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A B S T R A C T

The relationship between the lower airway microbiota in humans and respiratory illness has gained attention
recently. However, the relationship between nontuberculous mycobacterial lung disease (NTM-LD) and the lower
airway microbiota is not fully understood yet. We conducted a study to characterize the lower airway microbiota
in Mycobacterium avium complex lung disease (MAC-LD), a representative subclass of the NTM-LD. The subject
sample included 25 patients clinically suspected of having mild MAC disease whose condition could not be
diagnosed using sputum culture. Upon testing MAC antibodies (anti-glycopeptidolipid (GPL)-core IgA antibodies),
mycobacterial culture of bronchoalveolar lavage fluid (BALF), and performing BALF 16S rRNA gene sequencing,
we divided the subjects into two groups of patients: those in whom MAC was detected in BALF mycobacterial
culture (MAC-LD group) and in whomMAC was not detected in BALF mycobacterial culture (non-MAC-LD group),
which was then comparatively examined. BALF mycobacterial culture showed that 9 out of 25 patients were
positive for NTM; the detected Mycobacterium was MAC in all. No patients were positive for acid-fast bacteria
other than MAC. Eighteen patients were positive for MAC antibodies (anti-glycopeptidolipid (GPL)-core IgA
antibodies), including nine patients positive for mycobacterial culture. On BALF 16S rRNA gene sequencing, six
patients were positive for the genus Mycobacterium and were culture-positive. Among the 16 patients in the non-
MAC-LD group, the genus Pseudomonas was detected by 16S rRNA gene sequencing in 7 patients, 4 among whom
were positive for MAC antibodies (anti-GPL-core IgA antibodies). Conversely, the genus Pseudomonas was not
detected among the nine patients in the MAC-LD group. Other than the genus Pseudomonas, there was no clear
difference in the composition of and no significant difference in the diversity of the bacterial flora between the
MAC-LD and non-MAC-LD groups. However, we found that the genus Pseudomonas and MAC tended to exist
exclusively.
1. Introduction

Nontuberculous mycobacteria (NTM) are indigenous bacteria
belonging to the genus Mycobacterium found in water and soil, and
although they are not usually transmitted from person to person, some
hosts contract infection in the lungs and develop nontuberculous myco-
bacterial lung disease (NTM-LD) [1]. There has been an increasing trend
of NTM-LD worldwide, and over 150 different species of NTM have been
identified. However, NTM-LD is primarily caused by a limited few of
these species, such as Mycobacterium avium, M. intracellulare, M. kansasii,
and M. abscessus[2].
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For the diagnostic criteria of NTM-LD, the criteria listed in Table 1 are
generally used worldwide and consist of clinical criteria and microbio-
logic criteria [3]. NTM-LD is diagnosed when all the clinical criteria and
microbiologic criteria are met. Among NTM-LD, patients in whom
M. avium and M. intracellulare are detected are diagnosed as having
Mycobacterium avium complex lung disease (MAC-LD).

In some patients suspected of having NTM-LD, there are cases where no
NTM is detected in the mycobacterial culture despite the patients meeting
the clinical criteria [4]. Tanaka et al. examined the mycobacterial culture
of sputum and bronchial washing in 26 patients suspected of NTM-LD with
bronchodilatation and clusters of small nodules surrounding the bronchi
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Table 1. Diagnostic criteria of NTM-LD.

Clinical criteria

1. Pulmonary symptoms, nodular or cavitary opacities on chest radiograph, or
an HRCT scan that shows multifocal bronchiectasis with multiple small nodules.

and
2. Appropriate exclusion of other diagnoses.

Microbiologic criteria

1. Positive culture results from at least two separate expectorated sputum samples.
(If the results from the initial sputum samples are nondiagnostic, consider repeat
sputum acid-fast bacilli smears and cultures.)

or
2. Positive culture results from at least one bronchial wash or lavage.
or
3. Transbronchial or other lung biopsy with mycobacterial histopathologic features

(granulomatous inflammation or AFB) and positive culture for NTM or biopsy
showing mycobacterial histopathologic features (granulomatous inflammation
or AFB) and one or more sputum or bronchial washings that are culture-positive
for NTM.

4. Expert consultation should be obtained when NTM are recovered that are either
infrequently encountered or that usually represent environmental contamination.

5. Patients who are suspected of having NTM lung disease but who do not meet the
diagnostic criteria should be followed until the diagnosis is firmly established or
excluded.

6. Making the diagnosis of NTM lung disease does not, per se, necessitate the
institution of therapy, which is a decision based on potential risks and benefits of
therapy for individual patients.

AFB: acid-fast bacillus, HRCT: high-resolution computed tomography, NTM:
nontuberculous mycobacteria.
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and reported that the sputum samples from 6 patients were positive for
NTM, and the bronchial washing samples from 13 patients were
NTM-positive [4]. While the sensitivity of detection with bronchial
washing is considered higher than that with sputum, this does not mean
that NTM are always detected in bronchial washing.

For patients clinically suspected of having MAC-LD, MAC antibodies
(anti-GPL-core IgAantibodies) aremeasured in some instancesasdiagnostic
aid, although they are not used in the diagnostic criteria of NTM-LD. MAC
antibody testsmeasure serumantibodies againstGPL-core,which is apart of
the glycolipid antigen GPL constituting the cell wall of NTM and is the an-
tigencommon toNTMother thanM. tuberculosisandM.kansasii [5].GPLhas
been known to be the antigen determining the MAC serotype. According to
the classification by Schaefer et al., there are 28 MAC serotypes that have
been reported to differ in terms of regional distribution and pathogenicity
[6]. Furthermore, even when the test result for MAC antibodies (anti--
GPL-core IgA antibodies) is positive andNTMsuspected lesions are found in
the lung, MAC is not always identified in the sputummycobacterial culture
and bronchoalveolar lavage fluid (BALF) mycobacterial culture tests. The
sensitivity and specificity ofMACantibodies (anti-GPL-core IgA antibodies)
vary depending on the report. According to a multicenter study in Japan, it
has been reported thatwhen the cutoff value for the diagnosis ofMAC-LD is
defined as 0.7 U/mL, the sensitivity is 84.3% and specificity is 100% [7].
According to a study in the United States of America, when the cutoff value
forMACantibody (anti-GPL-core IgAantibody)positivitywas0.3U/mL, the
sensitivity was 70.1% and specificity was 93.9% [8]. In contrast, when the
cutoff valuewas 0.7U/mL, the sensitivitywas51.7%and the sensitivitywas
93.9% [8]. Shu et al. [9] have reported that when the cutoff value for MAC
antibody (anti-GPL-core IgA antibody) is 0.73 U/mL, the sensitivity and
specificity are60%and91%, respectively, andhavepointed that ina state of
immunosuppression, the sensitivity might decrease. In terms of lesion
morphology also, antibody titers have been reported to be higher in
nodular-bronchiectasis (NB) type than in fibro-cavitary (FC) type [7].
Furthermore, it has been reported that MAC antibody (anti-GPL-core IgA
antibody) titers may reflect disease activity [10].

The lower airway of humans is not aseptic; rather, there is bacterialflora,
which is believed to correlate with one's health status. In recent years, 16S
rRNA gene sequencing has been applied as a method of identifying micro-
organisms. Although the conventional bacterial culture method is useful for
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identification, it cannot be used for estimating the proportion of each bacte-
rium in a sample because some bacteria can grow rapidly and others cannot
under culture test conditions. The 16S rRNA gene sequencing technique en-
ables identification ofmicroorganisms present in a sample andmeasurement
of the proportion of each microorganism; further, it helps to understand the
microbiota found invarious sites of thebodyand inassociationwithdifferent
illnesses. The 16S rRNA gene sequencing technique has been used to char-
acterize lowerairwaymicrobiota invarious respiratorydiseases.Denneretal.
have reported that in the bacterial flora of the asthma patient group, the
generaLactobacillus,Pseudomonas, andRickettsiaare common,whereas in the
non-asthmatic patient group, the genera Prevotella, Veillonella, and Strepto-
coccus are common [11]. It has also been reported that in the patient group
with chronic obstructive pulmonary disease (COPD) and asthma, among the
phyla of bacteria, the phylum Proteobacteria was more commonly detected,
and among the genera of bacteria, the genus Haemophilus was more
commonly detected, compared with the patient group with FEV1% � 95%
andwithoutCOPDor asthma[12]. Sulaimanet al. comparedBALF16S rRNA
gene sequencing in 8 patients with NTM-LD and 12 non-NTM-LD patients
with bronchiectasis and reported that the sensitivity of NTM detection with
this techniquewas lower than thatwithmycobacterial culture, and thatwith
regard to the bacterial flora, the genusMycobacterium and the family Oxalo-
bacteraceae were more common in the NTM-LD group, and the genus Por-
phyromonas was more common in the non-NTM-LD group [13]. However,
there are few reports of the lower airway microbiota in NTM-LD and many
elements remain unclear. We compared BALF 16S rRNA sequencing and
BALF mycobacterial culture in the sensitivity of acid-fast bacteria detection.
Moreover, among NTM-LD, we focused on MAC-LD, and in patients who
satisfiedtheclinical criteriaofNTM-LD,weclassifiedthosewhowerepositive
and negative for MAC on BALF mycobacterial culture as the MAC-LD group
and the non-MAC-LD group, respectively; further, we compared the differ-
ence in the diversity and microbial composition of lower airway microbiota
between the two groups using BALF 16S rRNA sequencing.

2. Materials and methods

2.1. Patients and study design

Amongpatientswhoconsulted theoutpatient servicesof thedepartment
of respiratory medicine at the Toho University Medical Center Sakura Hos-
pital between November 2018 and March 2020, we retrospectively exam-
ined patients neither with fever nor with respiratory failure who met the
clinical criteria of NTM-LD (Table 1) but were not proven to have NTM by
sputumculture examination andwere required to undergo bronchoalveolar
lavage (BAL) for definite diagnosis. The clinical background of the 25 pa-
tients is presented in Table 2. BAL was performed by wedging a bronchofi-
berscope into the bronchiwith the largest number of lesions and infusing 50
ml of physiological saline three times successively. The collected BALF
samples were subjected to bacterial and mycobacterial culture tests imme-
diately after bronchoscopy. The residual BALF samples (20ml) were stored
at�80 �Cuntil theywereused for16SrRNAgenesequencing.Mycobacterial
cultures were all performed using the manual Mycobacterial Growth Indi-
cator Tube (Nippon Becton Dickinson Co., Ltd.). After testing positive and
negative for MAC in BALF mycobacterial culture, patients were classified
into the MAC-LD group and the non-MAC-LD group, respectively. This was
followed by comparing the bacterial composition ratios by 16S rRNA gene
sequencing and the diversity using principal coordinate analysis (PCoA).
This studywas approvedby theEthicsCommittee of TohoUniversitySakura
MedicalCenteronDecember28,2020(EthicsCommitteeofTohoUniversity
SakuraMedical Center). The ethical approval number is S20061. Thiswas a
retrospective, observational study, which was conducted using the opt-out
method of Toho University Sakura Medical Center for participant consent.

2.2. Chest radiographic and computed tomography findings

In all patients, chest computed tomography (CT) scans (1–5 mm) were
used for image diagnosis of NTM-LD. Image diagnosis was performed by at



Table 2. Clinical background of the patients.

All MAC-LD non-MAC-LD Normal value

N 25 9 16

Age mean � SD 68.6 � 10.1 68.2 � 9.7 68.3 � 10.8

Sex (m/f) 5/20 1/8 4/12

BMI (kg/m2) mean � SD 20.0 � 2.4 19.1 � 2.2 20.5 � 2.4

TP (g/dl) mean � SD 7.7 � 0.5 7.8 � 0.5 7.7 � 0.5 6.7–8.3

Alb (g/dl) mean � SD 4.1 � 0.4 4.2 � 0.3 4.0 � 0.4 3.8–5.2

AST (IU/l) mean � SD 20.0 � 4.6 20.6 � 5.2 19.3 � 4.1 10–40

ALT (IU/l) mean � SD 16.9 � 9.6 16.8 � 4.0 16.8 � 12.2 5–45

LDH (IU/l) mean � SD 188 � 32.5 204 � 30 182 � 31 120–240

ALP (IU/l) mean � SD 267 � 96 270 � 96 265 � 102 100–325

CRP (g/dl) mean � SD 0.5 � 0.8 0.5 � 0.8 0.7 � 1.0 ≦0.30

WBC (/μl) mean � SD 7123 � 2501 7578 � 1693 6842 � 2977 3300–9000

MAC antibody (U/ml) mean � SD 2.7 � 3.2 5.1 � 3.9 1.5 � 1.6 <0.7

CT type (NB/FC) 22/3 6/3 16/0

Data are presented as mean � SD, unless otherwise indicated.
MAC-LD: Mycobacterium avium complex lung disease, BMI: body mass index, TP: total protein, Alb: albumin, AST: aspartate aminotransferase, ALT: alanine amino-
transferase, LDH: lactate dehydrogenase, CRP: C-reactive protein, WBC: white blood cell count, MAC antibody: Mycobacterium avium complex antibody, CT: computed
tomography, SD: standard deviation, NB: Nodular-bronchiectasis type, FC: Fibro-cavitary type.
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least one radiologist and at least one physician of the department of respi-
ratorymedicine,whoevaluatedtheimagestodeterminewhethertheclinical
criteria forNTM-LDweresatisfied.TheCTwasclassifiedintoFC typeandNB
type. Of the 25 patients, 22 patients presented NB type, and 3 patients pre-
sented FC type. The details of the CT type are presented in Table 2.

2.3. Anti-glycopeptidolipid(GPL)-core IgA antibody

MAC antibodies (anti-GPL-core IgA antibodies) were measured using
an anti-GPL-core IgA antibody measuring kit from TAUNS Co., Ltd. With
this kit, when the cutoff value is set at 0.7 U/mL, the sensitivity to MAC-
LD is said to be 84% [7]. In the present study, results exceeding the cutoff
value of 0.7 U/mL were judged to be positive.

2.4. 16S rRNA gene sequencing

The 16S rRNA gene sequencing technique enables identification of
microorganisms that are difficult to identify by culture and enables
measurement of the proportion of each microorganism in a specimen.We
implemented 16S rRNA gene sequencing for 20 mL of residual specimen
of BALF and examined the characteristics of the bacterial flora. The re-
sidual BALF specimen was stored at �80 �C until it was used for 16S
rRNA gene sequencing. The 16S rRNA gene sequencing and data analysis
were performed using the following procedure.

To begin with, residual BALF specimens were freeze-dried using a VD-
250R Freeze Dryer (TAITECH Co., Ltd.). The freeze-dried specimens were
ground for 2min at 1,500 rpm using aMulti-Beads Shocker (YASUI KIKAI
Co., Ltd.). Lysis Solution F (NIPPON GENE Co., Ltd.) was added to the
ground specimen and left to stand for 10 min at 65 �C. Thereafter, cen-
trifugal separation was performed for 1 min at 12,000 � g, and the su-
pernatant was collected. Using an MPure Bacterial DNA Extraction Kit
(MP Biomedicals, Inc) and MPure-12 system, DNA was extracted from
the collected specimen. Density measurement of the extracted DNA so-
lution was performed using Synergy LX (Bio Tek Co., LTD.) and Quan-
tiFluor dsDNA System (Promega Corporation), and a library was created
from the extracted DNA solution using the two-step tailed polymerase
chain reaction method. Density measurement of the library created was
performed using Synergy H1 (Bio Tek Co., LTD.) and QuantiFluor dsDNA
System (Promega Corporation), and the quality of the library created was
verified using a dsDNA 915 Reagent Kit (Advanced Analytical Technol-
ogies, Inc.) and fragment analyzer. After adjusting the library,
sequencing was performed at 2 � 300 bp using a MiSeq Kit v3 (Illumina,
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Inc.) and MiSeq system. Next, we began to read the lead sequence ob-
tained using the FASTX Barcode Splitter (Hannon lab) of the FASTX
Toolkit (ver. 0.0.14), and only the lead sequence that was completely
consistent with the primer sequence used was extracted. From these,
after removing 50 bp, chimeric sequence, and noise sequence at the 3’
end in the primer sequence using the DADA2 plugin of the Qiime2
(Illumina, Inc., ver. 2020.2), a typical sequence was created. Last, a
phylogenic estimation of the bacteria was performed using the typical
sequence obtained using the feature-classifier plugin and the EzBioCloud
16S database.

In this study, the V4 region of 16S rRNA gene was amplified for
sequencing. The raw sequence data were in FASTQ format. The reported
nucleotide sequence data are available in the DNA Data Bank of Japan
(DDBJ) Sequenced Read Archive under the accession number DRA011799.
2.5. Statistical analysis

Data without explanatory notes were expressed as mean � standard
deviation. PCoA was performed using the diversity plugin of QIIME2.0
(ver. 2020.2). Bacteria composition ratios were compared using Fisher's
exact test using the SPSS 21.0 software (IBM Co., Arming, NY, USA).

3. Results

Of the 25 patients, 9 patients had positive results on BALF myco-
bacterial culture with the presence of MAC. For MAC antibodies (anti-
GPL-core IgA antibodies), 18 patients were positive, including 9 patients
with positive BALF mycobacterial culture results. Furthermore, MAC-LD
was diagnosed upon identification of MAC from BALF mycobacterial
culture in 9 of the 25 patients, and the genus Mycobacterium was iden-
tified by 16S rRNA gene sequencing in 6 of the 25 patients. The detection
rate of the acid-fast bacteria was 24% for BALF 16S rRNA analysis and
36% for BALF mycobacterial culture. The acid-fast bacterial detection
sensitivity of BALF 16S rRNA analysis was lower than that of BALF
mycobacterial culture. In the present study, NTM could not be detected
by BALF mycobacterial culture unless the test for MAC antibodies (anti-
GPL-core IgA antibodies) was positive, and the genus Mycobacterium
could not be detected by 16S rRNA gene sequencing unless NTM was
detected by BALF mycobacterial culture (Figure 1).

In the MAC-LD group and non-MAC-LD group, we compared diversity
using PCoA by 16S rRNA gene sequencing and observed no significant
difference between the two groups in terms of diversity (Figure 2).



Figure 1. Patient classification. MAC antibody
(þ): Patients with Mycobacterium avium complex
antibody positive, MAC antibody (�): Patients
with Mycobacterium avium complex antibody
negative, BALF mycobacterial culture MAC (þ):
Patients with bronchoalveolar lavage fluid
mycobacterial culture-positive for Mycobacterium
avium complex, BALF mycobacterial culture MAC
(�): Patients with bronchoalveolar lavage fluid
mycobacterial culture negative for Mycobacterium
avium complex, 16S rRNA gene sequencing
Mycobacterium (þ): Patients with 16S rRNA gene
sequencing positive for the genus Mycobacterium,
16S rRNA gene sequencing Mycobacterium (�):
Patients with 16S rRNA gene sequencing negative
for the genus Mycobacterium.
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The bacteria composition rate on 16S rRNA gene sequencing was
compared between the MAC-LD group and non-MAC-LD group. Figure 3
presents the bacteria composition rates between the two groups for
different phyla of bacteria, and Figure 4 presents the bacteria composi-
tion rates for different genera of bacteria. With regard to the mean ratio
on 16S rRNA gene sequencing of each phylum of bacteria shown in
Figure 3, the phyla Actinobacteria, Bacteroidetes, and Firmicutes were
most common in the MAC-LD group, whereas the phylum Proteobacteria
tended to be more common in the non-MAC-LD group. Themean ratios of
bacteria of various genera detected by 16S rRNA gene sequencing shown
in Figure 4 indicated that the genera Mycobacterium, Streptococcus, and
Prevotella were more common in the MAC-LD group, whereas the genera
Pseudomonas and Haemophilus were more common in the non-MAC-LD
group. With 16S rRNA gene sequencing, the genus Mycobacterium was
detected in 6 of the 9 patients in the MAC-LD group, whereas the genus
Mycobacterium was detected in none of the 16 patients in the non-MAC-
LD group. With 16S rRNA gene sequencing, the genus Pseudomonas was
not detected in 9 patients of the MAC-LD group, whereas the genus
Pseudomonas was detected in 7 of the 16 patients in the non-MAC-LD
group. On 16S rRNA analysis, it was difficult to detect the genus
Figure 2. Weighted UniFrac-based Principal Coordinates Analysis (PCoA).
MAC-LD: Mycobacterium avium complex lung disease, PC: Principal Component.
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Pseudomonas in the MAC-LD group, and the genus Pseudomonas tended to
be easily detected in the non-MAC-LD group (Fisher's exact test, p ¼
0.0267). Among the nine patients who tested negative for MAC and the
genus Mycobacterium with BALF mycobacterial culture and 16S rRNA
gene sequencing but tested positive for MAC antibodies (anti-GPL-core
IgA antibodies), the genus Pseudomonas was detected by 16S rRNA gene
sequencing in four patients.

4. Discussion

We examined the sensitivity of BALF 16S rRNA gene sequencing in
patients who met the clinical criteria of NTM-LD. Among the 25 patients
who satisfied the clinical criteria of NTM-LD, 18 were positive for MAC
antibodies (anti-GPL-core IgA antibodies). Furthermore, MAC-LD could
be diagnosed upon identifying MAC from BALF mycobacterial culture in
9 of the 25 patients, and the genus Mycobacterium was identified by 16S
rRNA gene sequencing in 6 of the 25 patients. In 18 patients who were
positive for MAC antibodies (anti-GPL-core IgA antibodies), MAC-LD
could be diagnosed in 9 patients, indicating that MAC-LD could be
diagnosed in 50% of patients who were positive for MAC antibodies
(anti-GPL-core IgA antibodies). In the present study, MAC could not be
detected by BALF mycobacterial culture unless patients were positive for
MAC antibodies (anti-GPL-core IgA antibodies), and the genus Myco-
bacterium could not be identified by 16S rRNA gene sequencing unless
MAC was detected by BALF mycobacterial culture. Therefore, the results
of the present study suggest that even if MAC is detected from BALF
mycobacterial culture, the genus Mycobacterium is not necessarily
detectable on 16S rRNA gene sequencing; however, in patients with the
genus Mycobacterium detected on 16S rRNA gene sequencing, MAC can
be easily identified from BALF mycobacterial culture. Sulaiman et al.
compared BALF 16S rRNA analysis in 8 patients with NTM-LD and 12
non-NTM-LD patients with bronchiectasis and reported that the sensi-
tivity for detecting NTM with 16S rRNA gene sequencing was lower than
that with culture [13]. NTM account for a small proportion in the pop-
ulation, and this is inferred as a reason for why the detection sensitivity
for a less abundant pathogen with 16S rRNA gene sequencing is lower
than that with culture detection [13]. Caverly et al. also performed 16S
rRNA gene sequencing andmycobacterial culture using sputum as well as
BALF from cystic fibrosis patients with NTM and reported that, in both



Figure 3. Bacterial composition ratio on 16S rRNA gene sequencing (phylum).
MAC-LD: Mycobacterium avium complex lung disease.
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samples, the sensitivity with 16S rRNA gene sequencing was lower than
that with mycobacterial culture [14]. In agreement with these previous
studies, our results indicated higher detection sensitivity with BALF
mycobacterial culture than with 16S rRNA gene sequencing. In the group
of 18 patients who were positive for MAC antibodies (anti-GPL-core IgA
antibodies) and met the clinical criteria of NTM-LD, we found that the
sensitivity for detecting the genus Mycobacterium by 16S rRNA gene
sequencing was lower than that by culture.

Sulaiman et al. evaluated diversity with BAL 16S rRNA gene
sequencing in the NTM-LD group and non-NTM-LD group; however, they
Figure 4. Bacterial composition ratio on 16S rRNA gene sequencing
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found no significant difference [13]. With the 25 patients in the present
study classified into the MAC-LD group and non-MAC-LD group, we
evaluated BAL 16S rRNA gene sequencing using PCoA. Upon conducting
PCoA of the MAC-LD group and non-MAC-LD group shown in Figure 2,
we observed no significant difference in diversity. These results are
similar to those reported by Sulaiman et al.

Moreover, we studied the composition ratios of different phyla and
genera of bacteria from BALF 16S rRNA analysis results. Among the
different phyla of bacteria, the phyla Actinobacteria, Bacteroidetes, and
Firmicuteswere more common in the MAC-LD group, whereas the phylum
Proteobacteria was more common in the non-MAC-LD group; however,
the differences were not significant. The differences were not presumably
because a bacterial phylum comprises various genera. Among the
different genera, the genera Mycobacterium, Streptococcus, and Prevotella
accounted for larger proportions in the MAC-LD group, whereas the
genera Pseudomonas and Haemophila were more common in the non-
MAC-LD group; however, the differences were not of significance
except for the genus Pseudomonas. As we found in the microbial
composition ratios from BALF 16S rRNA analysis that the genus Pseu-
domonaswas less likely to be detected in the MAC-LD group, and that the
genus Pseudomonas was more likely to be detected in the non-MAC-LD
group, we considered the relationship between MAC and Pseudomonas
aeruginosa in the lower respiratory tract. In the patient group with non-
cystic fibrosis bronchiectasis and NTM identified from respiratory
mycobacterial culture, it has been reported that P. aeruginosa is more
difficult to identify from sputum culture compared with identification in
the patient group with non-cystic fibrosis bronchiectasis and without
NTM detected from respiratory mycobacterial culture [15]. In patients
with cystic fibrosis, it has been reported that P. aeruginosa is more diffi-
cult to identify in the group with NTM identified from mycobacterial
culture of the airway, compared with the group without NTM detected
[16]. In contrast, Wickremasinghe et al. have reported that P. aeruginosa
is more commonly identified in sputum culture in bronchiectasis patients
in whom MAC is frequently identified by sputum mycobacterial culture,
(genus). MAC-LD: Mycobacterium avium complex lung disease.
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compared with bronchiectasis patients without concurrent MAC [17].
Fujita et al. have reported that in MAC-LD, P. aeruginosa tends to be more
often identified in sputum culture prior toMAC treatment than after MAC
treatment [18]. In patients with non-cystic fibrosis, it has been reported
that the severe patients with a rapid decrease over time in forced expi-
ratory volume 1 (FEV1) and forced vital capacity (FVC) on respiratory
function test often have mixed infection by P. aeruginosa and NTM,
whereas the mild patients with slow changes in FEV1 and FVC over time
often have single infection by P. aeruginosa or NTM [19]. In summary,
these reports suggest that the likelihood of co-infection by NTM and
P. aeruginosa in NTM-LD differs in different circumstances, such as mild
vs. severe cases and before vs. after treatment; in mild cases, co-infection
by NTM and P. aeruginosa is unlikely, whereas in severe cases and
post-treatment cases, co-infection by NTM and P. aeruginosa easily occur.

We examined the 16S rRNA gene sequencing of BALF in 25 asymp-
tomatic patients who met the clinical criteria of NTM-LD. In the 16S rRNA
gene sequencing of BALF, the genus Pseudomonas was not identified in 9
patients of the MAC-LD group; however, the genus Pseudomonas was iden-
tified in 7 of the 16 patients of the non-MAC-LD group. On 16S rRNA gene
sequencing, the genus Pseudomonas was difficult to detect in the MAC-LD
group, but tended to be easy to detect in the non-MAC-LD group (Fisher's
exact test, p ¼ 0.0267). In mild patients without fever or respiratory failure
in whom the clinical criteria of NTM-LD were met but MAC-LD could not be
diagnosed by sputum culture, as in case of the patients in our study, 16S
rRNA gene sequencing data also indicate that MAC and the genus Pseudo-
monas rarely coexist. Furthermore, in four of nine patients who were posi-
tive for MAC antibodies (anti-GPL-core IgA antibodies) without MAC
identified in BALF mycobacterial culture or 16S rRNA gene sequencing of
BALF, the genus Pseudomonaswas identified by 16S rRNA gene sequencing.
Among patients who were positive for MAC antibodies (anti-GPL-core IgA
antibodies) but negative on both BALF mycobacterial culture and BALF 16S
rRNA gene sequencing, the genus Pseudomonas was detected in many pa-
tients. This suggests the possibility that MAC had previously existed in the
lower airway but was substituted with P. aeruginosa in mild patients who
met the clinical criteria of NTM-LD, were positive for MAC antibodies (anti-
GPL-core IgA antibodies), andwere negative on BALFmycobacterial culture
and BALF 16S rRNA gene sequencing.

Our study has several limitations. First, we cannot clearly state that
the BALF was not contaminated by microorganisms in the environment
or upper airway. A previous study investigating changes in the lower
airway microbiota in healthy adults has reported that BALF culture is not
affected by contaminants from the upper airway [20]. Morris et al. have
reported that the lungs have a characteristic bacterial flora; however, the
lung microbiota resembled the oropharynx microbiota, and the
involvement of contamination from the upper airway was not ruled out
[21]. Second, with 16S rRNA gene sequencing that we used in the present
study, it is difficult to identify the species of bacteria in the genus
Mycobacterium;M. tuberculosis andMAC are both identified as a species of
the genus Mycobacterium and are not distinguishable from each other. In
this study, MAC happened to be the species of the genus Mycobacterium
responsible for all the positive results in the mycobacterial culture and
thus the results could be interpreted without difficulty; however, the
inability to differentiate between acid-fast bacteria is a major short-
coming in further studies. Third, the study was limited to mild, untreated
cases, and we did not compare the subjects with patients without bron-
chiectasis. Fourth, this study had a small sample size; because of this
limitation, we could not propose the best combination of diagnostic
methods for detecting NTM-LD in clinically suspected cases. To obtain
further findings, studies with a larger subject sample are needed.
5. Conclusions

The detection sensitivity of acid-fast bacteria by 16S rRNA gene
sequencing was lower than that by mycobacterial culture. No significant
difference between the MAC-LD group and the non-MAC-LD group was
6

observed in thediversityof the lowerairwaymicrobiota; however,we found
that the genus Pseudomonas and MAC tended to be exclusively present.
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