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Abstract. Conducting routine allergy tests of cattle with a simultaneous sample in TB-prone
farms is necessary to confirm the stage of the epizootic process. The purpose of the research —
to explore the pathomorphological changes in cows upon detection of para allergic reactions
during diagnostic testing for tuberculosis. The diagnosis of tuberculosis in animals was performed
comprehensively using all methods for tuberculosis control provided for in the guidelines -
epidemiological, clinical, allergic, pathological, histomorphological, bacteriological and biological.
It allowed establishing that the reactions to tuberculin in cows were of a paraallergic nature,
caused by nontuberculous mycobacteria or so-called atypical mycobacteria. It was determined
that cows that reacted positively to tuberculin and an atypical mycobacterial allergen and were
sent for slaughter for diagnostic purposes did not demonstrate pathological changes characteristic
of tuberculosis. However, pathological changes (granulomatous foci, atrophy of lymphoid and
epithelioid tissue, hyperplasia of varying intensity and nature, dotted haemorrhages in the cortical
zone) were observed in many lymph nodes, including mediastinal, mesenteric, pharyngeal and
mandibular lymph nodes, indicating an active infectious process in the body of animals caused
by nontuberculous mycobacteria. Therewith, several changes were observed in the lymph nodes
during histomorphological examination: development of primary nodules of lymphocytes and
reticular tissue in reactive centres, degradation and necrosis of lymphocytes, the establishment
of cellular detritus in the centre of the nodules and capsules of epithelioid elements around the
nodules, etc., which can be used to confirm the patterns of pathology development and, indirectly,
the mechanism of sensitisation of the cow’s body, and therefore the nature of paraallergic reactions
in animals. The obtained results are important for the timely detection and identification at the
histomorphological level of a complex of changes in the organs and tissues of cows due to the
penetration of nontuberculous mycobacteria, which is the key to the successful diagnosis of
primary foci of mycobacteriosis and their effective prevention

Keywords: tuberculosis; tuberculin; antigen of atypical mycobacteria; infectious process; atypical
mycobacteria; allergic reactions; diagnostics

Introduction

Mycobacteriosis is an infectious disease of
animals and humans caused by pathogens be-
longing to a large group of nontuberculous my-
cobacteria (NTMB) or so-called atypical myco-
bacteria (AMB).

Currently, it has been identified more than
180 species of mycobacteria, of which 30-60 are
etiological agents of mycobacteriosis (Adjemian
et al., 2017, 2018; Armstrong et al., 2023).

The relevance of mycobacteriosis was
raised after an increase in mortality of AIDS
patients with generalised NTMB infection was
noted (Ose et al.,2021; Thomas et al., 2023). The

increase in the incidence of mycobacteriosis is
associated with immunosuppression resulting
from glucocorticoid and cytostatic therapy,
treatment with tumour necrosis factor o block-
ers (Taira et al., 2018), a decrease in the spread
of tuberculosis (Madzinga et al., 2022), and im-
proved methods of isolation and identification
of NTMB (Haworth et al., 2017; Kok et al., 2022).

Recently, scientists in many countries
around the world have been focusing on the
growing problem of NTMB infection in mam-
mals. Thus, since 2000, North America, Europe,
New Zealand, and Australia have recorded a
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steady increase in the prevalence of NTMB
(Prevots & Marras, 2015). The authors state
that the prevalence of NTMB in the setting of
pulmonary disease continues to increase, and
the number of such cases is lower in Europe
than in North America and Australia. Global
surveys of tertiary care facilities in East Asia
(Japan, South Korea, Taiwan) indicate a high
and growing prevalence of NTBIs. In several
African countries, NTMBs were detected in 4.2-
15% of cases of suspected tuberculosis and in
18-20% of individuals with “chronic” suspected
multidrug-resistant tuberculosis.

The first documented cases of NTMB pul-
monary infections in the English medical liter-
ature from Ecuador were reported by Echeverria
et al. (2023). In Denmark (Dahl et al., 2023), the
incidence rate fluctuated from 1.3 (2013) to 2.5
(2021) per 100 thousand people. Scientists con-
clude that there is a highly positive linear cor-
relation between the incidence of NTMB over
the years (r=0.75, p=0.010), which indicates an
upward trend. Vonasek et al. (2023) reported a
stable annual incidence of NTMB infection in
Wisconsin (USA) in 2011-2018. The authors re-
port more than 90% of cases of respiratory tract
NTMB infection, the vast majority of which
were caused by M. avium complex. Among the
fast-growing mycobacteria, skin and soft tissue
pathogens predominated and were considered
secondary respiratory pathogens.

Within the genus Mycobacterium, of the
more than 170 different species of mycobacte-
ria, the largest number (more than 160 species)
belonged to nontuberculous mycobacteria.
They occurred in the environment, were highly
resistant and adaptable to growth and devel-
opment. They frequently infected humans and
animals (Cvetnic et al., 2018).

Nontuberculous mycobacteria, in particu-
lar: M. scrofulaceum, M. fortuitum, M. chelonei,
M. kansasii, M. marinum, M. xenopi, M. vaccae,
M. phleii, M. diernhoferi M. smegmatis,
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M. peregrinum were isolated from bioma-
terial from animals (cattle, pigs) and poul-
try (pigeons, sparrows, chickens), and from
environmental objects (soil, feed, water,
manure, etc.) (Sumbul & Doymaz, 2020;
Pavlik et al, 2021; Ulmann et al, 2021).

Lesions of the gastrointestinal tract and
respiratory organs in cattle caused by Mycobac-
terium caprae were detected by Ozturk-Gurgen
et al. (2020). Scientists believe that the changes
they observed reflect a continuous primary pe-
riod of infection, without the lesions typical of
the secondary (post-primary) period, which is
typical for humans and bovine TB.

Circulation of a significant number of
NTMBs (according to the International Classi-
fication of Bacteria, ICD-10, 1993; synonyms:
ACM - atypical acid-fast mycobacteria; NTM -
nontuberculous mycobacteria; ACB — acid-fast
bacteria; MAS — M. avium complex) in the envi-
ronment and specifically in cattle herds results
in parallergic reactions to tuberculin in animals,
which can be up to 50% in herds (Zavgorodnii
et al., 2016; Zavgorodnii et al., 2021).

Bovinemycobacteriosisandtuberculosisare
diseases that are widespread in the world (Busol
et al., 2014; Zimpel et al., 2020; Varela-Castro
et al.,2022). Some scientists believe that one of
the factors of nonspecific reactions to tubercu-
lin may be latent microbiism caused by human
and avian mycobacteria or atypical mycobac-
terial species (Oleksyuk & Levkivskyi, 2009).

Despite the fact that Ukrainian livestock
production is free from TB (Dyachenko et al.,
2005) tuberculin-reactive animals continue to
be found in many TB-prone farms (Zavgorodnii
et al., 2016). Thus, for each specific case of de-
tection of tuberculin-reactive animals, a com-
prehensive approach to timely and effective
diagnosis should be professionally applied
(Zavgorodnii et al., 2016).

Animal tuberculosis causes significant eco-
nomic losses to the livestock industry and pos-
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es a threat to human health, and therefore the
fight against this anthropophagous disease is
of epidemiological importance (Golovko et al.,
2016). Epizootic control of bovine tuberculo-
sis is conducted comprehensively. However,
preference is given to timely lifetime diagnosis
using the allergic method (Kassych et al., 2004,
Dyachenko et al., 2005).

Disclosure of the mechanism of paraaller-
gic reactions to tuberculin requires a compre-
hensive approach to the exploration of the
infectious process in mycobacteriosis, in par-
ticular, immunological, biochemical, patho-
physiological and pathohistological aspects of
the interaction between the pathogen and the
macroorganism. The establishment of patho-
logical and histomorphological changes in the
organs and tissues of NTBM-infected animals
will allow disclosing of the mechanism of sen-
sitisation and the nature of these reactions to
tuberculin more fully. The relevance of such re-
searches is confirmed by the fact that in recent
years there have been a rather small number of
reports in the scientific literature on the influ-
ence of NTMB at the organ, tissue and cellular
levels in cattle.

The purpose of the research was to de-
termine pathological and pathohistological

changes in the body of cattle with mycobacte-
riosis.
Materials and Methods

In one of the cattle farms in the Volyn region,
more than ten cows were found to be positive
for tuberculin during a routine tuberculosis test.
Based on the analysis of the epizootic situation
in this farm in 2017-2022, it was found that
the farm’s cattle herd was free of tuberculosis
pathogen, cows’ reactions to tuberculin were
parallergic in nature, and the dairy herd was
infected with NTMB of several species, which
cause latent mycobacteriosis (Boyko et al.,
2020a; Boyko et al., 2020b). Some features of the
infectious and epizootic processes of this disease
have been identified (Boyko et al., 2021). A com-
prehensive research of infectious and epizootic
processes in mycobacteriosis of dairy cows has
been launched in June 2017. During this time,
14 allergy studies were performed, 13 diagnos-
tic slaughters of reactive animals were conduct-
ed, and biomaterial from 57 cows was subjected
to comprehensive (pathological, histological,
microbiological and biological) examination
(Table 1). However, despite a significant num-
ber of studies conducted in this area, the nature
of paraallergic reactions to tuberculin has not
been definitively established.

Table 1. Register of diagnostic slaughter of cows that tested positive for tuberculin or allergen
atypical mycobacteria, conducted during 2017-2022

No. Date of Place of sl Inventory number of Pathologic_a :
mon slaughter slaughter .Of animals s typlcql
animals for tuberculosis
| 24072017  Horodok T S 5952,6605,  Not detected
2 18.08.2017 Ivanychi 2 3464, 1412 Not detected
3 10.10.2017 Horodok 3 3415, 9838 and 794504 Not detected
4 05.06.2018 V. Mosty 3 3427,7899, 6571 Not detected
5 12.12.2018 Horodok 3 794572, 3458, 7378 Not detected
6 26.06.2019 Dubno 3 5588, 124539, 124558 Not detected
7 25.10.2019 Horodok 5 7364, 9905, 5810, 1729, 8112 Not detected
8 23.06.2020 Horodok 4 3495, 4615, 6571, 5510 Not detected
9 25.10.2020 Horodok 6 3433, 5991, 5895, 5856, 4594, 5620 Not detected
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Table 1. Continued

No. Date of Place of W Inventory number of Pathologlcg !
of : changes typical

mon slaughter slaughter . animals -
animals for tuberculosis

10 26.04.2021 Horodok 4 5894, 4283, 5647, 794591 Not detected

11 03.11.2021 Horodok 4 7837,9772,089896, 7894 Not detected

12 27.04.2022 Horodok 4 9438, 794588, 9819, 944265 Not detected

13 02.11.2022 Horodok 6 107890, 5587, 9373, 429894, 9408, 1721 Not detected

Total 57
Source: author’s development

The epizootic situation was controlled by
double allergy testing of the entire animal pop-
ulation with a simultaneous test using purified
tuberculin for mammals in standard solution
(hereinafter referred to as tuberculin) and al-
lergen dry purified from atypical mycobacteria
(NTM) with a solvent of mycobacterial aller-
gens (Kassych et al., 2004).

Cows with the most pronounced reactions
to both tuberculin and NTM were selected for
diagnostic slaughter. Animals were slaughtered
on day 5-7 after the allergy research.

The pathological examination was con-
ducted in a modernly equipped slaughterhouse.
To identify changes typical for tuberculosis,
all lymph nodes were examined: mandibular,
pharyngeal, cervical, forearm, scapular, knee
fold, supraorbital, mediastinal, mesenteric and
portal, as well as parenchymal organs: liver,
kidneys, spleen, heart, lungs and both lining of
the lung pleura, udder parenchyma, mesentery,
small and large intestine.

For histological examination, the pharyn-
geal, mandibular, mediastinal, portal, mesen-
teric, supraorbital, pre-orbital, scapular and
knee fold lymph nodes, and altered areas of the
large intestine were selected.

The sampled material was fixed ina 10% solu-
tion of neutral formalin. After thorough washing,
the material was placed in a homogenised paraf-
fin mixture. The blocks were cut serially, with a
cut thickness of 5 um. Sections were stained with
hematoxylin and eosin. Photographs of histolog-
ical specimens were taken using a ZEISS Primo
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Star 3 microscope (Germany), a colour digital
camera Axiocam 208 (Germany) and Zen ZEISS
software at the Department of Histology and
Medical Biology of Lesya Ukrainka Volyn Na-
tional University. The research was conducted
according to the ARRIVE guidelines for report-
ing experiments using live animals.

Results and Discussion

In previous studies, it was established that the
first manifestations of parallergic reactions in
heifers and in first-calf cows of the dairy farm of
the examined farm were caused by sensitisation
of the animals’ organism to NTMB. The latter
caused sensitisation of the animals’ organisms
and an infectious disease - mycobacteriosis
(Boyko et al., 2020a; Boyko et al., 2020b).

The study of the infectious process became
possible provided that after each scheduled aller-
gy test of cows, a clinical examination of reactive
animals was performed, a commission selection
of cows for diagnostic slaughter, and post-slaugh-
ter examination of organs and tissues, sampling
of biomaterial and its complete microbiological
and histomorphological examination. Using such
comprehensive research allowed for a more ob-
jective assessment of certain aspects of the infec-
tious process in cows caused by NTMB.

New methods have been developed for the
detection and identification of NTMBs, includ-
ing molecular genetic methods (polymerase
chain reaction — PCR), which are faster and
easier to use than methods based on the isola-
tion of pure cultures (Shevchenko et al., 2019).
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However, due to the widespread distribution of
most NTMB species in the environment, the
definitive diagnosis of an infectious disease
caused by these mycobacteria cannot be based
on culture or PCR alone. Thus, pathological and
pathohistological findings are required to es-
tablish the final diagnostic result for mycobac-
teriosis (Prevots & Marras, 2015).

Analysing the data presented in Table 1, it
can be noted that out of 57 cows with positive

reactions to allergens, no pathological changes
characteristic of tuberculosis were found in
any of the examined animals. However, in all
cows slaughtered for diagnostic purposes, sev-
eral other pathological changes were noted, in
particular: granulomatous foci, atrophy of lym-
phoid and proliferation of epithelioid tissue,
hyperplasia of varying intensity and nature,
and dotted haemorrhages in the cortical zone
of the lymph nodes (Fig. 1-2).

Figure 1. Pathological changes in the supraclavicular lymph nodes
Notes: 1 - degeneration with complete atrophy of the parenchyma of the cerebral layer; 2 — parenchymal remnants

in the cortical layer; 3 — haemorrhages in the cortical zone

Figure 2. Pathological changes in mediastinal (1) and mandibular (2) lymph nodes
Notes: 1 - granulomatous foci in the mediastinal lymph node; 2 — parenchymal hyperplasia in the submandibular

lymph node (pronounced parenchymal greasiness)

Notably, the pathological changes pre-
sented in these figures were detected only in
the sagittal section of the lymph nodes exam-
ined. Therewith, there was no crunching char-
acteristic of tuberculosis, which is caused by
the calcification of tuberculous nodules, which

confirms the absence of tuberculous changes.
Thus, the pathological picture presented in the
figures, on the one hand, confirms the presence
of an infectious process in the body of the re-
acting cows, which is mainly localised in the
lymph nodes, and on the other hand, indicates

?/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2
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the absence of a tuberculosis process caused by
Mycobacterium bovis or M. tuberculosis in the
body of the reacting animals.

In some lymph nodes, changes in the colour
of the parenchyma (reddening or dark grey dis-
colouration), sebaceousness, and replacement
of the node parenchyma with connective tissue
were detected, indicating the presence of atrophic
processes, as evidenced by the growth of connec-
tive tissue, which displaces lymphoid tissue, as a
result of which the lymph node gradually loses
its physiological function (Fig. 1). Hyperplastic
processes in the lymph nodes were manifested
by the growth of lymphoid tissue, and infiltra-
tion with lymphocytes, which is evidence of the
presence of latent inflammatory processes in the
surrounding tissues of the nodes themselves,
provided that foreign agents — bacteria, fungi,
etc. In the described case, these are acid-fast
NTMB species that sensitised the immune sys-
tem to their antigens, which manifested as al-
lergic reactions to NTM, and to antigens of other
mycobacterial species, including tuberculosis
with parallergic reactions to tuberculin.

Analysing the manifestation of the infec-
tious process in the lymph nodes depending

on their location, pathological changes were
most frequently detected in mediastinal,
mesenteric (especially those that collect lymph
from the large intestine), supraclavicular,
pharyngeal, mandibular and much less fre-
quently in the lymph nodes of the knee fold,
pre-lobar and scapular lymph nodes. The
established facts suggest that the detected re-
gional intensity of the infectious process in-
dicates a high intensity of a load of tissues
and organs of the respiratory and digestive
systems with NTMB antigens. It, in turn, indi-
cates the priority of aerogenic (hyperplasia of
mediastinal lymph nodes - (Fig. 2.1) and nu-
tritional (hyperplasia of mesenteric, pharyn-
geal and mandibular lymph nodes - (Fig. 2.2)
ways of entering these microorganisms into
the body of animals.

The severity of pathological changes de-
creases over time. Thus, in cows slaughtered
at the first diagnostic slaughter (2017-2019),
pathological changes in the lymph nodes are
more pronounced than those found in cows
slaughtered for diagnostic purposes in subse-
quent years, when the number of responding
animals began to decrease markedly (Fig. 3).

Figure 3. Pathological changes in lymph nodes in cows at the first (2017)
diagnostic slaughter (A) and the last (2022) (B)
Notes: A — pronounced granulomatosis and hyperplasia of mediastinal, mandibular and pharyngeal lymph nodes at
the first diagnostic slaughter of reactive cows. B — slight replacement of the parenchyma of the suprarenal node with
loose connective tissue

It may indicate that at the beginning of the
research, the epizootic process of mycobacteri-
osis in cattle in the herd was characterised by a

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2

long and uncontrolled development. As a result,
pathological reactions prevailed over physio-
logical ones, which caused greater damage to
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the structure of the organs where they occurred
and, ultimately, led to more pronounced patho-
logical changes in the lymph nodes.

At the first diagnostic slaughter, in addition
to lymph nodes, pathological changes in the
large intestine were found in most slaughtered
cows. These changes were mainly localised in
the initial part of the colon and resembled para-
tuberculous enteritis. In particular, the affected
areas of the intestine (30 to 60 cm long) had a
mild thickening on the serous membrane. In the
section, the entire affected area of the intestine
was characterised by a pronounced folding of
the mucous membrane, which resembled the

surface of the cerebral hemispheres (Fig. 4). The
detected pathological changes in the large intes-
tine indicate local penetration of NTMB into the
submucosal layer of the colon. The latter is rich
in lymphoid elements in the form of solitary fol-
licles and peyer’s plaques, where the infectious
process between NTMB and the animal’s body
occurs. This fact gives reason to believe that the
nutritional route of mycobacteria entering the
body is one of the main ones. Propagating in
the intestinal submucosa, NTMBs provide both
the entobiotic phase of their population and are
both an endogenous and exogenous source of
mycobacterial infection.

Figure 4. Pathological changes in the proximal colon
Notes: 1 - transverse pathological folding of the colon caused by an infectious process; 2 — longitudinal physiological

folding of the colon.

In addition to the transverse folding of
the large intestine as a local manifestation
of the infectious process in mycobacteriosis
caused by NTMB, most animals demonstrated
local pathological changes in the colon in the
form of diverticula. These diverticula can be

easily identified from the serous membrane as
a bulging wall thickening in this area with a
darker colour of the serous membrane. The in-
creased folding of the mucous membrane and
its thickening are clearly visible in the section

(Fig. 5).

Figure 5. Pathological changes in the large intestine
Notes: A - diverticulum in the wall of the colon mucosa; B - bulging of the colon mucosa into the intestinal lumen

?/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2
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The detected pathological changes are not
typical for tuberculosis, but they indicate the
presence of local foci of the infectious process
of varying intensity in the body of cows that re-
acted positively to tuberculin and NTM.

The isolation of acid-resistant NTMBs from
lymph nodes and affected areas of the large in-
testine suggests that allergic reactions to tuber-
culin and NTM are the result of sensitisation of

the body to these microorganisms (Zavgorodnii
et al.,, 2016). To better understand the infec-
tious process caused by NTMB, histomorpho-
logical changes in the lymph nodes taken from
each animal killed for diagnostic purposes were
thoroughly explored. The most characteris-
tic histological changes found in lymph nodes
from cows that were positive for PPD-tubercu-
lin and NTM are presented below (Figs. 6-10).

Figure 6. Structure of the lymph node (hematoxylin and eosin staining)
Notes: 1 - lymph node capsule; 2 — lymph follicle; 3 - cortical zone

Fig. 6 presents the microscopic structure of
a lymph node in the physiological standard. As
can be observed from Figures 7 and 8, the place
of influence of NTMB pathogenicity factors on
the immune system of infected animals is the
Iymphatic follicles, where the development of
primary nodules of lymphocytes and reticular

tissue was observed at the beginning of the
infectious process. Subsequently, degradation
was observed in them (cytoplasm swelling,
increased eosinophilia, noticeable changes in
nuclei, in particular, their wrinkling (karyopyk-
nosis), and increased basophilia), which ends in
lymphocyte necrosis.

Figure 7. Reactive centres in the lymph follicle as a result of the reaction of lymphocytes to
foreign antigens (haematoxylin and eosin staining)
Notes: 1 - initial stages of development of primary nodules from lymphocytes; 2 — reticulocytes under the influence

of mycobacterial exotoxins; 3 — periphery of the reactive centre

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2
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Figure 8. Reactive centres in the lymphatic follicle as a result of lymphocyte reaction to foreign
antigens (haematoxylin and eosin staining)
Notes: 1 - clusters of normal lymphocytes; 2 — degraded lymphocytes with severe karyopycnosis and karyorexia under
the influence of mycobacterial exotoxins in the process of primary nodule development

Cellular detritus is developed at the site of  primary nodule is established, surrounded by a
lymphocyte death (Fig. 9.1), and a pronounced significant layer of lymphocytes (Fig. 9.2).

Figure 9. Development of nodules in NTBM-infected lymph nodes at later stages of the infectious
process (hematoxylin and eosin staining. Magnification x400)
Notes: 1 - cellular detritus in the centre of the nodule; 2 — accumulation of lymphoid elements around the detritus

Similar morphological changes were found  centre (Fig. 10.1), a slight peripheral accumu-
in histological sections of suprarenal lymph lation of lymphocytes (Fig. 10.2) and the es-
nodes (Fig. 10), where the development of tablishment of a visible capsule of epithelioid
primary nodules with cellular detritus in the elements (Fig. 10.3) were noted.

?/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2
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Figure 10. Development of nodules in NTMB-infected lymph nodes at later stages of the
infectious process (haematoxylin-eosin staining)
Notes: 1 - cellular detritus in the centre of the nodule; 2 — accumulation of lymphoid elements around the detritus;

3 — formation of a capsule from epithelioid cells

In no case did the authors detect cal-
cification of these capsules, as is the case
with tuberculous mycobacteria (M. bovis or
M. tuberculosis). Evidently, such epithelioid
strands develop complete or incomplete con-
nective tissue capsules, merging, displacing or
replacing the primary nodules formed in the re-
active centres and, subsequently, the lymphoid
follicles themselves and, ultimately, the cortical
zone (Fig. 1.2).

Morphologically, this process is accompa-
nied by the proliferation of epithelioid tissue,
which leads to atrophy of the lymphoid tissue of
the lymph nodes (Fig. 11.1). In cows of 7-9 years
of age, more pronounced atrophy of the cortical
layer of the lymph nodes was observed compared
to this pathology in younger cows. It is probable
that the longer the exposure of lymphoid tissue to
NTMB pathogenicity factors, the more significant
the atrophy of the cortical zone of the latter.

Figure 11. Development of nodules in lymph nodes infected with NTMB
Notes: 1 - necrosis of lymphocytes in the centre of the nodule, fragmentation of nuclei and condensation of chromatin,

loss of whole areas of dead cells; 2 — a zone of lymphocytes around detritus; 3 — capsule of epithelioid cells

Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2
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The detected pathohistomorphological
changes in the lymph nodes and in the submu-
cosal layer of the large intestine indicate an ac-
tive infectious process in the body of cows caused
by NTMB. Although NTMBs were isolated from
all lymph nodes taken for bacteriological exami-
nation (Boyko et al., 2020), pathological changes
were detected only in the supraclavicular, medi-
astinal, mesenteric, occasionally in the subman-
dibular and pharyngeal lymph nodes and very
rarely in the anterior and posterior phrenic and
knee lymph nodes. These changes, along with
cortical haemorrhages, can be detected visually
when the nodes are sagittally incised. Developed

primary nodules, which are noted during the
histological examination, remain invisible vis-
ually and are not detected by palpation.

It can be assumed that primary nodules
arise as a result of a powerful, both in terms of
quantity and duration, exposure to antigenic
irritation of the immune system, in particular
the lymph nodes. As a result, cellular reactions
occurring in the reactive zones lead to the ne-
crosis of lymphocytes and their replacement by
epithelioid cells (Figs. 9-12), which penetrate
the cortical layer in the form of strands, start-
ing from the cerebral layer, displacing lymphoid
tissue and causing atrophy of the latter.

Figure 12. Replacement of lymphoid tissue with epithelioid elements in lymph nodes infected
with NTMB as a result of the infectious process (hematoxylin and eosin staining)
Notes: 1 - cords of epithelioid cells; 2 — remnants of lymphoid tissue

The establishment of granulomas in the
lymph nodes (Fig. 3 A) confirms the prolonged
effect of mycobacterial toxins on the immune
system of animals, which leads to the develop-
ment of a specific granulomatous inflammation.
The mechanism of its development is based
on primary perivascular infiltration by CD4+
T-lymphocytes, which are gradually (within 2-3
weeks) replaced by macrophages, and the latter,
due to their activation by cytokines, increase
in size and resemble squamous epithelium in

shape, their cytoplasm becomes eosinophilic,
and they gradually transform into epithelioid
cells. Some cytokines, such as IFN-y, acting on
transformed epithelioid cells, transform them
into multinucleated giant cells (Kumar et al.,
2019). Foci of mycobacterial penetration and
proliferation lead to the accumulation of epi-
thelioid cells, including giant cells. And these
clusters, in turn, are surrounded by a thick shaft
of lymphocytes, resulting in the development
of granulomas (Fig. 13).

?/X Ukrainian Journal of Veterinary Sciences. 2023. Vol. 14, No. 2
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Figure 13. Granuloma development (haematoxylin and eosin staining)
Notes: 1 - clusters of epithelioid cells surrounded by a thick shaft of lymphocytes (2)

T-cell-mediated inflammation underlies
the mechanism of tissue damage in many au-
toimmune diseases or those caused by uncon-
trolled reactions to commensal bacteria or
atypical acid-fast mycobacteria when they are
constantly and in large volumes ingested by an-
imals (inflammatory bowel disease in humans
(Kumar et al., 2019). In the present research,
the source of NTBM in the organs and tissues
of cows was chronic local interstitial colitis
(Figs. 4, 5).

The pathological changes presented in Figs.
7-13, pathomorphological changes occur at the
cellular and tissue levels and are characterised
by irreversibility. These pictures demonstrate
the development of primary nodules from
lymphocytes and reticular tissue, lymphocyte
degradation - the cytoplasm swells, its eosin-
ophilia increases; changes in the nuclei, result-
ing in their wrinkling (karyopyknosis), which
in turn is manifested by increased basophilia,
and karyorexis (nucleus fragmentation), which
ends with karyolysis of the nuclei and necrosis
of lymphocytes. The affected lymphoid tissue
is replaced by epithelioid tissue, which leads to
atrophy of the lymph node parenchyma.
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Evidently, the body’s sensitisation to NTMB
antigens begins at the stage of primary nod-
ule development in the reactive centres of the
lymph nodes and is permanently maintained by
each subsequent ingestion of a fresh portion of
NTMB from the environment.

Finally, the possibility of permanent inges-
tion of NTMBs from the digestive tract, where
mycobacteria can be in the entobiotic phase
of existence, colonising the submucosal layer
of the large intestine wall, cannot be excluded
(Boyko et al., 2020a; Boyko et al., 2020b). How-
ever, it is assumed that this mechanism of
maintaining the sensitisation of the cow’s or-
ganism is not decisive, as then the permanence
of paraallergic reactions remains unexplained.

It can be argued that the permanence of
paraallergic reactions in animals is a conse-
quence of a significant amount of NTMB enter-
ing the body of cows over a long period (accord-
ing to observations, at least 2-3 months) from
the outside (alimentary or aerogenic).

Exploring the epizootological features of
cow mycobacteriosis in a particular farm, it was
found that the number of cows reacting to both
allergens was significantly (2-3 times) higher
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in the allergic test after winter-stall housing
compared to that in summer-exercise hous-
ing. It proves that keeping animals indoors for
a long period (more than 2-3 months) leads to
constant ingestion of NTMBs, which cause the
pathomorphological changes identified and
described and manifest themselves as a perma-
nent allergy to tuberculin and NTM.

According to the authors, a significant re-
duction in the antigenic load on the body of
NTMB cows would reduce the infectious pro-
cess in the body of infected animals and, thus,
sensitise the body of cows to allergens of atypi-
cal mycobacteria. The assumptions made are ful-
ly consistent with the findings published earlier
by some researchers (Falkinham, 2013). They ar-
gue that any changes in human health or animal
husbandry conditions could lead to the emer-
gence of new infections through NTMB as a re-
sult of the widespread distribution of these my-
cobacteria in most ecological niches (water, soil,
sphagnum and wildlife) (Schroder et al., 1992).

For this purpose, it is necessary to explore
more thoroughly the ecology of NTMBs on the
territory of the dairy farm. It will allow for a more
targeted and effective implementation of several
preventive measures aimed primarily at break-
ing the epizootic chain by reducing NTMB on
the premises and the farm. It will have an objec-
tive impact on the welfare of the dairy herd and
reduce or even eliminate the risk of spreading
NTMB through dairy products, which will be of
great medical and epidemiological importance
for the prevention of human mycobacteriosis.

Conclusions

According to the results obtained, it was proved
that the epizootic process in cattle herds is
caused by the infection of animals with ac-
id-fast mycobacteria. This phenomenon is quite
common and therefore should be constantly
monitored by qualified specialists of the state
veterinary service.

Nontuberculous mycobacteria colonise
mainly the digestive and respiratory organs,
which indicates their alimentary and aero-
genic routes of entry into the animal body.
They linger for the longest time in the regional
lymph nodes of these organs, where they cause
profound and often irreversible pathological
changes at the cellular and tissue levels, which
were identified through detailed pathological
and histological examinations. The pathomo-
rphological changes in the lymph nodes and
large intestine of the reacting animals can be
used to determine the presence of an intense
infectious process caused by NTMB in their
bodies and the functioning of the epizootic pro-
cess — mycobacteriosis — in the dairy cow herd.
Thus, reactive animals should be considered as
an active source of NTBM, which is important
both epizootologically and epidemiologically.

More detailed research on the species com-
position of NTMBs infecting animals and the
ecology of NTMBs identified on the farm and
their potential pathogenic properties will be of
both economic and epidemiological and medical
epidemiological importance. Considering the
significant role of NTBMs in human infectious
pathology, each case of establishing the func-
tioning of the epizootic process of mycobacte-
riosis in herds of productive animals should be
considered as a source of potential biohazards
to human health in the food chain. Therefore,
further research will focus on an in-depth study
of other aspects of the mycobacteriosis infection
process, the ecology of NTMBs on the territory of
a dairy farm, and ways to minimise the biohaz-
ards of human infection with NTMBs that cause
dangerous meat and dairy food products.
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AHotanis. T[IpoBeleHHS TUIAHOBUX aJIepriuHMX OOCTI[KEHb BEJMKOI poraroi Xymobu
CUMYJIbTAHHOIO MPO60I0 B TOCIIONAPCTBAX GJIATOMOTYYHMX HIOA0 TYOEPKYIbO3Yy € HEOOXiTIHIM JJIst
MMiATBEPIKEHHS CTafii emni3ooTuYHOro mpoiecy. Meta pob6otu — mHotiguTu rnaTomopdonoriuni
3MiHM Y KOPiB 3a BMUSIBJIEHHS IMapaajepridHmux peaxiliii i Jac AiarHOCTMYHOTO JOCTiIKeHHS Ha
Ty6epKynbo3. [IiarTHOCTUKY Ty6epKy/IbO3y B TBAPUH 3[i/ICHIOBAIY KOMIUIEKCHO 3 BUKOPUCTAHHIM
ycix mepem6avyeHNx iHCTPYKITEI0 METO/IB 00 60pOThGH 3 TY6EPKYIbO30M — eTi300TOJIOTiYHOTO,
KJIiHIYHOTO, aJepriuHoTOo, IaTOJIOTOAHATOMIUHOTO, TicTOMOP(MOJIOTIYHOro, 6GaKTepioaoriuHOro
i GiomoriyHoro. 3aBOSIKM LbOMY BJIAJOCS BCTAHOBUTM, WO peakilii Ha TyOGepKkysdiH y KOpiB
MaJM Tapaajepriuydy MPUPOAY, BUKIMKAHI HETyOepKyIbO3HMMM MikoOakTepisimu abo, Tak
3BaHMMM, aTUTIOBMMM MiKOOGaKTepisiMu. BcTaHOBIIEHO, 110 Y KOPiB, SIKi MO3UTUBHO pearyBajiu Ha
Ty6epKyJIiH i Ha ajlepreH aTUIIOBUX MiKo6aKkTepiii Ta 6y/u BimnpasieHi Ha 3a6iii 3 1iarHOCTUYHOIO
MEeTOI0, He BUSIBJIEHO TATOJOTOAHATOMIUHUX 3MiH, XapaKTepHUX IJis TyOepKyabo3y. I[Ipore, y
6araTbox JiMpaTUUYHMX By3jaX, 30KpeMa MeAiaCTMHAJbHUX, Me3eHTepialbHUX, 3aTTIOTKOBUX
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i HWKHBOILIENENHNX, BiAMiUuaaM mMaToyMoriyHi 3MiHM (TpaHYJIOMaToO3Hi BOTHMINA, aTpodiio
niMmdoigHoi i po3pocTaHHS emiTenioimHOI TKaHMH, TinepIriasiro pi3HOi iHTEeHCMBHOCTI Ta
XapakTepy, KparmJacTi KpOBOBWIMBM Y KipKOBii1 30Hi), IKi BKa3yIOThb Ha aKTUBHMUIA iHGEKIiiHMI
mpoliec B OpraHi3mi TBapMH, CIPUUYMHEHUIT HeTyOepKy/lbO3HUMMM MiKobakTepismu. BogHouac
MpY TIPOBeJeHHi ricToMopdOoNOriuHNX NOCTiIKeHb Y JiMbaTUIHMX By3/lIax Big3Hauanu HU3KY
3MiH: (hOpPMYBaHHS MEPBUHHUX BY3JIMKIB i3 TiM(OIMUTIB Ta peTUKYISIPHOI TKAHVHY Y PEAKTUBHUX
IIeHTpax, Jerpajallito Ta HeKpo3 JiMGOLUNTIB, YTBOPEHHS KIITMHHOTO AETPUTY Y IEHTPI BY3IUKiB
Ta Karcys i3 emiTeqioigHMX eleMeHTiB HaBKOJIO BY3/IMKiB TOIIO, 32 SKMMM MOXHA ITiITBEPIAUTU
3aKOHOMIPHOCTi pO3BUTKY IMATOJIOTi] i, OrmocepenkoBaHO, — MeXaHi3M ceHcubinisanii opra"ismy
KOpiB, a OTXXe i NMpMUPOAY NapaajepriyHux peakuii y TBapmH. OTpuMaHi pesynabTaTy MalOTb
BasK/IMBe 3HAUEHHS JIJIsl CBOEYACHOTO BUSIBIIEHHSI Ta imeHTUdiKa1ii Ha ricromopdonoriuHoMy piBHi
KOMILJIEKCY 3MiH B OpraHax i TKaHMHAX KOPiB 32 MPOHUKHEHHS HeTy6epKy/IbO3HUX MiKOOaKTepiit,
IO € 3aITOPYKOI0 YCITIITHOI MiarHOCTUKM TIEPBUHHMX BOTHUIN, MiKO6aKTepiosiB Ta eeKTUBHOI ixX
podinakTUKM

KimiouoBi coBa: Ty6epKy/ibo3; TYOepKy/iH; aHTMUIeH aTUIIOBMX MikoOakTepiit; iHbekmiitHmit
Tpoliec; aTUIIOBI MikobOaKTepii; ajepriuni peaxuii; JiarHoCTHKa
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