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Abstract: Knowledge of local species variation in nontuberculous mycobacteria (NTM), accurate identification of 
causative species and determination of their susceptibility to antimicrobial agents would help targeted therapy. 
This hospital-based retrospective study was performed to analyze the species distribution of the NTM isolated 
from respiratory samples, evaluate their overall degree of pathogenicity, and determine their drug susceptibility. 
40,900 respiratory samples (40,041 were from sputum and 859 from broncho-alveolar lavage fluid) and medical 
records were collected from 16,578 suspected pulmonary tuberculosis (TB) cases at Wuhan Medical Treatment 
Center (Wuhan, China) from January 1, 2015 to December 31, 2015. Acid-fast bacilli (AFB) culture and PNB/TCH 
(p-nitrobenzoic acid/thiophene-2-carboxylic acid hydrazide) culture were executed in respiratory samples to isolate 
mycobacteria and distinguish NTM from Mycobacterium tuberculosis (MTB). PCR amplification and gene sequenc-
ing were conducted for bacterial DNA of NTM isolates to identify NTM species. Overall degree of pathogenicity for 
the NTM isolates was evaluated and susceptibility to antimicrobial agents were tested. During the study period, 
positive results of mycobacterium culture were obtained in 5,123 samples from 2,056 cases. 395 NTM isolates 
were revealed in 152 cases among the 2,056. According to the definition or diagnostic criteria, 32 within the 152 
had confirmed diagnosis of NTM lung disease. Accordingly, overall degree of pathogenicity of the NTM isolates was 
0.211 (32/152). Moreover, the species identified in 301 NTM isolates that were subjected to gene sequencing 
were M. abscessus (135, 45.0%), M. avium-intracellul are complex (MAIC, 130, 43.1%), M. kansasii (32, 10.6%) 
and M. gordonae (4, 1.3%). The proportion of NTM isolates susceptible to antimicrobial agents were 100%, 100%, 
57.0%, 94.8%, 54.8% and 35.6% for M. abscessus to amikacin, cefoxitin, ciprofloxacin, clarithromycin, imipenem 
and tobramycins, 90.0% for MAIC to amikacin and clarithromycin, and 96.9%, 53.1%, 96.9%, 93.8% and 71.9% for 
M. kansasii to amikacin, ciprofloxacin, clarithromycin, ethambutol and rifampin, respectively. In conclusion, results 
obtained from the present study manifested that overall degree of pathogenicity of the NTM isolates was 0.211 at 
Wuhan Medical Treatment Center (Wuhan, China) in 2015. There existed a relatively higher proportion of antimi-
crobial resistance for M. kansasii to ciprofloxacin (46.9%), and that  for M. abscessus to ciprofloxacin (43.0%), imi-
penem (45.2%) and tobramycins (64.4%) respectively, suggesting the indispensability that clinicians should have 
treatment options according to the species identified and their susceptibility profile.
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Introduction

Mycobacteria other than Mycobacterium tuber-
culosis (MTB) complex and M. leprae are known 
as nontuberculous mycobacteria (NTM) [1, 2]. 
They are ubiquitous microorganisms occurring 
in humans, animals and the environment [3, 4], 
accounting for 3.37% of smear positive clinical 

isolates obtained from sputum samples in the 
eastern region of China [5], while 0.4-2.0% in 
the European Union [6]. Population-based data 
have documented a worldwide increase in the 
prevalence of human NTM infections [4, 5, 
7-11]. Species distribution of NTM isolates and 
the types of diseases caused by NTM species 
vary from region to region. It is worrisome that 
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results from the initial sputum samples are 
nondiagnostic, consider repeat sputum AFB 
smears and cultures), or (2) Positive culture 
results from at least one bronchial wash or 
lavage, or (3) Transbronchial or other lung biop-
sy with mycobacterial histopathologic features 
(granulomatous inflammation or AFB) and posi-
tive culture for NTM or biopsy showing myco-
bacterial histopathologic features (granuloma-
tous inflammation or AFB) and one or more 
sputum or bronchial washings that are culture 
positive for NTM [17].

Diagnostic criteria for NTM lung disease

Clinical, radiographic, and microbiologic criteria 
are equally important and all must be met to 
make a diagnosis of NTM lung disease [17].

Definition of pulmonary NTM Infection

We defined NTM-infected subjects as those 
who had at least one positive culture for NTM 
without fulfilling the complete diagnostic crite-
ria and without any record of treatment for NTM 
disease [15].

Data collection

Initial data were gathered from the database of 
Microorganism Laboratory of Wuhan Medical 
Treatment Center, including identification, iso-
lation source and demographics. Subsequently, 
the medical records of these cases, including 
symptoms, coexistent diseases and character-
istic radiological findings were collected and 
categorized according to the diagnostic criteria 
of ATS/IDSA [17], with the aim of evaluating 
clinical significance of isolated NTM.

Isolation and culture

Multiple respiratory samples on separate days 
from outpatients, or three early-morning sam-
ples on different days from hospitalized cases 
were collected. Samples were also obtained by 
bronchoscopy in the other cases [17]. After 
decontamination, each processed sample was 
cultured onto three Lowenstein Jensen (L-J) 
media at 37°C for eight weeks. The cultures 
were checked weekly, and the growth was 
examined by visual inspection for colonies. 
Consequently, 2,056 samples were confirmed 
positive for AFB by Ziehl-Neelsen staining. AFB 

the rate of inducible resistance due to gene 
mutations in NTM during therapy remains high 
and may be associated with a poor outcome for 
patients with NTM lung diseases [12]. 
Therefore, knowledge of local species variation, 
accurate identification of causative species 
and determination of their susceptibility to anti-
microbial agents would help targeted therapy 
[11, 13, 14]. Previous studies on the distribu-
tion of NTM species seldom reported coexis-
tent radiographic abnormalities and symptoms 
with NTM lung disease, which, however, are of 
necessity according to the diagnostic criteria  
of the American Thoracic Society (ATS)/the 
Infectious Diseases Society of America (IDSA) 
for NTM lung disease [11, 15, 16]. This study 
was performed to determine the species distri-
bution of the NTM isolated from respiratory 
samples collected at Wuhan Medical Treatment 
Center (Wuhan, China) by multigene sequence-
based typing, and to explore their clinical sig-
nificance by describing symptomatic and radio-
graphic features, and by evaluating their overall 
degree of pathogenicity and detecting their 
susceptibility to antimicrobial agents.

Materials and methods

Subjects

40,900 respiratory samples (40,041 were from 
sputum and 859 from broncho-alveolar lavage 
fluid) were collected from 16,578 suspected 
pulmonary tuberculosis (TB) cases for acid-fast 
bacilli (AFB) culture from January 1, 2015 to 
December 31, 2015 in Microorganism Labo- 
ratory of Wuhan Medical Treatment Center 
(Wuhan, China). Wuhan Medical Treatment 
Centeris the largest infectious diseases hospi-
tal in Central China, with a 1,000-bed capacity, 
where cases with respiratory infectious diseas-
es make up proximately one-half of total 
population.

Clinical criteria for NTM lung disease

(1) Pulmonary symptoms, nodular or cavitary 
opacities on chest radiograph, or an HRCT 
(high-resolution computed tomography) scan 
that shows multifocal bronchiectasis with mul-
tiple small nodules, and (2) Appropriate ex- 
clusion of other diagnoses.

Microbiologic criteria for NTM lung disease

(1) Positive culture results from at least two 
separate expectorated sputum samples (If the 
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were subsequently cultured in p-nitrobenzoic 
acid (PNB) and thiophene-2-carboxylic acid 
hydrazide (TCH) modified L-J medium [18, 19]. 
The isolates that could grow in both media were 
considered as NTM [18].

Molecular identification

Standard strains: MTB standard strain H37Rv 
(ATCC 27294), Mycobacterium avium (ATCC 
25291), Mycobacterium fortuitum (ATCC 64- 
81), Mycobacterium smegmatis (ATCC 19420), 
Mycobacterium chelonae (ATCC 35749), My- 
cobacterium intracellulare (ATCC 13950), My- 
cobacterium scrofula (ATCC 19981) and 
Mycobacterium gordonae (ATCC 14470) were 
purchased from the National Institute for 
Control of Pharmaceutical and Biological Pro- 
ducts (NICPBP) (Beijing, China).

DNA extraction and PCR amplification

The genomic DNA of the bacteria was extracted 
using classical phenol-chloroform method and 
stored at -20°C [18], then PCR amplification 
was performed. 16S rRNA genes of all isolates 
were amplified with 16S-F (5’-AGA GTT TGA 
TCM TGG CTC AG-3’) and 16S-R (5’-ACG GGC 
GGT GTC TAC AA-3’) targeting positions 11-1399 
of the 16S rRNA gene. The polymorphism of 
16S-23S rRNA internal transcribed spacer 
(ITS)-F (16SrRNA) (5’-GTG GGA TCG GCG ATT 
GGG AC-3’) positions 1280 to 1299 of the 16S 
rRNA gene and ITS-R (23SrRNA) (5’-CCA CCA 
TGC GCC CTT AGA CAC-3’) positions 7 to 27 of 
the 23S rRNA gene were utilized to amplify ITS 
regions [18]. The PCR products were refined 
with an OMEGAPCR purificationkit (OMEGA 
Biotek, USA) (Figure 1).

Clinical information from the cases with NTM 
isolates was analyzed, including demogra- 
phic variables (age and gender), symptoms 
(fever, night sweats, wasting, cough, expectora-
tion, hemoptysis, chest tightness and wheez-
ing), coexistent diseases (chronic obstructive 
pulmonary disease, bronchiectasis, diabetes 
mellitus and pulmonary tuberculosis) and char-
acteristic radiological abnormalities (patchy 
shadow, funicular shadow, bronchiectasis, 
mass, calcification, pleural effusion and cavity). 
The cases were further investigated for the 
degree of pathogenicity of isolated NTM, which 
was indicated by the ability of the organism to 
invade the tissues within the host, and was 
defined by the proportion of the cases with 
NTM lung disease out of all the cases of whom 
NTM were isolated from respiratory samples.

Drug susceptibility testing

NTM isolates were tested for susceptibility, 
using broth microdilution MIC method on 
Lowenstein Jensen (L-J) medium, and following 
the Clinical and Laboratory Standards Ins- 
titute’s document M24-A2 [20] and manufac-
turer’s instructions for drug susceptibility test-
ing (SigmaChemical Co., St. Louis, MO, USA). 
For rapidly growing mycobacteria (RGM), the 
panel of drugs included clarithromycin, amika-
cin, imipenem, linezolid, tigecycline, tobramy-
cin, cefoxitin, moxifloxacin, ciprofloxacin, trime-
thoprim-sulfamethoxazole (TMP-SMX), and do- 
xycycline or minocycline. Slowly growing myco-
bacteria (other than M. aviumcomplex, to which 
only clarithromycin and amikacin were used for 
testing) were tested against clarithromycin, 
ethambutol, amikacin, TMP-SMX, rifabutin, cip-

Figure 1. PAGE electrophoretogram for primer sequences from standard 
strains and clinical isolates. M: Mark; Lane 1: negative control; Lane 2: 
H37Rv; Lane 3-8: M. smegmatis, M. chelonae, M. gordonae, M. tuberculosis, 
M. avium, M. intracellulare; Lane 9-16: clinical isolates.

Sequencing and analysis

Sequencing results were sub-
mitted to GenBank for BLAST 
comparison in the BLAST 
server site at NCBI (http://
www.ncbi.nlm.nih.gov/blast/
Blast.cgi?LAYOUT=TwoWin- 
dows&AUTO_FORMAT=Semia 
uto&CMD=Web&PAGE=For- 
m a t i n g & N C B I _ G I = y e s & 
SHOW_OVERVIEW=on).

Evaluation of overall degree 
of pathogenicity for NTM 
isolates



Pathogenicity and susceptibility of nontuberculous mycobacteria

245 Int J Clin Exp Med 2017;10(1):242-254

rofloxacin, moxifloxacin, minocycline, linezolid, 
and rifampin. Isolates of M. kansassi were test-
ed for susceptibility to rifampin and clarithro-
mycin only if they were rifampin susceptible 
while rifampin-resistant M. kansasii included a 
panel of drugs [17, 20]. However, none of line-
zolid, tigecycline, moxifloxacin, TMP-SMX, doxy-
cycline, minocycline or rifabutin was utilized for 
susceptibility testing in our institution. Con- 
sequently, the corresponding data were not 
available in the present study.

Results

Numbers of case and sample

5,123 respiratory samples from 2,056 cases 
were determined positive by mycobacterium 
culture. 395 isolates (7.7%) from 5,123 respira-
tory samples could grow in both PNB and TCH 
modified L-J medium, so they were considered 
as NTM, while the other 4,728 (92.3%) were 
MTB. Therefore, the ratio of isolation of NTM to 
MTB was 0.08.

Figure 2. Sequence diagram for bacterial DNA fragments of 150-230.

Figure 3. BLAST comparison results for Mycobacterium tuberculosis. There existed the closest genetic relationship 
between the sample mycobacterium and M. tuberculosis H37Rv with up to 99% sequence similarity, so the strain 
was most likely to be M. tuberculosis by sequencing identification.
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Sequencing and BLAST comparison

301 out of 395 NTM isolates were subjected  
to gene sequencing. Sequences for bacterial 
DNA fragments of various mycobacterium spe-

cies were indicated in Figures 2, 4, 6, 8 and 10. 
As displayed in Figures 3, 5, 7, 9 and 11, the 
sample mycobacterium was recognized as M. 
tuberculosis, M. abscessus, M. gordonae, M. 
kansasii and M. avium-intracellul are complex 

Figure 4. Sequence diagram for bacterial DNA fragments of 240-320.

Figure 5. BLAST comparison results for Mycobacterium abscessus. The sample mycobacterium had the closest 
genetic relationshipto M. abscessus, having up to 99% sequence similarity, and accordingly was distinctly possible 
to be M. abscessus by sequencing identification.
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(MAIC) by sequencing identification, respec- 
tively.

Species distribution of NTM isolate

NTM species identified from respiratory sam-
ples of the cases at Wuhan Medical Treatment 

Center in 2015 were M. abscessus, MAIC, M. 
kansasii and M. gordonae in decreasing order. 
135 isolates of rapidly growing mycobacteria 
(RGM) and 166 isolates of slowly growing myco-
bacteria (SGM) were identified in the present 
study. Among them, M. abscessus was the 
most frequently identified NTM species (Table 

Figure 6. Sequence diagram for bacterial DNA fragments of 340-410.

Figure 7. BLAST comparison results for Mycobacterium gordonae. The strain was entirely plausibleto be M. gordo-
nae by sequencing identification, since the sample mycobacterium had the nearest geneticrelationshipto M. gordo-
nae, with sequence identity of 95%.
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1). Summarized results concerning the num-
bers of cases and samples during study period, 
from sample collection, mycobacteria culture, 
species identification to diagnosis of NTM lung 
disease were illustrated in Figure 12.

Overall degree of pathogenicity for NTM iso-
lates

32 out of 152 cases met the ATS/IDSA criteria 
for NTM lung disease [17]. Consequently, over-

Figure 8. Sequence diagram for bacterial DNA fragments of 180-250.

Figure 9. BLAST comparison results for Mycobacterium kansasii. The strain was most possible to be M. kansasii 
by sequencing identification, since the sample mycobacterium had the most significant geneticrelationshipto M. 
kansasii, with sequence identity of as high as 95%.
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all degree of pathogenicity for the NTM isolates 
was 0.211 (32/152) at Wuhan Medical 
Treatment Center in 2015, depending on the 
definition [21].

Clinical characteristics

The data in the 32 cases with diagnosis of NTM 
lung disease concerning demographics, symp-

toms and coexistent diseases were exhibited in 
Table 2, and that with respect to chest imaging 
were presented in Table 3.

Drug susceptibility of NTM isolates

The proportion of NTM isolates susceptible to 
antimicrobial agents were 100%, 100%, 57.0%, 
94.8%, 54.8% and 35.6% for M. abscessus to 

Figure 10. Sequence diagram for bacterial DNA fragments of 440-520.

Figure 11. BLAST comparison results for Mycobacterium avium-intracellul are complex. There was a nearest genetic 
relationship between the sample mycobacterium and MAIC, having a sequence similarity of up to 97%, therefore, 
the strain was confidently expected to be MAIC by sequencing identification. MAIC, Mycobacterium avium-intracellul 
are complex.
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Figure 12. Summarized results concerning numbers of cases and samples 
during study period at Wuhan Medical Treatment Center (Wuhan, China) in 
2015. BALF, broncho-alveolar lavage fluid; MTB, M. tuberculosis; MAIC, My-
cobacterium avium-intracellul are complex; NTM, nontuberculous mycobac-
teria; PTB, pulmonary tuberculosis.

amikacin, cefoxitin, ciprofloxacin, clarithromy-
cin, imipenem and tobramycins, 90.0% for 
MAIC to amikacin and clarithromycin, and 
96.9%, 53.1%, 96.9%, 93.8% and 71.9% for M. 
kansasii to amikacin, ciprofloxacin, clarithromy-
cin, ethambutol and rifampin, respectively. The 

ical Treatment Center in 2015 were M. absces-
sus, MAIC, M. kansasii and M. gordonae in 
decreasing order. Among them, M. abscessus 
was the most frequently identified NTM spe-
cies. The result was approximately similar to 
the findings of the study undertaken by Chong 

Table 1. Species distributions of 301 NTM isolates by molecular 
identification
Species Number (%)
Rapidlygrowing mycobacteria
    M. abscessus 135 (45.0)
Slowly growing mycobacteria
    MAIC 130 (43.1)
    M. kansasii 32 (10.6)
    M. gordonae 4 (1.3)
Note: MAIC, M. avium-intracellul are complex.

numbers of NTM species  
susceptible to antimicrobial 
agents were demonstrated in 
Table 4.

Discussion

In the present study, the spe-
cies distribution of NTM iso-
lated from respiratory sam-
ples collected from suspect- 
ed TB cases was successfu- 
lly determined by multigene 
sequence-based typing, and 
overall degree of pathogenici-
ty for isolated NTM was evalu-
ated by the proportion of 
cases with NTM lung disease 
out of all cases of whom NTM 
were isolated from respiratory 
samples.

It was well established that 
isolation of NTM in microbio-
logical samples most com-
monly represented simple 
exposure rather than disease 
[15]. In accordance with the 
proposal put forward by 
Ahmed et al [11], isolation of 
NTM from clinical samples 
should prompt to evaluate 
their clinical significance. In 
our study, all identified NTM 
isolates in cases with con-
firmed diagnosis of NTM lung 
disease were considered to 
be clinically significant, since 
symptoms, coexistent diseas-
es and imaging abnormalities 
were presented.

In the present study, the gene 
sequencing was successfully 
implemented for identifica-
tions of NTM species within 
301 NTM isolates. NTM spe-
cies identified at Wuhan Med- 
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In accordance with the results of the research 
by Ahmed et al [11], drug susceptibility testing 
(DST) for RGM showed susceptibility to amika-
cin (100%) and clarithromycin (100%), and that 
for SGM also did so to clarithromycin (nearly 
100%) in present study.

Elderly people were recognized as a risk fac- 
tor of NTM infection in Wu et al [24] study. 
Similarly, we discovered in the present study 
that 40.6% of the patients diagnosed with NTM 
lung disease were older than 60 years of age. 
Cook et al [25] reported in their research that in 
today’s clinics, approximately 80% of cases 
with NTM lung disease were middle aged or 
elderly females with midlung bronchiectasis 
and other pulmonary abnormalities. Addition- 
ally, as evidences suggested in Chong et al [8] 
and Winthrop et al [26] studies, men with NTM 
were more likely to have chronic obstructive 
pulmonary disease (COPD) and women were 
more likely to have bronchiectasis. It was with 
regret that in the present study, a small size of 
NTM isolates which met diagnostic criteria for 
NTM lung disease and incomplete data regard-
ing the gender distribution of coexistent dis-
ease prevented us from drawing further conclu-
sions as to difference in the incidence of coex-
istent disease by gender or by NTM species. 
The combination of various coexistent chronic 
diseases in the majority of the patients with 
NTM lung disease, such as pulmonary tubercu-
losis, with or without cavities, bronchiectasis, 
COPD and diabetes mellitus was found in our 
study. The finding was in line with the conclu-
sion drawn by Wu et al [24] in a previous stu- 
dy that having a history of TB and a cavity on 
chest X ray represented the risk factors associ-
ated with NTM infection. In addition, our find-
ings conformed to the findings obtained by 
Chong et al [8] and Winthrop et al [26] that 
patients with COPD or bronchiectasis were 
more likely to have NTM-related infection or 
lung disease [26]. Moreover, the identification 
of NTM isolates in samples from patients with 
diabetes mellitus in our study suggested that 
NTM infections should be taken into consider-
ation in immune-compromised patients, such 
as those with diabetes mellitus and AIDS, as Yu 
et al advocated [27].

There was still a limitation in our study that we 
failed to distinguish possible infection due to 
M. gordonae from environmental contamina-

Table 2. Demographics, smoking status, symp-
toms and coexistent diseases of 32 patients 
diagnosed with NTM lung disease
Clinical Characteristics Number (%)
Gender
    Male 14 (43.8)
    Female 18 (56.2)
Age, years
    ≤ 40 7 (21.9)
    41-60 12 (37.5)
    ≥ 60 13 (40.6)
Smoking status
    Current or former smoker 14 (43.8)
        Smoking amount (pack-years ± SD) 137.6 ± 90.4
    Non-smoker 15 (46.9)
    Unknown 3 (9.3)
Symptom
    Fever 13 (40.1)
    Wasting 21 (65.6)
    Night sweats 9 (28.1)
    Cough 29 (90.6)
    Expectoration 27 (84.4)
    Hemoptysis 15 (46.8)
    Chest tightness 20 (62.5)
    Wheezing 20 (62.5)
Coexistent disease
    Chronic obstructive pulmonary disease 6 (18.8)
    Bronchiectasis 11 (34.4)
    Diabetes mellitus 7 (21.9)
    Pulmonary tuberculosis 29 (90.6)

et al [8] in Dublin, Ireland, Yu et al [18] in 
Southern-central China, Jang et al [21] in South 
Korea, Yano et al [22] in Japan and Lai et al [23] 
in Taiwan. Meanwhile, it was not in conformity 
with that by Shao et al [5] in the eastern part of 
China, Wu et al [24] in Shanghai, China or 
Gunaydin et al [14] in Turkey. These differences 
probably reflected geographical variations in 
the prevalence of NTM species between and 
within countries. Moreover, they could be attrib-
uted to differences in sampling, with our results 
representing the prevalence of NTM isolated at 
an infectious diseases hospital in Wuhan, 
China, where respiratory infectious diseases 
accounted for a considerable proportion. In 
addition, these discordances with the data 
from other regions of China in previous investi-
gations might well be due to a selection bias 
existing in this hospital-based survey.
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Table 3. Chest imaging on CT scan in 32 patients 
diagnosed with NTM lung disease
Chest imaging Number (%)
Number of pulmonary lobe involved
    One 3 (9.4)
    Two 11 (34.4)
    Three or more 18 (56.2)
Characteristic radiological finding
    Patchy shadow 18 (56.2)
    Funicular shadow 12 (37.5)
    Bronchiectasis 23 (71.8)
    Mass 5 (15.6)
    Calcification 2 (6.2)
    Pleural effusion 6 (18.7)
    Cavity
        Thin-wall cavity 17 (53.1)
        Thick-wall cavity 5 (22.7)
Location of focus
    Right upper lobe 17 (53.1)
    Right middle lobe 15 (46.9)
    Right lower lobe 20 (62.5)
    Left upper lobe 13 (40.6)
    Left lower lobe 16 (50.0)

tion. Four isolates of M. gordonae encountered 
in our study were most likely to represent envi-
ronmental contamination. Studies [28, 29] 
have revealed that few cases of respiratory 
infection from which M. gordonae was detected 
in BAL or sputum samples met the criteria of 
the American Thoracic Society for pulmonary 
NTM disease, implying that M. gordonae are 
typically contaminants, rather than causative 

agents of true disease [29, 30]. For that rea-
son, regular screening of tap water and endo-
scopic equipment should be adopted to com-
pare the clinical strains with the environmental 
ones when an outbreak of M. gordonae occurs 
[28]. Genotyping by pulsed-field gel electropho-
resis (PFGE), to which isolates of M. gordonae 
from environment (tap water, water supply 
channel of the washer disinfector, or endoscop-
ic equipment) or respiratory tract of patients 
are subjected, can be utilized to compare the 
clinical strains with the environmental ones 
[28]. Unfortunately, PFGE was not conducted in 
our institution due to resource limitations.

Despite the limitation, some conclusions can 
still be drawn in the present hospital-based ret-
rospective study. Firstly, NTM species identified 
by multigene sequence-based typing from 
40,900 respiratory samples of 16,578 patients 
at Wuhan Medical Treatment Center (Wuhan, 
China) in 2015 were M. abscessus, MAIC, M. 
kansasii and M. gordonae, among which M. 
abscessus was the most frequently identified. 
Secondly, overall degree of pathogenicity for 
the NTM isolates within the study period was 
0.211. Finally, it is noteworthy that there exists 
a relatively higher proportion of antimicrobial 
resistance revealed in M. kansasiito ciproflox- 
acin (46.9%), andin M. abscessus to ciproflox- 
acin (43. 0%), imipenem (45.2%) and tobramy-
cins (64.4%) respectively in our study, suggest-
ing the indispensability that clinicians should 
have treatment options according to the spe-
cies identified and their susceptibility profile.
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