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Abstract
Background Although interest in nontuberculous mycobacteria (NTM) infection has increased in the last
decades, published data vary according to different geographical areas, diagnostic facilities and quality of
study design. This study aims at assessing both prevalence and incidence of NTM infection and NTM
pulmonary disease (NTM-PD) among adults with bronchiectasis, to describe patients’ characteristics,
therapeutic options and clinical outcomes.
Methods Bronchiectasis adults who had been tested for NTM were enrolled at the Bronchiectasis Program
of the Policlinico Hospital in Milan, Italy, from 2016 to 2018.
Results Among the 373 patients enrolled, 26.1% had at least one respiratory sample positive for NTM and
12.6% reached a diagnosis of NTM-PD. Incidence rates for NTM infection and NTM-PD were 13 (95% CI
10–16) and 4 (95% CI 2–6) per 100 person-years, respectively. The most prevalent NTM species causing
NTM-PD were M. intracellulare (38.3%), M. avium (34.0%), M. abscessus (8.5%) and M. kansasii (8.5%).
Once treatment for NTM-PD was initiated, a favourable outcome was documented in 52.2% of the patients,
while a negative outcome was recorded in 32.6%, including recurrence (17.4%), treatment failure (10.9%),
re-infection (2.2%) and relapse (2.2%). Treatment halted was experienced in 11 (23.9%) patients.
Conclusions NTM infection is frequent in bronchiectasis patients and the presence of NTM-PD is
relevant. The low success rate of NTM-PD treatment in bronchiectasis patients requires a call to action to
identify new treatment modalities and new drugs to improve patients’ outcomes.

Introduction
Bronchiectasis is a chronic respiratory disease characterised by a clinical syndrome of cough, sputum
production and recurrent bronchial infection, along with an abnormal and permanent dilatation of the
bronchi confirmed by chest high-resolution computed tomography (HRCT) [1]. Chronic airway infection
plays a key role in the pathogenesis and progression of the disease [2]. While Pseudomonas aeruginosa
and Haemophilus influenzae are the most prevalent bacteria detected in bronchiectatic airways, other
pathogens including fungi, mycobacteria and viruses can cause a chronic infection [3, 4].

Over the last decade, nontuberculous mycobacteria (NTM) have been progressively recognised as relevant
pathogens in bronchiectasis [3, 5–9]. Data on their prevalence in bronchiectasis are scarce, varying
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according to different geographical areas and available diagnostic tools [10]. The prevalence can range
from 1% to 50% [3–6, 11, 12]. Although NTM are nowadays considered relevant pathogens in
bronchiectasis [3], treatment of NTM pulmonary disease (NTM-PD) remains challenging even in
specialised centres, since most of the recommendations suggested by international guidelines are
conditional and based on scarce scientific evidence [13–15].

To date, very few studies on NTM infection and NTM-PD in bronchiectasis patients have been conducted
in Europe, and the majority are single-centre, retrospective and without standardised definitions of clinical
outcomes [3]. Recently, an NTM-NET consensus definition for key outcomes in NTM-PD has been
proposed, including cure, treatment failure, recurrence, relapse, re-infection, death and treatment halted
[16]. So far, no studies have evaluated incidence and prevalence of NTM infection and NTM-PD in
bronchiectasis patients, as well as their clinical outcomes according to the NTM-NET consensus
definitions.

The objectives of this study were to assess both prevalence and incidence of NTM infection and NTM-PD
among bronchiectasis patients, describe their demographic, clinical, functional and radiological
characteristics, as well as the therapeutic approach and clinical outcomes.

Materials and methods
Study design and population
An observational, prospective study was conducted at the Bronchiectasis Program of the Policlinico
Hospital in Milan, Italy, from 2016 to 2018. Adults (aged ⩾18 years) with a clinical and radiological (at
least one lobe involvement on HRCT scan) diagnosis of bronchiectasis were consecutively recruited during
their stable state (at least 1 month from the last exacerbation and/or antibiotic use). All patients should have
had their respiratory samples (either sputum, bronchoalveolar lavage (BAL) or bronchial aspirate (BAS))
tested for NTM to be included in the present study. Patients with either cystic fibrosis or traction
bronchiectasis due to pulmonary fibrosis were excluded. Patients were followed-up to 3 years after
enrolment. The study was approved by the local ethical committee and all recruited subjects provided
written informed consent.

Data collection and microbiological analysis
Demographics, medical history, comorbidities, immune, clinical, radiological and functional status,
microbiological and laboratory data, and long-term treatment data were collected at enrolment. NTM-PD
treatments and patients’ clinical outcomes were collected during a 3-year follow-up. The severity of
bronchiectasis was evaluated according to both Bronchiectasis Severity Index (BSI) [17] and FACED
(forced expiratory volume in 1 s, age, chronic colonisation, extension and dyspnoea) scores [18]. The
Bronchiectasis Aetiology Comorbidity Index (BACI) was calculated for all patients [19]. Radiological
severity of bronchiectasis was assessed using a modified Reiff score, which rates the number of involved
lobes (with the lingula considered to be a separate lobe) and the degree of dilatation (range 1–18) [20].
Murray–Washington criteria were used for sputum quality assessment in all cases, with all samples having
less than 10 squamous cells and more than 25 leukocytes per low-power microscope field. Bacteriology
was performed during a stable state on spontaneous sputum samples, BAL or BAS samples in patients
showing an HRCT appearance of a tree-in-bud pattern without productive cough.

Study definitions
NTM-PD was defined according to the 2007 American Thoracic Society (ATS)/Infectious Diseases
Society of America (IDSA) guidelines as the presence of both clinical (pulmonary symptoms, radiographic
abnormalities and appropriate exclusion of other diagnoses) and microbiological (positive culture from at
least two separate sputum samples or one bronchoscopic specimen) criteria [14]. The Clinical Laboratory
Standards Institute guidelines were used to define drug susceptibility testing and reporting [21]. Chronic
infection was defined by evidence of positive respiratory tract cultures of the same microorganism by
standard microbiology on two or more occasions at least 3 months apart over 1 year while the patient was
in a stable state [1, 22]. Bronchiectasis exacerbation was defined by a change in bronchiectasis treatment
determined by a clinician due to a deterioration in three or more of the following key symptoms for at least
48 h: cough; sputum volume and/or consistency; sputum purulence; breathlessness and/or exercise
tolerance; fatigue and/or malaise; and haemoptysis [23].

NTM treatment and study outcomes
The NTM-PD treatment regimen was chosen according to the isolated pathogen, radiological pattern,
clinical characteristics and potential drug toxicities after a multidisciplinary discussion between at least one
pulmonologist and an infectious disease physician, and according to the 2007 ATS/IDSA guidelines [14].
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The primary outcome of the study was the incidence of NTM infection. Incidence was defined by the
number of new cases that were diagnosed during the study period.

Secondary outcomes included incidence of NTM-PD, prevalence of NTM infection and NTM-PD, culture
conversion, microbiological and clinical cure, treatment failure, recurrence, relapse, re-infection, death, and
treatment halted as defined by the NTM-NET consensus statement (see supplementary material) [16].

Study groups
The study population was divided in different groups according to the presence of NTM and NTM-PD: patients
positive versus negative for NTM (including those with NTM-PD); patients with versus without NTM-PD;
and patients with NTM-PD versus those with NTM isolation versus those who tested negative for NTM.

Statistical analysis
Statistical analysis was conducted using SPSS version 20 (IBM, Armonk, NY, USA) and Stata version 15
(StataCorp, College Station, TX, USA). Characteristics of the population including respiratory symptoms,
radiological features, pulmonary function tests and microbiological isolation, as well as study outcomes
were considered for statistical analysis. Qualitative and quantitative variables were summarised with
frequencies (absolute and relative (percentage)) and central tendency (mean and median) and variability
(standard deviation and interquartile range (IQR)) indicators according to their parametric distribution. The
Kolmogorov–Smirnov test was conducted for every quantitative variable to assess its parametric
distribution. t-tests or Mann–Whitney tests were used for quantitative variables with a parametric or
nonparametric distribution, respectively. χ2 was computed for qualitative variables. Comparison of more
than two groups was conducted using the Kruskal–Wallis test. A two-tailed p-value <0.05 was considered
statistically significant.

Results
Study population
Among 531 bronchiectasis patients evaluated at first visit in the bronchiectasis programme during the study
period, 373 (70.2%; median age 62 years; 77.5% female) underwent either sputum, BAL or BAS testing
for NTM (figure 1 and table 1). The most common respiratory comorbidities were rhinosinusitis (35.9%),
asthma (16.6%) and COPD (8%), whereas the most prevalent nonrespiratory comorbidities were
gastro-oesophageal reflux disease (44.2%), systemic hypertension (22.3%), osteoporosis (15.3%) and
neoplasia (12.9%). 228 (61.1%) patients had a history of an episode of pneumonia and 119 (31.9%)
patients had a history of immunodeficiencies. 111 (30%) patients were frequent exacerbators (at least three
exacerbations in the previous year) and 49 (13.2%) patients had at least one hospitalisation during the
previous year.

Epidemiology of NTM infection in bronchiectasis
A total of 97 (26.1% among those who were tested for NTM and 18.3% among all bronchiectasis patients)
patients had at least one respiratory sample positive for NTM (figure 2). Among bronchiectasis patients,

Patients with bronchiectasis

(n=531)

158 (29.8%) patients without

  respiratory testing for NTM

Patients tested for NTM

(n=373 (70.2%))

Patients with positive culture for NTM

(n=97 (26.1%))

Patients with NTM-PD

(n=47 (12.6%))

FIGURE 1 Characterisation of the bronchiectasis population according to microbiological isolations. NTM:
nontuberculous mycobacteria; PD: pulmonary disease.
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TABLE 1 Demographics, medical history, immune status, disease severity, clinical, radiological and functional
status, and microbiology, laboratory and treatment data of the study population (n=373)

Demographics
Age, years 62 (50–71)
>65 years 151 (40.5)
>75 years 47 (12.6)

Female 289 (77.5)
BMI, kg·m−2 21.4 (19.0–24.0)
Underweight (BMI <18.5 kg·m−2) 63 (16.9)

Smoker or ex-smoker 163 (43.7)
Medical history
Pneumonia 228 (61.1)
GORD 165 (44.2)
Rhinosinusitis 134 (35.9)
Childhood respiratory infection 123 (33.0)
Systemic hypertension 83 (22.3)
Asthma 62 (16.6)
Osteoporosis 57 (15.3)
Neoplastic disease 48 (12.9)
Otitis 39 (10.5)
Nasal polyps 38 (10.2)
Depression 36 (9.7)
COPD 30 (8.0)
Primary ciliary dyskinesia 28 (7.5)
Anxiety 25 (6.7)
Tuberculosis 19 (5.1)
Atrial fibrillation 16 (4.3)
Diabetes 15 (4.0)
History of connective tissue disease 11 (3.0)
Pulmonary hypertension 10 (2.7)
Pertussis 7 (1.9)
Chronic renal failure 7 (1.9)
History of inflammatory bowel disease 5 (1.3)
Rheumatoid arthritis 5 (1.3)
Aspiration 3 (0.8)
Active neoplastic disease 3 (0.8)
Congenital airway abnormality 2 (0.5)
Foreign body inhalation or obstruction 1 (0.3)
Liver cirrhosis 1 (0.3)
Haemodialysis 1 (0.3)

Immune status
Any immunodeficiency 71 (18.8)
Primary immunodeficiencies 57 (15.3)
Secondary immunodeficiencies 14 (3.8)
HIV 1 (0.3)
IgG deficiency 11 (3.0)
IgA deficiency 9 (2.4)
IgG subclass deficiency 44 (11.9)
IgM deficiency 18 (4.9)
DiGeorge syndrome 0 (0.0)
CVID 4 (1.1)
History of immunodeficiency 119 (31.9)
B-lymphocyte deficiency 44 (11.8)
T-lymphocyte deficiency 28 (7.5)
Natural killer cell deficiency 13 (3.5)

Disease severity
BSI score 6 (4–9)
BSI risk class
Mild 115 (30.8)
Moderate 136 (36.5)
Severe 112 (30)

BACI score 0 (0–3)
FACED score 2 (1–3)

Continued
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the incidence rate for NTM infection was 13 (95% CI 10–16) per 100 person-years. 52.8% of patients had
NTM isolated from sputum samples, 38.2% from BAL and 9% from BAS. The most prevalent NTM
pathogens were M. intracellulare (29.9%), M. avium (21.6%) and M. gordonae (11.3%) (figure 2). A
bacterial co-infection was detected in 30.9% (n=30) of NTM-positive patients, with P. aeruginosa being
the most prevalent microorganism (n=20). Four out of 42 (9.5%) NTM-positive sputum samples showed

TABLE 1 Continued

FACED risk class
Mild 231 (61.9)
Moderate 112 (30)
Severe 29 (7.8)

Radiological status
Reiff score 4 (3–6)
Involved lobes, n 4 (2–5)
Cavitation 17 (4.6)
Bronchiectasis in middle lobe 306 (82.0)
Bronchiectasis in lingula 260 (69.7)
Bronchiectasis in middle lobe and lingula 243 (65.1)

Clinical status
Sputum volume, mL 10 (5–25)
Daily sputum 278 (74.5)
Sputum colour
Mucous 51 (20.4)
Mucous–purulent 114 (45.6)
Purulent 85 (34.0)

mMRC grade
0 200 (53.6)
1 116 (31.1)
2 24 (6.4)
3 17 (4.6)
4 15 (4.0)

Exacerbations in previous year, n 1 (1–3)
⩾3 exacerbations in previous year 111 (30.0)

⩾1 hospitalisations in previous year 49 (13.2)
Functional status
FEV1, % pred 82.5±24.0

Microbiology
Chronic infection with ⩾1 pathogens 131 (35.1)
Pseudomonas aeruginosa 80 (21.4)
Haemophilus influenzae 21 (5.6)
Staphylococcus aureus 32 (8.6)
MRSA 5 (1.3)
MSSA 27 (7.2)

Streptococcus pneumoniae 3 (0.8)
Stenotrophomonas 6 (1.6)
Achromobacter 5 (1.3)
Other chronic infection 10 (2.6)
Aspergillus fumigatus 2 (0.5)
Atypical mycobacteria 97 (26)
Other bacteria 70 (18.8)

Laboratory data
C-reactive protein, mg·L−1 0.35 (0.12–0.94)

Long-term treatment
Macrolide 44 (11.8)
Inhaled antibiotics treatment 31 (8.3)
Receiving ICS at NTM isolation 123 (33.0)

Data are presented as median (interquartile range), n (%) or mean±SD. BMI: body mass index; GORD:
gastro-oesophageal reflux disease; CVID: common variable immunodeficiency; BSI: Bronchiectasis Severity
Index; BACI: Bronchiectasis Aetiology Comorbidity Index; FACED: forced expiratory volume in 1 s, age, chronic
colonisation, extension and dyspnoea; mMRC: modified Medical Research Council; FEV1: forced expiratory
volume in 1 s; MRSA: methicillin-resistant S. aureus; MSSA: methicillin-susceptible S. aureus; ICS: inhaled
corticosteroid; NTM: nontuberculous mycobacteria.
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resistance to amikacin and one out of 42 (2.4%) to macrolides. 41 (11%) patients had at least one
environmental risk factor for NTM acquisition (e.g. gardening, fishing, visiting pools, spas, hot tubs,
exposure to humidifiers and swimming). Four patients in our bronchiectasis cohort had allergic
bronchopulmonary aspergillosis (ABPA) and none of those had concomitant NTM infection/disease.
Aspergillus fumigatus was isolated in the sputum of two patients with bronchiectasis and one of those had
also NTM infection.

Epidemiology of NTM-PD in bronchiectasis
A total of 47 (12.6% among NTM tested patients, 48.5% among NTM-positive patients and 8.8% among
all bronchiectasis patients) patients received a diagnosis of NTM-PD. Among bronchiectasis patients, the
incidence rate for NTM-PD was 4 (95% CI 2–6) per 100 person-years. The most frequent species were M.
intracellulare (38.3%), M. avium (34%), M. abscessus (8.5%) and M. kansasii (8.5%). Two different NTM
species were isolated in the same patient: M. avium complex and M. xenopi. One isolate showed resistance
to macrolides (M. abscessus) and one to amikacin (M. kansasii). 19.1% of the NTM-PD patients had a
fibro-cavitary pattern at chest CT.

Clinical characteristics of bronchiectasis patients with NTM infection or NTM-PD
NTM-positive patients were older, had a lower body mass index (BMI), had a higher frequency of
B-lymphocyte and T-lymphocyte immunodeficiencies, were prescribed less inhaled corticosteroid (ICS),
had more frequent exposure to inhaled antibiotics treatment, had more cavitations on chest CT scan, and
had lower forced expiratory volume in 1 s (FEV1) values compared with the rest of the bronchiectasis
population (table 2).

NTM-PD patients had a lower BMI, were less likely to have asthma and to receive ICS treatment, had a
higher frequency of T-lymphocyte immunodeficiencies, had more cavitations on chest CT scan, and had
fewer exacerbations compared with patients without NTM-PD (table 3).

The comparison of clinical characteristics among patients with NTM-PD versus those infected by NTM
but without pulmonary disease versus those without NTM isolation is reported in table 4.

Treatment and clinical outcomes during follow-up
46 out of 47 (97.9%) NTM-PD patients were prescribed antibiotics, including ethambutol in 41 (89.1%)
cases, rifampicin in 33 (71.7%) cases, azithromycin in 32 (69.6%) cases, clarithromycin in 13 (28.3%)
cases, rifabutin in 12 (26.1%) cases and intravenous amikacin in 11 (23.9%) cases. One patient refused

35

30

25

N
T

M
 is

o
la

te
s,

 %

20

15

10

5

0

M
. i

n
tr

a
ce

ll
u

la
re

M
. a

vi
u

m

M
. g

o
rd

o
n

a
e

M
. c

h
e

lo
n

a
e

M
. a

b
sc

e
ss

u
s

M
. k

a
n

sa
si

i

M
. x

e
n

o
p

i

M
A

C

M
. c

h
im

a
e

ra

M
. l

e
n

ti
fl

a
vu

m

M
. m

a
lm

o
e

n
se

M
. s

cr
o

fu
la

ce
u

m

M
. s

im
ia

e

M
A

C
,

M
. x

e
n

o
p

i

M
. f

o
rt

u
it

u
m

M
. a

vi
u

m
,

M
. i

n
tr

a
ce

ll
u

la
re

FIGURE 2 Prevalence of nontuberculous mycobacteria (NTM) species isolated in the study population. MAC: M.
avium complex.
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TABLE 2 Demographics, medical history, clinical and radiological status, and pulmonary function, microbiology
and laboratory data according to two study groups: patients with positive nontuberculous mycobacteria (NTM)
testing (NTM+) and patients with bronchiectasis tested for NTM but without NTM isolation (NTM−)

NTM+ (n=97) NTM− (n=276) p-value

Demographics
Age, years 65 (57–72) 61 (47.5–71) 0.015
>65 years 46 (47.4) 105 (38) 0.1
>75 years 14 (14.4) 33 (11.9) 0.5

Male 18 (18.6) 66 (23.9) 0.28
BMI, kg·m−2 20.3 (18.5–22.04) 22 (19.2–24.5) <0.001
Underweight (BMI <18.5 kg·m−2) 24 (24.7) 39 (14.1) 0.017

Smoker or ex-smoker 47 (48.5) 116 (42) 0.27
Medical history

Comorbid asthma 10 (10.3) 52 (18.8) 0.05
Comorbid COPD 11 (11.3) 19 (6.8) 0.17
Comorbid rhinosinusitis 27 (27.8) 107 (38.8) 0.05
B-lymphocyte deficiency 20 (20.6) 24 (8.7) 0.002
T-lymphocyte deficiency 13 (13.4) 15 (5.4) 0.01
Natural killer deficiency 4 (4.1) 9 (3.3) 0.69
IgA deficiency 0 (0) 9 (3.3) 0.07
IgM deficiency 5 (5.2) 13 (4.7) 0.85
IgG deficiency 3 (3.1) 8 (2.9) 0.92
IgG subclass deficiency 11 (11.3) 33 (12) 0.89
Long-acting β-agonist treatment 44 (45.4) 145 (52.5) 0.22
Long-acting muscarinic antagonist treatment 46 (47.4) 90 (32.6) 0.009
Receiving ICS at NTM isolation 20 (20.6) 103 (37.3) 0.003
Inhaled antibiotics treatment 14 (14.4) 17 (6) 0.01
Macrolide treatment 11 (11.3) 3 (11.9) 0.87
Proton pump inhibitors 37 (38.1) 8 (30.7) 0.19

Clinical status
Sputum volume, mL 10 (5–30) 10 (5–25) 0.85
Daily sputum 69 (71.1) 209 (75.7) 0.37
mMRC grade 0 (0–1) 0 (0–1) 0.58
BSI score 7 (5–10) 6 (4–9) 0.014
BSI risk class
Mild 21 (21.6) 94 (34.1) 0.02
Moderate 39 (40.2) 97 (35.1) 0.35
Severe 34 (35.1) 78 (28.3) 0.19

BACI score 0 (0–0) 0 (0–3) 0.27
Exacerbations in previous year, n 1 (0–3) 1 (1–3) 0.49
⩾3 exacerbations in previous year 28 (28.9) 83 (30) 0.84

FACED score 2 (1–3) 2 (1–3) 0.3
FACED risk class
Mild 56 (57.7) 175 (63.4) 0.3
Moderate 33 (34) 79 (28.6) 0.33
Severe 8 (8.3) 21 (7.6) 0.85

Radiological status
Reiff score 4 (3–6) 4 (2–6) 0.54
Involved lobes, n 4 (3–5) 4 (2–5) 0.3
Cavitation 11 (11.3) 6 (2.2) <0.001
Bronchiectasis in middle lobe 84 (86.6) 222 (80.4) 0.09
Bronchiectasis in lingula 71 (74.7) 189 (68.5) 0.27
Bronchiectasis in middle lobe and lingula 67 (70.5) 176 (63.8) 0.27

Functional status
FEV1, % pred 74 (65.5–92) 84 (68–101) 0.02

Microbiology
Chronic infection with ⩾1 pathogens 30 (30.9) 101 (36.6) 0.12
Pseudomonas aeruginosa 21 (21.6) 59 (21.4) 0.73

Laboratory data
C-reactive protein, mg·L−1 0.45 (0.17–1.01) 0.3 (0.12–0.9) 0.049

Data are presented as median (interquartile range) or n (%), unless otherwise stated. BMI: body mass index; ICS:
inhaled corticosteroid; mMRC: modified Medical Research Council; BSI: Bronchiectasis Severity Index; BACI:
Bronchiectasis Aetiology Comorbidity Index; FACED: forced expiratory volume in 1 s, age, chronic colonisation,
extension and dyspnoea; FEV1: forced expiratory volume in 1 s.
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TABLE 3 Demographics, medical history, clinical and radiological status, and pulmonary function, microbiology
and laboratory data according to two study groups: patients with nontuberculous mycobacteria pulmonary
disease (NTM-PD) and patients with bronchiectasis tested for NTM but without NTM-PD

NTM-PD+ (n=47) NTM-PD− (n=326) p-value

Demographics
Age, years 65 (60–70) 62 (48–71) 0.15

>65 years 21 (44.7) 130 (39.9) 0.53
>75 years 3 (6.4) 44 (13.5) 0.17

Male 8 (17) 76 (23.3) 0.34
BMI, kg·m−2 20 (18–21.4) 21.8 (19–24.4) <0.001

Underweight (BMI <18.5 kg·m−2) 13 (27.7) 50 (15.3) 0.035
Smoker or ex-smoker 24 (51.1) 139 (42.6) 0.28

Medical history
Comorbid asthma 1 (2.1) 61 (18.7) 0.004
Comorbid COPD 2 (4.2) 28 (8.6) 0.3
Comorbid rhinosinusitis 9 (19.1) 125 (38.3) 0.01
B-lymphocyte deficiency 7 (14.9) 37 (11.3) 0.48
T-lymphocyte deficiency 7 (14.9) 21 (6.4) 0.04
Natural killer deficiency 2 (4.3) 11 (3.4) 0.76
IgA deficiency 0 (0) 9 (2.8) 0.25
IgM deficiency 3 (6.4) 15 (4.6) 0.56
IgG deficiency 1 (2.1) 10 (3.1) 0.74
IgG subclass deficiency 7 (14.9) 37 (11.3) 0.45
Long-acting β-agonist treatment 13 (27.7) 176 (53.9) <0.001
Long-acting muscarinic antagonist treatment 21 (44.7) 115 (35.3) 0.21
Receiving ICS at NTM isolation 2 (4.3) 121 (37.1) <0.001
Inhaled antibiotics treatment 6 (13.8) 25 (7.7) 0.24
Macrolide treatment 6 (12.8) 38 (11.7) 0.83
Proton pump inhibitors 16 (34) 106 (32.5) 0.83

Clinical status
Sputum volume, mL 5.5 (5–30) 10 (5–25) 0.38
Daily sputum 30 (63.8) 248 (76.1) 0.07
mMRC grade 0 (0–1) 0 (0–1) 0.78
BSI score 6.5 (4–10) 6 (4–9) 0.44
BSI risk class

Mild 13 (27.7) 102 (31.3) 0.75
Moderate 17 (36.2) 119 (36.5) 0.87
Severe 14 (29.8) 98 (30.1) 0.88

BACI score 0 (0–0) 0 (0–3) 0.009
Exacerbations in previous year, n 1 (0–2) 2 (1–3) 0.002

⩾3 exacerbations in previous year 9 (19.1) 102 (31.3) 0.09
⩾1 hospitalisations in previous year 3 (6.4) 46 (14.1) 0.15
FACED score 2 (1–3) 2 (1–3) 0.74
FACED risk class

Mild 30 (63.8) 201 (61.7) 0.79
Moderate 15 (31.9) 97 (29.7) 0.77
Severe 2 (4.3) 27 (8.3) 0.33

Radiological status
Reiff score 4 (3–6) 4 (3–6) 0.69
Involved lobes, n 4 (2.5–6) 4 (2–5) 0.22
Cavitation 9 (19.1) 8 (2.5) <0.001
Bronchiectasis in middle lobe 40 (85.1) 266 (81.6) 0.26
Bronchiectasis in lingula 36 (76.6) 224 (68.7) 0.13
Bronchiectasis in middle lobe and lingula 34 (72.3) 209 (64.1) 0.14

Functional status
FEV1, % pred 74 (65.5–90.5) 84 (67–101) 0.07

Microbiology
Chronic infection with ⩾1 pathogens 15 (31.9) 116 (35.6) 0.37
Pseudomonas aeruginosa 11 (23.4) 69 (21.2) 0.96

Laboratory data
C-reactive protein, mg·L−1 0.59 (0.23–0.97) 0.33 (0.12–0.93) 0.14

Data are presented as median (interquartile range) or n (%), unless otherwise stated. BMI: body mass index;
ICS: inhaled corticosteroid; mMRC: modified Medical Research Council; BSI: Bronchiectasis Severity Index; BACI:
Bronchiectasis Aetiology Comorbidity Index; FACED: forced expiratory volume in 1 s, age, chronic colonisation,
extension and dyspnoea; FEV1: forced expiratory volume in 1 s.
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TABLE 4 Demographics, medical history, clinical and radiological status, and pulmonary function, microbiology and laboratory data according to
three study groups: patients with nontuberculous mycobacteria pulmonary disease (NTM-PD), patients infected by NTM but without pulmonary
disease development (NTM infection) and patients with bronchiectasis tested for NTM but without NTM isolation

NTM-PD (n=47) NTM infection (n=50) Bronchiectasis without
NTM isolation (n=276)

p-value

Demographics
Age, years 65 (60–70) 66.5 (54–75) 61 (47.5–71) 0.05

>65 years 21 (44.7) 25 (50) 105 (38) 0.23
>75 years 3 (6.4) 11 (22) 33 (11.9) 0.056

Male 8 (17) 10 (20) 66 (23.9) 0.5
BMI, kg·m−2 20 (18–21.4)¶ 21 (18.9–24) 22 (19.2–24.5)¶ <0.001

Underweight (BMI <18.5 kg·m−2) 13 (27.7)¶ 11 (22) 39 (14.1)¶ 0.04
Smoker or ex-smoker 2 (51.1) 23 (46) 116 (42) 0.48

Medical history
Comorbid asthma 1 (2.1)#,¶ 9 (18)# 52 (18.8)¶ 0.017
Comorbid COPD 2 (4.2)# 9 (18)#,+ 19 (6.8)+ 0.018
Comorbid rhinosinusitis 9 (19.1)¶ 18 (36) 107 (38.8)¶ 0.035
B-lymphocyte deficiency 7 (14.9) 13 (26)+ 24 (8.7)+ 0.002
T-lymphocyte deficiency 7 (14.9)¶ 6 (12) 15 (5.4)¶ 0.033
Natural killer deficiency 2 (4.3) 2 (4) 9 (3.3) 0.92
IgA deficiency 0 (0) 0 (0) 9 (3.3) 0.2
IgM deficiency 3 (6.4) 2 (4) 13 (4.7) 0.83
IgG deficiency 1 (2.1) 2 (4) 8 (2.9) 0.87
IgG subclass deficiency 7 (14.9) 4 (4) 33 (12) 0.55
Long-acting β-agonist treatment 13 (27.7)#,¶ 31 (62)# 145 (52.5)¶ 0.002
Long-acting muscarinic antagonist treatment 21 (44.7) 25 (50)+ 90 (32.6)+ 0.029
Receiving ICS at NTM isolation 2 (4.3)#,¶ 18 (36)# 103 (37.3)¶ <0.001
Inhaled antibiotics treatment 6 (13.8) 8 (16)+ 17 (6)+ 0.034
Macrolide treatment 6 (12.8) 5 (10) 33 (11.9) 0.9
Proton pump inhibitors 16 (34) 21 (42) 85 (30.7) 0.29

Clinical status
Sputum volume, mL 5.5 (5–30) 10 (5–27.5) 10 (5–25) 0.62
Daily sputum 30 (63.8) 39 (78) 209 (75.7) 0.19
mMRC grade 0 (0–1) 0 (0–1) 0 (0–1) 0.85
BSI score 6.5 (4–10) 7 (5–11)+ 6 (4–9)+ 0.03
BSI score risk class

Mild 13 (27.7) 8 (16)+ 94 (34.1)+ 0.029
Moderate 17 (36.2) 22 (44) 97 (35.1) 0.56
Severe 14 (29.8) 20 (40) 78 (28.3) 0.3

BACI score 0 (0–0)#,¶ 0 (0–3)# 0 (0–3)¶ 0.03
Exacerbations in previous year, n 1 (0–2)#,¶ 2 (1–4)# 1 (1–3)¶ 0.003

⩾3 exacerbation in previous year 9 (19.1) 19 (38) 83 (30.1) 0.14
FACED score 2 (1–3) 2 (1–4) 2 (1–3) 0.25
FACED risk class

Mild 30 (63.8) 26 (52) 175 (63.4) 0.29
Moderate 15 (31.9) 18 (36) 79 (28.6) 0.56
Severe 2 (4.3) 6 (12) 21 (7.6) 0.36

Radiological status
Reiff score 4 (3–6) 4 (3–6) 4 (2–6) 0.83
Involved lobes, n 4 (2.5–6) 4 (3–4) 4 (2–5) 0.43
Cavitation 9 (19.1)#,¶ 2 (4)# 6 (2.2)¶ <0.001
Bronchiectasis in middle lobe 40 (85.1) 44 (88) 222 (80.4) 0.25
Bronchiectasis in lingula 36 (76.6) 35 (70) 18 (68.5) 0.31
Bronchiectasis in middle lobe and lingula 34 (72.3) 33 (66) 176 (63.8) 0.33

Functional status
FEV1, % pred 74 (65.5–90.5)¶ 77.5 (65.5–95) 84 (68–101)¶ 0.049

Microbiology
Chronic infection with ⩾1 pathogens 15 (31.9) 15 (31.9) 101 (36.6) 0.29
Pseudomonas aeruginosa 11 (23.4) 10 (21.3) 59 (21.4) 0.89

Laboratory data
C-reactive protein, mg·L−1 0.59 (0.23–0.97) 0.4 (0.16–1.05) 0.3 (0.12–0.9) 0.14

Data are presented as median (interquartile range) or n (%), unless otherwise stated. BMI: body mass index; ICS: inhaled corticosteroid; mMRC:
modified Medical Research Council; BSI: Bronchiectasis Severity Index; BACI: Bronchiectasis Aetiology Comorbidity Index; FACED: forced expiratory
volume in 1 s, age, chronic colonisation, extension and dyspnoea; FEV1: forced expiratory volume in 1 s. #: p<0.05 (NTM-PD versus NTM infection);
¶: p<0.05 (NTM-PD versus bronchiectasis without NTM isolation); +: p<0.05 (NTM infection versus bronchiectasis without NTM isolation).
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pharmacological treatment. The median (IQR) treatment duration was 540 (370–770) days. The median
(IQR) duration of follow-up from the first NTM isolation to the last visit was 1020 (600–2190) days. 20
(43.5%) patients who underwent NTM treatment experienced adverse events, including visual toxicity
(n=8), gastrointestinal intolerance (n=5), allergy (n=5), liver toxicity (n=2) and cardiotoxicity (n=1).

Culture conversion was achieved in 27 (58.7%) patients. A positive outcome was documented in 24
(52.2%) patients, including clinical cure in 24 (52.2%) patients, microbiological cure in 19 (41.3%)
patients and cure in 19 (41.3%) patients. A negative outcome was recorded in 15 (32.6%) patients,
including recurrence in eight (17.4%) patients, treatment failure in five (10.9%) patients, re-infection in
one (2.2%) patient and relapse in one (2.2%) patient. An unknown outcome was observed in four (8.7%)
patients. Eight patients were still on active treatment at the end of the follow-up period. Treatment halted
was experienced in 11 (23.9%) patients (seven (63.6%) cases because of treatment-related adverse events).
No patients died. No differences were detected between patients with MAC-PD versus those with other
NTM-PD in terms of unsuccessful outcomes (51.4% versus 44.4%; p=0.76). None of the studied clinical
characteristics were statistically significantly associated with treatment success/failure.

Discussion
The present study shows that among adults with bronchiectasis tested for NTM: 1) the incidence rates of
NTM infection and NTM-PD were 13 and 4 per 100 person-years, respectively, while the prevalence of
NTM isolation and NTM-PD was 26.1% and 12.6%, respectively; 2) NTM-positive patients had a lower
BMI, a more severe impairment of pulmonary function and cellular immunity, a higher frequency of
cavitary lesions on chest CT, and a lower exacerbations rate compared with NTM-negative patients;
3) once treatment for NTM-PD was initiated, a negative outcome was recorded in almost one-third of the
patients, including recurrence in 17.4%, treatment failure in 10.9%, re-infection in 2.2% and relapse in
2.2%; and 4) treatment halted was experienced in >20% of the patients, especially because of adverse
events related to the prescribed regimens.

The prevalence of NTM isolation and NTM-PD found in our study is higher compared with the 12.2% and
8.8%, respectively, reported in a previous Italian study conducted from 2012 to 2015 [3]. A significant
increase in NTM prevalence among bronchiectasis patients over the past few years has also been
demonstrated by LEE et al. [7], who showed how NTM prevalence in patients with bronchiectasis doubled
from 2012 to 2016. Furthermore, MÁIZ et al. [10] found a lower prevalence of both NTM isolation and
NTM-PD disease (8.3% and 2.3%, respectively) in 218 adult bronchiectasis patients in Spain during
follow-up from 2002 to 2010. This difference from our estimates could be explained by the inclusion of
patients who produce sputum, thereby underestimating the burden. Indeed, only 64% of NTM-PD patients
and 71% of NTM-positive patients had daily sputum production in our cohort, in agreement with
previously published literature [24, 25]. Nevertheless, data on patients with NTM infection and
bronchiectasis are limited, and most studies have small sample sizes [3, 6]. The role of bronchoscopy in
bronchiectasis patients who do not expectorate and are at risk for NTM infection should be further
elucidated in experimental and observational studies.

Our study shows that NTM were isolated in 26.1% of NTM tested patients, whereas a diagnosis of
NTM-PD was made in 48.5% of NTM-positive patients, which is a higher frequency if compared with the
prevalence of 28% found in the Spanish study by MÁIZ et al. [10].

MAC was the most frequent (57.7%) mycobacteria in our cohort, confirming previous data published by
both FAVERIO et al. [3] and MÁIZ et al. [10] who detected MAC in 75% and 50% of all NTM isolates,
respectively. A bacterial co-infection was found in a third (31.3%) of our NTM-positive patients, including
P. aeruginosa in almost 22% of them, in line with previous studies showing a prevalence ranging from
31% to 52% [3, 8].

Patients with NTM-PD were more likely to have cavities on HRCT compared with bronchiectasis patients
without NTM-PD; however, the localisation of bronchiectasis in the lung lobes was not statistically
different. Low BMI and underweight are commonly described in patients with NTM-PD [24, 26].
Accordingly, we found a lower BMI and higher prevalence of underweight in the NTM-PD group
compared with bronchiectasis patients without NTM-PD or NTM infection. Patients with NTM-PD and
NTM infection were more likely to have B- and T-lymphocyte immunodeficiencies than bronchiectasis
patients without NTM isolation, while no difference in humoral immune function was found between these
groups. Finally, although ICS treatment is recognised as a clear risk factor for NTM infection, we had a
lower prevalence than expected of NTM patients treated with ICS in our bronchiectasis cohort [27, 28].
This finding could be explained by both a low rate of asthma as a coexisting disease in this population and
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the fact that a practice of ICS withdrawal in bronchiectasis patients with neither asthma nor ABPA has
been part of our standard operating procedures for several years.

97.9% of our NTM-PD patients underwent treatment; only one patient refused treatment. This prevalence
is higher than that reported in the literature; one of the reasons is that all our enrolled patients belonged to
a specific bronchiectasis programme [24]. These patients are seen by the same physician and a strong
relationship has been built between them over several years. Thus, at the time of NTM-PD diagnosis, a
long discussion between the patients and the physician had occurred, and the final outcome was a shared
decision to start treatment for the majority of the patients. Only 52.2% of NTM-PD patients who
underwent guideline-based treatment achieved clinical cure. This percentage is lower than that reported by
DIEL et al. [29] in a recent meta-analysis which showed treatment success in 61–66% of MAC-PD patients
and that previously published in another Italian experience [25] showing treatment success in 64.7% of the
cases. These differences might be explained by our strict implementation of the NTM-NET definitions.
Furthermore, in the study published by FAVERIO et al. [3] cultures were not available in up to 43% of
NTM-PD patients once treatment was started; consequently, the rate of unsuccessful outcomes could have
been underestimated. The rate of adverse events (43.5%) in our experience was similar to a previous study
on NTM-PD in patients with bronchiectasis in Italy (47.4%) [3].

Compared with another study conducted in Italy for 10 years and which used the same NTM-NET
definition [25], our adverse events rate seems to be slightly higher (43.5% versus 37.6%). Unsuccessful
outcomes total rate was equal (32.6% versus 35.3%); simultaneously, there were some differences across
outcome categories: treatment halted was registered in 23.9% of patients in our cohort and in 13.5% of
patients in the 10-year Italian study, recurrence in 17.4% versus 11.2%, treatment failure in 10.9% versus
4.1%, re-infection in 2.2% versus 5.3% and relapse in 2.2% versus 1.2%. The differences in results
obtained may be connected with the differences in study design: the previous study was retrospective and
enrolled a different population of patients [25].

In our study population 23.9% of patients experienced treatment halted, with 63.6% due to side-effects.
This points to the need to reconsider treatment regimens and therapeutic opportunities for patients with
bronchiectasis and NTM-PD.

Some study limitations should be acknowledged. First, the single-centre design has an impact on the
generalisability. For instance, NTM species identified in our study may be linked to the local ecology,
which may not reflect significant geographical diversity. Second, some NTM-positive patients also had
other bacterial isolates, such as P. aeruginosa, which may affect clinical and laboratory data. Finally, a
large percentage of NTM-PD patients were on long-term antibiotic therapy (e.g. macrolides), which may
have influenced the exacerbation rate.

The major strengths of this study include the prospective design, inclusion of a homogeneous cohort of
patients with high-quality data, detailed clinical and microbiological history, and management in a
bronchiectasis and NTM referral centre. Furthermore, this is the first study in Italy reporting both
prevalence and incidence of NTM infection and NTM-PD among adults with bronchiectasis, as well as
treatment outcomes according to the NTM-NET consensus [16]. Further multicentre studies with a
prospective design and a larger sample size are needed to evaluate the risk of NTM-PD and its risk factors,
and to assess if patients with bronchiectasis and NTM-PD require other specific therapeutic regimens or
duration of treatment since unsuccessful treatment outcomes are very common.

In conclusion, NTM infection is frequent in bronchiectasis patients and the presence of NTM-PD is
relevant. The low success rate for bronchiectasis patients who are treated because of an NTM-PD requires
a call to action to identify new treatment modalities and new drugs to improve outcomes.
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