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Abstract

Background: Non-tuberculous mycobacteria (NTM) are widely associated with pulmonary diseases. Evidence is lacking on the
transmission of NTM from one person to another. Hence, it has gained lower public health priority than tuberculosis.
Objectives: We determined the prevalence and antibiotic resistance rate of NTM isolated from sputum samples of patients with
pulmonary infections.
Methods: A total of 375 duplicate sputum samples were collected from 375 patients on consecutive days. The NTM growth was
assessed using BACTEC 960 mycobacterial growth indicator tubes. The GenoType Mycobacterium CM/AS line probe assay was used
for the species-level identification of mycobacteria. Antibiotic susceptibility tests were performed using the auto-MODS assay.
Results: The overall NTM prevalence rate was 34.4%. Mycobacterium avium complex (24.8%) was the predominant species identified,
followed by M. kansasii (24%) and M. abscessus complex (20.2%). Of the 129 NTM isolates tested for antibiotic susceptibility, 62.8% were
resistant to rifampicin, 60.5% to levofloxacin, 58.1% to ofloxacin, 55.8% to ethambutol, 49.6% to isoniazid, 48.1% to streptomycin, and
41.9% to amikacin. Seventy-three (56.6%) isolates were identified as multidrug-resistant (MDR) isolates.
Conclusions: Mycobacterium avium complex was the predominant species identified, and the majority of the organisms were re-
sistant to commonly used anti-tuberculosis drugs. The high prevalence of NTM and drug resistance towards the tested antibiotics
suggests that NTM can no more be ignored as a contaminant, reiterating the need for periodic surveillance and species-specific
treatment for effective management of diseases caused by NTM.
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1. Background

The non-tuberculous mycobacteria (NTM) represent
the Mycobacterium species that are not members of the My-
cobacterium leprae and M. tuberculosis complex (1). Non-
tuberculous mycobacteria are ubiquitous mycobacterial
species that are found worldwide and cause various infec-
tions, particularly pulmonary infections that are difficult
to diagnose and treat (2). They have also been widely as-
sociated with pulmonary diseases, of which chronic pul-
monary disease is the most common clinically encoun-
tered syndrome (3). Due to the lack of definitive evidence
on the transmission of NTM from one person to another,
NTM has gained lower public health priority than tubercu-
losis (4). The incidence and prevalence of NTM lung dis-
eases are increasing worldwide. The common causative
organisms of pulmonary infections include slow-growing
mycobacteria (SGM), including M. avium complex (MAC)

and M. kansasii, and rapid-growing mycobacteria (RGM) in-
cluding M. abscessus complex (5).

The percentage of NTM lung infection increases with
age but varies significantly between countries (6). The
prevalence and the mortality rate due to NTM disease
have been progressively rising worldwide (2). A study
conducted between 2004 and 2006 in the USA suggested
that the mean annual site-specific prevalence rates ranged
from 1.4 to 6.6 per 100,000 individuals (7). Another
population-based study conducted in five states of the USA
revealed that the estimated NTM disease prevalence in-
creased from 9.2 to 15.2 per 100,000 persons between the
years 2008 and 2013 (8). A study from the UK reported an
increase in the incidence of pulmonary NTM-positive cul-
tures from 4.0 to 6.1 per 100,000 people from 2007 to 2012
(9). Another study revealed that the annual prevalence of
NTM in a population with > 65-years-old significantly in-
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creased from 20 to 47 cases/100,000 persons from 1997 to
2007. Of these, 90% of the individuals were Caucasians,
and the remaining persons were Blacks and Asians/Pacific
Islanders (6). In China, the isolation rate of NTM increased
from 3% in 2008 to 8.5% in 2012 (10). Non-tuberculous my-
cobacteria usually cause chronic lung infection and are
recognized as one of the major emerging pathogens. They
are often misdiagnosed as multidrug-resistant tuberculo-
sis (MDR TB) due to the difficulty in distinguishing the clin-
ical symptoms between TB and NTM disease (11).

Non-tuberculous mycobacteria are also resistant to
many of the first- and second-line drugs used to treat
tuberculosis; hence, an accurate diagnosis and drug-
susceptibility testing are crucial for effective clinical man-
agement of NTM infections (12). A study from China re-
ported high drug resistance by NTM to first-line anti-TB
drugs, of which 30.7% of the isolates were suspected to be
of MDR-TB cases and 4.0% of TB re-treatment cases. The
results indicate that pulmonary infections caused by NTM
may lead to substantial difficulties in the treatment of NTM
and MDR-TB diseases in China (13). The microscopic obser-
vation drug susceptibility (MODS) assay is an economical,
highly sensitive, and rapid method for the detection of M.
tuberculosis (14). The World Health Organization (WHO) has
recommended MODS as an affordable and highly effective
alternative to existing gold standard liquid mycobacterial
culture methods for testing sputum samples of TB sus-
pected individuals (15). Although MODS has several advan-
tages, due to concerns about the biosafety and efficiency of
large sample handling, the use of MODS is very limited in
resource-limited settings (16).

In high-TB-burdened settings, a large number of spu-
tum samples are to be processed, and doing MODS requires
more resources and time due to the manual reading of ev-
ery well by trained laboratory professionals. Furthermore,
the ability of MODS in differentiating M. tuberculosis and
NTM is questionable (17). To overcome these shortcomings,
a recent study by Wang et al. (16) attempted to evaluate the
automated MODS (auto-MODS) assay and evidenced that
in resource-limited settings, auto-MODS could be a cost-
sensitive and effective alternate diagnostic tool for TB di-
agnosis (16).

2. Objectives

The present study determined the prevalence and an-
timicrobial susceptibility of non-tuberculous mycobacte-
ria isolated from sputum samples of patients with pul-
monary infections.

3. Methods

3.1. Patients and Samples
Consecutive patients who were suspected of pul-

monary and extra-pulmonary tuberculosis and admitted

to the Department of Laboratory Medicine, Danyang Peo-
ple’s Hospital of Jiangsu Province, China, between April
2018 and September 2019 were included. Patients with con-
firmed TB were excluded from the study. Informed consent
was obtained from each patient or their legal heirs. Early
morning well-coughed sputum samples were collected.
The collected sputum samples were stored immediately
at 2 - 4°C and processed within seven days. Sputum sam-
ples were processed using modified Petroff’s method, as
described by Tripathi et al. (18). Briefly, 3 - 5 mL of the spu-
tum sample was homogenized with an equal volume of 4%
NaOH in a shaker for 15 min. The homogenate was spin-
ning for 15 min at 3,000 rpm. Then, the supernatant was
discarded, and 20 mL of sterile distilled water was added
to the deposit for neutralization. Again, the sample was
spinning for 15 min at 3,000 rpm. After processing, the
sputum samples were split into different aliquots in a ster-
ile screwcap container. Of these, only the acid-fast bacilli
(AFB)-positive sputum samples were used for further anal-
ysis.

3.2. Bacterial Identification

The sputum sample from one screwcap vial was inoc-
ulated into BACTEC 960 mycobacterial growth indicator
tubes (MGIT, BD Diagnostics, USA) and observed for 42 days.
The test was performed in duplicate, and the tested sample
was considered positive only if both showed growth. The
GenoType Mycobacterium CM/AS line probe assay (Hain Life-
science, Nehren, Germany) was used for the species-level
identification of mycobacteria.

3.3. Auto-MODS Technique

Drug susceptibility through the auto-MODS technique
was performed as described by Wang et al. (17). In this
study, there were four modifications proposed for the orig-
inal MODS assay (14, 19). A p-nitrobenzoic acid (PNB) tube
was used in the auto-MODS assay to differentiate TB and
NTM. So, PNB inhibits the growth of M. tuberculosis, while
NTM differentiates TB and NTM resistant to PNB (14). An au-
tomatic computer-assisted digital camera was used to re-
duce human resource requirement for frequent readings
and the images captured were used in auto-MODS. Antibi-
otics tested in this study included isoniazid (0.1µg/mL), ri-
fampicin (1 µg/mL), ethambutol (5 µg/mL), streptomycin
(1 µg/mL), amikacin (1 µg/mL), levofloxacin (2 µg/mL), and
ofloxacin (2 µg/mL). Antibiotic concentrations were deter-
mined based on the GLI Mycobacteriology Laboratory Man-
ual (20). After inoculation, the tubes were incubated at
37°C, and daily images of the tubes were taken through the
computer-assisted digital camera, which was integrated
with the incubator. The interpretation of auto-MODS is as
same as that of the MODS assay, except that a PNB negative
(no growth of TB) tube was interpreted as TB-positive, and
the PNB positive tubes were interpreted as NTM-positive.
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The presence of growth in drug-containing tubes indi-
cated resistance towards the drug present in the tube.

3.4. Statistical Analysis

Categorical values were represented by mean and per-
centages. The chi-square analysis was performed to iden-
tify significant differences. A regression analysis was per-
formed to analyze the relationship of antimicrobial resis-
tance with clinical features. Statistical analyses were per-
formed using SPSS statistical software (SPSS, IMB, USA).

4. Results

A total of 375 sputum samples (duplicate samples col-
lected on consecutive days) were collected from 375 pa-
tients. Of the 375 patient samples, 219 samples were pos-
itive in AFB staining. Thirty-two AFB-positive patient sam-
ples did not show any presence of growth in BACTEC 960.
Hence, these patients were excluded from the analysis. One
hundred and eighty-seven patient samples, which were de-
tected with either NTM or TB, were included in this analy-
sis. Of the 187 patient samples, NTM was identified in 129
(69%) patient samples and TB in 58 (31%) patient samples.
Of the 187 patients (mean age 49.7± 7.2 years; age range 26
to 84 years), 113 (60.4%) were males, and 74 (39.6%) were fe-
males. The majority of the included patients (n = 74, 39.6%)
were in the age group of 51 - 70 years, followed by 61 (32.6%)
patients in the age group of 31 - 50 years.

One hundred and four (55.6%) patients had a history of
smoking, and 35 (18.7%) were HIV-positive patients. Of the
129 NTM-positive patients (mean age 42.3 ± 8.1 years; age
range 26 to 78 years), 79 (61.2%) were males, and 50 (38.8%)
were females. The majority of the NTM-positive patients
(n = 53, 41.1%) were in the age group of 51 - 70 years, fol-
lowed by 39 (30.2%) patients in the age group of 31 - 50 years.
Sixty-seven (51.9%) patients had a history of smoking, and 12
(9.3%) were HIV-positive patients. Except for the presence of
a higher HIV rate (P = 0.0213) in the overall culture-positive
patients, there was no significant difference (P > 0.05) in
the demographics of the overall positive and NTM positive
patients (Table 1).

Of the overall 375 patients, 129 samples were tested pos-
itive for NTM, accounting for a prevalence rate of 34.4%
among our population. All the NTM-positive sputum sam-
ples were subjected to species level identification using the
GenoType Mycobacterium CM/AS line probe assay. Of the 129
sputum samples, M. avium complex (n = 32, 24.8%) was the
predominant species identified, followed by M. kansasii (n
= 31, 24%), M. abscessus complex (n = 26, 20.2%), M. simiae (n
= 21, 16.3%), and M. fortuitum (n = 11, 8.5%). No significant dif-
ference was found between the different species identified
(P > 0.05). Other species were identified in fewer frequen-
cies (Table 2).

Of the 129 NTM isolates tested for antibiotic suscepti-
bility by auto-MODS technique, 81 (62.8%) isolates were re-
sistant to rifampicin, 78 (60.5%) to levofloxacin, 75 (58.1%)
to ofloxacin, 72 (55.8%) to ethambutol, 64 (49.6%) to isoni-
azid, 62 (48.1%) to streptomycin, and 54 (41.9%) to amikacin.
No significant difference was found in resistance between
different species (P > 0.05). Of the 129 isolates tested, 73
(56.6%) isolates were identified as MDR isolates. More than
60% of the M. avium complex isolates were found to be re-
sistant to levofloxacin (n = 22, 68.8%) and ofloxacin (n = 24,
75%). Likewise, more than 60% of M. kansasii isolates were
resistant to rifampicin (n = 24, 77.4%), streptomycin (n = 21,
67.7%), and levofloxacin (n = 21, 67.7%). More than 60% of M.
abscessus complex isolates were resistant to rifampicin (n =
17, 65.4%), streptomycin (n = 17, 65.4%), and ofloxacin (n = 16,
61.5%). More than 60% of M. simiae (n = 15, 71.4%) and M. for-
tuitum (n = 9, 81.8%) isolates were resistant to ethambutol
(Table 3). The regression analysis showed a significant asso-
ciation between NTM isolated from HIV patients and MDR
(P = 0.016). However, there was no significant association
between MDR isolates and patients’ age, sex, and smoking
history (P > 0.05).

5. Discussion

The adaptive biological property and opportunistic po-
tential of NTM make them ubiquitous microorganisms
present in diverse clinical and environmental scenarios.
The prevalence of NTM varies globally. They are associ-
ated with several infections, especially in immunosup-
pressed/immunocompromised patients (21). The associa-
tion of NTM with pulmonary diseases, especially chronic
pulmonary disease, is most commonly encountered in dif-
ferent clinical settings (3). Due to the lack of definitive evi-
dence on the transmission of NTM from one person to an-
other, NTM has gained lower public health priority than tu-
berculosis (4). Due to the existing burden of M. tuberculo-
sis in several countries and the limited availability of rapid
molecular methods, NTM is considered extremely low pri-
ority organisms (22). Besides, NTM is often misdiagnosed
as MDR TB, and is being treated with anti-tuberculosis
drugs such as isoniazid and rifampicin. The misdiagnosis
of NTM for M. tuberculosis, the overuse of anti-tuberculosis
drugs, and the selective pressure in the hospital environ-
ment have contributed to the development of resistance to
several antibiotics.

The American Thoracic Society has suggested a repeat
culture of sputum to establish pulmonary disease (3). Gen-
erally, NTM isolated from a single-sputum sample is consid-
ered a contaminant and often disregarded in the clinical
setting. Thus, in our study, bacterial growth was assessed
in duplicate samples, and a particular sputum sample was
termed as NTM-positive only if both of the duplicate sam-
ples showed the presence of growth. The NTM lung in-
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Table 1. Demographic Details of Overall Positive and Non-tuberculous Mycobacteria Positive Patients a

Characteristics Overall Positive (n = 187) NTM Positive (n = 129) P Values

Male 113 (60.4) 79 (61.2) 0.91

Female 74 (39.6) 50 (38.8) 0.52

Age (y), mean ± SD 49.7 ± 7.2 42.3 ± 8.1 NA

21 - 30 21 (11.2) 13 (10.1) 0.07

31 - 50 61 (32.6) 39 (30.2) 0.12

51 - 70 74 (39.6) 53 (41.1) 0.09

> 70 31 (16.6) 24 (18.6) 0.16

Smoking history 104 (55.6) 67 (51.9) 0.13

HIV-positive 35 (18.7) 12 (9.3) 0.02

Dry cough 121 (64.7) 52 (40.3) 0.07

Abbreviation: NA, not applicable.
a Values are expressed as No. (%) unless otherwise indicated.

Table 2. Distribution of Non-tuberculous Mycobacteria Species Identified

Species No. of Isolates (%)

Mycobacteriumavium complex 32 (24.8)

Mycobacterium kansasii 31 (24)

Mycobacteriumabscessus complex 26 (20.2)

Mycobacterium simiae 21 (16.3)

Mycobacterium fortuitum 11 (8.5)

Mycobacterium xenopi 4 (3.1)

Mycobacterium gordonae 2 (1.6)

Mycobacterium celonae 2 (1.6)

fection rate increases with age but varies significantly be-
tween countries (6). In our study, the majority (41.1%) of
the NTM positive patients were in the older age group of
51 - 70 years, and the rate decreased as the age group de-
creased. Similar to our study, a study from the United King-
dom, which reported the longitudinal trends of NTM iso-
lation and drug susceptibility between 2000 and 2013, re-
vealed that the majority of NTM-positive patients were in
the age group of 51 - 70 years (23). In our study, HIV pa-
tients were significantly higher (P = 0.0141) in the overall
AFB-positive group than in the NTM-positive group. Of the
35 HIV-positive patients, sputum samples from 19 patients
showed the presence of TB. In those patients, there is a
very high possibility that these patients acquired TB as a co-
infection of HIV.

In the present study, the overall prevalence of NTM was
34.4% (all samples). A study from Iran reported a much
lower (15.1%) prevalence than that reported in our study
(24). In our study, of the 187 AFB-positive samples, NTM was
identified in 129 (69%) patient samples. A study from India
reported that only 3.9% of the AFB-positive samples grew

NTM from various clinical samples, which is much lower
than that reported in our study (21). Cowman et al. (23) re-
ported that the proportion of NTM isolates obtained from
all subjects who provided samples for mycobacterial cul-
ture increased over time. The proportion increased from
3.5% in 2000 to 6.3% in 2013, which was lower than that re-
ported in our study (23). However, the study reported an
increasing trend in prevalence (23). The prevalence of NTM
isolated from sputum samples of patients with cystic fibro-
sis from Canada (6.1%) (25) and Israel (22.6%) (26) was lower
than that reported in our study. Other studies reported the
prevalence of NTM at 7.4 and 17.4% (27, 28).

It was reported that the NTM prevalence varies signifi-
cantly between countries (6). All the previous studies used
the culture method to detect NTM, the suggestion of The
American Thoracic Society of repeat culture of sputum to
establish pulmonary disease was mostly ignored, and NTM
is often disregarded as a contaminant (3). Also, the lack of
a definitive technique to identify NTM could contribute to
the lower prevalence rates reported in earlier studies (21,
23, 24). The use of the advanced BACTEC technique with
duplicate samples gave us the confidence that the positive
samples could not be discarded as a contaminant, and it
could increase the identification rate of NTM in our study.

Among different species, the M. avium complex (24.8%)
was the predominant species identified, followed by M.
kansasii (24%) and M. abscessus complex (20.2%) in our
study. A recent study from South China, which described
the epidemiology of pulmonary disease due to NTM, re-
ported that M. avium complex (44.5%) was the predomi-
nant species identified among NTM, which is similar to our
findings, but the identification rate was higher than in our
study. The M. abscessus complex (40.5%) was the second
most prevalent species identified, followed by M. kansasii
(10.0%) and M. fortuitum (2.8%) (4). While in our study, M.
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Table 3. Antibiotic Resistance of Non-tuberculous Mycobacteria Species a

Species Isoniazid Rifampicin Ethambutol Streptomycin Amikacin Levofloxacin Ofloxacin

Mycobacteriumavium complex (n = 32) 17 (53.1) 21 (65.6) 18 (56.3) 12 (37.5) 17 (53.1) 22 (68.8) 24 (75)

Mycobacterium kansasii (n = 31) 10 (32.3) 24 (77.4) 12 (38.7) 21 (67.7) 19 (61.3) 21 (67.7) 17 (54.8)

Mycobacteriumabscessus complex (n = 26) 13 (50) 17 (65.4) 15 (57.7) 17 (65.4) 11 (42.3) 14 (53.8) 16 (61.5)

Mycobacterium simiae (n = 21) 15 (71.4) 11 (52.4) 15 (71.4) 9 (42.9) 6 (28.6) 12 (57.1) 9 (42.9)

Mycobacterium fortuitum (n = 11) 7 (63.6) 3 (27.3) 9 (81.8) 3 (27.3) 0 (0.0) 3 (27.3) 3 (27.3)

Mycobacterium xenopi (n = 4) 1 (25) 3 (75) 2 (50) 0 (0.0) 0 (0.0) 3 (75) 3 (75)

Mycobacterium gordonae (n = 2) 0 (0.0) 1 (50) 1 (50) 0 (0.0) 1 (50) 1 (50) 1 (50)

Mycobacterium celonae (n = 2) 1 (50) 1 (50) 0 (0.0) 0 (0.0) 0 (0.0) 2 (100) 2 (100)

Total (n = 129) 64 (49.6) 81 (62.8) 72 (55.8) 62 (48.1) 54 (41.9) 78 (60.5) 75 (58.1)

a Values are expressed as No. (%).

kansasii (24%) was the second most species identified, fol-
lowed by M. abscessus complex (20.2%). Nasiri et al. (24)
from Iran reported M. simiae (38.7%) as the most predom-
inant species identified, followed by M. fortuitum (19.3%)
(24). In our study, M. simiae (16.3%) was the fourth most
species identified, and M. fortuitum (8.5%) was the fifth most
species identified. Jesudason et al. (21) from India reported
that M. chelonae (46%) was the predominant NTM species
isolated, and M. fortuitum (41%) was the second most NTM
species isolated from various clinical samples (21).

Goswami et al. (22) from India reported M. fortuitum
(4.61%) as the predominant species identified, although
not predominant, while our study reported a higher rate
(8.5%) of M. fortuitum. Cowman et al. (23) from the United
Kingdom reported that M. abscessus was the predominant
species identified among the younger age group, followed
by M. avium complex and M. chelonae, while M. avium com-
plex was the most predominant species identified in older
age groups, followed by M. fortuitum, and M. xenopi (23).
In our study, M. abscessus was the third common species
identified; however, we could not identify any association
with the age of patients. This is while M. avium complex
was the most common species (32, 24.8%) identified, and of
the 32 patients who were positive for M. avium complex, 25
patients were older than 50 years of age. The prevalence
and predominance of different NTM species vary across
different regions and studies. There was no similarity be-
tween the NTM species identified in our study and earlier
reports (21, 23, 24). This could be due to the variation in the
techniques used in different studies and the population in-
cluded in the studies. These results suggest that there ex-
ists a clear geographical variation in the presence of dif-
ferent species of NTM. Thus, the species-level identification
of NTM in every clinical setting is required for effective pa-
tient management.

In our study, 62.8% of our isolates were resistant to ri-
fampicin. Rifampicin is the most common drug used for

the treatment of tuberculosis. Rifampicin resistance was
followed by resistance to levofloxacin (60.5%), ofloxacin
(58.1%), and ethambutol (55.8%). Candido et al. (29) re-
ported that amikacin and other aminoglycosides are com-
monly used for the treatment of bacterial infections, and
M. abscessus isolates might show resistance to these drugs
(29). In our study, 65.4% of the M. abscessus complex iso-
lates were resistant to streptomycin, and 42.3% were resis-
tant to amikacin. In our study, 56.7% of the isolates were
MDR. Candido et al. (29) reported that 97.2% of their NTM
isolates were resistant to five or more antibiotics, which
is much higher than that reported in our study (29). A
study from Iran, which isolated NTM from respiratory sam-
ples, reported that most of their NTM strains were resistant
to multiple antibiotics; however, the study did not clearly
mention the rate of MDR (30). As drug susceptibility is not
routinely done in clinical settings, reports on MDR NTM are
very scarce; hence, we could not extensively compare our
MDR data with other reports.

We showed that 100% of the M. xenopi (n = 4) isolates
were susceptible to streptomycin and amikacin; M. che-
lonae isolates (n = 2) were susceptible to ethambutol, strep-
tomycin, and amikacin; M. fortuitum isolates (n = 11) were
susceptible to amikacin, and M. gordonae isolates (n = 2)
were susceptible to streptomycin. Another study from In-
dia reported that the majority (95.2%) of the M. fortuitum
isolates were susceptible to amikacin, which is similar to
our findings (22). In our study, 100% of the M. fortuitum and
M. chelonae isolates were susceptible to amikacin, which
is in complete agreement with that reported in India and
Taiwan (22, 31). Similar to our findings, two other stud-
ies reported that 100% of the M. fortuitum isolates were
susceptible to amikacin (32, 33). Cowman et al. (23) re-
ported that except for streptomycin, most of the M. avium
complex isolates were susceptible to isoniazid, rifampicin,
and ciprofloxacin. The study also reported that M. kansasii
showed high rates of susceptibility to all the tested antibi-
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otics, and rifampicin resistance was rare (23).
In contrast, except for streptomycin (37.5%), more than

50% of our M. avium complex isolates were resistant to all
other tested antibiotics. The resistance rate of M. kansasii
in our study for different antibiotics tested ranged from
32.2 to 77.4 and 71.4%. Besides, 62.8% of our isolates were
resistant to rifampicin. Goswami et al. (22) reported that
all of their NTM isolates showed complete resistance to all
tested antibiotics, except for streptomycin, and similar to
our study, the majority of the isolates were resistant to all
tested antibiotics (22). Antibiotic resistance to NTM greatly
varies based on species and geographical location (22).

The use of anti-tuberculosis drugs in specific clinical
settings plays a major role in determining antibiotic re-
sistance. A study from China reported high drug resis-
tance by NTM to first-line anti-TB drugs; 30.7% of the iso-
lates were suspected to be of MDR-TB cases and 4.0% of
TB re-treatment cases; the study suggests that pulmonary
NTM infections could cause substantial difficulties in the
clinical management of NTM and MDR-TB diseases in China
(13). A predominant number of our isolates were resistant
to rifampicin and routinely used anti-tuberculosis drugs,
indicating that NTM has been exposed much to the drug
due to overuse, which led to selective pressure and might
have contributed to the commonly used anti-tuberculosis
drugs.

The limitations of the study include the non-
availability of clinical and radiological data, which could
have revealed the clinical significance of the isolates; with
the limited data available from the microbiology, we could
not determine additional evidence of NTM infections such
as positive cultures from other centers and the history of
the disease condition.

5.1. Conclusions

Mycobacterium avium complex was the predominant
species identified, and the majority of the organisms were
resistant to commonly used anti-tuberculosis drugs. The
high prevalence of NTM and drug resistance towards the
tested antibiotics suggests that NTM can no more be ig-
nored as a contaminant, reiterating the need for periodic
surveillance and species-specific treatments for effective
management of diseases caused by NTM.
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