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Abstract. The growing incidence of mycobacteriosis in people - infectious
diseases caused by non-tuberculous mycobacteria - is an urgent problem in human
medicine. Mycobacteriosis of animals in most countries is in the field of close
attention of veterinary medicine scientists. In Ukraine, the number of farms where
productive animals with para allergic reactions to tuberculin are found is constantly
increasing, which complicates the diagnosis of tuberculosis. Therefore, the study of
the nature of these allergic reactions becomes one of the most urgent questions of
veterinary science. Along with this, in dairy cattle breeding, this problem concerns
not only the diagnosis of tuberculosis but also the economic sphere, as it often leads
to the forced slaughter of young animals and highly productive cows. On the other
hand, identifying several non-tuberculous mycobacteria species in human
mycobacteriosis patients, which are involved in sensitizing the body of cows, gives
the problem of animal mycobacteriosis prevention a medical and social significance.
All of the above was the basis for establishing the reasons for the permanent
selection of cows reacting to tuberculin in one of the dairy farms of the Volyn region,
which has always been safe from tuberculosis. A comprehensive study using
epizootological analysis and clinical, patho-anatomical, histological, bacteriological,
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and statistical research methods was carried out from 2018 to 2023. The conducted
studies established that an epizootic process caused by infection of animals with non-
tuberculosis is functioning among the cattle of a dairy farm mycobacteria.
Mycobacterium scrofulaceum, M. fortuitum, and Nocardia spp, which were isolated
and identified from the lymph nodes, lymphoid tissue of the submucosal layer of the
large intestine of infected animals, cause significant histological and
pathoanatomical changes, which indicates the presence of a clinically hidden
infectious process, which is accompanied by sensitization of the animal organism.
Epizootological analysis of the results of allergic studies using a simultaneous
sample, as well as multiple bacteriological studies of biomaterial from animals that
reacted positively to PPD-tuberculin and an allergen of atypical mycobacteria,
established that allergic reactions to tuberculin had a para allergic nature and
reflected the presence of an infectious process in the animal's bodly.

Keywords: tuberculosis, tuberculin, allergen of atypical mycobacteria,
epizootic process, infectious process, allergic reactions, diagnosis.

Formulation of the problem. Animal mycobacteriosis has become an urgent
problem in veterinary medicine in many countries (Varela-Castro et al., 2022
Franco etal., 2013). The greatest epizootological and medico-biological significance
Is the mycobacteriosis of cattle - the primary producers of milk, dairy, and meat
products (Aydin et al., 2012; Bolafios et al., 2018). Non-specific (paraallergic)
reactions to PPD-tuberculin (Purified Protein Derivative) in tuberculosis-free cows
of dairy farms is a phenomenon quite common in many countries of the world,
including Ukraine (Gorzheev et al., 2004; Leite et al., 2003; Zavhorodnui at al.,
2016). In cases of single detection of para allergic reactions to tuberculin, they are
usually not registered, the reasons for their occurrence are not established, and the
animals that showed these reactions are culled (Boyko et al., 2020). In cases of such
reactions in many animals, a simultaneous test using two allergens - PPD-tuberculin
for mammals and AAM (allergen of atypical mycobacteria) is used (Kasych et al.,
2004). Specialists of state institutions of veterinary medicine of Ukraine, as a rule,
do not record para allergic reactions to tuberculin in cattle, as they believe that non-
tuberculous mycobacteria (NTMB) can only cause sensitization of the animal body,
but not an infectious process (Zavhorodnii et al., 2018). According to this postulate,
sensitization of the animal body is not the result of a hidden infectious process
caused by NTMB but a permanent phenomenon that does not cause the appearance
of pathological changes in the body.

Most scientists of humane and veterinary medicine believe that
mycobacteriosis is an infectious disease caused by NTMB, has its etiopathogenesis,
characteristic pathoanatomical and specific histomorphological changes, and is
characterized by a primarily asymptomatic, permanent form of sensitization and a
chronic course (Boyko et al., 2021; Schmidt et al., 2022; Sandlund et al., 2023;
Montero et al., 2023).
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For several reasons, it is not easy to objectively assess the intensity of the
epizootic situation regarding animal mycobacteriosis in Ukraine. The objective
reason for this is a significant reduction in the number of productive animals. In
particular, the cattle population decreased from 28 million heads in 1993 to
2.4 million heads in 2023 (Association of Milk Producers, 2023), and such livestock
industries as horse breeding, sheep breeding, and rabbit breeding were almost
eliminated. The terms of economic exploitation of cows on dairy farms have
significantly decreased, which is connected with the change in milk production
technology.

Unsatisfactory diagnostic quality by veterinary medicine practitioners and low
motivation of specialists of state veterinary medicine institutions in diagnosing new
infectious pathology negatively affected the real state of the epizootic situation
regarding mycobacteriosis. This, in turn, led to a decrease in the demand for the
development of modern methods of diagnosis and means of prevention of infections
caused by atypical mycobacteria (ATMB).

The biological properties of ATMB, in particular, the exclusivity of the
structure of the cell wall of mycobacteria, which is associated with the presence of
fatty and waxy compounds in it, provide high adaptation capabilities of
mycobacteria both to changing environmental conditions and resistance to
phagocytosis (Weisfeiler, 1975). This enables mycobacteria to survive in changing
environmental conditions and is one of the main factors of mycobacterial ubiquity
(Nuratinov, 2014; Armstrong et al., 2022).

Studying the features of the infectious process in all cases of detection of
reacting animals in each herd of cattle, regardless of its epizootic status, monitoring
the features of the epizootic process in each case of detection of para allergic
reactions with the help of a simultaneous allergic test can significantly expand our
knowledge about infections caused by ATMB. The obtained data can become the
basis for creating an information base for an in-depth study of the ecology of these
infections' causative agents and mycobacteria's epizootology. Moreover, this, in
turn, will be an objective basis for developing concepts for controlling and managing
infectious and epizootic processes in animal mycobacteriosis.

Analysis of recent research and publications. Data from the scientific
literature indicate that human and animal mycobacteriosis caused by NTMB is an
essential problem of humane and veterinary medicine in many countries of the world
(Alffenaar, J.W., 2021; Varela-Castro et al., 2022). Mycobacteriosis of cattle has the
most significant medical and biological importance because it is the leading
producer of dairy and meat products (Bolafios et al., 2018). In cows, non-specific
reactions to PPD-tuberculin (Purified Protein Derivative) are common in Ukraine
(Zavhorodnui et al., 2016). However, veterinary medicine specialists believe that
non-tuberculous mycobacteria (NTMB) can only cause sensitization of the animal
body but not the infectious process (Zavhorodnii et al., 2018). However, most
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scientists believe mycobacteriosis is an infectious disease caused by atypical
mycobacteria (Boyko et al., 2021; Schmidt et al., 2022; Sandlund et al., 2023).
Therefore, studying etiopathogenesis and features of the infectious process in
animals reacting to tuberculin or allergen atypical mycobacteria is an essential and
urgent scientific research problem.

The goal of the article. Study the nature of para allergic reactions to
tuberculin in cows of a tuberculosis-free farm.

Research material and methods. The study was conducted in one of the
dairy farms in the Volyn region during 2018-2023. It used epizootological analysis,
clinical, allergic, patho-anatomical, histological, bacteriological, and statistical
research methods.

The epizootic situation regarding tuberculosis was analyzed based on the
results of allergic studies, which were carried out according to the calendar of anti-
epizootic measures by specialists of the district administration of veterinary
medicine with our participation during the specified period.

During the clinical examination, attention was paid to the general condition of
the animals, their fatness, and the condition of the lymph nodes - pharyngeal,
submandibular, prescapular, inframammary, and knee fold.

Allergic studies of animals for tuberculosis were carried outusing a
simultaneous test. Allergens were injected intradermally with a needle-free injector
into the middle third of the neck at a dose of 0.1 cm3, PPD-tuberculin for mammals
on the left, allergen from atypical mycobacteria (AAM) on the right.

Animals that reacted positively to PPD-tuberculin and AAM were selected for
diagnostic slaughter. Animals were slaughtered on the 5th-seventh day after the
allergy test.

From animals killed for diagnostic purposes, lymph nodes (pharyngeal,
submandibular, prescapular, bronchial, mediastinal, portal, mesenteric, supra
mammary, knee fold), as well as pieces of parenchymal organs (lungs, liver, spleen),
and altered areas of the large intestine were selected.

Smears were prepared from lymph nodes and internal organs and stained by
the Zill-Nielsen method (for conventional light microscopy) and auramine O (for
luminescent microscopy).

The material for histological examination was fixed in a 10% neutral formalin
solution. After thorough washing, the material was embedded in paraffin. Paraffin
blocks were cut serially, and the thickness of the sections was five pm.
Sections were stained with hematoxylin and eosin (Manchenko et al., 1994).

Microphotography was performed on a ZEISS Primo Star 3 microscope, with
the help of an Axiocam 208 color digital camera and Zen ZEISS software.

A bacteriological examination of the biomaterial was carried out by
inoculation on the Levenstein-Jensen medium. The material was pre-sowed
treatment according to Alikaeva's method (Feshchenko et al., 2019).
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Results and their discussion. Control of the epizootic process for bovine
tuberculosis is carried out comprehensively. However, priority is given to timely and
effective diagnosis, mainly the allergic method (Busol et al., 2014).

The study of the infectious process of mycobacteriosis in the cows of the dairy
farm under investigation by us was carried out comprehensively after each planned
allergic examination of the dairy herd using clinical, patho-anatomical,
histomorphological, and microbiological methods. The analysis of the obtained data
made it possible to reveal the peculiarities of the manifestation of the infectious
process and to identify the main driving forces of the epizootic process for
mycobacteriosis of animals in the herd. During the period 2018-2023, 12 allergy
studies of the dairy herd of the farm were conducted (results are provided in Table 1).

Table 1
Results of an allergic study of cows for tuberculosis by simultaneous
sampling for 2018-2023

Identified responders to:

Allergen from PPD-tuberculin

Allergically PPD- atypical and allergen

Ne Date of study tested, heads tuberculin mycobacteria from atyplcgl

(AAM) mycobacteria

(AAM)

heads % heads % heads %
1 | 29.05-1.06.2018 330 9 2,7 38 11,5 132 40,0
2 | 28.11-1.12.2018 419 12 2,9 56 13,4 95 22,7
3 11-14.06.2019 341 10 2,9 34 10,0 102 29,9
4 16-19.10.2019 429 9 2,1 21 4,9 106 24,7
5 18-21.03.2020 356 3 0,8 55 15,4 103 28,9
6 20-23.10.2020 446 3 0,7 60 13,5 108 24,2
7 20-23.04.2021 369 7 1,9 66 17,9 99 26,8
8 26-29.10.2021 395 2 0,5 17 4,3 36 9,1
9 18-21.04.2022 446 5 1,1 54 12,1 25 5,6
10 | 19-22.10.2022 432 0 0,0 35 8,1 20 4,6
11| 17-20.05.2023 438 3 0,7 69 15,8 11 2,5
12 | 24-10.10.2023 428 5 1,2 24 5,6 18 4,2
Together 4829 68 1,4 529 11,0 855 17,7

As can be seen from Table 1, as a result of the allergic studies conducted
during the entire period, 1,452 reacting animals were identified, of which only 68
animals reacted to PPD-tuberculin for mammals, only 529 animals to AAM and 855
animals to both allergens. The average percentage of reacting animals from the total
number investigated was only PPD-tuberculin for mammals — 1.4%; only AAM -
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11% and for both allergens at the same time - 17.7%. That is, the ratio of the number
of animals reacting to tuberculin to the number of animals that gave positive
reactions to AAM and AAM and tuberculin is 1: 20.5. Even a cursory statistical
analysis indicates that allergic reactions to AAM are decisive, and reactions to PPD-
tuberculin appear as side effects, random. The results indicated that the animal body
Is under constant antigenic pressure from NTMB, and the allergic reactions of
animals to the introduction of tuberculin are not related to the tuberculosis process.
On the other hand, it can be stated that the antigenic determinants of certain types of
NTMB have a high affinity to the antigens of Mycobacterium tuberculosis, and the
results of allergic studies conducted by us over a long period confirm this.

So, from an immunological point of view, the situation is understandable and
does not cause concern. Even on the basis of epizootological analysis, it is clear that
in the researched herd of animals, there is a population or populations of NTMB
circulating, which causes sensitization of the cow's body and, it is possible, an
infectious process, but sensitization is only a manifestation of the latter.

From the point of view of epizootological control and supervision, for planned
allergic studies on tuberculosis, detecting animals reacting to PPD-tuberculin
involves long and painstaking work to establish the nature of these reactions. Often,
In such a situation, specialists of the state veterinary medicine service ignore the
requirements of the "Instructions for the Prevention and Control of Animal
Tuberculosis” (2009) and send reacting animals to slaughter without conducting
additional studies (Boyko et al., 2020). With each subsequent allergy study of the
herd, the number of animals that react positively to tuberculin does not decrease but
increases. This approach inevitably leads to the unjustified slaughter of productive
animals and, in modern conditions of small dairy farms, often to the complete
liquidation of the dairy herd. At the same time, the situation remains uncontrolled in
terms of epizootic well-being and, most importantly, unstudied, and therefore
unpredictable in terms of further use of the premises and territory of the farm.

From 2018 to 2023, 12 comprehensive studies of the dairy herd were
conducted with the organization of diagnostic slaughter, during which material from
74 animals reacting to both allergens was examined.

The results of the clinical examination of animals that gave positive reactions
to one or both allergens did not reveal in any of the animal's signs that could indicate
the infectious process of tuberculosis in their body (weight loss or cachexia,
decreased milk production, increased superficial lymph nodes, cough or other signs
of lung damage).

Studying the epizootological features of mycobacteriosis of cows on a specific
farm, it was established that the number of cows reacting to both allergens is
significantly (2-3 times) higher during an allergy study after winter-stable keeping
of animals compared to those during summer-walking (table 1). Thus, keeping
animals in the summer for several months on walking grounds is accompanied by
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the improvement of the animal's body from the so-called "barn™ microflora,
including and from mycobacteria of various species. It can be assumed that a
significant reduction of the antigenic load on the body of NTMB cows would negate
the infectious process in the body of infected animals and, thus, sensitization of the
body of cows to allergens of atypical mycobacteria.

Of the 74 animals slaughtered for diagnostic purposes, in which positive
reactions to allergens were noted, patho-anatomical changes characteristic of
tuberculosis were not detected. However, in all the cows slaughtered for diagnostic
purposes, several other pathological changes in the lymphatic nodes were noted, in

particular:
. granulomatous foci,
. atrophy of lymphoids and growth of epithelioid tissues,
. hyperplasia of various intensities and character,

. spotty hemorrhages in the cortical zone.

In addition, changes in the color of the parenchyma (redness or dark gray
color), salinity, and replacement of the parenchyma of the node by connective tissue,
indicating the presence of atrophic processes, were detected in the lymph nodes.
Atrophy of the lymphoid tissue is evidenced by the growth of connective tissue,
which pushes the lymphoid tissue to the periphery of the cortical zone, the remnants
of which are visible as a narrow strip on the periphery of the node (Fig. 1).

Fig. 1. Pathological-anatomical changes in supra mammary lymph nodes.
Note: 1 — degeneration with complete atrophy of the brain layer parenchyma; 2 —
remnants of parenchyma in the cortical layer; 3 — hemorrhages in the cortical area.

Hyperplasia of lymph nodes was manifested by the growth of lymphoid tissue
and infiltration by lymphocytes, which is evidence of the presence of hidden
inflammatory processes in the nodes' tissues. Hyperplasia indicates a cellular
reaction of lymphoid tissue to foreign antigens - bacteria, fungi, etc. In the described
case, these are acid-resistant types of NTMB, which were isolated from the tissue of
lymph nodes during bacteriological research. They sensitized the immune system
not only to its antigens, which manifested itself in the form of allergic reactions to
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AAM, but also to antigens of other types of mycobacteria, in particular tuberculosis,
which was the cause of para allergic reactions to tuberculin.

A detailed epizootological analysis of para allergic reactions to both antigens
indicates their permanent nature - ina number of cows, the reactions repeatedly
disappeared and reappeared during the observation period. Obviously, with age, as
a result of a decrease in immunoreactivity, which develops against the background
of atrophy of the lymphoid tissue of the lymph nodes and, it is possible, other causes
of an immunoallergic nature, there is a decrease in sensitization, which is
accompanied by the loss of these reactions. Thus, the histological changes found in
the histosections from the lymph nodes indicate an active infectious process, which
could be caused by the products of bacterial life (Fig. 2). At the site of the death of
lymphocytes, cellular detritus is formed, a pronounced primary nodule is formed,
which is surrounded by a significant layer of lymphocytes.

Fig. 2. Formatlon of nodules in NTBM mfected Iymph nodes at a later stage
of the infectious process (staining with hematoxylin and eosin. Magnification x400).
Note: 1 —necrosis of lymphocytes in the center of the nodule, fragmentation of nuclei
and condensation of chromatin, shedding of entire areas of dead cells; 2 — zone of
lymphocytes around the detritus; 3 —a capsule of epithelioid cells.

Similar morphological changes were found on his sections from enlarged
lymph nodes, where the formation of primary nodules with cellular detritus in the
center, a peripheral accumulation of lymphocytes, and a visible capsule of
epithelioid elements were noted.

In previous works, we established that the incubation period for mycobacteriosis
caused by NTMB in animals is significantly more extended (in our case, more than
18-26 months) than for tuberculosis infection caused by M. bovis. This fact can
explain the reasons for animals' delayed response to the introduction of allergens
(Boyko et al., 2020). Scientists who studied the pathogenesis of mycobacteria in
humans share this opinion (Shevchenko et al., 2019; Zimina et al., 2017).
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Bacteriological examination of biological material (lymph nodes and affected
areas of the large intestine) from animals reacting to both allergens isolated and
identified acid-resistant NTBM, particularly M. fortuitum, M. scrofulaceum,
Nocardia spp.). The results of the bacteriological examination of biomaterials from
animals slaughtered for diagnostic purposes provide grounds for asserting that
allergic reactions to PPD-tuberculin and AAM result from a hidden infectious
process that leads to sensitization of the body by these microorganisms. It is evident
that the sensitization of the body by NTBM antigens begins already at the stage of
formation of primary nodules in the reactive centers of the lymph nodes and is
permanently supported by each subsequent entry into the body of a fresh portion of
NTBM from the external abiotic environment.

The main routes of entry of NTMB into the animal body are considered the
alimentary and aerogenous routes because microorganisms colonize mainly the
digestive and respiratory organs and stay the longest in the regional lymph nodes of
these organs. This leads to deep pathomorphological changes at the cellular and
tissue levels, which were revealed thanks to detailed patho-anatomical and
histological studies.

The localization of pathological changes caused by NTMB in the proximal
part of the large intestine indicates the tropism of mycobacteria to tissues and organs
rich in lymphoid elements (Urbanovych et al., 2008). Here, mycobacteria can be in
the enterobiotic phase of existence, colonizing not only places of concentration of
lymphoid elements, which are Peyer's patches but also other structures of the
submucosal layer of the wall of the large intestine (Boyko et al., 2020). The
enterobiotic phase of the existence of NTMB in the body is an endogenous source
of constant infection of body tissues and organs, and therefore maintenance of the
infectious process of mycobacteriosis in the body and its sensitization.

Significant patho-anatomical and histomorphological changes in the enlarged
lymph nodes indicate that NTMB is eliminated through the mammary gland, and
therefore, milk should be considered an important factor in the mechanism of
transmission of the infectious agent.

Given the significant distribution of NTBM of mycobacteria in nature (Turko
et al., 2010; Falkinham et al., 2013), their essential role in human infectious
pathology (Barbova et al., 2019; Lipner et al., 2017; Dahl et al., 2023) and animals
(Cvetni¢ et al., 2018; Hejlicek et al., 1994; Radulski et al., 2022), each case of
establishing the functioning of the epizootic process of mycobacteria in herds of
productive animals, and especially cows, should be considered through the prism of
risks for health people through food products obtained from animals suffering from
mycobacteriosis, and be subject to epizootological control and supervision by
specialists of the state veterinary medicine service.

Conclusions. A comprehensive study of cattle for tuberculosis in the tuberculosis-
free economy of the Volyn region during 2018—-2023 using epizootological, allergic,
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clinical, patho-anatomical, histological, and bacteriological methods established that
allergic reactions to tuberculin were para-allergic, arising as a result of an infectious
process in the body of cows caused by non-tuberculous mycobacteria.

The incubation period for infection of the body of cattle with NTMB is much
more extended than for infection with the causative agent of tuberculosis. It is 18—
26 months, and the manifestation of para allergic reactions is permanent, primarily
related to the intensity of infection of animals with NTMB.

Non-tuberculous mycobacteria colonize mainly the digestive and respiratory
organs, which indicates their alimentary and aerogenic ways of entering the bodies
of animals. They linger for the longest time in the regional lymph nodes of these
organs, where they cause profound and often irreversible pathomorphological
changes at the cellular and tissue levels, which were discovered thanks to detailed
patho-anatomical and histological studies. Significant patho-anatomical and
histomorphological changes in the enlarged lymph nodes indicate the elimination of
NTMB through the mammary gland, and therefore, milk should be considered as a
factor in the mechanism of transmission of the infectious agent.

The detected pathomorphological changes in the reacting animals make it
possible to ascertain the presence of an intensive infectious process caused by
NTMB in their bodies and the functioning of the epizootic process of
mycobacteriosis in the dairy herd of cows. Therefore, the reacting animals should be
considered an active source of NTBM.

A detailed study of the species composition of NTMBs that caused the
infectious process in infected animals, the functioning of the epizootic process on
the farm's territory, the ecology of identified and not yet identified NTMBs on the
farm's territory, and the establishment of their potential pathogenetic properties will
have not only epizootological, economic, and medical but also epidemiological value.

Considering the significant role of NTBM in human infectious pathology,
each case of establishing the functioning of the epizootic process of mycobacteria in
herds of productive animals should be considered as a source of potential risks for
human health in the food chain. Therefore, the following studies will focus on the
in-depth study of other aspects of the infectious process of mycobacteria, the ecology
of NTMB on the territory of a dairy farm, and ways to minimize the risks of human
infection with NTMB through meat and dairy food products.
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