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Abstract

Background: Clinical data for bacterial coinfection of the lower respiratory tract in pa-
tients with nontuberculous mycobacterial pulmonary disease (NTM-PD) are scarce. 
This study aims to assess the prevalence of bacterial coinfection and clinical features 
in NTM-PD patients.
Methods: This retrospective study screened 248 patients with NTM-PD who under-
went bronchoscopy between July 2020 and July 2022, from whom newly diagnosed 
NTM-PD patients were analyzed. Bacterial culture using bronchial washing fluid was 
performed at the time of NTM-PD diagnosis.
Results: In the 180 patients (median age 65 years; 68% female), Mycobacterium avium 
complex (86%) was the most frequent NTM isolated. Bacterial coinfections were de-
tected in 80 (44%) patients. Among them, the most common bacterium was Klebsiella 
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Introduction

Nontuberculous mycobacteria (NTM), a diverse group 
of organisms excluding Mycobacterium leprae and 
Mycobacterium tuberculosis complex, are ubiquitous 
environmental inhabitants found in soil and water1. 
While often harmless, NTM can cause various human 
diseases, with pulmonary disease being the most com-
mon manifestation2. Currently, there is a global trend of 
increasing incidence in nontuberculous mycobacterial 
pulmonary disease (NTM-PD), particularly in developed 
countries including South Korea3,4.

NTM-PD presents in a variety of clinical manifesta-
tions over a long time period after NTM acquisition1,5. 
One of these manifestations is that the bronchi be-

come more susceptible to chronic, slowly progressive 
inflammation, potentially compromising their structural 
integrity6. Furthermore, the compromised airways in 
NTM-PD patients are more susceptible to secondary 
infections, and previous studies have indicated that 
12% to 45% of patients with Mycobacterium avium 
complex pulmonary disease (MAC-PD) concurrently 
exhibit bacterial infections7-9. Although prior investiga-
tions have consistently identified coinfection with bac-
terial pathogens alongside NTM acquisition or disease 
course, these studies have been limited by the use of 
sputum culture-based bacterial detection, small num-
bers of patients, and differences in research objectives 
and testing timing depending on study design7-10.

This study aims to investigate the prevalence and 

pneumoniae (n=25/80, 31.3%), followed by Pseudomonas aeruginosa (n=20/80, 25%) 
and Staphylococcus aureus (n=20/80, 25%). Compared with NTM-PD patients without 
bacterial coinfections, patients with bacterial coinfections showed more frequent ex-
tensive lung involvement (33% vs. 1%, p<0.001). Additionally, compared with NTM-PD 
patients without P. aeruginosa infection, those with P. aeruginosa infection were older 
(74 years vs. 64 years, p=0.001), had more frequent respiratory symptoms (cough/ex-
cessive mucus production 70% vs. 38%, p=0.008; dyspnea 30% vs. 13%, p=0.047), and 
had extensive lung involvement (60% vs. 9%, p<0.001).
Conclusion: Less than half of patients with newly diagnosed NTM-PD had bacterial 
coinfections, linked to extensive lung involvement. Specifically, P. aeruginosa coinfec-
tion was significantly associated with older age, more frequent respiratory symptoms, 
and extensive lung involvement.

Keywords: Nontuberculous Mycobacteria; Bacterial Coinfection; Bronchiectasis; Bron-
chiectasis Severity; Pseudomonas Aeruginosa

248 NTM-PD patients diagnosed through from July 2020 to July 2022bronchoscopy

180 Patients newly diagnosed with NTM-PD

Exclusion
- 31 Patients did not undergo

NTM identification test
- 37 Patients were previously

diagnosed with NTM-PD

Figure 1. Patient flow chart. NTM-PD: nontuberculous mycobacterial pulmonary disease; NTM: nontuberculous myco-
bacteria.
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clinical significance of coinfection with pathogenic mi-
croorganisms obtained through bronchoscopy on the 
initial diagnosis of NTM-PD.

Materials and Methods

1. Study population
We retrospectively reviewed patients who were diag-
nosed with NTM-PD by bronchoscopic evaluation at 
Samsung Changwon Hospital (a 761-bed tertiary refer-
ral hospital in Changwon, South Korea), between July 
2020 and July 2022. A total of 248 NTM-PD patients 
was initially considered. Among them, 68 were exclud-
ed due to absence of NTM identification test (n=31) or 
previous diagnosis of NTM-PD (n=37). Consequently, 
180 patients newly diagnosed with NTM-PD were in-
cluded in this study (Figure 1). All patients met the clini-
cal and radiologic criteria (nodular or cavitary opacities 
on chest radiograph, or computed tomography [CT] 
scan showing bronchiectasis with multiple small nod-
ules) for the diagnosis of NTM-PD with positive culture 
results from at least one bronchial washing2.

2. Bronchoscopic procedures
All bronchoscopy procedures were performed by at-
tending physicians. Sedatives including 0.05 to 0.07 
mg/kg of midazolam and/or 0.2 to 0.5 μg/kg of fentanyl 
were administered intravenously to achieve adequate 
sedation prior to the procedure11,12. All procedures 
were performed transnasally or transorally under local 
anesthesia. In all patients, complete airway inspection 
was performed, and bronchial washing was conducted 
at any involved lesion that was suggestive of NTM-PD 
on chest CT prior to bronchoscopy evaluation. Ster-
ile normal saline (20 to 40 mL) was injected into the 
involved lesion, and the specimen was aspirated via 
bronchoscope.

3. Microbiologic evaluation
All bronchial washing specimens were examined for 
both mycobacterial and bacterial pathogens. All bron-
chial washing specimens were cultured using both 
solid (3% Ogawa medium; Korean Institute of Tuber-
culosis, Cheongju, Korea) and liquid (BACTEC 960 My-
cobacterial Growth Indicator Tube, Becton Dickinson, 
Sparks, MD, USA) media13. 

All specimens were also examined for bacterial 
pathogens using the Gram stain method, and bacterial 
identification was performed using automatic VITEK 2 
diagnostic systems (bioMérieux Inc., Hazelwood, MO, 
USA).

4. Data collection
We retrospectively collected patient data including age, 
sex, body mass index (BMI), smoking history, respira-
tory symptoms of NTM-PD (e.g., cough, excessive mu-
cus production, dyspnea, or hemoptysis), presence of 
underlying pulmonary disease, and bronchial washing 
specimen results. The laboratory findings, including 
white blood cell count, C-reactive protein as an inflam-
matory marker, and albumin as an indicator reflecting 
overall nutritional status, were assessed.

Radiological phenotypes of NTM-PD were assessed 
and classified into fibrocavitary form, nodular bron-
chiectatic form, and unclassifiable form14. We defined 

Table 1. Baseline characteristics of nontuberculous 
mycobacterial pulmonary disease patients who 
underwent bronchoscopy (n=180)

Characteristic Value

Age, yr 65 (56–74)

Female sex 122 (67.8)

Body mass index, kg/m2 20.4 (18.9–22.4)

Smoking history

   Non-smoker 139 (77.2)

Comorbidity

   Diabetes mellitus 22 (12.2)

Respiratory symptoms*

   Cough with or without 
      excessive mucus production

75 (41.7)

   Dyspnea 26 (14.4)

   Hemoptysis 23 (12.8)

   Asymptomatic 82 (45.6)

Radiological phenotypes

   Nodular bronchiectatic form 151 (83.9)

   Fibrocavitary form 22 (12.2)

   Unclassifiable 7 (3.9)

Underlying pulmonary disease*

   Bronchiectasis 169 (93.9)

   Tuberculous-destroyed lung 22 (12.2)

   Emphysema 12 (6.7)

   Interstitial lung disease 4 (2.2)

Laboratory findings

   White blood cell, /μL 5,760 (4,753–6,863)

   C-reactive protein, mg/dL 1.4 (0.4–6.4)

   Albumin, g/dL 4.4 (4.1–4.7)

Values are presented as median (interquartile range) or 
number (%).
*Cases are duplicated.
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coinfection as the detection of pathogenic microorgan-
isms other than NTM in at least one bronchial washing 
bacterial culture. Extensive lung involvement was de-
fined if three or more lobes are involved, as assessed 
by CT scan, as previously reported15.

5. Ethics
This study was approved by the Institutional Review 
Board of Samsung Changwon Hospital (reference no. 
2024-01-002). The requirement for informed consent 
was waived due to the retrospective nature of the study 
and the data were anonymized and de-identified prior 
to analysis.

6. Statistical analysis
Data are presented as median with interquartile range 
(IQR) or number (%) of patients. Categorical variables 
were compared using Pearson’s chi-square test or Fish-
er’s exact test16. Continuous variables were compared 
using the Mann-Whitney U test17. A p-value <0.05 was 
considered statistically significant. Statistical analyses 
were conducted using SPSS version 23.0 for Windows 
(IBM Co., Chicago, IL, USA)18.

Results

1. Baseline characteristics of NTM-PD patients
A total of 180 patients was included, and the base-
line characteristics are shown in Table 1. The median 
age of patients was 65 years (IQR, 56 to 74), 122/180 

(67.8%) were female, and the median BMI was 20.4 kg/
m2 (IQR, 18.9 to 22.4). Most patients were non-smokers 
(n=139/180, 77.2%) and 22/180 patients (12.2%) had 
diabetes mellitus as a comorbidity. The most common 
predominant symptoms were cough with or without ex-
cessive mucus production (n=75/180, 41.7%), followed 
by dyspnea (n=26/180, 14.4%); however, 82/180 pa-
tients (45.6%) were asymptomatic at the time of diag-
nosis. Regarding radiological phenotypes of NTM-PD, 
nodular bronchiectatic form (n=151/180, 83.9%) was 
most often observed, followed by fibrocavitary form 
(n=22/180, 12.2%) and unclassifiable form (n=7/180, 
3.9%). Almost all patients (n=169/180, 93.9%) had 
bronchiectasis, and tuberculous-destroyed lung, pa-
renchymal destruction due to previous tuberculosis in-
fection, was found in 22/180 patients (12.2%). Median 
white blood cell, C-reactive protein, and albumin levels 

Table 2.  NTM species cultured from bronchial 
washing fluid (n=180)

NTM species No. (%)

Mycobacterium avium complex

   M. avium 36 (20.0)

   M. intracellulare 115 (63.9)

M. abscessus

   M. abscessus subspecies abscessus 7 (3.9)

   M. abscessus subspecies massiliense 11 (6.1)

M. kansasii 6 (3.3)

M. mucogenicum 1 (0.5)

Mixed infection

   M. avium+M. intracellulare 2 (1.1)

   M. avium+M. kansasii 1 (0.5)

   M. intracellulare+M. abscessus 
      subspecies massiliense

1 (0.5)

NTM: nontuberculous mycobacteria.

Table 3. Bacteria species cultured from bronchial 
washing fluid (n=180)

Variable No. (%) 

Patients with detected bacteria 80 (44.4)

   Single bacterium 73

   Multiple bacteria 7

Bacteria species* 80

   Klebsiella species 29 (36.3)

      Klebsiella pneumoniae 25

      Klebsiella oxytoca 4

   Pseudomonas species 22 (27.5)

      Pseudomonas aeruginosa 20

      Pseudomonas fluorescens 1

      Pseudomonas putida 1

   Staphylococcus aureus 20 (25.0)

      MSSA 16

      MRSA 4

   Enterobacter species 5 (6.3)

      Enterobacter cloacea 3

      Enterobacter aerogenes 2

   Haemophilus influenzae 3 (3.8)

   Escherichia coli 2 (2.5)

   Streptococcus pneumoniae 2 (2.5)

   Acinetobacter baumannii 2 (2.5)

   Morganella morganii 1 (1.3)

   Enterococcus species 1 (1.3)

*Cases are duplicated.
MSSA: methicillin-sensitive Staphylococcus aureus; MRSA: 
methicillin-resistant Staphylococcus aureus.
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were 5,760/μL, 1.4 mg/dL, and 4.4 g/dL, respectively.

2. NTM species cultured from bronchial washing 
fluid

Table 2 shows the NTM species cultured. The most 
common species was Mycobacterium intracellulare 
(n=115/180, 63.9%), followed by M. avium (n=36/180, 
20.0%) and Mycobacterium abscessus  (n=18/180, 
10.0%). Mixed infections were found in 4/180 patients 
(2.2%) and included M. avium/M. intracellulare (n=2), 
M. avium/Mycobacterium kansasii (n=1), and M. intra-
cellulare/M. abscessus subspecies massiliense (n=1).

3. Bacterial culture from bronchial washing fluid
Of the 180 patients with newly diagnosed NTM-PD by 
bronchial washing, 80/180 (44.4%) had bacteria cul-
tured from bronchial washing fluid, and the species of 
bacteria are summarized in Table 3. Most (n=73/80, 
91.2%) had a single bacterium, and 7/80 (8.8%) had 
multiple bacteria species. The most commonly identi-
fied species were Klebsiella species (n=29/80, 36.3%) 
including 25 cases of Klebsiella pneumoniae, followed 
by Pseudomonas species (n=22/80, 27.5%) including 
20 cases of Pseudomonas aeruginosa , and then by 
Staphylococcus aureus (n=20/80, 25.0%).

Table 4. Comparison of clinical characteristics of nontuberculous mycobacterial pulmonary disease patients with or 
without bacteria cultured from bronchial washing fluid

Characteristic
Bacteria cultured

p-value
Yes (n=80) No (n=100)

Age, yr 67 (58–75) 64 (56–73) 0.110

Female sex 53 (66.3) 69 (69.0) 0.749

Body mass index, kg/m2 20.8 (19.0–23.3) 20.4 (18.4–21.7) 0.201

Non-smoker 60 (75.0) 79 (79.0) 0.593

Comorbidity

   Diabetes mellitus 11 (13.8) 11 (11.0) 0.650

Underlying pulmonary disease*

   Emphysema 4 (5.0) 8 (8.0) 0.552

   Interstitial lung disease 1 (1.3) 3 (3.0) 0.630

   Bronchiectasis 77 (96.3) 92 (92.0) 0.350

   Tuberculous-destroyed lung 10 (12.5) 12 (12.0) >0.999

Respiratory symptoms*

   Cough with or without excessive mucus 
      production

38 (47.5) 37 (37.0) 0.173

   Dyspnea 13 (16.3) 13 (13.0) 0.670

   Hemoptysis 9 (11.3) 14 (14.0) 0.657

   Asymptomatic 32 (40.0) 50 (50.0) 0.228

Radiological phenotypes

   Nodular bronchiectatic form 71 (88.8) 80 (80.0) 0.153

   Fibrocavitary form 5 (6.3) 17 (17.0) 0.038

   Unclassifiable 4 (5.0) 3 (3.0) 0.702

No. of involved lobes ≥3 26 (32.5) 1 (1.0) <0.001

Laboratory findings

   White blood cell, /μL 6,050 (4,725–6770) 5,610 (4,778–6,948) 0.491

   C-reactive protein, mg/dL 1.3 (0.4–6.8) 1.4 (0.4–5.9) 0.901

   Albumin, g/dL 4.4 (4.2–4.6) 4.5 (3.9–4.7) 0.963

Values are presented as median (interquartile range) or number (%).
*Cases are duplicated.
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4. Comparison of clinical characteristics of NTM-PD 
patients according to bacteria

Table 4 shows the comparison of clinical character-
istics of NTM-PD patients with or without bacteria 
identified from bronchial washing fluid. Compared with 
NTM-PD patients without bacteria, those with bacteria 
were more likely to have extensive disease with three 
or more lobes involved (n=26 vs. 1, p<0.001). Patients 
with the fibrocavitary form of NTM-PD tended to be 
without bacterial coinfection (p=0.038).

Compared with NTM-PD patients without P. aerugi-
nosa , those with P. aeruginosa  were older (74 years 
vs. 64 years, p=0.001), tended to be male (60.0 % vs. 

28.8%, p=0.009), were ever-smokers (55.0% vs. 18.8%, 
p<0.001), and had respiratory symptoms including 
cough with or without excessive mucus production 
(70.0% vs. 38.1%, p=0.008), dyspnea (30.0% vs. 12.5%, 
p=0.047), and extensive lung disease (60.0% vs. 9.4%, 
p<0.001) (Table 5). In contrast, patients with K. pneu-
moniae  had no differences compared with those with-
out K. pneumoniae except in C-reactive protein level 
(Supplementary Table S1). Also, patients with S. aureus 
did not differ from those without S. aureus (Supplemen-
tary Table S2).

Table 5. Comparison of clinical characteristics of nontuberculous mycobacterial pulmonary disease patients with or 
without Pseudomonas aeruginosa cultured from bronchial washing fluid

Characteristic
Pseudomonas aeruginosa

p-value
Yes (n=20) No (n=160)

Age, yr 74 (65–80) 64 (56–73) 0.001

Female sex 8 (40.0) 114 (71.3) 0.009

Body mass index, kg/m2 21.0 (18.9–23.3) 20.4 (19.0–22.0) 0.757

Non-smoker 9 (45.0) 130 (81.3) <0.001

Comorbidity

   Diabetes mellitus 3 (15.0) 19 (11.9) 0.716

Underlying pulmonary disease*

   Emphysema 3 (15.0) 9 (5.6) 0.134

   Interstitial lung disease 1 (5.0) 3 (1.9) 0.378

   Bronchiectasis 19 (95.0) 150 (93.8) >0.999

   Tuberculous-destroyed lung 2 (10.0) 20 (12.5) >0.999

Respiratory symptoms*

   Cough with or without excessive mucus 
      production

14 (70.0) 61(38.1) 0.008

   Dyspnea 6 (30.0) 20 (12.5) 0.047

   Hemoptysis 2 (10.0) 21 (13.1) >0.999

   Asymptomatic 6 (30.0) 76 (47.5) 0.159

Radiological phenotypes

   Nodular bronchiectatic form 18 (90.0) 133 (83.1) 0.746

   Fibrocavitary form 1 (5.0) 21 (13.1) 0.475

   Unclassifiable 1 (5.0) 6 (3.8) 0.568

No. of involved lobes ≥3 12 (60.0) 15 (9.4) <0.001

Laboratory findings

   White blood cell, /μL 6,310 (5,180–7,180) 5,690 (4,710–6,815) 0.139

   C-reactive protein, mg/dL 2.2 (1.1–9.8) 1.1 (0.4–5.6) 0.118

   Albumin, g/dL 4.3 (4.0–4.5) 4.5 (4.1–4.7) 0.235

Values are presented as median (interquartile range) or number (%).
*Cases are duplicated.
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Discussion

In this study, we evaluated the microorganisms in low-
er respiratory tracts of patients with NTM-PD using 
bronchoscopic washing fluid analysis. Most NTM-PD 
patients had nodular bronchiectatic form (n=151/180, 
83.9%), and M. intracellulare  was the most frequent 
cause of NTM-PD (n=115/180, 63.9%). Less than half 
of NTM-PD patients (n=80/180, 44.4%) had accompa-
nying bacteria, among which the most common spe-
cies was K. pneumoniae (n=25/80, 31.3%), followed by 
P. aeruginosa (n=20/80, 25.0%) and S. aureus (n=20/80, 
25.0%). Patients with NTM-PD with extensive involve-
ment tended to have accompanying bacteria including 
P. aeruginosa . In particular, NTM-PD patients with 
P. aeruginosa  were older, predominantly male and 
ever-smokers, with extensive lobe involvement and 
tended to complain of respiratory symptoms such as 
cough with or without excessive mucus production or 
dyspnea.

Although there are several studies regarding the 
microbiome in bronchiectasis19,20, data regarding mi-
croorganisms in the lower respiratory tract of NTM-
PD patients are limited21. In a study based on analysis 
of repeated sputum samples, Fujita et al.8 suggested 
that patients with MAC-PD frequently had chronic 
coinfections of S. aureus and P. aeruginosa (124/275, 
45.1%). Yamasaki et al.22 evaluated the microbiome 
from bronchial alveolar lavage samples in bronchiecta-
sis patients and found that anaerobes were abundant 
in patients with NTM-PD compared to those without 
NTM-PD. Sulaiman et al.23 assessed microbiomes in 
subset of patients with bronchiectasis and found no 
significant differences in bacterial load or diversity be-
tween those with NTM and without. However, these 
studies analyzed microbiome composition and did not 
assess the clinical aspects of NTM-PD. Although our 
study analyzed the bacteria with conventional culture 
techniques, we also systematically evaluated lower 
respiratory bacteria obtained through bronchoscopy 
in a relatively large number of NTM-PD patients; this 
work suggests that NTM-PD and bacterial coinfection 
associated with extensive lung disease and P. aerugi-
nosa -NTM-PD coinfection is associated with poorer 
clinical conditions.

In patients with NTM-PD, bronchiectasis is the most 
relevant comorbid respiratory disease, and nodular 
bronchiectatic form was the most common pheno-
type4,14,24. In the present study, almost the whole NTM-
PD population (93.9%) had bronchiectasis. In contrast, 
NTM was reported in a wide range of bronchiectasis 
cohorts (8.8% to 63.0%)25-27. Pseudomonas infection is 

a biomarker of severity in bronchiectasis15,28. Although 
NTM and Pseudomonas  infections are frequent and 
important in bronchiectasis populations, there are lim-
ited data of the impact of Pseudomonas infection on 
the clinical course of NTM-PD. A Taiwanese study sug-
gested association of concomitant NTM and P. aerugi-
nosa infection with poorer clinical outcome including 
the greatest decline in pulmonary function and worst 
disease severity with more frequent exacerbations29. A 
Japanese study also showed impaired quality of life in 
patients with NTM- P. aeruginosa coinfection in a pop-
ulation with MAC-PD30. Our study results consistently 
demonstrated that NTM- P. aeruginosa coinfection was 
distinctively associated with more extensive lung dis-
ease with worse respiratory symptoms compared with 
NTM-PD without P. aeruginosa coinfection. In contrast, 
NTM-K. pneumoniae and NTM-S. aureus coinfections 
did not have a clinical effect on NTM-PD patients.

Interestingly, this study showed male and ever-smok-
er predominance in P. aeruginosa  infection among 
NTM-PD patients. However, Vidaillac et al.31 evaluated 
gender differences in bronchiectasis and suggested P. 
aeruginosa to be the predominant pathogen in females 
rather than males. Additionally, a recent Chinese study 
found that the prevalence of P. aeruginosa  infection 
was greater in females than males in elderly patients 
with bronchiectasis32. Because our study only analyzed 
NTM-PD patients who could undergo bronchoscopy, 
a selection bias could exist; the differences in study 
populations (bronchiectasis patients vs. NTM-PD pa-
tients) could account for the discrepancies between 
previous studies and our study. However, there is much 
evidence that smoke exposure is associated with in-
creased virulence of P. aeruginosa and impaired bacte-
rial clearance after P. aeruginosa infection33,34. Smoking 
is also a predisposing factor for NTM-PD35, and there is 
a possibility that smoking is associated with increasing 
risk of P. aeruginosa coinfection in patients with NTM-
PD.

This study has several limitations. First, the history of 
antibiotics administration before bronchoscopic proce-
dure was not evaluated and could affect bacterial cul-
ture. Second, this retrospective study was conducted 
at a single center, which might limit its generalizability. 
Multi-center prospective studies of prevalence and 
the clinical impact of bacterial coinfections with NTM-
PD are warranted. Third, this study only enrolled NTM-
PD patients who underwent bronchoscopy, and there 
could be a selection bias leading to an unrepresenta-
tive NTM-PD patient population.

In conclusion, less than half of NTM-PD patients had 
bacterial coinfections, and they had more extensive 
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lung involvement. Additionally, patients with NTM-P. 
aeruginosa  coinfection had significantly more frequent 
respiratory symptoms and extensive lung involvement. 
Further studies with larger cohorts and a prospective 
design are needed to validate and expand upon these 
findings.
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