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terium mantenii in one case. In patients with bronchiectasis, the
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Exploratory Bronchoalveolar Lavage Fluid
Analyses Reveal a High Diversity
of Microbiome in NTM Lung Disease and a Low
Diversity of Microbiome in Bronchiectasis

Los análisis exploratorios del líquido de lavado broncoalveolar
revelan una alta diversidad del microbioma
en la enfermedad pulmonar por NTM y una baja diversidad del
microbioma en las bronquiectasias

Dear Editor,

Nontuberculous mycobacteria (NTM) is characterized by refrac-
tory infection that often results in structural destruction of the
lungs and respiratory failure, making its management challenging.
Bronchiectasis often develops over the course of the NTM lung dis-
ease (NTM-LD). A microbiome analysis can give detailed bacterial
flora information within the bronchoalveolar region that cannot be
obtained using conventional culture tests. Previous reports have
indicated that the microbiome composition is closely linked to
the characteristics and pathology of each respiratory disease.1–4

Although there have been several previous studies in patients with
NTM-LD, the microbiome compositions reported have varied,3,5

so more microbiome datasets from various centers that show the

heterogeneity of clinical outcomes in patients with NTM-LD are
needed. In this study, we analyzed the microbiome in order to
investigate differences between these two conditions.

Table 1
Characteristics of patients with NTM-LD and bronchiectasis.

Characteristics NTM-LD 

n  = 8 (%) 

Age, mean 65.6 ± 11.4 

Sex  (female) 6 (75.0) 

BMI,  mean 19.1 ± 2.25 

Smoking status (current/former) 0 

Comorbidity
COPD  0 

Hypertension 3 (37.5) 

Hyperlipidemia 3 (37.5) 

Diabetes 0 

Autoimmune diseases 0 

Malignant disease 1 (12.5) 

BALF  culture
Mycobacterium avium 3 (37.5) 

Mycobacterium intracellulare 4 (50.0) 

Mycobacterium mantenii 1 (12.5) 

Pseudomonas aeruginosa 0 

Haemophilus influenzae 0 

Negative culture 0 

Abbreviations: BALF, bronchoalveolar lavage fluid; BMI, body mass index; COPD, chronic ob
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We prospectively recruited patients with suspected NTM-LD
ho were undiagnosed from sputum culture and had been referred

or bronchoscopy. Patients with a diagnosis of NTM confirmed by
ronchoscopy were included in the NTM group and those without
TM were included in the bronchiectasis group. Bronchoalveolar

avage fluid (BALF) was  collected from all patients using bron-
hoscopy, with portions stored at −80 ◦C for research. In this study,
tored BALF samples were used. Details of microbiome analysis are
rovided in Supplementary File 1. This study was approved by the

nstitutional Review Board of the National Hospital Organization
yoto Medical Center (approval number: 16-040) and the study
rotocol was  registered in the UMIN Clinical Registry (Number:
MIN000027652).

Nineteen patients were recruited for this exploratory study.
ollowing bronchoscopy procedures, eight (42.1%) patients were
iagnosed with NTM-LD, and 11 (57.9%) with bronchiectasis
ithout NTM. Diagnostic criteria from the American Thoracic Soci-

ty/Infectious Disease Society of America guidelines were used to
iagnose NTM.6 Table 1 shows the characteristics of study par-
icipants, who were predominantly female (89.5%) with a mean
ge at bronchoscopy of 69.5 ± 9.3 years. The species found to
e responsible for NTM-LD were Mycobacterium avium in three
ases, Mycobacterium intarcellulare in four cases, and Mycobac-
Bronchiectasis P value
n = 11 (%)

72.3 ± 7.31 0.2448
11 (100) 0.1637
19.5 ± 3.22 0.9678
1 (9.1) >0.99

1 (9.1) >0.99
4 (36.4) >0.99
2 (18.2) 0.6027
1 (9.1) >0.99
1 (9.1) >0.99
2 (18.2) >0.99

0 NE
0 NE
0 NE
3 (27.3) NE
1 (9.1) NE
7 (63.6) NE

structive pulmonary disease; NTM-LD, nontuberculous mycobacterial lung disease.

train identified in three cases was  Pseudomonas aeruginosa and
ne case Haemophilus influenzae.  Seven samples from patients with
ronchiectasis were culture-negative.
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Fig. 1 shows the microbiome differences in terms of alpha
and beta diversities between the NTM-LD and bronchiectasis
groups. Fig. 1A–C shows the Chao1 (H = 1.970, P = 0.160), Simpson
(H = 5.734, P = 0.0166), and Faith’s phylogenetic diversity indexes
(H = 1.371, P = 0.242), respectively. There were no differences
between the NTM-LD and bronchiectasis groups in terms of Chao1
and Faith’s phylogenetic diversity indexes; however, patients with

NTM-LD were found to have significantly higher Simpson indexes
than those with bronchiectasis. Fig. 1D and E shows the Bray–Curtis
(P = 0.016) and weighted UniFrac distances (P = 0.002) used to eval-
uate beta diversity. There were significant differences in terms of
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Fig. 1. Calculation of alpha diversity values. (A) Chao1 index; (B) Simpson index; and 

Bray–Curtis distance; (E) weighted UniFrac distance. Red dots indicate NTM and blue dot
NTM-LD (F) and bronchiectasis (G). Fig. (H) shows a heat map  of the relative abundance o
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eta diversity between the patients with NTM-LD and those with
ronchiectasis.

Fig. 1F and G shows the taxon bar plots of patients with NTM-LD
nd bronchiectasis. Our microbiome analysis revealed that Strep-
ococcus, Prevotella,  and Staphylococcus were most abundant in
he NTM-LD group, and Pseudomonas,  Haemophilus, and Staphylo-
occus were predominantly present in the bronchiectasis group.

he bronchiectasis group was often dominated by a few genera,
hereas the NTM-LD group included several genera that were less

requently detected. The top 10 taxa for each sample are listed in
upplementary Table 1. Notably, the microbiome of the NTM-LD

(C) Faith’s phylogenetic diversity index. Calculation of beta diversity values. (D)
s indicate bronchiectasis. Fig. (F) and (G) shows the taxa bar plots of patients with
f the major bacteria in both groups of patients.
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Fig. 1. 

group was mainly characterized by three genera – Streptococcus,
Prevotella,  and Rothia – in 5/8 (62.5%) of the samples. We  also found
that the bacteria in the BALF cultures from both groups were not
always present in the microbiome analysis, particularly in 5/8 of
the patients with NTM-LD, where NTM strains were not detected.
Fig. 1H shows a heat map  of the relative abundance of the major
bacteria in both patient groups. The heat map  shows a clear division
of bacterial flora into two clusters: NTM-LD and bronchiectasis.

This study showed differences in microbiome diversity in BALF
samples collected from patients with NTM-LD and bronchiectasis.
The microbiota of patients with NTM-LD was found to be more
diverse than that of patients with bronchiectasis. Notably, the
bacterial flora in the bronchoalveolar area was highly diverse in
patients with NTM infection.

Significant differences were also found in the composition of
the bacterial flora. Patients with bronchiectasis showed a domi-

nance of specific genera, each accounting for >50% of the total, while
patients with NTM-LD showed fewer dominant genera, leading
to a more evenly distributed overall genera diversity. In previ-
ous reports,3,5 Haemophilus, Pseudomonas,  and Streptococcus were
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eported to be the most frequently detected genera in patients with
ronchiectasis, whereas Streptococcus, Prevotella,  Veillonella,  and
ther genera were reported to be more common in patients with
AC-LD. Although similar genera were detected in all the BALF

amples in our study, the compositional proportions were found to
iffer significantly. In patients with bronchiectasis, a small number
f specific genera made up the majority of the flora, resulting in
ess diversity. In contrast, in patients with NTM-LD, the flora was
omposed of a larger variety of genera, resulting in a high level
f diversity. This was  also supported by the two clusters clearly
hown on the heatmap. A recent study from South Korea reported
hat patients with NTM-LD have less microbiome diversity in spu-
um compared to the general healthy population.7 The difference
ith our study is that the analysed samples were sputum and BALF,

nd the analysed controls were healthy subjects and bronchiecta-
is patients, so a simple comparison cannot be made; nevertheless,

he results are interesting. Compared to the general healthy popu-
ation, the microbiome diversity of patients with NTM-LD may  be
educed. We  also identified several characteristic genera found in
he bacterial flora of patients with NTM-LD. These include Strep-
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tococcus, Prevotella,  and Rothia – all of which are endemic to the
oral cavity and can cause serious infections in immunocompro-
mised individuals. These three bacteria are also known biomarkers
of lower airway inflammation.8 This is consistent with reports that
anaerobic bacteria, mainly of the genus Prevotella,  are frequently
detected in patients with NTM infection.9 Patients with NTM-LD
often develop coinfection with other bacteria, such as Staphylo-
coccus aureus,  P. aeruginosa,  and H. influenzae.10 Although certain
strains of bacteria account for a greater proportion of disease, it has
been suggested that the diversity of these organisms is maintained
in the early stages of diagnosis.

In addition, as previously reported, many of the NTM bac-
teria detected in the BALF cultures were not detected in our
microbiome analysis. This is likely because the 16S rRNA gene
sequencing approach is not sensitive enough to identify NTM in
airway samples.3,5 Our study also confirms the limited sensitivity
of culture-independent methods. This is important because micro-
biome analysis alone is insufficient for diagnosing active infectious
diseases. There were several limitations in this study. It was per-
formed in a single center and may  be prone to patient selection
bias. In addition, the small number of patients analyzed and the
exploratory nature of the study means that the results are unlikely
to be applicable directly to other centers.

In conclusion, we found that the lung microbiome of patients
with bronchiectasis showed less diversity, whereas that of patients
with NTM-LD maintained a higher level of diversity. Although
dysbiosis occurs in patients with bronchiectasis, it can be hypoth-
esized that NTM influences disease formation while maintaining
microbiome diversity in patients with NTM-LD. Further large-scale
studies are warranted to fully clarify the nature of this phe-
nomenon.
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