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ABSTRACT
Background: Serological testing for immunoglobulin (Ig) E or IgG is useful for diagnosing
allergic bronchopulmonary aspergillosis (ABPA), as it detects type I and III allergic reactions
to Aspergillus species. However, few reports have investigated the allergen component and
cross-reactivity among Aspergillus species. We aimed to measure and analyze the levels of
IgGs specific to each Aspergillus species and investigate the prevalence of IgEs specific to
each allergen component of A. fumigatus (Af) in ABPA patients.
Methods: Serum samples were collected from 12 ABPA patients who visited our hospital between
February and December 2017, and 16 with Af-sensitized asthma and 41 with Af-unsensitized
asthma were controls. Immuno-CAP was performed to analyze the IgEs and IgGs specific to Af, A.
niger, A flavus and A. terreus, and IgEs specific to allergen components Asp f 1, 2, 3, 4 and 6.
Results: The ABPA group was significantly more frequently sensitized to Asp f 1 and 2 than
the control groups. Af-specific IgEs were significantly positively correlated to the IgEs spe-
cific to A. flavus, A. niger and A. terreus. Af-specific IgGs were positively correlated to the
IgGs specific to all the other species.
Conclusions: Tests using allergen components were useful for ABPA diagnosis. Both IgE
and IgG were highly cross-reactive among the Aspergillus species. There were many patients
apart from asthmatic patients with ABPA, who displayed high Aspergillus IgG values.
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Introduction

The presence of allergic bronchopulmonary aspergil-
losis (ABPA) was first reported in 1952 by Hinson
et al. [1] In this disease, type I and III allergic reac-
tions are caused through the inhalation of Aspergillus
spores. It is reported to affect 1% to 2% of all adult
patients with asthma and is characterized by the pres-
ence of recurrent infiltrates and central bronchiectasis.
As the repeated onset of this disease can cause irre-
versible changes, such as bronchiectasis, cystic changes
and fibrosis, early diagnosis is important. The known
diagnostic criteria for ABPA include those developed
by Rosenberg (1977) [2], Greenberger (1988) [3], and
the International Society for Human and Animal
Mycology working group (2013) [4], all of which
emphasize the importance of performing a skin or
blood test to confirm the presence of allergic reactions

to Aspergillus. In the blood test, the levels of
Aspergillus-specific immunoglobulin (Ig) E and IgG
antibodies or precipitating antibodies are measured
for the detection of type I and III allergic reactions,
which are major pathological conditions of ABPA.

A recent report indicated that ABPA is not always
accompanied by asthma [5]. Patients with ABPA include
those with few subjective symptoms and those without an
abnormal shadow detectable on the performance of a
chest roentgenogram in the early stages. In some cases,
necessary tests are not performed promptly; consequently,
the diagnosis of ABPA is delayed. Thus, there is a need
for specific diagnostic markers that can pathologically dif-
ferentiate between simple sensitization to Aspergillus and
ABPA. In recent years, molecular diagnostic techniques
using allergen components have been proposed for
the treatment of allergic diseases. Regarding ABPA, the
Molecular Allergology User’s Guide, issued by the
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European Academy of Allergy and Clinical Immunology
in 2016, cites a report by Crameri et al. [6] indicating
that patients with ABPA are specifically sensitized to Asp
f 2, 4 and 6. However, as no large-scale study has focused
on the distinction between Aspergillus-sensitized asthma
and ABPA by allergen component, the guide concludes
that this sensitization has still not been verified [7].
Tanimoto et al. reported that as patients with ABPA are
frequently sensitized to Asp f 1 and 2, these allergens are
useful for the diagnosis of ABPA [8]. Based on this
report, Fukutomi et al. also advocate the effectiveness of
using allergen components for ABPA diagnosis [9].
Testing for allergen components may allow for the early
diagnosis of ABPA before the occurrence of irreversible
changes. Thus, we investigated the prevalence of IgEs spe-
cific to each allergen component of Af in all ABPA
patients treated at our hospital and determined which
allergen component they were specifically sensitized to.

Tests to detect type III allergic reactions in ABPA
include the measurement of precipitating antibodies
and IgG. Agarwal et al. reported that testing for pre-
cipitating antibodies to Af has low sensitivity (27.4%)
in the diagnosis of ABPA, and that the measurement
of Aspergillus-specific IgG levels with a cutoff level of
26.9mgA/L is useful for ABPA diagnosis (sensitivity of
88% and specificity of 100%) [10].

A Japanese study reported that, with a cutoff Af-
specific IgG level of 26.9mgA/L, 39 of 53 patients with
ABPA (75%) were positive for IgG, and that patients
who were positive only for Af-specific IgGs but nega-
tive for precipitating antibodies accounted for 27% of
all the patients [11].

Based on combined findings from these reports,
the measurement of Aspergillus-specific IgG levels
appears to be important for the detection of type III
allergic reactions in the diagnosis of ABPA. Thus, we
measured and analyzed the levels of IgGs specific to
each Aspergillus species in patients with ABPA or
asthma, who were treated at our hospital.

We previously reported that the Af-specific IgE levels
differed between Immuno-CAP and multiple specific IgE
assays [12]. We assumed that this result was attributed to
the difference in the amounts of solid-phase allergens in
each of those test kits. As allergen components were
measured in the present study, we additionally sought to
determine which allergen component was responsible for
the difference in the measurements between these assays.

Methods

The serum samples used were collected from the follow-
ing patients who visited Fujita Health University Second

Education Hospital between February and December
2017 and consented to participate in the present study:
12 patients with ABPA, and controls comprising 16
patients with Aspergillus-sensitized asthma (with-asp
group) and 41 with Aspergillus-unsensitized asthma
(without-asp group). Bronchial asthma was diagnosed by
pulmonologists, according to the 2015 Japanese Asthma
Prevention and Management Guidelines [13]. ABPA was
diagnosed by pulmonologists, according to the Patterson
criteria [3], when the chest imaging studies showed cen-
tral bronchiectasis or infiltrates. The with-asp group
comprised patients with asthma whose Aspergillus-spe-
cific IgE level was determined to be �0.35UA/mL by
Immuno-CAP. The without-asp group comprised
patients with bronchial asthma whose Aspergillus-specific
IgE level was determined to be <0.35UA/mL by
Immuno-CAP. Immuno-CAP was performed using
serum samples from the patients for the measurement
and analyses of the following: IgEs and IgGs specific to
Aspergillus fumigatus (Af), A. niger, A. flavus and A. ter-
reus; IgEs specific to Asp f 1, 2, 3, 4 and 6; Malassezia-
specific IgEs; and mite-specific IgEs. The cutoff IgE level
was set at 0.35UA/mL, and the cutoff IgG level at
26.9mgA/L. In patients who underwent multiple specific
IgE assays, the association between the Aspergillus-spe-
cific IgE antibody measurements by these assays and the
sensitization to each allergen component were analyzed.
The present study was conducted after review and
approval by the Medical Research Ethics Committee of
Fujita Health University (Approval No. HM16-372).

Statistical analysis

Numerical data are expressed as mean, median and
interquartile range (IQR), and categorical data as
count and percentage.

Two independent groups were compared using a
Mann-Whitney U test. The degree of association
between two variables was determined using
Spearman’s rank correlation coefficients. Differences
across three or more independent groups were assessed
using a Kruskal-Wallis test. Values of p< 0.05 were
considered statistically significant. Statistical software
StatMate version 3.19 (ATMS Co., Ltd., Tokyo, Japan)
was used for all statistical analyses.

Results

Patient characteristics

Table 1 presents the patient characteristics, by group.
There were 12 patients in the ABPA group, 16 in the
with-asp group and 41 in the without-asp group.
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Overall, the participants comprised 38 men and 31
women, and their mean age was 54.7 years. The
median disease duration was 11 years (IQR:
5–29 years). The median total IgE level was 663 IU/mL
(IQR: 211–1568 IU/mL). Compared to the control
groups, those in the ABPA group had a significantly
higher eosinophil count (p< 0.001) and significantly
lower forced expiratory volume in 1 s (p< 0.001) and
forced vital capacity (p< 0.05).

Allergen components

IgEs specific to each allergen component (i.e. Asp f 1,
2, 3, 4 and 6) were quantified by Immuno-CAP and

analyzed. Based on the comparison of the quantitative
values, the ABPA group was more frequently sensi-
tized to Asp f 1 and 2 than the control groups: these
results were significant.

No significant differences were observed in the lev-
els of Asp f 3, 4 or 6 between these groups (Table 2
and Figure 1). Next, with a cutoff level of 0.35UA/mL
(CLASS 1), the ABPA group showed significantly
higher positivity rates for Asp f 1, 2, 3 and 4 than the
control groups (Table 2). When the correlation
between each allergen component and Malassezia-spe-
cific IgE was analyzed, only Asp f 6 was significantly
positively correlated to Malassezia-specific IgEs
(r¼ 0.3982, p< 0.001).

Table 1. Patient characteristics in the ABPA, and control (with-asp and without-asp) groups with-asp: patients with bronchial
asthma and Aspergillus-specific IgE � 0.35 UA/mL without-asp: patients with bronchial asthma and Aspergillus-specific IgE
<0.35 UA/mL.

Control

All patients n¼ 69
All participants

(n¼ 69)
ABPA
(n¼ 12)

With-asp
(n¼ 16)

Without-asp
(n¼ 41) p Value

Age (year), mean ± SD 54.7 ± 18.6 60.9 ± 14.7 47.5 ± 19.0 55.8 ± 19.0 NS
Sex (men:women), n (%) 38:31 4:8 11:5 23:18 <0.01
Disease duration (year), median (IQR) 11(5–29) 15.5(4.8–34) 20.5(12.3–35.5) 10(3–24) NS
Smoking history (pack-year), median (IQR) 0(0–25) 0(0–25) 0(0–16.25) 10(0–27.5) NS
Peripheral eosinophil count, median (IQR) 294.5(109–553) 937(552–1359) 336(190–546) 196(88–360) <0.001
Total IgE (IU/mL), median (IQR) 663(211–1568) 1535(1059–2958) 1659(544.5–2917) 250(73–696) <0.001
FEV1 (mL), mean ± SD 2475 ± 927 1975 ± 939 2678 ± 963.7 2555 ± 924 <0.001
FEV1/FVC (%), mean ± SD 75.0 ± 11.8 71.7 ± 11.8 76.1 ± 10.76 75.9 ± 12.32 NS
FVC (mL), mean ± SD 3070 ± 929 2835 ± 941.0 3501 ± 1061 3314 ± 892 <0.05

ABPA: allergic bronchopulmonary aspergillosis; IgE: immunoglobulin E; IQR: interquartile range; FEV1: forced expiratory volume in 1 second; FVC: forced
vital capacity; SD: standard deviation; NS: not significant.

Table 2. Component-specific IgE (UA/mL) measured in serum samples and positive rates of patients with Aspergillus-specific IgE
level > 0.35 UA/mL (CLASS 1) in the ABPA group and the two control (with-asp and without-asp) groups.

Control

ABPA (n¼ 12) With-asp (n¼ 16) Without-asp (n¼ 41)

Aspergillus (M3)-specific IgE 12.25(3.74–16.42) 1.8(0.64–5.96)� 0.05(0.05–0.05)���
Asp f 1 (UA/mL), median (IQR) 2.50(0.31–9.98) 0.20(0.17–0.24)��� 0.14(0.13–0.17)���
Asp f 2 (UA/mL), median (IQR) 1.64(0.54–4.07) 0.05(0.05–0.23)�� 0.05(0.05–0.05)���
Asp f 3 (UA/mL), median (IQR) 0.74(0.20–21.20) 0.08(0.05–0.68) 0.05(0.05–0.05)���
Asp f 4 (UA/mL), median (IQR) 0.15(0.05–4.85) 0.13(0.05–0.20) 0.05(0.05–0.05)���
Asp f 6 (UA/mL), median (IQR) 0.26(0.09–1.87) 0.13(0.05–0.57) 0.05(0.05–0.05)���
Asp f 1-positive rate, n (%) 8(67%) 2(13%)††† 3(7%)†††

Asp f 2-positive rate, n (%) 9(75%) 3(19%)††† 0(0%)†††

Asp f 3-positive rate, n (%) 8(67%) 5(31%)†† 0(0%)†††

Asp f 4-positive rate, n (%) 4(33%) 1(6%)† 1(2%)†††

Asp f 6-positive rate, n (%) 6(50%) 5(31%) 1(2%)†††

A. niger IgE(UA/mL), median (IQR) 1.14(0.30–4.58) 0.434(0.272–1.195) 0.05(0.05–0.05)���
A. flavus IgE(UA/mL), median (IQR) 1.46(0.41–3.49) 0.495(0.151–1.605) 0.05(0.05–0.05)���
A. terreus IgE(UA/mL), median (IQR) 1.57(0.16–4.51) 0.32(0.05–1.833) 0.05(0.05–0.05)���
A. fumigatus IgG (mgA/L), median (IQR) 70.3(43.25–122.5) 23.75(14.55–54.63)�� 34.8(18.9–55.8)��
A. niger IgG (mgA/L), median (IQR) 35.1(18.86–57.68) 11.7(6.567–27.15)�� 15.8(9.37–33.1)�
A. flavus IgG (mgA/L), median (IQR) 66.05(24.18–107.75) 21.95(10.972–47.875)�� 31.6(18.9–48.9)
A. terreus IgG (mgA/L), median (IQR) 28.65(17.7–56.85) 10.9(6.072–21.325)�� 10.8(8.09–18.3)���
Mite (UA/mL), median (IQR) 1.10(0.36–14.77) 14(2.20–33.3) 0.156(0.05–2.01)�
Malassezia (UA/mL), median (IQR) 0.23(0.05–1.12) 2.02(0.19–22.93)� 0.05(0.05–0.05)�
IgE (UA/mL) and IgG (mgA/L) specific to Aspergillus fumigatus, A. niger, A. flavus and A. terreus. ABPA: allergic bronchopulmonary aspergillosis; With-asp:
patients with bronchial asthma and Aspergillus-specific IgE level � 0.35 UA/mL; Without-asp: patients with bronchial asthma and Aspergillus-specific IgE
level < 0.35 UA/mL; IgE: immunoglobulin E; Af: Aspergillus fumigatus; IQR: interquartile range.�p< 0.05, ��p< 0.01, ���p< 0.001; difference compared with values in the ABPA group by a Mann–Whitney U test.

†p< 0.05, ††p< 0.01, †††p< 0.001; difference compared with values in the ABPA group by a chi-square test.
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Interspecies association of IgE

Table 2 shows the measurements of the IgEs specific
to Af, A. niger, A. flavus and A. terreus. Af-specific
IgEs were significantly positively correlated to the
IgEs specific to A. flavus (r¼ 0.7572, p< 0.001), A.
niger (r¼ 0.7061, p< 0.001) and A. terreus (r¼ 0.7537,
p< 0.001) (Figure 2). Af showed nearly the same level
of the coefficient as A. flavus (r¼ 0.7572). Meanwhile,
all patients negative for Af-specific IgEs (<0.35UA/
mL) (n¼ 41) were also negative for IgEs specific to A.

niger, A. flavus and A. terreus. In addition, patients
positive for IgEs specific to A. niger, A. flavus and A.
terreus (>0.35UA/mL) were all determined to be posi-
tive for Af-specific IgEs.

Af-specific IgG

The median Af-specific IgG levels (IQR) were 70.3
(43.25–122.5) mgA/L in the ABPA group, 23.75
(14.55–54.63) mgA/L in the with-asp group and 34.8

Figure 2. Correlation of the specific immunoglobulin E antibodies between Aspergillus fumigatus and the other species. (A. niger,
A. flavus and A. terreus). Left: Correlation of A. fumigatus-specific immunoglobulin E with immunoglobulin E antibodies specific to
A. niger, A. flavus and A. terreus. Right: Correlation of A. fumigatus-specific immunoglobulin G with immunoglobulin G antibodies
specific to A. niger, A. flavus and A. terreus. Af: Aspergillus fumigatus. r: Spearman’s rank correlation coefficient.

Figure 1. Component-specific immunoglobulin E levels measured in the serum samples obtained from the ABPA group and the
two control groups. The vertical axis uses a logarithmic scale. ABPA: allergic bronchopulmonary aspergillosis With-asp: patients
with bronchial asthma and Aspergillus-specific immunoglobulin E level � 0.35 UA/mL Without-asp: patients with bronchial asthma
and Aspergillus-specific immunoglobulin E level < 0.35 UA/mL.
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(18.9–55.8) mgA/L in the without-asp group (Table 2
and Figure 3). When the cut-off Aspergillus-specific
IgG level was set at 26.9mgA/L, 83% of the patients in
the ABPA group (n¼ 10/12) and 54% in the control
groups (n¼ 31/57) showed positivity (sensitivity of
83% and specificity of 46%).

Interspecies associations between IgGs

Next, the associations between specific IgGs among
the Aspergillus species were analyzed. Table 2 shows
the measurements of the IgGs specific to all the
Aspergillus species, and Table 3 shows the correlations
between the species.

Af-specific IgGs were positively correlated to IgGs
specific to all the other species (A. niger: r¼ 0.8860,
p< 0.001; A. flavus: r¼ 0.9432, p< 0.001; and A. ter-
reus: r¼ 0.7473, p< 0.001); a strong positive correl-
ation was observed particularly between Af and A.
flavus (r¼ 0.9432, p< 0.001).

Multiple specific IgE assays and
allergen components

Of 57 patients who underwent multiple specific IgE
assays (View AllergyVR and MAST IVVR ), Table 4 shows
the ratio of patients positive for Aspergillus crude
antigen-specific IgEs (�CLASS 1) to those positive for
each allergen component (Asp f 1, 2, 3, 4 and 6). All
patients positive for any of the components were deter-
mined to be positive for Aspergillus crude antigen-spe-
cific IgEs by View AllergyVR . MAST IVVR determined

Figure 3. Levels of immunoglobulin G antibodies specific to each Aspergillus species (A. fumigatus, A. niger, A. flavus and A. terreus)
in the ABPA, with-asp and without-asp groups. ABPA: allergic bronchopulmonary aspergillosis; With-asp: patients with bronchial
asthma and Aspergillus-specific immunoglobulin E level � 0.35 UA/mL; Without-asp: patients with bronchial asthma and
Aspergillus-specific immunoglobulin E level < 0.35 UA/mL.

Table 3. Correlation of the specific immunoglobulin E and
specific immunoglobulin G measured in the serum samples of
patients in the ABPA, with-asp, and without-asp groups,
among the Aspergillus species (A. fumigatus, A. niger, A. flavus
and A. terreus).
Specific IgE A. fumigatus A. niger A. flavus A. terreus

A. fumigatus r¼ 0.7061
p< 0.001

r¼ 0.7572
p< 0.001

r¼ 0.7537
p< 0.001

A. niger r¼ 0.6887
p< 0.001

r¼ 0.6992
p< 0.001

A. flavus r¼ 0.7412
p< 0.001

A. terreus

Specific IgG A. fumigatus A. niger A. flavus A. terreus

A. fumigatus r¼ 0.8860
p< 0.001

r¼ 0.9432
p< 0.001

r¼ 0.7473
p< 0.001

A. niger r¼ 0.9419
p< 0.001

r¼ 0.4714
p< 0.001

A. flavus r¼ 0.6071
p< 0.001

A. terreus

r: Spearman’s rank correlation coefficient.
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some patients to be negative for Aspergillus crude anti-
gen-specific IgEs across all components.

Discussion

The present study revealed that the ABPA group was
more frequently sensitized to Asp f 1 and 2 than the
with-asp group. This was comparable to the results
reported by Tanimoto et al. [8] ABPA presents differ-
ent clinical features, such as age at onset and total IgE
level, depending on the country [5]. This is presum-
ably attributable to the differences in the conditions
required for fungal growth (e.g. humidity and tem-
perature), owing to differing climatic conditions and
housing environments across countries, as well as the
low prevalence of cystic fibrosis – an underlying dis-
ease of ABPA – in Japan. Crameri et al. reported that
patients with ABPA are frequently sensitized to Asp f
2, 4 and 6 [6], and it seems that the difference in the
frequency of sensitization to allergen components may
be affected by different patient characteristics and
environmental factors. Asp f 1 (Ribotoxin) is a protein
specifically expressed in Af within the Aspergillus
genus [14]. This protein does not exist in spore form
in the environment, but Af spores colonize the airway,
germinate into hyphae and secrete the protein. Thus,
sensitization to Asp f 1 indicates that Af has existed
in the body for a certain period and formed colonies.
Given this feature of Asp f 1, it appears to be plaus-
ible that patients with ABPA, which is caused by the
airway colonization of Aspergillus species, are fre-
quently sensitized to Asp f 1. Asp f 3 (a peroxisomal-
like protein) and Asp f 6 (an Mn superoxide dismu-
tase) are proteins widely expressed in not only
Aspergillus species but also other fungi [15]. The pre-
sent study revealed that only Asp f 6 among the aller-
gen components was positively correlated to
Malassezia-specific IgE antibodies. Moreover, of five
patients who were positive for only Asp f six among
the components, four patients (80%) were determined
to be positive for IgEs specific to the crude extract
antigen of Af by Immuno-CAP. These patients may
have been sensitized to Malassezia or other fungi
instead of Aspergillus; consequently, they were

determined to be positive for Af-specific IgEs because
of cross-reaction. Thus, allergen-specific IgE testing
based on the features of each Aspergillus allergen com-
ponent appears to provide information that conven-
tional allergen-specific IgE testing with crude extract
antigens does not. Information that can be clinically
obtained from the components includes that pertain-
ing to whether a patient is actually sensitized to
Aspergillus or found positive because of cross-reactiv-
ity with other fungi. In addition, before chest radiog-
raphy provides clear imaging findings, ABPA can be
early suspected based on whether a patient is sensi-
tized to Asp f 1 or 2. Fukutomi et al. proposed the
measurement of the levels of the IgEs specific to Asp f
1 and 2 in patients with asthma who are sensitized to
the crude extract antigens of Aspergillus. If they are
positive for either Asp f 1 or 2, ABPA should be sus-
pected, and additional tests are recommended [9]. The
results of our study also support their proposal.
Furthermore, IgE antibodies are known to be cross-
reactive among fungi [16], and the cross-reactivity of
IgE antibodies among Aspergillus species has been
reported [17]. The present study confirmed that, in
addition to Aspergillus-specific IgE antibodies,
Aspergillus-specific IgG antibodies are also cross-react-
ive among the species. Both Af-specific IgEs and IgGs
were the most strongly correlated to A. flavus-specific
IgEs and IgGs.

Piechura et al. performed electrophoresis with the
antigen components of Aspergillus species on serum
samples from patients with ABPA, reporting that Af is
more cross-antigenic with A. flavus than A. niger and
A. terreus [18]. Their results appear to be consistent
with ours. Aspergillus species existing in the environ-
ment include not only Af but also various other spe-
cies such as A. niger, A. flavus and A. terreus; all these
species can cause ABPA. Therefore, when evaluating
the results of the Aspergillus antibody test, it is neces-
sary to consider immunological interspecies cross-
reactivity and simultaneous exposure and sensitization
to multiple Aspergillus species (i.e. co-sensitization)
[19]. Therefore, we did not perform IgE inhibition
assays in the present study and patients with co-sensi-
tization were not excluded.

Table 4. Positivity rates for each component based on multiple specific immunoglobulin E assays.
n¼ 57 Asp f 1 Asp f 2 Asp f 3 Asp f 4 Asp f 6

View AllergyVR 100% (6/6) 100% (6/6) 100% (10/10) 100% (4/4) 100% (10/10)
MAST IVV

R

50% (3/6) 66.7% (4/6) 60% (6/10) 75% (3/4) 50% (5/10)

The Aspergillus-specific IgE levels in the serum samples from 57 patients (including 6 ABPA patients) were measured by View AllergyV
R

(Thermo Fisher
Scientific, Uppsala, Sweden) and MAST IVV

R

(Hitachi Chemical Diagnostics, Inc., Mountain View, CA, USA). Results of Class 1 or greater were regarded as
positive. This table shows the ratios of patients who were determined to be positive for Aspergillus-specific IgE (�Class 1) by each multiple specific IgE
assay (View AllergyVR and MAST IVVR ) to those who were determined to be positive for each allergen component (Asp f 1, 2, 3, 4 and 6) by
Immuno-CAP.
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While Af is the most frequently used test
Aspergillus species in daily clinical practice, our study
revealed that all patients who were positive for IgEs
specific to A. niger, A. flavus or A. terreus were deter-
mined to be positive for Af-specific IgE. This suggests
that patients sensitized to Af, A. niger, A. flavus or A.
terreus may be determined to be positive for Af-spe-
cific IgEs by Immuno-CAP, which is performed in
daily clinical practice. It should be kept in mind that
patients sensitized to A. niger, A. flavus or A. terreus
may be determined to be positive for antibodies
against Af due to cross-reactivity.

Markers for the detection of type III allergic reac-
tions in ABPA include Aspergillus-precipitating anti-
bodies and IgG. Agarwal et al., in India, reported that
the sensitivity of the precipitating antibody test is low
(sensitivity of 27.4%) for the diagnosis of ABPA, and
that a cutoff Aspergillus-specific IgG level of 26.9mgA/
L is appropriate (sensitivity of 88% and specificity of
100%) and useful for ABPA diagnosis [10]. In Japan,
Harada reported that, with a cutoff Aspergillus-specific
IgG level of 26.9mgA/L, 39 of 53 patients with ABPA
(75%) were positive for IgG, and that 27% of all
patients were positive for only Aspergillus-specific
IgGs but negative for precipitating antibodies [11].

These reports indicate the high sensitivity of
Aspergillus-specific IgGs in ABPA diagnosis.

In the present study, the IgG-positivity rate in patients
with ABPA was 83% (n¼ 10/12), which was comparable
to the rates described in the aforementioned reports.
However, even in the control groups (i.e. the with-asp
and without-asp groups), 54% of the patients (n¼ 31/57)
had an Af-specific IgG level exceeding 26.9mgA/L.
Although this cutoff Af-specific IgG level for the diagno-
sis of ABPA is quite similar to that reported by Agarwal
et al. (26.9mgA/L), it should be noted that the specificity
of these cutoff levels may be low.

Limitations

The present study has the shortcoming of a small sam-
ple size; i.e. only 12 patients had ABPA. In addition,
since IgE assays, which are necessary to show immuno-
logical interspecies cross-reactivity, were not performed,
it is possible that the present study contained patients
who were simultaneously exposed and sensitized to
multiple Aspergillus species (i.e. co-sensitization).

Conclusion

Patients with ABPA were more frequently sensitized
to Asp f 1 and 2 than those with Aspergillus-sensitized

asthma. Both IgE and IgG levels were positively corre-
lated among Af, A. niger, A. flavus and A. terreus.
There were many patients apart from asthmatic
patients with ABPA, who displayed high Aspergillus
IgG values.

Acknowledgements

We thank Honyaku Center Inc. (https://www.honyakucen-
ter.jp/) for editorial support.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

All sources of funding of the study are from Fujita Health
University School of Medicine.

References

1. Hinson KF, Moon AJ, Plummer NS. Broncho-pul-
monary aspergillosis; a review and a report of eight
new cases. Thorax 1952;7:317–333.

2. Rosenberg M, Patterson R, Mintzer R, Cooper BJ,
Roberts M, Harris KE. Clinical and immunologic cri-
teria for the diagnosis of allergic bronchopulmonary
aspergillosis. Ann Intern Med 1977;86:405–414. doi:
10.7326/0003-4819-86-4-405.

3. Greenberger PA, Patterson R. Allergic bronchopulmo-
nary aspergillosis and the evaluation of the patient
with asthma. J Allergy Clin Immunol 1988;81:
646–650. doi:10.1016/0091-6749(88)91034-2.

4. Agarwal R, Chakrabarti A, Shah A, Gupta D, Meis JF,
Guleria R, Moss R, et al. Allergic bronchopulmonary
aspergillosis: review of literature and proposal of new
diagnostic and classification criteria. Clin Exp Allergy
2013;43:850–873. doi:10.1111/cea.12141.

5. Oguma T, Taniguchi M, Shimoda T, Kamei K,
Matsuse H, Hebisawa A, Takayanagi N, et al. Allergic
bronchopulmonary aspergillosis in Japan: a nation-
wide survey. Allergol Int 2018;67:79–84. doi:10.1016/
j.alit.2017.04.011.

6. Crameri R, Hemmann S, Ismail C, Menz G, Blaser K.
Disease-specific recombinant allergens for the diagno-
sis of allergic bronchopulmonary aspergillosis. Int
Immunol 1998;10:1211–1216. doi:10.1093/intimm/
10.8.1211.

7. European Academy of Allergy and Clinical
Immunology (EAACI). EAACI molecular allergology
user’s guide. Zurich (Switzerland); 2016. p. 134.

8. Tanimoto H, Fukutomi Y, Yasueda H, Takeuchi Y,
Saito A, Watai K, Sekiya K, et al. Molecular-based
allergy diagnosis of allergic bronchopulmonary asper-
gillosis in Aspergillus fumigatus-sensitized Japanese
patients. Clin Exp Allergy 2015;45:1790–1800.

9. Fukutomi Y, Tanimoto H, Yasueda H, Taniguchi M.
Serological diagnosis of allergic bronchopulmonary

JOURNAL OF ASTHMA 7

https://www.honyakucenter.jp/
https://www.honyakucenter.jp/
https://doi.org/10.7326/0003-4819-86-4-405
https://doi.org/10.1016/0091-6749(88)91034-2
https://doi.org/10.1111/cea.12141
https://doi.org/10.1016/j.alit.2017.04.011
https://doi.org/10.1016/j.alit.2017.04.011
https://doi.org/10.1093/intimm/10.8.1211
https://doi.org/10.1093/intimm/10.8.1211


mycosis: progress and challenges. Allergol Int 2016;65:
30–36. doi:10.1016/j.alit.2015.08.004.

10. Agarwal R, Dua D, Choudhary H, Aggarwal AN,
Sehgal IS, Dhooria S, Garg M, et al. Role of
Aspergillus fumigatus-specific IgG in diagnosis and
monitoring treatment response in allergic bronchopul-
monary aspergillosis. Mycoses 2017;60:33–39. doi:
10.1111/myc.12541.

11. Harada K, Oguma T, Saito A, Fukutomi Y, Tanaka J,
Tomomatsu K, et al. Concordance between
Aspergillus-specific precipitating antibody and IgG in
allergic bronchopulmonary aspergillosis. Allergol Int
2018;67S:S12–S17.

12. Kuwabara k, Yokoi T, Yoshida T, Shiga M, Hirose M,
Kondo R, et al. Comparison between immunoCAP
and multiple antigen simultaneous tests for measuring
Aspergillus-specific immunoglobulin E levels in
Aspergillus-sensitized patients. Fujita Med J 2018;4:
p66–p69.

13. Japanese Society of Allergology. Asthma Prevention
and Management Guidelines (JGL). Japan: Kyowa
Kikaku; 2015.

14. Arruda LK, Platts-Mills TA, Fox JW, Chapman MD.
Aspergillus fumigatus allergen I, a major IgE-binding
protein, is a member of the mitogillin family of

cytotoxins. J Exp Med 1990;172:1529–1532. doi:
10.1084/jem.172.5.1529.

15. Hemmann S, Blaser K, Crameri R. Allergens of
Aspergillus fumigatus and Candida boidinii share IgE-
binding epitopes. Am J Respir Crit Care Med 1997;
156:1956–1962. doi:10.1164/ajrccm.156.6.9702087.

16. Crameri R, Zeller S, Glaser AG, Vilhelmsson M,
Rhyner C. Cross-reactivity among fungal allergens: a
clinically relevant phenomenon? Mycoses 2009;52:
99–106. doi:10.1111/j.1439-0507.2008.01644.x.

17. Selvaggi TA, Walco JP, Parikh S, Walco GA.
Hypersensitivity testing for Aspergillus fumigatus IgE
is significantly more sensitive than testing for
Aspergillus niger IgE. Am J Clin Pathol 2012;137:
203–206. doi:10.1309/AJCPZYX6SJ8FCLRN.

18. Piechura JE, Kurup VP, Fink JN, Calvanico NJ.
Antigens of Aspergillus fumigatus. III. Comparative
immunochemical analyses of clinically relevant asper-
gilli and related fungal taxa. Clin Exp Immunol 1985;
59:716–724.

19. Sehgal IS, Choudhary H, Dhooria S, Aggarwal AN,
Bansal S, Garg M, et al. Prevalence of sensitization to
Aspergillus flavus in patients with allergic bronchopul-
monary aspergillosis. Med Mycol 2019; 57:270–276.

8 K. KUWABARA ET AL.

https://doi.org/10.1016/j.alit.2015.08.004
https://doi.org/10.1111/myc.12541
https://doi.org/10.1084/jem.172.5.1529
https://doi.org/10.1164/ajrccm.156.6.9702087
https://doi.org/10.1111/j.1439-0507.2008.01644.x
https://doi.org/10.1309/AJCPZYX6SJ8FCLRN

	Abstract
	Introduction
	Methods
	Statistical analysis
	Results
	Patient characteristics
	Allergen components
	Interspecies association of IgE
	Af-specific IgG
	Interspecies associations between IgGs
	Multiple specific IgE assays and allergen components

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	Disclosure statement
	References


