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Objective: To systematically analyze clinical features and imaging characteristics of nontuberculous mycobacterial pulmonary
disease (NTM-PD) patients in a tuberculosis specialty setting, establishing diagnostic and management references.

Methods: We conducted a retrospective analysis of 204 NTM-PD cases admitted to our tuberculosis department from January 2018 to
December 2023, evaluating clinical manifestations, mycobacterial speciation, and radiological patterns.

Results: The cohort comprised 118 males and 86 females (mean age 65.34 £ 13.23 years), predominantly rural residents
(63.24%). Common comorbidities included previous pulmonary tuberculosis (58.33%), chronic obstructive pulmonary disease
(41.67%), and bronchiectasis (36.76%). Primary clinical manifestations were productive cough (78.92%), dyspnea (25.98%),
and hemoptysis (24.5%). Mycobacterium avium complex (MAC) accounted for 59.80% of isolates, followed by Mycobacterium
abscessus (MABS) (16.67%). Radiological analysis revealed right upper lobe (86.54%) and left upper lobe (82.69%) pre-
dominance, with multilobar involvement (>3 lobes) in 73.08% cases. Characteristic imaging features included nodular
opacities, pleural thickening (63.46%), cavitary lesions (54.81%), and bronchiectasis (51.92%).

Conclusion: NTM-PD primarily affects elderly populations with chronic respiratory symptoms, demonstrating extensive pulmonary
involvement across multiple lobes. The disease exhibits characteristic radiological triad of nodules, cavitations, and bronchiectasis,
with MAC being the predominant pathogen in this cohort.
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Introduction

Non-tuberculous mycobacteria (NTM) comprise a heterogeneous group of acid-fast bacilli distinct from Mycobacterium
tuberculosis complex and Mycobacterium leprae. These environmentally ubiquitous organisms include over 190 identified
species, predominantly existing as environmental saprophytes or transient colonizers, with only a subset demonstrating
pathogenic potential in humans.! While historically regarded as less virulent than tuberculosis, emerging evidence highlights
specific NTM species capable of causing rapidly progressive, life-threatening infections with substantial mortality risks.”
Clinically, NTM manifests most frequently as pulmonary disease (NTM-PD), though extrapulmonary involvement—
including lymphadenitis, cutaneous lesions, and osteoarticular infections—constitutes approximately 30% of reported
cases.” Despite increasing recognition, NTM-PD epidemiology remains poorly characterized due to diagnostic complexities,
contributing to diagnostic delays, therapeutic resistance, and intricate treatment protocols that significantly compromise
patient prognoses. This study systematically examines clinical and radiological profiles of NTM-PD cases at a tertiary

referral center, aiming to enhance diagnostic precision and inform evidence-based management strategies.
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Materials and Methods
Study Design and Population

This retrospective cohort study analyzed clinical records of patients diagnosed with NTM-PD at our tertiary referral
center from January 2018 to December 2023. Collected data included demographic characteristics (age, sex, rural/urban
residence, BMI), comorbidities, clinical manifestations, and radiological findings. Two radiologists independently
reviewed CT images; discrepancies were resolved by a third radiologist. Ethical approval was granted by the
Institutional Review Board of Lishui Hospital of Traditional Chinese Medicine (Approval No. LW-2024021), with
waived informed consent due to retrospective anonymized data analysis. The study was conducted at LishuiTCM
Hospital (Zhejiang, China), a tertiary TB referral center serving rural/suburban populations.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Confirmed NTM-PD diagnosis per 2020 ATS/ERS/ESCMID/IDSA guidelines;' (2) Complete clinical
documentation including microbiological confirmation and thoracic CT imaging. Exclusion criteria: (1) Concurrent active
pulmonary tuberculosis; (2) Incomplete clinical records (>20% data missing); (3) Immunocompromised status (HIV positivity
or solid-organ transplantation).

Records with >20% missing core variables (CT findings, speciation) were excluded. All eligible NTM-PD cases were
included via total sampling.

Statistical Analysis

Data processing utilized SPSS 26.0 (IBM Corp.) with two-tailed significance testing. Categorical variables were
expressed as frequencies (%) and analyzed by Chi-square test or Fisher’s exact tests. Normality-tested continuous
variables (Shapiro—Wilk, P>0.05) were reported as meantSD and compared via independent t-tests. Nonparametric
data were presented as median (IQR) and evaluated using Mann—Whitney U-tests. A threshold of P<0.05 defined
statistical significance.

Results

Patient Age and Gender Distribution

The study cohort comprised 204 patients (mean age 65.34 + 13.23 years) with bimodal age distribution, peaking in the
50-80 year range (72.1% of cases). A male predominance was observed (male: female ratio 1.37:1, 118 vs 86), though
gender distribution did not reach statistical significance (P>0.05) (Figure 1).

Comeparison of Clinical General Information for Patients of Different Genders

Among the total of 204 patients included in the study, the majority (129 individuals, 63.24%) were found to reside in
rural areas. Analysis of the data showed no significant difference in body mass index between male and female patients
(P>0.05). However, there was a statistically significant difference in the rates of smoking and alcohol consumption, with
a higher prevalence among male patients compared to female patients (P<0.05). Furthermore, the historical data revealed
a higher incidence of bronchiectasis in women and diabetes in men, both of which displayed significant disparities
(P<0.05) (Table 1).

Clinical Manifestation

Out of the 204 patients studied, the predominant clinical symptoms reported were cough and phlegm in 161 cases
(78.92%). Following this, dyspnea was observed in 53 cases (25.98%), hemoptysis in 50 cases (24.51%), asymptomatic
presentation in 34 cases (16.67%), and fatigue in 10 cases (4.90%) (Table 2).

Distribution of NTM Pathogens
In the study involving 204 patients, there is one case of non tuberculous mycobacteria whose specific strain cannot be
identified. The most commonly identified bacterial group was Mycobacterium avium complex, found in 122 cases
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Figure | Patient age and gender distribution.

(59.80%). Following this, there were 34 cases (16.67%) of Mycobacterium abscess, 15 cases (7.35%) of M. malmoense,
10 cases (4.90%) of M. kansasii, 8 cases (3.92%) of M. gordonae, 6 cases (2.94%) of M. scrofulaceum, 3 cases (1.47%)
of M. fortuitum, 3 cases (1.47%) of M. terrae, and 2 cases (0.98%) of M. gilvum (Table 3).

Table I Comparison of Clinical General Information for Patients of Different Genders

Variable Total (n = 204) Female (n = 86) Male (n = 118) P

BMI (kg/m?), M (Ps, P7s) | 19.59 (17.71, 21.92) | 19.94 (17.61, 22.37) | 19.47 (17.78, 21.82) | 0.883

Residence, n (%) 0.684
Rural 129 (63.24) 53 (61.63) 76 (64.41)
Urban 75 (36.76) 33 (38.37) 42 (35.59)

Smoking, n (%) <0.001
No 156 (76.47) 86 (100.00) 70 (59.32)
Yes 48 (23.53) 0 (0.00) 48 (40.68)

Drinking, n (%) <0.001
No 184 (90.20) 85 (98.84) 99 (83.90)
Yes 20 (9.80) 1 (1.16) 19 (16.10)

Past history, n (%)
PTB 41 (20.10) 16 (18.60) 25 (21.19) 0.650
Bronchiectasis 37 (18.14) 23 (26.74) 14 (11.86) 0.006
COPD 39 (19.12) 12 (13.95) 27 (22.88) 0.109
Diabetes 37 (18.14) 7 (8.14) 30 (25.42) 0.002
Hypertension 35 (17.16) 17 (19.77) 18 (15.25) 0.398
Angiocardiopathy 28 (13.73) 10 (11.63) 18 (15.25) 0.457
Tumor 23 (11.27) 6 (6.98) 17 (14.41) 0.098
Mental illness 10 (4.90) 5 (5.81) 5 (4.24) 0.852

Abbreviations: BMI, body mass index; PTB, pulmonary tuberculosis; COPD, chronic obstructive pulmonary disease.
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Table 2 Clinical Manifestation

Variable

Cough and phlegm
Dyspnea
Hemoptysis
Asymptomatic
Fatigue

Frequency (n) | Percentage (%)
161 78.92
53 25.98
50 24.51
34 16.67
10 4.90

Table 3 Distribution of NTM Pathogens

NTM pathogens

Frequency (n)

Percentage (%)

X

. kansasii

terrae

gilvum

Mycobacterium avium complex
. abscessus

. malmoense

. gordonae
. scrofulaceum

fortuitum

122
34
15
10
8

N W w o

59.80
16.67
7.35
4.90
3.92
2.94

1.47
1.47
0.98

Analysis of Imaging Characteristics of MAC and MABS Pulmonary Disease

The chest imaging findings revealed the presence of lesions in a total of 133 cases (86.54%) in the upper right lobe, 82 cases
(52.56%) in the middle right lobe, 57 cases (36.54%) in the lower right lobe, 129 cases (82.69%) in the upper left lobe, and 77
cases (49.36%) in the lower left lobe. Analysis showed no statistically significant difference (£>0.05) in the number of lesions
involving three or more lobes. Notably, 98 cases (80.33%) of MAC pulmonary disease exhibited a higher number of lesions
compared to 16 cases (47.06%) of MABS pulmonary disease, indicating a significant difference (P<0.05). Furthermore, the
evaluation of lesion morphology did not demonstrate significant variations in terms of nodules, bronchiectasis, lymphnode
enlargement, and calcification. However, there was a higher prevalence of pleural thickening in MAC pulmonary disease, with
65 cases (53.28%) compared to only 9 cases (26.47%) in MABS pulmonary disease. Additionally, cavities MAC pulmonary
disease was more frequently observed in 76 cases (62.30%) compared to 3 cases (8.82%) in MABS pulmonary disease,

highlighting statistically significant differences (P<0.05) (Table 4).

Table 4 Analysis of Imaging Characteristics of MAC and MABS Pulmonary Disease

Variable Total (n = 156) | MABS (n = 34) | MAC (n = 122) | Statistic P

Location of lesion, n (%)
Right upper lobe 133 (85.26) 27 (79.41) 106 (86.89) 1.181 0.277
Middle lobe of right 82 (52.56) 13 (38.24) 69 (56.56) 3.580 0.058
Right lower lobe 57 (36.54) 7 (20.59) 50 (40.98) 2.550 o.10
Left upper lobe 129 (82.69) 25 (73.53) 104 (85.25) 2.550 0.110
Left lower lobe 77 (49.36) 13 (38.24) 64 (52.46) 2.152 0.142
23 lobes 114 (73.08) 16 (47.06) 98 (80.33) 14.959 | <0.001

Characteristics of lesions, n (%)
Nodule 132 (84.62) 27 (79.71) 105 (86.07) 0.904 0.342
Pleural thickening 74 (47.44) 9 (26.47) 65 (53.28) 7.664 0.006
Cavities 79 (50.64) 3(8.82) 76 (62.30) 30415 <0.001
Bronchiectasis 67 (42.95) 10 (29.41) 57 (46.72) 3.251 0.071
Lymphnode enlargement 58 (37.18) 10 (29.41) 48 (39.34) 1.123 0.289
Calcification 38 (24.36) 9 (26.47) 29 (23.77) 0.105 0.746
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Discussion

Non-tuberculous mycobacteria (NTM), as opportunistic pathogens prevalent in the environment, demonstrate global ubiquity.*
Infections primarily occur through respiratory inhalation or direct environmental exposure. Meta-analyses of culture samples
reveal a worldwide annual increase in NTM disease incidence at 4.1 cases per 100,000 population.” This upward trend stems not
only from enhanced clinical recognition and diagnostic advancements but also reflects the growing population of immunocom-
promised hosts and widespread environmental colonization of NTM.® Epidemiological data show significant geographical
variations: The United States reports annual NTM pulmonary disease (NTM-PD) incidence rates of 1-15 cases per 100,000 per-
son-years,” while South Korea’s prevalence surged from 9.4/100,000 in 2009 to 36.1/100,000 in 2016.* Germany witnessed an
increase from 2.3/100,000 in 2009 to 3.3/100,000 in 2014.° Notably, high-prevalence regions in North America, Japan, and
Europe contrast with lower incidence areas, a disparity attributable to complex interactions between genetic predisposition,
environmental factors, and healthcare infrastructure.'® Pulmonary manifestations dominate NTM infections (=90%), with rare
extrapulmonary involvement in cerebrospinal fluid, synovial fluid, and musculoskeletal systems.'' Global NTM-PD incidence
ranges 1-5/100,000.% Distinct from tuberculosis’ predilection for young healthy individuals, NTM-PD predominantly affects
elderly populations in communal living settings, frequently comorbid with bronchiectasis and chronic obstructive pulmonary
disease.'>"* This study also revealed that the average age of onset for NTM-PD is 65.34 + 13.23 years, with the majority affecting
elderly individuals living in communal settings. Older individuals are at an increased risk of NTM infection, possibly due to age-
related changes in the immune system and a higher prevalence of underlying diseases. Age-related decline in immune function
can lower the body’s ability to resist NTM bacteria, making older individuals more vulnerable to these infections.'* Smoking also
heightens the risk of NTM-PD, particularly in those with pre-existing lung conditions. Smoking damages the respiratory
epithelium, compromises the lungs’ natural defense mechanisms, and creates a favorable environment for NTM colonization
and infection.'” Patients with chronic lung diseases, such as bronchiectasis, COPD, or cystic fibrosis, are particularly susceptible
to pulmonary NTM infection. These lung conditions provide a conducive environment for NTM bacterial growth, leading to
chronic and potentially severe respiratory infections.'® NTM-PD itself can result in fibrous bronchiectasis, characterized by
abnormal bronchiectasis and the formation of pulmonary nodules, leading to persistent respiratory symptoms.'’ Diabetes can
impair cell-mediated immune responses, increasing the likelihood of NTM-PD.'?

The clinical presentations of NTM-PD are diverse, with respiratory symptoms being the most common. Some cases
may be asymptomatic and only identified through physical examinations. Research indicates that cough are the primary
symptoms of NTM-PD, followed by breathlessness and coughing up blood.'®'” Among the 204 individuals studied, the
most prevalent symptoms were cough and phlegm in 161 cases (78.92%), dyspnea in 53 cases (25.98%), and hemoptysis
in 50 cases (24.51%). The predominant bacteria responsible for NTM-PD was the MAC in 122 cases (59.80%), followed
by MABS in 34 cases (16.67%). In a comprehensive nationwide research conducted in Japan, it was found that MAC
emerged as the most prevalent pathogen.”’ Similarly, a study focusing on NTM-PD in China revealed that MAC
accounted for the majority (52.6%), however, a distinct pattern was observed in the northwest region, where
M. kansasii stood out as the dominant species, highlighting regional variations.' In South Korea, a study showcased
the distribution of NTM as follows: MAC> MABS > M. malmoense.** In the United States, approximately 80% of NTM-
PD cases are caused by the MAC.?* In the UK, the proportion is 43%, while in Asia, the MAC proportion stands at 56%,
followed by MABS at 35%.%* Additionally, an important NTM species to consider is Mycobacterium kansasensis, which
is anticipated to be widespread in Europe and certain areas of North America, this species exhibits clinical and imaging
features that closely mimic tuberculosis, presenting a diagnostic challenge.”> MABS is another notable NTM species that
presents a substantial hurdle in treatment due to its resistance to multiple drugs. This resistance can result in a range of
infections including lung infections, skin and soft tissue infections, as well as disseminated diseases.*®

The imaging manifestations of NTM-PD are important for the diagnosis, treatment, and prognosis of the disease, as well as
for research purposes. While the imaging of NTM-PD may bear similarities to tuberculosis, there are also distinct
differences.”” The imaging manifestations of NTM-PD are varied and lack specificity, including nodules, patches, and
cavities, with lesions often spanning multiple lung lobes. This study reveals that regardless of the bacterial strain, nodular
manifestations are the most common in NTM-PD (84.62%), followed by pleural thickening, cavities, and bronchiectasis. The
manifestation of NTM-PD as bronchiectasis is prevalent, and the relationship between NTM-PD and bronchiectasis, as a cause
or consequence, remains unclear and can often coexist.”® NTM infection can also lead to cavities, characterized by the
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formation of cavities in the lung parenchyma, which may result in hemoptysis, while another subset of patients may develop
fibrocavitary diseases.”’ The presence of cavities indicates disease progression, and NTM-PD patients with cavity lesions
necessitate long-term and intensified treatment. Evaluating the location, size, and quantity of cavities is crucial in determining
the disease prognosis and the potential need for surgical intervention.”® High-resolution computed tomography (HRCT)
examination results play a critical role in the diagnosis of NTM-PD, providing detailed images of the lung structure and aiding
in the identification of characteristic abnormalities associated with NTM infection. It is generally believed that manifestations
such as bronchiectasis, cavities, and nodules should raise suspicion of NTM infection.*'** Presently, Al machine learning can
be employed in the early differential diagnosis of pulmonary tuberculosis and NTM-PD imaging, coupled with T-SPOT
detection to significantly enhance accuracy, CT images of pulmonary tuberculosis typically exhibit lung consolidation, thick-
walled cavities, and pleural effusion, whereas NTM-PD often presents with bronchiectasis, cystic changes, and thin-walled
cavities.>® Slow-growing MAC lung disease is more commonly observed on imaging due to its low virulence, protracted
course, and the presence of cavities and pleural thickening.

Our other study shows that, bronchiectasis exacerbation occurring at least twice a year, involvement of three or more lung
lobes with bronchiectasis, hypoalbuminemia, and the NLR index (=Neutrophils (*10°/L)/Lymphocytes (*10°/L)) were
significant risk factors for NTM-PD in individuals with bronchiectasis.** The aim of this study is to examine the clinical
features and imaging findings of individuals diagnosed with at a specialized tuberculosis hospital, it has better novelty.

Conclusions

In summary, the clinical and imaging presentations of NTM-PD are varied, lack specificity in clinical practice, and are
generally considered to be more common in the elderly. Patients with a history of smoking, pulmonary tuberculosis,
bronchiectasis, COPD, and diabetes are at a more prevalent. The main clinical symptoms include cough and sputum
production, followed by hemoptysis and dyspnea, although some patients may be asymptomatic. Upon radiological
assessment, lesions are typically found to be widely distributed, often involving more than three lung lobes, with nodules,
pleural thickening, cavities, and bronchiectasis observed. The imaging findings are associated with the specific bacterial
species involved. Future research efforts should focus on exploring additional laboratory testing markers, as well as
investigating drug treatment options and resistance patterns, to enhance our understanding of clinical management
practices.
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