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ABSTRACT

As a class of bacteria, mycobacteria other than tuberculosis
(MOTT), also known as nontuberculosis mycobacteria (NTM),
affect both immunocompetents and immunodeficients. Non-
specific clinical symptoms caused by these bacteria include res-
piratory diseases, which often results in delayed diagnosis. This
article discusses the spread, diagnosis, symptoms, and treatment
of MOTT in the world. In view of the fact that NTM are prevalent
in the environment, their isolation from the upper respiratory
system of the respiratory tract does not necessarily indicate an
active infection. To make an accurate diagnosis, clinical, radio-
graphic, and microbiological factors must be considered. Clinical

INTRODUCTION

Mycobacteria other than tuberculosis (MOTT), also known as

nontuberculosis mycobacteria (NTM), are bacteria that are

widespread worldwide and affect both immunocompetent

and immunodeficient individuals. In recent years, an increase

in the prevalence of this group of bacteria has been noticed,
especially in developed countries, and thanks to new molecu-
lar methods, new species and subspecies of these mycobac-
teria have been discovered and classified, which currently
number over 190. These bacteria are the cause of non-specific

clinical symptoms, the most common of which include respira-
tory disease, which often results in delayed diagnosis. For this

reason, in this article, we will focus on discussing the spread

of MOTT in the world, diagnosis, symptoms of infection, and

available treatments.

PREVALENCE

Mycobacteria other than tuberculosis bacilli are widespread
in nature. They are found in soil, lakes, ponds, natural streams,
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symptoms of NTM infection can be difficult to diagnose, even for
experienced clinicians, due to their similarity to Mycobacterium
tuberculosis infection. Based on the determined antibiogram,
targeted treatment can be selected based on identification and
drug susceptibility of the microorganism. There are a variety of
therapeutic options, depending on the pathogen’s growth rate.
However, it is always important to keep in mind the side effects
of the drugs used and to choose the best treatment based on the
individual patient’s clinical condition.

Keywords: mycobacteria other than tuberculosis; tuberculo-
sis pneumonia; nontuberculosis mycobacteria; tuberculosis
treatment.

and rivers. In addition to the natural environment, they are
also commonly found in the human domestic environment.
The sources of MOTT bacilli are plumbing systems in residen-
tial buildings, drinking water distribution systems, fountains,
Jacuzzis, spas and showers. Mycobacteria have also been iso-
lated from house dust and potting soil [1, 2, 3]. Assessment
of the geographic prevalence of MOTT is difficult due to the
lack of confirmed data from many countries where NTB infec-
tion is not subject to mandatory notification to public health
authorities [4]. A global study of NTM species isolated from
human samples showed that 47% of them belong to the Myco-
bacterium avium complex (MAC). It is widespread worldwide;
however, the relative prevalence varies greatly depending
on the geographical region - MAC accounted for 31% of South
American isolates, 52% of North American and 71% of Austral-
ian isolates [5]. Regionally important species include M. xenopi
and M. malmoense. The distribution of M. xenopi is primarily
restricted to Europe and eastern Canada. M. malmoense has not
been found in Queensland (Australia), Asia or South America [4,
5]- The MAC, along with M. gordonae, M. xenopi, M. fortuitum
complex, M. abscessus and M. kansasii, account for about 80%
of the identified species [5].
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The most common MOTT species isolated in Europe are:
M. avium, M. gordonae, M. xenopi, Mycobacterium intracellulare
and M. fortuitum. Together, they account for %3 of the isolated
samples [6]. The prevalence of nontuberculous mycobacte-
rial pulmonary disease (NTM-PD) in Europe is estimated at
6.2/100,000 people. It is comparable between countries. On the
other hand, considerable heterogeneity can be observed within
countries, especially in France and Great Britain, where the
highest prevalence was recorded in the vicinity of Paris and
England, respectively [7]. In Poland, M. kansasii, M. avium,
M. xenopi, M. gordonae and M. intracellulare are the most fre-
quently isolated. According to data from the National Insti-
tute of Hygiene, 1114 cases of mycobacteriosis were detected
in Poland in 2013-2017. In a study analyzing clinical samples
from this period of time, which included 2799 isolates, it was
shown that the number of detected MOTT bacilli in Poland
increased 1.6 times, from 420 in 2013 to 674 in 2017 [1]. This
trend is also noticeable in other countries. In the last 4 dec-
ades, the frequency of isolation and the incidence of infec-
tions caused by MOTT have significantly increased [3, 8]. In
Canada, there was a significant increase in the infection rate
from 29.3/100,000 inhabitants in 1998-2002 to 41.3/100,000
inhabitants in 2006-2010 [9]. In the US, the average incidence
of NTM-PD 1997-2007 was 31 cases/100,000 people. During
this period, the annual incidence increased significantly by
8.2%), from 20-47 cases/100,000 people [10]. In the UK, MOTT
was isolated in 2012 in 6.1/100,000 inhabitants, while in 2007 it
was 4/100,000 [11]. An increase in the frequency of isolation of
MOTT bacilli over the years has also been noted in East Asian
countries and Australia [12, 13, 14, 15, 16].

DIAGNOSTICS

Isolation of NTM is currently a significant problem for diagnos-
ticians. Since NTM are widespread in the environment, their
isolation from the upper respiratory system of the respiratory
tract does not necessarily indicate an active infection. In order
to make a diagnosis, it is necessary to pay attention to clinical,
radiographic and microbiological signs. In the case of a patient
with symptoms of a respiratory tract infection, also confirmed

by imaging tests, specific microbiological criteria should be

used to identify NTM [3, 17, 18, 19, 20].

As far as image criteria are concerned, NTM infections are
divided into 2 forms. The first is the fibrocavitary form with
cavitary lesions mostly in the upper lobes - similar to stand-
ard pulmonary tuberculosis, most often occurring in older
men with nicotinism, which is associated with an aggressive
course of a disease. The second form is nodular bronchiectatic
disease, which manifests as multifocal bronchiectasis, a clus-
ter of small nodules and branching linear structures, mostly
in the right middle lobe and also the lingular segment of the
left upper lobe [3, 17, 19].

The criteria of the American Thoracic Society and Infectious
Disease Society of America are widely used criteria for the
diagnosis of pneumonia caused by NTM. According to them, the
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clinical picture should include symptoms of respiratory tract
infection, X-ray and computed tomography images. Microbio-
logical criteria that should be met include 2 positive sputum
cultures and 1 positive bronchial wash or lavage sample, but
may also include other evidence such as lung biopsy samples
with cultures of NTM [17,18]. The above-mentioned criteria are
effective in detecting MAC and M. kansasii strains; however, due
to the lack of sufficient research, it cannot be concluded whether
they are sufficient to recognize other NTM strains [17]. In non-
pulmonary NTM infections, specimens from affected tissues or
organs should be used; for example, lymph node involvement
should be biopsied, blood culture should be taken for sepsis
and skin involvement should also be taken by biopsy instead
of samples as they are with a higher risk of contamination [19].

In the case of laboratory diagnostics, there is no pathogno-
monic test for NTM; the most commonly used acidfast bacillus
preparations are not able to distinguish between M. tuberculosis
and NTM. For this purpose, specialized tests should be used; for
example, kits using acid amplification technology [3, 17, 18, 19].
The American Thoracic Society and the Infectious Disease Soci-
ety of America require the isolation and growth of pathogens
on 2 separate media from material collected from the patient
in order to exclude possible contamination [20]. All tests, due
to the high risk of contamination with other bacteria, carry the
risk of ineffective culture; in some centers preparations are
decontaminated using N-acetyl-1-cysteine-NaOH-oxalic acid
(NALC-NaOH-0xA) or chlorhexidine [1]. These methods are
approved by the Clinical Laboratory Standard Institute, but
there is a suspicion that the first of them may affect the reli-
ability of the result [19]. Mycobacteria are inoculated on solid
and liquid media. In the case of solids, the diagnostician is able
to assess the appearance of the colony, its growth rate and its
shape on an ongoing basis. Liquid media are more sensitive
and allow for faster identification of the pathogen, but they
are also sensitive to contamination with other bacterial colo-
nies [17,18, 19]. The reference method used for the identification
of NTM is currently gene sequencing; other molecular meth-
ods are also used, such as line probe hybridization, real-time
polymerase chain reaction (PCR), PCR-restriction fragment
length polymorphism analysis, DNA sequencing, or matrix-
assisted laser desorption ionization-time of flight spectrom-
eters. Nontuberculosis mycobacteria show faster growth than
M. tuberculosis - they are additionally divided into rapid grow-
ers (growing in less than 7 days) and slow growers (growing
in more than 7 days) [3].

SYMPTOMS

Clinical symptoms of NTM infection, due to their similarity
to M. tuberculosis infection, may cause difficulties in diagno-
sis even for experienced clinicians [3, 20]. Depending on the
affected organ, clinical symptoms have been classified into
4 groups: chronic lung disease, lymphadenitis, cutaneous disease
and disseminated disease [17]; 90% of cases involve the respira-
tory system, especially in the elderly with lung diseases [3, 17,
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18, 19]. Due to the fact that the symptoms of NTM infection are
non-specific, in order to make a diagnosis of lung disease associ-
ated with MOTT, the results of laboratory and radiological tests
and clinical symptoms should be confronted [17, 19]. It is worth
noting that infection should be suspected when clinical symp-
toms persist despite the introduction of traditional antibacte-
rial therapy, and depending on the species of mycobacterium,
the groups of symptoms may vary [19, 20].

Pulmonary symptoms will most often be caused by MAC,
M. abscessus and M. kansasii [17,18]. The literature mentions
chronic or recurrent cough, which may be accompanied by
expectoration, as well as fever, night sweats or weight loss,
especially in the cavitary type [3, 19, 21]. Chest pain is also com-
mon, and the patient may experience malaise and progressive
fatigue [3, 19]. Lymphadenitis may not involve systemic symp-
toms. In countries with a low tuberculosis burden, this form is
the most common clinical manifestation of MOTT infection in
younger children. The literature indicates MAC and M. scrofula-
ceum as the most common causes of these ailments [3]. It begins
with the enlargement of lymph nodes, which are often not ten-
der, most often in the cervical and submandibular regions [3,
19]. In severely immunocompromised people, enlarged lymph
nodes may also be seen in the armpits or other regions of the
body. In the next stage, pus may form in the lymph nodes and,
after disintegration, form sinuses [3]. The skin form will be
characterized by skin nodules, as well as penetrating wounds,
erythema or ulcers. There may also be abscesses. It is worth
mentioning that soft tissue infections can also occur, includ-
ing muscles, where symptoms such as atrophy, stiffness, joint
pain or the presence of sinuses appear [19]. Abscesses may also
appear here. Both in cases involving the skin and soft tissues,
the most common pathogens are M. kansasii and M. ulcerans.
In the case of disseminated disease, MAC plays a special role,
especially in people infected with HIV and presenting with AIDS
symptoms, in particular with the level of CD4+ lymphocytes
<50/uL [3]. Symptoms of this disease include fever with accom-
panying diarrhea and epigastric pain, weight loss and malaise;
hepatosplenomegaly is also common [3, 19]. Lymphadenopathy,
anemia and night sweats may occur as well. The second sig-
nificant pathogen in this group of symptoms is M. kansasii [3].

TREATMENT

When an infection caused by MOTT is suspected in a patient, it
is important to assess the individual risk of initiating therapy,
taking into account the benefits and side effects it brings [17, 19].

The very beginning of treatment is controversial. Accord-
ing to some sources, therapy can be started without clinical,
microbiological and radiological confirmation of NTM infec-
tion [17]. Other authors emphasize the need to meet these cri-
teria before starting treatment, which is often poorly toler-
ated by patients [19]. The duration of treatment should also
be taken into account. It is long-term - it takes 3-18 months,
and often even longer [18, 19, 22]. However, regardless of when
it is started, treatment of NTM infections is often conducted
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empirically [18, 19]. It is more beneficial for patients to start
any treatment than to wait for the development of a full-blown
disease [19].

In empirical treatment, NTM strains are divided into slow-
growing and fast-growing. In the case of slow-growing NTMs,
oral macrolides, rifamycin, ethambutol and amikacin are appli-
cable. On the other hand, for fast-growing mycobacteria, the
antibiogram should be checked for: amikacin, cefoxitin, cipro-
floxacin, clarithromycin, doxycycline (or minocycline), imipe-
nem, linezolid, moxifloxacin, trimethoprim-sulfamethoxazole,
and tobramycin [17, 19].

Identification of the microorganism and the determination
of its drug susceptibility is the basis for the inclusion of targeted
treatment, selected in accordance with the obtained antibio-
gram [17, 19, 21, 22]. Nontuberculosis mycobacteria infections usu-
ally do not respond to standard anti-mycobacterial treatment [18,
21]. Itis necessary to use higher doses than in standard anti-drug
therapy and, consequently, to pay special attention to emerging
side effects [19, 21]. These include: shortness of breath, hearing
loss, abdominal pain, nausea, vomiting, headaches, skin lesions,
gynecomastia, kidney damage, hepatotoxicity, leukopenia, ane-
mia, hypoglycemia, electrolyte disturbances or QT prolongation.
In order to increase patients’ tolerance to the introduced treat-
ment, antibiotics are administered initially in small and then in
gradually increasing doses. Other drugs are also added to the
therapy at intervals of several days [19].

The range of antibiotics used in NTM infections is very wide
and includes: amikacin, azithromycin, bedaquiline fumarate,
cefoxitin, ciprofloxacin, clofazimine, delaminid, doxycycline,
ethambutol, ethionamide, isoniazid, clarithromycin, levofloxacin,
linezolid, minocycline, moxifloxacin, rifabutin, rifampin, strep-
tomycin, tedizolid and tigecycline [19]. Usually, at least 2 anti-
bacterial drugs are combined, but their final number depends
on the stage of the disease, the patient’s age, as well as comor-
bidities and interactions between the drugs taken [17, 19]. Mac-
rolides and intravenous aminoglycosides are often used [18, 19,
23]. The healing process consists of 2 phases: the first, contain-
ing a larger number of antibiotics, which are usually adminis-
tered intravenously, and the second, which is characterized by
a smaller number of antibiotics administered, which are given
orally to the patient, if possible [19]. In children, the therapy is
based on clarithromycin or azithromycin, rifampicin and eth-
ambutol [22]. Operative treatment is also used in all age groups,
especially in the form of cervical lymphadenitis [21, 22].

SUMMARY

Mycobacteria other than tuberculosis is a group of bacteria
that is common in various environments, especially in aquatic
environments, including rivers, ponds, lakes, as well as in soils.
In addition, we find them in man-made water systems, includ-
ing hot tubs, fountains, plumbing or in dust. Among the many
species of these bacteria, M. kansasii, M. avium, M. xenopi, M. gor-
donae and M. intracellulare are currently the most important
in Poland. Diagnosis of NTM infections and their isolation is
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a great challenge for clinicians; therefore the results of radio-
logical and microbiological tests and clinical symptoms should
be compared. The most common clinical syndrome of infec-
tion is the pulmonary form (NTM-PD). Depending on whether
a given pathogen is classified as slow-growing or fast-grow-
ing, we have various therapeutic options; however, one should
always remember about the side effects of the drugs used and
the selection of the appropriate therapy for the individual clini-
cal condition of the patient.
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