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a b s t r a c t

Background: Allergic bronchopulmonary aspergillosis (ABPA) is an allergic pulmonary disease charac-
terized by a hypersensitivity reaction to Aspergillus species colonizing the airways. The clinical charac-
teristics of ABPA may differ depending on genetic and environmental background. We performed a
nationwide survey to determine the clinical characteristics of ABPA in Japan.
Methods: In 2013, a questionnaire on physician-diagnosed ABPA/allergic bronchopulmonary mycosis was
sent to 903 medical centers specializing in respiratory or allergic diseases. Cases fulfilling the following
criteria were categorized as possible ABPA-central bronchiectasis (ABPA-CB): 1) presence of specific
serum immunoglobulin E (IgE) antibodies or a positive skin reaction to Aspergillus, and 2) bronchiectasis
or mucoid impaction in the central bronchi.
Results: Of 499 physician-diagnosed cases reported by 132 clinical centers, 358 cases met the criteria for
possible ABPA-CB. Median age of ABPA-CB onset was 57 (interquartile range, 44e68) years; later-onset
disease, developing �50 years of age, accounted for 66% of the cases and was associated with female
sex, delayed onset of asthma, and lower levels of serum IgE. A third of the patients (120 patients, 34%)
exhibited low levels of serum total IgE (<1000 IU/mL). Aspergillus species were isolated from sputum in
126/213 cases (59%), and Schizophyllum commune was identified in 12 (6%) patients. During the course of
the treatment, ABPA recurred in 169 (48%) cases.
Conclusions: This nationwide survey identified several unique clinical characteristics of ABPA in Japan,
such as late-onset, relatively lower serum IgE levels, and frequent recurrences/flares.
Copyright © 2017, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Aspergillus species (spp.) colonizing the airways can induce type
I and III hypersensitivity reactions and eventually cause allergic
bronchopulmonary aspergillosis (ABPA) in patients with asthma or
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cystic fibrosis. Clinical characteristics of the disease include pe-
ripheral and systemic eosinophilia, increased levels of serum
immunoglobulin E (IgE), pulmonary infiltrates, and bronchiectasis/
mucoid impaction in the central bronchi.

It is estimated that the global burden of ABPA is 1.4e6.8 million
patients.1 However, the prevalence of ABPA among the asthmatic
population varies significantly according to the area studied; the
following prevalence rates have been reported: 2.5% in China, 2.7%
in Saudi Arabia, 4.9% in New Zealand, and 7e22% in India.2 Re-
ported total serum IgE levels, an essential biomarker for the diag-
nosis and evaluation of disease activity, also vary considerably, and
studies have foundmedian IgE levels of 676 IU/mL (UK), 2760 IU/mL
(Australia), and 6434 IU/mL (India).3e5 These variations may be due
to differences in genetic background among the populations or
differences in environmental and social factors such as tempera-
ture, humidity, sanitary conditions within the home setting.
Recently, several epidemiological studies published in Korea and
Japan have highlighted several unique clinical characteristics of
ABPA in this region, such as older age of ABPA onset.6e10 However,
these are relatively small, single-center studies, and a large-scale,
multi-center study is required to characterize the clinical presen-
tation of ABPA in East Asia. We performed a nationwide survey in
Japan to identify the unique clinical features of ABPA in East Asia.

Methods

Subjects

This study is based on a retrospective, cross-sectional survey of
ABPA and allergic bronchopulmonary mycosis (ABPM) caused by
non-Aspergillus fungi in Japan, conducted between September and

November 2013. A questionnaire was sent to 903 departments or
centers certificated by the Japanese Respiratory Society or the
Japanese Society of Allergology in order to collect data on the
clinical characteristics of physician-diagnosed ABPA/ABPM in
Japan. The parameters at the diagnosis of ABPA/ABPM evaluated in
the questionnaire were as follows: age; sex; age at ABPA/ABPM
onset; comorbidities such as physician-diagnosed asthma and its
age at onset and severity; laboratory data including total and
Aspergillus-specific IgE levels, Aspergillus antigen skin test, precip-
itating and IgG antibodies to Aspergillus spp., fungal sputum cul-
tures; thoracic computed tomography (CT) findings including
central bronchiectasis (CB), mucoid impaction, high attenuation
mucus (HAM) in the central airways, infiltrates, ground glass
opacity, and cystic/fibrotic changes in the lungs. Information about
treatment and prognosis was also collected including the drugs
used for treatment and the duration of treatment with corticoste-
roids, anti-fungal agents, anti-IgE antibodies, and the recurrence/
flare of the disease. Asthma severity was defined by the treatment
step required to control asthma, according to the updated version
of the 2016 statement by the Global Initiative for Asthma (GINA).11

The recurrences/flares of ABPA were judged by each physician,
based on worsening of symptoms, radiographic findings, and/or
laboratory data such as an increase in total IgE levels in serum.

This study was approved by the Institutional Review Board of
Tokai University School of Medicine (#13R-105), and implemented
in compliance with the Declaration of Helsinki.

Definition of possible ABPA-CB

The study design reflected real-world management of ABPA/
ABPM and, in a substantial number of cases, data were incomplete

Table 1
Demographic and laboratory data of the patients with possible ABPA-central bronchiectasis.

ABPA-central bronchiectasis

All cases HAM p*

(þ) (�)

n (%) 358 148 (41) 210 (59)
Age, y 64 (51e72) 62 (51e71) 65 (51e73) 0.27
Women 57% 67% 50% 0.002
Asthma 81% 78% 83% 0.39
Age at onseta, y 37 (10e55) 38 (11e58) 37 (10e54) 0.67
Early-onset asthma (<16 y) 28% 27% 29% 0.78
Late-onset asthma (�50 y) 33% 40% 29% 0.06
Treatment step at
diagnosisb 1e2/3/4/5, %

24/30/28/17 28/33/26/14 22/29/30/19 0.48

ABPA
Age at onset, y 57 (44e68) 59 (43e68) 56 (44e68) 0.99
Duration between onset of
asthma and ABPAc, y

14 (2e31) 9 (1e27) 16 (2e34) 0.08

Laboratory data at diagnosis
Peripheral blood
eosinophil countsd (/mL)

1075 (640e1797) 1166 (661e1810) 990 (544e1793) 0.22

Serum IgE levels (IU/mL) 1913 (758e5555) 1780 (692e4963) 2105 (773e6052) 0.44
Sputum culturee

Aspergillus spp. 59% 63% 57% 0.40
Shizophyllum commune 6% 11% 2% 0.02

Thoracic CT findings
Infiltration/GGO 88% 89% 88% 0.87
Cystic/fibrotic change 13% 18% 9% 0.009

Therapy
Oral corticosteroids 75% 84% 69% 0.001
Anti-fungal drugs 56% 62% 53% 0.13
Anti-IgE antibody 6% 6% 6% 1.00

Recurrence/flare 48% 45% 49% 0.52

Values are medians (interquartile range) or proportion of patients in each study groups if not otherwise specified. n ¼ 349e358, except for a n ¼ 271, b n ¼ 240, c n ¼ 263,
d n ¼ 194, e n ¼ 213.
*HAM (þ) vs. HAM (�). ABPA, allergic bronchopulmonary aspergillosis; CT, computed tomography; GGO, ground glass opacity; HAM, high attenuation mucus; IgE, immu-
noglobulin E.
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lacking the parameters required for diagnosis based on the estab-
lished criteria,2,12,13 such as the skin test, precipitating antibody
levels or levels of IgG to Aspergillus. We, therefore, applied two
minimal criteria to define possible ABPA-CB: 1) a positive type I
hypersensitivity reaction to Aspergillus fumigatus, confirmed by A.
fumigatus-specific IgE antibody in the serum or an immediate skin
reaction to A. fumigatus antigen; and 2) presence of bronchiectasis
or mucoid impaction in the central bronchi on the thoracic CT scan.

In order to validate the rationale for this definition, we also
analyzed the cases diagnosed using more specific criteria for ABPA-
CB: positive type I sensitivity to A. fumigatus in combination with
confirmation of HAM, a highly specific sign of ABPA,5,14 in the
central bronchi (ABPA-HAM).

Statistical analysis

Numerical data are presented as median and interquartile range
(IQR), and categorical data are presented as numbers/percentages.
Categorical variables were compared using Fisher's exact test, while
continuous variables were compared using the ManneWhitney U
test. Statistical analysis was performed using the IBM SPSS statistics
ver. 21 (IBM, Chicago, IL, USA). The results were two-sided, and a p
value <0.05 was considered statistically significant.

Results

A total of 499 cases of physician-diagnosed ABPA/ABPM were
reported from 132 clinical centers. Of these, 12 cases were omitted
from the analysis because the thoracic CT scan had not been per-
formed. Serum A. fumigatus-specific IgE antibody was positive in
346 cases, and skin test for Aspergillus antigen confirmed type I
hypersensitivity in further 14 cases. Central bronchiectasis and
mucoid impaction were identified in 318 and 288 cases, respec-
tively. A total of 358 cases met the criteria of possible ABPA-CB and
HAM was identified in 148 cases (41%) among the ABPA-CB cases.

Demographic data and clinical characteristics of these patients
are shown in Table 1. Eighty-one percent of the cases had presented
with asthma as a predisposing condition, and approximately a half
of them required step 4 or 5 treatment to control their asthma prior
to the development of ABPA. Compared to ABPA-CB without HAM,
ABPA-HAM was associated with the following: female predomi-
nance (67% vs. 50%, p ¼ 0.002), more frequent identification of
Schizophyllum commune in sputum cultures (11% vs. 2%, p ¼ 0.02),
presentation of cystic/fibrotic changes on thoracic CT (18% vs. 9%,
p ¼ 0.009), and increased requirement for corticosteroid treatment
(84% vs. 69%, p ¼ 0.001) (Table 1).

Median age of possible ABPA-CB onset was 57 (IQR, 44e68)
years and 66% of the patients developed ABPA-CB at �50 years of
age (Table 1; Fig. 1). Sixty-nine percent of the patients with ABPA-
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Fig. 1. Age at onset of ABPA in Japan. The distribution of age of onset was demon-
strated for the cases with ABPA-central bronchiectasis (closed bars) and ABPA with
high attenuation mucus (open bars).

Table 2
Differences in clinical characteristics according to age and serum IgE levels at the onset of possible ABPA-central bronchiectasis.

Age at onset of ABPA(y) Serum IgE (IU/mL)

<50 �50 <1000 �1000

n (%) 120 (34) 229 (66) 113 (32) 241 (68)
Age, y 45 (40e52) 69 (62e75) 63 (53e71) 64 (49e73)
Women 43% 66%* 70% 52%*
Asthma 88% 77%* 84% 80%
Agea at onset, y 16 (5e32) 52* (32e63) 47 (31e61) 30*(8e50)
Early-onset asthma (<16 y) 50% 13%* 16% 34%*
Late-onset asthma (�50 y) 0% 55%* 46% 27%*

ABPA
Age at onset, y 39 (32e44) 65* (57e65) 57 (46e67) 56 (41e68)
Duration between on-set
of asthma and ABPAb, y

16 (5e29) 11 (1e34) 8 (0e17) 18* (4e35)

Laboratory data at diagnosis
Peripheral blood
eosinophil countsc (/mL)

1153 (666e2121) 1021 (634e1752) 1071 (638e1496) 1065 (626e1849)

Serum IgE levels (IU/mL) 2897 (816e7051) 1660* (681e4665) 488 (265e698) 3590* (1857e7760)
Sputum cultured

Aspergillus spp. 56% 62% 54% 62%
Shizophyllum commune 4% 7% 5% 6%

Thoracic CT findings
Infiltration/GGO 90% 87% 85% 89%
Cystic/fibrotic change 12% 13% 13% 12%

Therapy
Oral corticosteroids 80% 73% 79% 74%
Anti-fungal drugs 56% 57% 57% 58%

Recurrence/flare 51% 47% 42% 51%

Values are medians (interquartile range) or proportion of patients in each study groups if not otherwise specified. n ¼ 342e354, except for a n ¼ 264e268, b n ¼ 260e263,
c n ¼ 191e192, d n ¼ 210.
*p < 0.05; age at onset of ABPA <50 vs. � 50, or serum IgE <1000 vs. � 1000 IU/mL.
ABPA, allergic bronchopulmonary aspergillosis; CT, computed tomography; GGO, ground glass opacity; IgE, immunoglobulin E.
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HAM also developed the disease at� 50 years (Fig. 1). There was no
case of patients <15 years at onset of ABPA. Later-onset disease,
developing �50 years, was more common in women, was less
frequently associated with asthma, particularly childhood-onset

asthma, and exhibited lower levels of serum IgE (Table 2). Among
patients with ABPA-HAM, there still was a significant association
between later-onset ABPA and sex or the age of asthma onset
(Supplementary Table 1).

Median total serum IgE levels were 1913 IU/mL in patients with
ABPA-CB and 1780 IU/mL in patients with ABPA-HAM (Table 2;
Fig. 2). In approximately a third of cases with ABPA-CB or ABPA-
HAM, IgE levels were <1000 IU/mL (Table 2, Supplementary
Table 1). Low IgE levels (<1000 IU/mL) associated with female
sex and later-onset asthma in patients with ABPA-CB, but not in
patients with ABPA-HAM. Precipitating antibodies against A.
fumigatus were examined in 240 cases (66%), and 73% of cases
showed positive results. No differences were found in sex, age at
onset of asthma or ABPA, total IgE levels, thoracic CT findings,
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Fig. 2. Total IgE levels in serum from Japanese patients with ABPA. Serum IgE levels in patients with ABPA-central bronchiectasis (ABPA-CB, A) and ABPA-CB with high attenuation
mucus (ABPA-HAM, B). The bars indicate median values.

Table 3
Differences of characteristics and laboratory data by recurrence/flare in the patients
with possible ABPA-central bronchiectasis.

Recurrence/flare p*

(�) (þ)

n (%) 185 (52) 169 (48)
Age, y 64 (50e72) 63 (52e72) 0.85
Women 57% 58% 0.83
Asthma 77% 85% 0.08
Age at onseta, y 41 (15e59) 32 (10e54) 0.05
Early-onset asthma (<16 y) 25% 30% 0.42
Late-onset asthma (�50 y) 37% 30% 0.24

ABPA
Age at onset, y 59 (44e69) 55 (42e65) 0.03
Duration between on-set of
asthma and ABPAb, y

13 (1e31) 15 (2e34) 0.33

Laboratory data at diagnosis
Peripheral blood
eosinophil countsc (/mL)

1134 (642e2136) 1029 (631e1653) 0.33

Serum IgE levels (IU/mL) 1728 (686e4561) 2339 (820e6853) 0.05
Sputum cultured

Aspergillus spp. 69% 51% 0.02
Shizophyllum commune 2% 10% 0.03

Thoracic CT findings
Infiltration/GGO 86% 91 0.14
Cystic/fibrotic change 12% 13 0.88

Therapy
Oral corticosteroids 71% 82% 0.01
Anti-fungal drugs 60% 55% 0.39
Anti-IgE antibody 4% 8% 0.13

Values are medians (interquartile range) or proportion of patients in each study
groups if not otherwise specified. n ¼ 345e354, except for a n ¼ 269, b n ¼ 261,
c n ¼ 193, d n ¼ 210.
ABPA, allergic bronchopulmonary aspergillosis; CT, computed tomography; GGO,
ground glass opacity; IgE, immunoglobulin E.
* Recurrence/flare (þ) vs. (�).
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Fig. 3. Treatment of ABPA in Japan. The Venn diagram shows the numbers of patients
with possible ABPA-central bronchiectasis, who were untreated or treated with oral
corticosteroids, anti-fungal agents, and/or anti-IgE antibody.
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treatment, or rate of recurrences/flares, between the patients with
positive and those with negative to precipitating antibodies.
However, sputum cultures from patients with precipitating anti-
bodies were more likely to be positive for Aspergillus spp.
(Supplementary Table 2).

Sputum cultures were obtained in 213 cases and Aspergillus spp.
were identified in 126 cases (59%), including A. fumigatus (33%), A.
niger (6%), A. terreus (4%), and unspecified Aspergillus spp. (16%). S.
commune, a Homobasidiomycete known to cause ABPM, was
identified in 12 cases, who were more likely to demonstrate HAM
on thoracic CT (Table 1) and recurrences/flares of ABPA (Table 3).

Oral corticosteroids, anti-fungal agents, and anti-IgE antibodies
(omalizumab) were added in 75%, 56%, and 6% of patients,
respectively, following the diagnosis of ABPA-CB, whereas no
additional treatment was administered in 14% of patients (Fig. 3).
Combined treatment with oral corticosteroids and anti-fungal
agents was administered in 46% of patients. During the course of
treatment, recurrences/flares occurred in 48% of ABPA-CB cases and
46% of ABPA-HAM cases (Table 3, Supplementary Table 3). Recur-
rence/flare in ABPA-CB cases was associated with younger age of
ABPA onset, higher serum IgE levels at primary diagnosis, positive
cultures for S. commune, and treatment with systemic corticoste-
roids (Table 3). However, among the ABPA-HAM patients, the only
association demonstrated in this study was between recurrence/
flare and treatment with systemic corticosteroids (Supplementary
Table 3).

Discussion

This is the first nationwide survey of ABPA in Japan and one of
the largest studies examining the clinical characteristics of this
disease worldwide.5,8,13,15e19 This study has demonstrated several
unique clinical characteristics of ABPA-CB in Japan: older age at
onset, a subpopulation with lower serum IgE levels, and frequent
recurrence.

Our study showed that the median patient age at ABPA-CB onset
was 57 years; this is older than the data reported previously from
other countries. The median age of ABPA-CB onset were 34 and 36
years in two Indian studies, 41 years in a Chinese study and 47 years
in a UK study.15,16,20,21 In contrast, a Korean study and two single
center Japanese studies demonstrated a relatively older age at ABPA
onset, 63, 57, and 57 years, respectively.8e10 These findings, coupled
with our observations, suggest that the elderly population with
asthma is vulnerable to ABPA in Japan and Korea. There are two
possible reasons for the high rate of late-onset ABPA in these
countries, which may associate with 1) the higher prevalence of
later-onset asthma in these countries,22e25 or 2) the increased
number of patients undergoing long-term inhaled corticosteroid
therapy. Our data demonstrated that later-onset ABPA was associ-
ated with delayed-onset asthma; median age of asthma onset was
52 years compared to 16 years in later- and early-onset ABPA,
respectively, suggesting that high prevalence of later-onset asthma
is associated with the higher rate of later-onset ABPA in Japan. On
the other hand, the duration between the onset of asthma and
ABPAwas not significantly different between later- and early-onset
ABPM (11 years vs. 16 years, respectively). Although the duration of
asthma is not necessarily equal to the duration exposed to inhaled
corticosteroids, it seems unlikely that long-term exposure to
inhaled corticosteroids is the major reason of higher incidence of
ABPA at later stage of life.

Our study found relatively lower levels of total IgE in the serum,
particularly in patients with later-age onset disease.5 Total serum
IgE levels of 417 IU/mL have been used as the cutoff level for ABPA
in a classic criteria,12 although recent studies suggest that a

higher cut-off value may be more appropriate. Agarwal et al. rec-
ommended a cut-off value of 2347 IU/mL and the International
Society for Human and Animal Mycology recommended a cut-off
value of 1000 IU/mL.2,26 In contrast, several reports from East
Asian countries demonstrate relatively lower serum total IgE
levels in patients with ABPA.8e10 Tanimoto reported median IgE
level of 1170 IU/mL in Japanese patients with ABPA and Kim re-
ported level of 927 IU/mL in Korean patients.8e10 In our study,
later-onset disease was associated with lower levels of total serum
IgE, suggesting that the higher prevalence of later-onset disease
may be one of the reasons for the lower IgE levels in ABPA in East
Asian countries, such as Korea and Japan.

Profiles of fungi isolated from sputum were another unique
finding in the current survey of Japanese ABPA. S. commune was
identified in sputum cultures from 12 cases, even in the presence of
hypersensitivity to Aspergillus. In a recent review of non-Aspergillus
ABPM, S. commune was the third most common fungus causing
ABPM, followed by Candida spp. and Bipolaris spp.27 Although S.
commune is found worldwide, all cases of S. commune-associated
ABPMwere reported in Japan, with the exception of an Indian case.
There may be specific genetic or environmental backgrounds that
favor the development of this condition in Japan. Our data showing
the discrepancy between fungus-specific IgE and microbial exam-
ination also raised the issue of the difficulty to identify the fungus
causing ABPA/ABPM and the possibility of microbial substitution, as
we have previously reported.28

In this study, recurrence/flare of ABPA-CB was observed in 169
cases (48%), a higher rate than that reported in previous studies,5,29

possibly due to the inclusion of flare episodes in corticosteroid-
naïve patients in addition to recurrences in the present study. Pa-
tients who experienced recurrence/flare of the disease had
increased total IgE levels. In addition to its usefulness as a
biomarker to monitor disease activity,29 total IgE levels at diagnosis
may be a useful biomarker to predict prognosis of ABPA. However,
prospective studies will be required, as this study did not reproduce
the positive correlation between the recurrence/flare rates and
total serum IgE levels in ABPA-HAM patients. Agarwal et al.
demonstrated that relapse frequency of ABPA is associated with
HAM and aspergilloma,5 although there was no difference in the
frequency of recurrence/flare between ABPA patients with and
without HAM in the present study.

There are a number of limitations of this study. This is a retro-
spective study of real-world practice, and there may have been
some selection bias; uncertainty in the diagnosis of ABPA and co-
morbid diseases such as asthma; incomplete data collection due to
limited availability and quality of some laboratory tests such as the
precipitating antibody/IgG to Aspergillus and sputum culture.
Therefore, in the present study, we used two minimal criteria to
diagnose possible ABPA-CB. There may have been some cases with
severe asthma with fungal sensitization accompanied by bronchi-
ectasis included in the analysis, however, we believe that our
conclusion, derived from our definition of possible ABPA-CB, is
valid. Firstly, because ABPA-CB with and without precipitating an-
tibodies showed equivalent clinical phenotypes, except for the re-
sults of sputum cultures. Secondly, because ABPAwith HAM, which
is a more specific characteristics of ABPA, yielded comparable re-
sults, particularly age of ABPA onset, total serum IgE levels, and
recurrence/flare rates.

In conclusion, our nationwide survey has demonstrated several
unique characteristics of ABPA in Japan, especially the presence of
later-onset disease with lower levels of serum IgE. These patients
are excluded from the diagnosis under the current criteria, and
therefore, some modification of diagnostic criteria may be needed
for this phenotype of ABPA.
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Supplementary Table 1.  Differences in clinical characteristics according to age and 

serum IgE levels at the onset of ABPA with high attenuation mucus. 

 

 Age at onset of ABPA (y)  Serum IgE (IU/mL) 

  50 ≥ 50   1,000 ≥ 1,000 

n (%) 45 (31) 101 (69) 50 (34) 98 (66) 

Age, years 44 (38-49) 66* (61-73)  63 (54-71) 62 (49-72) 

Women 53% 75%*  76% 63% 

Asthma 84% 75%  84% 76% 

Age at onseta, y 15（14-30） 54*（33-63）  42（18-62） 32（10-55） 

Early-onset asthma (< 16 years) 51% 12%*  22% 30% 

Late-onset asthma (≥ 50 years) 0% 64%*  46% 37% 

ABPA      

Age at onset, years 37 (28-41) 64* (58-70)  58 (44-68) 59（42-68） 
Duration between on-set of 
asthma and ABPAb, years 

16 (4-27) 8 (0-30)  8 (0-22) 14 (1-31) 

Laboratory data at diagnosis      

Peripheral blood eosinophil 
countsc (/L) 

1,134 
(666-2,097) 

1,181 
(653-1,784)

 787 
(545-1,302) 

1,181* 
(780-2,137) 

Serum IgE levels (IU/mL) 
1,872 

(622-6,370) 
1,737 

(738-4,639)

 494 
(280-713) 

3,546* 
(1,790-7,468) 

Sputum cultured       

Aspergillus spp. 66% 63%  52% 67% 

Shizophyllum commune 4% 14%  13% 10% 

Thoracic CT findings      

Infiltration/GGO 91% 88%  86% 90% 

Cystic/fibrotic change 22% 15%  18% 18% 

Therapy      

Corticosteroids  91% 82%  84% 85% 

Anti-fungal drugs 56% 65%  57% 64% 

Recurrence/flare 47% 46%  44% 46% 
 

Values are medians (interquartile range) or proportion of patients in each study groups if not 

otherwise specified. n = 142-148, except for a n = 103-104, b n = 103, c n = 82-83, d n = 85-86. 

*p<0.05; age at onset of ABPA  50 vs. ≥ 50, or serum IgE  1,000 vs. ≥ 1,000 IU/mL. 

ABPA, allergic bronchopulmonary aspergillosis; CT, computed tomography; GGO, ground 

glass opacity; IgE, immunoglobulin E.  
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Supplementary Table 2.  Differences of characteristics and laboratory data by the result 

of precipitating antibodies against Aspergillus in the patients with ABPA.  

 ABPA-CB  ABPA-HAM 

precipitating antibodies 
against Aspergillus 

precipitating antibodies 
against Aspergillus 

 (-) (+) (-) (+) 

n (%) 65 (27) 175 (73) 23 (26) 65 (74) 

Age, y 61(53-72) 64 (50-73) 62 (56-70) 62 (50-73) 

Women 45% 57% 61% 66% 

Asthma 83% 85% 74% 85% 

 Age at onseta, y 40（20-56） 34（10-56） 53 (25-68) 35 (10-58) 

 Early-onset asthma (< 16y) 23% 32% 19% 29% 

 Late-onset asthma (≥ 50 y) 31% 34% 56% 41% 

ABPA     

 Age at onset of ABPM, y 55 (46-67) 58 (41-68) 61 (55-68) 59 (41-69) 

Duration between on-set of 

asthma and ABPAb, y 

12 (2-30) 16 (4-34) 2 (0-24) 13 (1-26) 

Laboratory data at diagnosis     

Peripheral eosinophil countsc 

(/l) 

910 

(558-1,618)

1,028  

(496-1,811)

758  

(541-1,295) 

1,200 

(699-2,162) 

Total IgE (IU/ml)  
1,770 

(750-3,606)

2,365 

(781-6,447)

2,547 

(729-7,700) 

1,843 

(658-5,712) 

Sputum cultured     

Aspergillus spp. 30% 76%* 19% 83%* 

Shizophyllum commune 22% 0%* 31% 0%* 

Thoracic CT findings     

 Infiltration/GGO 91% 89% 91% 92% 

 Cystic/fibrotic change 8% 13% 9% 23% 

Therapy     

 Corticosteroids  77% 76% 83% 92% 

 Anti-fungal therapy 52% 57% 50% 59% 

 Anti-IgE antibody 3% 6% 4% 5% 

Recurrence/flare 59% 54% 57% 48% 
 

Values are medians (interquartile range) or proportion of patients in each study groups if not 

otherwise specified. n = 235-240/87-88 for ABPA-CB/ABPA-HAM, respectively, except for a n 
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= 189/65, b n = 185/64, c n = 129/50, d n = 141/52.  
*precipitating antibodies against Aspergillus (+) vs. (-).  

ABPA, allergic bronchopulmonary aspergillosis; CB, central bronchiectasis; CT, computed 

tomography; GGO, ground glass opacity; HAM, high attenuation mucus; IgE, immunoglobulin 

E.   
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Supplementary Table 3.  Differences of characteristics and laboratory data by 

recurrence/flare in the patients with ABPA with HAM. 

 ABPA-HAM 

p *  Recurrence/flare 

 (-) (+) 

n (%) 80 (54) 67 (46)  

Age, y 64 (51-71) 62 (49-72) 0.69 

Women 61% 75% 0.08 

Asthma 75% 84% 0.23 

Age at onseta, y 36 (11-61) 40 (11-56) 0.76 

Early-onset asthma (< 16 y) 27% 27% 1.00 

Late-onset asthma (≥ 50 y) 40% 40% 1.00 

ABPA    

Age at onset, y 60 (43-68) 56 (41-65) 0.19 

Duration between on-set of asthma 
and ABPAb, y 

10 (1-31) 8 (1-27) 0.49 

Laboratory data at diagnosis    

Peripheral blood eosinophil countsc  
(/L) 

1,211 
(643-2,961) 

1,015 
(701-1,536) 

0.34 

Serum IgE levels (IU/mL) 1,681 (698-4,459) 1,905 (682-6,000) 0.60 

Sputum cultured 44 41  

Aspergillus spp. 73% 54% 0.08 

Shizophyllum commune 5% 17% 0.08 

Thoracic CT findings    

Infiltration/ GGO 88% 91% 0.60 

Cystic/fibrotic change 18% 19% 0.83 

Therapy    

Corticosteroid steroid  79% 92% 0.02 

Anti-fungal therapy 65% 59% 0.49 

Anti-IgE antibody 3% 10% 0.08 
 

Values are medians (interquartile range) or proportion of patients in each study groups if not 

otherwise specified. n = 143-147, except for a n = 104, b n = 103, c n = 83, d n = 85.  

* Recurrence/flare (+) vs. (-) 

ABPA, allergic bronchopulmonary aspergillosis; CT, computed tomography; GGO, ground glass 

opacity; HAM, high attenuation mucus; IgE, immunoglobulin E.  
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List of Collaborators (alphabetical order): 

Aino Hospital (Yasuki Fukuda), Akita University Hospital (Masaaki Sano, Mariko Asano), Bell 

land General Hospital (Nobuaki Umeda, Mitsuharu Goto, Takashi Mamoto), Chiba University 

Hospital (Jiro Terada), Chubu Rosai Hospital (Masaki Matsuo), Disaster Medical Center (Munehisa 

Fukuzumi, Shinjiro Takeoka), Dokkyo Medical University Hospital (Kazuyuki Chibana), Ehime 

Medical Center (Hiraku Ichiki, Masahiro Abe, Akira Wakanabe), Ehime University Hospital 

(Hitoshi Katayama), Eiju General Hospital (Morio Makamura), Fujita Health University 

Hospital(Sumito Isogai), Fukujyuji Hospital Japan Anti-Tuberculosis Association (Mikio Saotome, 

Koichiro Kudo, Takashi Yoshiyama, Masao Okumura, Takashi Uchiyama, Yuka Sasaki, Kozo 

Morimoto, Hiroyuki Kokuto), Fukuoka Seisyukai Hospital (Hirokuni Kuwa), Fukushima Medical 

University Hospital (Suguru Sato), Gifu Prefectural Tajimi Hospital (Motoshi Ichikawa, Masato 

Shizu, Akinobu Matsuura, Daizo Yaguchi), Hamamatsu Medical Center (Norio Kasamatsu), 

Hamamatsu Rosai Hospital (Mikio Toyoshima) , Hamamatsu University Hospital (Taisuke 

Akamatsu), Hino Municipal Hospital (Naoto Minematsu), Hiroshima Prefectural Hospital (Masao 

Doi), Hokkaido University Hospital (Natsuko Taniguchi), Hospital of the University of 

Occupational and Environmental Health (Chinatsu Nishida), Hotaka Hospital (Yoshio Okubo), 

Hyogo Prefectural Kakogawa Medical Center (Takaaki Tsuchiya), Ibaraki Prefectural Central 

Hospital(Yutaka Yamada, Shozaburo Yamaguchi), Inabe General Hospital (Nozomi Sugawara), 

Iwata City Hospital (Shiro Imokawa), Iwate Prefectural Central Hospital (Yoshiaki Mori), 

Izumiotsu Municipal Hospital (Tomoyoshi Ito), Japanese Red Cross Kobe Hospital (Yusuke Ueda, 

Keisuke Sugimoto), Japanese Red Cross Medical Center (Keisuke Kondo, Masashi Sakayori, 

Nobuyasu Awano), Japanese Red Cross Musashino Hospital ( Rinako Yamashita, Yoko Hiraki, 

Naoki Nishiyama, Seishi Higashi, Masaru Ejima), Jyobu Hospital for Respiratory Diseases 

(Takenori Okada), Jyuntendo Tokyo Koto Generic Medical Center (Akihiko Iwase), Jyuntendo 

University Hospital (Ryo Atsuta), Kagawa University Hospital(Nobuhiro Kanaji), Kakogawa West 

City Hospital (Teruaki Nishiuma), Kameda Medical Center (Naoko Katsurada), Kanagawa 

Cardiovascuiar and Respiratory Center (Yasunori Enomoto, Hideya Kitamura, Shigeru Komatsu), 
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Kanazawa Medical University Himi Municipal Hospital (Masaharu Iguchi), Kanazawa Medical 

University Hospital (Mari Higashino, Taku Oikawa), Kawasaki Medical School Hospital (Niro 

Okimoto, Yasushi Obase), Keio University Hospital (Yusuke Suzuki, Takae Tanosaki), Kiryu Kosei 

General Hospital (Shinichi Matsuzaki, Mitsuyoshi Utsugi), Kishiwada Eishinkai Hospital (Jyun 

Takafuji), Kitasato University Hospital (Masaru Kubota), Kobe City Medical Center West Hospital 

(Hiromi Tomioka), Kofu Kyoritsu Hospital (Izumi Mitsui), Kokura Medical Center (Kouko 

Hidaka), Komaki City Hospital (Eiji Kojima), Konan Kosei Hospital (Yoshiyuki Yamada), 

Kumamoto City Hospital (Koichiro Fukuda), Kumamoto University Hospital (Kazuhiko Fujii, 

Susumu Hirosako, Aiko Masunaga), Kurashiki Central Hospital (Machiko Arita, Maki Tanaka, 

Akihiro Ito, Toru Hashimoto), Kure Kyosai Hospital (Yutaro Shiota), Kurume University Hospital 

(Morihiro Tajiri, Takashi Kinoshita), Kyoto Katsura Hospital (Shigeaki Iwatsubo), Kyoto 

University Hospital (Yumi Izuhara), Matsumoto Medical Center Chushin-Matsumoto Hospital 

(Muneharu Hayasaka), Matsushita Memorial Hospital (Takahiro Yamada), Matsuyama Red Cross 

Hospital (Hideki Makino), Medical Hospital, Tokyo Medical and Dental University (Kimitame 

Tsuchiya), Minami kyushu National Hospital (Kazuya Katsukizono), Minoh City Hospital 

(Mitsuhiro Yamaguchi), Mitoyo City Eiko Hospital (Shigetoshi Kato), Mitsubishi Kyoto Hospital 

(Hirotaka Yasuba), Miyagi Cancer Center (Kana Watanabe), Moji Hospital (Nobuyuki Hirose), 

Naga Municipal Hospital (Hirotaka Nakanichi), Nagasaki Goto Chuoh Hospital (Hideki Ikeda), 

Nagasaki Medical Center (KazukoYamamoto), Nagasaki University Hospital (Tomoko Tsuchida), 

Nagoya City University Hospital (Masaya Takemura), Nagoya University Hospital (Satoru Ito), 

Nara Medical University Hospital (Yoshifumi Yamamoto), National Defense Medical College 

Hospital (Soichiro Kano, Yuji Fujikura), Nerima Hikarigaoka Hospital (Oji Obayashi), Nihon 

Medical School Musashi Kosugi Hospital (Jiro Usuki, Tomoyoshi Yamaguchi), Nihon University 

Itabashi Hospital (Noriaki Takahashi, Sotaro Shikano), Niigata University Medical and Dental 

Hospital (Hiroshi Moriyama), Nikko Memorial Hospital (Atsuko Amata), Nishigunma National 

Hospital (Akihiro Yoshii, Mai Tomizawa), Oita University Hospital (Hisako Kushima), Okayama 

Medical Center (Takuo Shibayama), Okinawa National Hospital (Atsushi Nakamoto), Okinawa 

Prefectural Chubu Hospital ( Tomoo Kisyaba), Omori Red Cross Hospital (Kunihiko Yoshimura), 
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Omuta Hospital (Kentaro Wakamatsu), Osaka Medical College Hospital (Soichiro Ikeda), Osaka 

Police Hospital (Kiyoshi Komuta), Osaka Saiseikai Nakatsu Hospital (Mai Fujinami, Kentaro Ono), 

Osaka University Hospital (Hiroshi Kida Takashi Kijima), Oura Hospital(Kiyokazu Kikuchi), 

Sagamihara National Hospital (Hidenori Tanimoto), Saiseikai Central Hospital (Fumio Sakamaki, 

Shuko Mashimo),Saiseikai Utsunomiya Hospital (Nobufumi Kamiishi, Hidefumi Kou), Saiseikai 

Yokohamashi Tobu Hospital (Akio Komuro, Hiroki Takakura, Miki Takahashi), Saitama Medical 

University Hospital (Tomoyuki Soma ), Saitama Social Insurance Hospital (Satoshi Yoda), Seirei 

Mikatahara General Hospital (Koshi Yokomura), Senjyu Hospital(Misato Adachi), Shiga University 

of Medical Science Hospital (Masafumi Yamaguchi), Shin-Kokura Hospital (Satoshi Kuboi), 

Shinko Hospital(Hirofumi Matsuoka), Shizuoka General Hospital (Toshihiro Shirai, Mika Saigusa 

Kazuhiro Asada, Yuichiro Shishido, Shogo Sakurai), Showa University Fujigaoka Hospital 

(Norikazu Takeda), Southern Tohoku General Hospital (Isano Hase), St. Marianna University 

School of Medicine Yokohama City Seibu Hospital (Yuko Komase), Teikyo University Hospital 

(Hiroyuki Nagase, Hidenori Arai, Hisanao Yoshihara, Masao Yamaguchi), Tenri Hospital (Chie 

Morimoto), The Hospital of Hyogo College of Medicine(Yoshitaka Nogi, Kunihiro Tamura), The 

Jikei University Hospital(Takeo Ishikawa), Tobu Chiiki Hospital(Norihiro Harada), Toho 

University Omori Medical Center (Susumu Sakamoto), Tohoku University Hospital (Satoru 

Yanagisawa, Tsutomu Tamada, Shinnya Okouchi), Tokushima Prefectural Central Hospital (Takashi 

Haku), Tokushima University Hospital (Masaki Hanibuchi), Tokyo Dental College Ichikawa 

General Hospital(Takeshi Terashima), Tokyo Medical University Hachioji Medical Center(Naohiro 

Shimizutani), Tomishiro Central Hospital (Yoko Sato), Tottori University Hospital (Akira 

Yamasaki ), Toyama University Hospital (Kotaro Tokui), Tsushima City Hospital (Akihiro Nakao ), 

University of the Ryukyus Hospital (Syusaku Haranaga), University of Tsukuba Hospital (Yuko 

Morishima), Wakamatsu Hospital of The University of Occupational and Environment 

Health(Chiharu Yoshii), Wakayama Medical University Hospital (Kazuto Matsunaga, Tsunahiko 

Hirano, Yoshiaki Minakata), Yoka Hospital (Satoshi Terushita), Yokohama Municipal Citizen's 

Hospital (Hiroaki Okomoto, Tsuneo Shimokawa), Yoshijima Hospital ( Ryohei Nishino, Tae 

Orihayashi, Toshihiko Kuraoka). 
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