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Purpose: Pseudomonas aeruginosa is associated with pulmonary function decline and high
disease severity in non-cystic fibrosis (CF) bronchiectasis. The prevalence of nontuberculous
mycobacteria (NTM) in non-CF bronchiectasis patients has increased recently. This study investi-
gated the impact of NTM with or without P aeruginosa isolates in non-CF bronchiectasis patients.
Patients and methods: Our retrospective study included 96 non-CF bronchiectasis patients
from January 2005 to December 2014. We recorded the presentation, exacerbations, emergency
department (ED) visits, hospitalization, serial pulmonary function, radiologic studies, and sputum
culture results. All patients were followed up for at least 2 years.

Results: The 96 patients were divided into four groups: patients with concomitant negative
NTM and P, aeruginosa isolates (n=41; group 1), patients with positive NTM isolates (n=20;
group 2), patients with positive P aeruginosa isolates (n=20; group 3), and patients with con-
comitant positive NTM and P, aeruginosa isolates (n=15; group 4). Compared with group 1
patients, patients in groups 2 and 3 showed a significant decline in forced expiratory volume
in 1 second (FEV ). They also had more frequent annual acute exacerbations (AE), ED visits,
and hospitalization. Group 4 patients had the greatest FEV, and forced vital capacity (FVC)
decline and the most frequent AE, ED visits, and hospitalization.

Conclusion: Concomitant NTM and P. aeruginosa isolates in non-CF bronchiectasis are asso-
ciated with the greatest pulmonary function decline and the worst disease severity. This result
suggested that early recognition and prompt treatment of concomitant NTM and P. aeruginosa
isolates may improve the outcome in non-CF bronchiectasis patients.

Keywords: nontuberculous mycobacteria, Pseudomonas aeruginosa, non-cystic fibrosis

bronchiectasis

Introduction

Non-cystic fibrosis (CF) bronchiectasis is a chronic, progressive inflammatory lung
disease characterized by irreversible dilatation of the bronchi and recurrent infec-
tions."? Two prognostic indices that aid clinical decisions are the bronchiectasis
severity index (BSI) and the FACED score. FACED stands for forced expiratory
volume in 1 second (FEV ), age, chronic colonization of Pseudomonas aeruginosa,
radiological extension, and dyspnea.>* The BSI was developed to predict mortality,
exacerbations, and the quality of life of bronchiectasis patients, whereas the FACED
score specifically focuses on predicting mortality.** However, the primary issues for
non-CF bronchiectasis patients include not only exacerbations and mortality but also
pulmonary function decline, emergency department (ED) visits, hospitalization, and
medical costs.®
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P aeruginosa is a well-documented pathogen that pro-
vokes an intense inflammatory response leading to persistent
airway inflammation and airway structural damage.” Bron-
chiectasis along with chronic colonization by P aeruginosa
is also associated with greater pulmonary function decline,
more frequent exacerbations and hospitalization, and mor-
tality.*'® Hence, chronic colonization by P aeruginosa is an
important component of both the BSI and the FACED score.

Bronchiectasis and nontuberculous mycobacteria (NTM)
are interrelated, but which one first affects patients is not
known.!! The prevalence of NTM in bronchiectasis ranges
widely (2%—37%) and has increased in recent years, prob-
ably due to improvements in diagnostic techniques and the
increasing attention given to the pathogen.!''* Elderly women
with a low body mass index (BMI) are more susceptible to
NTM infection in non-CF bronchiectasis,'> nevertheless,
the clinical implication of NTM in non-CF bronchiectasis
is still an unresolved question. In addition, with regard to
compliance, patients’ preference, and undetermined benefits,
therapy initiation has been controversial and not mandatory.'¢

In this study, we investigated the implications of NTM and
Pseudomonas isolates for non-CF bronchiectasis patients.
This approach may provide us with more information that
will aid clinical decision-making.

Patients and methods

Patients

In our retrospective study, we included 96 non-CF bronchiec-
tasis adult patients admitted to Linkou Medical Center, Chang
Gung Memorial Hospital, Taiwan, from January 2005 to
December 2014. The study was approved by the institutional
review board of Chang Gung Memorial Hospital (approval no.
97-1105A3). Informed consent was waived because this was
a retrospective study and there was no modification in patient
management. All personal information was encrypted in the
database, and patient data accessed was de-identified. There
was no breach of privacy. All patients underwent high-resolution
computed tomography, confirming bronchiectasis. No patient
had a background suggesting CF, such as chronic pancreatic,
liver, or intestinal dysfunction, electrolyte imbalance, disease
onset before adolescence, or a family history of CE.

All the patients were followed up for at least 2 years.
Follow-up information was obtained from the patients’ medi-
cal records. Data related to the patients’ gender, age, smoking
status, BMI, BSI, at least two pulmonary function tests during
follow-up, and mortality were collected. We defined acute
exacerbations (AE) as an event that was clinically diagnosed
by the physician and required antibiotic prescription for acute

onset of increasing cough, worsening dyspnea, and changes
in sputum characteristics (eg, volume, consistency, and puru-
lence). We also recorded the frequency of annual AE, as well
as ED visits and hospitalization due to bronchiectasis AE.

For every patient, we cultured at least two sputum samples
for Pseudomonas and three sputum samples were cultured
for mycobacteria in the stable state. Patients who had had
pulmonary tuberculosis before, had undergone anti-NTM
therapy, had incomplete medical records, and missed their
follow-up were excluded.

On the basis of the pathogens isolated from their sputum
cultures, the patients were divided into four groups: group
1, concomitant negative NTM and P aeruginosa isolates;
group 2, positive NTM isolates; group 3, positive P aerugi-
nosa isolates; and group 4, concomitant positive NTM and
P, aeruginosa isolates.

Pulmonary function

Spirometry was performed as per recommendations made
by the American Thoracic Society/European Respiratory
Society.!” Pulmonary function data recorded nearest the first-
time NTM or P, aeruginosa isolate in groups 2—4 and nearest
the time the first sputum sample was sent for mycobacterial
culture in group 1 were compared with those most recently
recorded in the specific group.

Statistical analysis

We used Fisher’s exact test to compare categorical variables
and presented them as frequencies (percentages). We then com-
pared intergroup pulmonary function data using the unpaired
Student’s #-test, and follow-up pulmonary function data were
compared using the paired Student’s #-test. All analyses were
two-sided, and p<0.05 was considered statistically significant.
Statistical analyses were performed using Prism version 5
(GraphPad Software Inc., La Jolla, CA, USA) and SPSS Sta-
tistics version 20.0 (IBM Corporation, Armonk, NY, USA).

Results

Patient characteristics

Data from all 96 adult patients diagnosed with non-CF bron-
chiectasis were analyzed. Of the 96 patients, 41 were in group
1,20 in group 2, 20 in group 3, and 15 in group 4. No patient
received anti-NTM therapy. Table 1 summarizes the clinical
characteristics of all patients. The mean age of the patients
was 65.3+13.1 years. Age, gender, smoking status, and the
BMI were not significantly different between the four groups.
Compared to group 1, groups 2—4 had a significantly greater
BSI (p=0.0176,<0.0001, and <0.0001, respectively; Table 1).
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Exacerbations

The median follow-up duration was 2.79 years (range
2.13-10.7 years). Compared to group 1, group 2 patients
had frequent annual AE (1.21£1.63 vs 2.70%2.48; p=0.0083),
more ED visits (0.15£0.38 vs 0.72+0.95; p=0.024), and more
hospitalization (0.03+£0.17 vs 0.45+0.77; p=0.0019; Table 1
and Figure 1). The annual AE, ED visits, and hospitalization
were not significantly different between groups 2 and 3 (Table
1). Group 4 had the most frequent annual AE (6.92+6.47,
p<0.0001), ED visits (0.74%1.04, p=0.00394), and hospital-
ization (1.2812.16, p=0.0005) (Table 1 and Figure 1). During
follow-up, there were only nine deaths and the mortality rate
was not different between the four groups (Table 1).

Pulmonary function
The baseline FEV, and forced vital capacity (FVC) were
similar between groups 1 and 2 (p=0.496 and 0.988,

respectively; Table 2). Groups 2 and 4 had significantly worse
baseline FEV, (p=0.0002 and 0.0167, respectively) and FVC
(p=0.0006 and 0.016, respectively) compared with group 1
(Table 2). Groups 2—4 showed a significant decline in FEV,
(Table 2 and Figure 2). There was no significant change in
the baseline and follow-up FEV, values in group 1 (Table 2
and Figure 2). The FVC decline was significant in group 4
and was borderline statistically significant in group 3 (Table
2 and Figure 3), but serial FVC values were not significantly
different in groups 1 and 2 (Table 2 and Figure 3).

Mycobacterial species

Of'the 96 patients, sputum cultures of 35 patients showed pos-
itive NTM isolates: 11 patients had multiple NTM isolates,
whereas the remaining 24 patients had a single NTM isolate.
The Mycobacterium avium—M ycobacterium intracellulare
complex was the most common NTM species found (18 of

Table | Clinical characteristics of non-CF bronchiectasis patients in the four groups according to the pathogen isolated from sputum

samples
Characteristics Group | Group 2 Group 3 Group 4 p-value
n =4l n=20 n=20 n=15
Age, mean £ SD 64.0+13.7 63.7£12.2 67.0£14.0 68.8+11.5 0.562
Female, n (%) 16 (39.0) 11 (55) 13 (65) 11(73.3) 0.075
Smoking, n (%) 6 (14.6) 5(25) 5 (25) 3 (20) 0.712
BMI, kg/m?, mean + SD 22,5432 21.3£2.9 20.743.1 22.5+3.5 0.1501
BSI score, mean + SD 491+£3.12 7.56+4.80 10.67+4.74 11.4+4.52 <0.0001
AE, annual, mean = SD 1.21£1.63 2.70+2.48 1.94+1.78 6.9216.47 <0.0001
ED visit, annual, mean + SD 0.15+0.38 0.72+0.95 0.71£1.44 0.74+1.04 0.00394
Hospitalization, annual, mean + SD 0.03£0.17 0.45+0.77 0.16+0.34 1.28+2.16 0.0005
Mortality, n (%) 2 (49) 2 (10) 3 (I5) 2 (13.3) 0.5711

Notes: Group |, concomitant negative NTM and Pseudomonas aeruginosa isolates; group 2, positive NTM isolates; group 3, positive P. aeruginosa isolates; group 4, concomitant

positive NTM and P. aeruginosa isolates.

Abbreviations: AE, acute exacerbations; BMI, body mass index; BSI, bronchiectasis severity index; CF, cystic fibrosis; ED, emergency department; NTM, nontuberculous

mycobacteria; SD, standard deviation.
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Figure | Comparison of clinical disease severity in patients with non-CF bronchiectasis in the four groups according to the pathogen isolated from sputum samples.
Notes: Group |, concomitant negative NTM and Pseudomonas aeruginosa isolates; group 2, positive NTM isolates; group 3, positive P. aeruginosa isolates; group 4, concomitant
positive NTM and P. aeruginosa isolates. (A) Annual acute exacerbations; (B) emergency department visits; (C) hospitalization.

Abbreviations: AE, acute exacerbations; CF, cystic fibrosis; ED, emergency department; NTM, nontuberculous mycobacteria.
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Table 2 Comparison of baseline and follow-up pulmonary function in patients with non-CF bronchiectasis in the four groups according

to the pathogen isolated from sputum samples

Group | Group 2 Group 3 Group 4 p-value

n=41 n=20 n=20 n=15
Baseline FEV , L, mean + SD 1.62+0.60 1.7620.97 1.02+0.38 1.19+0.49 0.0008
Follow-up FEV,, L, mean + SD 1.57+0.59 1.63+0.88 0.89+0.35 1.03+0.42 <0.0001
Decrease in FEV,, L, mean £ SD —0.04+0.21 —0.13+0.28 —0.13£0.26 —0.16+0.27

p=0.204 p=0.049* p=0.041* p=0.038*
Baseline FVC, L, mean £+ SD 2.15+0.68 2.16£1.13 1.53£0.51 1.67+0.52 0.0068
Follow-up FVC, L, mean = SD 2.14+0.65 2.10£1.00 1.38+0.58 1.39£0.48 <0.0001
Decrease in FVC, L, mean £ SD —-0.01+0.28 —0.06+0.32 —0.15+0.33 —0.28+0.33

p=0.818 p=0.437** p=0.056** p=0.0052**

Notes: Group |, concomitant negative NTM and Pseudomonas aeruginosa isolates; group 2, positive NTM isolates; group 3, positive P. aeruginosa isolates; group 4, concomitant
positive NTM and P. geruginosa isolates. *Follow-up FEV, compared to baseline FEV|. **Follow-up FVC compared to baseline FVC.
Abbreviations: CF, cystic fibrosis; FEVl, forced expiratory volume in | second; FVC, forced vital capacity; NTM, nontuberculous mycobacteria; SD, standard deviation.
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Figure 2 Comparison of FEV, decline in patient with non-CF bronchiectasis in the four groups according to the pathogen isolated from sputum samples.
Notes: (A) Group |, concomitant negative NTM and Pseudomonas aeruginosa isolates, mean FEV, decline: —0.04+0.21; (B) group 2, positive NTM isolates, mean FEV, decline:
—0.13£0.28; (C) group 3, positive P. aeruginosa isolates, mean FEV| decline: —0.1310.26; (D) group 4, concomitant positive NTM and P. aeruginosa isolates, mean FEV, decline:

—0.1610.27. *Statistical significance.

Abbreviations: CF, cystic fibrosis; FEVI, forced expiratory volume in | second; NTM, nontuberculous mycobacteria.

35 patients, 51.4%), followed by Mycobacterium fortuitum
and Mycobacterium chelonae (eight of 35 patients, 22.9%).
There were six patients without an identified NTM species.
The NTM species were not significantly different between
groups 2 and 4 (Table 3).

Discussion
To the best of our knowledge, this is the first study to
evaluate the clinical implications of NTM with or without

Pseudomonas isolates in non-CF bronchiectasis patients. In
our 96 patients with a median follow-up duration of 2.79
years, patients with positive NTM isolates (group 2) and
positive P aeruginosa isolates (group 3) showed a high
decline in their FEV, and frequent annual AE, ED visits, and
hospitalization. Patients with concomitant positive NTM and
P aeruginosa isolates (group 4) showed the greatest decline
in their FEV and FVC and the most frequent annual AE, ED
visits, and hospitalization.
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Figure 3 Comparison of FVC decline in patients with non-CF bronchiectasis in the four groups according to the pathogen isolated from sputum samples.
Notes: (A) Group |, concomitant negative NTM and Pseudomonas aeruginosa isolates, mean FEV, decline: —0.01+0.28; (B) group 2, positive NTM isolates, mean FEV| decline:
—0.0610.32; (C) group 3, positive Pseudomonas aeruginosa isolates, mean FEV| decline: —0.15+0.33; (D) group 4, concomitant positive NTM and P. aeruginosa isolates, mean

FEV, decline: —0.28+0.33. *Statistical significance.

Abbreviations: CF, cystic fibrosis; FEV1, forced expiratory volume in | second; FVC, forced vital capacity; NTM, nontuberculous mycobacteria.

Table 3 NTM species isolated from sputum samples in non-CF
bronchiectasis patients

NTM species Group 2 Group 4
n=20 n=15
n (%) n (%)
Mycobacterium avium—Mycobacterium 10 (50) 8 (53.3)
intracellulare complex
Mycobacterium fortuitum 2 (10) 6 (40)
Mycobacterium chelonae 4 (20) 4 (26.7)
Mycobacterium abscessus 2 (10) 3 (20)
Mycobacterium gordonae 2 (10) 2(13.3)
Mycobacterium kansasii 1 (5) 0(0)
Mpycobacterium mageritense 1 (5) 0 (0)
Mycobacterium scrofulaceum 0(0) 1 (6.7)
Mpycobacterium peregrinum 0(0) 1 (6.7)
Unidentified 4 (20) 2 (13.3)

Abbreviations: CF, cystic fibrosis; NTM, nontuberculous mycobacteria.

The BSI and the FACED score are two well-known
prognostic indices for bronchiectasis.>* The BSI accurately
predicts mortality, exacerbations, hospitalization, quality of
life, respiratory symptoms, 6 min walk distance, and pulmo-
nary function decline. BSI-predicted outcomes may be the
real problems that need to be resolved in clinical practice.®
Chronic Pseudomonas colonization in bronchiectasis patients

represents higher disease severity and risk of exacerbations.!?
It is also a common factor in the BSI and the FACED score.
However, the severity implication of NTM isolates remains
unknown.

In our study, we observed that group 2 had a higher BSI.
Although the BSI increased in group 3, it was the highest
in group 4. We think that along with a higher BSI, NTM
isolates from the sputum may also play a role in clinical
disease severity in non-CF bronchiectasis patients. In one
prospective, observational study, Faverio et al showed that
patients with pulmonary NTM infection have lower disease
severity, BSI, and exacerbations compared with patients
with chronic Pseudomonas infection.'® However, they did
not analyze patients with concomitant positive NTM and P
aeruginosa isolates. In our study, we divided patients into
four groups and showed that patients with positive NTM
isolates (group 2) had more frequent annual AE, ED visits,
and hospitalization compared with patients with concomi-
tant negative NTM and P aeruginosa isolates (group 1).
Also, patients with positive P aeruginosa isolates (group 3)
showed similar data as group 2 patients. However, patients
with concomitant positive NTM and P aeruginosa isolates
(group 4) had the most frequent annual AE, ED visits, and
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hospitalization. Disease severity seemed to rise in groups 2
and 3 and was most severe in group 4.

Huang et al found that patients with NTM isolates and
chronic obstructive pulmonary disease (COPD) have more
frequent AEs and that multiple NTM isolates are associ-
ated with a rapid decline of pulmonary function in COPD
patients.'® Pseudomonas colonization, frequent AE, and sys-
temic inflammation have been known to be associated with
arapid decline of pulmonary function in non-CF bronchiec-
tasis patients;® however, the impact of NTM on pulmonary
function in non-CF bronchiectasis remains unknown. In our
study, we observed that group 2 patients had similar base-
line FEV, and FVC values as did group 1 patients and that,
comparatively, group 3 patients had worse baseline FEV  and
FVC values. However, the FEV, decline was significant in
groups 2 and 3. Moreover, in group 4 patients, both FEV  and
FVC deteriorated most significantly, suggesting that not only
Pseudomonas but also NTM is associated with pulmonary
function decline.

With regard to anti-NTM therapy, in M. avium complex
(MAC) lung disease, Khan et al observed improvement in
pulmonary function after patients were administered anti-
MAC therapy.? In one prospective NTM registry cohort in
Korea, Park et al found that treatment failure in NTM lung
disease is associated with a greater decline in pulmonary
function.”’ However, the decline in FEV, and FVC was
similar to that in patients with successful treatment. On the
contrary, Mehta et al demonstrated nonsignificant changes in
pulmonary function of patients after treatment for NTM lung
disease.?? In addition to the undetermined benefits of anti-
NTM therapy, the major problems include a long treatment
period, patients’ compliance, disease severity, and possible
adverse effects of the medication. Therefore, in our study, we
excluded patients who had received anti-NTM therapy, and
we presented the natural course of NTM isolation in non-CF
bronchiectasis patients.

Since NTM may play a prognostic role in disease severity
and pulmonary function decline, it is important to identify
the risk factors of NTM isolation in bronchiectasis. Mirsaeidi
et al found that elderly women with a low BMI were at high
risk for NTM infection in non-CF bronchiectasis.!* Maiz
et al showed that an FVC >75%, age >50 years, and a BMI
<23 kg/m? are independently associated with the presence of
NTM in non-CF bronchiectasis patients.?* In our study, we
did not find any correlations of age, gender, smoking status,
and the BMI with positive NTM isolation, probably due to
the small sample population.

Our study had several inherent limitations. First, it was
a retrospective study and we excluded patients with previ-
ous pulmonary tuberculosis and those who had received
anti-NTM therapy; this probably led to selection biases and
diminished generalizability. Second, the spirometry interval
was inconsistent. However, the follow-up period was about
3 years and was similar between groups, so the pulmonary
function decline may still provide useful information in a
clinical setting. Third, because of the small number of deaths
in our sample population, we could not analyze factors related
to mortality. Owing to the retrospective nature of our data,
the sample size was limited. Larger, prospective studies are
required.

Conclusion

Our study showed that NTM isolates from the sputum of non-
CF bronchiectasis patients are associated with greater FEV|
decline and AE. Patients with concomitant positive NTM and
P, aeruginosa isolates have the greatest pulmonary function
decline and the most frequent AE. These findings suggest
that NTM may play an important role in disease severity
and pulmonary function decline in non-CF bronchiectasis
patients. Further prospective, large-scale, multicenter stud-
ies are warranted to validate our results and identify the risk
factors of NTM isolation in non-CF bronchiectasis.
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