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Objective: To analyze the clinical characteristics, species distribution and drug resistance of patients with non-tuberculous myco-
bacteria (NTM) lung disease in Qingdao, China.
Methods: Clinical data of patients with NTM lung disease and pulmonary tuberculosis (TB) treated at Qingdao Chest Hospital from 
July 2021 to July 2023 were retrospectively analyzed.
Results: The prevalence of NTM lung disease was 8.03%, with a high rate of drug resistance during the study period. Patients with 
NTM lung disease had higher rates of older age, bronchiectasis, malignancy, HIV infection and bronchial dilatation shadow and lower 
rates of hollow shadow compared to patients with pulmonary TB.
Conclusion: Comprehensive understanding of NTM lung disease, improved laboratory testing techniques and appropriate treatment 
regimens are essential for the management of NTM lung disease.
Keywords: non-tuberculous mycobacteria, pulmonary tuberculosis, clinical characteristics, drug resistance

Introduction
Non-tuberculous mycobacteria (NTM) are all mycobacteria other than Mycobacterium tuberculosis (MTB) and 
Mycobacterium leprae, which are widely existed in nature, and are also called environmental mycobacteria.1–3 More 
than 190 species of NTM have been identified, most of which are non-pathogenic, and only a few of them are 
conditionally pathogenic.4,5 When the immune system is compromised, it is susceptible to infected NTM and causes 
the tissue or organ lesions known as NTM disease, of which lung disease is the most common type.6–9

In recent years, with increased awareness of NTM lung disease and improved laboratory testing techniques, the 
incidence of this disease has increased significantly worldwide.10 Epidemiologic data from the Tuberculosis Department 
of the Chinese Medical Association showed that the isolation rate of NTM in China increased from 4.3% in 1979 to 
11.1% in 2000 and then to 22.9% in 2010, showing a remarkable upward trend. Sun et al reported the incidence of NTM 
increased each year, from 4.24% in 2014 to 12.68% in 2021 in Northern China.11 Wang et al demonstrated that NTM 
detection rose significantly each year from January 2017 to December 2022 in Southwest China.12 These evidences 
indicated that the incidence of NTM diseases is still on the rise in China.

However, the lack of characteristic clinical manifestations of NTM lung disease and the similarity of its symptoms to 
those of tuberculosis (TB) make it difficult to distinguish, resulting in many patients with NTM lung disease being 
misdiagnosed with TB and given the inappropriate medication and treatment regimen, delaying the patient’s optimal 
treatment time.13,14 Therefore, to raise awareness of NTM lung disease, this study analyses the clinical characteristics of 
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patients with NTM lung disease and TB, as well as the distribution of NTM species and drug resistance at Qingdao Chest 
Hospital, China.

Materials and Methods
Patients
This retrospective study enrolled all patients with bacteriologically diagnosed NTM lung disease as well as pulmonary 
TB admitted to Qingdao Chest Hospital between July 2021 and July 2023. Patients were diagnosed according to the 
Chinese Guidelines for Diagnosis and Treatment of Non-Tuberculous Mycobacteria Disease (2020 edition)15 and the 
Diagnostic Criteria for Tuberculosis in China (WS288-2017).16 According to the Chinese Guidelines for Diagnosis and 
Treatment of Non-Tuberculous Mycobacteria Disease, NTM lung disease is defined as identical NTM species from more 
than 2 sputum specimens collected at different time points, and imaging evidence of pulmonary cavitation or multiple 
bronchial dilatation with micronodularity. The clinical symptoms, laboratory tests and imaging results of all patients were 
collected and analyzed.

MTB and NTM Species Identification
All samples were tested by Mycobacterium nucleic acid detection kit (CapitaiBio Technology, China) based on PCR 
fluorescent probe assay to differentiate Mycobacterium tuberculosis complex from NTM. The strain growing on 
p-nitrobenzoic acid (PNB) selective medium was initially identified as NTM. Species identification of NTM was 
performed using matrix-assisted laser desorption-ionization time-of-flight mass spectrometry (MALDI-TOF MS) by 
Conlight Medical (Shanghai, China).

Drug Susceptibility Testing
Drug susceptibility of NTM strains was determined by the proportion method in Lowenstein-Jensen (LJ) medium with drug 
concentrations of isoniazid (INH) 0.2ug/mL, streptomycin (SM) 4ug/mL, rifampicin (RFP) 40ug/mL, ethambutol (EMB) 
2ug/mL, para-aminosalicylic acid (PAS) 1ug/mL, amikacin (AMK) 30ug/mL, prothionamide (PTO) 40ug/mL, levofloxacin 
(LFX) 2ug/mL, Moxifloxacin (MFX) 2ug/mL, capreomycin (CAP) 40ug/mL and cycloserine (CS) 40ug/mL.

Statistics
The Shapiro–Wilk test was used to analyse whether the data for continuous variables followed a normal distribution. 
Comparisons of continuous variables were performed using t-tests for variables with a normal distribution, or the Mann– 
Whitney U-test for variables without a normal distribution. Categorical variables were compared using the Pearson chi- 
square test. All analyses were performed using SPSS software (version 23.0), and results with a p-value less than 0.05 
were considered statistically significant.

Results
NTM Lung Disease and TB Patients
From July 2021 to July 2023, a total of 280 patients were isolated NTM strains at Qingdao Chest Hospital. Of these, 
seven patients with a concurrent diagnosis of tuberculosis were excluded. In addition, 56 patients had second sputum 
culture results that were inconsistent with the first sputum culture results, 35 patients had no imaging evidence of NTM 
lung disease (absence of pulmonary cavitation or multiple bronchiectasis with micronodules), 9 patients had contami-
nated cultures, and 8 patients did not have complete clinical data, and all of these patients were excluded. Finally, 165 
patients were diagnosed with NTM lung disease. Meanwhile, 1890 patients diagnosed with pulmonary TB during the 
same period were included. NTM lung disease accounts for 8.03% (165/2055) of mycobacterial lung disease.

Comparison of NTM Lung Disease and Pulmonary TB Patients
Compared with pulmonary TB patients, NTM lung disease patients had a higher proportion of patients aged over 60 
years (χ2=65.60, P<0.001), bronchiectasis (χ2=11.00, P=0.001), malignancy (χ2=27.43, P<0.001), HIV infection 
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(χ2=9.16, P=0.002) and bronchial dilatation shadow (χ2=12.43, P<0.001), but a lower proportion of patients with hollow 
shadow (χ2=5.64, P=0.018) (Table 1). In terms of clinical symptoms, there was no statistical difference between NTM 
lung disease and pulmonary TB patients. Among laboratory indicators, lymphocyte percentage (P<0.001) and albumin 
concentration (P=0.027) of NTM lung disease patients were higher than those of pulmonary TB patients, while white 
blood cell count (P=0.039) and neutrophil percentage (P=0.002) of NTM lung disease patients were lower (Table 2).

Table 1 Comparison of Clinical Characteristics of NTM Lung Disease and Pulmonary Tuberculosis Patients

Characteristics NTM Lung  
Disease 
(n=165)  

n (%)

Pulmonary  
Tuberculosis  

(n=1890)  
n (%)

Total χ2 P value

Gender
Male 83 (50.3%) 1058 (56.0%) 1141 1.98 0.159

Female 82 (49.7%) 832 (44.0%) 914
Age

<60 years 56 (33.9%) 1241 (65.7%) 1297 65.60 <0.001

≥60 years 109 (66.1%) 649 (34.3%) 758
Area

Rural areas 107 (64.8%) 1167 (61.7%) 1274 0.62 0.431

Urban areas 58 (35.2%) 723 (38.3%) 781
History of immunotherapy

Yes 18 (10.9%) 245 (13.0%) 263 0.57 0.449

No 147 (89.1%) 1645 (87.0%) 1792
Surgical history

Yes 49 (29.7%) 607 (32.1%) 656 0.41 0.523

No 116 (70.3%) 1283 (67.9%) 1399
Medical history

COPD 16 (9.7%) 283 (15.0%) 299 3.40 0.065
Pulmonary tuberculosis 28 (17.0%) 369 (19.5%) 397 0.64 0.425

Bronchiectasis 41 (24.8%) 284 (15.0%) 325 11.00 0.001

Bronchial asthma 6 (3.6%) 127 (6.7%) 133 2.38 0.123
Malignancy 17 (25.0%) 51 (2.7%) 68 27.43 <0.001

Coronary heart disease 31 (18.8%) 298 (15.8%) 329 1.03 0.310

Diabetes 23 (13.9%) 231 (12.2%) 254 0.41 0.520
HIV infection 4 (2.4%) 9 (0.5%) 13 9.16 0.002

Clinical symptoms
Fever 45 (27.3%) 630 (33.3%) 675 2.53 0.112
Cough and sputum production 94 (57.0%) 1106 (58.5%) 1200 0.15 0.699

Hemoptysis 29 (17.6%) 381 (20.2%) 410 0.63 0.426

Chest pain 18 (10.9%) 257 (13.6%) 275 0.95 0.331
Weight loss 23 (13.9%) 364 (19.3%) 387 2.81 0.094

Weakness 27 (16.4%) 306 (16.2%) 333 <0.01 0.954

Night sweat 14 (8.5%) 215 (11.4%) 229 1.28 0.258
Imaging

Patchy shadow 152 (92.1%) 1738 (92.0%) 1890 0.01 0.941

Nodular shadow 26 (15.8%) 274 (14.5%) 300 0.19 0.660
Hollow shadow 85 (51.5%) 1152 (61.0%) 1237 5.64 0.018

Bronchial dilatation shadow 54 (32.7%) 395 (20.9%) 449 12.43 <0.001

Pleural effusion 50 (30.3%) 613 (32.4%) 663 0.32 0.574
Enlargement of mediastinal lymph nodes 63 (38.2%) 776 (41.1%) 839 0.52 0.471

Lesion site
Unilateral 61 (37.0%) 827 (43.8%) 888 2.85 0.091
Bilateral 104 (63.0%) 1063 (56.2%) 1167

Abbreviations: NTM, non-tuberculous mycobacteria; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus.
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Distribution of NTM Species
A total of seven NTM species were isolated from 165 patients with NTM lung disease, including five slow-growing 
(M. intracellulare, M. avium, M. kansasii, M. bolletii, and M. gordonae) and two fast-growing (M. chelonae/abscessus 
and M. fortuitum) mycobacteria. The proportions of slow-growing and fast-growing mycobacteria were 81.2% (134/165) 
and 18.8% (31/165), respectively. The three most common NTMs are M. intracellulare (38.2%), M. avium (22.4%) and 
M. chelonae/abscessus (17.6%) (Table 3).

Drug Resistance Profiles of NTM Isolates
Since NTM lung disease is easily misdiagnosed as pulmonary TB, especially in primary hospitals where NTM diagnostic 
techniques are not available, this study analyzed the anti-TB drug resistance profiles of NTM isolates (Table 4). As the 
most prevalent species of NTM, M. intracellulare has a high resistance rate to first-line anti-TB drugs, all above 60%, 
and a relatively low resistance rate to second-line anti-TB drugs such as amikacin, capreomycin, cycloserine and 
moxifloxacin, all below 40%. Fast-growing NTM, represented by M. chelonae/abscessus, were 100% resistant to 
isoniazid, rifampicin and streptomycin, and more than 50% resistant to other anti-TB drugs.

Discussion
This retrospective study investigated the clinical characteristics, species distribution and drug resistance profiles of 
patients with NTM lung disease in Qingdao, China. Compared with patients with pulmonary TB, patients with NTM lung 
disease had differences in several characteristics including age, medical history, imaging and laboratory indicators. These 
results will help in the diagnosis and treatment of NTM lung diseases.

NTM lung disease accounts for 8.03% of total mycobacterial lung disease diagnosed at Qingdao Chest Hospital 
in this study. In recent years, the prevalence of NTM in Shandong province (including Qingdao) has increased,17 

which may be related to the rising awareness of NTM disease among doctors and the improvement of laboratory 
techniques.18–20 In this study, patients were diagnosed according to the Chinese Guidelines for Diagnosis and 

Table 2 Comparison of Laboratory Indicators of NTM Lung Disease and Pulmonary 
Tuberculosis Patients

Laboratory Indicators * NTM lung  
Disease 
(n=165)

Pulmonary  
Tuberculosis  

(n=1890)

t P value

White blood cell count (×109/L) 6.31±1.43 8.44±3.38 −2.17 0.039
Neutrophil percentage (%) 64.21±5.18 71.17±5.46 3.46 0.002

Lymphocyte percentage (%) 19.22±2.27 15.23±2.96 −4.00 <0.001

Erythrocyte sedimentation rate (cm) 53.21±28.56 52.86±24.73 0.04 0.972
C-reactive protein (g/L) 18.42±20.27 20.46±29.19 0.22 0.831

Albumin (g/L) 37.71±4.16 33.77±4.68 2.35 0.027

Note: * All variables followed a normal distribution and t-tests were used. 
Abbreviation: NTM, non-tuberculous mycobacteria.

Table 3 Distribution of NTM Species

NTM Species Number Percentage

M. intracellulare 63 38.2

M. avium 37 22.4
M. chelonae/abscessus 29 17.6

M. kansasii 22 13.3

M. bolletii 6 3.6
M. gordonae 6 3.6

M. fortuitum 2 1.2
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Table 4 Drug Resistance Profiles of NTM Species

Drug Resistance M.  
Intracellulare 

(n=63)  
n (%)

M. Avium  
(n=37) n (%)

M. Chelonae/ 
Abscessus 

(n=29)  
n (%)

M. Kansasii  
(n=22) 
n (%)

M. Bolletii  
(n=6)  
n (%)

M. Gordonae  
(n=6)  
n (%)

M. Fortuitum  
(n=2)  
n (%)

Total n (%)

Isoniazid 62 (98.4) 37 (100) 29 (100) 22 (100) 5 (83.3) 2 (33.3) 2 (100) 159 (96.4)
Rifampicin 47 (74.6) 29 (78.4) 29 (100) 4 (18.2) 3 (50.0) 4 (66.7) 2 (100) 118 (71.5)

Streptomycin 38 (60.3) 21 (56.8) 29 (100) 19 (86.4) 4 (66.7) 5 (83.3) 2 (100) 118 (71.5)

Ethambutol 53 (84.1) 33 (89.2) 27 (93.1) 17 (77.3) 4 (66.7) 4 (66.7) 1 (50.0) 139 (84.2)
Amikacin 12 (19.1) 14 (37.8) 17 (58.6) 11 (50.0) 3 (50.0) 4 (66.7) 0 (0) 61 (37.0)

P-aminosalicylic acid 51 (81.0) 30 (81.1) 28 (96.6) 20 (90.9) 4 (66.7) 3 (50.0) 1 (50.0) 137 (83.0)

Capreomycin 17 (27.0) 10 (27.0) 27 (93.1) 6 (27.3) 4 (66.7) 4 (66.7) 1 (50.0) 69 (41.8)
Levofloxacin 32 (50.8) 21 (56.8) 27 (93.1) 3 (13.6) 3 (50.0) 3 (50.0) 2 (100) 91 (55.2)

Cycloserine 10 (15.9) 8 (21.6) 25 (86.2) 14 (63.6) 3 (50.0) 2 (33.3) 1 (50.0) 63 (38.2)

Prothionamide 29 (46.0) 14 (37.8) 27 (93.1) 9 (40.9) 2 (33.3) 2 (33.3) 1 (50.0) 84 (50.9)
Moxifloxacin 23 (36.5) 18 (48.7) 17 (58.6) 10 (45.5) 3 (50.0) 1 (16.7) 2 (100) 74 (44.9)
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Treatment of Non-Tuberculous Mycobacteria Disease (2020 edition).15 The Chinese Guidelines are based on 
clinical symptoms, radiological features and microbiological tests, which are consistent with the ATS 
Guidelines.4 All detailed diagnostic criteria were consistent, except that positive molecular biological tests were 
also accepted for microbiological tests in the Chinese guidelines. Molecular biological tests are less time- 
consuming than culture and can directly identify the species,21 which is advantageous in the diagnosis of NTM. 
Even molecular biological tests for TB, such as Xpert, can be very helpful in diagnosing NTM. Patients with 
positive smears but negative molecular tests are likely to be infected with NTM. Nevertheless, the proportion of 
NTM in this study was lower than the data from the 5th National Tuberculosis Epidemiological Survey in 2010.22 

This may be due to regional differences in climate, geography and other factors, leading to differences in the 
infection rate of NTM in China.

NTM lung disease has similar symptoms to pulmonary TB, with clinical manifestations such as fever, cough and 
sputum, hemoptysis and other non-specific symptoms, which is an important reason for NTM to be easily misdiagnosed 
and mistreated.23,24 In this study, compared with pulmonary TB patients, we found that a greater proportion of NTM lung 
disease patients were older, and had bronchiectasis, malignancy or HIV infection, suggesting that these populations may 
be at high risk for NTM lung disease, which is consistent with the findings of other studies.25–27 The high incidence of 
NTM in patients with a history of comorbid bronchiectasis may be due to hormones often used in this disease to reduce 
the inflammatory response, leading to reduced immune function and increased risk of NTM infection. In addition, NTM 
disease may be associated with alpha 1-antitrypsin deficiency in patients with bronchiectasis.28,29 Alpha-1-antitrypsin 
inhibits the rapid growth of mycobacterial infection in macrophages by enhancing phagosome-lysosome fusion and 
autophagy, expressing anti-inflammatory and antimicrobial properties, thereby enhancing macrophage immunity against 
NTM.29,30 However, alpha-1 antitrypsin has not been widely tested in China. The relationship between alpha-1 
antitrypsin and NTM disease need for further research.

In imaging, compared to pulmonary TB, patients with NTM lung disease had a lower incidence of cavitation, higher 
bronchodilated shadows, and a wider cumulative range that tended to invade both lobes of the lungs, which is consistent 
with previous studies.31,32 We also found that the white blood cell counts of patients with NTM lung disease were lower 
than those of patients with pulmonary TB, with a lower proportion of neutrophils but a higher proportion of lymphocytes, 
suggesting that NTM induces a milder inflammatory response than TB, but the mechanism is not clear and needs to be 
further investigated.

NTM is characterized by a very broad spectrum of drug resistance, which may be related to mutations in cell wall 
barriers, efflux pump systems and mutations in drug target genes,33,34 resulting in a very limited number of drugs 
available to treat NTM infections. The study also found that NTM strains were generally resistant to first-line anti-TB 
drugs. In contrast, these strains had relatively low resistance rates to amikacin, capreomycin and cycloserine, 
suggesting that these drugs could be candidates for NTM treatment. M. chelonae/abscessus is one of the NTM 
species with the highest rate of resistance, which is an important reason for the difficulty of clinical treatment.35 We 
found that all M. chelonae/abscessus strains were resistant to isoniazid, rifampicin and streptomycin, and more than 
50% of them were resistant to the remaining drugs. Therefore, accurate identification of NTM species and drug 
susceptibility testing to select appropriate treatment regimens are very important to improve the outcome of NTM 
disease treatment.

This study had several limitations. First, despite being the major TB designated hospital in the region, this study only 
analysed mycobacterial isolates from one pilot study site in Qingdao. The results of this study do not fully reflect the 
situation in the whole city. Second, only NTM species rather than subspecies were identified in this study, which could 
lead to an overestimation of NTM patients. Patients with isolates belonging to the identical species but different 
subspecies cannot be considered to have NTM disease.4 Third, outcome is a key indicator of NTM treatment, but we 
were unable to analyse the outcome of NTM treatment because we did not follow up our patients.

In conclusion, this retrospective study analysed clinical data from patients with NTM and TB disease diagnosed at 
Qingdao Chest Hospital in China over a 2-year period. We found that patients with NTM lung disease in this study had 
higher rates of older age, bronchiectasis, malignancy, HIV infection and bronchial dilatation shadow and lower rates of 
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hollow shadow compared to patients with pulmonary TB. It is hoped that these results will raise awareness of NTM 
disease.
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