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Abstract

Background

There is no proven management for mild cases of Mycobacterium avium complex (MAC)
pulmonary disease, who do not immediately receive treatment and are managed with obser-
vation alone, because its long term-natural course, factors predictive of deterioration, and
the effect of treating the disease remain unclear. Thus, we sought to investigate the natural
course of mild cases of MAC pulmonary disease.

Methods

We conducted a multicenter retrospective study. Sixty-five patients with mild MAC pulmo-
nary disease in whom treatment was withheld for at least 6 months after diagnosis were ret-
rospectively recruited after a review of 747 medical records. Longitudinal changes in clinical
features were evaluated by using a mixed effects model.

Results

Mean follow-up was 6.9 + 5.7 years. During the follow-up period, 15 patients (23%)
required treatment and 50 (77%) were managed with observation alone. At diagnosis,
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65 patients had nodular bronchiectatic disease without fibrocavitary lesions. Among clini-
cal features, mean body mass index (BMI), forced expiratory volume in 1 second as per-
cent of forced vital capacity (%FEV,), nodular lung lesions, and bronchiectasis worsened
significantly in the observation group during follow-up. In the treatment group, BMI, and %
FEV, were stable, but bronchiectasis significantly worsened. At diagnosis, the polyclonal
MAC infection rate in the treatment group was higher than that in the observation group.
Other microbiological factors, such as insertion sequences, did not differ significantly
between the groups.

Conclusions

Mild MAC pulmonary disease progresses slowly but substantially without treatment. Treat-
ment prevents the deterioration of the disease but not the progression of bronchiectasis.
Polyclonal MAC infection is a predictor of disease progression.

Introduction

The prevalence of nontuberculous mycobacterial (NTM) pulmonary disease is increasing
around the world, especially in developed countries [1-8]. Although substantial geographic
differences are seen in the distribution of the pathogens responsible for NTM pulmonary
disease, the Mycobacterium avium complex (MAC) is the most common pathogen in Japan
and in other developed, pan-Pacific countries [1-9]. Radiographic features of MAC pulmo-
nary disease (pMAC) are classified into two main types, fibrocavitary and nodular bronch-
iectatic. A large proportion of patients with the nodular bronchiectatic form of pMAC are
middle-aged or elderly female patients without pulmonary comorbidities or history of
smoking [10].

The official statement of the American Thoracic Society (ATS) and Infectious Diseases
Society of America (IDSA) on the management of NTM diseases suggests that pMAC treat-
ment should only be initiated when the symptoms or radiologic findings worsen [10]. There-
fore, patients with mild pMAC, such as nodular-bronchiectatic disease, do not immediately
receive treatment and are managed by observation alone [9, 10]. However, there is no clear-
cut management strategy for mild pMAC because its long-term natural course, factors predict-
ing its deterioration, and the effects of treatment are still unclear.

Variable-number tandem-repeat (VNTR) analysis has recently been used to determine
MAC strain genotypes to ascertain whether infection is polyclonal or monoclonal, even though
the precise relationship between polyclonality and pathogenicity also remains unclear. None-
theless, infection was found to be largely monoclonal in fibrocavitary disease but polyclonal in
nodular-bronchiectatic disease [11], and some studies have shown an association between the
prevalence of specific plasmids and the pathogenesis of MAC infection [12-14]. These obser-
vations suggest that bacterial factors may be related to the pathogenesis of pMAC, but bacterial
factors affecting mild pMAC have not yet been investigated.

Therefore, we evaluated both clinical and bacterial characteristics in patients with mild
PMAC in whom treatment had been initially withheld. To determine if clinical and bacterial
features can predict deterioration of mild pMAC, we compared these clinical and bacterial fea-
tures between patients who were managed by observation alone and those who eventually
required treatment.
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Methods
Ethical approval

The study protocol was reviewed and approved by all three institutional ethics committees
(Keio University School of Medicine and Hospital, No. 20080131; Tokyo Medical and Dental
University, No. 1589; and Fukujuji Hospital; Title: ‘Clinical, radiological, bacteriological
research in MAC pulmonary disease’). This protocol was also approved by the medical
research ethics committee of the National Institute of Infectious Diseases in Japan for use on
human subjects (No. 408).

Patients

We retrospectively reviewed the medical records of 747 patients, either diagnosed with or sus-
pected of pMAC, evaluated in individual centre of three tertiary hospitals in Tokyo, Japan
(The research periods: Keio University Hospital between January 2001 and July 2013, Tokyo
Medical and Dental University Hospital between January 2007 and July 2013, and Fukujuji
Hospital between September 2012 and July 2013). We identified 65 cases of pMAC on the
basis of the following inclusion criteria: (a) satisfied the diagnostic criteria of ATS and IDSA
[10], (b) had no history of pulmonary comorbidities or administration of antibiotics for more
than two weeks and (c) treatment had been withheld for at least 6 months after diagnosis (Fig
1). All patient data were fully anonymized before we accessed.

Study design

This was a retrospective study. After an inclusion period of at least 6 months without treatment
after diagnosis, patients were categorised as either treated (treatment group) or untreated
(observation group; S1 Fig), on the basis of whether or not treatment (triple drugs regimen of
clarithromycin, rifampicin, and ethambutol) was initiated by their primary physicians within
the observation period. In accordance with the Japanese Society for Tuberculosis and ATS/
IDSA guidelines, treatment has been carried out for at least 12 months after sputum conver-
sion. The observation group comprised patients in whom treatment had been withheld
throughout the observation period. Clinical features including patient characteristics, body
mass index (BMI) and pulmonary function test, bacteriologic characteristics, and chest radio-
graphic findings were compared between the two groups.

Evaluation of clinical characteristics

At the first visit, patients were interviewed about characteristics and past medical history.
Patients visited each hospital every three to six months. At every visit, primary physicians
assessed patients for symptoms such as sputum, cough and fever, and chest X-rays (CXRs)
were performed. When the patients were judged to require chest computed tomography (CT)
by their primary physician, CTs were performed. When patients produced sputum, sputum
cultures were performed. The initiation of treatment was decided by each primary physician
based on the deterioration of clinical features.

Evaluation of bacterial factors

MAC was isolated from the sputum or bronchial washings obtained from patients at diagnosis
and as described previously [15, 16]. For VNTR analysis, positive cultures from patients’ sam-
ples at diagnosis were subcultured using the Bactec MGIT 960 Mycobacterial Detection Sys-
tem for a maximum of 6 weeks. Identification of insertion sequences (151245, 1S1311, ISMave,
or ISMavé inserted into the upstream region of the culture filtration protein 29 gene [ISMav6
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747 patients were screened for this study

Did not meet the diagnostic criteria/ )
not enough observation period = 324
Death =5
Discontinue hospital visits = 1
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417 pulmonary MAC patients were enrolled in the study
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y

Fig 1. Flow chart of the study of patients with mild Mycobacterium avium complex pulmonary disease. MAC = Mycobacterium
avium complex.

https://doi.org/10.1371/journal.pone.0216034.g001

in ¢fp29]) and plasmid sequences (pMAH135, pLR7, pVT2, pMAH135+ pVT2, or pMAH135
+ pLR7 + pVT2) were performed as previously described (S1 Table) [13, 14, 17].

VNTR analysis was performed as described previously [18, 19]. Sequences of the primers
used for amplification of 11 Mycobacterium avium tandem repeat (MATR) loci (MATR-1, 2,
3,6,7,8,9,11, 13, 14 and 16) and 5 Higashi Nagoya tandem repeat (HNTR) loci (HNTR-1, 2,
3, 5 and 6) were selected. VNTR typing was performed using the Ex Taq with the GC PCR
buffer I (Takara Bio). The microchip electrophoresis analysis system (MCE-202 MultiNA; Shi-
madzu Corporation, Kyoto) was used to determine the sizes of the amplified DNA fragments,
calibrate VNTR analysis and analyse 16 MATR loci, 5 HNTR loci (to evaluate M. avium in
sample) [18, 19], and 16 VNTR loci (to evaluate Mycobacterium intracellulare in sample) [20].
Respective copy numbers were calculated from the size and assigned according to the number
of repeats for each locus. The copy number of M. avium strain 104 was used to define each
locus in the MAC and that of strain ATCC13950 was used to define each locus in M. intracellu-
lare. Polyclonal infection with MAC was defined on the basis of VNTR analysis as showing a
difference at two or more loci in M. avium or M. intracellulare. Mixed infection was defined as
the isolation of additional mycobacterial species from a sample. The dissimilarity among
mycobacterial genotypes was evaluated by using the Manhattan distance and the minimum
spanning tree (MST). MST's of M. avium isolates based on 16 VNTR loci were drawn using the
BioNumerics program (Applied Maths NV, Sint-Martens-Latem, Belgium) [21].
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Radiographic findings

The interpretation of CXRs and CT's was supervised by a board-certificated radiologist, and
seven board-certificated pulmonologists with over 10 years of clinical experience reviewed the
CXRs using the scoring system (S2 Fig) [22]. Cases were randomly allocated to reviewers, and
each case was scored by two reviewers who were blinded to relevant clinical information.
Reviewers assessed four types of pulmonary lesions, namely N (nodules), I (infiltrate or consol-
idation), C (cavity), or E (ectasis), to calculate the radiologic findings score. Each lung field on
the CXR and CT image was divided into three zones, and the total score for an entire lung was
calculated for each type of lesion by adding the results from two reviewers. In addition, we
evaluated the interobserver concordance of radiographic scores on CXR and CT (52 Table and
S3 Table).

Statistical analysis

Data are presented as mean + standard deviation (SD) for continuous variables. Differences
between subjects for categorical variables were tested using the y* test or using a two-tailed,
unpaired ¢ test for comparing means of continuous data. Average longitudinal profiles were
estimated on the basis of a mixed effects model that contained random intercepts for each
patient and time as a factor that was adjusted for the variation in the length of follow-up for
each patient. The association between clinical and radiologic findings and bacterial factors was
assessed using a multiple linear regression model. Manhattan distances in VNTR analysis were
calculated as described previously [17]. The significance level for all tests was set at 0.05 (two-
sided). All statistical analyses were performed using a commercial software package (SPSS Sta-
tistics 22.0, IBM, Inc., Armonk, NY, USA).

Results
Patient characteristics

Of the 65 patients, 43 (66.2%) were female (Table 1), and none had an immunodeficiency syn-
drome or were being treated with immunosuppressive agents. The mean follow-up period
after diagnosis of pMAC was 6.9 + 5.7 yr.

During this follow-up period, 15 patients (23%) required treatment, and 50 patients (77%)
were managed with observation alone; the overall duration of the follow-up period after diag-
nosis was not significantly different between the treatment and observation groups (7.5 + 4.8
vs. 6.7 £ 5.9 yr, P = 0.679). In the treatment group, patients were observed for a mean period of
4.9 £ 4.8 yr before initiation of treatment. The reasons for initiating treatment were worsening
of symptoms (n = 7 patients, of which 3 had haemoptysis, 3 had sputum and 1 had cough),
increasing bacterial load in respiratory specimens (#n = 6), worsening of radiographic findings
on CXR (n = 5, four of 5 were also evaluated by CT) and others (n = 2). According to published
classification criteria [23], all patients from both groups had nodular-bronchiectatic disease
without fibrocavitary lesions. Although the radiographic scores at diagnosis on CT didn’t
show the significant difference between two groups, the initial radiographic scores at diagnosis
on CXR were significantly higher for nodules and ectasis (nodule: 6+3.2 vs 11+3.1; ectasis: 5
+3.0 vs 9£3.4, respectively observation vs treatment group, both P < 0.001) in the treatment
group than in the observation group.

Clinical and radiographic characteristics of the observation group

In the observation group (Table 2), BMI and forced expiratory volume in 1 s as percent of
forced vital capacity (WFEV ) were significantly lower at the end of follow-up than at diagnosis
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Table 1. Characteristics of patients with mildly symptomatic Mycobacterium avium complex pulmonary disease®.

Total Untreated group Treated group P valuet
n =65 n =50 n=15
Sex Male 22 Male 21 Male 1 P=0.011%
Female 43 Female 29 Female 14
Age (years) 65+ 12.7 66 +13.5 62+9.8 P=0.348
Smoking status
Current + former smoker 12 (18.5) 10 (20.0) 2(16.7) P=0.559
(Brinkman index) 4479 £+ 334.6 410.0 £ 238.6 550.0 £ 226.3 P =0.406
Non-smoker 53 (81.5) 40 (80.0) 13 (86.7)
Drinking history P=0.245
Habitual drinker 14 (21.5) 13 (26.0) 1(6.7)
Occasional drinker 7 (10.8) 5(10.0) 2 (13.3)
Non-drinker 44 (67.7) 32 (64.0) 12 (80.0)
Body mass index$ 21.6 £2.5 21.7+£2.6 20.8 £2.9 P=0.863
%VC (%) || 89.8  16.0 88.5+ 16.7 95.5+ 12.7 P =0.309
%FEV 4 (%) || 90.3 + 26.6 91.7 +27.1 87.6 + 25.8 P =0.500
Peak Flow (I/sec) || 6.09 £ 1.86 6.30 £1.91 530 £ 1.51 P=0.176
Vs (sec) || 219+ 1.08 2.33+1.08 1.68 £ 0.98 P=0.133
V5 (I/sec) || 0.61 £0.38 0.66 = 0.38 0.44 = 0.36 P=0.161
Radiological findings score (CXR)
Nodule 7+39 6+32 11+£3.1 P <0.001%
Infiltrate 3+39 3+41 5+27 P =0.069
Cavity 0£0.5 0+£0.5 0+£0.5 P=0.926
Ectasis 6+35 5+3.0 9+34 P < 0.001%
Radiological findings score (CT)** (n=60) (n=47) (n=13)
Nodule 8+43 8+45 8+3.7 P =0.968
Infiltrate 3+35 3+3.7 4+27 P=0.527
Cavity 0+0.5 0£0.5 0+0.6 P=0.922
Ectasis 7+42 7+43 7+4.1 P =0.539

%VC, vital capacity as percent of predicted; %FEV, forced expiratory volume in 1 s as percent of forced vital capacity; V50, flow at 50% of forced vital capacity; V25,
flow at 25% of forced vital capacity.

*Data are presented as mean + SD or n (%).

1: Differences between observation and treatment groups were tested using the y° test for categorical data and an unpaired ¢ test for comparison of means.

$: P <0.05.

§:BMI at diagnosis are shown. n = 52, 39, 13.

||: Respiratory function test result are shown. n = 38, 30, 8.

**: Radiological findings score on CT are shown. n = 60, 47, 13.

https://doi.org/10.1371/journal.pone.0216034.t001

(BML: 21.7 + 2.6 vs 20.6 £ 2.7, P = 0.012; %FEV: 91.7 + 20.8 vs 79.8 +20.8, P = 0.002, respec-
tively at diagnosis vs last visit), whereas radiographic scores (nodules and ectasis) were signifi-
cantly higher (CXR: nodules: 5.6 + 3.2 vs 7.3 + 5.0 P = 0.001; infiltrates: 3.0 £ 4.1 vs 4.6 £ 5.9,

P < 0.001; ectasis: 4.9 + 3.0 vs 6.5 + 3.5, P < 0.001, respectively at diagnosis vs last visit, CT:
nodules: 8.4 £ 4.5vs 11.4 £ 5.4 P = 0.005; ectasis: 7.4 + 4.3 vs 10.6 + 4.0, P < 0.001, respectively
at diagnosis vs last visit). These longitudinal changes in clinical and radiologic features were
evaluated using the mixed effects model, while allowing for statistical correction of the effect of
variable duration of observation for each patient (Fig 2). The model showed that BMI and %
FEV significantly decreased and that the scores for nodules significantly increased (BMI: g =
—0.00037, P = 0.005; %FEV;: 8 =—-0.00368, P = 0.001; CXR: nodules: = 0.000766, P = 0.001;
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Table 2. Longitudinal changes in clinical features in the observation group.

Body mass indext

%VC %

%FEV, o

Radiographic score (CXR) §
Nodule

Infiltrate

Cavity

Ectasis

Radiographic score (CT) ||
Nodule

Infiltrate

Cavity

At diagnosis Last visit P value
21.7 2.6 20.6 £ 2.7 P=0.012"
88.5+16.7 86.2+17.4 P=0.242
91.7 £20.8 79.8 £20.8 P =0.002"
5.6+3.2 7.3%5.0 P =10.001"
3.0£4.1 4.6+59 P < 0.001"
0.1£0.5 0.1+0.4 P =0.569
49+3.0 6.5%3.5 P <0.001"
8.4+45 114+54 P =0.005"
29+3.7 4.6+4.7 P =0.065
0.2+0.5 0.6+1.5 P =0.050
74+43 10.6 + 4.0 P < 0.001"

Ectasis

%VC, vital capacity as percent of predicted; %FEV, Forced expiratory volume in 1 second as percent of forced vital capacity.

“ttest (p < 0.05).
+:BMI at diagnosis are shown. n = 39, 32.

: Respiratory function test result are shown. n = 30, 33.

§: Radiological findings score on CXR are shown. n = 50, 50.

||: Radiological findings score on CT are shown. n = 47, 45.

https://doi.org/10.1371/journal.pone.0216034.t002

CT: nodules: = 0.000936, P = 0.016). In addition, the scores for ectasis of CXR and CT appar-
ently increased, while those of CT did not show a significant difference. These results indicated
that observation alone slightly but significantly deteriorates BMI, respiratory functions and
radiological findings.

Clinical and radiographic features of the treatment group

In the treatment group (Table 3), radiographic scores of infiltrates were significantly higher at
initiation of treatment than at diagnosis (CXR: infiltrates: 7.9 + 4.4 vs 5.1 = 2.7, P = 0.001; CT:
infiltrates: 5.3 £ 2.6 vs 3.6 £ 2.7, P = 0.007, respectively at start of treatment vs at diagnosis),
but those were not significantly higher at the end of follow-up (CXR: infiltrates: 6.9 + 4.4 vs 7.9
+ 4.4, P=0.131; CT: infiltrates: 4.1 + 2.8 vs 5.3 + 2.6, P = 0.244; respectively last visit vs at start
of treatment). Overall, the scores for ectasis were significantly higher at the end of follow-up
than at diagnosis (CXR: ectasis: 11.0 £ 3.3 vs 8.9 + 3.4, P = 0.016, CT: ectasis: 10.3 + 4.5 vs

9.4 £4.9, P =0.028, respectively last visit vs at diagnosis). The BMI and pulmonary function
test results did not significantly change throughout the observation period. The mixed effects
model revealed that the scores for ectasis worsened significantly (CXR: ectasis: # = 0.000681,

P =0.008; CT: ectasis: f = 0.001529, P = 0.004; Fig 3), implying that treatment could slow the
deterioration of clinical features and radiological findings but not completely slow progression
of ectasis. Of the 10 symptomatic patients, five patients had improvement of their symptoms
with treatment. Especially, haemoptysis disappeared in all cases.

Bacterial factor profiles

Table 4 lists bacterial factor profiles. NTM species isolated from patient samples at diagnosis
include M. avium (90.8%), M. intracellulare (9.2%), Mycobacterium abscessus (6.2%), Mycobac-
terium fortuitum (4.6%) and MAC (indistinguishable) (4.6%). There were three mixed cases
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Fig 2. Longitudinal changes in clinical features of the untreated group. The horizontal axis shows the observation period. The vertical axis shows
clinical features or radiographic scores of chest X-ray (CXR) and chest computed-tomography (CT). Each bold red line represents the average profile of
the group using the mixed effect model. A: Body mass index (BMI); B: %V C (vital capacity as percent of predicted); C: %FEV, (Forced expiratory
volume in 1 second as percent of forced vital capacity); and radiologic scores of D: nodule (CXR), E: infiltrate (CXR), F: cavity (CXR), G: ectasis (CXR),
H: nodule (CT), I infiltrate (CT), J: cavity (CT), and K: ectasis (CT). *: Asterisks denote significant changes in the entire group through the observation
period. Radiological findings score on CXR are shown. n = 50, 50. Radiological findings score on CT are shown. n = 47, 45.

https://doi.org/10.1371/journal.pone.0216034.9002

with M. avium and M. intracellulare. The frequency of isolated species did not differ signifi-

cantly between the observation and treatment groups. All in the treated group (15/15 cases)
has shown sputum conversion. However, four cases (4/15, 26%) have developed positive cul-
tures for MAC after the completion of treatment. The prevalence of polyclonal MAC infection
at diagnosis was significantly higher in the treatment group than in the observation group
(33.3% vs. 8.0%, P = 0.013). The two groups did not differ significantly with respect to preva-
lence of mixed infection, insertion sequences (IS1245, IS1311, ISMav6, or ISMav6 in ¢fp29), or
plasmid sequences (pMAH135, pLR7, pVT2, pMAH135 + pVT2, or pMAH135 + pLR7 +
pVT2). The bacterial factor profile of each case is listed in S4 Table and S5 Table. Fig 4 shows
the MST of M. avium isolates based on 16 VNTR loci. Strains were classified into three general
groups, of which one with longest brunch was significantly associated with clinical deteriora-
tion necessitating initiation of treatment (P = 0.007). Manhattan distances were calculated on
the basis of VNTR patterns of the strains found in the centre of the MST. These distances dif-
fered significantly between the treatment and observation groups (Fig 5, 11.7 £ 5.7 vs 6.1 + 5.5,

P=0.001).

Furthermore, we evaluated the isolated bacterial species other than NTM from all study
subjects (S6 Table). There was no significant difference in detection of them between the

untreated group and the treated group.

Table 3. Longitudinal changes of clinical features in the treatment group.

At diagnosis
Body mass indext 215%29
%VC (%)% 96.6 £ 12.8
%FEV, (%)* 89.7 £23.1
Radiographic scores (CXR) §
Nodule 10.8 £ 3.1
Infiltrate 5127
Cavity 0.1+0.5
Ectasis 89+34
Radiographic scores (CT) ||
Nodule 8.3+3.7
Infiltrate 3.6+2.7
Cavity 02+0.6
Ectasis 6.5+ 4.1

At start of treatment

209 +2.7
95.8+13.3
82.5+14.3

12.1+3.5
79+44
0.1+£0.5
10.3 £ 3.0

122 +3.7
53+2.6
0.5+0.9
9.4 +49

Last visit

202 £2.7
89.1 £ 14.7
80.3 +24.0

11.3+£2.9
69+44
0.3+0.6
11.0+3.3

8.1+4.7
4.1+2.8
0.4+0.8
10.3 £4.5

P value

Before treatment
P=0.626
P=0.922
P=0.125

P=0.173
P =0.001"
P =1.000
P =0.049"

P=0.014"
P =0.007"
P=0.593
P=0.109

After treatment
P =0.589
P=0.495
P =1.000

P =0.266
P=0.131
P =0.500
P=0.084

P=0.011"
P=0.244
P =1.000
P =0.603

Throughout observation
P=0.290
P=0.250
P=0.750

P=0.636
P =0.010"
P =0.500
P =0.016"

P=0.694
P=0.730
P=0.593
P =0.028"

%VC, vital capacity as percent of predicted; %FEV,, Forced expiratory volume in 1 second as percent of forced vital capacity

Patients without follow-up pulmonary function testing were excluded.

“ttest (p < 0.05).

+:BMI at diagnosis are shown. n = 13, 9, 10.

i: Respiratory function test result are shown. n =38, 5, 4.

§: Radiological findings score on CXR are shown. n = 15, 15, 15.

||: Radiological findings score on CT are shown. n = 13, 13, 13.

https://doi.org/10.1371/journal.pone.0216034.t003
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Fig 3. Longitudinal changes in clinical features of the treated group. The horizontal axis shows the observation period. The vertical axis shows
clinical features or radiographic scores of chest X-ray (CXR) and chest computed-tomography (CT). Each bold blue line represents the average profile
of the group using the mixed effect model. A: Body mass index (BMI); B: %V C (vital capacity as percent of predicted); C: %FEV (Forced expiratory
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volume in 1 second as percent of forced vital capacity); and radiologic scores of D: nodule (CXR), E: infiltrate (CXR), F: cavity (CXR), G: ectasis
(CXR), H: nodule (CT), I infiltrate (CT), J: cavity (CT), and K: ectasis (CT). *: Asterisks denote significant changes in the entire group through the
observation period. Radiological findings score on CXR are shown. n = 15, 15, 15. Radiological findings score on CT are shown. n = 13, 13, 13.

https://doi.org/10.1371/journal.pone.0216034.9003

Discussion

There is no established strategy for the management of patients with mild pMAC who do not
immediately receive treatment and are managed by observation alone because the long-term
natural clinical course and the effects of that treatment remain unclear. Our multicentre, retro-
spective study describes both the clinical course and the bacterial profiles of mild pMAC at
diagnosis and without treatment. We show that polyclonal MAC infection could become a
predictor of deterioration in mild pMAC, that mild pMAC slowly but substantially progresses
over several years without treatment and that treatment may slow deterioration in pulmonary
function, perhaps by improving reversible pulmonary lesions.

Several retrospective observational studies on the course of nodular-bronchiectatic pMAC
have been published [24, 25]. Lee et al. found that almost half of 265 patients with this form of
the disease required initiation of treatment during a mean follow-up of 32 months [24]. Kitada
et al. report that 22.2% of 76 patients with nodular-bronchiectatic pMAC showed radiologic
deterioration over a 5-yr observation period [25]. The higher percentages of patients requiring

Table 4. Comparison of bacterial factors at diagnosis between the observation and treatment groups.

Total Untreated group Treated group P value
n=65 n=>50 n=15
(%) (%) (%)

Isolated species
M.avium 59 (90.8) 44 (88.0) 15 (100.0) P =0.060
M.intracellulare 6(9.2) 4(8.0) 2(13.3) P=0.531
M. fortuitum 3 (4.6) 1(2.0) 2(13.3) P=0.187
M.abscessus 4(6.2) 4(8.0) 0(0.0) P=0.331
MAC 3 (4.6) 3(6.0) 0 (0.0) P=0.331

Polyclonality analyzed by VNTR
Polyclonal + mixed infection 15 (23.1) 9 (18.0) 6 (40.0) P=0.076
Polyclonal infection 9(13.8) 4 (8.0) 5(33.3) P =0.013"
Mixed infection 10 (15.3) 6(12.0) 4(26.7) P=0.167

Insertion sequencet (n=55) (n=40) (n=15)
IS 1245 49 (89.1) 36 (90.0) 13 (86.7) P=0.724
IS 1311 44 (80.0) 31 (77.5) 13 (86.7) P =0.449
IS Mave6 29 (52.7) 19 (47.5) 10 (66.7) P =0.205
IS Mavé in Cfp29 region 13 (23.6) 11 (27.5) 2(13.3) P=0.271

Plasmids t (n=53) (n=39) (n=14)
pPMAH 9(17.0) 6(15.3) 3(21.4) P =0.605
pLR7 1(1.9) 1(2:6) 0 (0.0) P=0.545
pVT2 10 (18.9) 6 (15.4) 4(28.6) P=0.279
pMAH + pVT2 5(9.4) 3(7.7) 2 (14.3) P =0.469
PMAH + pLR7 + pVT2 0 (0.0) 0 (0.0) 0 (0.0)

VNTR, variable-number tandem-repeat.

*P < 0.05.

+: Only cases in which we could isolate and evaluate the strains of Mycobacterium avium.

https://doi.org/10.1371/journal. pone.0216034.t004
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https://doi.org/10.1371/journal.pone.0216034.9004

treatment in these studies indicate that these patients probably suffered from a more severe
form of the disease than did the patients in our study. However, it is unclear if patients in most
of the published observational studies had a history of antibiotic treatment. In contrast, and
importantly, because none of the patients in our study were being treated at the start of the

P = 0.001*

30~
g o
g
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(=)
|
8 10-
c
©
=
..
C 1 )
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Fig 5. Manhattan distance from center of minimum spanning tree of Mycobacterium avium complex isolates.
Manhattan distances were calculated based on the variable-number tandem-repeat (VNTR) pattern of center strains in
the minimum spanning tree. *: Asterisks denote significant difference between the treated and the untreated groups.

https://doi.org/10.1371/journal.pone.0216034.9005
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study, we were able to document the effects of antibiotic treatment on each outcome variable
in the treatment group.

In the observation group, during the observation period, both BMI and %FEV slowly but
significantly decreased, and the radiographic scores slowly but significantly increased, suggest-
ing gradual progression of the disease regardless of the degree of symptoms at the time of diag-
nosis. On the other hand, the treament group showed stabilisation of BMI, pulmonary
function and radiographic findings after initiation of treatment, suggesting that treatment pre-
vented worsening of the disease. In nodular-bronchiectatic pMAC, treatment has been
reported to improve cellular bronchiolitis, which is thought to be a reversible lesion [26], and
pulmonary abnormalities also appear to correlate closely with pulmonary function [27]. As
mild pMAC typically presents as the nodular-bronchiectatic form that includes reversible
lesions, treatment would slow deterioration of pulmonary function by ameliorating reversible
pulmonary abnormalities, even though bronchiectasis would remain irreversible.

We evaluated the radiological findings by using CXR and CT. There were a few discrepan-
cies in radiographic scores between CXR and CT. Chest CT has high spatial resolution, so it
can pick up and counts small lesions of nodules and ectasis, which could not be detected by
CXR. Compared with CT, CXR is possible to evaluate the lesion area but not the volume of
lesion. These would cause there was no prognostic predictor in CT findings at the time of diag-
nosis when comparing the untreated group with the treated group.

We also analysed bacterial factors affecting disease progression using samples obtained at
diagnosis. Several investigators have identified various bacterial factors related to deterioration
of mycobacteriosis [11, 17, 28, 29]. The prevalence of ISMav6 is reported to be significantly
higher in the genome of pathogenic MAC strains in the Japanese and Korean populations [30,
31]. However, we found no significant difference in the prevalence of ISMavé6 or ISMav6 in
cfp29 between the treatment and observation groups, and disease severity did not appear to be
dependent on pathophysiology related to ISMavé6 in ¢fp29. In addition, plasmids are gaining
attention with respect to pathogenesis of pMAC. One large plasmid (pMAH135) [14] and two
small plasmids (pLR7 and pVT2) [13] are known to be characteristic of clinically isolated
MAC strains [12]. However, we saw no significant difference in the prevalence of these plas-
mids between the observation and treatment groups, and no significant association between
these plasmids and VNTR patterns. Uchiya et al. have also reported that the prevalence of
PMAHI35 is 51.4% (18/35), which is significantly higher than that reported by us. Jucker et al.
state that the prevalence of the small plasmids pVT2 and pLR7 was 58.8% (10/17) and 37.5%
(6/16), respectively, which is also significantly higher than that reported by us. We think that
these differences in the prevalence of plasmids may be due to regional factors.

VNTR analysis is considered to be one of the best genetic methods to discriminate among
strains of both M. avium and M. intracellulare [19, 30, 32]. The results of our VNTR analysis
demonstrate that the prevalence of polyclonal MAC infection in the treatment group was sig-
nificantly higher than that in the observation group. The prevalence of polyclonal MAC infec-
tion in mild pMAC has been reported to be 9.0% [28] in Japan and 12.9% in Korea [33].
Interestingly, these infection rates are comparable with those of our observation group,
whereas the treatment group had a considerably higher infection rate. Wallace et al. have
reported that monoclonal infection was predominant in the fibrocavitary form of the disease,
but that polyclonal infection was dominant in the nodular-bronchiectatic form [11]. In con-
currence, our study subjects were mildly symptomatic, could be managed by observation
alone for more than 6 months, and had few cavitary lesions. In contrast, patients with poly-
clonal infection were more likely to undergo clinical deterioration, despite early presentation
with mild symptoms. Fujita et al. have reported that specific environmental exposures are asso-
ciated with polyclonal MAC infection, as patients with polyclonal infections were significantly
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more likely to have high soil exposure, shower in a bathroom, or swim in a pool, compared
with patients with monoclonal infections [28]. Thus, the nodular-bronchiectatic form may
depend on particular environmental exposures, resulting in polyclonal infection and a greater
likelihood of disease progression.

In the phylogenetic tree analysis of M. avium, the strains identified from the treatment
group were significantly associated with one specific cluster. Similarly, some reports have sug-
gested that disease deterioration was observed only in patients infected with strains belonging
to such specific clusters [17, 29]. On the other hand, a similar study in Korea did not yield
comparable results [34], and we speculate that this discrepancy could be due to differences in
regional characteristics and environmental habitat of the MAC. We found that MST had a
wide variety of strains, whereas the cluster of M. tuberculosis transmitted in humans is known
to have a close, narrow pattern [21]. Taken together, these results could reflect the fact that the
MAC is an environmental bacterium that is not transmissible among humans.

Our study has a few limitations. The major limitation to our study was its retrospective
observation design. Furthermore, after our research consortium was established on July 2012,
we have collected cases that we archived to follow consecutively in each hospital by July 2013.
Therefore, the research period of each hospital and observation period for each patient,
depending on each hospital database, were different. In addition, we had to reduce the sample
size to eliminate the selection bias and exclude the cases with history of administration of treat-
ment. However, we statistically corrected for these factors and analysed trends in the groups
using a mixed effects model. Second, all of the factors such as BMI, lung functions, radio-
graphic findings, and bacterial factors would be not independent. Further prospective research
including multivariable analysis is warranted to investigate whether the results of the present
study are broadly applicable.

Conclusions

Polyclonal MAC infection is a predictive of clinical deterioration that may eventually require
treatment. Mild pMAC without anti-microbial treatment showed slow but significant clinical
and radiologic deterioration. Treatment can prevent deterioration due to disease but not pro-
gression of bronchiectasis.

Supporting information

S1 Fig. Criteria of inclusion and grouping. A) observation group, B) treatment group, C)
exclusion; history of prescription with antimycobacterial effect, D) exclusion; short observa-
tion than six months, E) exclusion: short observation than six months without treatment.
(JPG)

S2 Fig. Radiological scoring system; NICE. The lesions were defined as follows: N (nodules):
Round, irregular, or branching shadows measuring up to 1 cm in diameter. I (infiltrate or con-
solidation): A homogeneous shadow of unspecified shape measuring 1 cm or more in diame-
ter. C (cavity): Annular shadow at least 1 mm thick that is not a bronchus. E (ectasis):
Tramline shadows and evidence of bronchial wall thickening, indicating bronchiectasis.

The separation between the upper and middle zones of each lung field was marked by a hori-
zontal line drawn at the level of the carina. The separation between the middle and lower
zones was marked by a horizontal line drawn at the level of pulmonary vein entry into the
heart. The percentage of the area of each zone occupied by each of the findings (N, I, C, or E)
was scored from 0 to 4 as follows: 0: 0%, 1: 1%-24%, 2: 25%-49%, 3: 50%-74%, and 4:75%-
100%. A whole lung total score was calculated for each type of lesion by adding the results

PLOS ONE | https://doi.org/10.1371/journal.pone.0216034  April 25, 2019 14/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216034.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216034.s002
https://doi.org/10.1371/journal.pone.0216034

@ PLOS|ONE

Natural course in mild cases of MAC pulmonary disease

from 2 reviewers. The concordance rate for the scoring was evaluated with a weighted x
(Cohen, 1968). The weighted « statistics for the radiologic evaluation were 0.965 (nodule),
0.993 (infiltrate), 1.000 (cavity), and 0.973 (ectasis). These results showed a relatively high con-
cordance rate for scoring all 4 types of pulmonary lesions.

(JPG)

S1 Table. Primers used for the amplification. The presence of plasmids in the clinical isolates
was determined by amplification of the repA gene. Amplification of other open reading frame
was tried for pMAH135 to avoid false negatives or positives.

(DOCX)

S2 Table. Interobserver concordance of CXR. (a) Nodulars, (b) Infiltration, (c) Cavitary, (d)
Bronchiectasis.
(DOCX)

S3 Table. Interobserver concordance of CT. (a) Nodulars, (b) Infiltration, (c) Cavitary, (d)
Bronchiectasis.
(DOCX)

S4 Table. VNTR results of M. avium.
(DOCX)

S5 Table. VNTR results of M. intracellulare.
(DOCX)

S6 Table. Bacterial culture during follow-up (Detection rate>10%). In sputum cultures of
general bacteria performed 7.0 + 6.4 times,the report of normal flora accounted for 96.9%.
(DOCX)
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