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Abstract
Background Current microbiologic criteria for nontuberculous pulmonary disease (NTM-PD) require
cultures with two separate sputum specimens or one non-sputum specimen. However, data on NTM-PD
prognosis following non-sputum culture-based diagnosis are limited. We compared the prognosis of
NTM-PD diagnosed using non-sputum and sputum cultures. Methods We analyzed 1020 patients in
whom NTM was isolated; they were divided into the sputum NTM isolation (n=170), sputum NTM-PD
(n=688), and non-sputum NTM-PD groups (n=162). Initiation of therapy and radiographic aggravation
was compared between groups.

Results Overall median observation time was 44.3 months (interquartile range, 28.0–70.2). Fewer non-
sputum NTM-PD patients initiated treatment than sputum NTM-PD patients (p<0.001). Moreover, fewer
non-sputum NTM-PD patients exhibited radiographic aggravation than sputum NTM-PD patients
(p=0.001). Both time to radiographic aggravation and initiation of therapy were signi�cantly shorter in the
sputum NTM-PD group (log-rank test; p=0.011 and p<0.001, respectively). Sputum NTM-PD patients
showed higher initiation of therapy (aHR, 1.38; 95% CI, 1.02–1.87) and risk of radiographic aggravation
(aHR, 1.47; 95% CI, 1.02–2.10) than non-sputum NTM-PD patients.

Conclusion Prognosis of NTM-PD patients diagnosed with a non-sputum culture was better than that of
NTM-PD patients diagnosed with a sputum culture. The disease course may differ depending on the
diagnostic method.

Background
Recently, the prevalence and mortality of nontuberculous mycobacterial pulmonary disease (NTM-PD)
has increased worldwide [1–3]. Therefore, appropriate diagnosis and treatment of NTM-PD is becoming
more important. However, pulmonary infection with nontuberculous mycobacteria (NTM) is di�cult to
diagnose owing to its broad and indolent clinical features. According to the 2007 o�cial American
Thoracic Society (ATS) and Infectious Diseases Society of America (IDSA) statements for diagnosis of
NTM-PD, microbiologic diagnosis of NTM-PD is typically based on positive results from at least two
separate sputum cultures. Alternatively, diagnosis can be made when NTM-PD is suspected on obtaining
positive cultures from bronchoscopic specimens or lung tissue when the sputum culture is negative or
patients are unable to produce sputum [4]. Although not all patients require treatment, those who meet all
the diagnostic criteria, including microbiologic criteria, can be considered for initiation of treatment.
However, as NTM is ubiquitous, a single isolation of NTM from expectorated sputum is not considered
su�cient for a de�nitive microbiologic diagnosis [4, 5].

Patients with more than one positive sputum culture for NTM exhibit a typical clinical course of
pulmonary disease in contrast to patients with only one positive sputum culture [6]. Furthermore, the
diagnostic yield of sputum culture compared to that of bronchoscopic specimens for NTM-PD has been
investigated in several studies [7–10]. However, no study has yet proven whether patients with NTM
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isolated from bronchoscopic specimens or lung tissue demonstrate disease progression equivalent to
that in patients diagnosed using sputum culture. Thus, the microbiologic criteria for NTM-PD is based on
low-quality evidence, and it remains to be clari�ed whether NTM-PD diagnosed following microbiologic
criteria other than sputum culture can provide an appropriate prognosis of pulmonary disease. In this
study, we compared prognoses of NTM-PD diagnosed using bronchoscopy or lung tissue with prognosis
of NTM-PD diagnosed using sputum culture and with a single positive NTM isolation.

Methods
Study design and population

This is a retrospective cohort study based on the NTM cohort at Seoul National University Bundang
Hospital, which enrolled 1531 patients with NTM isolated from specimens at least once between January
2005 and December 2016. We designated patients with a single NTM isolation from the sputum as the
sputum NTM isolation group. Patients who showed negative results on at least two separate sputum
specimens and patients who were not able to expectorate sputum underwent additional bronchoscopy.
Patients in whom NTM was isolated at least two times from separately expectorated sputum samples
were designated as the NTM-PD group diagnosed using sputum culture (sputum NTM-PD group). Finally,
patients with positive results from the bronchoscopic specimens (e.g., bronchial washing or
bronchoalveolar lavage [BAL]) or lung tissue were designated as the NTM-PD group diagnosed using
other methods (non-sputum NTM-PD group).

Patients without baseline radiography or follow-up radiography and those with a follow-up period of less
than 1 year were excluded. Additionally, patients diagnosed with active pulmonary tuberculosis within 1
year before or after NTM isolation were excluded (in the sputum NTM-PD group, the time of second
positive sputum culture was considered the time of NTM isolation). Patients diagnosed with lung
malignancies or interstitial lung disease during the follow-up period were also excluded.

Of the patients in the cohort, 277 were classi�ed into the sputum NTM isolation group, 934 into the
sputum NTM-PD group, and 235 into the non-sputum NTM-PD group. Among the eligible patients, 426
were excluded based on the exclusion criteria. Accordingly, the following number of patients were
included in the �nal analysis: 170 in the sputum NTM isolation group, 688 in the sputum NTM-PD group,
and 162 in the non-sputum NTM-PD group (Fig. 1).

This study was approved by the Institutional Review Board of the Seoul National University Bundang
Hospital (IRB No. B-1812-511-102) and conformed to the tenets of the Declaration of Helsinki.

 

Data collection

All results from the patients’ acid-fast bacilli (AFB) staining and cultures from January 2005 to December
2016 were reviewed. The time of NTM isolation was de�ned as time zero. Baseline demographics
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including age and sex, comorbidities, smoking status, and respiratory symptoms within 3 months before
or after time zero were collected, and medical records, including prescriptions during the follow-up period,
were reviewed in the electronic medical record system. Patient imaging studies, including chest plain
radiography and computed tomography (CT) performed during the follow-up period, were thoroughly
reviewed for evidence of radiographic aggravation.

 

Assessment of disease progression

To compare prognoses between groups, radiographic aggravation and initiation of treatment for NTM-PD
were assessed. Radiographic aggravation was assessed independently by a radiologist and a
pulmonologist who were blinded to the clinical data. Any discrepancies in decisions were addressed and
a �nal decision was reached by consensus. Presence, severity, and extent of bronchiectasis, cavity,
nodules, and consolidation, and the presence of in�ltrate are radiographic features associated with NTM-
PD according to the ATS/IDSA guidelines and previous studies [4, 12, 13]. Chest X-ray images were used
for evaluation when there was no CT for comparison. We identi�ed patients who began treatment for
NTM-PD after time zero, regardless of the treatment period. The proportion of patients with radiographic
aggravation and initiation of treatment were compared between groups. The time to radiographic
aggravation and treatment initiation were also compared between groups. Moreover, disease progression
risk according to the diagnostic methods were estimated after adjustment of variables.

 

Statistical analyses

One-way analysis of variance was used for comparison of demographics involving continuous variables,
and the chi-squared test and Bonferroni’s correction for multiple comparisons were used to compare
demographics involving categorical variables. Kaplan-Meier analysis with the log-rank test was
performed to compare outcomes between groups. Cox proportional hazard regression analysis was used
to calculate adjusted hazard ratios (aHR) and their 95% con�dence intervals (CI). P-values less than 0.05
were considered statistically signi�cant. Data analysis was conducted using the STATA 13 software
(Stata Corp, College Station, Texas).

Results

Baseline characteristics
The median observation time was 44.3 months (IQR, 28.0-70.2) for all patients, 38.5 months (IQR, 24.6–
60.4) for the sputum NTM isolation group, 46.4 months (IQR, 30.1–74.2) for the sputum NTM-PD group,
and 43.3 months (IQR, 26.0–65.0) for the non-sputum NTM-PD group (calculated after excluding patients
treated immediately).
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Baseline characteristics of the subjects are shown in Table 1. There were no signi�cant differences in
baseline characteristics, including proportion of sexes, smoking status, history of pulmonary tuberculosis,
and comorbidities (including malignancy, diabetes mellitus, chronic renal disease, hypertension,
cardiovascular disease), and respiratory symptoms of weight loss between the groups. Patients in the
sputum NTM isolation group had a higher body mass index (BMI) than those in other groups. Patients in
the non-sputum NTM-PD group were younger, had fewer comorbidities such as chronic obstructive
pulmonary disease and asthma, and had fewer complaints of cough or sputum than the other groups.
The sputum NTM-PD group included more bronchiectasis patients than the other groups (Table 1).
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Table 1
Baseline characteristics and clinical features of the patients

Variables Sputum NTM isolation
group
(n = 170)

Non-sputum
NTM-PD
group
(n = 162)

Sputum
NTM-PD
group
(n = 688)

P-
value

Age, years 63.3 ± 12.0 59.0 ± 12.5 64.2 ± 11.4 < 0.001

Sex, male, n (%) 76 (44.7) 62 (38.3) 259 (37.6) 0.235

BMI, kg/m2 21.7 ± 3.2 21.5 ± 2.7 21.1 ± 2.9 0.020

Smoking, n (%)       0.539

Never 132 (77.6) 122 (75.3) 545 (79.2)  

Ever smoker 38 (22.4) 40 (24.7) 143 (20.8)  

History of pulmonary
TB

38 (22.4) 37 (22.8) 202 (29.4) 0.074

Comorbidities, n (%)        

Bronchiectasis 87 (51.2) 79 (48.8) 457 (66.4) < 0.001

COPD 15 (8.8) 5 (3.1) 64 (9.3) 0.033

Asthma 22 (12.9) 8 (4.9) 70 (10.2) 0.042

Malignancy 26 (15.3) 20 (12.3) 101 (14.7) 0.702

Diabetes mellitus 18 (10.6) 16 (9.9) 75 (10.9) 0.929

Chronic renal disease 2 (1.2) 5 (3.1) 12 (1.7) 0.403

Hypertension 34 (20.0) 32 (19.7) 156 (22.7) 0.597

GERD 12 (7.1) 6 (3.7) 33 (4.8) 0.341

Cardiovascular 9 (5.3) 6 (3.7) 49 (7.1) 0.230

Symptoms, n (%)        

Cough 69 (40.6) 41 (25.3) 269 (39.1) 0.003

Sputum 68 (40.0) 24 (14.8) 243 (35.3) < 0.001

Categorical variables are expressed as number (%); continuous variables are expressed as mean ± 
standard deviation

BMI = body mass index; COPD = chronic obstructive pulmonary disease; GERD = gastroesophageal
re�ux disease, NTM = nontuberculous mycobacteria; NTM-PD = nontuberculous mycobacterial
pulmonary disease; TB = tuberculosis.
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Variables Sputum NTM isolation
group
(n = 170)

Non-sputum
NTM-PD
group
(n = 162)

Sputum
NTM-PD
group
(n = 688)

P-
value

Hemoptysis 22 (12.9) 34 (21.0) 146 (21.2) 0.048

Dyspnea 12 (7.1) 10 (6.2) 82 (11.9) 0.031

Fever 14 (8.2) 8 (4.9) 21 (3.1) 0.009

Weight loss 3 (1.8) 3 (1.9) 17 (2.5) 0.798

Categorical variables are expressed as number (%); continuous variables are expressed as mean ± 
standard deviation

BMI = body mass index; COPD = chronic obstructive pulmonary disease; GERD = gastroesophageal
re�ux disease, NTM = nontuberculous mycobacteria; NTM-PD = nontuberculous mycobacterial
pulmonary disease; TB = tuberculosis.

Characteristics of isolated NTM
Among the 162 patients in the non-sputum NTM-PD group, 131 (80.9%) patients had a positive culture
from bronchial washing, 16 (9.9%) patients had a positive culture from BAL, and 15 patients (9.3%) had a
positive culture from percutaneous needle aspiration of lung tissue. Mycobacterium avium complex was
the most frequently isolated strain in all groups, followed by Mycobacterium abscessus (Table 2). The
other NTM strains with unspeci�ed names, which are not listed in Table 2, included Mycobacterium
chelonae, Mycobacterium gordonae, Mycobacterium phocaicum, Mycobacterium margeritense,
Mycobacterium septicum, Mycobacterium terrae, and Mycobacterium lenti�avum.
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Table 2
Methods for isolating NTM, proportion of positive AFB smears, and proportion of NTM isolates

  Sputum NTM isolation group
(n = 170)

Non-sputum
NTM-PD
group
(n = 162)

Sputum
NTM-PD group
(n = 688)

Isolated specimen      

Sputum, n (%) 170 (100) - 688 (100)

Bronchial washing - 131 (80.9)  

BAL - 16 (9.9)  

PCNA - 15 (9.3)  

Positive AFB smear, n (%) 4 (2.4) 13 (8.0) 97 (14.1)

Isolated organism, n (%)      

Mycobacterium avium 118 (69.4) 86 (53.1) 372 (54.1)

Mycobacterium intracellulare 25 (14.7) 33 (20.4) 185 (26.9)

Mycobacterium abscessus 7 (4.1) 33 (20.4) 71 (10.3)

Mycobacterium kansasii 2 (1.2) 5 (3.1) 13 (1.9)

Mycobacterium massiliense 2 (1.2) 0 (0) 4 (0.6)

Others 16 (9.4) 5 (3.1) 43 (6.2)

AFB = acid-fast bacilli; BAL = bronchoalveolar lavage; PCNA = percutaneous needle aspiration; NTM = 
nontuberculous mycobacteria; NTM-PD = nontuberculous mycobacterial pulmonary disease

Radiographic aggravation
In the sputum NTM isolation group, 48 (28.2%) patients showed radiographic aggravation during the
follow-up period, compared with 259 (37.6%) patients in the sputum NTM-PD group and 38 (23.5%)
patients in the non-sputum NTM-PD group. The proportion of patients with radiographic aggravation
were signi�cantly different between the groups (p = 0.001). Post-hoc analysis revealed that a signi�cant
difference between the sputum NTM-PD group and the non-sputum NTM-PD group contributed to the
results (Table 3). The time to radiographic aggravation was signi�cantly different between the groups
(log-rank test; p = 0.011) (Fig. 2). In the multivariable Cox proportional hazard regression, the sputum
NTM-PD group remained independently associated with a higher risk of radiologic aggravation (aHR,
1.47; 95% CI, 1.02–2.10) relative to the non-sputum NTM-PD group after adjustment for age, sex,
smoking history, BMI, presence of comorbidities, and initial respiratory symptoms (Table 4).
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Table 3
Comparison of radiographic aggravation and initiation of treatment for NTM-PD between groups

  Sputum
NTM
isolation
group
(n = 170)

Non-
sputum
NTM-PD
group
(n = 162)

Sputum
NTM-
PD
group
(n = 
688)

P-value*

Overall Sputum
NTM
isolation
group vs.
Non-
sputum
NTM-PD
group

Sputum
NTM
isolation
group vs.
Sputum
NTM-PD
group

Non-
sputum
NTM-PD
group vs.
Sputum
NTM-PD
group

Radiographic
aggravation,
n (%)

48 (25.8) 38 (23.6) 259
(37.6)

0.001 0.321 0.022 0.001

Initiation of
treatment, n
(%)

4 (2.4) 57 (35.2) 356
(51.7)

< 
0.001

< 0.001 < 0.001 < 0.001

*P values for the overall comparisons were calculated using chi-squared analysis. P-values for each
of the comparisons between two groups among the three groups were calculated using chi-squared
analysis and Bonferroni’s correction for multiple comparisons in post-hoc analysis.

NTM = nontuberculous mycobacteria; NTM-PD = 
nontuberculous mycobacterial pulmonary disease
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Table 4
Results of multivariable Cox proportional hazards analysis

  HR for radiographic
aggravation

95%
CI

P-
value

HR for initiation
of treatment

95%
CI

P-
value

Group            

Non-sputum NTM-
PD group

reference     reference    

Sputum NTM
isolation group

1.08 0.69–
1.68

0.747 0.05 0.01–
0.15

< 
0.001

Sputum NTM-PD
group

1.47 1.02–
2.10

0.037 1.38 1.02–
1.87

0.038

Age, year 1.00 0.99–
1.01

0.876 1.00 0.99–
1.01

0.747

BMI, kg/m2 0.89 0.85–
0.93

< 
0.001

0.91 0.87–
0.94

< 
0.001

Female 0.93 0.69–
1.25

0.628 0.82 0.62–
1.09

0.177

Ever smoker 1.02 0.72–
1.46

0.900 1.12 0.82–
1.52

0.486

Bronchiectasis 1.57 1.18–
2.09

0.002 0.64 0.51–
0.81

< 
0.001

Asthma 0.80 0.55–
1.15

0.225 0.57 0.37–
0.85

0.006

COPD 0.92 0.57–
1.47

0.733 0.94 0.63–
1.40

0.63

GERD 1.77 1.12–
2.8

0.015 0.69 0.40–
1.21

0.197

Initial symptom            

Hemoptysis 0.84 0.64–
1.12

0.240 1.12 0.85–
1.48

0.412

Sputum 0.95 0.74–
1.21

0.684 0.93 0.73–
1.18

0.557

Cough 0.79 0.62–
1.01

0.061 1.23 0.98–
1.55

0.073

BMI = body mass index; COPD = chronic obstructive pulmonary disease; GERD = gastroesophageal
re�ux disease, NTM = nontuberculous mycobacteria; NTM-PD = nontuberculous mycobacterial
pulmonary disease
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  HR for radiographic
aggravation

95%
CI

P-
value

HR for initiation
of treatment

95%
CI

P-
value

Dyspnea 1.02 0.69–
1.50

0.69 1.26 0.91–
1.74

0.166

BMI = body mass index; COPD = chronic obstructive pulmonary disease; GERD = gastroesophageal
re�ux disease, NTM = nontuberculous mycobacteria; NTM-PD = nontuberculous mycobacterial
pulmonary disease

Initiation of treatment
Among all patients, four (2.4%) in the sputum NTM isolation group, 356 (51.7%) in the sputum NTM-PD
group, and 57 (35.2%) in the non-sputum NTM-PD group began therapy for NTM-PD after time zero. The
proportion of patients who initiated treatment was signi�cantly different between the groups (p < 0.001),
and there were signi�cant differences between all groups (Table 3). The time to initiation of therapy for
NTM-PD was signi�cantly different between the groups (log-rank test; p < 0.001) (Fig. 3). In the
multivariable Cox proportional hazard regression, the sputum NTM-PD group remained independently
associated with a higher risk of initiation of treatment (aHR, 1.38; 95% CI, 1.02–1.87) relative to the non-
sputum NTM-PD group after adjustment for age, sex, smoking status, BMI, presence of comorbidities,
and initial respiratory symptoms (Table 4).

Discussion
This study investigated whether NTM-PD diagnosed using bronchoscopy or lung tissue biopsy in
accordance with the ATS/IDSA guidelines exhibits the typical course of NTM-PD. We compared the
prognoses of patients diagnosed with NTM-PD using bronchoscopy or lung tissue biopsy with those of
(1) patients not typically diagnosed with NTM-PD due to minimal risk of progression (sputum NTM
isolation group) and (2) patients diagnosed with NTM-PD by separately expectorated sputum (sputum
NTM-PD group), a typical method for diagnosing NTM-PD. There were signi�cant differences between the
non-sputum NTM-PD group and sputum NTM-PD group in the progression of pulmonary disease in terms
of radiographic aggravation and initiation of treatment. However, no signi�cant differences were
observed between the non-sputum NTM-PD and sputum NTM isolation groups regarding radiographic
aggravation.

In this study, the proportion of patients who received treatment in the sputum NTM-PD group was in line
with previous studies investigating the natural course of NTM-PD [14, 15]. Furthermore, the proportion of
patients who received treatment in the sputum NTM isolation group was similar to that of a study that
investigated the natural course of subjects with NTM isolates [15]. In the non-sputum NTM-PD group, the
proportion was between that of the sputum NTM-PD group and the sputum NTM isolation group. This
suggests that prognosis of NTM-PD diagnosed using bronchoscopy may be better than that of NTM-PD
diagnosed using separately expectorated sputum. To some extent, the prognosis of NTM-PD diagnosed
using bronchoscopy may be worse than that of the sputum NTM isolation group. Interestingly, in terms of
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radiographic aggravation, the non-sputum NTM-PD group clearly had worse prognosis than that of the
sputum NTM-PD group; however, the prognosis was similar to that the sputum NTM isolation group. The
decision to initiate treatment for suspected NTM-PD often depends on the guidelines [16]. Considering
this, the high proportion of patients who initiated treatment in the non-sputum NTM-PD group may not
indicate a more advanced disease compared to that in the sputum NTM isolation group.

In several studies, the usefulness of bronchoscopy in detecting NTM or tuberculosis in respiratory
specimens was shown to be superior to that of sputum culture [8, 9, 17–19]. In one study, patients with
NTM isolates were classi�ed into an NTM lung disease group and a contamination group. In contrast to
the NTM disease group, in the contamination group, NTM was more frequently isolated from
bronchoscopic specimens than from sputum [20]. In accordance with these studies, our data also
suggest that bronchoscopic culture is likely to be more sensitive for detection of NTM strains than
sputum culture, regardless of the bacterial burden. Colonization of the lower respiratory tract by various
microorganisms occurs through diverse mechanisms, including impaired immunity in patients with
underlying lung disease such as cystic �brosis bronchiectasis and non-cystic �brosis bronchiectasis [21,
22]. Previous studies also showed that NTM was isolated in a signi�cant proportion of these patients
[23–26]. Therefore, isolation of NTM from bronchial washing or BAL may indicate colonization,
especially in patients with underlying lung disease. Furthermore, patients with underlying lung disease
frequently have symptoms and radiographic �ndings that are di�cult to distinguish from that of NTM-
PD. Therefore, such patients are more likely to be misdiagnosed with NTM-PD. In fact, the majority of
patients enrolled in this study had a history of pulmonary TB or an underlying lung disease, such as
bronchiectasis, which is di�cult to differentiate from NTM-PD; these patients could have been diagnosed
and treated for NTM-PD. Consequently, some of these patients may not have been treated without an
o�cial diagnosis of NTM-PD.

In this study, factors other than the diagnostic method associated with disease progression, including low
BMI, presence of bronchiectasis, and gastroesophageal re�ux disease (GERD) at the time of diagnosis of
NTM-PD, were identi�ed in the multivariable analysis. Low BMI is associated with an increased risk of
disease progression in NTM-PD [14, 27–29]. Bronchiectasis is also associated with development of NTM-
PD, and some studies have reported an association with disease progression [25, 30, 31]. However, in this
study, bronchiectasis showed a protective effect on the initiation of treatment while simultaneously being
a risk factor of radiologic aggravation. This could be explained by similar symptoms and radiologic
characteristics in bronchiectasis and NTM-PD, which might have prevented the initiation of treatment.
Previously, although several studies suggested that the prevalence of GERD is high in NTM-PD patients,
there were no data on its association with disease progression [32, 33]. This study is the �rst to suggest a
link between GERD and the progression of NTM-PD, and further research is needed for validation.

There is a lack of data regarding the long-term prognosis of NTM-PD. Moreover, to the best of our
knowledge, there is no data evaluating the long-term prognosis of NTM-PD diagnosed using
microbiologic methods other than sputum culture. In this study, for the �rst time, we investigated the
prognosis of a large number of patients with NTM- cases diagnosed using bronchoscopy or lung tissue
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biopsy. In addition to simple proportional analysis being one of the strengths of our study, Kaplan-Meier
analysis and Cox proportional hazards analysis were also used to account for the time of disease
progression and adjustment of other factors.

The retrospective design of our study was one of its major limitations because a considerable number of
patients could not be followed up for a longer period of time or evaluated for disease progression.
Nevertheless, the median follow-up period was longer in our study than that in other studies. Furthermore,
the number of sputum cultures was different for each patient during the follow-up period due to the study
design. Another limitation was a lack of standardization in the radiologic evaluation methods and
protocols used for microbiologic con�rmation. For example, some patients were evaluated using CT
scans from diverse vendors, while other patients were evaluated using X-ray images.

Conclusion
In conclusion, patients diagnosed with NTM-PD using bronchoscopic or lung tissue specimens showed
no signi�cant difference in disease progression from patients in whom NTM was isolated only once from
sputum. However, patients diagnosed with NTM-PD using bronchoscopic or lung tissue specimens had
signi�cantly better prognoses than patients diagnosed with NTM-PD using sputum culture. This suggests
that the natural course of patients diagnosed with NTM-PD using methods other than sputum culture
may not be comparable to that of patients with typical NTM-PD. Further multicenter prospective studies
are needed to investigate the long-term prognosis of NTM-PD according to the method of microbiologic
diagnosis. Further research in this aspect will contribute a proper revision of the guidelines and more
accurate NTM diagnosis and treatment.
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Figures

Figure 1

Flow diagram of the study population enrolled from NTM cohort at Seoul National University Bundang
Hospital, from January 2005 to December 2016. NTM = nontuberculous mycobacterium; NTM-PD =
nontuberculous mycobacterial pulmonary disease; TB = tuberculosis. Patients with a single NTM
isolation from sputum were designated as the sputum NTM isolation group, patients with positive results
from bronchoscopic (e.g., bronchial washing or bronchoalveolar lavage [BAL]) or lung tissue specimens
were designated as the NTM-PD group diagnosed using other methods (non-sputum NTM-PD group) and
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patients with NTM isolation at least two times from separately expectorated sputum samples were
designated as the NTM-PD group diagnosed using sputum culture (sputum NTM-PD group).

Figure 2

Comparison of time to radiographic aggravation for nontuberculous mycobacterial pulmonary disease
(NTM-PD). The duration from the time of nontuberculous mycobacterium (NTM) isolation to the time of
radiographic aggravation was signi�cantly different between the groups (Log rank P = 0.027). Patients
with a single NTM isolation from sputum were designated as the sputum NTM isolation group, patients
with positive results from bronchoscopic (e.g., bronchial washing or bronchoalveolar lavage [BAL]) or
lung tissue specimens were designated as the NTM-PD group diagnosed using other methods (non-
sputum NTM-PD group), and patients with NTM isolation at least two times from separately expectorated
sputum samples were designated as the NTM-PD group diagnosed using sputum culture (sputum NTM-
PD group).
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Figure 3

Comparison of time to initiation of treatment for nontuberculous mycobacterial pulmonary disease
(NTM-PD). The duration from the time of nontuberculous mycobacterium (NTM) isolation to the time of
initiation of NTM-PD treatment was signi�cantly different between the groups (Log rank P <0.001).
Patients with a single NTM isolation from sputum were designated as the sputum NTM isolation group,
patients with positive results from bronchoscopic (e.g., bronchial washing or bronchoalveolar lavage
[BAL]) or lung tissue specimens were designated as the NTM-PD group diagnosed using other methods
(non-sputum NTM-PD group), and patients with NTM isolation at least two times from separately
expectorated sputum samples were designated as the NTM-PD group diagnosed using sputum culture
(sputum NTM-PD group).


