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Abstract
Background: The non-tuberculous mycobacteria (NTM) strains are important in the diagnosis of
pulmonary diseases. However, the different source of the sample may correspond to different
characteristics of both NTM disease and infected patients and these aspects have not been investigated.

Methods: Samples isolated from different sources in inpatients with NTM strains were comprehensively
analyzed in this study, including basic information, laboratory examination and coexisting diseases.

Results: A total of 242 inpatients with NTM strains were considered in this study. Sputum (n=129) and
bronchoalveolar lavage �uid (BALF, n=50) were the most common samples among patients with NTM
strains from whom a sample was collected from a single source (n=179). The patients with NTM-positive
BALF differed in age, gender, acid fast assay, the percentage of presence of chronic obstructive
pulmonary disease (COPD) and bronchiectasis, and symptom duration compared to the patients with
NTM-positive sputum. The patients with COPD were older and mainly male, with longer symptom
duration, with higher rates of smoking history and prostatic hyperplasia than those without COPD.
Patients with bronchiectasis were mainly females, with a lower percentage of them with a tuberculosis
history and smoking history compared to patients without bronchiectasis. Excluding the patients with
COPD and bronchiectasis, patients with NTM-positive sputum were older, with positive results in acid-fast
assay and T. spot assay compared to patients with NTM-positive BALF.

Conclusions: The different specimen source in NTM patients was associated with different patients’
characteristics, and its choice could be in�uenced by presence of COPD and bronchiectasis. Patients with
COPD and bronchiectasis differed in gender and smoking history, thus, these aspects should be
comprehensively analyzed during the investigation of patients with pulmonary NTM infection.

Background
Non-tuberculous mycobacterium (NTM) causes infection in immunocompetent individuals and even in
children, contradicting the traditional knowledge that NTM diseases occur only in an immunosuppressed
population [1-3]. The signi�cance of NTM isolation in developing countries has not been adequately
considered due to the poor evidence of human-to-human transmission (except for Mycobacterium
abscesses among patients with cystic �brosis) [2, 4]. Although a clear association between NTM strains
and diseases has not been clari�ed, increasing evidence showed that patients with NTM show a higher
mortality than that without NTM [5, 6].

Based on the principles proposed by the ATS/IDSA statement, the diagnosis of pulmonary NTM
(especially Mycobacterium avium complex) needs at least two sputum culture or one bronchoalveolar
lavage �uid (BALF) culture, thus, repeated isolation of NTM in clinical specimen may related to clinical
signi�cance[7]. Our previous study showed that the Mycobacterium avium complex is the most common
NTM in Dongyang, located in the middle of Zhejiang Province, similar to other regions [8, 9], indicating the
urgent need to establish the relationship between isolated strains and clinical features of patients.
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Previous studies showed that the repeated collection and isolation of NTM strains from patients was
closely associated with a higher percentage of COPD when compared to the percentage revealed by a
single isolation [10, 11]. However, both studies above did not evaluate the correspondence of different
source of the sample with different characteristics of both NTM disease and infected patients.

BALF is superior to the expectorated sputum in the diagnosis of lower respiratory tract tuberculosis [12,
13]. Indeed in patients with suspected sputum-smear-negative pulmonary tuberculosis, Liu et., al, found
that the sensitivity of 63.4% by culture or nucleic acid ampli�cation test from BALF was higher than the
sensitivity of 43.5% from sputum[13]. In addition, the presence of the Mycobacterium tuberculosis
complex (MTBC) was detected in BALF specimen from patients who could no produce sputum. In
addition, adenosine deaminase activity in BALF is useful in the diagnosis of tuberculosis with negative
sputum smears [14]. The authors found that, among all the collected samples, BALF samples positive for
MTBC is associated with patients’ characteristics including younger age, existence of pulmonary cavity
and positive interferon-gamma release assay [13]. As suggested by studies on tuberculosis, the
pathogens from various specimen sources may not only differ in susceptibility and speci�city in smear or
culture assay for diagnosis, but also re�ect different risk factors for the host. However, few data are
available regarding the association between specimen source and characteristics of patients with NTM
strains.

Therefore, in this study, the clinical records of patients with NTM who were admitted to our hospital were
retrospectively analyzed. The specimen source where the NTM strain was isolated was the key point we
focused on and the potential association with the characteristics of patients was comprehensively
analyzed.

Materials And Methods
Clinical data reviewing and collection

The clinical records of inpatients and the corresponding NTM isolates were collected as previously
described and anonymously reviewed [10]. The term “NTM isolates” is referred only to positive NTM
isolates due to the aim of this work. Beside 204 cases collected in a previous work, 69 newly added cases
were included. The inpatients were admitted to the hospital from Jan 2016 to Dec 2019. After excluding
the repeated cases and those who may be infected by MTBC as assessed by Gene Xpert assay results, a
�nal number of 242 patients was involved in this study (Figure 1A). The sample sources have never been
analyzed in patient with NTM strains, then, they were reviewed for the �rst time in this study after
receiving detailed information from physicians. Coexisting diseases apart from the diagnosed diseases
were considered when the inpatient was discharged. According to the sample source where NTM were
isolated, all patients were divided into patients with sputum positive culture (despite the number of times
the sample was collected) and patients with BALF positive culture, excluding those with both sputum and
BALF positive.

Statistical analysis
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Statistical analysis was performed using SPSS software 23.0 version (IBM, USA). All data from the
inpatients were categorized into different groups and the differences were analyzed by χ2 test or �sher
exact test. A p value less than 0.05 was considered statistically signi�cant.

Results
Distribution of different specimen sources in this study

A total of 274 NTM strains were identi�ed by MPB64 assay performed in the laboratory of the hospital
where the patients were admitted. After excluding the repeated samples from the same patients and
patients without available clinical records, 242 inpatients were �nally analyzed for specimen sources in
this study (Figure 1B). Among them, 179 were subjected to only one type of sample collection (sputum or
BALF): 116 (47.9%) cases were positive after testing a single sputum; 13 cases (5.4%) were positive after
testing multiple sputum; 50 (20.7%) cases were BALF positive. Forty-three cases were subjected to both
sputum and BALF culture: 23 (9.5%) cases were sputum negative and BLAF positive; 7 (2.9%) cases were
sputum positive and BLAF negative; 13 (5.4%) cases were sputum positive and BLAF positive. The
remaining 20 (8.3%) cases were subjected to other types of sample collection, such as urine,
cerebrospinal �uid, hydrothorax and pus.

Difference in characteristics between patients with sputum and BALF positive results

Considering that the sample isolation source was signi�cantly important in the diagnosis of pulmonary
NTM, the differences between patients with sputum isolation (including single sputum positive, multiple
sputum positive, sputum positive with BALF negative) and BALF isolation (including BALF positive,
sputum negative with BALF positive) were analyzed (Table 1). Patients with BALF NTM positive samples
were signi�cantly younger that those with sputum NTM positive samples (63.8±10.3, p<0.001), but a
signi�cantly higher percentage of female patients were present among them (57.5%, p=0.008). Among
the laboratory assay results used for tuberculosis, the patients with BALF NTM positive samples showed
a signi�cantly lower frequency of positive acid-fast staining results (p = 0.02) compared to patients with
sputum NTM positive samples. In addition, patients with sputum NTM positive samples were mainly
accompanied with COPD (p < 0.001) and hypertension (p=0.003), but the percentage of bronchiectasis
was lower in these patients (p = 0.002) compared to patients with BALF NTM positive samples. Radical
imaging results (nodular or cavity manifestation) showed no signi�cant difference between the patients
belonging to the sputum and BALF isolation groups. The duration of the symptoms was signi�cantly
shorter in patients with BALF NTM positive samples compared to patients with sputum NTM positive
samples, with 39.7% of cases with symptoms duration longer than one year (p=0.005).

Coexistence of COPD or bronchiectasis in patients with NTM isolation

As suggested by the results above, the specimen sources were associated with coexisting diseases
including COPD and bronchiectasis. The in�uence of COPD on the characteristics of patients with NTM
was analyzed (table 2). Patients with COPD were older and more frequently represented by males
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compared to patients without COPD. Excluding the female patients, the percentage of patients with a
smoking history was higher in COPD patients than that in patients without COPD (53.7% vs 79.2%,
p=0.004). In male individuals, prostatic hyperplasia was present in 79.2% of patients with COPD
compared to the 37.3% in patients without COPD (p<0.001). The 85% of patients with COPD had a
symptom duration longer than one year compared with the patients without COPD (34.2%) (p<0.001).

Furthermore, the presence of bronchiectasis in�uenced the presence of NTM depending on the
characteristics of the patients (table 3). The 77.2% of patients with bronchiectasis were female,
signi�cantly higher than the 35.2% of patients without bronchiectasis (p<0.001). Among male NTM
patients, the percentage of them with smoking history was lower in the ones with bronchiectasis than
that in the ones without bronchiectasis (23.1% vs 70.1%, p=0.002). The percentage of patients with
tuberculosis history was 35.1% in the ones with bronchiectasis, while it was 18.2% in the ones without
bronchiectasis (p=0.008).

Impact of sample source on the characteristics of patients with positive NTM isolation excluding the
presence of coexisting diseases

To investigate the actual in�uence of specimen resources on patients with NTM, the patients with COPD
and bronchiectasis were excluded in our further analysis (table 4). The patients with NTM strains from
sputum samples were older than those with NTM strains from BALF (62.4% vs 68.8%, p=0.034). Acid fast
assay (performed in the laboratory of the hospital where the patients were admitted) in sputum specimen
showed a higher percentage of positive results than that in BALF specimen (25.9% vs 5.7%, p=0.015).
Besides, 14.3% of patients with NTM from BALF displayed positive result in T. spot assay, lower than
51.7% in those with NTM from sputum (p=0.019).

Discussion
Different sample source indicated different colonization or infection sites, which might be signi�cant in
the diagnosis of infectious disease such as NTM infection, since it exists in living environment. Therefore,
the patients with NTM isolates from different sample sources mainly including sputum and BALF were
retrospectively analyzed in this study. Our results showed that the sample source was associated with
different gender, age, acid fast assay, T. spot assay, COPD and bronchiectasis among NTM patients

Sputum and BALF are common samples collected for the diagnosis of respiratory infectious disease.
Expectorated sputum is easier to collect, but it is more likely contaminated by environmental factor. The
BALF is collected from the lower respiratory tract and free of contamination from mouth, but it is only
available in patients who are subjected to bronchoscopy and it is forbidden in some patients with severe
respiratory diseases. As suggested in the principles of diagnosis of pulmonary NTM tuberculous by
ATS/IDSA, repeated positive culture from sputum sample or single positive culture from BALF is an
indication of the presence of NTM [7]. Our results showed that the patients with sputum positive for NTM
strain were older than those with BALF positive, suggesting that bronchoscopy might be more tolerated
by younger inpatient as they were usually hospitalized because of suspected infection accompanied with
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coexisting mild diseases. Indeed, coexisting diseases in�uence the choice in the selection of the sample
source. As suggested by our study, BALF positive samples were closely associated with patients with
bronchiectasis and sputum positive samples were associated with patients with COPD. In clinical
practice, when bronchiectasis is suspected, a bronchoscopy test is suggested, while patients with COPD
are not subjected to bronchoscopy especially when they suffer from exacerbation [15].

The association between COPD and pulmonary NTM disease has been increasingly reported, but whether
NTM infection increases the risk of COPD or COPD results in high risk of NTM infection has not been
clearly clari�ed [2, 16-19]. Patients with COPD are more susceptible to NTM infection than those with
other chronic pulmonary diseases [20, 21] (except cystic �brosis), and inhaled corticosteroids increase the
risk of NTM infection [19]. Chronic in�ammation and airway remodeling may contribute to higher
susceptibility to NTM infection. Among patients with NTM in this study, the patients with COPD were
mainly older and males, as it was also previously reported [11]. Limited data are available regarding the
in�uence of NTM infection on COPD, but our previous work and another study suggested that repeated
isolation of samples in patients was associated with a higher percentage of COPD [10, 11]. In a follow up
study, COPD patients with NTM-positive sample more likely experience exacerbation than those with
NTM-negative samples, and patients with multiple positive samples had a more pronounced pulmonary
function decline than those with single or no positive samples [22]. In addition, our results showed that
male patients with COPD had an increased risk of prostatic hyperplasia than those without COPD, which
could be explained by the fact that male patients with COPD are at higher risk of benign prostatic
hyperplasia despite of the presence of NTM [23, 24]. The relationship between COPD and prostatic
hyperplasia might be explained by the physical inactivity and chronic in�ammation [25, 26].

Nodular-related bronchiectasis is of signi�cance in the diagnosis and treatment of pulmonary NTM
infection. Although bronchiectasis has been observed in 20%-30% of patients with NTM, NTM infection
seems not common in patients with bronchiectasis [10, 27]. Indeed, 34%–50% of patients with multiple
small nodules (and sometimes cavity or cavities) combined with their diffusion (or widespread) indicate
the presence of active pulmonary NTM infection [28]. In our previous study, bronchiectasis was observed
mainly in female patients with NTM, result that is similar to another study from Singapore [11]. Among
patients with NTM, the percentage of patients with tuberculosis history was higher in the ones with
bronchiectasis than that in patients without bronchiectasis, meaning that pulmonary tuberculosis might
result in anatomic changes of the respiratory tract and reinfection by other pathogens such NTM [29].
The percentage of tuberculosis history between patients with COPD or without COPD was not
signi�cantly different, suggesting that previous tuberculosis infection might not be associated with the
pathogenesis of COPD. Previous works showed that the percentage of patients with bronchiectasis
presenting multiple NTM positive isolations is comparable to the percentage of patients with
bronchiectasis presenting a single NTM positive isolation [10, 11], indicating the limited impact of NTM
infection on bronchiectasis. Instead, repeated isolations of NTM positive strains partly contributes to the
progression of COPD [10, 11].
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After excluding patients with COPD and bronchiectasis, sputum resource from patients with positive NTM
was associated with age, acid fast assay and T. spot assay. Higher percentage of positive result in acid-
fast assay could be explained by the fact that the repeated sample collection was more common when
sputum was collected than when BALF was collected. The higher percentage of positive results of T. spot
assay in patients with positive sputum than that in patients with positive BALF might represent a warning
that this result could be more likely misdiagnosed as MTBC infection before species identi�cation.

Conclusions
Samples positive for NTM strains were associated with age, gender, acid fast assay, duration of symptom
and pre-existing diseases. Co-existence of COPD in patients with NTM isolation was related to age,
gender, smoking history, duration of symptom and prostatic hyperplasia. Presence of bronchiectasis was
in�uenced by age, gender, tuberculosis history and smoking history. The characteristics of patients with
NTM were complicated by coexisting diseases especially COPD and bronchiectasis and should be
comprehensively analyzed, which could be of signi�cance in the prognosis and treatment of pulmonary
NTM diseases.

Tables
Table 1. Characteristics of patients with NTM from different specimen sources.



Page 8/18

Features values Sputum (n=136) BALF (n=73) p value

Age (mean ± SD)   73.0±13.2 63.8±10.3 <0.0001

Gender Female 52 (38.2) 42 (57.5) 0.008a

Male 84 (61.8) 31 (42.5)  

Occupation Farmer 109 (80.1) 63 (86.3) 0.266a

Non-farmer 27 (19.9) 10 (13.7)  

Smoking history (male) Yes 55 (65.5) 19 (61.3) 0.678b

No 29 (34.5) 12 (38.7)  

TB history Yes 33 (24.3) 16 (21.9) 0.703a

No 103 (75.7) 57 (78.1)  

Surgeon history Yes 61 (44.9) 24 (32.9) 0.093a

No 75 (55.1) 49 (67.1)  

CT nodular Nodular 62 (47.3) 37 (56.9) 0.206a

Non-nodular 69 (52.7) 28 (43.1)  

CT cavity Yes 14 (10.7) 6 (9.2) 0.751a

No 117 (89.3) 59 (90.8)  

TB-Antibody Positive 22 (19.6) 7 (11.7) 0.183a

Negative 90 (80.4) 53 (88.3)  

Acid fast assay Positive 38 (29.0) 7 (9.9) 0.002a

  Negative 93 (71.0) 64 (90.1)  

T. spot assay Positive 17 (38.6) 6 (18.8) 0.062a

  Negative 27 (61.4) 26 (81.3)  

COPD Yes 66 (48.5) 13 (17.8) <0.001a

No 70 (51.5) 60 (82.2)  

Bronchiectasis Yes 25 (18.4) 28 (38.4) 0.002a

No 111 (81.6) 45 (61.6)  

Diabetes Yes 9 (6.6) 4 (5.5) 0.745a

No 127 (93.4) 68 (94.5)  

Tumor Yes 12 (8.8) 5 (6.8) 0.619a

No 124 (91.2) 68 (93.2)  

Prostatic hyperplasia(male) Yes 51 (60.7) 14 (45.2) 0.135a

  No 33 (39.3) 17 (54.8)  

Duration of symptoms ≤1 year 54 (39.7) 44 (60.3) 0.005a

  >1 year 82 (60.3) 29 (39.7  
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a Pearson Chi-Square. b Fisher's Exact Test. c Continuity Correction. The bold p value was signi�cant.

 

Table 2. In�uence of COPD on characteristics of patients with NTM. 
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Features values without COPD (n=142) with 

COPD (n=80)

p value

Age (mean ± SD) 66.1±14.0 75.2±8.1 <0.0001

Gender Female 75 (52.8) 27 (33.8) 0.006a
  Male 67 (47.2) 53 (66.3)  

Occupation Farmer 121 (85.2) 63 (78.8) 0.22a
  Non-farmer 21 (14.8) 17 (21.3)  

Smoking history (male) Yes 36 (53.7) 42 (79.2) 0.004a
  No 31 (46.3) 11 (20.8)  

TB history Yes 29 (20.4) 21 (26.3) 0.318a
  No 113 (79.6) 59 (73.8)  

Surgeon history Yes 53 (37.3) 38 (47.5) 0.139a
  No 89 (62.7) 42 (52.5)  

CT nodular Nodular 71 (53.0) 37 (49.3) 0.612a
  Non-nodular 63 (47.0) 38 (50.7)  

CT cavity Yes 18 (13.4) 5 (6.7) 0.134a
  No 116 (86.6) 70 (93.3)  

TB-Antibody Positive 21 (17.6) 10 (15.2) 0.663a
  Negative 98 (82.4) 56 (84.8)  

Acid fast assay Positive 29 (21.3) 20 (25.3) 0.501a
  Negative 107 (78.7) 59 (74.7)  

T. spot assay Positive 20 (31.7) 5 (21.7) 0.366a

  Negative 43 (68.3) 18 (78.3)  

Bronchiectasis Yes 41 (28.9) 16 (20.0) 0.146a
  No 101 (71.1) 64 (80.0)  

Diabetes Yes 10 (7.0) 5 (6.3) 0.821a
  No 132 (93.0) 75 (93.8)  

Tumor Yes 12 (8.5) 6 (7.5) 0.803a
  No 130 (91.5) 74 (92.5)  

Prostatic hyperplasia (male) Yes 25 (37.3) 42 (79.2) <0.0001a
  No 42 (62.7) 11 (20.8)  

Duration of symptoms ≤ 1 year 96 (67.6) 12 (15.0) <0.0001a
  >1 year 46 (32.4) 68 (85.0)  

a Pearson Chi-Square. b Fisher's Exact Test. c Continuity Correction. The bold p value was signi�cant.
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Table 3. In�uence of bronchiectasis on characteristics of patients with NTM.
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Features  values Without Bronchiectasis

(n=165)

With Bronchiectasis

(n=57)

p value

Age (mean ± SD) 69.7±13.4 68.7±11.5 0.693

Gender Female 58 (35.2) 44 (77.2) <0.0001a
  Male 107 (64.8) 13 (22.8)  

Occupation Farmer 135 (81.8) 49 (86.0) 0.474a
  Non-

farmer

30 (18.2) 8 (14.0)  

Smoking history (male) Yes 75 (70.1) 3 (23.1) 0.002c
  No 32 (29.9) 10 (76.9)  

TB history Yes 30 (18.2) 20 (35.1) 0.008a
  No 135 (81.8) 37 (64.9)  

Surgeon history Yes 69 (41.8) 22 (38.6) 0.67a
  No 96 (58.2) 35 (61.4)  

Acid fast assay Positive 34 (21.3) 15 (27.3) 0.358a
  Negative 126 (78.8) 40 (72.7)  

CT nodular Nodular 83 (52.5) 25 (49.0) 0.663a
  Non-

nodular

75 (47.5) 26 (51.0)  

CT cavity Yes 18 (11.4) 5 (9.8) 0.753a
  No 140 (88.6) 46 (90.2)  

TB-Antibody Positive 25 (17.9) 6 (13.3) 0.48a
  Negative 115 (82.1) 39 (86.7)  

T. spot assay Positive 23 (32.9) 2 (12.5) 0.189a

  Negative 47 (67.1) 14 (87.5)  

COPD Yes 64 (38.8) 16 (28.1) 0.146a
  No 101 (61.2) 41 (71.9)  

Diabetes Yes 13 (7.9) 2 (3.5) 0.408c
  No 152 (92.1) 55 (96.5)  

Tumor Yes 15 (9.1) 3 (5.3) 0.528c
  No 150 (90.9) 54 (94.7)  

Prostatic hyperplasia

(male)

Yes 59 (55.1) 8 (61.5) 0.661a

  No 48 (44.9) 5 (38.5)  
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Duration of symptoms ≤ 1 year 85 (51.5) 34 (59.6) 0.146a
  > 1 year 80 (48.5) 23 (40.4)  

a Pearson Chi-Square. b Fisher's Exact Test. c Continuity Correction. The bold p value was signi�cant.

 

Table 4. The in�uence of specimen sources on patients with NTM isolates but without COPD
or Bronchiectasis.
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Features values Sputum(n=57) BALF (n=36) p value

Age (mean ± SD) 68.8±17.4 62.4±11.2 0.0340 

Gender Female 21 (36.8) 19 (52.8) 0.131a
  male 36 (63.2) 17 (47.2)  

Occupation Farmer 49 (86.0) 29 (80.6) 0.49a
  Non-farmer 8 (14.0) 7 (19.4  

Smoking history (male) Yes 20 (55.6) 11 (64.7) 0.528a
  No 16 (44.4) 6 (35.3)  

TB history Yes 11 (19.3) 4 (11.1) 0.296a
  No 46 (80.7) 32 (88.9)  

Surgeon history Yes 23 (40.4) 12 (33.3) 0.496a
  No 34 (59.6) 24 (66.7)  

CT nodular Nodular 30 (53.6) 17 (51.5) 0.851
  Non-nodular 26 (46.4) 16 (48.5)  

CT cavity Yes 7 (12.5) 3 (9.1) 0.885c
  No 49 (87.5) 30 (90.9)  

TB-Antibody Positive 13 (26.5) 3 (11.1) 0.115a
  Negative 36 (73.5) 24 (88.9)  

Acid fast assay Positive 14 (25.9) 2 (5.7) 0.015a

  Negative 40 (74.1) 33 (94.3)  

T. spot assay Positive 15 (51.7) 2 (14.3) 0.019a

  Negative 14 (48.3) 12 (85.7)  

Diabetes Yes 6 (10.5) 1 (2.8) 0.329c
  No 51 (89.5) 35 (97.2)  

Tumor Yes 7 (12.3) 3 (8.3) 0.799c
  No 50 (87.7) 33 (91.7)  

Prostatic hyperplasia (male) Yes 12 (33.3) 7 (41.2) 0.578a
  No 24 (66.7) 24 (66.7)  

Duration of symptoms ≤ 1 year 40 (70.2) 28 (77.8) 0.421a
  > 1 year 17 (29.8) 8 (22.2)  

a, Pearson Chi-Square. b, Fisher's Exact Test. c, Continuity Correction. The bold p value was signi�cant. 
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NTM, non-tuberculous mycobacteria; COPD, chronic obstructive pulmonary disease, BALF,
bronchoalveolar lavage �uid; TB, tuberculosis; MTBC, mycobacterium tuberculosis complex.
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Figure 1

Data collection �ow and distribution of sample source of NTM strains. (A) Work �ow of data collection;
(B) Distribution of sample source of isolated NTM strains. NTM, nontuberculous mycobacteria; MTBC,
mycobacterium tuberculosis complex; BALF, bronchoalveolar lavage �uid.


