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Abstract. Animal mycobacterioses, unlike those in humans, are not in the focus of veterinary
science and practice for various reasons. This fact, as well as some others, including the growing
incidence of human mycobacteriosis caused by non-tuberculous mycobacteria involved in the
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sensitisation of productive animals, is an objective, albeit indirect, indication of the existing problem
of mycobacteriosis in veterinary medicine. This study employed the comparative geographical and
epizootological methods of analysis. The findings obtained from the publications of scientists
from around the world helped to summarise and objectively assess the severity of the epizootic
situation regarding mycobacteriosis in animals in the world and in Ukraine, to identify a range of
features of the infectious and epizootic processes, and to establish the dominant aetiopathogenetic
criteria for this infection in animal populations. Animal mycobacteriosis is the subject of detailed
scientific research in most countries of the world, as this disease is widespread among productive
and unproductive (domestic and wild) animals, as well as the fish fauna of sea and river waters.
It was found that the most common causative agents of mycobacteriosis are nontuberculous
mycobacteria such as Mycobacterium avium complex, M. abscessus complex, M. kansasii, and
M. fortuitum, and some others. In Ukraine, animal mycobacteriosis is not given due attention,
even though parallergic reactions to tuberculin in cattle lead to complications in the diagnosis
of tuberculosis infection. They cause considerable losses in dairy farming due to the culling and
slaughter of highly productive cows. Identification of aetiopathogenetic patterns of paraallergic
reactions to tuberculin in productive animals is a key to effective control and management of the
epizootic process of animal mycobacteriosis and reduction of biohazards of human infection with
non-tuberculous mycobacteria through food of animal origin

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

Introduction

Animal mycobacterioses, among other well-
known problems of modern veterinary med-
icine, have become an objective issue in
many countries. According to O.A. Zhurylo et
al. (2020) and the World Health Organisation
(2022), mycobacterioses of cattle — animals
that are the main producers of milk and dairy
products — are of the greatest epizootological
and biomedical significance. The findings from
L. Varela-Castro et al. (2022) also support this.
The detection of nonspecific (paraallergic) re-
actions to tuberculin, primarily in cows from
dairy farms that are free of tuberculosis, is a
common phenomenon in many countries, in-
cluding Ukraine. However, such para-allergic
reactions to tuberculin in cattle are not usually
recorded by specialists of state veterinary insti-
tutions, as they are deeply rooted in the opinion
that non-tuberculous mycobacteria (NTMB) do

not cause an infectious process in animals, but
only cause sensitisation of the animal body.
Based on this postulate, developed back in
the 1950s, a misconception is being built that
animal sensitisation is not the result of a la-
tent infectious process caused by NTMB, but a
permanent, harmless phenomenon that is not
related to the infectious process. Thus, if there
is no infectious process, then there can be no
question of an epizootic process. Mycobacter-
iosis is an infectious disease caused by NTMB,
which has its own aetiopathogenesis, inherent
pathological and specific histomorphological
changes, and is characterised by a predomi-
nantly asymptomatic, permanent form with
sensitisation and chronic course. And as indi-
cated by P.K. Boyko et al. (2021), the presence of
an infectious process in one third of the dairy
cows in the herd of a dairy farm is indisputable
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evidence of the functioning of the epizootic
process of mycobacteriosis in the herd.

The epidemiological monitoring of dis-
eases caused by ATMB can become the basis
for creating an information base for in-depth
investigation of the epidemiology of mycobac-
terioses and the ecology of the causative agents
of these infections to develop further concepts
for the control and management of infectious
and epizootic processes of mycobacterioses in
animals. This, as pointed out by V.O. Busol et
al. (2014), will allow to consider milk and dairy
products not only as dietary foods, but also as
a potential factor of NTMB transmission from
AMB-infected cows to the public. Monitoring
for the presence of NTMBs in raw milk may
eventually become a mandatory requirement of
the DSTU as one of the criteria for preventing
biohazards to human health from milk and dairy
products. Therefore, the purpose of this review
was to analyse the literature on the specific
features of the epizootic process and the dom-
inant aetiopathogenetic criteria of mycobacte-
riosis in animal populations at the global level.

To fulfil this purpose, the comparative geo-
graphical and statistical methods, as well as the
method of epizootological analysis, were used.
Furthermore, in processing the scientific litera-
ture data, generally accepted research methods
and techniques were employed, namely, scien-
tific search, systematic approach, observation,
generalisation, and description of published
experimental data of other researchers, etc.
The authors summarised and provided their
own assessment of the main conclusions of the
researchers of each of the scientific sources.

Environmental mycobacteria -
potential causative agents of
mycobacteriosis in animals
Mycobacteriosis is an infectious disease of
humans and animals caused by representa-
tives of a large group of NTMBs. V.N. Dahl et
al. (2023) found an increasing role of NTMB in
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the incidence of pneumonia in Denmark, while
I. Pavlik et al. (2021) established the clinical
manifestation of mycobacteriosis in fish, ani-
mals, and humans caused by M. fortuitum.

According to F. Jamal & M. Hammer (2022),
in the early years, according to the introduced
classification system for non-tuberculous
mycobacteria, they were also called atypical
mycobacteria (AMB). Presently, according to
J.O. Falkinham (2013), they have been given
another name - environmental mycobacteria.
K.H. Schroder et al. (1992) report that ATMBs
were identified shortly after they were found to
cause human lung disease in the 1950s. Accord-
ing to Z. Cvetni¢ et al. (2018), in 1954, A. Tim-
ple and E. Runyon proposed a classification of
NTMBs, which is now called the Runyon classi-
fication. According to this classification, myco-
bacteria are divided into 4 main groups based on
growth rate, colony morphology, and pigmen-
tation ability. According to O.S. Shevchenko et
al. (2019), the group of NTMBs most commonly
encountered in the clinical practice of humane
medicine doctors includes M. avium-intracellu-
lare complex (MAC-complex), M. kansasii, M. for-
tuitum, M. abscessus, M. chelonae and a range of
others. They are often released from water, soil,
and other environmental objects.

On the other hand, the unique structure
of the mycobacterial cell wall, which contains
many fatty and waxy compounds, substantially
increases both the adaptive properties of myco-
bacteria to changing environmental conditions
and their resistance to phagocytosis. This, ac-
cording to D.T. Armstrong et al. (2022), provides
mycobacteria with the ability to survive in the
environment foralongtime andisthusoneofthe
determining factors in the considerable spread
of mycobacteria among farm and wild animals.

Given the widespread distribution of ATMB
in biotic and abiotic environmental objects,
confirmation of their aetiopathogenic role in
a particular case, detection of signs of sensi-
tisation of the organism by them, and even
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isolation and identification of the mycobacte-
ria themselves requires the establishment of
an infectious process in animals. Therefore,
the available criteria for this may include the
results of bacteriological and biological studies,
which can be used to establish the presence of
pathogenicity factors in the identified myco-
bacteria, or to detect pathological or pathomo-
rphological changes in the organs and tissues
of animals suspected of having the disease.

According to T.K. Marras et al. (2017), the
American Association of Thoracic Surgeons has
developed microbiological, clinical, and molec-
ular genetic criteria to establish the aetiologi-
cal role of NTMB in HIV-positive and HIV-neg-
ative patients. Unfortunately, such criteria have
not yet been developed in veterinary medicine.

The results of the monitoring of scientific
literature on the persistence of AMB in animal
organisms suggest that a wide range of differ-
ent animal species inhabiting the territories of
countries on all continents are infected with
them. The list of animals from which NTMBs
have been isolated that have caused myco-
bacterioses includes productive agricultural,
domestic, and wild animals, poultry, fish, am-
phibians, reptiles, and insects. The present re-
view focused on those animal species and those
types of NTMBs that can or do pose a biohazard
to public health, both as evident and potential-
ly pathogenic microorganisms.

Thus, according to K. Roltgen & G. Plus-
chke (2022), M. ulcerans infection, or Buruli
ulcer, is a mycobacterial disease of humans in
West and Central Africa, as well as Austral-
ia and Oceania, and is closely associated with
tropical wetlands where M. ulcerans is found in
water, marshes, fish, and insects. Experimental
infections with M. ulcerans have been repro-
duced in lizards, amphibians, chicken embryos,
opossums, armadillos, rats, mice, and cattle.
Natural infection in animals has been observed
only in Australia, specifically in captive koalas,

ring-necked possums, and alpacas. The lesions
were clinically analogous to those observed in
humans.From this review, it can be concluded
that the parasitism of M. ulcerans on amphib-
ians and warm-blooded animals, as well as
humans, is optional, while the ecology of the
pathogen itself indicates a saprophytic mode
of life as the main one. That is, in the evolu-
tion of this AMB species, a gradual transition
from saprophyticism to pronounced parasitism
is observed, which suggests considering it a po-
tential pathogen of a dangerous infectious dis-
ease of animals and humans.

Analysing the epidemiological features of
mycobacterioses, O.A. Zhurylo et al. (2020) re-
port that up to 80% of human mycobacterioses
are caused by M. avium complex. They believe
that the main reservoir of M. avium is open wa-
ter. M. avium is transmitted from water to hu-
mans by aerosolisation as a result of the natural
formation of aerosols above the water surface.
Sick poultry are often the source of M. avium.
Therefore, it can be argued that the infection
caused by M. avium complex is sapronotic or zo-
onotic. This report raises the question: if open
water is a reservoir of M. avium, then what is
the source of this mycobacterium species from
which it enters open water? Could water bod-
ies be a habitat for mycobacteria? Scientific re-
search on the ecology of M. avium may provide
answers to these questions.

Infectious and epizootic processes
in mycobacteriosis in Ukraine
Mycobacteriosis as a nosological unit of infec-
tious pathology in veterinary medicine does not
yet have the recognition and even definition
that infections caused by mycobacteria of the
tuberculosis complex (M. tuberculosis, M. bovis,
M. africanum) have. The World Organisation
for Animal Health (OIE) does not include ani-
mal mycobacterioses in epizootic monitoring.
Therefore, it is impossible to give an objective
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assessment of the spatial and temporal dynam-
ics of the intensity of the epizootic process of
mycobacteriosis in the world and in Ukraine
specifically. Therefore, to fulfil this purpose,
the materials of scientific publications related
to this issue were used. The findings of these
studies were obtained using different meth-
ods and did not always have the same purpose,
which also bears the imprint of non-uniformity
of the data being compared.

To assess the severity of the epizootic sit-
uation with mycobacteriosis in Ukraine objec-
tively, it was necessary to first investigate the
spatial and temporal features of the manifes-
tation of mycobacteriosis in animals. The peri-
od of scientific observation included the years
from 2000 to 2023. There are a range of reasons
for the complexity of the task of assessing the
epizootic situation in Ukraine. The objective
reasons include a considerable reduction in
the number of productive animals, the com-
plete elimination of certain livestock industries
(horse breeding, sheep breeding, rabbit breed-
ing), and a considerable reduction in the period
of keeping cows on dairy farms due to changes
in milk production technology. The subjective
reasons include the unsatisfactory level of diag-
nosis by veterinary practitioners and the lack of
interest of specialists from state veterinary in-
stitutions in diagnosing new infectious pathol-
ogies, which adversely affected the reflection
of the real state of the epizootic situation with
mycobacteriosis, and hence the reduction in
demand for the development of modern diag-
nostic methods and means of preventing infec-
tions caused by atypical mycobacteria (AMB).

B.M. Yarchuk et al. (2002) note that, as with
any factor infection, the epizootic process of
mycobacteriosis in animals is characterised by
the interaction of three links — the source of
the infectious agent, the mechanism of trans-
mission of the pathogen, and the susceptible
organism. This interaction takes place against
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the backdrop of various environmental factors.
Therewith, the latter in most cases play a deci-
sive role in the manifestation of the infectious
process of all factor infections, including myco-
bacteriosis. There is currently no consensus on
the source of the causative agents of animal my-
cobacteriosis. However, P.K. Boyko et al. (2021)
suggest that animals infected with AMB, in-
cluding those that respond positively to AMA,
are the main source of the infectious agent, be-
cause mycobacteria in their bodies are not just
indifferent microorganisms, but also cause an
active, albeit clinically latent, infectious pro-
cess. Once in the body of animals, AMBs in-
crease their pathogenicity and, when excreted
into the environment in faeces, milk, or other
secretions, infect other animals, which we ob-
served in the cows of the dairy farm we studied.

However, considering that the problem
of mycobacteriosis in animals is at the initial
stage of its development, we believe that the
first link of the epizootic chain, namely the
characteristics of the source of the infection
agent, has been understudied. V.M. Gorzheev et
al. (2004) emphasise that the investigation of
the ecology of different mycobacterial species
in animals and in environmental objects al-
lows determining the degree of activity of the
pathogen in the manifestation of the epizootic
process. Such a theoretical substantiation can
be used for a comprehensive study of the ep-
izootic process in both tuberculosis and other
mycobacterioses.

L. Heifets (2004) believes that little at-
tention is paid to the study of microbiological
characteristics of AMB. This is explained by a
range of reasons. As reported by L.M. Feazel et
al. (2009), mycobacterioses do not have a tuber-
culosis-like clinical course, and therefore are
difficult to detect by clinical diagnostic meth-
ods. They often form a mix of infections with
tuberculosis, which is why diagnosticians over-
look them. However, possessing a wide range




Epizootological and aetiopathogenetic aspects...

of resistance, AMBs can survive in the environ-
ment for a long time and infect susceptible an-
imals for a considerable period of time, causing
sensitisation or infection, which is determined
by the virulence of mycobacteria.

According to E.M. Lipner et al. (2017), the
source of pathogens in animal mycobacterioses
is sick animals and bacterial carriers, as well
as various environmental objects (feed, water,
soil, manure), where mycobacteria can not only
survive but also multiply, increasing their pop-
ulation, but also have certain ways of entering
susceptible organisms, which from the stand-
point of epizootology is the basis for classifying
them as saprophytic. However, considering the
genetically determined pathogenicity factors
(cord factor; specific feature of the cell wall
structure, which provides resistance to phago-
cytosis; ability to form L-forms; availability of
mechanisms to overcome and inactivate ad-
verse environmental factors, which puts them
in second place after spore-forming microor-
ganisms in the bacterial domain), R.A. Mercal-
do et al. (2023) argue that a considerable num-
ber of Mycobacterium species evolve towards
complete pathogens such as M. avium, M. intra-
cellulare, M. kansasii, M. fortuitum, M. abscessus,
M vaccae, etc.

According to V.M. Gorzheev (2005) and
A.l. Zavgorodnyi (2014), in Ukraine, during
routine allergic studies, 200-280 farms annual-
ly detect reactive animals in which no lesions
inherent in tuberculosis are found in organs
and tissues during diagnostic slaughter. Bac-
teriological tests of biomaterial from such
animals do not isolate the tuberculosis path-
ogen. However, non-tuberculous mycobacte-
ria (NTMB) are isolated from the lymph nodes
and submucosal layer of the cranial colon, in-
cluding M. fortuitum, M. scrofulaceum, M. xen-
opi, etc. The studies of such Ukrainian scien-
tists as V.M. Gorzheev (2005), G. Dyachenko et
al. (2006), B. T. Stegniy et al. (2014) proved that

over the past 30 years, the isolation of AMB,
specifically M. smegmatis, M. fortuitum, M. phlei,
M. vaccae, etc. has increased significantly (up
to 86.2% of the total number of all isolated and
identified mycobacteria) from tuberculin-reac-
tive cattle.

The isolation of AMB adversely affects di-
agnosis and health promotion activities, es-
pecially in the case of recurrent tuberculosis.
G. Dyachenko et al. (2006) note that the use of a
comprehensive method of tuberculosis testing
allows differentiating the nature of reactions
to tuberculin in cattle during two cycles of di-
agnostic tests. Farms in which cattle are sen-
sitised by AMB should be considered TB-free,
as atypical mycobacteria in healthy animals do
not cause the development of the TB process.

However, the question of how to deal with
animals that tested positive for the atypical
mycobacterial allergen (AMA) is still open.
According to B.T. Stegniy et al. (2014), these
animals, as well as those that have shown par-
allergic reactions to tuberculin, are considered
free of TB and can stay in the herd without any
restrictions. In this regard, the question stays
as to the mechanism of sensitisation — wheth-
er it is a physiological or pathological reaction
of the immune system in response to perma-
nent or permanent ingestion of AMB into the
body of animals or the result of an infectious
process caused by AMB. The answers to this, as
well as to many other related questions, can be
obtained in a detailed investigation of the ways
of infection of animals with AMB, their interac-
tion at the cellular, tissue, organ, and organis-
mal levels of infected animals.

A.l. Zavhorodniy & O.V. Kotlyar (2014)
found that among cattle in TB-free farms in
Ukraine, reactions to tuberculin (purified pro-
tein derivative) for mammals were caused by
13 species of atypical mycobacteria, including
M. gordone, M. scrofulaceum, M. avium, M. ter-
rae, M. xenopi, M. peregrinum, M. fortuitum,
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M. smegmatis, M. vaccae, M. phlei, M. flavenscens,
M. diernhoferi, M. thamnpheos. The researchers
proved that some isolated species of atypical
mycobacteria caused in guinea pigs an increased
delayed-type sensitivity to mammalian tuber-
culin (PPD) but did not cause pathological and
anatomical changes inherent in tuberculosis.

However, the scientists do not mention the
presence of histomorphological changes in the
experimental animals. According to V.O. Bu-
sol et al. (2014), histological studies and bacte-
riological examination of regional lymph nodes
in infected guinea pigs for the presence of AMB
would provide a broader view of the mecha-
nism of sensitisation, and therefore the nature
of paraallergic reactions in both experimental
animals and animals from which these myco-
bacteria were isolated. The data obtained by the
researchers suggest that a considerable number
of AMBs circulate among the cattle population
in Ukraine, which complicate allergic diagnosis
of tuberculosis in herds of productive animals
and pose a threat of human infection through
food of animal origin.

This review suggests that none of the
Ukrainian scientists has addressed the underly-
ing mechanisms of AMB-induced sensitisation
in animals. It is unclear at what stage of inter-
action between a microorganism and a macro-
organism sensitisation occurs, whether it is a
result of a latent infectious process caused by
AMB, or whether infection with AMB is a purely
mechanical process of their penetration into the
bodywith the subsequent activation of a delayed
hypersensitivity reaction, which is detected by
allergic testing. In the end, the mechanisms of
extinction of this process are still unexplored,
because paraallergic reactions to tuberculin
are permanent, i.e., they can disappear after
a certain period of time and then reappear.

The detection of nonspecific (paraallergic)
reactions to tuberculin, primarily in cows from
dairy farms free of tuberculosis, is a common
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phenomenon in many countries. Thus, accord-
ing to G. Dyachenko et al. (2006), A.1. Zavhorod-
niy et al. (2018), in the United States, 10-15%
of animals with paraallergic reactions to tu-
berculin are detected in routine allergic tests
of cattle for tuberculosis, in France - 15-30%,
in Latvia — 35.8%, in Lithuania — 81.8-98.3%, in
Estonia — 92-95.1%.

These facts are indirect, but objective evi-
dence that AMB circulate in cattle herds around
the world, which are the main factors in the
occurrence of non-specific reactions to tuber-
culin. On the other hand, it can be argued that
the problem of infection of productive animals
with AMB is relevant not only from a scientific
standpoint, specifically, a deeper investigation
of the aetiopathogenesis, but also from a prac-
tical standpoint — how to reduce “spontaneous”
outbreaks of paraallergic reactions in a particu-
lar herd. The question persists whether these
reactions are based on sensitisation of the body
as a physiological reaction of the immune sys-
tem in response to the ingestion of AMB, or
sensitisation of the body as a result of an infec-
tious process caused by these bacteria.

According to A.I. Zavhorodniy et al. (2018),
as of 1 January 2017, there were no more TB-af-
fected locations in Ukraine. However, according
to the World Organisation for Animal Health
(OIE), Ukraine is currently not in a good situa-
tion regarding animal tuberculosis. This is evi-
denced by allergic reactions of cattle to tuber-
culin, which are constantly detected in many
farms in Ukraine. Reports by V.Yu. Kassich et
al. (2010), A.I. Zavhorodniy et al. (2018) on the
epizootic situation of tuberculosis and other
mycobacterioses of cattle in Ukraine at the be-
ginning of the 21st century indicates that the
average annual number of dairy farms where
reactive animals to tuberculin and allergen of
atypical mycobacteria are detected is about
250%30, (1.47%) of all medium and large dairy
farms in the country. The absence of a unified
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reporting system of the State Service of Ukraine
for Food Safety and Consumer Protection on ex-
isting cases of mycobacteriosis in animals does
not allow for an objective characterisation of
the spatial and temporal dynamics of the epi-
zootic process of mycobacteriosis and the iden-
tification of epizootic features of this infection.
Therefore, for the above reasons, it is not possi-
ble to show the distribution of mycobacteriosis
foci by regions of Ukraine, and therefore to es-
tablish the territorial confinement of mycobac-
terial infections in each region.

Features of the manifestation
of infectious and epizootic processes

of mycobacteriosis of animals

in countries around the world
To identify trends in the development of the ep-
izootic process of mycobacteriosis on different
continents, the study first analysed scientific
publications related to the isolation and iden-
tification of AMB from productive animals, and
more concretely from cattle in different coun-
tries of the world. The next step was to analyse
the epidemiological situation regarding myco-
bacteriosis in other animal species, including
amphibians, fish, and poultry.

A group of Brazilian scientists S.A. Bola-
nos et al. (2018) in 08.2014-08.2015 tested
4,766 cows with an intradermal simultaneous
tuberculin test in 15 districts of the state of
Parand (Brazil) using PPD-tuberculin and an
allergen from M. avium. 142 (2.98%) animals
were positive. Most often (71%), cows aged 5-10
years were positive. 14 strains of mycobacteria
(8.4%) were isolated from 12 cows, including
M. engbaekii (n=>5), M. nonchromogenic (n=3),
M. arupense (n=4), and M. heraklionense (n=2).
Despite the absence of M. tuberculosis complex
mycobacteria in the milk samples, the results
highlight the risk of transmission of pathogens
from cattle to humans through milk, as some
mycobacterial species identified in milk have

been identified as aetiological agents in pulmo-
nary and extrapulmonary diseases in immuno-
compromised individuals.

In Brazil, where there are more than 220
million heads of cattle, the study of the ecology
of mycobacterial pathogens is receiving due at-
tention. Thus, R.B. Pardo et al. (2001) identified
Mycobacterium spp. most frequently (78.95%)
out of 780 raw milk samples from 52 cows with
a positive simultaneous sample (Stormont test),
followed by M. fortuitum (10.52%), M. bovis and
M. avium (5.26% each). This is evidenced by sci-
entific publications by C.Q. Leite et al. (2003),
S.A. Sgarioni et al. (2014), which, among other
things, even reported the isolation of NTMBs
from pasteurised milk samples. Consider-
ing that Brazil is the largest country in Latin
America, it can be argued that the prevalence
of mycobacteriosis among productive animals,
especially cattle, is high in other countries of
the continent. This requires further research
to develop effective measures to prevent myco-
bacteriosis in herds of productive animals.

NTMB in cow’s milk was detected in Asian
countries, specifically, M.F. Qamar et al. (2013)
in Pakistan; F. Aydin et al. (2012) in Turkey, and
R.R. Kazwala et al. (1998) in the African con-
tinent — Tanzania. According to C. Chang et
al. (2002), NTMBs are widespread on dairy
farms, being isolated from manure, feed, plants,
and water. NTMB infection in cattle occurs nu-
tritionally through the consumption of con-
taminated water and feed, and aerogenously.
However, few studies have been devoted to the
elimination of mycobacteria from the body of
cows, especially those with positive tuberculin
test results. In this case, the reports of G.S. Pan-
dey et al. (2013), 1. Ben Kahla et al. (2011) on
the detection of M. bovis in milk samples from
cows that reacted positively to tuberculin are of
great interest. M.M. Franco et al. (2013) found
that the majority of mycobacteria are eliminat-
ed by the intramammary route.
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Thus, AMBs are widespread on the territory
of dairy farms in many countries on different
continents of the world - they are isolated both
from abiotic environmental objects and from
the body of cows. Therewith, they are identified
in the milk of both clinically healthy cows and
in the milk of cows that react positively to tu-
berculin and AMA, which suggests that they are
not just transient in the body of cows, but ac-
tively multiply in it with all possible manifesta-
tions of this form of interaction, which is inher-
ent in a clinically latent or chronic course of the
infectious process, and not just sensitisation.

According to scientific publications, NTMBs
are widespread among both domestic and wild-
life animals. Thus, a group of Polish scientists
L. Radulski et al. (2022) found that mycobac-
teriosis in animals is often caused by M. avium
ssp. hominissuis. Many species of animals are
susceptible to infection with this bacterium,
even those in zoos. Therefore, another group
of Polish scientists, M. Bruczyniska et al. (2023),
investigated zoo animals for paratuberculosis
(PTB). Out of 131 faecal samples collected from
different animal species of eight zoos in Poland,
7 isolates of mycobacteria were bacteriological-
ly isolated, including 5 — M. avium, 1 — M. fortu-
itum, and one unidentified species of Mycobac-
terium. PCR confirmed the presence of PTB in
faeces from 9 animals. These data also suggest
that the paratuberculosis pathogen circulates
in animal populations in Polish zoos.

The Australian team of scientists C.R.O’Bri-
en et al. (2014) investigated the spread and
manifestation of the infectious process caused
by M. ulcerans among wildlife (common, ringed,
mountain, and brushtail possums). The mode
of transmission and reservoirs of the bacterium
in the environment is still unknown. Real-time
PCR studies have detected M. ulcerans DNA in
a variety of environmental samples, including
faeces from local opossums with and without
clinical signs of infection. In 27 clinical cases
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of M ulcerans infection in adult opossums, sin-
gle or multiple ulcerative skin lesions were ob-
served, mainly in the head, limbs, and tail, while
in 4 cases, pathological examination revealed
systemic disease. The natural course of the dis-
ease is still unknown, but some easily affected
possums (common brush-tailed and mountain
possums) can spontaneously overcome the in-
fection, while in other animals (common and
ringed possums) the infection can be potential-
ly fatal. The authors believe that further work is
needed to determine whether M ulcerans infec-
tion poses a potential threat to opossum pop-
ulations and whether these animals can act as
reservoirs of the pathogen.

A group of Italian scientists A. Vetere et
al. (2022) described a fatal case of systemic my-
cobacteriosis caused by M. goodii in a Kenyan
sand boa (Eryx colubrinus loveridgei) captured in
the wild. Histological examination of the whole
organs confirmed systemic mycobacteriosis.
M. goodii was identified by real-time PCR. South
American scientists D.H. Morais et al. (2021) pay
great attention to infectious diseases of wild
animals, which are a potential source of human
infectious agents. A total of 1,306 amphibian
specimens belonging to 6 families, 12 genera,
and 21 species were subjected to a comprehen-
sive study. Of these, 17 samples (0.76%) showed
petrified nodules in the intestinal cavity, kid-
neys, liver, lungs, intestines, and pancreas.
The nodules were examined histologically and
by PCR. As a result, M. gordonae was identified.
This is the first report of M. gordonae infection
in these amphibian species in the wild, while
histopathology confirmed a typical mycobacte-
rial lesion in amphibians in northeastern Brazil.

As the results of studies conducted by sci-
entists from different countries suggest, myco-
bacteriosis is widespread in wild populations of
both warm- and cold-blooded animals. There-
with, clinical manifestations of this infection
were observed in animals in all countries where
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comprehensive (clinical, pathological, bacte-
riological, histomorphological, and molecular
genetic) studies of biomaterials were conduct-
ed. The most commonly identified aetiological
agents include M. ulcerans, M. gordonae, M. avi-
um, M. fortuitum, and many unidentified spe-
cies. This suggests that animal mycobacteriosis
is a widespread phenomenon in the wild fauna
and requires a deeper and broader study of the
specific features of both infectious and epizo-
otic processes, as well as the establishment of
the species composition of pathogens and their
ecology. The findings obtained will be of both
general biological and health and veterinary
significance, as the data will be used to devel-
op an effective system for controlling epizootic
and epidemic processes of mycobacteriosis.

The monitoring of scientific studies on
avian mycobacteriosis has shown that this
subject has received considerable attention
from scientists from around the world. Thus, a
group of scientists from European universities
R.K. Hoop et al. (1993) investigated six cases
of mycobacteriosis caused by M. genavense in
three budgerigars (Melopsittacus undulatus),
one orange-winged amazon (Amazon amazon-
ica), one blue-and-white flycatcher (Cyanoptila
cyanomelana), and one Sunda zebra finch (Tae-
niopygia guttata). Pathological changes caused
by NTMB included muscle wasting (5 cases),
hepatomegaly (4 cases), and thickening of the
small intestine wall (4 cases), as well as gran-
ulomas in the lungs and subcutaneous tissue
(1 case each). Acid-fast bacilli were found in the
liver of all 6 birds. M. genavense was isolated only
on acidic BACTEC medium, while the pathogen
was not isolated on egg medium. These findings
suggest the significant role of the environment
as a reservoir for M. genavense.

German scientists V. Schmidt et al. (2022)
investigated mycobacteriosis of domestic and
some wild birds and the factors contributing to
their occurrence. A total of 50 birds diagnosed

with mycobacteriosis based on pathological
changes were examined. It was found that the
causative agents of mycobacteriosis in birds
were M. avium subsp. avium (identified in 20
out of 50 birds), M. genavense (in 16 out of 50),
and M. avium subsp. hominissuis (in 3 out of 50).
Co-infections (psittacosis, virions, bacteriosis,
mycosis, and endoparasitosis) had no effect on
the manifestation of mycobacteriosis. Patho-
logical changes of mycobacterial origin were
most often (95%) detected in M. avium infection,
while in M. genavense infection - 66%. Patholog-
ical changes were detected in the small intes-
tine in 71% of the birds studied and in the lungs
in 65%, indicating oral and pulmonary inges-
tion of mycobacteria. The new strains of M. avi-
um subsp. hominissuis that were isolated and
identified from birds are of epidemiological sig-
nificance in terms of their zoonotic role, as this
species is of increasing public health concern.

In the 1990s, a group of Czech scientists
K. Hejlicek & F. Treml (1994) investigated the
occurrence and spread of mycobacteriosis
among pigeons, their susceptibility to infection
and epizootological significance as a source of
M. avium. A total of 470 pigeons from seven
settlements with different epizootic situations
regarding avian tuberculosis were studied.
Tuberculosis lesions were detected in 2 birds
(0.43%), and mycobacteria were isolated from 5
birds (1.06%). Four out of five isolated strains of
mycobacteria were pathogenic to poultry. High
resistance of pigeons to M. avium was experi-
mentally proved.

A group of scientists from the Universi-
ty of Panama, C. Rengifo-Herrera et al. (2019),
reported mycobacteriosis in a harpy eagle that
showed extreme emaciation with dyspnoea,
abnormal changes in the spleen, liver, and air
sacs. The biochemical and haematological
changes associated with the infection were not
initially suspected to be mycobacteriosis. The
diagnosis was confirmed by PCR analysis, which
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revealed the presence of the M. avium complex
in the tissue samples. A group of scientists
from the United States, G. Pawsat et al. (2023),
investigated a unique case of mycobacteriosis
in a 32-year-old male salmon crested cockatoo
(Cacatua moluccensis), which was histological-
ly diagnosed with bilateral ulnar lymphoma.
M. genavense was identified by PCR. This is an
unusual case of simultaneous manifestation of
two major diseases — mycobacteriosis and se-
vere degenerative changes in the joints, which
could lead to lymphoma.

The analysis of the above publications
suggests that infection of birds with NTMB is
quite common, and it can be associated with
other pathologies and co-infections, which of-
ten leads to misdiagnosis. The pH of the medi-
um in which we want to isolate mycobacteria
from environmental objects is of particular im-
portance. Clearly, this fact should be borne in
mind not only in the microbiological laboratory
when isolating mycobacteria from biomaterials
and abiotic objects, but also when investigating
the specific features of their ecology. Mycobac-
teriosis in fish is a well-known problem in or-
namental fish farming worldwide, as well as in
food fish species. Less is known about the prev-
alence of mycobacteriosis in wild fish species.
Norwegian scientists N. Sandlund et al. (2023)
described mycobacteriosis in Atlantic mackerel
(Scomber scombrus) in the form of granuloma-
tous kidney disease. M. lentiflavum, M. stomate-
piae, and M. montefiorense were isolated from
6 samples of mackerel caught in the North Sea.

The freshwater ornamental fish trade is the
main source of livelihood for many producers
in Trinidad and Tobago. The Aquatic Animal
Health Unit of the School of Veterinary Medi-
cine, University of the West Indies, has shown
that fish mycobacteriosis is a quite common in-
fection in local ornamental fish. This is based
on the findings of studies of 122 fish samples
by P. Savage et al. (2022). Mycobacterium sp. was
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identified by real-time PCR. The prevalence
of infection caused by Mycobacterium sp. was
61+7% (74/122), with positive samples obtained
from 54.2% (13/24) of the surveyed farms. Sia-
mese fighting fish (Betta splendens) play a sig-
nificant role in the global aquarium fish trade,
but their susceptibility to mycobacteriosis could
threaten the long-term sustainability of the
industry. Furthermore, N.D. Hung et al. (2023)
believe that the emergence of highly pathogen-
ic and multidrug-resistant NTMB strains such
as M. chelonae, M. cosmeticum, M. farcinogenes,
M. mucogenicum, and M. senegalense isolated
from Betta splendens fish has raised concerns
both in terms of negative economic impact and
public health risks.

Scientists from the University of Bagh-
dad, F. Hussein et al. (2016), investigated the
significance and role of M. marinum in human
and animal infection. M. marinum is a species
that causes mycobacteriosis in all species of
fish (freshwater, brackish, and saltwater), as
well as in humans and some animal species. In
fish, transmission can occur through the con-
sumption of contaminated food, cannibalism
of infected fish or aquatic detritus, or through
injury, skin abrasions, or external parasites. The
infection in humans mostly occurs in people
who keep aquarium fish at home. The infection
can be an occupational disease for workers —
fish processors or pet shops. Damage to the
skin serves as an entry gate for the microorgan-
ism during contact with infected fish, during
cleaning or maintenance of aquariums, after fin
injuries or fish bites. Less commonly, infection
can occur through contact with natural water
sources while fishing, boating, or swimming.
Contact with marine animals and reptiles plays
arole in the transmission of the pathogen.

Spanish scientists, E. Montero et al. (2022),
described in detail mycobacteriosis in syng-
nathids that were susceptible to NTMB infec-
tion. Clinical manifestations of the disease
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ranged from sudden death to non-specific signs
(anorexia, depressed general condition, weight
loss, severe shortness of breath with increased
respiratory rate). Visible ulcers were found on
the tail and small white nodules in the liver and
inside the eye. The gills, liver, intestines, and
mesentery were most often affected. M. fortu-
itum, M. chelonae, M. marinum, and Mycobac-
terium spp. were identified by real-time PCR.
R.S.M. Chong (2022) investigated cases of my-
cobacteriosis in fish. The first identified path-
ogen of fish mycobacteriosis was M. piscium.
Over 200 species of fish found in waters ranging
from the cold subarctic to tropical regions have
been found to be infected with mycobacteria.
Many species of Mycobacterium have been iden-
tified in fish that do not show clinical signs of
disease. However, the most common causative
agents of fish mycobacteriosis are M. marinum,
M. fortuitum, and M. chelonae. Mycobacteriosis
in fish is chronic and is characterised by ex-
haustion or poor body condition, loss of scales,
skin ulcers, reproductive disorders and, rarely,
deep haemorrhagic skin lesions. However, the
researcher believes that the key takeaway is
that fish mycobacteriosis is a zoonotic disease
of people who come into contact with affected
fish and the water bodies where they are found.
Summarising the above, further investiga-
tion of the spatial and temporal parameters of
the spread of animal mycobacteriosis in Ukraine
and other countries may reveal new patterns
of manifestation of the epizootic process of
animal mycobacteriosis and its driving forces,
which will allow developing effective ways to
control this infection not only in populations of
different animal species, but will also guarantee
food safety and, consequently, human health.

Conclusions

The epidemiological analysis of the spatial and
temporal intensity of the epizootic situation
regarding mycobacteriosis of animals caused by

AMB in Ukraine and some countries of different
continents of the world for 2000-2023 revealed
that mycobacterial infections are constantly
occurring and are widespread both geographi-
cally and in terms of species. In Ukraine, my-
cobacteriosis was most often recorded in cattle,
where it occurs in a latent asymptomatic form
and is detected by a simultaneous test in the al-
lergic diagnosis of tuberculosis using PPD-tu-
berculin and AMA, with additional postmortem
bacteriological and histomorphological exam-
ination of biomaterial from reactive animals.
Every year in Ukraine, 250 = 30 dairy farms are
registered, where AMA-reactive animals are de-
tected, as well as individuals with parallergic
reactions to PPD-tuberculin, which indicates
the circulation of AMB in Ukrainian dairy cow
herds. M. smegmatis, M. scrofulaceum, M. fortui-
tum, M. avium, M. phlei, M. vaccae and a range of
others, including M. gordone, M. terrae, M. xeno-
pi, M. peregrinum, M. flavenscens, M. diernhoferi,
M. thamnpheos, were identified as potential
causative agents of mycobacteriosis in Ukraine.

On the territory of dairy farms in many
countries on different continents of the world,
AMBs are widespread, as they are isolated both
from abiotic environmental objects and from
the body of cows. Therewith, atypical mycobac-
teria are identified in the milk of both clinically
healthy cows and in the milk of cows that react
positively to AMA and tuberculin, which sug-
gests that they are not merely transient in the
animal body, but also actively multiply in it with
all possible manifestations of this form of inter-
action, which is inherent in the latent course of
the infectious process, not just sensitisation.

Mycobacteriosis is widespread in wild pop-
ulations of both warm- and cold-blooded ani-
mals, as well as poultry and fish. Therewith,
clinical manifestations of this infection were
observed in all countries where comprehensive
(clinical, pathological, bacteriological, histo-
morphological, and molecular genetic) studies
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of biomaterials were conducted. The most com-
monly identified mycobacterial species include
M. ulcerans, M. gordonae, M.avium, M. fortuitum
in animals; M. avium subsp. Avium, M. avium sub-
sp. Hominissuis, M. genavense in poultry; M. mari-
num, M. fortuitum, and M. chelonae in fish, and
many unidentified mycobacterial species. This

The prospect of furtherresearchwillbetoin-
vestigate the impact of NTMBs circulating on the
territory of a particular dairy farm on the organ-
ism of productive animals to establish the ways
of infecting animals, pathogenesis, and mecha-
nism of excretion from the body of animals as
potential pathogens of human mycobacteriosis.

suggests that mycobacteriosis is a widespread

phenomenon in the wild fauna and requires a Acknowledgements
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AHoTaiis. Miko6aKkTepio3u TBapyuH, Ha BiAMiHY Bif TaKMX Y JIFO[€ii, BHACTIIOK Pi3HUX MPUYUH
He 1epeOyBalOTh B IOJIi yBaru BeTepUHApHOi Hayku i mpakTuku. lleit dakT gKk i HM3KA iHIIMX,
30KpeMa 3pPOCTaHHS 3aXBOPIOBAHOCTI JIIofielt Ha MiKo6aKkTepiosu, 36yIHMKAMY SIKMX BUCTYIAIOTh
HeTy6epKy/Ibo3HI Miko6akTepii, ki mpuueTHi 0 ceHcubinisalii opraHisMy TPOAYKTUBHUX
TBapMH, € 06’€KTUBHMM, X04a ¥ HEMPSIMUM CBiTUEHHSM iCHYIOUOi Mpo6ieMu MikoGakTepiosiB y
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Epizootological and aetiopathogenetic aspects...

BeTepUHapHii MeauIMHi. B mporieci BUKOHaHHS pOOOTM BUKOPMCTAHO MOPiBHSAIbHO-TeorpadiuHmi
Ta emi300TOMOTiUYHMIT METOV aHATi3y. Pe3ynbTaTi, OTpuMaHi 3 my6imikailiit HayKOBI[iB pi3HUX KpaiH
CBiTY, Iaiy 3MOTYy y3araJbHUTK Ta O0’€KTUBHO OLIIHUTM HAIMPYKEHICTh €IMi300TUYHOI CHUTYyaIlii
100 MiKO6aKTepio3iB TBapMH y CBiTi Ta B YKpaiHi, BUSBUTY HU3KY 0COOMMBOCTeI iHDeKIiiiHOro
Ta eli300TMYHOrO MpPOIIeCiB, @ TAKOX BCTAHOBUTH JOMiHYIOUi eTionaToreHeTMYHi KpuTepii uiel
indexuii B momynaisix TBapuH. MiKo6aKkTepio3u TBApUH € MPeIMeTOM [eTaTbHUX HAayKOBUX
IOCTiIKeHb y OiMbIIOCTI KpaiH CBiTYy OCKiJIbKM Ile 3aXBOPIOBAHHSI Ma€ 3HAYHE IOUIMPEHHS
cepefl MPOAYKTMBHUX i HEMPOMYKTUBHUX (HOMAIIHIX i IMKUX) TBapUH, ixTiodhayHM MOPCHKUX i
PiUKOBMX BOZLOMM. BcTaHOBIEHO, 110 HajfyacTime sIK 30yTHUKM MiKOGaKTepio3iB BUCTYMAIOTD TaKi
BUIM HeTy6epKy/IbO3HUX MiKkobakTepiit stk Mycobacterium avium complex, M. abscessus complex,
M. kansasii, i M. fortuitum Ta HMU3Ka iHIIMX. B YkpaiHi Miko6akTepio3aM TBapuH He MPUTIISIETbCS
HaJeskHa yBara, He 3BaskKalouiu Ha Te, 110 TlapaaiepriyHi peakiiii Ha Ty6epKy/IiH y BeIMKOi poraToi
XyI00U MPU3BOISTH 10 YCKJIaJHEHHS IiarHOCTUKM TYOepKy/Ibo3HOI iHdeKIlii. BOoHM € MPUUMHOI0
3HAYHMX 30MTKiB B MOJIOYHOMY CKOTAapCTBi uepe3 BMOPAKOBKY Ta 3a6ili BMCOKOIPOSYKTUBHUX
KODiB. BUsIB/IeHHS eTionmaToreHeTMUHMX 3aKOHOMiPHOCTe apaaieprivHmx peaxiliii Ha Ty6epKyIiH
y IPOAYKTMBHMX TBapuH — 3amopyka e(eKTMBHOTO KOHTDPOJIO Ta YIPaBIiHHSI eNi300TUYHUM
MPOI[ECOM 3a MiKOOaKTepio3y TBapMH Ta 3MeHIIeHHs 6iopusukiB iHbIKyBaHHS rofeii
HeTy6epKyJIbO3HUMM MiKOGAKTepisiMU Yepe3 IIPOLYKTY XapuyBaHHS TBAPMHHOTO TTOXOIKeHHST

KirouoBi cimoBa: Ty6epKy/ib03; TYOepKymlTiH; ajmepreH aTUIIOBMX MiKoOGaKTepiit; ermi3ooTuyHumit
rpoiiec; iHdeKiifiHMii mpoiiec; ajgepriudi peakiiii; JiarHoCcTMKa
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