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ABSTRACT

Non-tuberculous mycobacteria are mainly saprophytes, but about 50 species are pathogenic to humans anc
cause various clinical manifestations. Currently, scientists have developed effective methods for identifying
and diagnosing mycobacteriosis but have not fully confirmed risk factors for transmission to humans. This
review focuses on summarizing various messages on this topic to identify possible risk factors for the

transmission of atypical mycobacteria.
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1. INTRODUCTION

Currently, in the world, researchers have identified more
than 200 species of Mycobacterium or non-tuberculous
mycobacteria (NTMB) widespread in the environment.
They are saprophytes or opportunistic bacteria belonging
to the group of gram-positive, acid-resistant, non-spore-
forming bacteria. However, 50 species of mycobacteria are
causative agents of the disease of mycobacteriosis
clinically and radiologically similar to tuberculosis [1-3]

NTMBs are represented by Enviromentalmycobacteria
or atypical mycobacteria, this term was introduced by
M. Pinner, 1935. The most characteristic difference
between the NTMB group and the Mycobacterium
tuberculosis complex is that NTMBs can hardly be
transmitted from person to person [4—6].

The literature says about identifying NTMBs in
drinking water, bottled water and also in biofilms of water

pipes. Baths of beauty salons can have such forms as M.

avium complex (MAC), M. fortuitum, M. gordonae, M.
simiae, M. mucogenicum, M. mageritense, M. smegmatis
group, M. neoaurumlike, M. lentiflavum and fast-growing
unidentified mycobacteria. Scientists have identified
M. chelonae, M. chimaera, M. fortuitum, M.
conceptionense, M. phocaicum in cooling towers and
reverse water supply systems for heat, nuclear power
plants, air conditioners, refrigeration units and cooling
systems for electric generators [7].

2. METHODSAND MATERIALS

In the framework of this study, we analyzed the sources of
medical information about risk factors for the transmission
of mycobacteriosis by search electronic systems, including

PubMed (https://www.ncbi.nim.nih.gov), Web of Science
(http:/iwebofknowledge.com), Scopus (https:/imww.scopus.com),
eLIBRARY (https://elibrary.ru), ACP Journal Club
(http://www.acpjc.org) and the British Medical Journal
(https: // www. bmj.com).

We searched for information by keywords: non-
tuberculous mycobacteria, mycobacteriosis. Of the 327
sources found, the authors selected 170 sources based on
keywords, after an analysis of the selected literature, the
present study included 25 sources following the topic of
the work.

3.RESULTS

Back at the beginning of the 21st century, Russian
researchers took two hundred samples from environmental
objects such as soil, manure, water, feed, etc. Examining
129 sputum isolates of patients with tuberculosis and 222
samples of tuberculin-sensitive animals, they found that
atypical mycobacteria are widespread in the environment.
Both tuberculin-sensitive animals and environmental
objects, burdened with tuberculosis have the causative
agents of cattle tuberculosis. Although the studied culture
morphological and biochemical properties of 129 sputum
isolates of patients with tuberculosis showed that 91
(75.8 %) and 29 (24.2 %) samples are M. tuberculosis and
M. bovis, respectively, but 9 samples failed to be
identified for various reasons [8].

Japanese researchers analyzed the molecular
epidemiology of M. gordonae strains in patients and in a
hospital setting. As a result, a total of 46 clinical strains
were found in patients and 3 strains in the hospital
environment of the medical centre. Using the genetic data
of the 16S rRNA gene and hsp65PRA and pulse-field gel
electrophoresis (PGE), they evaluated their intraspecific
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variability and epidemiology. Strains from six peatis and
environmental cultures showed different genes for
sequencing 16S rRNA and hsp65PRA genes. However,
PFGE analysis did not reveal a pseudo-outbreak and
showed the presence of a polyclonal infection in one
patient. In general, these results suggested tleel me
maintain effective environmental monitoring in the
hospital and to conduct molecular epidemiologitaties

for infection control of M. gordonae continuous8j.[

Many authors from Germany also indicated the
transmission through medical equipment or in the
provision of medical services.

In Germany, home care for hemato-oncological
patients has now become preferable. In a prospective
study, we studied tap water in the amount of 65 sasnpl
from the houses of these patients to assess tkeofis
infection with aquatic pathogens, such as non-tublevs
mycobacteria (NTMB), Legionella spp. and P. aeragin
The neutropenia of the patients or a suspectedopartia
period of at least 10 days was an additional special
condition for selection. Required re-hospitalizatio
patients were monitored for infection with the above
pathogens over the next 3 months.

NTMBs were cultured in 62 samples (95.4 %) at home
conditions in concentrations from 1 to 1000 CFU 005
ml. Most often, researchers identified facultatyvel
pathogenic species M. chelonae (58.5 %) and M.
mucogenicum (38.5 %). As a result, only one patiad
M. chelonae. Although the risk of infection with
mycobacteria in domestic conditions seemed low, the
authors proposed preventive measures that aredevedi
individually in patients with long-term
immunosuppression, as well as in patients with langit
central vessel catheterization [10].

Other German authors reviewed the studies and as
confirmation showed that invasive infections causgd.
chimaera, part of the Mycobacterium avium-intradalle
complex, have been increasingly recorded in theftas
years. Most infections occurred in patients undego
cardiothoracic open chest surgery. Epidemiologiadl
molecular studies have shown that the transmissiavl.
chimaera occurs through intraoperative aerosolaidd
from contaminated coolant heaters, i.e. devicesl use
turn on the extracardiac circuit in cardiothorasiagery.
Also, the researchers found mycobacteria data iis Y@
blood culture and in samples obtained surgicallymfr
diseased tissues during special microbiologicatstes
detect mycobacteria. The authors also suggesteditba
successful treatment of infections M. chimaera ireguhe
removal of infected devices and long-term combonati
therapy with antimycobacterial drugs [11].

African researchers, together with scientists from
Germany, conducted a study of Buruli ulcer, an adgdn
mycobacterial skin infection caused by M. ulcerafise
authors studied the risk factors for this ulcerzZio and
Yoto areas of the coastal areas of the African cguoitr
Togo. It is necessary to add that the disease yaffects
the poor rural population, especially in areas witv
standards of hygiene and sanitary services. Coimduet
case-control study in both Zio and Yoto districtenfr
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November 2014 to May 2015, the authors collecteibsoc
demographic, environmental or behavioural data and
conducted a logistic regression analysis to idgndifid
compare risk factors between cases of the diseade an
control groups. As a result, they recorded 83 ca$dke
disease and proved that bathing in water from am ope
reservoir, insect bites near the river were poterisks for

the occurrence of Buruli ulcer in the Zio and Yoteas of

the marine region in the south of Togo [12].

Authors from Greece have suggested that drinking
water is a potential factor in the transmission ofMBI'to
humans. They studied hospitalized patients with NTMB
infections together with samples of drinking watemnfr30
areas of residence during 2003—-2013 and establidtesd
following: that the most frequently distinguishedesies
of mycobacteria were M. fortuitum, M. gordonae, M.
peregrinum, M. chelonae, M. avium, and M. intradelle.

It was noted that 8 patients had tuberculosis witke on
NTMB, 15 patients had two types of NTMB
simultaneously, while 1 patient had three different
NTMBs. Besides, from 2010 to 2013, in 30 settleragnt
researchers selected, analyzed 3360 samples dirdyin
water and found 11.2 % of mycobacteria. However, the
correlation between mycobacteria found in patiemd a
from samples of drinking water varied from mild to
moderate, and thus the results showed that drinkiigr
could be the cause of NTMB in humans [13].

Researchers from Italy studied the pseudo-outbogak
M. gordonae and obtained the following results. This
mycobacterium was found in 7 samples from 497 of
broncho-alveolar lavage after a bronchoscopy pnaeeih
patients admitted to the hospital from January tailAp
2013. During this outbreak, specialists conductéulcell,
epidemiological, environmental and molecular stadiss
a result, none of the patients was diagnosed with
mycobacteriosis of the lungs. Microbiological sesliof
water revealed M. gordonae in 3 samples: in tap veatdr
the water supply channel of the washing disinfecidr.
strains were genotyped using pulse-field
electrophoresis, which showed that only the paténatins
had the same strip structure but there was no etioel
with the strains isolated from water. Observation hof t
outbreak and strict adherence to the water treatment
procedure and its supplies did not subsequentty tedhe
discovery of M. gordonae in clinical respiratoryrgaes.

The authors made a recommendation: an outbreak of
mycobacteriosis requires regular screening of tapemwa
and endoscopic equipment to compare strains with eac
other [14].

A study in the Czech Republic showed that
saprophytic mycobacteria could endanger health,
especially for people with weakened immune systems.
They included workers in the heavy industry and coal
mines in this group, as their immunity is often weraéd
by exposure to dust, the fact of smoking and fregue
respiratory diseases. This study dealt with thegmes of
NTMB in non-potable water used for the hygiene of
workers at six large industrial enterprises and coiales.

For ten years, scientists studied 1,096 surface rwate
samples. The most frequently identified species vire

gel
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gordonae, M. avium-intracellulare, and M. kansashe
authors gave recommendations on precautionary mesasu
to reduce the incidence of mycobacteriosis in wrkat
risk [15].

Scientists from France analyzed the cases of NTMB in
the provision of cosmetic services and the qualityap
water used in these aesthetic centres. From 202016,
they registered 57 cases of mycobacteriosis, inmuiud3
cases associated with services of aesthetic profie
French public health authorities and the Nationatitute
for Public Health Supervision recorded 40 cases dfIRT
during non-surgical procedures performed by general
practitioners in private conditions: mesotherapy,
carboxytherapy and sclerosis of microvaricoses;aSes
concerned surgical procedures-lifting and prostsetf
the mammary gland. As a result, an assessment of the
quality of the provision of cosmetic services showiee
lack of standard hygiene precautions and the ingrape
of tap water to clean injection equipment or disihftne
skin. Microbiological studies have confirmed theiarity
of strains taken from patients and the environniert6
cases after mesotherapy. M. chelonae isolated fagm
water was similar to strains isolated in 11 casem fi®%
cases [16].

In addition to the above, we would like to mentioe th
possible concomitant factors of transmission of NTB.

Some foreign researchers studied the biofilm forimed
tap water and noted that it was more often found in
Mycobacterium avium complex, as well as fast-growing
NTMB, such as M. abscessus, M. chelonae, M.
mucogenicum, M. fortuitum. Biofilm in water supply
systems (and other sources) is an essential compoie
natural cultivation of NTMB [17-22]. Biofilm is a it
layer of solid (pipe) and liquid (water) surfacesheT
impermeable walls of mycobacteria contain fatty s@dd
wax and cause a hydrophobic surface that promotes
bonding with solid substrates (e.g. pipes) in aneags
medium, which leads to the persistence of mycobacter
and their resistance to rinsing with a water jet. fSuc
biofilm features in almost all water collection ssis and
pipelines and probably provides nutritional supptot
microorganisms [19, 20]. Since NTMBs are resistiEnt
many disinfectants, their persistence can resuwimfr
selection due to appropriate water treatment [20,22].

In addition, disinfectants located in tap water da kill
NTMB [19, 20]. Thus, Mycobacterium avium complex is
many times more resistant to water chlorination thiduer
microorganisms, this procedure even contributeshéir
selection. Such water contains hydrocarbons anddasc
which are substrates for the growth of mycobacteria.
According to other data, mycobacteria of the envitent
mainly survive during the chlorination of tap waf@b].
The widespread use of chlorination promotes thecteh

of more resistant strains and possibly explainsctienge
of strains from M. scrofulaceum to M. avium, whidbr
example, are the main cause of cervical lymphaideinit
children [22].
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4. CONCLUSION

This review presented a brief analysis summarizimg
epidemiology and hygienic features of non-tuberaslo
mycobacteria that cause clinical manifestationsuimans.

Thus, the world scientific environment has studies
where the authors made an attempt to associategesitico
NTMB strains with environmental objects, such as
drinking water [10, 13, 14], water of open reservoirs
[12, 15], medical equipment [9, 10]. However, itniat so
simple and led us to the conclusion that other comiant
unaccounted factors increase the pathogenicity oand/
invasiveness of non-tuberculous mycobacteria.
Identification of these factors may be a solution fhe
development of effective preventive and anti-
epidemiological measures.
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