова: селезенка; лимфатические узлы; гемолимфатические узлы; трабекулы; паренхима 
органа; лимфоидные фолликулы; лимфоциты
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