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Abstract

Background: The diagnosis and treatment of patients with bronchiectasis and nontuberculous mycobacterium
(NTM) pulmonary disease are challenging issues and the treatment is also prolonged and depends on the species.
There is limited information on patients with bronchiectasis and NTM pulmonary disease in Mainland China.

Methods: This cross-sectional study was conducted at the China—Japan Friendship Hospital, Beijing, China. Those
adult patients who met the diagnostic criteria for bronchiectasis and obtained a culture result of mycobacteria from
lower respiratory tract specimens or lung tissue were included in this study. A logistic regression model was used to
identify the related factors in patients with NTM pulmonary disease.

Results: A total of 202 patients with bronchiectasis from 19 cities, 155 without and 47 (23.3%) with NTM pulmonary
disease, were included. In all the 47 patients with NTM pulmonary disease, Mycobacterium avium complex was the
most common species (66.0%), and 72.3% of them were initiated on standard anti-NTM treatment within 3 months
after the diagnosis of NTM pulmonary disease. A larger proportion of patients with NTM pulmonary disease had acute
exacerbations of > 3 times within 1 year and were diagnosed bronchiectasis > 50 years among patients with NTM
pulmonary disease. The HRCT chest images revealed higher proportions of nodular shadow (100% vs. 35.3%), tree-
in-bud sign (97.9% vs. 29.0%), cavities (29.8% vs. 5.8%), and airway dilation of the right middle lobe or the left lingular
lobe (63.8% vs. 23.9%) in patients with NTM pulmonary disease than in those without NTM pulmonary disease (all P
values =0.001). The multivariable logistic regression model indicated that three and more abnormal features (OR 33.8;
95% Cl 11.1-102.8) and main lesions of bronchial expansion in the middle or lingual lobe (OR 6.4;95% Cl 2.4-16.6) in
HRCT chest images were independently associated with NTM pulmonary disease (P values=0.001).

Conclusion: In a single center of Mainland China, > 23% of patients with bronchiectasis had NTM pulmonary dis-
ease, and most patients were started on standard treatment within 3 months after the diagnosis of NTM pulmonary
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disease. These findings suggest that patients with bronchiectasis should be thoroughly examined for the presence of

NTM pulmonary disease.
Trial registration: NCT03594032.
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Background

Bronchiectasis of noncystic fibrosis origin or noncystic
fibrosis bronchiectasis is a chronic structural lung dis-
ease characterized by recurrent episodes of lung infec-
tion [1]. The colonization and infection of different
pathogenic microorganisms can promote the formation
of bronchiectasis and affect its severity and prognosis [2,
3]. Bronchiectasis accompanied with positive isolation
of Pseudomonas aeruginosa has been associated with
worsening lung function, increased frequencies of acute
exacerbations, and poor prognosis [1, 4—6]. The isolation
rate of viruses and new bacteria in the sputum of patients
with acute exacerbation of bronchiectasis has also signifi-
cantly increased [7]. Detection of Aspergillus fumigatus
in the airways of patients with bronchiectasis is associ-
ated with risks for severe disease, worse lung function,
and acute exacerbations [8]. Over the past 10 years, the
issue of whether the nontuberculous mycobacterium
(NTM) pulmonary disease was hospital-acquired or
community-acquired had been an interesting research
question in the clinical investigations of patients with
bronchiectasis [9-13].

NTM, mycobacteria other than the Mycobacterium
tuberculosis complex, and M. leprae, are widely distrib-
uted in natural environments. More than 190 species
of NTM have been discovered, of which only a few are
pathogenic and conditional pathogens [14]. The human
infection of NTM was first reported among immuno-
compromised patients such as those infected with the
human immunodeficiency virus (HIV) [15, 16]. The
identified risk factors for NTM infection include struc-
tural lung disease, lung cancer, receiving immunosup-
pressive therapy, organ transplantation, HIV infection,
and old age [16, 17]. The 5-year all-cause mortality of
NTM pulmonary diseases is 10-45%, which is primar-
ily caused by comorbidities, as the mortality related to
NTM pulmonary disease is relatively low [17]. Cur-
rently, the prevalence rate of NTM pulmonary disease
is uncertain, and studies have reported an obvious
regional difference, although the prevalence rate has
been increasing globally in recent years [18, 19]. In
countries with a high burden of tuberculosis, the isola-
tion rate of NTM has significantly increased in recent
years [20-22]. Although the exact impact of NTM
pulmonary disease on chronic lung disease remains
unclear, patients with chronic obstructive pulmonary

disease were found to have a greater risk for worsening
situation and high mortality if they were NTM-positive
[23, 24]. Patients with bronchiectasis accompanied with
a positive result for the Mycobacterium avium complex
(MAC) have a higher risk for death [9].

The relationship between bronchiectasis and NTM
pulmonary infection is complicated. It is well known
that NTM infection can cause bronchiectasis. In recent
years, accumulating evidence has confirmed that NTM
infection can cause severe bronchiectasis [25-27].
However, NTM pulmonary disease can present as nod-
ular bronchiectasis on computed tomography (CT),
which leads to a misdiagnosis of bronchiectasis with
bacterial infection. The prevalence of NTM infection
in patients with bronchiectasis is unclear. Previous
studies have reported that the positive isolation rate of
NTM in patients with bronchiectasis is 1.7-30% [9, 25],
whereas the rate is up to 54% in US [28]. The diagnosis
and treatment of NTM pulmonary disease still remain
challenging issues in clinical practice. Recent guide-
lines recommend that the diagnosis of NTM pulmo-
nary disease must be based on clinical manifestations
and imaging and microbiological results [14]. However,
patients with bronchiectasis always have respiratory
symptoms during stable and acute exacerbations, and
chest CT can also show nodules, bronchiectasis, and
cavities caused by other pathogenic infections, caus-
ing difficulty in diagnosing NTM pulmonary disease in
these patients. A positive result of NTM does not guar-
antee the diagnosis of the disease, and the diagnosis of
NTM pulmonary disease is often delayed because the
symptoms are mild and the excretion of NTM in the
sputum is intermittent with few colonies retrievable in
culture [17]. Furthermore, the proportions of misdiag-
nosis and inappropriate treatment of NTM are largely
unknown [29]. However, there exists limited evidence
in this regard, and especially, there are still no data
from Mainland China to evaluate the clinical character-
istics and other related characteristics among patients
with bronchiectasis and NTM.

Therefore, we conducted this cross-sectional study
to evaluate the prevalence, clinical characteristics, and
treatment status of patients with NTM pulmonary dis-
ease, to evaluate their clinically predictive significance,
and to provide evidence for the management of bronchi-
ectasis with NTM pulmonary disease.
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Method

Design and population

This cross-sectional study was conducted at the China—
Japan Friendship Hospital in Beijing, China, from August
2018 to December 2020. Patients were included if they
met the following inclusion criteria: (1) age > 18 years, (2)
diagnosed with bronchiectasis according to the 2010 Brit-
ish Thoracic Society guideline for non-CF bronchiectasis
[30], and (3) at least two sputum or one bronchoalveolar
lavage fluid (BALF) mycobacterial culture examination
from 1 year before enrollment to 3 months after enroll-
ment [31]. Patients were excluded if they met any one of
the following exclusion criteria: (1) diagnosed with cystic
fibrosis, (2) history of organ transplantation, (3) presence
of active tumors or hematological malignancies, (4) diag-
nosed with pulmonary interstitial fibrosis with bronchi-
ectasis, (5) diagnosed with allergic bronchopulmonary
aspergillosis (ABPA), (6) diagnosed with diffuse pan-
bronchiolitis, (7) excluded as NTM pulmonary disease
based on clinical and radiological manifestations, despite
positive NTM cultures, or (8) refusal of signed consent.
All patients with bronchiectasis received standardized
treatments according to ATS guidelines. This study was
approved by the Ethics Committee of the China—Japan
Friendship Hospital (ethics number: 2018-62-K46) and
registered for the clinical trial (No. NCT03594032). All
the included participants signed the informed consent.

Details regarding age, height, weight, smoking status,
marital status, medical history, comorbidity, drug use,
and treatment were self-reported and recorded. The
characteristics of sputum among patients with previous
acute exacerbations were also self-reported and recorded.
All the included information and data were indepen-
dently collected by two physicians separately and sub-
jected to a consistency test to check the discrepancy of
the recorded information.

Nontuberculous mycobacterial pulmonary disease
(NTM-PD) was diagnosed according to the 2007 Amer-
ican Thoracic Society guideline for Nontuberculous
Mycobacterial Lung Disease [31] and NTM pulmonary
infection was diagnosed based on progressive or new
abnormal images in HRCT.

The duration of bronchiectasis diagnosis was calculated
as the duration between the time of enrollment (year)
and the diagnosis time of bronchiectasis (year). The time
of bronchiectasis diagnosis was defined as the time for
the patient to be first diagnosed with bronchiectasis by
physicians according to symptoms and imaging findings
(chest CT or chest radiograph).

The etiology of bronchiectasis was determined if the
patient met any one of the following conditions: (1)
postinfection: a definitive history of tuberculosis or
measles pneumonia or a history of hospitalization due
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to lower respiratory tract infection or a first diagno-
sis of bronchiectasis with NTM infection; (2)immuno-
deficiency: a decrease in blood immunoglobulin level
confirmed by twice laboratory tests within 2 weeks; (3)
idiopathic: without specific causes or without tests per-
formed to screen for the causes; and (4) others: history of
COPD or rheumatoid diseases.

The modified Medical Research Council (mMRC)
dyspnea scale, the FACED score, and the bronchiectasis
severity index were evaluated by professional physicians
under the standard operation procedures. The mMRC
dyspnea scale is a 5-point (0—4) scale used to evalu-
ate dyspnea, disability, and functions, which is rated for
the following five categories: grade 0/1 (patient does not
experience dyspnea except on intensive exercise), grade
1/2 (getting short breath when hurrying on the ground
level or walking up a slight slope), grade 2/3 (walking
slower than most peers with similar age due to dyspnea
or having to stop to breathe after walking 15 min on foot
at own pace), grade 3/4 (stopping for breath after walking
about 100 m or after a few minutes on the ground level),
and grade 4/5 (being too breathless to leave the house
or to undress themselves). The FACED score evaluates
the severity and prognosis of noncystic fibrosis bron-
chiectasis according to the following five characteristics
of patients [32]: lung function (FEV1% predicted), age,
microbiological (chronic colonization by P aeruginosa),
radiological (number of infected lobes), and clinical syn-
dromes (degree of dyspnea, appraised by the mMRC
scale). Based on the total FACED score, we divided the
patients into the following three grades: mild bronchi-
ectasis (global score 0—2 points), moderate bronchiecta-
sis (global score 3—4 points), and severe bronchiectasis
(global score 5-7 points). The bronchiectasis severity
index is a scale that evaluates the severity and prognosis
of noncystic fibrosis bronchiectasis through the following
nine related variables [32]: age, body mass index (BMI),
predicted FEV1%, hospitalization and exacerbations
before study, degree of dyspnea, chronic colonization by
P, aeruginosa along with other microorganisms, and radi-
ological extension.

Bronchiectasis was diagnosed based on the evalua-
tion of chest high-resolution computed tomography
(HRCT) images if any one of the following criteria was
met [30]: (1) broncho-arterial ratio>1 (internal airway
lumen vs adjacent pulmonary artery), (2) lack of taper-
ing, and (3) airway visibility within 1 cm of costal pleural
surface or touching the mediastinal pleura. Chest HRCT
images before the time of enrollment were collected.
If the chest HRCT before the enrollment was unavail-
able, a new test was performed for these patients within
3 months after enrollment. And these CT images were
evaluated by two radiologists independently according
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to the above-described criteria. Bronchiectasis lesion
range was evaluated by semiquantitative estimation and
divided into the following three categories: lesion range/
lung lobes<1/3, or 1/3-1/2, or>1/2. Abnormal imaging
features were defined as those with three or more of the
following characteristics simultaneously: consolidation/
infiltration, nodular shadow, tree-in-bud sign, and cavity.

All microbiological examinations of specimens col-
lected from the lower respiratory tract, including smears
using standard methods, bacterial culture, fungal culture,
acid-fast bacilli smears, and mycobacterial liquid culture,
were conducted at the Clinical Microbiological Labora-
tory of the China—Japan Friendship Hospital, Beijing.
The automated BACTEC MGIT 960 mycobacteria cul-
ture system was used, and the NTM species were identi-
fied by PCR-reverse dot blot.

Statistical analyses

Continuous variables with normal distribution were
expressed as mean=standard deviation and analyzed
by t-test for two independent samples. Categorical vari-
ables were expressed as frequency and percentages,
and the chi-square test or Fisher’s exact test was used
to compare the frequencies between two groups. Both
univariate logistic regression models and multivariable
logistic regression models were used to evaluate the rela-
tionship between the conditions of NTM. For the mul-
tivariable model, variables, including age, gender, BMI,
age at diagnosis of bronchiectasis (>50 and <50 years),
times of bronchiectasis exacerbations in the previous
year (>3 and<3 times), HRCT-based bronchiectasis
involving bilateral lungs, HRCT-based branch expansion
main lesions in the middle or lingual lobe, and HRCT-
based > 3 abnormal imaging features, were selected and
included into the model using a stepwise method.

All statistical analyses were conducted using the
SPSS21 software (IBM, Armonk, New York). A two-
tailed P value of <0.05 was considered to be statistically
significant.

Results

Participants

A total of 237 patients with suspected bronchiectasis were
screened, of whom 202 patients with bronchiectasis were
included in this study (Fig. 1). There were 136 (67.3%)
hospitalized patients, 115 patients (56.9%) from Beijing
and 87 patients (43.1%) from 18 provinces of Mainland
China. Among them, 47 patients aged 32-81 years were
diagnosed with bronchiectasis combined with NTM pul-
monary disease, and 89.2% of these patients were women
with menopause. Among those patients, 29 (61.7%) were
from Beijing, and the remaining 18 (38.3%) were from 12
provinces of China. In total, 23.3% of the patients were
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diagnosed with NTM diseases, and 72.3% (34/47) were
started on standard treatment within 3 months after
the diagnosis of NTM pulmonary disease (Initial anti-
microbial therapy: Clarithromycin, rifampicin and eth-
ambutol in patients with MAC-PD or M. kansasii —PD;
Amikacin, Cefoxitin, macrolide and fluoroquinolone in
patients with M. abscessus/M. chelonae-PD). MAC com-
prised the most common species (66.0%), followed by the
M. abscessus/M. chelonae complex (27.6%) and then M.
kansasii (6.4%) (Table 1). There were 68.1% of patients
with positive isolation of NTM from BALF or lung tis-
sue. Only 17% of these patients showed a positive result
on acid-fast bacilli smear from the sputum or BALF. The
most common symptom was cough or sputum (89.4%),
fever was observed among only 6.4% of patients with
NTM, and only two patients had chest pain. The chest
HRCT findings of the 47 patients with bronchiectasis
with nodules/tree-in-bud sign showed that 72.3% of them
had non-centrilobular nodules and only 29.8% had cavity.
A positive result on the interferon-gamma release assay
was found in18.6% of patients (Table 1).

Demographic characteristics among patients

with or without NTM pulmonary disease

The majority of demographic characteristics, includ-
ing smoking status, past medical history, and most
comorbidities, were similar between patients with NTM
infection and those without NTM infection (all P val-
ues>0.05) (Table 2). Compared with patients without
NTM pulmonary disease, those with NTM pulmonary
disease were slightly older in age (P =0.042), more likely
to be female (P =0.023), more likely to have low BMI lev-
els (P=0.007), and had less incidence of cardiovascular
diseases (P =0.028) and diabetes (P =0.004).

Clinical manifestations of patients with or without NTM
pulmonary disease

Clinical manifestations, including the disease course
of bronchiectasis, mMRC scores, and the severity of
bronchiectasis, were similar between patients with and
without NTM pulmonary disease (all P values>0.05).
Compared with non-NTM infectious patients, a greater
proportion of patients with NTM infection tended to
have acute exacerbations of>3 times within 1 year
(61.7% vs. 36.1%; P=0.002). Those with NTM infec-
tion tended to be of older age with a diagnosis of bron-
chiectasis, and based on a diagnosis age of >50 years,
there were 74.5% of patients with NTM and 56.8% of
patients without NTM (P =0.029). The results of spirom-
etry showed that 185 patients (91.6%) had lung function
results (FEV1%) within 6 months of enrollment, whereas
a nonstatistical difference was observed between patients
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Patients with suspected
bronchiectasis (n=237).

(" Excluded patients n=27.
Pulmonary interstitial fibrosis n=7.
Not bronchiectasis n=4.

No informed consentn=10«
Tumorn=1«
Without mycobacterium culture n=5.

Bronchiectasis patients who
underwent mycobacterium

culture (n=210)«

~\

J

f

Excluded patients n=8.
Mycobacterium culture positive only

once in sputumn=6.
Mycobacterium culture positive but
undiagnosed NTM infecttion n=2.

\.

Mycobacterium culture
positiveand diagnosed NTM
disease n=47.

Mycobacterium culture
negative and not suspected
NTM disease n=155.

Fig. 1 Study flowchart of patients with noncystic fibrosis bronchiectasis who underwent Mycobacterium culture. NTM nontuberculous

mycobacterium disease

with NTM pulmonary disease and those without NTM
pulmonary disease (Table 3).

Microbiological evaluation

Of all the 202 patients, 115 had BALF specimens (30
with NTM infection and 85 without NTM infection),
and among the 30 patients with NTM infection, 8 did
not provide sputum specimens. The proportion of BALF
specimens were similar between patients with and with-
out NTM pulmonary disease(63.8% vs. 54.8%, P >0.05),
Among all positive patients, 20 showed NTM-positive
results in both sputum and BALF specimens, and 2
showed NTM-negative results in sputum specimens but
NTM-positive results in BALF specimens. The speci-
mens collected from the lower respiratory tract of all
patients were examined using bacterial and fungal cul-
tures. The positive isolation rate of P aeruginosa was
similar between patients with NTM infection and those
without NTM infection (23.4% vs. 24.0%, P >0.05), and
the positive isolation rates of other bacteria and fungi
were also similar (Table 3).

Imaging measurements

Patients with NTM pulmonary disease showed higher
proportions of nodular shadow (100% vs. 35.3%), tree-in-
bud sign (97.9% vs. 29.0%), and cavities (29.8% vs. 5.8%)
and more than three abnormal imaging features (89.4%
vs. 21.3%) than those without NTM pulmonary disease
(all P values=0.001). Patients with NTM pulmonary dis-
ease had greater proportion of airway dilation of the right
middle lobe or the left lingular lobe (63.8% vs. 23.9%,
P=0.001) and less proportion of lower lobe airway dila-
tion (36.2% vs. 71.0%, P=0.001) (Table 3).

Associated factors of bronchiectasis with NTM pulmonary
disease

We used univariable and multivariable logistic regres-
sion models to evaluate the possible associated fac-
tors and found that more than three thoracic HRCT
abnormalities of imaging features and bronchiectasis
main lesions in the middle or lingual lobe were inde-
pendently associated with NTM pulmonary disease
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Table 1 Characteristics of 47 bronchiectasis patients with NTM
pulmonary disease

Characteristics Cases (%) n=47

Age at diagnosis of NTM pulmonary disease, years, 620+ 10.6 (32-81)

mean £ SD (range)

Menopause 33/37(89.2)
Species of NTM isolation
M. avium complex (MAC) 31 (66.0)
M. abscessus/M. chelonae 13(27.6)
M. kansasii 3(6.4)
Specimens and frequency of NTM positive isolation
> 2 times of NTM positive isolation from sputum 15 (31.9)
NTM positive isolation from BALF or lung tissue 32 (68.1)
Positive acid-fast bacilli smear from sputum/BALF 8(17.0)
Symptoms at diagnosis of NTM pulmonary disease
Cough/expectorant 42 (894)
Hemoptysis 12 (25.0)
Short of breath 15(31.9)
Fever 3(6.4)
Chest pain 2 (4.3)
Chest HRCT imaging feature of
Bronchiectasis with nodules/tree-in-bud 47 (100)
Non-centrilobular nodules 34(72.3)
Cavity 14 (29.8)
IGRA
Positive 8/43 (18.6)
Treatment* 34/47 (72.3)

BALF bronchoalveolar lavage fluid; HRCT high-resolution computed
tomography; IGRA interferon-gamma release assay

*Treatment: Prescribed three or more drugs against NTM within 3 months when
NTM pulmonary disease (PD) was diagnosed by a physician. Initial antimicrobial
therapy: Clarithromycin, rifampicin and ethambutol in patients with MAC-PD or
M. kansasii-PD; Amikacin, Cefoxitin, macrolide and fluoroquinolone in patients
with M. abscessus/M. chelonae-PD

among all patients with bronchiectasis (both P val-
ues =0.001), and their ORs were 33.8 (95% CI 11.1-
102.8) and 6.4 (2.4-16.6), respectively (Table 4). Age,
gender, BMI <20 kg/m?, a diagnosis age of > 50 years
of bronchiectasis, bronchiectasis involving bilateral
lungs on HRCT, and acute exacerbations of >3 times
within 1 year were significantly related to NTM pul-
monary disease in the univariate logistic model (all
P values<0.05) but not in the multivariable logistic
regression model (all P values > 0.05).

Considering the high proportion of patients with
combined infections of both NTM and P aerugi-
nosa, we further conducted a sensitivity analysis after
excluding patients with combined infections of NTM
and P. aeruginosa and found that the results were simi-
lar (Table 5).

Page 6 of 12

Discussion

This study was conducted on 202 patients with bron-
chiectasis from 19 provinces of China. Most patients
had mild disease according to the FACED score, with a
course of bronchiectasis of <10 years. In total, 23.3% of
patients were diagnosed with NTM pulmonary disease,
and the M. avium—intracellular complex and M. absces-
sus branch complex were the primary pathogens isolated
from their specimens. Unlike the majority of previous
studies [9, 33-35] where only once-positive result of
sputum specimen was used for NTM diagnosis, in the
present study, all the 47 patients with NTM pulmonary
disease fulfilled the criteria of NTM pulmonary disease
and were diagnosed with NTM pulmonary infection
based on progressive or new abnormal images in HRCT,
and 72.3% of them were started on the standard treat-
ment of anti-NTM within 3 months after diagnosis. Most
clinical characteristics of patients with bronchiectasis
with NTM pulmonary disease and those of patients with-
out NTM pulmonary disease were similar. The multiple
regression analysis revealed that HRCT imaging charac-
teristics comprised the major difference between those
with NTM pulmonary disease and without NTM pulmo-
nary disease.

The HRCT manifestations of patients with NTM pul-
monary disease and normal immune are generally divided
into the following three types: fibrocavitary lesions, nod-
ular bronchiectasis and hypersensitivity pneumonia [36].
Our study demonstrated that all patients with NTM pul-
monary disease have the imaging characteristics of “nod-
ular bronchiectasis” on HRCT, irrespective of the type of
NTM, accompanied with tree-in-bud sign, consolidation
shadow, infiltration shadow, and cavity. Similarly, a retro-
spective study reviewed the HRCT images of 29 patients
with a positive bronchial wash culture result and found
that the presence of bronchiectasis, cavitary nodules with
feeding bronchus sign, and tree-in-bud nodules in the
middle lobe and lingula are suggestive of NTM infection
[37]. This central lobular nodule may indicate the spread
of NTM infection along the bronchus [38]. We observed
that 72.3% of patients with bronchiectasis and NTM
pulmonary disease had nonlobular central nodules on
HRCT. Another study [39] evaluated the thoracic HRCT
images of 63 patients with NTM infection and reported
that 81% had nodules, 39.8% had lobular centrality, 11.6%
had peripheral lymphatics, 9.5% had random distribu-
tion, and 20.6% had mixed. NTM are less pathogenic
than tuberculous bacteria; hence, compared with tuber-
culosis, NTM pulmonary disease has fewer cavities [40]
and thinner wall [36]. In our study, 29.8% of NTM cases
had cavitation on HRCT, which was significantly higher
than that in patients with non-NTM pulmonary disease
(5.8%). In patients with bronchiectasis combined with



Yin et al. BMC Infectious Diseases (2021) 21:1216 Page 7 of 12
Table 2 Demographic characteristics of bronchiectasis patients with and without NTM pulmonary disease
Characteristic Patients with NTM Patients without NTM P value
No. of patients 47 155
Specimens of NTM isolation
BALF 30(63.8) 85 (54.8) 0.276
Age (years) mean +SD 62.6+10.7 58+ 14 0.042
Female n (%) 37(787) 96 (60.6) 0.023
BMI< 20 kg/m? 23 (48.9) 43(27.7) 0.007
Smoking status: n (%) 0.125
Current 5(10.6) 12(7.7)
Second-hand smoke 4(8.5) 16 (10.3)
Past 2(43) 26 (16.8)
Never 36 (76.6) 101 (65.2)
Selected comorbidities?
Cardiovascular 10(21.3) 60 (38.7) 0.028
Cerebrovascular 2 (4.3) 11(7.1) 0.737
Osteoporosis 3(64) 10 (6.5) 1.000
Depression 12.1) 2(1.3) 0.550
Diabetes 1(2.1) 30(19.4) 0.004
Asthma 2(43) 532 0.665
COPD 4(8.5) 23 (14.8) 0.264
Sinusitis 3(64) 19(12.3) 0.257
Prior medical history?
Tuberculosis 11(234) 27 (17.4) 0.358
Connective tissue disease 12.1) 12(7.7) 0.307
Gastro-esophageal reflux disease 8(17.0) 17 (11.0) 0.270
Tumor 3(64) 6(3.9) 0437
Lobectomy 2 (4.3) 13(84) 0.528

BMI Body Weight Index; COPD Chronic obstructive pulmonary disease; BALF bronchoalveolar lavage fluid

@ Comorbidities and prior medical history were extracted from clinical case data or patient answers

NTM pulmonary disease, the lesions were primarily
located in the middle or lingual lobe and were indepen-
dently related to the NTM pulmonary disease. However,
in patients without NTM pulmonary disease, the lesions
were primarily located in the lower lobe. These results
were consistent with previous findings [28]. Although
imaging characteristics can be used to distinguish NTM
infection from bronchiectasis caused by common bacte-
rial infections and are helpful for the early diagnosis of
NTM infection, the major concern is the lack of specific-
ity. Lung infections caused by other pathogens, such as
fungal infection, might present similar radiological find-
ings. We thought the dynamic changes of images and the
typical image characteristics of NTM pulmonary disease
might help physician to clinically diagnose NTM pulmo-
nary disease. Nevertheless, it is necessary to evaluate and
incorporate clinical systemic inflammatory responses
and microbial testing to aid in the differential diagnosis.
Unlike tuberculosis, NTM pulmonary infection does
not induce specific clinical symptoms in hosts with

normal immunity [41]. Consistent with previous stud-
ies [28, 42], our study demonstrated that patients with
bronchiectasis and NTM pulmonary infection rarely
have fever. We did not detect a significant difference in
the culture positive rate of P aeruginosa, the course of
bronchiectasis, the severity of bronchiectasis, and lung
function FEV1% in patients with and without NTM pul-
monary disease, which is consistent with previous stud-
ies [11, 34]. The study of Sulaiman [43] elucidated the
difference in the sputum microbiome between patients
with bronchiectasis with or without NTM pulmonary
disease, which might support that there is a lack of spe-
cial clinical characteristics in these patients with NTM
pulmonary disease. Studies have reported that NTM pul-
monary disease is more likely to occur among low-weight
postmenopausal women [16, 33, 44], and our study also
suggested that patients with bronchiectasis and NTM
pulmonary disease tended to be of low weight and older
aged women, as 74.5% cases of NTM pulmonary disease
were diagnosed at the age of >50 years. Compared with
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Table 3 Clinical characteristics of bronchiectasis patients with and without NTM pulmonary disease
Characteristic Patients with NTM Patients without NTM Pvalue
No. of patients 47 155
Course of bronchiectasis, n (%) 0.290
<1year 17(36.2) 44(284)
1-10 years 20 (42.5) 60 (38.7)
>10 years 10(21.3) 51(32.9)
Age at diagnosis of bronchiectasis > 50 years 35(74.5) 88 (56.8) 0.029
Etiology of bronchiectasis, n (%) 0.001
Post-infective 36 (76.6) 9(38.1)
Idiopathic 9(19.1) 74(47.7)
Others 2(4.3) 22 (14.2)
COPD 2(43) 13(84)
Rheumatoid arthritis 0(0) 6 (3.9
Immunodeficiency 0(0) 3(1.9)
mMRC < 2 scores 43(91.5) 128 (82.6) 0.138
FACED # n (%) 0.901
Mild 30 (66.7) 98 (70.0)
Moderate 10(22.2) 29(20.7)
Sever 5(11.1) 13(9.3)
BSI# n (%) 0.130
Low 8(17.8) 21(15.0)
Moderate 8(17.8) 47 (33.6)
High 29 (64.4) 72 (51.4)
> 3 times of bronchiectasis exacerbations in last year 29(61.7) 56 (36.1) 0.002
> 1 times of in-hospital in last 2 years 35 (74.5) 119 (76.8) 0.745
Microbial culture results, n (%)
Pseudomonas aeruginosa positive isolation 1(234) 37 (24.0) 0.930
Other bacteria positive isolation 7(14.9) 34(21.9) 0313
Fungus positive isolation 6(12.8) 16 (10.3) 0.789
Chest HRCT imaging, n (%)
Bronchiectasis involved bilateral lungs 39(83.0) 105 (67.7) 0.043
Bronchiectasis involved > 2 lung lobes 43 (91.5) 127 (81.9) 0.116
Bronchiectasis type 0216
Cylindrical 35(74.5) 94 (60.7)
Cystic 12.0) 7(4.5)
Mixed 1(234) 54 (34.8)
Bronchiectasis main lesions
In upper lobe 6 (1 2.8) 24 (15.5) 0.646
In middle lobe or lingual 0(63.8) 37(23.9) 0.001
In lower lobe 7(36.2) 110 (71.0) 0.001
With > 3 abnormal imaging features 42 (894) 33(21.3) 0.001
With consolidation/infiltrates shadow 43(91.5) 127 (81.9) 0116
With nodular shadow 47 (100) 55 (35.5) 0.001
With tree-in bud sign 46 (97.9) 45 (29.0) 0.001
With cavities 4(29.8) 9(5.8) 0.001
With swollen lymph nodes in mediastinum 8(17.0) 25(16.1) 0.885
FEV1 (% predicted)” 0379
FEV1>80% 26 (57.8) 65 (46.4)
50 <FEV1<80% 12(26.7) 43 (30.7)
FEV1 <50% 7(15.5) 32(229)
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Table 3 (continued)
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COPD chronic obstructive pulmonary disease; BSI bronchiectasis severity index. (|
moderate: 3-4 scores; severity: 5-7 scores): *No. of patients: 185

Table 4 Univariate and multivariate logistic regression analysis
pulmonary infection

ow: 0-4 scores; moderate: 5-8 scores; high: 9-26 scores); FACED: (mild: 0-2 scores;

of predictive factors related to bronchiectasis patients with NTM

Characteristics

Univariate logistic

Multivariate logistic regression model

regression model

P OR P OR 95%Cl

Age 0.044 1.028 0471 1.480 0.510-4.291
Gender 0.026 2401 0.577 1.331 0.488-3.634
BMI<20 (kg/mz) 0.008 2496 0.381 1.528 0.592-3.939
Age at diagnosis of bronchiectasis > 50 years 0.032 2.221 0.066 2.583 0.939-7.107

> 3 times of bronchiectasis exacerbations in last year 0.002 2.848 0.060 2.499 0.962-6.496
HRCT Bronchiectasis involved bilateral lungs 0.047 2.321 0.177 0417 0.117-1.483
HRCT bronchiectasis main lesions in middle lobe or lingual lobe 0.001 5628 0.001 6.379 2448-16.619
HRCT > 3 abnormal image features 0.001 31.055 0.001 33.783 11.107-102.758

Table 5 Univariate and multivariate logistic regression analysis
pulmonary infection among patients without combination infecti

of predictive factors related to bronchiectasis patients with NTM
on of Pseudomonas aeruginosa

Characteristics

Univariate logistic Multivariate logistic regression model

regression model

P OR P OR 95% ClI
Age 0.097 1.025 - -
Gender 0.060 2239 - -
BMI < 20 (kg/m?) 0.001 3625 - -
Age at diagnosis of bronchiectasis > 50 years 0.018 2.985 0.078 3.109 0.882-10.959
> 3 times of bronchiectasis exacerbations in last year 0.023 2417 0.187 2418 0.690-6.684
HRCT Bronchiectasis involved bilateral lungs 0.093 2.110 - -
HRCT bronchiectasis Main lesions in middle lobe or lingual lobe 0.001 6.667 0.001 7.641 2417-24.158
HRCT > 3 abnormal image features 0.001 30.07 0.001 32.754 9.669-110.961

patients without NTM, a greater number of patients with
NTM pulmonary disease frequently had acute exacerba-
tions in the past year, which is different from previous
studies. A study conducted in US evaluated 1826 patients
and observed fewer pulmonary exacerbations in the past
2 years among patients with NTM infection than those
among patients without NTM infection [28]. The dis-
crepancy in these results may be due to the heterogeneity
of characteristics of the study population, such as comor-
bidities, severity of bronchiectasis, and combination with
P. aeruginosa infection. NTM disease is a chronic infec-
tion, as studies have demonstrated that 41.2%-55.3%
of patients with nodular bronchiectasis and NTM pul-
monary disease show worsening HRCT findings for a
follow-up of 10 years [45, 46]. Our data also suggested

NTM infection is a risk factor for the aggravation of
bronchiectasis. However, the impact of NTM infection
on the prognosis of patients with bronchiectasis is wor-
thy of a thorough investigation in the future.

In this study, the most commonly isolated NTM in
patients with bronchiectasis was MAC, and the least
commonly isolated NTM was M. abscessus/M. chelonae,
which was consistent with previous studies [9, 47-49].
In general, the species of NTM isolated from the lower
respiratory tract differ according to regions and coun-
tries. For instance, the primary bacterium causing NTM
disease was the M. abscessus branch complex in Guang-
zhou [50] and the MAC in Beijing [22, 51]. In the pre-
sent study population, the primary bacterium causing
NTM disease was the MAC, which might because most
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patients were from Beijing. Although MAC has been pre-
dominantly isolated in most countries from pulmonary
samples, M. abscessus/M. chelonae was found to be the
predominant pathogenic species in Singapore [42]. Fur-
thermore, M. xenopi was the most frequently isolated
species, followed by MAC, in Southern Europe [52]. The
prevalence of NTM diseases was 23.3%, which is higher
than that reported by a meta-analysis (9.3%) [53]. This
might be because the patients included in this study were
the refractory patients nationally, who were difficult to
manage than the general bronchiectasis population in
Mainland China, and we used strict criteria for the diag-
nosis. The specimens used in this study for mycobacterial
examination were BALF or lung tissue, and the propor-
tion of BALF specimens were similar between patients
with and without NTM pulmonary disease,which might
largely improve the sensitivity and accuracy of diagnosis.

Our study has some limitations. First, it was a sin-
gle-center study conducted on a small number of par-
ticipants, which may limit the generalizability of our
conclusion. However, the patients were from 19 prov-
inces of China. Second, the residual confounders such
as the treatment of bronchiectasis and NTM infection
cannot be excluded. Third, because of the cross-sectional
design of this study, it is difficult to reach a causal conclu-
sion. We collected numerous clinical data and character-
istics of patients with bronchiectasis in the present study
to systematically evaluate the prevalence, clinical char-
acteristics, and treatment status of patients with NTM
pulmonary disease. Nevertheless, due to the study limi-
tations, further well-designed prospective studies with a
large sample size are required to further determine the
impact of NTM pulmonary disease on the severity of the
disease and the prognosis of patients with bronchiectasis.

Conclusions

In the present study patient population, the prevalence
of NTM pulmonary disease among those with bronchi-
ectasis was 23.3%, and the majority of patients (72.3%)
were initiated on standard anti-NTM treatment. Nodu-
lar bronchiectasis was identified as the primary feature
on the HRCT images of patients with bronchiectasis with
NTM pulmonary disease. Chest HRCT scans revealed
that three and more abnormal imaging features (con-
solidation/infiltration, nodules, tree-in-buds, and cavity)
or bronchiectasis main lesions in the middle or lingual
lobe were independently associated with NTM pulmo-
nary disease. Our findings suggest that it is necessary to
clearly consider the presence of NTM pulmonary dis-
ease and better management strategies in patients with
bronchiectasis.
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