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The diagnosis of tuberculosis in animals is a complex pro-
cess that is crucial for determining the effectiveness of mea-
sures to combat this disease. Currently, tuberculosis in animals
is not reported in Ukraine; however, each year, 40-60 livestock
farms need to assess the epizootic situation regarding this dis-
ease due to nonspecific allergic reactions to tuberculin in cows
during routine diagnostic tests. This article presents generalized
and systematized findings from long-term studies (2000—-2024)
on comprehensive anti-tuberculosis measures for cattle in vari-
ous types of Ukrainian farms. This complex included epizootic,
clinical, allergic, pathological, bacteriological, and statistical re-
search methods. Based on the experiences gained from scien-
tific and practical work, key criteria (or markers) for establishing
a tuberculosis diagnosis in cattle and differentiating this disease
within herds have been identified. In addition, the presented
work contains original photographs that demonstrate pathologi-
cal macroscopic changes characteristic of the course of the in-
fectious tuberculosis process in animals, as well as the cultural
and morphological features of mycobacterial cultures isolated
from biological material. The main indicators (markers) char-
acterizing the course of epizootic and infectious tuberculosis
process in cattle herds and used to diagnose this disease were
identified: clinical signs, the manifestation of allergy, pathological
signs, source of the infectious agent, environmental conditions,
biochemical tests, type of laboratory animals.

Keywords: mycobacteria, tuberculosis, cattle, markers, diag-
nostic complex

Introduction

Infectious diseases of farm animals pose a serious
threat not only to productive livestock but also to humans.
This is especially true for zoonotic anthroponosis, which
is widespread and characterized by emergence [17, 21,
23]. Among these infections, tuberculosis and paratuber-
culosis occupies a special place as a chronic, difficult-to-
diagnose, and difficult-to-treat disease [15, 25, 46].

32

The ongoing study of tuberculosis keeps this disease
at the forefront of concern for both practical and scientific
experts in human and veterinary medicine worldwide [1,
26]. This anthropo-zoonotic infection persists despite
the high standards of living in countries like Germany,
the USA, and France [42, 43]. Tuberculosis requires
continuous and careful attention to manage the situation
effectively [1, 11, 37]. To address this challenge, com-
prehensive cooperation among specialists from various
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fields, such as veterinary medicine, epidemiology, and
ecology, is essential.

Tuberculosis in cattle is known to be caused by My-
cobacterium bovis (M. bovis) and M. tuberculosis [13,
27]. At the same time, the nature of disease manifesta-
tion in animals is highly variable [44]. There is also no
consensus among scientists on the role of some spe-
cies of atypical mycobacteria, as well as the pathogen
M. avium, in the occurrence of the pathological process
in cattle. There are reports that M. avium cultures can
cause tuberculosis lesions in human bone tissue, es-
pecially in children [35, 47]. It is particularly important to
pay attention to environmental aspects, as mycobacte-
ria of this species often persist in aquatic ecosystems
and can pose a risk to animals in contact with contami-
nated water bodies [7, 9, 29, 31].

The global concept of the modern system of infec-
tious disease control envisages the principle of “One
Health”, i.e. the maximum eradication of anthropozoo-
notic diseases to break the vicious circle of animal and
human infection [2, 18]. The Global Plan to Fight Hu-
man Tuberculosis for 2023—2030 (Global Health Cam-
pus), presented to the world community, will not be
successfully implemented without attention to the elim-
ination of tuberculosis infection in animals. In addition,
it is important to raise public and professional aware-
ness of the risks associated with this disease and to im-
prove diagnostic and control methods [30, 39]. Climate
change has a significant impact on the biological cycle
of development and the ecology of microorganisms,
which must be taken into account when forecasting
and planning anti-epizootic measures [3, 4, 19].

In Ukraine, the threat of animal tuberculosis is sig-
nificant, particularly in light of the ongoing full-scale war
in the country. Thus, it is crucial to focus on controlling
tuberculosis infections in animals, especially among
cattle [16, 45]. Additionally, it is vital to emphasize the
importance of continuous state oversight regarding the
epidemiological situation and the spread of this infec-
tion, as well as to improve the regulatory framework
and increase funding for veterinary medicine.

This work aimed to investigate and summarize the
key characteristic manifestations (markers) of the epi-
zootic and infectious tuberculosis process in cattle,
caused by pathogens of various species, to identify pri-
ority methods for diagnosing this disease.

Materials and Methods

The research was conducted using a set of diagnos-
tic methods provided for by the current regulatory docu-
ments of Ukraine to control tuberculosis infection [10].
This complex included epizootic, clinical, allergic, patho-
logical, bacteriological, and statistical research methods.
The work was carried out in cattle breeding farms in Kiro-
vohrad, Cherkasy, Sumy, Kyiv, and Chernihiv regions of
Ukraine in the period from 2000 to 2024, which allowed

us to cover different environmental and epizootic condi-
tions. As a result of the research, a large amount of sta-
tistical data was collected (long-term retrospective analy-
sis), which made it possible to assess the prevalence of
infection and the effectiveness of preventive measures.

Commercial series of purified mammalian tuberculin
in standard solution, allergen from atypical mycobacte-
ria (AAM) and mycobacterial allergen solvent produced
by Sumy Bioprocessing Plant (Sumy, Ukraine) were
used for allergy studies. Allergic studies were performed
by intradermal tuberculin test (ITT) and, as an additional
method, by simultaneous allergy test. Mycobacterial
allergens were injected intradermally with needleless in-
jectors according to the following scheme: tuberculin on
the left side and AAM on the right side in the middle third
of the neck on a previously shaved and alcohol-rectified
area in a dose of 0.1 cm?®. Reactions to allergens in cattle
were recorded 72 hours after administration using digital
measuring instruments (angle meters) to ensure the ac-
curacy of the reaction assessment.

During the pathological examination of animals slaugh-
tered for diagnostic purposes, the submandibular, pha-
ryngeal, bronchial, mediastinal, portal, mesenteric, fore-
arm, supraorbital, and popliteal lymph nodes, as well as
pieces of liver, spleen, lung, and thickened areas of the
small and large intestine, were examined and selected
for cultural examination. For each sample, the sampling
site, anatomic features, and visual changes, such as nod-
ule enlargement, necrotic processes, or changes in tissue
structure, were recorded. By using this method, we were
able to better determine how the infection spread in the
animals and assess its impact on the body.

Experimental studies were conducted in the Labora-
tory for the Study of Tuberculosis of the National Scientific
Center “Institute of Experimental and Clinical Veterinary
Medicine” (NSC “IECVM”) (Kharkiv, Ukraine). We also
used the materials of state reporting on cattle tuberculosis
research of the State Service of Ukraine for Food Safety
and Consumer Protection, in particular, provided by the
State Research Institute of Laboratory Diagnostics and
Veterinary Expertise (Kyiv, Ukraine).

Samples of biological material from cows reacting to
mycobacterial allergens were examined by the cultural
method in a sterile box. Samples of lymph nodes and
pieces of internal organs were pre-decontaminated from
foreign microflora. Intestinal samples were ground into
pieces of 0.5—-1.0 cm? and placed in a 0.9 % cetylpyri-
dinium chloride (CPC) solution for 20 hours. The solution
was then removed from the mortars and the pieces were
ground with a pestle and sterile sand until a homogeneous
mass was obtained. 0.85 % sterile saline in a ratio of
1:5 was added to the mortars, and thoroughly mixed,
and after the sand settled, 10.0 cm?® of the sample was
taken from the middle layer of the liquid with a sterile pi-
pette, transferred to centrifuge tubes, and centrifuged
(3000 rpm) for 15 minutes. After that, the supernatant was
poured off, and the resulting precipitate was washed twice
with a sterile isotonic solution. The resulting precipitate
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was resuspended in saline (1:5). Each sample of the
biomaterial under study was separately inoculated on
an egg nutrient medium for the cultivation of mycobacteria.
Intestinal samples were additionally inoculated on a growth
factor medium. The tubes with the cultures were cultured
in a thermostat at 37.0+0.5 °C for 90 days.

The growth of mycobacteria on the nutrient medium
was recorded daily for the first seven days and then once
a week for 90 days. When colony growth was detected on
the surface of the medium, smears were prepared, and
stained by the Ziehl-Nielsen method, and microscopy
was performed to determine the presence of acid-fast
mycobacteria and their purity. If red acid-fast bacilli were
detected in the smears, the primary cultures were inocu-
lated on Pavlovsky’s nutrient medium to accumulate bac-
terial mass. Growth rate, colony morphology, growth at
25, 37, 45 °C, pigmentation, and growth rate on medium
with sodium salicylate and 5.0 % sodium chloride were
determined in the isolated epizootic cultures. In addition,
the catalase activity, the ability to hydrolyze Tween-80,
and the reaction with potassium tellurite, as well as the
reaction of iron accumulation were determined.

The obtained results were systematized and pre-
sented in the form of a table, and the photos showed
the characteristic lesions of tuberculosis on internal
organs and tissues in animals. The generalization and
application of the meta-analysis [32] of the research
data allowed us to identify the general features of the
manifestation of tuberculosis and paratuberculosis in
cattle, which made it possible to develop appropriate
measures for the prevention and control of these in-
fections.

Statistical analysis

Several statistical methods were employed to ana-
lyze data reflecting the patterns of mycobacterial infec-
tions in cattle caused by various mycobacterial species.
These methods allow us to describe and compare the
characteristics of the infectious process between dif-
ferent types of pathogens. A combination of descriptive
statistics, comparative analysis, and proportion analysis
was used to describe and compare the characteristics of
the infection process between mycobacterial species in
table. Qualitative data analysis with possible significance

Table. General patterns of mycobacterial infection (or persistence) manifestation in cattle groups caused by different types of mycobacteria

Infectious agent

Atypical
Di ti t . mycobacteria,
lagnosiic parameters M. bovis M. tuberculosis M. avium Mip agtrt.‘l]b?g):(ulosw nocardia,
P corynebacteria,
rhodococci
Occur in the con- Occur in the con-
text of a prolonged text of a prolonged
. ) ) ) infectious pro- Absent Absent infectious pro- Absent”*
Clinical signs in animals cess and are not cess and are not
pathognomonic. pathognomonic
(76+2,8) %, n=28 n=5 n=18* (52%1,6) %, n=28 n=127*
Pronounced mani- Pronounced mani-
- ) . . . festation of allergic
festation of allergic Pronounced mani- Manifestation reactions to AAM
reactions to mam- festation of allergic of allergic reactions WS ———— ove;'
malian tuberculin, Weakly reactions to AAM, to AAM, which reactioﬂs T
Manifestation of allergy which prevail over pronounced which prevail over prevail over reac- i i EmTTE IR

Pathological and anatomic changes

The main source of infection
or probable routes of introduction
of the infectious agent

Presence of ecological foci
Niacin test
(9942,7) %, n=120

Reaction with
carbamide

(1001,9) %, n=120

Species of laboratory animals
for bioassay

Biochemical
tests

reactions to AAM.
The reactions are
persistent

(85+3,6) %, n=350"

Pathologic changes
in organs and tis-
sues characteristic
of tuberculosis™®

(95£2,3) %, n=52*

Cattle
with tuberculosis

Absent
Positive”
(100%1,2) %, n=15

Positive™
(97+2,4) %, n=15

Guinea pigs

(18+0,5) %, n=7
Tuberculous
changes are pre-
dominantly in the
bronchial lymph
nodes or absent”

(31%1,2) %, n=20"

A person
with tuberculosis
(farm staff), cattle

Absent
Positive™
(98+2,1) %, n=27)
Positive*
(10041,9) %, n=27

Guinea pigs

reactions to mam-
malian tuberculin®

(75%3,4) %, n=118"

Absent”

n=37"

Synanthropic
birds, cattle

Partially available
Negative ™
(100+1,8) %, n=15

Negative
(100+2,2) %, n=15
Chickens, rabbits

tions to tuberculin
for mammals

(602,3) %, n=28

Pathologic changes
in the intestine
characteristic

of paratuberculosis

(80%3,1) %, n=4

Cattle with
paratuberculosis

Partially available
Negative™
(100£2,0) %, n=148

Negative
(97+1,6) %, n=148
Rabbits

In this case, allergic
reactions disappear
after 3045 days™

(9244,0) %, n=281"

Absent”

n=74*
Synanthropic
birds, cattle, green
fodder, etc.

Available
Negative™
(99£2,7) %, n=120

Negative
(1001,9) %, n=120

Guinea pigs

Note.” — statistically significant difference (P<0.05).
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testing to identify differences between groups was also
employed. For biochemical tests (niacin test, carbamide
reaction), where the result is qualitative (positive or
negative), the frequency of positive results was calcu-
lated using binary analysis. A significant difference was
determined using Statistica 10.0 software for Windows
(StatSoft, USA).

Additionally, since the study spanned a long period
(2000-2024) and covered different regions of Ukraine,
long-term retrospective analysis was employed to sum-
marize data from various sources. This method allowed
us to combine results from various farms and studies
to obtain an overall assessment of the effectiveness
of diagnostic methods.

Results

Based on the results of long-term studies, the
main indicators (markers) characterizing the course
of epizootic and infectious tuberculosis process in
cattle herds and used to diagnose this disease were
identified: clinical signs, the manifestation of allergy,
pathological signs, source of the infectious agent and
ways of its spread in the animal body, environmental
conditions, biochemical tests (niacin test, carbamide
reaction), type of laboratory animals for biological re-
search (table).

Thus, table, which summarizes the results of long-
term studies of tuberculosis in Ukraine, is a conditional
scheme for the diagnosis and differential diagnosis of
mycobacterial infections in cattle (disease, immunizing
subinfection, etc.), both individually and in groups.

Equally important is the ability of veterinarians to
detect tuberculosis during diagnostic autopsies of car-
casses of animals slaughtered for diagnostic purpos-
es or those that have died. Visually, the pathological
lesions, organs, and tissues characteristic of tubercu-
losis in cattle are shown in fig. 1-2.

As for laboratory animals, guinea pigs are the opti-
mal biological model for tuberculosis research, in par-
ticular for reproducing the tuberculosis process caused
by the M. bovis pathogen (fig. 3), rabbits or chickens
are used only for isolation and identification of the
M. avium pathogen.

A characteristic confirmation of pathological signs
(fig. 4) can be obtained by infecting guinea pigs with
a suspension of biological material taken from sick cat-
tle or an isolated culture of the tuberculosis pathogen
M. bovis.

A characteristic cultural feature of mycobacteria
is the growth of cultures of these microorganisms on
special nutrient media (Pavlovsky’s medium, dense
egg media, synthetic liquid or semi-liquid media, etc.)
(fig. 5a). Another characteristic morphological feature
of the tuberculosis pathogen M. avium is the arrange-
ment of mycobacterial cells in the form of clusters
(fig. 5b).

Fig. 1. Tuberculosis lesions in cattle.
a — bronchial lymph node, b — mediastinal lymph node

Fig. 2. Tuberculosis lesions of lung tissue in cattle

Fig. 3. Allergic reactions to tuberculin and AAM in the form
of swelling and erythema at the depilation site in a guinea pig
infected with a culture of the tuberculosis pathogen M. bovis
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Fig. 4. Lesions characteristic of tuberculosis in guinea pigs.
a — liver, b — spleen, ¢ — inguinal lymph node

Discussion

It should be noted that the systems of measures
for the control and prevention of tuberculosis infection
in animals may vary considerably from one country
to another. This depends on the specifics of the epi-
zootic situation, the type of livestock production, the
economic situation, etc. [6, 8]. For example, in some
countries in Western or Northern Europe (Germany,
France, Denmark), TB infection is mainly controlled in
meat processing plants during the inspection of car-
casses and internal organs [12, 20]. This approach
is possible due to the high level of livestock develop-
ment and a stable epidemic and epizootic situation.
In other countries, such as Poland, diagnostic allergic
testing of cattle for tuberculosis using PPD mamma-
lian tuberculin is carried out every three years. As for
Ukraine, given the objective situation, diagnostic TB

Fig. 5. Cultures of mycobacteria. a — growth on Pavlovsky’s
glycerol medium, b — culture of M. avium (Ziehl-Nlsen staining)

control measures in livestock are based on system-
atic allergic tests carried out twice a year (for cattle) in
safe farms with a defined epizootic situation. Due to
this density of research, the impact of non-specific re-
actions to tuberculin in animals is of great importance
for the entire system of comprehensive diagnosis of
tuberculosis infection [45]. Thus, in early November
2024, according to the State Institute of Laboratory
Diagnostics and Veterinary Expertise, 264 cattle with
non-specific allergy to intradermal injection of mam-
malian tuberculin were found in Ukrainian farms, of
which 177 animals had to be slaughtered for diagnos-
tic purposes. However, none of these animals showed
characteristic signs of infectious tuberculosis during
pathological examination. These data highlight the
need for improved diagnostic approaches, including
the introduction of additional methods to exclude non-
specific reactions.
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Summarizing the available data, we believe that, first
of all, attention should be focused on the identification of
certain markers that determine the epizootic situation of
tuberculosis in cattle herds. The main ones are pathologi-
cal signs, the nature of allergy to specific diagnostics, epi-
zootological data, individual biochemical tests for selected
isolates, and bioassay results. In addition, it is important
to take into account clinical signs, as well as data from
additional research methods (PCR, ELISA test, gamma
interferon test, complement fixation test, latex agglutina-
tion test, intravenous tuberculin test, etc.). However, in
any case, the diagnostic stage of TB control should end
with culture isolation and species identification [33, 38].

The research found that since the beginning of 2024,
47 farms have conducted comprehensive tuberculosis
tests to assess the situation regarding this disease.
The use of various research methods has allowed us
to preserve 97 healthy productive animals (cows) in the
cattle herds. These results highlight the importance of
a systematic approach to tuberculosis control, which
includes both traditional and modern diagnostic meth-
ods, such as molecular genetic tests. Therefore, de-
veloping a specific set of actions based on identified
markers (signs) of the infectious and epizootic tuber-
culosis process is crucial for effectively managing the
situation with animal tuberculosis.

It is important to recognize that, under modern condi-
tions and in light of recent ecological and climatic chang-
es around the world, a significant aspect of diagnosing
mycobacterial infections involves considering the eco-
geographical component. Specifically, this includes the
presence of ecological foci where certain mycobacterial
species persist [9, 36]. This is particularly relevant for non-
pathogenic or conditionally pathogenic species, often
referred to as atypical mycobacteria [40]. Mycobacteria
exhibit high ecological plasticity, allowing them to adapt
to changing environmental conditions, which is why they
can be considered ubiquitous. For instance, certain spe-
cies, such as Mycobacterium smegmatis, can be found
in the soil and play an active role in the biodegradation
of organic matter. Others, like Mycobacterium avium, in-
habit both natural and artificial water systems, particularly
in wastewater treatment plants, where they may become
pathogenic to susceptible organisms. Regarding eco-
geographical features, most atypical (saprophytic) myco-
bacterial species in Ukraine thrive in wetlands, peat bogs,
and areas with high humidity. When mycobacteria enter
the macroorganism of animals or poultry, only short-term
sensitization occurs. This state of hypersensitivity (allergy)
to the effects of antigenically related substances does
not lead to the development of an infectious pathological
process. Synanthropic or wild birds (sparrows, pigeons,
crows, ducks, swallows, etc.) are also often mechanical
spreaders of mycobacteria. Mycobacteria can form com-
plex relationships with other microorganisms, such as in
soil systems where they can coexist with fungi or proto-
zoa, contributing to the breakdown of organic matter and
mineralization. In aquatic ecosystems, mycobacteria can

colonize the surfaces of biofilms. Under certain environ-
mental conditions, mycobacteria can retain their proper-
ties for many years [5, 22]. They are also highly resis-
tant to antimicrobial agents, which increases the risks of
cross-species transmission and food contamination [24,
28]. This, in turn, increases their importance in veterinary
medicine and food safety.

It has been established that cattle breeding enter-
prises located near water bodies, where, for example,
cattle are regularly grazed in wetlands or green fodder is
delivered from such areas, often have cases of persis-
tent manifestations of nonspecific para allergic reactions
in animals to mammalian tuberculin, usually caused by
the persistence of atypical mycobacterial species that
are not pathogenic to cattle. The accidental ingestion of
atypical mycobacteria into the body of animals, mainly
through the diet, is a key factor in this phenomenon.
It is quite difficult to get rid of this phenomenon due to the
constant ingestion of mycobacteria into the body of ani-
mals, mainly by the alimentary route. The negative con-
sequences of nonspecific reactions are associated with
the economic costs of farms to determine the causes of
these reactions to exclude the manifestation of tuber-
culosis infection in herds [2, 34].

The diagnosis of tuberculosis infection in animals,
particularly in cattle, is a complex process [14, 41] that
involves specific characteristic signs. Recognizing these
patterns enables veterinary specialists to establish pro-
tocols for addressing complications that can arise when
assessing the epizootic situation of tuberculosis, espe-
cially during preventive tuberculin testing. Implementing
regional strategies to combat mycobacterial infections,
while considering eco-geographical factors and enhanc-
ing veterinary services, can significantly reduce economic
losses and improve overall animal health. This, in turn,
supports the country’s food security. Overall, effectively
combating tuberculosis infection requires not only the use
of modern diagnostic and treatment methods but also
the consideration of environmental, biological, and social
factors. An interdisciplinary approach that integrates the
efforts of scientists, practitioners, and government regu-
latory authorities is essential for successfully containing
the spread of tuberculosis among animals.

Considering many years of experience in implement-
ing preventive and health-improving measures against
tuberculosis, as well as studying the characteristics of tu-
berculosis pathogens and atypical mycobacterial species,
it is important to note that ensuring complete well-being
regarding tuberculosis infection in animals can only be
achieved through comprehensive diagnostic measures
and research. Innovative scientific approaches aimed at
combating this infection are essential, particularly due to
its insidious and slow progression. The complexity of this
approach lies in the application of integrated diagnostic
methods, which include clinical, epizootic, allergic, patho-
logical, and bacteriological techniques. Additionally, it is
crucial to consider the eco-geographical factors influ-
encing the spread of mycobacteria.
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To ensure the well-being of farms regarding tubercu-
losis, it is essential to carefully implement the preventive
and diagnostic measures outlined in current regulatory
documents. Additionally, establishing a system for con-
tinuous monitoring of environmental sources that could
harbor atypical mycobacteria is crucial for the timely
identification of potential risks of animal infections.

When diagnosing tuberculosis in cattle, it is important
to consider the biological characteristics of all types of tu-
berculosis and paratuberculosis pathogens in animals, as
well as the persistence of atypical mycobacteria such as
M. fortuitum, M. intracellularae, M. scrofulaceum, M. gor-
donae, M. phlei, and others. Special attention should be
given to assessing the sensitivity of these species to stan-
dard diagnostic methods used in veterinary medicine.
For example, certain species of atypical mycobacteria can
provoke nonspecific allergic reactions, which complicates
the differentiation from actual tuberculosis infections.

References

1. Ahmad |, Raji YE, Hassan L, Samaila A, Aliyu B, Zinsstag J,
Fasina FO. Systematic review and meta-analysis of tubercu-
losis in animals in Nigeria. Heliyon. 2023; 9 (6) :e17215. DOI:
10.1016/j.heliyon.2023.e17215.

2. Azami HY, Zinsstag J. Economics of bovine tuberculosis:
An One Health issue. In: Chambers M, Gordon S, Olea-Popel-
ka F, Barrow P (eds). Bovine tuberculosis. CAB International,
2018: 31-42. DOI: 10.1079/9781786391520.0031.

3. Bogach MV, Paliy AP, Perots’ka LV, Pyvovarova |V, Stoyanova VY,
Palii AP. The influence of hydro-meteorological conditions on the
spread of chicken cestodiasis. Reg Mech Biosys. 2020; 11 (3):
414-418. DOI: 10.15421/022063.

4. Borham M, Oreiby A, EI-Gedawy A, Hegazy Y, Khalifa HO,
Al-Gaabary M, Matsumoto T. Review on bovine tuberculo-
sis: An emerging disease associated with multidrug-resistant
Mycobacterium species. Pathogens. 2022; 11 (7): 715. DOI:
10.3390/pathogens11070715.

5. Chechet ON, Kovalenko VL, Garkavenko TO, Gorbatyuk Ol,
Kozytska TH. Efficiency of “Biolide” disinfectant working solu-
tions for action on gram-negative and gram-positive bacteria. Biol
Tvarin. 2021; 23 (4): 66—72. DOI: 10.15407/animbiol23.04.066.
(in Ukrainian)

6. DeanAS, Torres G, Rozov O, Kasaeva T. Zoonotic tuberculosis
in the 21t century. Lancet Infect Dis. 2024; 24 (6): e344. DOI:
10.1016/S1473-3099(24)00180-4.

7. Delghandi MR, Waldner K, EI-Matbouli M, Menanteau-Ledouble S.
Identification Mycobacterium spp. in the natural water of two
Austrian rivers. Microorganisms. 2020; 8 (9): 1305. DOI: 10.3390/
microorganisms8091305.

8. Ehlers LP, Bianchi MV, Argenta FF, Lopes BC, Taunde PA, Wag-
ner PGC, Driemeier D, Pavarini SP, Mayer FQ, Siqueira FM,
Sonne L. Mycobacterium tuberculosis var. tuberculosis infection in
two captive black capuchins (Sapajus nigritus) in Southern Brazil.
Braz J Microbiol. 2020; 51 (4): 2169-2173. DOI: 10.1007/s42770-
020-00339-5.

9. Falkinham JO. Ecology of nontuberculous mycobacteria — where
do human infections come from? Semin Respir Crit Care Med.
2013; 34 (1): 95-102. DOI: 10.1055/s-0033-1333568.

10. Feshchenko YI, Zhurylo OA, Babarova Al. Laboratory Diagnosis
of Tuberculosis Infection. A study guide. Kyiv, Medicine, 2019:
304 p. ISBN 978-617-505-761-2. (in Ukrainian)

11. Ghebremariam MK, Rutten VP, Vernooij JC, Ugbazghi K, Tes-
faalem T, Butsuamlak T, Idris AM, Nielen M, Michel AL. Prevalence
and risk factors of bovine tuberculosis in dairy cattle in Eritrea.
BMC Vet Res. 2016; 12: 80. DOI: 10.1186/s12917-016-0705-9.

12. Giusti A, Carbonetta L, Fratini F, Spatola G, Panerai F, Pardi-
ni S, Cianti L, Armani A. An overview of a re-emerging disease
in Italy: Bovine tuberculosis outbreaks in cattle from MTBC-
free territories. Pathogens. 2024; 13 (11): 962. DOI: 10.3390/
pathogens13110962.

13. Gormley E, Corner LAL. Wild animal tuberculosis: Stakeholder
value systems and management of disease. Front Vet Sci. 2018;
5:327. DOI: 10.3389/fvets.2018.00327.

14. Islam SS, Pateras K, Kabir SML, Kostoulas P, Ward MP, Rahman
AKMA. A systematic review and meta-analysis of bovine tubercu-
losis occurrence and burden in Bangladesh, 1970-2023. Epide-
miol Infect. 2024; 152: e126. DOI: 10.1017/S0950268824001328.

15. Kock R, Michel AL, Yeboah-Manu D, Azhar El, Torrelles JB, Cad-
mus SI, Brunton L, Chakaya JM, Marais B, Mboera L, Rahim Z,
Haider N, Zumla A. Zoonotic tuberculosis — the changing land-
scape. Int J Infect Dis. 2021; 113 (S1): S68-72. DOI: 10.1016/
j-ijid.2021.02.091.

16. Korniienko LY, Pyskun AV, Ukhovskyi VVV, Karpulenko MS, Moroz OA,
Pyskun OO, Tsarenko TM, Aliekseieva GB. Retrospective analy-
sis of the control and prevention of tuberculosis among cattle in
Ukraine in the period 1994—-2020. Reg Mech Biosys. 2021; 12 (2):
301-306. DOI: 10.15421/022140.

17. Kurtjak BM, Shevchuk VM, Suchomlin KB, Vishchur Ol, Solovei LM,
Romanovich MS, Rudenko OP. Peculiarities of epizootological
surveillance and control of mycobacteriosis in productive animals
in the conditions of dairy farms of Ukraine. Biol Tvarin. 2024;
26 (1): 17-23. DOI: 10.15407/animbiol26.01.017. (in Ukrainian)

18. Macedo Couto R, Ranzani OT, Waldman EA. Zoonotic tuberculosis
in humans: Control, surveillance, and the One Health approach. Ep-
idemiol Rev. 2019; 41 (1): 130—144. DOI: 10.1093/epirev/imxz002.

19. Maharjan B, Gopali RS, Zhang Y. A scoping review on climate change
and tuberculosis. Int J Biometeorol. 2021; 65 (10): 1579-1595.
DOI: 10.1007/s00484-021-02117-w.

20. Male Here RR, Ryan E, Breslin P, Frankena K, Byrne AW. Revisit-
ing the relative effectiveness of slaughterhouses in Ireland to de-
tect tuberculosis lesions in cattle (2014—2018). PLoS One. 2022;
17 (10): e0275259. DOI: 10.1371/journal.pone.0275259.

21. McArthur DB. Emerging infectious diseases. Nurs Clin North Am.
2019; 54 (2): 297-311. DOI: 10.1016/j.cnur.2019.02.006.

22. Montero E, Rojo-Solis C, de Castro N, Fernandez M, Pérez V,
Corpa JM, Ortega J. Clinical and pathological findings associ-
ated with mycobacteriosis in captive syngnathids. Animals. 2022;
12 (23): 3259. DOI: 10.3390/ani12233259.

23. Moyo M, Lebina L, Milovanovic M, MacPherson P, Michel A,
Martinson N. Tuberculosis patients at the human-animal interface:
Potential zooanthroponotic and zoonotic transmission. One Health.
2021; 13: 100319. DOI: 10.1016/j.onehlt.2021.100319.

24. Mushtaqg F, Raza SM, Ahmad A, Aslam H, Adeel A, Saleem S,
Ahmad |. Antimicrobial drug resistant features of Mycobacterium
tuberculosis associated with treatment failure. PLoS One. 2023;
18 (10): e0293194. DOI: 10.1371/journal.pone.0293194.

25. Nagy O, Téthova C, Mudron P. Selected acute phase proteins
in dairy cows with chronic diarrhea caused by Mycobacterium
avium subsp. Paratuberculosis. Biol Tvarin. 2019; 21 (2): 50-53.
DOI: 10.15407/animbiol21.02.050.

26. Nuraini DM, Pradista LA, Andityas M, Pangestiningsih TW, Widyas N.
A meta-analysis of bovine tuberculosis in Indonesia: A concerning
zoonotic disease. J Adv Vet Res. 2024; 14 (7): 1264-1268. Avail-
able at: https://advetresearch.com/index.php/AVR/article/view/2035

27. Olea-Popelka FJ, Muwonge A, Perera A, Dean AS, Mumford E,
Erlacher-Vindel E, Forcella S, Silk BJ, Ditiu L, El Idrissi A, Ravi-
glione M, Cosivi O, LoBue P, Fujiwara PI. Zoonotic tuberculosis in
human beings caused by Mycobacterium bovis — a call for action.



Zavhorodnii A. 1., Bilushko V. V., Paliy A. P. et al.

Markers of tuberculosis process in cattle caused by pathogens of different species

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lancet Infect Dis. 2017; 17 (1): e21—e25. DOI: 10.1016/S1473-
3099(16)30139-6.

Paliy AP. Differential sensitivity of mycobacterium to chlorine dis-
infectants. Mikrobiol Z. 2018; 80 (2): 104—-116. DOI: 10.15407/
microbiolj80.02.104. (in Ukrainian)

Paliy AP, Zavgorodniy Al, Bilushko VV, Kaplinsky VV, Tsap MM,
Romanovych MM, Sukhomlin KB. Ecology of mycobacteriums
under conditions of abiotic and biotic factors. Biol Tvarin. 2024;
26 (4): 64—68. DOI: 10.15407/animbiol26.04.064. (in Ukrainian)

Paliy A, Zavgorodnii A, Rodionova K, Borovkov S, Pavlichenko O,
Dubin R, Ihnatieva T. Resistance of different types of nontuber-
culos mycobacteria to aldehyde disinfectants. Vet Arhiv. 2024;
94 (6): 499-512. DOI: 10.24099/vet.arhiv.2515.

Pavlik I, Ulmann V, Falkinham JO. Nontuberculous mycobacteria:
Ecology and impact on animal and human health. Microorganisms.
2022; 10 (8): 1516. DOI: 10.3390/microorganisms10081516.

Petrovska I, Salyha 'Y, Vudmaska |. Statistical Methods in Biological
Research. Educational and methodological manual. Agrarian sci-
ence, 2022: 172 p. ISBN 978-966-540-551-1. (in Ukrainian)

Ramos DF, Silva PEA, Dellagostin OA. Diagnosis of bovine tu-
berculosis: Review of main techniques. Braz J Biol. 2015; 75 (4):
830-837. DOI: 10.1590/1519-6984.23613.

Ryu YJ, Koh WJ, Daley CL. Diagnosis and treatment of nontuber-
culous mycobacterial lung disease: Clinicians’ perspectives. Tuberc
Respir Dis. 2016; 79 (2): 74-84. DOI: 10.4046/trd.2016.79.2.74.

Sgaragli G, Frosini M. Human tuberculosis |. Epidemiology, diagno-
sis and pathogenetic mechanisms. Curr Med Chem. 2016; 23 (25):
2836-2873. DOI: 10.2174/0929867323666160607222854.

Sharma M, Karikalan M, Asok Kumar M, Sree Lakshmi P, Shar-
ma K, llayaraja S, Mathur A, Pawde AM. A study on clinical di-
agnosis of tuberculosis in free ranging and captive wild animals
of India. Iran J Vet Res. 2022; 23 (4): 369-374. DOI: 10.22099/
IJVR.2022.44272.6512.

Sichewo PR, Vander Kelen C, Thys S, Michel AL. Risk practices
for bovine tuberculosis transmission to cattle and livestock farm-
ing communities living at wildlife-livestock-human interface in
northern KwaZulu Natal, South Africa. PLoS Negl Trop Dis. 2020;
14 (3): e0007618. DOI: 10.1371/journal.pntd.0007618.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Thomas J, Balseiro A, Gortazar C, Risalde MA. Diagnosis of tu-
berculosis in wildlife: A systematic review. Vet Res. 2021; 52: 31.
DOI: 10.1186/s13567-020-00881-y.

Tora E, Getachew M, Seyoum W, Abayneh E. Public awareness,
prevalence and potential determinants of bovine tuberculosis
in selected districts of Gamo zone, Southern Ethiopia. Vet Med
Res Rep. 2022; 13: 163-172. DOI: 10.2147/VMRR.S370733.

Varela-Castro L, Barral M, Arnal MC, Fernandez de Luco D,
Gortazar C, Garrido JM, Sevilla IA. Beyond tuberculosis: Diver-
sity and implications of non-tuberculous mycobacteria at the
wildlife-livestock interface. Transbound Emerg Dis. 2022; 69 (5):
€2978-2993. DOI: 10.1111/tbed.14649.

Vordermeier HM, Ameni G, Berg S, Bishop R, Robertson BD,
Aseffa A, R. Hewinson G, Young DB. The influence of cattle breed
on susceptibility to bovine tuberculosis in Ethiopia. Comp Immu-
nol Microbiol Infect Dis. 2012; 35 (3): 227-232. DOI: 10.1016/
j.cimid.2012.01.003.

WHO (World Health Organization). Global tuberculosis report
2022. 2024. Available at: https://apps.who.int/iris/handle/10665/
363752 (last access July 2, 2024)

WOAH (World Organisation for Animal Health). Bovine tubercu-
losis. 2024. Available at: https://www.woah.org/en/what-we-do/
animal-health-and-welfare/animal-dise (last access July 2, 2024)

. Yanti B, Soetjipto, Mertaniasih NM, Amin M. Perbedaan karakteristik

demografi dan klinis infeksi Mycobacterium tuberculosis dan Myco-
bacterium bovis dari bronchoalveolar lavage subjek tuberkulosis paru.
J Respir Indo. 2019; 39 (4) :238-244. DOI: 10.36497/jri.v39i4.76.

Zavgorodnii Al, Pozmogova SA, Kalashnyk MV, Paliy AP, Plyuta LV,
Palii AP. Etiological factors in triggering non-specific allergic re-
actions to tuberculin in cattle. Reg Mech Biosys. 2021; 12 (2):
228-233. DOI: 10.15421/022131.

Zavhorodnii A, Bilushko V, Paliy A, Kalashnyk M, Kalashnyk N,
Paliy A. Freeze-drying improved the stability of tuberculin purified
protein derivative (PPD) in mammals. Probl Cryobiol Cryomed.
2022; 32 (1): 63-67. DOI: 10.15407/cryo32.01.063.

Zhurylo OA, Barbova Al, Sladkova LM. Mycobacterium avium is the
causative agent of human mycobacteriosis. Ukr Pulmonol J. 2020; 1:
50-58. DOI: 10.31215/2306-4927-2020-107-1-50-58. (in Ukrainian)

Mapkepu Ty6epKyibO3HOro npouecy y BernuvKoi poraTtoi Xxyao0ou, 3yMoBreHoro 36yaHMkamMm pisHUX BUAIB
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"HauioHanbHu HayKOBWIA LEHTP «IHCTUTYT eKCnepuMeHTanbHOI i KNiHIYHOI BETEPUHAPHOT MEANLNHNY
Byn. Mpuropis CkoBopoau, 83, m. Xapkis, 61023, YkpaiHa

2luctuTyT Bionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JlbBiB, 79034, YkpaiHa
3[epxaBHuit GioTexHonoriYHu yHiBepeuteT, Byrn. AnyeBcbkux, 44, M. Xapkis, 61002, YkpaiHa
“HauioHanbHuiA yHiBepcuTeT BiopecypciB i NpupoaokopucTyBaHHst Ykpainu, Byn. lepoie O6opoHu, 15, m. Kuis, 03041, YkpaiHa

S1bBIBCbKMI HaLOHaNbHUIA YHIBEPCUTET BETEPMHAPHOI MeanUmMHN Ta BioTexHonorin imeHi C. 3. IK1LBKOTO,
Byn. MNekapceka, 50, m. J1bBiB, 79010, YkpaiHa

[iarHocTuka Ty6epkynbo3y y TBapuH — Lie CKNafHWii KOMMIIEKCHUIA MPOLIEC, Bif SIKOrO 3anexutb epeKTUBHICTb NodanbLUnX 3axoais
6opoTebu. Ha cborogHi B YkpaiHi TybepKynbo3 cepef, TBapvH He PeeCcTpyeTbCs, nNpoTe LWopiYHO 40—60 TBApMHHULILKMX rocnogapcTs
noTpebytoTh 3'sICyBaHHS eni300TUYHOI CUTYaLil LLOAO LIbOro 3aXBOPIOBaHHS 3 OrNsiAy Ha NposiB HecrneumdidyHUX anepriyHux peakuii Ha
TyGepKyniH y KOpiB Mif Yac NPoBeAEHHs NMaHOBUX AiarHOCTUYHMX AOCTiMKeHb. [ns focnimKeHb BUKOPUCTOBYBany KOMMIEKC AjarHOCTWY-
HMX METOLIB: eni300TOsOriYHi, KNiHiYHI, anepriyHi, natonoroaHaToMi4Hi, 6akTepionoriyHi, CTaTMCTMYHI. POBOTY NpOBOAMNN Yy CKOTAPChKUX
rocnopapcTeax Kiposorpaackkoi, Yepkacbkkoi, Cymcbkoi, KuiBcbkoi, YepHiriscbkoi obnactein Ykpainu y nepiog 3 2000 no 2024 poku, Lo
[03BOSINIIO OXONUTY Pi3Hi eKOMOriyHi Ta enizooTonorivyHi ymoBw. MNpeactasneHo matepiany baratopivyHux gocnigxeHb (2000—2024 pp.)
y rocrniofgapcTBax Ykpainu. 3ibpaHo Benukuin 06car CTaTUCTUYHMX AaHUX (MeTa-aHanmi3), Lo Aano 3MOry BU3HaYMTV OCHOBHI KpuUTepil
(Mapkepw) BCTaHOBMEHHS iarHO3y Y LibOro BuAy TBapWH, a Takox AudpepeHLiHOT AiarHoCTMKK 3axBoptoBaHHS. KpiM Toro, pobota MicTuTb
opwuriHasbHi (OTO3HIMKU, SIKi AEMOHCTPYHOTb MNATOMOriYHI MaKpPOCKOMiYHI 3MiHW, XapakTepHi Ans nepebiry iHdekuinHoro Ty6epKynbo3HOro
npouecy y TBapyH, a TaKoX KynbTyparnbHO-MOpPdOnoriyHi 0cobnmnBoCTi i30nboBaHMX 3 6ionoriyHoro martepiany Kynstyp MikobakTepiin.
Ha niacrasi pesynsratiB gocnimpkeHb BU3HaUYEHO OCHOBHI MOKa3HWKY (MapKkepu), siki xapakTepuayroTb nepebir enizooTUYHOro Ta iHbeKUinHoro
Ty6epKynbO3HOro NPOLEeCy Y CTagax BENUKOI poraToi XyAobw i 3a SKUMU 34iNCHIOETLCS AiarHOCTUKA LibOro 3aXBOPHOBaHHS!.
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