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Summary
Allergic bronchopulmonary aspergillosis (ABPA) is an immunological pulmonary disorder
caused by hypersensitivity to Aspergillus fumigatus, manifesting with poorly controlled
asthma, recurrent pulmonary infiltrates and bronchiectasis. There are estimated to be in
excess of four million patients affected world-wide. The importance of recognizing ABPA
relates to the improvement of patient symptoms, and delay in development or prevention
of bronchiectasis, one manifestation of permanent lung damage in ABPA. Environmental
factors may not be the only pathogenetic factors because not all asthmatics develop ABPA
despite being exposed to the same environment. Allergic bronchopulmonary aspergillosis
is probably a polygenic disorder, which does not remit completely once expressed,
although long-term remissions do occur. In a genetically predisposed individual, inhaled
conidia of A. fumigatus germinate into hyphae with release of antigens that activate the
innate and adaptive immune responses (Th2 CD4+ T cell responses) of the lung. The International Society for Human and Animal Mycology (ISHAM) has constituted a working
group on ABPA complicating asthma (www.abpaworkinggroup.org), which convened an
international conference to summarize the current state of knowledge, and formulate consensus-based guidelines for diagnosis and therapy. New diagnosis and staging criteria for
ABPA are proposed. Although a small number of randomized controlled trials have been
conducted, long-term management remains poorly studied. Primary therapy consists of
oral corticosteroids to control exacerbations, itraconazole as a steroid-sparing agent and
optimized asthma therapy. Uncertainties surround the prevention and management of
bronchiectasis, chronic pulmonary aspergillosis and aspergilloma as complications, concurrent rhinosinusitis and environmental control. There is need for new oral antifungal
agents and immunomodulatory therapy.

Introduction
Allergic bronchopulmonary aspergillosis (ABPA) is a
pulmonary disorder caused by hypersensitivity to
Aspergillus fumigatus (Fig. 1) that complicates the
*Members of the ABPA working group are listed in the
appendix.

course of patients with asthma and cystic fibrosis (CF)
[1, 2]. It presents with varied clinical and radiological
manifestations usually with uncontrolled asthma, recurrent pulmonary infiltrates with or without bronchiectasis [3–11]. The disease remains under-diagnosed in
many countries, and as many as one-third are misdiagnosed as pulmonary tuberculosis in developing countries [12]. Diagnostic delay of as long as 10 years
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Fig. 1. Photomicrograph of Aspergillus fumigatus under lactophenol
cotton blue mount (1009).

between the occurrence of first symptom and identification of ABPA is known [13]. Despite six decades of
clinical experience, limited evidence exists on the
epidemiology, pathogenesis, diagnosis, classification
and optimal management of ABPA [2, 11]. A working
group of ‘ABPA in asthmatics’ has recently been formed
by the International Society of Human and Animal
Mycology (ISHAM) to enable collaboration between
clinicians and researchers world-wide with an aim to
resolve problems in ABPA complicating asthmatics. An
international consensus workshop was convened by the
working group to summarize the advances made in the
field of allergic aspergillosis and formulate consensusbased guidelines for diagnosis and therapy. The report
provides a summary of the workshop proceedings.
Methodology
To support the workshop and review, a systematic
search of the electronic databases (PubMed and
EmBase) was performed to identify relevant studies
published from 1952 to 2011 using the text terms:
(‘allergic bronchopulmonary aspergillosis’ OR ‘abpa’ OR
‘abpm’ OR ‘allergic bronchopulmonary mycosis’).
Epidemiology of allergic bronchopulmonary aspergillosis
Aspergillus sensitization (AS) can be defined as the
presence of immediate cutaneous hypersensitivity (or
elevated IgE levels) against antigens of A. fumigatus
[14]. Allergic bronchopulmonary aspergillosis is an
advanced stage of AS, with AS being the first pathogenetic step in development of ABPA. On the other hand,
allergic bronchopulmonary mycosis (ABPM) is ABPAlike syndrome caused by fungi other than A. fumigatus
[15]. The identification of AS is also important as it is
associated with higher rates of bronchiectasis and
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873
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severe asthma [16–19]. Severe asthma with fungal
sensitization (SAFS) is a recently described entity characterized by the presence of severe asthma and fungal
sensitization akin to ABPA, but without bronchiectasis
and mucus plugging, and total IgE values < 1000 IU/mL
[20, 21]. The prevalence of ABPA in asthma is believed
to be about 1–3.5% based on secondary care referral
cohorts in South Africa, Ireland, Saudi Arabia, New
Zealand and China [22–27]. The true prevalence of AS/
ABPA in asthma remains speculative because of the
absence of widespread community-based data for this
purpose. The only population based data for AS available is from the National Health and Nutrition Examination Survey conducted in the United States where the
prevalence of AS was found to be 6.4% using A. fumigatus-specific IgE levels [28]. However, the prevalence is
likely to be higher in special clinics than in the community, and may vary by ethnicity and exposure risk.
A recent systematic review demonstrated a high prevalence of AS and ABPA (28% [95% CI 24–34] and 12.9%
[95% CI 7.9–18.9] respectively) in special (chest or
asthma) clinics [29].
The prevalence of AS/ABPA reported over the last
decade is shown in Table 1 [25–27, 30–36]. The prevalence of AS varies from 5.5% to 38.5% while the
prevalence of ABPA ranges between 2.5 and 22.3%
with a pooled prevalence of 8.4% (Table 1). Further,
in a scoping review, Denning et al. estimated the
global burden of 4.8 million (range 1.4–6.8) ABPA
patients in a world-wide asthma population of 193
million [37].
Pathogenesis of allergic bronchopulmonary aspergillosis
The familial occurrence of ABPA may be as high as 5%
[38]. Exposures to high concentrations of spores have
been reported to cause ABPA [39–43]. As not all asthmatics develop ABPA despite being exposed to the
same milieu, environmental factors may not be the only
factors in the pathogenesis of ABPA. Fungal conidia are
immunologically inert because of the presence of surface hydrophobin that prevents immune recognition of
fungal spores [44]; however, defective clearance of conidia in asthma or CF allows them to germinate into
hyphae. Normally, the hyphal forms are killed by
neutrophils. Airway macrophages recognize fungi
through pattern recognition receptors (PRRs) such as
toll-like receptors (TLRs) and mannose-binding lectin
(MBL), which trigger secretion of pro-inflammatory
cytokines [45]. In ABPA, it is hypothesized that defects
in innate and adaptive immunity (Table 2) cause persistence of A. fumigatus [46]. Many of these genetic
defects have also been documented in ABPA complicating CF (Table 2). On a background of asthma in genetically susceptible individuals [47–64], (Table 2), inhaled
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Table 1. Prevalence of Aspergillus sensitization (AS) and allergic bronchopulmonary aspergillosis (ABPA) complicating asthma in studies
conducted in this millennium

Study

Country

Type of study

Skin test/antigen

Eaton et al. [25]

New Zealand

Prospective

Kumar et al. [30]
Al-Mobeireek et al. [26]

India
Saudi Arabia

Prospective
Prospective

Maurya et al. [31]
Agarwal et al. [32]

India
India

Prospective
Prospective

Prasad et al. [33]
Agarwal et al. [34]
Ghosh et al. [35]
Sarkar et al. [36]

India
India
India
India

Prospective
Prospective
Prospective
Prospective

Ma et al. [27]
Pooled prevalence

China

Prospective

SPT/commercial
(Hollister-Stier, USA)
Intradermal/indigenous
SPT/commercial
(SoluPrick, ALK labs)
Intradermal/indigenous
Intradermal/commercial
(Hollister-Stier)
Intradermal/not available
Intradermal/indigenous
Intradermal/indigenous
SPT/commercial
(Creative Drug
Industries, India)
–

Prevalence of AS, n/N
(%; 95% CI)

Prevalence of ABPA, n/N
(%; 95% CI)

47/255 (18.4; 14.1–23.7)

12/243 (4.9; 2.8–8.5)

47/200 (23.5; 18.1–29.9)
12/53 (22.6; 13.3–35.8)

32/200 (16; 11.5–21.8)
7/264 (2.7; 1.3–5.5)*

30/105 (28.6; 20.8–37.9)
291/755 (38.5; 35.1–42.1)

8/105 (7.6; 3.9–14.5)
155/755 (20.5; 17.8–23.6)

74/244
87/242
54/215
40/126

(30.3;
(35.9;
(25.1;
(31.7;

24.9–36.4)
30.2–42.2)
19.8–31.3)
24.2–40.4)

11/200 (5.5; 3.1–9.7)
25.1 (19.6–31.6)

18/244
54/242
15/215
10/126

(7.4; 4.7–11.4)
(22.3; 17.5–28)
(6.9; 4.2–11.2)
(7.9; 4.3–14.1)*

5/200 (2.5; 1.0–5.9)
8.4 (5.3–13.1)

*Allergic bronchopulmonary mycosis.
The prevalence with 95% confidence intervals (CI) for each study was calculated, and then the results were pooled using random-effects model to
derive a pooled prevalence with 95% CI.
SPT, skin prick test.

conidia of A. fumigatus (and occasionally other fungi)
are able to persist and germinate, leading to hyphal
growth. A. fumigatus releases a variety of proteins,
which promote release of pro-inflammatory cytokines
by the airway epithelium [65–67]. In addition, certain
Aspergillus proteases are directly toxic to pulmonary
epithelium causing cell detachment and death [65, 67,
68]. All these events activate the innate immune system
of the lung leading to production of several inflammatory cytokines [65, 69–71]. Exposure of A. fumigatus
antigens to pulmonary dendritic cells prime na€ıve Th
cells to Aspergillus specific T cells. The immune reaction of the human host to Aspergillus is a Th1 CD4+ T
cell response. However, the immune response in AS and
ABPA (quantitatively greater in ABPA than AS [72–75])
is a Th2 CD4+ T cell response with IL-4, IL-5 and IL-13
cytokine secretion [47, 72, 76–78]. The Th2 response
causes profound inflammatory reaction with influx of
various inflammatory cells (including neutrophils and
eosinophils) [67, 79] and IgE (total and A. fumigatus
specific) synthesis (Fig. 2) [80]. There is evidence for a
regulatory T cell defect in some patients with CF and
ABPA [81]; however, the role, if any, of Th17 and regulatory T cells in ABPA complicating asthma is yet to be
fully explored [82].
Clinical features
Patients generally present with poorly controlled
asthma, wheezing, hemoptysis and productive cough

[83]. Other symptoms include low grade fever, weight
loss, malaise and fatigue. Expectoration of brownish
black mucus plugs is seen in only 31–69% of patients
[12, 30, 32]. Patients can also be asymptomatic (albeit
with asthma medications) and are diagnosed on routine
investigations [25, 32, 84]. In a series of 155 cases of
ABPA, 19% of ABPA patients had well-controlled
asthma [32]. Clubbing is uncommon, and is seen in
those with long-standing bronchiectasis [32]. Physical
examination can also detect complications of ABPA
such as pulmonary hypertension [85]. During ABPA
exacerbations, patients are symptomatic with fever,
wheezing, hemoptysis and productive cough. Examination may reveal localized findings of consolidation and
atelectasis, which need to be differentiated from other
pulmonary diseases.
Diagnostic test findings
Aspergillus skin test. An immediate cutaneous hypersensitivity to A. fumigatus antigens (either crude or
recombinant) is hallmark of ABPA, and represents the
presence of IgE antibodies specific to A. fumigatus. The
test can be performed either using a skin prick test or
an intradermal injection [86, 87]. When both are available, a skin prick test should be performed first, and if
negative, some patients may only manifest hypersensitivity with an intradermal test. The sensitivity of a positive result in diagnosis of ABPA is about 90% [88],
although up to 40% of asthmatics without ABPA can
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

Allergic bronchopulmonary aspergillosis

853

Table 2. Genetic susceptibility in allergic bronchopulmonary aspergillosis (ABPA) complicating asthma and cystic fibrosis (CF)
Mutations/
polymorphisms

Population

Number of patients

Control population

HLA (6p21.3)
DR4

Caucasian

16 ABPA (asthma)

56 allergy; 39 controls

DR5

Caucasian

16 ABPA (asthma)

56 allergy; 39 controls

Caucasian

35 ABPA (asthma and
CF)

50 Af sensitized
asthma/CF; 98 controls

DR7

Caucasian

16 ABPA (asthma)

56 allergy; 39 controls

DR2

Caucasian

35 ABPA (both asthma
and CF related)

50 Af sensitized asthma
or CF; 98 controls

DR2/DR5

Caucasian

35 ABPA (both asthma
and CF related)

50 Af sensitized asthma
or CF; 98 controls

DRB1*1501

Caucasian

35 ABPA (both asthma
and CF related)

50 Af sensitized asthma
or CF; 98 controls

DRB1*1503

Caucasian

35 ABPA (both asthma
and CF related)

50 Af sensitized asthma
or CF; 98 controls

DRB1*0701, DRB1*1501,
DQB1*0602, DQB1*0201

Caucasian

38 ABPA (CF)

46 CF, 306 asthma,
176 controls

11 ABPA (asthma)

49 allergic individuals;
84 controls

38 allergic fungal
disease (28 ABPA,
7 SAFS, 3 NOS)

Historical controls

32 ABPA (asthma)
7 ABPA (asthma)
32 ABPA (asthma)
7 ABPA (asthma)
27 ABPA, 119 Af
colonizers

34
46
34
46
–

22 ABPA (asthma)

14 SAFS, 80 controls

Mannose-binding lectin (10q11.2-q21)
G1011A in intron 1
Indian

Caucasian
Exon 1 (R52C, G54D,
G57E),
Promoter (H/L -550,
Y/X -221, P/Q + 4)
Surfactant Protein A2 (10q22.3)
G1649C in exon 4
Indian
Caucasian
T1492C in intron 3
Indian
Caucasian
A1660G in exon 4
Indian
Toll-like receptor 9 (3p21.3)
T1237C in 5′ promoter
Caucasian

controls
controls
controls
controls

Significance OR (95%
confidence intervals)
Allergy: 0.9 (0.3–2.9),
P = 0.9; Control: 22.8
(2.5–211.8), P = 0.002
Control: 5.3 (1.4–20.7),
P = 0.02
Asthma: 1.8 (0.7–4.9),
P = 0.2; Control: 2.8
(1.1-6.8), P = 0.03
Allergy: 1.7 (0.5–5.7),
P = 0.4; Control: 35
(1.8-691.4), P = 0.004
Asthma: 4.9 (1.8–13.6),
P = 0.001
Control: 3.7 (1.6–8.4),
P = 0.001
Asthma: 5.1 (1.9–13.3),
P = 0.0005; Control:
5.4 (2.3–12.9),
P < 0.0001
Asthma: 3.1 (0.9–10.3),
P = 0.05
Control: 4.5 (2.1–9.7),
P = 0.0001
Asthma: 24.8
(1.4–452.7), P = 0.008
Control: 37.5 (4.4–316.8),
P < 0.0001
DRB1*0701, DRB1*1501,
DQB1*0602 associated
with ABPA
susceptibility, while
DQB1*0201 associated
with possible protection
Allergy: 1.2 (0.5–3.3),
P = 0.7
Control: 8.2
(2.8–23.4), P < 0.0001
No significant
relationship, P > 0.05

2.6
2.7
4.8
3.5
5.3

(1.2–5.7), P = 0.01
(0.3-21.9), P = 0.6
(1.1-21.6), P = 0.03
(0.7-16.7), P = 0.2
(1.7-16.9), 0.002

SAFS: 6.9 (0.8–58.2),
P = 0.09; Control:2.5
(1.01–6.1), P = 0.04

Author/reference
Aron et al. [49]

Aron et al. [49]
Chauhan et al. [50]

Aron et al. [49]

Chauhan et al. [50]

Chauhan et al. [50]

Chauhan et al. [50]

Chauhan et al. [50]

Muro et al. [64]

Kaur et al. [60]

Harrison et al. [61]

Saxena (2003)[53]
Vaid (2007)[58]
Saxena (2003)[53]
Vaid (2007)[58]
Saxena et al. [53]

Carvalho et al. [59]

(continued)
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Table 2 (continued)
Mutations/
polymorphisms
IL-4Ra (16p12.1-p11.2)
4G>A (ile75val) in
promoter
IL-10 (13q13)
1082 G>A in promoter

TGF-b (19q13.1, 13.2)
T869C in exon 1

Significance OR (95%
confidence intervals)

Author/reference

56 non-ABPA
(23 asthma, 33 CF)

3.3 (1.8–6.1), P = 0.008

Knutsen et al. [56]

27 ABPA (CF)

351 CF

Brouard et al. [54]

Caucasian

9 ABPA

24 CCPA

GG genotype: 1.67
(0.64–4.36); AG
genotype: 0.43
(0.15–1.18)
0.38 (0.21–0.67), P = 0.0006

Caucasian

9 ABPA

24 CCPA

0.42 (0.24–0.75), P = 0.003

Sambatakou
et al. [57]

Caucasian

79 ABPA in asthma

268 controls
94 asthmatics

Control: 10.4 (4.4–24.8)
Asthma: 5.5 (1.6–18.8)

Miller et al.,
Aron et al.,
Marchand et al.,
Eaton et al.,
Agarwal et al.
[48, 49, 51, 52, 62]

NA

6 ABPA

–

All six children had
24 bp duplication

Vicencio et al. [63]

Population

Number of patients

Control population

Caucasian

40 ABPA
(14 asthma, 26 CF)

Caucasian

Sambatakou
(2006) [57]

CFTR mutations (7q31.2)

CHIT1 gene (1q31–32)
24 bp duplication
in exon 10

Af, Aspergillus fumigatus; CCPA, chronic cavitary pulmonary aspergillosis; CFTR, CF transmembrane conductance regulator; HLA, human leucocyte antigen; IL, interleukin; MBL, mannose-binding lectin; NOS, not otherwise specified; OR, odds ratio; SAFS, severe asthma with fungal sensitization; SNP, single nucleotide polymorphism; SP, surfactant protein; TGF, transforming growth factor; TLR, toll-like receptor; TNF, tumour
necrosis factor.

also demonstrate a type 1 response to Aspergillus
antigen [29].
Total serum IgE levels. The serum total IgE level is a
useful test in both diagnosis and follow-up of ABPA. A
normal serum IgE (in the absence of systemic glucocorticoid therapy) generally excludes active ABPA as the
cause of patient’s current symptoms. There is no consensus on the cut-off value of IgE level that should be
used for diagnosis of ABPA, and the cut-off value
remains speculative. Further, the IgE values are
reported in different units that leads to erroneous interpretation (1 IU/mL equals 2.4 ng/mL; 1000 ng/mL
equals 417 IU/mL). The first paper documenting raised
IgE values in patients with allergic aspergillosis was
published in 1970; however, this study reported IgE
values only in a semi-quantitative fashion (> 0.8 lg/
mL) [89]. Thereafter in several studies, the Patterson
group suggested a cut-off value of > 2500 ng/mL
(> 1042 IU/mL) [5, 90]. Subsequently, they proposed
cut-offs of < 1000 ng/mL for ‘ABPA probably
excluded’ and > 2000 ng/mL (833 IU/mL) for ‘Further
serological studies required’ [6]. However, over the
years, the IgE cut-off has been cited as > 1000 ng/mL

without any clear explanation [91–94]. Thus some
groups use the cut-off value of 417 IU/mL, while others employ a value of 1000 IU/mL [95].
Unfortunately, there is a wide variation in IgE
concentrations in normal persons, atopic asthmatics
and ABPA patients [90, 96]. Moreover, there has been
no receiver operating characteristic curve (ROC) analysis
on the IgE values between ABPA, SAFS and Aspergillus-sensitized asthma; the cut-offs may be different in
ABPA complicating asthma or CF. In a series of 146 CF
patients, ABPA-S and Aspergillus-sensitized CF patients
were separated from each other using total IgE [area
under the curve (AUC), 0.91] and A. fumigatus-specific
IgE levels (AUC, 0.90). The sensitivity and specificity of
total IgE > 400 IU/mL and A. fumigatus-specific IgE
> 8.5 kUA/L was 78% and 95%, and 78% and 79%
respectively. Applying the CF consensus criteria, the IgE
value of > 500 IU/mL (minimum diagnostic criteria for
ABPA) separated ABPA from all other patient groups
including sensitization with a sensitivity of 70% and
specificity of 99%, whereas a level of > 1000 IU/mL
(classic ABPA) gave a sensitivity of 39% and specificity
of 100%. ROC curve analysis showed the optimum total
IgE level of > 180 IU/mL to be 91% sensitive and 90%
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873
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Fig. 2. Current concepts in the pathogenesis of allergic bronchopulmonary aspergillosis (statistically significant genetic associations have been
indicated in bold font). CFTR, CF transmembrane conductance regulator; HLA, human leucocyte antigen; IL, interleukin; SP, surfactant protein;
TLR, toll-like receptor.

specific (AUC 0.97) [97]. On the other hand, in a series
of 372 asthmatic patients (R. Agarwal, personal communication), ABPA (56 patients) was separated from
asthma using the best cut-off values of total IgE of
2346.5 IU/mL (sensitivity 87.5%, specificity 66.9%) and
A. fumigatus IgE of 5.23 kUA/L (sensitivity 96.4%,
specificity 88%). These gave ROC values of AUC 87.7
(95% confidence interval [CI] 82.9–92.4) and AUC 93.5
(95% CI 91.0–96.1) respectively. Clearly, an occasional
patient with ABPA would meet all criteria, but IgE
would be < 1000 IU/mL.
The expert group felt that a cut-off of 500 IU/mL
may lead to over-diagnosis of ABPA as these levels
are often encountered in AS and SAFS, and hence a
cut-off value of 1000 IU/mL should be employed.
Additional validation cohorts examining the prevalence
of IgE values are required to arrive at a better consensus value. Diagnosis should be based on the earliest
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

IgE test available, not on that obtained in a referral
clinic after months, or years of therapy, recognizing
that levels may fall spontaneously and with therapy.
After treatment, serum IgE levels start declining [34,
98], but in most patients do not reach normal value.
Repeated measurements of IgE levels are required to
determine the ‘new’ baseline value for an individual
patient during remission. The serum IgE also represents
an important tool in follow-up of patients, and an
increase in IgE levels may signify an impending exacerbation.
Serum IgE antibodies specific to A. fumigatus. An
elevated level of IgE antibodies specific to A. fumigatus
is considered a characteristic finding of ABPA [84]. The
cut-off value of specific IgE against A. fumigatus in
diagnosis of ABPA is not clear but a value more than
twice the pooled serum samples from patients with
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Aspergillus-sensitized asthma is proposed [90]. As this
is not always feasible, the expert group felt that a value
> 0.35 kUA/L should be used as cut-off.
Radiological investigations. Although consolidation is
described as the most common chest radiographic finding in ABPA, most studies describing this finding are
from the pre-computed tomography (CT) era [99]. In a
recent study, consolidation was not as common as
mucoid impaction [100]. Other findings include tramline shadows, finger-in-glove opacities and tooth paste
shadows [101–104]. High-resolution CT (HRCT) of the
chest detects abnormalities not apparent on the chest
radiograph, allows better assessment of the pattern and
distribution of bronchiectasis and is the radiological
investigation of choice. The usual findings on CT chest
include bronchiectasis, mucoid impaction, mosaic attenuation, centrilobular nodules, tree-in-bud opacities and
pleuropulmonary fibrosis suggestive of chronic pulmonary aspergillosis (CPA) [105, 106]. Uncommon radiological manifestations include miliary nodular opacities
[107], perihilar opacities simulating hilar lymphadenopathy [103, 108], pleural effusions [109] and pulmonary
masses [110, 111].
Bronchiectasis is arbitrarily classified as central if
confined to the medial two-thirds or medial half of
the lung, at a point midway between the hilum and
the chest wall [112]. Central bronchiectasis (CB) with
peripheral tapering of bronchi is believed to be a sine
qua non for the diagnosis of ABPA. However, bronchiectasis in ABPA can extend to the periphery
(Fig. 3), and peripheral bronchiectasis has been
described in 26–39% of the lobes involved by bronchiectasis [84, 106]. In one study, bronchiectasis
extended to the periphery in 33–43% depending on
the criteria used for defining CB [100]. The significance of CB as a specific finding for ABPA is uncertain as almost 40% of the involved lobes have
bronchiectasis extending to the periphery [84, 106,
113]. Also, the sensitivity of CB was only 37% in
diagnosis of ABPA in one study [114]. The expert

Fig. 3. Lung windows of High-resolution CT (HRCT) chest depicting
extensive bronchiectasis extending till the periphery. There is evidence
of mucoid impaction within the bronchiectatic cavities of the left
lung.

group also felt that CB should be considered a complication of ABPA and not a diagnostic criterion.
Mucoid impaction of airways is a common finding.
Mucus plugs in ABPA are generally hypodense but can
have high CT attenuation values in up to 20% of
patients [84]. High-attenuation mucus (HAM), defined
as mucus visually denser than paraspinal skeletal muscle, is a pathognomonic finding of ABPA (Fig. 4) [32,
115–117]. High-attenuation mucus remains an important radiological sign in distinguishing ABPA from
other causes of bronchiectasis as its presence confirms
ABPA as the cause of the underlying bronchiectasis.
Upper lobe pleural thickening, fibrocavitary disease and
aspergilloma probably represent another complication,
namely CPA. Some patients with ABPA develop upper
lobe fibrosis and shrinkage (Fig. 5) [104]. The rate of
cavitation visible on plain chest radiographs varies
between 3% and 21% and that of aspergilloma from
0% to 7.2% [106, 118, 119]. The pathophysiology of
pleural fibrosis in ABPA is not known, and requires
more research.

Fig. 4. High-resolution CT (HRCT) chest showing the presence of high-attenuation mucus (bold arrow) in the mediastinal windows with
corresponding lung window sections. The mucus is visually denser than the paraspinal skeletal muscle (asterisk).
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873
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(b)

Fig. 5. Computed tomography (CT) scan of a patient with chronic pulmonary aspergillosis complicating allergic bronchopulmonary aspergillosis
(ABPA). There is extensive bilateral upper lobe cavitation, pleural fibrosis and left-sided bronchiectasis (2A) and marked right-sided circumferential pleural fibrosis with small cavitation within this fibrosis anteriorly, left lingual pleural fibrosis and right-sided proximal bronchiectasis.

Serum precipitins or specific IgG against A. fumigatus. Serum precipitins (IgG) against A. fumigatus are
present in 69–90% of patients with ABPA [32, 120–
123] but also in 10% of asthmatics with or without
SAFS [1]. IgG antibodies (including precipitins) against
A. fumigatus can be demonstrated either using double
gel diffusion techniques [123], enzyme linked immunoassay (ELISA), fluorescent enzyme immunoassay (FEIA)
or other methods [16]. Two commercial assays
(ImmunoCap and Platelia Aspergillus IgG EIA) are sensitive measures of Aspergillus IgG antibodies compared
with counterimmunoelectrophoresis [124]. ImmunoCap
method has better reproducibility and thus may be
more apt for monitoring IgG levels following treatment
[124]. However, Aspergillus IgG may not be specific for
ABPA as high levels are encountered in other forms of
aspergillosis especially CPA. High titres in ABPA, with
evidence of pleural fibrosis or persistent cavitation,
may represent the interval development of CPA
[125–127].
Peripheral eosinophilia. A peripheral blood eosinophil
count > 1000 cells/lL has been considered a major
criterion for diagnosis of ABPA. However, a recent
study found that only 40% of patients with ABPA presented with an eosinophil count > 1000 cells/lL at
diagnosis [128]. In ABPA, the pulmonary eosinophilia
is far greater than peripheral blood with little correlation between the two; thus, a low eosinophil count does
not exclude ABPA [129, 130]. Highly elevated eosinophil counts are common in many other disorders and so
the specificity of this criterion is problematic. Also,
patients receiving oral steroids can have lower or
normal eosinophil levels.
Sputum cultures for A. fumigatus. Culture of A. fumigatus in sputum is supportive but not diagnostic of
ABPA because the fungus can also be grown in other
pulmonary diseases due to ubiquitous nature of the
fungi. In ABPA, the rates of culture positivity range
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

from 39 to 60% depending on the number of specimens
examined [12, 122]. Interestingly, a recent study suggested that routine processing procedures for isolating
filamentous fungi from respiratory sputum samples
may underestimate fungal prevalence [131]. The authors
used a different sputum processing method, whereby
sputum plugs are separated from saliva and aliquots of
approximately 150 mg are inoculated directly onto
potato dextrose agar [131]. It is interesting to note that
the vast majority of culture-negative ABPA patients
have detectable A. fumigatus DNA in their sputum
[132]. As azole resistance has been documented in
A. fumigatus [132], it may be valuable obtaining
cultures before starting antifungal therapy, and susceptibility testing and/or realtime molecular testing for
resistance of any isolates obtained [133].
Pulmonary function tests. Bronchial provocation with
Aspergillus antigens are not recommended as it can
cause fatal bronchospasm [134]. Routine pulmonary
function tests are helpful in categorizing the severity of
asthma and the underlying lung disease. However, lung
function tests can be normal in ABPA and a normal
spirometry should not exclude the diagnosis of ABPA
[84].
Role of recombinant Aspergillus antigens. Patients with
ABPA are mostly evaluated with crude extracts from
Aspergillus. These antigens lack reproducibility and
consistency, and frequently cross react with other antigens [135]. Recent advances in technology have
enabled cloning of several proteins of A. fumigatus.
The recombinant allergens Asp f1, Asp f2, Asp f3, Asp
f4 and Asp f6 have been evaluated for their diagnostic
performance in asthma and ABPA [136–140]. Crameri
et al. demonstrated excellent correlation between the
Immunocap FEIA and in-house ELISA [139]. Antibodies
against rAsp f1 and rAsp f3 are elevated in both AS
and ABPA while antibodies against rAsp f4 and rAsp f6
are elevated only in ABPA (Table 3) [137, 140].
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Table 3. Recombinant Aspergillus fumigatus antigens evaluated in
allergic bronchopulmonary aspergillosis (ABPA) complicating asthma
Sensitivity, n/N (%)

Antigen

ABPA

rAsp f1
rAsp f2
rAsp f3
rAsp f4
rAsp f6
rAsp f34
rAsp f1
or f3
rAsp f4
or f6

84/105
24/25
66/71
58/72
38/72
60/64
58/60

(80)
(96)
(93)
(81)
(53)
(94)
(97)

65/72 (90)

Specificity, n/N (%)

Aspergillus
sensitization

Asthma or
controls

References

30/60
Not
26/48
0/52
0/52
11/24
30/40

0/13
0/20
0/24
0/25
0/25
0/7
0/20

[137, 139, 261]
[262]
[137, 263]
[137, 264]
[137, 264]
[265]
[137]

(50)
done
(54)
(0)
(0)
(46)
(75)

0/52 (0)

(100)
(100)
(100)
(100)
(100)
(100)
(100)

0/25 (100)

[137, 264]

However, there was inconsistency in results obtained
from different centres [136]. Thus, the expert group felt
that although the current data suggest a promising role
of recombinant antigens in diagnosis of AS and probably ABPA [141–143], there is need for larger studies
from different centres to give a final recommendation
on the diagnostic value of these allergens.
Diagnosis and diagnostic criteria
The diagnosis of ABPA is currently made on a combination of clinical, radiological and immunological findings
using the Patterson criteria [3, 6]. The expert group felt
that these criteria need revision as they offer equal
importance to all parameters while some components of
the criteria are more important than others. For example, the specificity of Aspergillus IgG for ABPA as
opposed to other forms of aspergillosis remains
unknown. Moreover, there is neither any consensus on
the number of major or minor criteria required to make
the diagnosis, nor receiver operator curve (ROC) analysis
of the optimum cut-off values for IgE levels and eosinophil count. From a clinical perspective, it would be helpful to have simpler criteria, if possible. New diagnostic
criteria were formulated with an aim to improve the
diagnosis and care of patients with ABPA and limit the
weaknesses of the previous criteria (Table 4). The refinement in inclusion/exclusion criteria will also benefit
clinical research particularly studies planning to evaluate aetiology and/or new therapies. The new criteria will
need validation and further refinement. Bronchiectasis
was removed from the diagnostic criteria as ABPA may
present without CB. The minor criteria of Patterson et al.
although sometimes present should not be required for
diagnosis, and hence have also been removed. The
expert group agreed that a cut-off value of 1000 IU/mL
can help in differentiating SAFS from ABPA-S but
would require validation. In clinical practice, many

Table 4. Newly proposed diagnostic criteria for allergic bronchopulmonary aspergillosis
Predisposing conditions
Bronchial asthma, cystic fibrosis
Obligatory criteria (both should be present)
Type I Aspergillus skin test positive (immediate cutaneous
hypersensitivity to Aspergillus antigen) or elevated IgE levels
against Aspergillus fumigatus
Elevated total IgE levels (> 1000 IU/mL)*
Other criteria (at least two of three)
Presence of precipitating or IgG antibodies against A. fumigatus in
serum
Radiographic pulmonary opacities consistent with ABPA†
Total eosinophil count > 500 cells/lL in steroid na€ıve patients (may
be historical)
*If the patient meets all other criteria, an IgE value < 1000 IU/mL
may be acceptable.
†
The chest radiographic features consistent with ABPA may be transient (i.e. consolidation, nodules, tram-track opacities, toothpaste/finger-in-glove opacities, fleeting opacities) or permanent (i.e. parallel
line and ring shadows, bronchiectasis and pleuropulmonary fibrosis).

patients will fall short of diagnostic criteria for ABPA.
These patients may be labelled as ‘ABPA- at risk’ and
require close monitoring and follow-up.
While investigating a patient with asthma for ABPA,
it is recommended to perform an Aspergillus skin test
and/or A. fumigatus specific IgE levels, with the latter
being more sensitive [88]. If either is positive, the total
serum IgE levels should be measured. If the value is
> 1000 IU/mL, other tests for ABPA including a CT of
the chest, IgG specific to A. fumigatus or serum precipitins to A. fumigatus and total eosinophil count should
then be performed to fully characterize the disease
(Fig. 6). Allergic bronchopulmonary mycosis can be
diagnosed in the same way, with sensitization to
another fungus being predominant [15].
Natural history
The natural history of ABPA remains unclear because
of its variable course in different patients [6, 7, 144–
147]. However if untreated, the inexorable inflammatory process can result in bronchiectasis and pulmonary
fibrosis, and ultimately respiratory failure and cor pulmonale [83]. Allergic bronchopulmonary aspergillosis
generally does not remit but it can remain quiescent for
long periods. Given its relapsing nature, with development of serious complications, it is important to
provide a clinical framework for staging the disease.
Clinical staging of allergic bronchopulmonary
aspergillosis
Although ABPA has been classified into five stages [5];
there is considerable ambiguity in description of these
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873
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Fig. 6. Protocol for investigating allergic bronchopulmonary aspergillosis (ABPA) in patients with asthma. All asthmatic patients should be
investigated for ABPA using A. fumigatus-specific IgE levels (some
centres employ Aspergillus skin test as the first investigation). Further
investigations are performed as shown in the algorithm. Once a
diagnosis of ABPA is made, the disease is further classified based on
high-resolution CT (HRCT) chest as ABPA-S, ABPA-B, ABPA-HAM,
ABPA-CPF (see Table 6). The clinical stage of the patient also needs
to be ascertained (see Table 5). For example, a patient with ABPA
would be finally classified as ABPA-B, stage Ib. In those with severe
asthma, also consider the diagnosis of severe asthma with fungal sensitization (SAFS), as an alternative to ABPA as SAFS may also be
responsive to oral antifungal therapy. TIgE, total IgE values.

stages with lack of precise definitions. Hence, a new
staging with more accurate definitions has been
recommended (Table 5). These amendments would be
especially beneficial in clinical trials evaluating new
therapies. Importantly, a patient does not necessarily
progress from one stage to the other in a sequential
fashion. Asthmatic patients are generally investigated
for ABPA only if they are symptomatic. However, routinely investigating every asthmatic for ABPA would
help in early diagnosis of the disorder before the onset
of bronchiectasis. Hence, a new stage has been
proposed. Patients in stage 0 are asymptomatic with
controlled asthma and are diagnosed on routinely investigating asthmatic patients for ABPA. Patients who
present with acute to subacute symptoms of ABPA are
classified as stage 1. Patients in stages 0 or 1 meet all
the criteria for diagnosis of ABPA as defined in Table 4.
With treatment, there is improvement in symptoms,
clearing of radiographic opacities and at least 25%
decline in IgE levels by 8 weeks and this is stage 2. The
aim of therapy is not normalization of IgE levels but a
25–50% decline associated with clinical and radiological
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873
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improvement [34, 98]. About 25–50% of the patients
suffer an exacerbation of the disease (stage 3) usually
within 1–2 years [5, 6, 84], which is defined as increase
in IgE levels by 50% of baseline associated with clinicoradiological worsening. The presentation of ABPA with
aspergilloma, and/or HAM predicts a patient likely to
experience recurrent exacerbations [148, 149]. If there
are no ABPA exacerbations over the next 6 months after
stopping therapy, an additional label of remission (stage
4) should be used. Even in patients with remission, the
IgE levels do not return to normal values [145]. Patients
in remission are followed up by measurement of IgE
levels every 3–6 months for the first year and then
annually, depending on the clinical status of the patient.
Some patients in stage 4 may enter into prolonged
remission. However, it does not imply a cure as exacerbations of the disease have been documented several
years after remission [147]. Patients in stage 5 are those
with difficult to control ABPA and/or asthma, and can
be classified into two subtypes. The first group (treatment-dependent ABPA) includes patients requiring
repeated courses of steroids or azoles for control of
ABPA activity. The other group (glucocorticoid-dependent asthma) requires glucocorticoids for control of
asthma. Patients in stage 6 are those with widespread
bronchiectasis and/or fibrosis with type II respiratory
failure and/or cor pulmonale. Even in advanced stages,
the disease can be clinically as well as immunologically
active requiring therapy [7, 150].
Radiological classification of allergic bronchopulmonary
aspergillosis
Allergic bronchopulmonary aspergillosis has been classified radiologically as ABPA with central bronchiectasis (ABPA-CB) or serological ABPA (ABPA-S) on the
presence or absence of bronchiectasis respectively [6,
151]. Greenberger et al. proposed ABPA-S as the earliest stage of ABPA with less severe immunological findings compared to ABPA-CB [9]. However, in their study
only A. fumigatus-specific IgG levels were higher in
ABPA-CB, while the other immunological parameters
(total and A. fumigatus specific IgE) were similar in the
two groups [9]. Thereafter, Kumar et al. classified ABPA
into three groups namely ABPA-S, ABPA-CB and
ABPA-CB with other radiological findings (ABPA-CBORF) [152]. Unfortunately, this study included only 18
patients (six in each group), and the CT manifestations
of ORF included findings representing the end-stage
fibrotic, probably immunologically quiescent disease. In
a study involving 234 patients with ABPA, Agarwal
et al. categorized ABPA into ABPA-S, ABPA-CB and
ABPA-CB with HAM (ABPA-CB-HAM) [148]. The
HAM-based classification scheme was consistently
associated with immunological severity from ABPA-S
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Table 5. Newly proposed clinical staging of ABPA in asthma
Stage

Definition

Features

0

Asymptomatic

1

Acute

1a

With mucoid impaction

1b
2

Without mucoid impaction
Response

3
4

Exacerbation
Remission

5a

Treatment-dependent ABPA

5b

Glucocorticoid-dependent asthma

6

Advanced ABPA

● GINA definition of controlled asthma
● On investigation fulfils the diagnostic criteria of ABPA (Table 4)
● Has not been previously diagnosed to have ABPA
● Patient has uncontrolled asthma/constitutional symptoms
● Fulfils diagnostic criteria for ABPA
● Not previously diagnosed to have ABPA
Meets all the criteria and there is documented mucoid impaction on chest radiograph, CT chest or
bronchoscopy
Meets all the criteria and there is no documented mucoid impaction on CT chest or bronchoscopy
● Clinical improvement (resolution of constitutional symptoms, improvement in asthma control)
● Major radiological improvement*
● IgE decline by ≥ 25% of baseline at 8 weeks
Clinical and/or radiological deterioration associated with an increase in IgE by ≥ 50%
Sustained clinicoradiological improvement with IgE levels remaining at or below baseline
(or increase by < 50%) for ≥ 6 months on or off therapy other than systemic glucocorticoids
If patient has relapse on two or more consecutive occasions within 6 months of stopping treatment
or has worsening of clinical, radiological or immunological parameters on tapering oral
steroids/azoles
If the patient requires oral or parenteral glucocorticoids for control of asthma while the activity
of ABPA is controlled as reflected by IgE levels and chest radiograph
Presence of type II respiratory failure and/or cor pulmonale with radiological evidence of fibrotic
findings consistent with ABPA on HRCT of the chest after excluding reversible causes of acute
respiratory failure

*Permanent changes like cystic opacities/fibrosis should not be considered in radiological remission.
CT, computed tomography; HRCT, high-resolution CT; GINA, global initiative for asthma.

(mild), ABPA-CB (moderate) to ABPA-CB-HAM (severe).
They also observed that the classification scheme of
Greenberger et al. was associated with immunological
severity in some parameters only while in the Kumar
classification, the immunological markers were most
severe in the ABPA-CB group and not ABPA-CB-ORF
suggesting that ORF does not relate directly to immunological severity [148].
The expert group laid down a new radiological classification that incorporates all the current evidence on
the radiological findings in ABPA. Radiologically,
ABPA has been classified into four major categories

(Table 6), namely serological ABPA (ABPA-S), ABPA
with bronchiectasis (ABPA-B), ABPA with high-attenuation mucus (ABPA-HAM), and ABPA with chronic
pleuropulmonary fibrosis (ABPA-CPF).
Management
The management of ABPA consists of anti-inflammatory therapy (systemic glucocorticoids) to suppress the
immune activity, and use of antifungal agents to attenuate the fungal load in the airways [153]. The goals of
therapy include control of asthma, prevention and

Table 6. Newly proposed radiological classification of ABPA based on computed tomographic (CT) chest findings
Classification

Features

ABPA-S (Serological ABPA)
ABPA-B (ABPA with bronchiectasis)
ABPA-HAM (ABPA with highattenuation mucus)
ABPA-CPF (ABPA with chronic
pleuropulmonary fibrosis)

All the diagnostic features of ABPA (Table 4) but no abnormality resulting from ABPA on HRCT chest*
All the diagnostic features of ABPA including bronchiectasis on HRCT chest
All the diagnostic features of ABPA including presence of high-attenuation mucus
ABPA with at least two to three other radiological features such as pulmonary fibrosis, parenchymal
scarring, fibro-cavitary lesions, aspergilloma and pleural thickening without presence of mucoid
impaction or high-attenuation mucus

*Findings resulting from co-existent disease, bullae from asthma, tracheomalacia, etc. should not be considered while labelling the patients as
ABPA-S.
HRCT, high-resolution CT; ABPA, allergic bronchopulmonary aspergillosis.
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treatment of acute exacerbations, and arresting the
development of bronchiectasis and CPA.
Systemic glucocorticoid therapy
Oral corticosteroids are currently the treatment of
choice for ABPA although there are no well-designed
trials of steroids in ABPA. Glucocorticoids are antiinflammatory and suppress immune hyperreactivity of
both asthma and ABPA. There is no data to guide the
dose and duration of glucocorticoids, and different
regimens of glucocorticoids have been used (Table 7).
The use of lower doses of glucocorticoids (regime 1 in
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Table 7) without antifungal therapy is associated with
higher occurrence of recurrent relapses or glucocorticoid dependence (45%) [6]. A higher dosage of glucocorticoids (regime 2 in Table 7) was shown to be
associated with higher remission rates and a lower
prevalence of glucocorticoid-dependent ABPA (13.5%)
[84]. Whether a higher dose or prolonged duration of
corticosteroids is associated with better outcomes
remains unclear in the absence of direct comparisons
between the two regimens. A randomized controlled
trial on the efficacy and safety of two different glucocorticoid dose regimens in ABPA has been completed
(clinical trials.gov; NCT00974766). Hopefully, the
results of this trial will help in answering the question
regarding dose of glucocorticoids in ABPA.

Table 7. Treatment protocols for the management of ABPA
Oral glucocorticoids
Regimen 1 [93]
Prednisolone 0.5 mg/kg/day for one to two weeks, then on
alternate days for six to eight weeks. Then taper by 5–10 mg
every 2 weeks and discontinue
Regimen 2 [84, 92]
Prednisolone, 0.75 mg/kg for 6 weeks, 0.5 mg/kg for 6 weeks,
then tapered by 5 mg every 6 weeks to continue for a total
duration of at least 6–12 months
Oral itraconazole
Dose: 200 mg twice a day, with therapeutic drug monitoring for
at least 16 weeks. Response often takes longer than 16 weeks
Approaches: Recurrent short courses or long-term therapy
Which agent to use
Oral steroids
ABPA with mucoid impaction
ABPA with significant deterioration of lung function attributed
to worsening asthma or ABPA (and not intercurrent infection)
would require treatment with glucocorticoids.
In those with mucoid impaction and proximal collapse, assessment
should be made at 3 weeks and if the collapse has not resolved,
therapeutic bronchoscopy should be performed
Azoles (with or without concomitant steroids)
ABPA with recurrent exacerbations (to prevent exacerbations
after controlling the exacerbation with glucocorticoids)
Glucocorticoid-dependent ABPA
Inhaled steroids
Single agent ICS therapy should not be used as first-line in the
management of ABPA
Can be used for the control of asthma once the oral prednisolone
dose is < 10 mg/day
Follow-up and monitoring
The patients are followed up with a history and physical
examination, chest radiograph, total IgE levels and quality of
life questionnaire every 8 weeks
A ≥ 25% decline in IgE level along with clinicoradiological
improvement signifies satisfactory response to therapy
If the patient cannot be tapered off prednisolone/azole then the
disease has evolved into stage 4. Management should be
attempted with alternate-day prednisone/azole in the least
possible dose
Monitor for adverse effects of treatment

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

Inhaled corticosteroids (ICS)
Inhaled corticosteroids achieve high concentrations in
the tracheobronchial tree with minimal systemic sideeffects. Numerous small case studies have reported the
use of ICS in ABPA [154–160]. These studies utilized
varying doses of ICS and many patients continued to
receive oral steroids while receiving ICS. Also in many
studies, clinical or radiological and spirometric criteria
were used to define response, and IgE levels were not
measured. This makes it difficult to analyse whether the
beneficial effects were solely due to ICS.
Oral azoles
Although systemic steroids are highly efficacious in the
management of ABPA [32, 34, 84, 148, 151], almost
50% of patients relapse when they are tapered and 20–
45% become glucocorticoid dependent [6, 84]. Many
patients also develop adverse effects related to chronic
steroid therapy [161, 162]. The use of specific antifungal agents in ABPA can decrease the immune response
by reducing the antigenic stimulus consequent to a
decreased fungal burden, and can thus obviate/reduce
the need for glucocorticoids [163]. Ketoconazole has
been used in ABPA [164, 165], but has been replaced
by the less toxic and more active agent, itraconazole
[166–172]. Two randomized controlled studies (84
patients) have evaluated the role of itraconazole in
ABPA [171, 172]. In one study, 55 patients with ‘glucocorticoid dependent’ ABPA were randomized to receive
either itraconazole 200 mg twice daily or placebo. The
difference between the two groups was in favour of
itraconazole in terms of a composite end-point (reduction in steroid dose by ≥ 50%; and, decrease in total
IgE by ≥ 25%; and, at least one of the following:
increase in exercise tolerance by ≥ 25%, improvement
of ≥ 25% in results of spirometry, resolution of
pulmonary opacities) but failed to reach statistical
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significance when each outcome was examined
separately [171]. The other study included 29 ‘clinically
stable’ ABPA patients randomized to receive itraconazole or placebo. There was significant decline in sputum
inflammatory markers, serum IgE levels and the number
of exacerbations [172]. A major limitation was that neither study reported outcomes longer than 8 months in
terms of relapses of ABPA. Itraconazole therapy should
generally be monitored by drug levels to ensure adequate bioavailability [173]. Toxicity can be minimized
if the blood levels are maintained in a therapeutic range
[174]. Recent data also suggest that lower blood levels
may be associated with clinical failure and possible
development of azole resistance in A. fumigatus [173,
175]. Itraconazole has also used been used as monotherapy in acute stages of ABPA [169, 172]. However,
more trials are required to confirm the efficacy of
itraconazole monotherapy. A randomized controlled
trial comparing monotherapy of itraconazole vs. prednisolone in ABPA (MIPA study; clinical trials.gov;
NCT01321827) is underway, which aims to answer this
question.
Which therapy to use? Glucocorticoids or itraconazole
or both
Many patients with ABPA require long-term treatment,
and both steroids and itraconazole are associated with
numerous adverse effects. The side-effects of glucocorticoid therapy are well known, and azole therapy also has
numerous side-effects including skin cancer with longterm voriconazole therapy [161, 162, 176–183]. It is also
not known whether treatment with steroids or itraconazole will improve long-term outcomes, in particular
prevent or reverse bronchiectasis and CPA. Moreover, it
is not clear whether ABPA patients in stage 0 should be
treated or can be followed without any treatment. However, all experts agreed that if a decision is made not to
treat the patient, then he/she should be closely followed.
Any significant deterioration in clinical, radiological or
immunological status should prompt treatment. All
experts also agreed that ABPA with mucoid impaction
and/or significant deterioration of lung function attributed to worsening asthma or ABPA (and not intercurrent
infection) would benefit from treatment with glucocorticoids (Table 7). In those with mucoid impaction and
proximal collapse, assessment should be made at
3 weeks and if the collapse has not resolved despite
adequate therapy, therapeutic bronchoscopy should be
performed. In those with recurrent exacerbations, one
should consider itraconazole therapy. Azoles are
effective in preventing ABPA exacerbations but more
trials are required for the role of azoles in managing
acute exacerbations of ABPA. There are two approaches
to the use of azole therapy: recurrent short courses

(4–6 months) or long-term therapy with azoles. A major
limitation of long-term treatment with azoles is the
development of resistance in A. fumigatus [132, 184].
Whatever the treatment approach used, it should provide maximum benefit to the patient with least propensity for adverse reactions. High doses of ICS alone have
no role in the management of ABPA. Inhaled corticosteroids can be used for the control of asthma once the
oral prednisolone dose is reduced to below 10 mg/day.
Clinicians should also be aware of the profound interaction between ICS and itraconazole in some patients
leading to cushingoid effects and long-term adrenal
failure, if dose of ICS is not significantly reduced.
Follow-up of patients on treatment
Patients on treatment should initially be followed every
6–8 weeks with serum IgE levels, chest radiograph, lung
function test and quality of life questionnaire (Table 7).
Chest radiographs need not be performed once there is
normalization (or return to baseline) of the radiographic
opacities. The clinical effectiveness of therapy is
reflected by decrease in the patient’s total serum IgE
levels along with symptomatic and radiological
improvements. The goal of therapy is not to attempt
normalization of IgE levels but to decrease the IgE levels by 25–50% which in most cases leads to clinical
and radiographic improvement [34]. One should also
aim to establish a stable serum level of total IgE which
serves as a baseline to future detection of exacerbation
and helps in follow-up of the patient.
Other therapies
There are reports of ABPA complicating CF treated with
nebulized amphotericin and inhaled steroids [185–188].
Omalizumab, a humanized monoclonal antibody against
IgE, could be a potential therapeutic approach since
ABPA is associated with elevated IgE levels. The use of
omalizumab in ABPA has been associated with
improvement in symptoms, reduction in exacerbations
and asthma hospitalizations, improvement in lung function and reduction in dose of oral steroids [189–205].
However, most of these studies are either single patient
case-reports or small case-series. Also, the dose required
in ABPA may be very high and prohibitively expensive.
More data are required before any recommendation
regarding the use of omalizumab can be made. Currently, it may be tried in those with steroid-dependent
ABPA or in patients who develop treatment-related
adverse reactions. Pulse doses of intravenous methylprednisolone have also been used for treatment of
severe exacerbations of ABPA [198, 206–210]. Newer
antifungal agents including voriconazole [202, 211–
218], and posaconazole [183, 210] are also efficacious
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in ABPA, if tolerated. Without more data, these drugs
are indicated in those intolerant to itraconazole or in
itraconazole failures [219].
Adjunct therapies
Nebulized hypertonic saline (7%, 4–5 mL) can be used
to reduce the viscosity of sputum to ease expectoration of mucus plugs. However, the first dose should
be administered under supervision and preceded by
salbutamol because of risk of bronchospasm; one
should avoid its use in those with FEV1 < 1 L [2,
220]. Long-term azithromycin therapy can be used to
decrease cough and expectoration in patients with
bronchiectasis and frequent exacerbations [221, 222].
However, if the patients do not show improvement in
2–3 months, treatment should be stopped. Therapeutic
bronchoscopy should be considered in patients who
have proximal collapse, which persists after 3–
4 weeks of oral steroid therapy in patients compliant
with therapy. The removal of mucus plugs can cause
significant improvement in symptoms and lung function [223].
Environmental control
Anecdotal patient evidence suggests that some exacerbations are driven by large environmental exposures
[39–43]. We therefore recommend avoidance of activities that could result in inhalation of large numbers of
Aspergillus conidia, such as gardening, agricultural and
farm-related activities, exposure to home or other
building renovations, housing close to a composting
site and cleaning old dusty environments (such as
cellars, loft spaces, old books and other archives). If
activities are unavoidable, use of surgical masks may
minimize spore inhalation.
Complications
The complications of ABPA include recurrent exacerbations, acute respiratory failure due to proximal collapse,
bronchiectasis, and if untreated development of bronchiectasis and CPA with occurrence of pulmonary
hypertension and type 2 respiratory failure.
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Large airway collapse
Mucus impaction is a common finding in ABPA [224],
although lobar and main bronchial collapse is less
common [223]. Patients with large airway collapse can
present with acute hypoxemic respiratory failure. In
these patients, therapeutic bronchoscopy (either fiberoptic or rigid) is indicated depending on the severity of
respiratory failure.
Bronchiectasis
It can be considered the most dreaded complication of
ABPA. Currently, most patients are diagnosed with
bronchiectasis especially in developing countries [84].
The occurrence of bronchiectasis not only denotes
permanent lung damage but also predisposition for
recurrent relapses [148]. Hence, routinely investigating
asthmatics to diagnose ABPA before development of
lung damage is recommended.
Chronic pulmonary aspergillosis
The early descriptions of ABPA included some patients
with pulmonary fibrosis and shrinkage, usually of the
upper lobe [104, 119]. Pulmonary cavitation has been
documented in 3–21% of patients [99, 104, 106, 118,
119]. Likewise lobe shrinkage was documented in
40–42% of patients, usually surrounded by fibrosis [99,
104]. Pleural fibrosis was found in 18–43% of patients
[104, 106]. These findings are consistent with CPA,
which can complicate the course of numerous pulmonary diseases, including ABPA [225]. CPA progresses at
a variable rate, but may be arrested by successful
therapy with azoles [226].
Cor pulmonale and/or type 2 respiratory failure
If ABPA is not treated appropriately, widespread bronchiectasis and pulmonary fibrosis can develop, with
eventual manifestation of cor pulmonale and chronic
type 2 respiratory failure. Some patients can even present with pulmonary hypertension due to missed diagnosis of ABPA [85]. Apart from the anti-inflammatory
therapy, long-term oxygen therapy is indicated as in
other pulmonary disorders [227].

Recurrent exacerbations
Recurrent exacerbations in ABPA can either be due to
recurrent episodes of mucoid impaction or recurrent
episodes of worsening of airflow limitation. In the acute
setting, most patients will require treatment with glucocorticoids. However, the aim should be to prevent these
recurrent exacerbations by judicious use of either
glucocorticoids or azoles.
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

Allergic bronchopulmonary aspergillosis in special
situations
Allergic bronchopulmonary aspergillosis complicating
other conditions
Allergic bronchopulmonary aspergillosis can rarely
complicate other lung diseases like chronic obstructive
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pulmonary disease [228–230], idiopathic bronchiectasis
[231], post-tubercular bronchiectasis [232], bronchiectasis secondary to Kartagener’s syndrome [233], chronic
granulomatous disease and hyper-IgE syndrome [234].
However, more data are required to confirm these
associations.
Allergic bronchopulmonary aspergillosis without
bronchial asthma
Allergic bronchopulmonary aspergillosis may occasionally develop in those without pre-existing asthma [235].
These cases are often mistaken for other pulmonary
disorders like bronchogenic carcinoma or pulmonary
tuberculosis because of the absence of asthma [107].
Simultaneous presentation of allergic bronchopulmonary
aspergillosis and aspergilloma
The concurrent presentation of ABPA and aspergilloma in the initial stages of the disease represents an
immunologically severe form of ABPA with chances
of recurrent relapses [149]. In this situation, glucocorticoids are not harmful, and administration of glucocorticoids alleviates the asthma thus decreasing
sputum production [236]. In the later stages, aspergilloma could represent a manifestation of CPA with
progressive loss of lung function, and risk of massive
hemoptysis [237–241]. Antifungal therapy (with or
without steroids) is beneficial as it may help in stabilizing the disease, and decrease the occurrence of
relapses. However, as many patients would require
long-term therapy with azoles, there is an increased
potential for adverse drug reactions. Aspergilloma can
also antedate the diagnosis of ABPA [236, 242]. Continuous release of Aspergillus antigens leads to
immunological activation culminating in serological
manifestations of ABPA. In fact, serological findings
of ABPA can be demonstrated in some cases of
aspergilloma complicating long-standing pulmonary
cavities, which could represent true hypersensitivity
reaction consequent to the Aspergillus colonization
[236, 238].
Allergic bronchopulmonary mycosis
Allergic bronchopulmonary mycosis is a rare disease
with less than 150 cases reported globally [15]. It is
an ABPA-like syndrome caused by fungi other than
A. fumigatus. The diagnostic criteria are essentially
similar to ABPA except sensitization to the specific
fungi needs to be documented. Numerous fungi have
been reported to cause this syndrome, but the frequency is far less when compared to ABPA [1, 15,
86].

Allergic bronchopulmonary aspergillosis and allergic
Aspergillus sinusitis
Allergic Aspergillus sinusitis (AAS) is a form of allergic
fungal sinusitis (AFS) in which allergic hypersensitivity
to Aspergillus (similar to ABPA) occurs in the paranasal
sinuses [243]. AAS/AFS may co-exist with ABPA. The
diagnosis is primarily based on demonstration of eosinophilic mucin and fungal hyphae in the specimens
obtained from the paranasal sinuses [244]. In clinical
practice, it may not be possible to confirm the diagnosis
of AAS as many patients are reluctant to undergo
biopsy required for the diagnosis of AAS [245, 246]. In
the absence of histopathological evidence, the expert
group suggested that demonstration of hyperattenuating
mucus and/or bony erosion on a paranasal CT scan
may help in suspecting a case of AFS. Treatment for
ABPA should be given with the addition of intranasal
glucocorticoids for AFS. Azoles may be required, if the
symptoms persist or disease progresses. Surgical clearance of the sinuses is required in patients refractory to
medical management.
Severe asthma with fungal sensitization
Severe asthma with fungal sensitization is a specific type
of asthma phenotype characterized by all the following:
(a) severe asthma, (b) evidence of fungal sensitization
and (c) exclusion of ABPA [20, 21]. The crucial and the
most difficult step in diagnosis of SAFS is differentiation
from ABPA especially ABPA-S [86, 87]. As SAFS has
only recently been described, there is need for more data
regarding its prevalence, natural history and clinical relevance as a specific subtype of asthma [247]. Patients with
SAFS often respond to antifungal therapy [21, 248]. Like
ABPA, SAFS can also occur in children [249].
Allergic bronchopulmonary aspergillosis in cystic
fibrosis
The prevalence of AS in CF ranges from 27 to 41%,
while the ABPA prevalence varies between 2 and 15%
[1, 250]. It is important to recognize ABPA in CF
because the deterioration of lung function is profound
in ABPA with CF compared to a control group of CF
not sensitized to A. fumigatus [169, 251]. Also,
patients with ABPA and CF have higher rates of
microbial colonization, pneumothorax, hemoptysis and
poorer nutritional status [252]. The recognition of
ABPA in CF may be difficult as poorly controlled CF
lung disease and ABPA share many clinical characteristics [253]. Wheezing, fleeting pulmonary opacities,
bronchiectasis and mucus plugging are common
manifestations of CF-related pulmonary disease. The
diagnosis of ABPA in CF cannot be based solely on
© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873
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serology and skin test results, as patients with CF may
demonstrate variable responses to A. fumigatus and
prolonged testing might be required to make a definite
diagnosis [254]. To overcome these difficulties, an
international consensus conference has made recommendations for diagnosis and management of ABPA in
CF [143]. The treatment of ABPA in CF is not very
different from that of ABPA in asthma. The treatment
issues are further complicated by the fact that
pulmonary exacerbations in a patient with ABPA and
CF could be related to ABPA or pulmonary infection,
and hence continuous assessment may be required
before a decision to treat an individual case is made
[143]. Treatment is more complex as itraconazole
capsules are poorly absorbed. Itraconazole solution
may be absorbed, but often requires a dose of
500–600 mg daily. Voriconazole may be more successful but often leads to photosensitivity in Caucasians
with the risk of skin cancer, and corticosteroids often
induce diabetes mellitus, with its serious consequences
in CF.
Future directions
The cut-off values of various investigations such as
IgE levels and A. fumigatus specific IgE levels could
vary by ethnicity or underlying disease (asthma or CF),
and these need to be defined by a ROC analysis. The
role of novel assays such as recombinant Aspergillus
antigens, thymus-and activation-regulated cytokine
(TARC) and the FACS basophil CD203c assay also
requires to be clarified [255–257]. The formation of
new diagnostic and staging criteria with precise definitions would go a long way in not only strengthening
the diagnosis and management of this chronic pulmonary disorder but would also allow better stratification
of disease for genome-wide association studies and
drug trials. Newer treatment modalities need to be formalized preferably by a multi-institutional collaboration [258]. For example, vitamin D has recently been
shown to down-regulate the Th2 pathway via an OX40
ligand-dependent process in ABPA complicating CF
[81]. Vitamin D supplementation may prove beneficial
in treatment of ABPA, and is the focus of a recent trial
in patients with CF and ABPA (clinicaltrials.gov;
NCT01222273). Trials of monoclonal antibodies directed against the Th2 cytokine IL-5 have shown clinical

References
1 Agarwal R. Allergic bronchopulmonary
aspergillosis. Chest 2009; 135:805–26.

benefit in patients with severe asthma and sputum
eosinophilia [259], while a monoclonal antibody
against IL-13 has been found effective in asthma
patients with a high Th2 endotype [260]. These
‘anti-Th2’ therapies may also be investigated for their
efficacy in patients with ABPA.
Conclusions
In conclusion, the expert group emphasized that a high
index of suspicion for ABPA should be maintained
while managing any patient with bronchial asthma
whatever the severity or the level of control. As patients
with ABPA can be minimally symptomatic or asymptomatic, all asthmatic patients should be routinely
investigated for ABPA in secondary care. Host immunological responses are central to the pathogenesis and
are the primary determinants of the clinical, biological,
pathological and radiological features of this disorder.
Finally, there is an urgent need for standardization of
oral antifungal therapy and immunomodulatory drugs
for efficient management of this chronic and debilitating condition.
Conflicts of interest
JFM has acted as a paid consultant/speaker to Astellas,
Basilea and Merck and has received funding from
Astellas, Basilea, Merck and Schering-Plough. No funding was received related to this work. RA is current
recipient of grant support from Cipla, India on research
on allergic bronchopulmonary aspergillosis. No funding
was received related to this work. DWD holds founder
shares in F2G Ltd a University of Manchester spin-out
company and has current grant support from the
National Institute of Allergy and Infectious Diseases,
National Institute of Health Research, the European
Union and AstraZeneca. He acts as an advisor/consultant to F2G and Myconostica (now part of Lab21 group)
and T2Biosystems as well as other companies over the
last 5 years including Pfizer, Schering Plough (now
Merck), Nektar, Astellas and Gilead. He has been paid
for talks on behalf of Merck, Astellas, GSK, Novartis,
Merck, Dainippon and Pfizer. RBM is current recipient
of grant support from Genentech for research on immunopathogenesis on ABPA. All other authors declare no
conflict of interest.

2 Hogan C, Denning DW. Allergic bronchopulmonary aspergillosis and related
allergic syndromes. Semin Respir Crit
Care Med 2011; 32:682–92.

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

865

3 Rosenberg M, Patterson R, Mintzer R,
Cooper BJ, Roberts M, Harris KE.
Clinical and immunologic criteria for
the diagnosis of allergic bronchopul-

866 R. Agarwal et al

4

5

6

7

8

9

10

11

12

13

14

15

monary aspergillosis. Ann Intern Med
1977; 86:405–14.
Greenberger PA, Patterson R, Ghory
A et al. Late sequelae of allergic
bronchopulmonary
aspergillosis.
J Allergy Clin Immunol 1980;
66:327–35.
Patterson R, Greenberger PA, Radin
RC, Roberts M. Allergic bronchopulmonary aspergillosis: staging as an
aid to management. Ann Intern Med
1982; 96:286–91.
Patterson R, Greenberger PA, Halwig
JM, Liotta JL, Roberts M. Allergic
bronchopulmonary aspergillosis. Natural history and classification of early
disease by serologic and roentgenographic studies. Arch Intern Med
1986; 146:916–8.
Lee TM, Greenberger PA, Patterson R,
Roberts M, Liotta JL. Stage V (fibrotic) allergic bronchopulmonary aspergillosis. A review of 17 cases
followed from diagnosis. Arch Intern
Med 1987; 147:319–23.
Patterson R, Greenberger PA, Lee TM
et al.
Prolonged
evaluation
of
patients with corticosteroid-dependent
asthma stage of allergic bronchopulmonary aspergillosis. J Allergy Clin
Immunol 1987; 80:663–8.
Greenberger PA, Miller TP, Roberts M,
Smith LL. Allergic bronchopulmonary
aspergillosis in patients with and
without evidence of bronchiectasis.
Ann Allergy 1993; 70:333–8.
Shah A. Allergic bronchopulmonary
aspergillosis: an Indian perspective.
Curr Opin Pulm Med 2007; 13:72–80.
Moss RB. Allergic bronchopulmonary
aspergillosis. Clin Rev Allergy Immunol 2002; 23:87–104.
Chakrabarti A, Sethi S, Raman DS,
Behera D. Eight-year study of allergic
bronchopulmonary aspergillosis in an
Indian teaching hospital. Mycoses
2002; 45:295–9.
Kirsten D, Nowak D, Rabe KF, Magnussen H. Diagnosis of bronchopulmonary aspergillosis is often made
too late. Med Klin (Munich) 1993;
88:353–6.
Agarwal R, Chakrabarti A. Epidemiology
of allergic bronchopulmonary aspergillosis. In: Pasqualotto AC, ed. Aspergillosis: from diagnosis to prevention.
New York: Springer, 2010:671–88.
Chowdhary A, Agarwal K, Kathuria S,
Gaur SN, Randhawa HS, Meis JF.
Allergic bronchopulmonary mycosis

16

17

18

19

20

21

22

23

24

25

26

due to fungi other than Aspergillus: a
global overview. Crit Rev Microbiol
2013; doi:10.3109/1040841X.2012.75
4401. [Epub ahead of print].
Fairs A, Agbetile J, Hargadon B et al.
IgE sensitisation to Aspergillus fumigatus is sssociated with reduced lung
function in asthma. Am J Respir Crit
Care Med 2010; 182:1362–8.
Menzies D, Holmes L, McCumesky G,
Prys-Picard C, Niven R. Aspergillus
sensitization is associated with airflow
limitation and bronchiectasis in
severe asthma. Allergy 2011; 66:679–
85.
Agarwal R, Noel V, Aggarwal AN,
Gupta D, Chakrabarti A. Clinical significance of Aspergillus sensitisation
in bronchial asthma. Mycoses 2011;
54:e531–8.
Agbetile J, Fairs A, Desai D et al.
Isolation of filamentous fungi from
sputum in asthma is associated with
reduced post-bronchodilator FEV(1).
Clin Exp Allergy 2012; 42:782–91.
Denning DW, O’Driscoll BR, Hogaboam CM, Bowyer P, Niven RM. The
link between fungi and severe
asthma: a summary of the evidence.
Eur Respir J 2006; 27:615–26.
Denning DW, O’Driscoll BR, Powell G
et al. Randomized controlled trial of
oral antifungal treatment for severe
asthma with fungal sensitization: the
Fungal Asthma Sensitization Trial
(FAST) study. Am J Respir Crit Care
Med 2009; 179:11–8.
Benatar SR, Keen GA, Du Toit Naude
W. Aspergillus hypersensitivity in
asthmatics in Cape Town. Clin Allergy
1980; 10:285–91.
Donnelly SC, McLaughlin H, Bredin
CP. Period prevalence of allergic
bronchopulmonary mycosis in a
regional hospital outpatient population in Ireland 1985–88. Ir J Med Sci
1991; 160:288–90.
Novey HS. Epidemiology of allergic
bronchopulmonary
aspergillosis.
Immunol Allergy Clin North Am 1998;
18:641–53.
Eaton T, Garrett J, Milne D, Frankel
A, Wells AU. Allergic bronchopulmonary aspergillosis in the asthma clinic.
A prospective evaluation of CT in the
diagnostic algorithm. Chest 2000;
118:66–72.
Al-Mobeireek AF, El-Rab M, AlHedaithy SS, Alasali K, Al-Majed S,
Joharjy I. Allergic bronchopulmonary

27

28

29

30

31

32

33

34

35

36

mycosis in patients with asthma:
period prevalence at a university hospital in Saudi Arabia. Respir Med
2001; 95:341–7.
Ma YL, Zhang WB, Yu B, Chen YW,
Mu S, Cui YL. Prevalence of allergic
bronchopulmonary aspergillosis in
Chinese patients with bronchial
asthma. Zhonghua Jie He He Hu Xi
Za Zhi 2011; 34:909–13.
Gergen PJ, Arbes SJ Jr, Calatroni A,
Mitchell HE, Zeldin DC. Total IgE levels and asthma prevalence in the US
population: results from the National
Health and Nutrition Examination
Survey 2005–2006. J Allergy Clin
Immunol 2009; 124:447–53.
Agarwal R, Aggarwal AN, Gupta D,
Jindal SK. Aspergillus hypersensitivity
and allergic bronchopulmonary aspergillosis in patients with bronchial
asthma: systematic review and metaanalysis. Int J Tuberc Lung Dis 2009;
13:936–44.
Kumar R, Gaur SN. Prevalence of
allergic bronchopulmonary aspergillosis in patients with bronchial asthma.
Asian Pac J Allergy Immunol 2000;
18:181–5.
Maurya V, Gugnani HC, Sarma PU,
Madan T, Shah A. Sensitization to
Aspergillus antigens and occurrence
of allergic bronchopulmonary aspergillosis in patients with asthma. Chest
2005; 127:1252–9.
Agarwal R, Gupta D, Aggarwal AN,
Saxena AK, Chakrabarti A, Jindal SK.
Clinical significance of hyperattenuating mucoid impaction in allergic
bronchopulmonary aspergillosis: an
analysis of 155 patients. Chest 2007;
132:1183–90.
Prasad R, Garg R, Sanjay, Dixit RP. A
study on prevalence of allergic bronchopulmonary aspergillosis in patients
of bronchial asthma. Internet J Pulm
Med 2008; 9.
Agarwal R, Gupta D, Aggarwal AN
et al. Clinical significance of decline
in serum IgE Levels in allergic bronchopulmonary aspergillosis. Respir
Med 2010; 104:204–10.
Ghosh T, Dey A, Biswas D, Chatterjee
S, Haldar N, Maiti PK. Aspergillus
hypersensitivity and allergic bronchopulmonary
aspergillosis
among
asthma patients in eastern India.
J Indian Med Assoc 2010; 108:863–5.
Sarkar A, Mukherjee A, Ghoshal AG,
Kundu S, Mitra S. Occurrence of

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

Allergic bronchopulmonary aspergillosis

37

38

39

40

41

42

43

44

45

46

47

48

49

allergic bronchopulmonary mycosis in
patients with asthma: an Eastern India
experience. Lung India 2010; 27:212–
6.
Denning DW, Pleuvry A, Cole DC.
Global burden of allergic bronchopulmonary aspergillosis with asthma and
its complication chronic pulmonary
aspergillosis in adults. Med Mycol
2013; 51:361–70.
Shah A, Kala J, Sahay S, Panjabi C.
Frequency of familial occurrence in
164 patients with allergic bronchopulmonary aspergillosis. Ann Allergy
Asthma Immunol 2008; 101:363–9.
Henderson AH. Allergic aspergillosis;
review of 32 cases. Thorax 1968;
23:513–23.
Hinson KFW, Moon AJ, Plummer NS.
Broncho-pulmonary aspergillosis; a
review and a report of eight new
cases. Thorax 1952; 7:317–33.
Kramer MN, Kurup VP, Fink JN.
Allergic bronchopulmonary aspergillosis from a contaminated dump site.
Am Rev Respir Dis 1989; 140:1086–8.
Kagen SL, Kurup VP, Sohnle PG, Fink
JN. Marijuana smoking and fungal
sensitization. J Allergy Clin Immunol
1983; 71:389–93.
Allmers H, Huber H, Baur X. Two year
follow-up of a garbage collector with
allergic bronchopulmonary aspergillosis (ABPA). Am J Ind Med 2000;
37:438–42.
Aimanianda V, Bayry J, Bozza S et al.
Surface hydrophobin prevents immune
recognition of airborne fungal spores.
Nature 2009; 460:1117–21.
Park SJ, Mehrad B. Innate immunity
to Aspergillus species. Clin Microbiol
Rev 2009; 22:535–51.
Agarwal R. Allergic bronchopulmonary aspergillosis: lessons learnt from
genetics. Indian J Chest Dis Allied Sci
2011; 53:137–40.
Chauhan B, Knutsen A, Hutcheson PS,
Slavin RG, Bellone CJ. T cell subsets,
epitope mapping, and HLA-restriction
in patients with allergic bronchopulmonary aspergillosis. J Clin Invest
1996; 97:2324–31.
Miller PW, Hamosh A, Macek M Jr
et al. Cystic fibrosis transmembrane
conductance regulator (CFTR) gene
mutations in allergic bronchopulmonary aspergillosis. Am J Hum Genet
1996; 59:45–51.
Aron Y, Bienvenu T, Hubert D, Dusser
D, Dall’Ava J, Polla BS. HLA-DR

50

51

52

53

54

55

56

57

58

polymorphism in allergic bronchopulmonary aspergillosis. J Allergy Clin
Immunol 1999; 104:891–2.
Chauhan B, Santiago L, Hutcheson PS
et al. Evidence for the involvement of
two different MHC class II regions in
susceptibility or protection in allergic
bronchopulmonary aspergillosis. J
Allergy Clin Immunol 2000; 106:723–
9.
Marchand E, Verellen-Dumoulin C,
Mairesse M et al. Frequency of cystic
fibrosis transmembrane conductance
regulator gene mutations and 5T
allele in patients with allergic bronchopulmonary aspergillosis. Chest
2001; 119:762–7.
Eaton TE, Weiner Miller P, Garrett JE,
Cutting GR. Cystic fibrosis transmembrane conductance regulator gene
mutations: do they play a role in the
aetiology of allergic bronchopulmonary aspergillosis? Clin Exp Allergy
2002; 32:756–61.
Saxena S, Madan T, Shah A, Muralidhar K, Sarma PU. Association of
polymorphisms in the collagen region
of SP-A2 with increased levels of
total IgE antibodies and eosinophilia
in patients with allergic bronchopulmonary aspergillosis. J Allergy Clin
Immunol 2003; 111:1001–7.
Brouard J, Knauer N, Boelle PY et al.
Influence of interleukin-10 on Aspergillus fumigatus infection in patients
with cystic fibrosis. J Infect Dis 2005;
191:1988–91.
Knutsen AP. Genetic and respiratory
tract risk factors for aspergillosis:
ABPA and asthma with fungal sensitization. Med Mycol 2006; 44(Suppl.
1):61–70.
Knutsen AP, Kariuki B, Consolino JD,
Warrier MR. IL-4 alpha chain receptor
(IL-4Ralpha) polymorphisms in allergic bronchopulmonary sspergillosis.
Clin Mol Allergy 2006; 4:3.
Sambatakou H, Pravica V, Hutchinson
IV, Denning DW. Cytokine profiling
of pulmonary aspergillosis. Int J
Immunogenet 2006; 33:297–302.
Vaid M, Kaur S, Sambatakou H,
Madan T, Denning DW, Sarma PU.
Distinct alleles of mannose-binding
lectin (MBL) and surfactant proteins A
(SP-A) in patients with chronic cavitary pulmonary aspergillosis and
allergic bronchopulmonary aspergillosis. Clin Chem Lab Med 2007;
45:183–6.

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

867

59 Carvalho A, Pasqualotto AC, Pitzurra
L, Romani L, Denning DW, Rodrigues
F. Polymorphisms in toll-like receptor
genes and susceptibility to pulmonary
aspergillosis. J Infect Dis 2008;
197:618–21.
60 Kaur S, Gupta VK, Shah A, Thiel S,
Sarma PU, Madan T. Elevated levels
of mannan-binding lectin (MBL) and
eosinophilia in patients of bronchial
asthma with allergic rhinitis and
allergic bronchopulmonary aspergillosis associate with a novel intronic
polymorphism in MBL. Clin Exp
Immunol 2006; 143:414–9.
61 Harrison E, Singh A, Morris J et al.
Mannose-binding lectin genotype and
serum levels in patients with chronic
and allergic pulmonary aspergillosis.
Int J Immunogenet 2012; 39:224–32.
62 Agarwal R, Khan A, Aggarwal AN,
Gupta D. Link between CFTR mutations and ABPA: a systematic review
and meta-analysis. Mycoses 2012;
55:357–65.
63 Vicencio AG, Chupp GL, Tsirilakis K
et al. CHIT1 mutations: genetic risk
factor for severe asthma with fungal
sensitization? Pediatrics 2010; 126:
e982–5.
64 Muro M, Mondejar-Lopez P, MoyaQuiles MR et al. HLA-DRB1 and HLADQB1 genes on susceptibility to and
protection from allergic bronchopulmonary aspergillosis in patients with
cystic fibrosis. Microbiol Immunol
2013; 57:193–7.
65 Tomee JF, Wierenga AT, Hiemstra PS,
Kauffman HK. Proteases from Aspergillus fumigatus induce release of
proinflammatory cytokines and cell
detachment in airway epithelial cell
lines. J Infect Dis 1997; 176:300–3.
66 Borger P, Koeter GH, Timmerman JA,
Vellenga E, Tomee JF, Kauffman HF.
Proteases from Aspergillus fumigatus
induce interleukin (IL)-6 and IL-8
production in airway epithelial cell
lines by transcriptional mechanisms.
J Infect Dis 1999; 180:1267–74.
67 Kauffman HF, Tomee JF, van de Riet
MA, Timmerman AJ, Borger P. Protease-dependent activation of epithelial
cells by fungal allergens leads to morphologic changes and cytokine production. J Allergy Clin Immunol 2000;
105:1185–93.
68 Robinson BW, Venaille TJ, Mendis AH,
McAleer R. Allergens as proteases: an
Aspergillus
fumigatus
proteinase

868 R. Agarwal et al

69

70

71

72

73

74

75

76

77

78

79

directly induces human epithelial cell
detachment. J Allergy Clin Immunol
1990; 86:726–31.
Tomee JF, Kauffman HF, Klimp AH,
de Monchy JG, Koeter GH, Dubois
AE. Immunologic significance of a
collagen-derived culture filtrate containing proteolytic activity in Aspergillus-related diseases. J Allergy Clin
Immunol 1994; 93:768–78.
Hogaboam CM, Blease K, Schuh JM.
Cytokines and chemokines in allergic
bronchopulmonary aspergillosis (ABPA)
and experimental Aspergillus-induced
allergic airway or asthmatic disease.
Front Biosci 2003; 8:e147–56.
Kauffman HF. Immunopathogenesis
of allergic bronchopulmonary aspergillosis and airway remodeling. Front
Biosci 2003; 8:e190–6.
Knutsen AP, Mueller KR, Levine AD,
Chouhan B, Hutcheson PS, Slavin RG.
Asp f I CD4+ TH2-like T-cell lines in
allergic bronchopulmonary aspergillosis. J Allergy Clin Immunol 1994;
94:215–21.
Murali PS, Kurup VP, Bansal NK, Fink
JN, Greenberger PA. IgE down regulation and cytokine induction by
Aspergillus antigens in human allergic bronchopulmonary aspergillosis.
J Lab Clin Med 1998; 131:228–35.
Walker C, Bauer W, Braun RK et al.
Activated T cells and cytokines in
bronchoalveolar lavages from patients
with various lung diseases associated
with eosinophilia. Am J Respir Crit
Care Med 1994; 150:1038–48.
Khan S, McClellan JS, Knutsen AP.
Increased sensitivity to IL-4 in
patients with allergic bronchopulmonary aspergillosis. Int Arch Allergy
Immunol 2000; 123:319–26.
Chauhan B, Santiago L, Kirschmann
DA et al. The association of HLA-DR
alleles and T cell activation with
allergic bronchopulmonary aspergillosis. J Immunol 1997; 159:4072–6.
Schuyler M. The Th1/Th2 paradigm in
allergic bronchopulmonary aspergillosis. J Lab Clin Med 1998; 131:194–6.
Knutsen AP, Bellone C, Kauffman H.
Immunopathogenesis of allergic bronchopulmonary aspergillosis in cystic
fibrosis. J Cyst Fibros 2002; 1:76–89.
Kauffman HK, Tomee JFC. Inflammatory cells and airway defense against
Aspergillus
fumigatus.
Immunol
Allergy Clin North Am 1998; 18:619–
40.

80 Moss RB. Pathophysiology and immunology of allergic bronchopulmonary
aspergillosis. Med Mycol 2005; 43
(Suppl 1):S203–6.
81 Kreindler JL, Steele C, Nguyen N
et al. Vitamin D3 attenuates Th2
responses to Aspergillus fumigatus
mounted by CD4+ T cells from cystic
fibrosis patients with allergic bronchopulmonary aspergillosis. J Clin
Invest 2010; 120:3242–54.
82 Murdock BJ, Shreiner AB, McDonald
RA et al. Coevolution of TH1, TH2,
and TH17 responses during repeated
pulmonary exposure to Aspergillus
fumigatus conidia. Infect Immun
2011; 79:125–35.
83 Agarwal R, Chakrabarti A. Clinical
manifestations and natural history of
allergic bronchopulmonary aspergillosis. In: Pasqualotto AC, ed. Aspergillosis: from diagnosis to prevention.
New York: Springer, 2010:707–24.
84 Agarwal R, Gupta D, Aggarwal AN,
Behera D, Jindal SK. Allergic bronchopulmonary aspergillosis: lessons from
126 patients attending a chest clinic in
north India. Chest 2006; 130:442–8.
85 Agarwal R, Singh N, Gupta D. Pulmonary hypertension as a presenting
manifestation of allergic bronchopulmonary aspergillosis. Indian J Chest
Dis Allied Sci 2009; 51:37–40.
86 Agarwal R. Severe asthma with fungal
sensitization. Curr Allergy Asthma
Rep 2011; 11:403–13.
87 Agarwal R, Gupta D. Severe asthma
and fungi: current evidence. Med
Mycol 2011; 49(Suppl 1):S150–7.
88 Agarwal R, Maskey D, Aggarwal AN
et al. Diagnostic performance of various tests and criteria employed in
allergic bronchopulmonary aspergillosis: a latent class analysis. PLoS ONE
2013; 8:e61105.
89 Heiner DC, Rose B. Elevated levels of
gamma-E (IgE) in conditions other
than classical allergy. J Allergy 1970;
45:30–42.
90 Wang JL, Patterson R, Rosenberg M,
Roberts M, Cooper BJ. Serum IgE and
IgG antibody activity against Aspergillus fumigatus as a diagnostic aid in
allergic bronchopulmonary aspergillosis. Am Rev Respir Dis 1978;
117:917–27.
91 Greenberger PA, Patterson R. Diagnosis and management of allergic bronchopulmonary
aspergillosis.
Ann
Allergy 1986; 56:444–8.

92 Vlahakis NE, Aksamit TR. Diagnosis
and treatment of allergic bronchopulmonary aspergillosis. Mayo Clin Proc
2001; 76:930–8.
93 Greenberger PA. Allergic bronchopulmonary aspergillosis. J Allergy Clin
Immunol 2002; 110:685–92.
94 Tillie-Leblond I, Tonnel AB. Allergic
bronchopulmonary aspergillosis. Allergy
2005; 60:1004–13.
95 Mahdavinia M, Grammer LC. Management of allergic bronchopulmonary
aspergillosis: a review and update. Ther
Adv Respir Dis 2012; 6:173–87.
96 Patterson R, Fink JN, Pruzansky JJ
et al. Serum immunoglobulin levels
in pulmonary allergic aspergillosis
and certain other lung diseases, with
special reference to immunoglobulin
E. Am J Med 1973; 54:16–22.
97 Baxter CG, Dunn G, Jones AM et al.
Classification of aspergillosis in adult
cystic fibrosis. J Allergy Clin Immunol
2013; doi: 10.1016/j.jaci.2013.04.007.
[Epub ahead of print].
98 Ricketti AJ, Greenberger PA, Patterson R. Serum IgE as an important aid
in management of allergic bronchopulmonary aspergillosis. J Allergy
Clin Immunol 1984; 74:68–71.
99 McCarthy DS, Simon G, Hargreave
FE. The radiological appearances in
allergic broncho-pulmonary aspergillosis. Clin Radiol 1970; 21:366–75.
100 Agarwal R, Khan A, Garg M, Aggarwal AN, Gupta D. Chest radiographic
and computed tomographic manifestations in allergic bronchopulmonary
aspergillosis. World J Radiol 2012;
4:141–50.
101 Shah A, Panchal N, Agarwal AK.
Allergic bronchopulmonary aspergillosis: the spectrum of roentgenologic
appearances. Indian J Radiol Imaging
1999; 9:107–12.
102 Shah A. Allergic bronchopulmonary
and sinus aspergillosis: the roentgenologic spectrum. Front Biosci 2003;
8:e138–46.
103 Mintzer RA, Rogers LF, Kruglik GD,
Rosenberg M, Neiman HL, Patterson
R. The spectrum of radiologic findings
in allergic bronchopulmonary aspergillosis. Radiology 1978; 127:301–7.
104 Phelan MS, Kerr IH. Allergic bronchopulmonary aspergillosis: the radiological appearance during long-term
follow-up. Clin Radiol 1984; 35:385–92.
105 Lynch DA. Imaging of asthma and
allergic bronchopulmonary mycosis.

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

Allergic bronchopulmonary aspergillosis

106

107

108

109

110

111

112

113

114

115

116

117

118

Radiol Clin North Am 1998; 36:129–
42.
Panchal N, Bhagat R, Pant C, Shah A.
Allergic bronchopulmonary aspergillosis: the spectrum of computed
tomography appearances. Respir Med
1997; 91:213–9.
Agarwal R, Aggarwal AN, Gupta D,
Bal A, Das A. Case report: a rare
cause of miliary nodules – allergic
bronchopulmonary aspergillosis. Br
J Radiol 2009; 82:e151–4.
Agarwal R, Reddy C, Gupta D. An
unusual cause of hilar lymphadenopathy. Lung India 2006; 23:90–2.
Madan K, Bal A, Agarwal R. Pleural
effusion in a patient with allergic bronchopulmonary aspergillosis. Respir
Care 2012; 57:1509–13.
Agarwal R, Srinivas R, Agarwal AN,
Saxena AK. Pulmonary masses in
allergic bronchopulmonary aspergillosis: mechanistic explanations. Respir
Care 2008; 53:1744–8.
Madan K, Guleria R. Vanishing lung
mass in a patient with asthma. J Thorac Dis 2013; 5:E45–9.
Hansell DM, Strickland B. High-resolution computed tomography in pulmonary cystic fibrosis. Br J Radiol
1989; 62:1–5.
Mitchell TA, Hamilos DL, Lynch DA,
Newell JD. Distribution and severity
of bronchiectasis in allergic bronchopulmonary
aspergillosis
(ABPA).
J Asthma 2000; 37:65–72.
Reiff DB, Wells AU, Carr DH, Cole PJ,
Hansell DM. CT findings in bronchiectasis: limited value in distinguishing between idiopathic and specific
types. AJR Am J Roentgenol 1995;
165:261–7.
Goyal R, White CS, Templeton PA,
Britt EJ, Rubin LJ. High attenuation
mucous plugs in allergic bronchopulmonary aspergillosis: CT appearance.
J Comput Assist Tomogr 1992;
16:649–50.
Logan PM, Muller NL. High-attenuation mucous plugging in allergic
bronchopulmonary aspergillosis. Can
Assoc Radiol J 1996; 47:374–7.
Agarwal R, Aggarwal AN, Gupta D.
High-attenuation mucus in allergic
bronchopulmonary aspergillosis: another
cause of diffuse high-attenuation pulmonary abnormality. AJR Am J Roentgenol
2006; 186:904.
Menon MP, Das AK. Allergic bronchopulmonary aspergillosis (radiolog-

119

120

121

122

123

124

125

126

127

128

129

ical aspects). Indian J Chest Dis Allied
Sci 1977; 19:157–69.
Gefter WB, Epstein DM, Miller WT.
Allergic bronchopulmonary aspergillosis: less common patterns. Radiology 1981; 140:307–12.
Campbell MJ, Clayton YM. Bronchopulmonary aspergillosis. A correlation
of the clinical and laboratory findings
in 272 patients investigated for bronchopulmonary aspergillosis. Am Rev
Respir Dis 1964; 89:186–96.
McCarthy DS, Pepys S. Allergic broncho-pulmonary aspergillosis. Clinical
immunology. 1. Clinical features. Clin
Allergy 1971; 1:261–86.
McCarthy DS, Pepys J. Allergic broncho-pulmonary aspergillosis. Clinical
immunology. 2. Skin, nasal and bronchial tests. Clin Allergy 1971; 1:415–
32.
Longbottom JL, Pepys J. Pulmonary
aspergillosis: diagnostic and immunological significance of antigens and
C-Substance in Aspergillus Fumigatus. J Pathol Bacteriol 1964; 88:141–
51.
Baxter CG, Denning DW, Jones AM,
Todd A, Moore CB, Richardson MD.
Performance of two Aspergillus IgG
EIA assays compared with the precipitin test in chronic and allergic aspergillosis. Clin Microbiol Infect 2013;
19:e197–204.
Denning DW. Chronic forms of pulmonary aspergillosis. Clin Microbiol
Infect 2001; 7(Suppl 2):25–31.
Denning DW, Riniotis K, Dobrashian
R, Sambatakou H. Chronic cavitary
and fibrosing pulmonary and pleural
aspergillosis: case series, proposed
nomenclature change, and review.
Clin Infect Dis 2003; 37(Suppl 3):
S265–80.
Guazzelli LS, Xavier MO, Oliveira FD,
Severo LC. Chronic cavitary pulmonary aspergillosis and fungal balls.
In: Pasqualotto AC, ed. Aspergillosis:
from diagnosis to prevention. New
York: Springer, 2009:585–620.
Agarwal R, Khan A, Aggarwal AN
et al. Clinical relevance of peripheral
blood eosinophil count in allergic
bronchopulmonary aspergillosis. J
Infect Public Health 2011; 4:235–43.
Murali PS, Dai G, Kumar A, Fink JN,
Kurup VP. Aspergillus antigeninduced eosinophil differentiation in
a murine model. Infect Immun 1992;
60:1952–6.

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

869

130 Wark PA, Saltos N, Simpson J, Slater
S, Hensley MJ, Gibson PG. Induced
sputum eosinophils and neutrophils
and bronchiectasis severity in allergic
bronchopulmonary aspergillosis. Eur
Respir J 2000; 16:1095–101.
131 Pashley CH, Fairs A, Morley JP et al.
Routine processing procedures for
isolating filamentous fungi from
respiratory sputum samples may
underestimate fungal prevalence. Med
Mycol 2012; 50:433–8.
132 Denning DW, Park S, Lass-Florl C
et al. High-frequency triazole resistance found in nonculturable Aspergillus fumigatus from lungs of
patients with chronic fungal disease.
Clin Infect Dis 2011; 52:1123–9.
133 Klaassen CH, de Valk HA, Curfs-Breuker IM, Meis JF. Novel mixed-format
real-time PCR assay to detect mutations conferring resistance to triazoles
in Aspergillus fumigatus and prevalence of multi-triazole resistance
among clinical isolates in the Netherlands. J Antimicrob Chemother 2010;
65:901–5.
134 Varkey B. Allergic bronchopulmonary
aspergillosis: clinical perspectives.
Immunol Allergy Clin North Am
1998; 18:479–501.
135 Kurup VP. Aspergillus antigens:
which are important? Med Mycol
2005; 43(Suppl 1):S189–96.
136 Kurup VP, Banerjee B, Hemmann S,
Greenberger PA, Blaser K, Crameri R.
Selected recombinant Aspergillus
fumigatus allergens bind specifically
to IgE in ABPA. Clin Exp Allergy
2000; 30:988–93.
137 Crameri R, Hemmann S, Ismail C,
Menz G, Blaser K. Disease-specific
recombinant allergens for the diagnosis of allergic bronchopulmonary
aspergillosis. Int Immunol 1998;
10:1211–6.
138 Crameri R. Recombinant Aspergillus
fumigatus allergens: from the nucleotide sequences to clinical applications.
Int Arch Allergy Immunol 1998;
115:99–114.
139 Crameri R, Lidholm J, Gronlund H,
Stuber D, Blaser K, Menz G. Automated
specific IgE assay with recombinant
allergens: evaluation of the recombinant Aspergillus fumigatus allergen I
in the Pharmacia Cap System. Clin Exp
Allergy 1996; 26:1411–9.
140 Bowyer P, Blightman O, Denning DW.
Relative reactivity of Aspergillus

870 R. Agarwal et al

141

142

143

144

145

146

147

148

149

150

allergens used in serological tests.
Med Mycol 2006; 44(Suppl. 1):23–8.
Knutsen AP, Hutcheson PS, Slavin
RG, Kurup VP. IgE antibody to Aspergillus fumigatus recombinant allergens in cystic fibrosis patients with
allergic bronchopulmonary aspergillosis. Allergy 2004; 59:198–203.
Kurup VP, Knutsen AP, Moss RB,
Bansal NK. Specific antibodies to
recombinant allergens of Aspergillus
fumigatus in cystic fibrosis patients
with ABPA. Clin Mol Allergy 2006;
4:11.
Stevens DA, Moss RB, Kurup VP et al.
Participants in the Cystic Fibrosis
Foundation Consensus C. Allergic
bronchopulmonary aspergillosis in
cystic fibrosis–state of the art: Cystic
Fibrosis
Foundation
Consensus
Conference. Clin Infect Dis 2003; 37
(Suppl 3):S225–64.
Wang JL, Patterson R, Roberts M,
Ghory AC. The management of allergic bronchopulmonary aspergillosis.
Am Rev Respir Dis 1979; 120:87–92.
Rosenberg M, Patterson R, Roberts M,
Wang J. The assessment of immunologic and clinical changes occurring
during corticosteroid therapy for
allergic bronchopulmonary aspergillosis. Am J Med 1978; 64:599–606.
Ricketti AJ, Greenberger PA, Patterson
R. Varying presentations of allergic
bronchopulmonary aspergillosis. Int
Arch Allergy Appl Immunol 1984;
73:283–5.
Halwig JM, Greenberger PA, Levine
M, Patterson R. Recurrence of allergic
bronchopulmonary aspergillosis after
seven years of remission. J Allergy
Clin Immunol 1984; 74:738–40.
Agarwal R, Khan A, Gupta D, Aggarwal AN, Saxena AK, Chakrabarti A.
An alternate method of classifying
allergic bronchopulmonary aspergillosis based on high-attenuation mucus.
PLoS ONE 2010; 5:e15346.
Agarwal R, Aggarwal AN, Garg M,
Saikia B, Gupta D, Chakrabarti A.
Allergic bronchopulmonary aspergillosis with aspergilloma: an immunologically severe disease with poor
outcome.
Mycopathologia
2012;
174:193–201.
Baur X, Weiss W, Jarosch B et al.
Immunoprint pattern in patients with
allergic bronchopulmonary aspergillosis in different stages. J Allergy Clin
Immunol 1989; 83:839–44.

151 Agarwal R, Garg M, Aggarwal AN,
Saikia B, Gupta D, Chakrabarti A.
Serologic allergic bronchopulmonary
aspergillosis (ABPA-S): long-term outcomes. Respir Med 2012; 106:942–7.
152 Kumar R. Mild, moderate, and severe
forms of allergic bronchopulmonary
aspergillosis: a clinical and serologic
evaluation. Chest 2003; 124:890–2.
153 Moss RB. Critique of trials in allergic
bronchopulmonary aspergillosis and
fungal allergy. Med Mycol 2006; 44
(Suppl. 1):269–72.
154 Hilton AM, Chatterjee SS. Bronchopulmonary
aspergillosis–treatment
with beclomethasone dipropionate.
Postgrad Med J 1975; 51(Suppl
4):98–103.
155 Inhaled beclomethasone dipropionate
in allergic bronchopulmonary aspergillosis. Report to the Research Committee of the British Thoracic Association.
Br J Dis Chest 1979; 73:349–56.
156 Heinig JH, Weeke ER, Groth S,
Schwartz B. High-dose local steroid
treatment in bronchopulmonary aspergillosis. A pilot study.. Allergy 1988;
43:24–31.
157 Balter MS, Rebuck AS. Treatment of
allergic bronchopulmonary aspergillosis with inhaled corticosteroids.
Respir Med 1992; 86:441–2.
158 Imbeault B, Cormier Y. Usefulness of
inhaled high-dose corticosteroids in
allergic bronchopulmonary aspergillosis. Chest 1993; 103:1614–7.
159 Seaton A, Seaton RA, Wightman AJ.
Management of allergic bronchopulmonary aspergillosis without maintenance
oral corticosteroids: a fifteen-year
follow-up. QJM 1994; 87:529–37.
160 Agarwal R, Khan A, Aggarwal AN,
Saikia B, Gupta D, Chakrabarti A. Role
of inhaled corticosteroids in the management of serological allergic bronchopulmonary aspergillosis (ABPA).
Intern Med 2011; 50:855–60.
161 Frauman AG. An overview of the
adverse reactions to adrenal corticosteroids. Adverse Drug React Toxicol
Rev 1996; 15:203–6.
162 Schacke H, Docke WD, Asadullah K.
Mechanisms involved in the side
effects of glucocorticoids. Pharmacol
Ther 2002; 96:23–43.
163 Agarwal R. What is the current place
of azoles in allergic bronchopulmonary aspergillosis and severe asthma
with fungal sensitization. Expert Rev
Respir Med 2012; 6:363–71.

164 Shale DJ, Faux JA, Lane DJ. Trial of
ketoconazole in non-invasive pulmonary aspergillosis. Thorax 1987;
42:26–31.
165 Fournier EC. Trial of ketoconazole in
allergic bronchopulmonary aspergillosis. Thorax 1987; 42:831.
166 Denning DW, Van Wye JE, Lewiston
NJ, Stevens DA. Adjunctive therapy
of allergic bronchopulmonary aspergillosis with itraconazole. Chest 1991;
100:813–9.
167 Pacheco A, Martin JA, Cuevas M.
Serologic response to itraconazole in
allergic bronchopulmonary aspergillosis. Chest 1993; 103:980–1.
168 Germaud P, Tuchais E. Allergic bronchopulmonary aspergillosis treated
with itraconazole. Chest 1995;
107:883.
169 Nepomuceno IB, Esrig S, Moss RB.
Allergic bronchopulmonary aspergillosis in cystic fibrosis: role of atopy
and response to itraconazole. Chest
1999; 115:364–70.
170 Salez F, Brichet A, Desurmont S,
Grosbois JM, Wallaert B, Tonnel AB.
Effects of itraconazole therapy in
allergic bronchopulmonary aspergillosis. Chest 1999; 116:1665–8.
171 Stevens DA, Schwartz HJ, Lee JY
et al. A randomized trial of itraconazole in allergic bronchopulmonary
aspergillosis. N Engl J Med 2000;
342:756–62.
172 Wark PA, Hensley MJ, Saltos N et al.
Anti-inflammatory effect of itraconazole in stable allergic bronchopulmonary aspergillosis: a randomized
controlled trial. J Allergy Clin Immunol 2003; 111:952–7.
173 Pasqualotto AC,
Denning DW.
Generic substitution of itraconazole
resulting in sub-therapeutic levels
and resistance. Int J Antimicrob
Agents 2007; 30:93–4.
174 Lestner JM, Roberts SA, Moore CB,
Howard SJ, Denning DW, Hope WW.
Toxicodynamics
of
itraconazole:
implications for therapeutic drug
monitoring. Clin Infect Dis 2009;
49:928–30.
175 Howard SJ, Cerar D, Anderson MJ
et al. Frequency and evolution of
azole resistance in Aspergillus fumigatus associated with treatment failure.
Emerg Infect Dis 2009; 15:1068–76.
176 Tucker RM, Haq Y, Denning DW, Stevens DA. Adverse events associated
with itraconazole in 189 patients on

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

Allergic bronchopulmonary aspergillosis

177

178

179

180

181

182

183

184

185

186

187

chronic therapy. J Antimicrob Chemother 1990; 26:561–6.
Lebrun-Vignes B, Archer VC, Diquet
B et al. Effect of itraconazole on the
pharmacokinetics of prednisolone and
methylprednisolone
and
cortisol
secretion in healthy subjects. Br J
Clin Pharmacol 2001; 51:443–50.
Main KM, Skov M, Sillesen IB et al.
Cushing’s syndrome due to pharmacological interaction in a cystic fibrosis patient. Acta Paediatr 2002;
91:1008–11.
Skov M, Main KM, Sillesen IB, Muller
J, Koch C, Lanng S. Iatrogenic adrenal insufficiency as a side-effect of
combined treatment of itraconazole
and budesonide. Eur Respir J 2002;
20:127–33.
Dupont B. Itraconazole therapy in
aspergillosis: study in 49 patients. J
Am Acad Dermatol 1990; 23:607–14.
Zwald FO, Spratt M, Lemos BD et al.
Duration of voriconazole exposure:
an independent risk factor for skin
cancer after lung transplantation.
Dermatol Surg 2012; 38:1369–74.
Lestner JM, Denning DW. Tremor: a
newly described adverse event with
long-term itraconazole therapy. J
Neurol Neurosurg Psychiatry 2010;
81:327–9.
Chishimba L, Niven RM, Cooley J,
Denning DW. Voriconazole and posaconazole improve asthma severity in
allergic bronchopulmonary aspergillosis and severe asthma with fungal
sensitization.
J
Asthma
2012;
49:423–33.
Burgel PR, Baixench MT, Amsellem
M et al. High prevalence of azoleresistant Aspergillus fumigatus in
adults with cystic fibrosis exposed to
itraconazole.
Antimicrob
Agents
Chemother 2012; 56:869–74.
Laoudi Y, Paolini JB, Grimfed A, Just
J. Nebulised corticosteroid and amphotericin B: an alternative treatment for
ABPA? Eur Respir J 2008; 31:908–9.
Hayes D Jr, Murphy BS, Lynch JE,
Feola DJ. Aerosolized amphotericin
for the treatment of allergic bronchopulmonary
aspergillosis.
Pediatr
Pulmonol 2010; 45:1145–8.
Proesmans M, Vermeulen F, Vreys M,
De Boeck K. Use of nebulized amphotericin B in the treatment of allergic
bronchopulmonary aspergillosis in
cystic fibrosis. Int J Pediatr 2010;
2010:376287.

188 Godet C, Meurice JC, Roblot F et al.
Efficacy of nebulised liposomal
amphotericin B in the attack and
maintenance treatment of ABPA.
Eur Respir J 2012; 39:1261–3.
189 van der Ent CK, Hoekstra H, Rijkers
GT. Successful treatment of allergic
bronchopulmonary aspergillosis with
recombinant
anti-IgE
antibody.
Thorax 2007; 62:276–7.
190 Kanu A, Patel K. Treatment of allergic
bronchopulmonary aspergillosis (ABPA)
in CF with anti-IgE antibody (omalizumab). Pediatr Pulmonol 2008;
43:1249–51.
191 Zirbes JM, Milla CE. Steroid-sparing
effect of omalizumab for allergic
bronchopulmonary aspergillosis and
cystic fibrosis. Pediatr Pulmonol
2008; 43:607–10.
192 Alcorta A. Successful treatment of
allergic bronchopulmonary aspergillosis with omalizumab. Allergy 2009;
64:477–8.
193 Gonzalez De Olano D, GonzalezMancebo E, Gandolfo Cano M et al.
Successful treatment of allergic bronchopulmonary candidiasis with a
recombinant anti-immunoglobulin E
antibody. J Investig Allergol Clin
Immunol 2009; 19:416–7.
194 Lebecque P, Leonard A, Argaz M,
Godding V, Pilette C. Omalizumab for
exacerbations of allergic bronchopulmonary aspergillosis in patients with
cystic fibrosis. BMJ Case Rep 2009;
doi:10.1136/bcr.07.2008.0379. [Epub
ahead of print].
195 Quintas Vazquez LM, Ortiz Piquer M,
Perez de Llano LA. Effective
anti-immunoglobulin-E
antibody
treatment of a patient with allergic
bronchopulmonary aspergillosis. Arch
Bronconeumol 2009; 45:207.
196 Randhawa I, Chin T, Nussbaum E.
Resolution of corticosteroid-induced
diabetes in allergic bronchopulmonary aspergillosis with omalizumab
therapy: a novel approach. J Asthma
2009; 46:445–7.
197 Schulze J, Christmann M, Rosewich M
et al. Omalizumab for allergic bronchopulmonary aspergillosis. Allergy
2009; 64:97–8.
198 Thomas
MF.
Life-threatening
allergic bronchopulomnary aspergillosis treated with methylprednisolone
and anti-IgE monoclonal antibody.
J R Soc Med 2009; 102(Suppl
1):49–53.

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

871

199 Brinkmann F, Schwerk N, Hansen G,
Ballmann M. Steroid dependency
despite omalizumab treatment of
ABPA in cystic fibrosis. Allergy 2010;
65:134–5.
200 Gonzalez L, Aparicio M, Parra A.
Asthma and allergic bronchopulmonary aspergillosis (ABPA). Response
to omalizumab treatment.. Allergy
2010; 65:531.
201 Lin RY, Sethi S, Bhargave GA. Measured immunoglobulin E in allergic
bronchopulmonary
aspergillosis
treated with omalizumab. J Asthma
2010; 47:942–5.
202 Mulliez P. Treatment of ABPA: a
place for voriconazole and omalizumab? Rev Mal Respir 2010;
27:670–2.
203 Perez-de-Llano LA, Vennera MC,
Parra A et al. Effects of omalizumab
in Aspergillus-associated airway disease. Thorax 2011; 66:539–40.
204 Schulze J, Zissler U, Christmann M,
Rosewich M, Zielen S. Allergic bronchopulmonary aspergillosis (ABPA)
an IgE mediated disease? Respir Med
CME 2011; 4:33–4.
205 Tillie-Leblond I, Germaud P, Leroyer
C et al. Allergic bronchopulmonary
aspergillosis and omalizumab. Allergy
2011; 66:1254–6.
206 Skowronski E, Fitzgerald DA. Lifethreatening allergic bronchopulmonary aspergillosis in a well child with
cystic fibrosis. Med J Aust 2005;
182:482–3.
207 Thomson JM, Wesley A, Byrnes CA,
Nixon GM. Pulse intravenous methylprednisolone for resistant allergic
bronchopulmonary aspergillosis in
cystic fibrosis. Pediatr Pulmonol
2006; 41:164–70.
208 Cohen-Cymberknoh M, Blau H,
Shoseyov D et al. Intravenous
monthly pulse methylprednisolone
treatment for ABPA in patients with
cystic fibrosis. J Cyst Fibros 2009;
8:253–7.
209 Ghdifan S, Couderc L, Michelet I,
Leguillon C, Masseline B, Marguet C.
Bolus methylprednisolone efficacy for
uncontrolled exacerbation of cystic
fibrosis in children. Pediatrics 2010;
125:e1259–64.
210 Skov M, Pressler T. High-dose IV-pulse
methylprednisolone (HDIVPM) successful treatment of allergic bronchopulmonary
aspergillosis
(ABPA).
Pediatr Pulmonol 2010; 45:365.

872 R. Agarwal et al
211 Hilliard T, Edwards S, Buchdahl R
et al. Voriconazole therapy in children with cystic fibrosis. J Cyst Fibros
2005; 4:215–20.
212 McCallum BJ, Amrol D, Horvath J, Inayat N, Talwani R. A case of allergic
bronchopulmonary aspergillosis leading to pneumonia with unusual
organisms. South Med J 2005;
98:1135–8.
213 Mulliez P, Croxo C, Roy-Saint
Georges F, Darras A. Allergic broncho-pulmonary aspergillosis treated
with voriconazole. Rev Mal Respir
2006; 23:93–4.
214 Bandres Gimeno R, Munoz Martinez
MJ. Prolonged therapeutic response to
voriconazole in a case of allergic
bronchopulmonary aspergillosis. Arch
Bronconeumol 2007; 43:49–51.
215 Erwin GE, Fitzgerald JE. Case report:
allergic bronchopulmonary aspergillosis and allergic fungal sinusitis
successfully treated with voriconazole. J Asthma 2007; 44:891–5.
216 Glackin L, Leen G, Elnazir B, Greally
P. Voriconazole in the treatment of
allergic bronchopulmonary aspergillosis in cystic fibrosis. Ir Med J 2009;
102:29.
217 Gendrot A, de La Blanchardiere A, de
La Gastine B, Fromager G, Massias L,
Verdon R. Painful peripheral neuropathy associated with voriconazole
during the treatment of chronic cavitary pulmonary aspergillosis. Rev Med
Interne 2010; 31:163–6.
218 Mulliez P, Croxo C, Saint-Georges FR.
Rebound after ABPA treatment with
voriconazole. Rev Mal Respir 2010;
27:786–7.
219 Kamei K, Kohno N, Tabeta H et al.
The treatment of pulmonary aspergilloma with itraconazole. Kansenshogaku Zasshi 1991; 65:808–12.
220 Knutsen AP, Bush RK, Demain JG
et al. Fungi and allergic lower respiratory tract diseases. J Allergy Clin
Immunol 2012; 129:280–91.
221 Serisier DJ, Martin ML. Long-term,
low-dose erythromycin in bronchiectasis subjects with frequent infective
exacerbations. Respir Med 2011;
105:946–9.
222 Figueiredo Bde C, Ibiapina Cda C. The
role of macrolides in noncystic fibrosis
bronchiectasis.
Pulm
Med
2011;2011: 751982.
223 Agarwal R, Aggarwal AN, Gupta N,
Gupta D. A rare cause of acute respi-

224

225

226

227

228

229

230

231

232

233

234

235

ratory failure–allergic bronchopulmonary aspergillosis. Mycoses 2011; 54:
e223–7.
Agarwal R, Khan A, Garg M, Aggarwal AN, Gupta D. Pictorial essay:
allergic bronchopulmonary aspergillosis. Indian J Radiol Imaging 2011;
21:242–52.
Smith NL, Denning DW. Underlying
conditions in chronic pulmonary
aspergillosis including simple aspergilloma. Eur Respir J 2011; 37:865–72.
Felton TW, Baxter C, Moore CB, Roberts SA, Hope WW, Denning DW.
Efficacy and safety of posaconazole
for chronic pulmonary aspergillosis.
Clin Infect Dis 2010; 51:1383–91.
Jindal SK, Agarwal R. Long-term
oxygen therapy. Expert Rev Respir
Med 2012; 6:639–49.
Agarwal R, Srinivas R, Jindal SK.
Allergic bronchopulmonary aspergillosis complicating chronic obstructive
pulmonary disease. Mycoses 2008;
51:83–5.
Agarwal R, Hazarika B, Gupta D,
Aggarwal AN, Chakrabarti A, Jindal SK.
Aspergillus hypersensitivity in patients
with chronic obstructive pulmonary disease: COPD as a risk factor for ABPA?
Med Mycol 2010; 48:988–94.
Mir E, Shah A. Allergic bronchopulmonary aspergillosis in a patient with
chronic obstructive pulmonary disease. Prim Care Respir J 2012;
21:111–4.
Bahous J, Malo JL, Paquin R, Cartier
A, Vyas P, Longbottom JL. Allergic
bronchopulmonary aspergillosis and
sensitization to Aspergillus fumigatus
in chronic bronchiectasis in adults.
Clin Allergy 1985; 15:571–9.
Agarwal R, Singh N, Aggarwal AN.
An unusual association between
Mycobacterium
tuberculosis
and
Aspergillus fumigatus. Monaldi Arch
Chest Dis 2008; 69:34.
Sharma B, Sharma M, Bondi E. Kartagener’s syndrome associated with
allergic bronchopulmonary aspergillosis. MedGenMed 2005; 7:25.
Eppinger TM, Greenberger PA, White
DA, Brown AE, Cunningham-Rundles
C. Sensitization to Aspergillus species
in the congenital neutrophil disorders
chronic granulomatous disease and
hyper-IgE syndrome. J Allergy Clin
Immunol 1999; 104:1265–72.
Glancy JJ, Elder JL, McAleer R. Allergic bronchopulmonary fungal disease

236

237

238

239

240

241

242

243

244

245

246

without clinical asthma. Thorax 1981;
36:345–9.
Ein ME, Wallace RJ Jr, Williams TW
Jr. Allergic bronchopulmonary aspergillosis-like syndrome consequent to
aspergilloma. Am Rev Respir Dis
1979; 119:811–20.
Shah A. Concurrent allergic bronchopulmonary aspergillosis and aspergilloma: is it a more severe form of the
disease? Eur Respir Rev 2010;
19:261–3.
Safirstein BH. Aspergilloma consequent to allergic bronchopulmonary
aspergillosis. Am Rev Respir Dis
1973; 108:940–3.
Israel RH, Poe RH, Bomba PA, Gross
RA. The rapid development of an
aspergilloma secondary to allergic
bronchopulmonary aspergillosis. Am
J Med Sci 1980; 280:41–4.
Sharma P, Agarwal AK, Shah A.
Formation of an aspergilloma in a
patient with allergic bronchopulmonary aspergillosis on corticosteroid
therapy. Indian J Chest Dis Allied Sci
1998; 40:269–73.
Shah A, Panjabi C. Contemporaneous
occurrence of allergic bronchopulmonary aspergillosis, allergic Aspergillus
sinusitis, and aspergilloma. Ann
Allergy Asthma Immunol 2006;
96:874–8.
Rosenberg IL, Greenberger PA. Allergic bronchopulmonary aspergillosis
and aspergilloma. Long-term followup without enlargement of a large
multiloculated cavity. Chest 1984;
85:123–5.
Shah A, Panchal N, Agarwal AK.
Concomitant allergic bronchopulmonary aspergillosis and allergic Aspergillus sinusitis: a review of an
uncommon association. Clin Exp
Allergy 2001; 31:1896–905.
Venarske DL, deShazo RD. Sinobronchial allergic mycosis: the SAM syndrome. Chest 2002; 121:1670–6.
Saravanan K, Panda NK, Chakrabarti
A, Das A, Bapuraj RJ. Allergic fungal
rhinosinusitis: an attempt to resolve
the diagnostic dilemma. Arch Otolaryngol Head Neck Surg 2006;
132:173–8.
Chakrabarti A, Denning DW, Ferguson BJ et al. Fungal rhinosinusitis: a
categorization
and
definitional
schema addressing current controversies. Laryngoscope 2009; 119:1809–
18.

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

Allergic bronchopulmonary aspergillosis

247 Lotvall J, Akdis CA, Bacharier LB
et al. Asthma endotypes: a new
approach to classification of disease
entities within the asthma syndrome.
J Allergy Clin Immunol 2011;
127:355–60.
248 Pasqualotto AC, Powell G, Niven R,
Denning DW. The effects of antifungal therapy on severe asthma with
fungal sensitization and allergic
bronchopulmonary
aspergillosis.
Respirology 2009; 14:1121–7.
249 Vicencio AG, Muzumdar H, Tsirilakis K,
Kessel A, Nandalike K, Goldman DL.
Severe asthma with fungal sensitization
in a child: response to itraconazole
therapy. Pediatrics 2010; 125:e1255–8.
250 Moss RB. Allergic bronchopulmonary
aspergillosis and Aspergillus infection
in cystic fibrosis. Curr Opin Pulm
Med 2010; 16:598–603.
251 Kraemer R, Delosea N, Ballinari P,
Gallati S, Crameri R. Effect of allergic
bronchopulmonary aspergillosis on
lung function in children with cystic
fibrosis. Am J Respir Crit Care Med
2006; 174:1211–20.
252 Mastella G, Rainisio M, Harms HK
et al. Allergic bronchopulmonary
aspergillosis in cystic fibrosis. A
European epidemiological study. Epidemiologic Registry of Cystic Fibrosis.
Eur Respir J 2000; 16:464–71.
253 Moss RB. Practicalities of ABPA diagnosis and treatment. Pediatr Pulmonol
2009; 44:201–2.

254 Hutcheson PS, Rejent AJ, Slavin RG.
Variability in parameters of allergic
bronchopulmonary aspergillosis in
patients with cystic fibrosis. J Allergy
Clin Immunol 1991; 88:390–4.
255 Singh BP, Banerjee B, Kurup VP.
Aspergillus antigens associated with
allergic bronchopulmonary aspergillosis. Front Biosci 2003; 8:S102–9.
256 Hartl D, Latzin P, Zissel G, Krane M,
Krauss-Etschmann S, Griese M.
Chemokines indicate allergic bronchopulmonary aspergillosis in patients
with cystic fibrosis. Am J Respir Crit
Care Med 2006; 173:1370–6.
257 Gernez Y, Dunn CE, Everson C et al.
Blood basophils from cystic fibrosis
patients with allergic bronchopulmonary aspergillosis are primed and
hyper-responsive to stimulation by
aspergillus allergens. J Cyst Fibros
2012; 11:502–10.
258 Moss RB. The use of biological agents
for the treatment of fungal asthma
and allergic bronchopulmonary aspergillosis. Ann N Y Acad Sci 2012;
1272:49–57.
259 Nair P, Pizzichini MM, Kjarsgaard M
et al. Mepolizumab for prednisonedependent asthma with sputum eosinophilia. N Engl J Med 2009;
360:985–93.
260 Corren J, Lemanske RF, Hanania NA
et al. Lebrikizumab treatment in
adults with asthma. N Engl J Med
2011; 365:1088–98.

Appendix
Members of the ABPA working group: Ajanta Sharma
(Guwahati, India), Ajmal Khan (Chandigarh, India),
Amit Mandal (Chandigarh, India), Ashutosh N Aggarwal
(Chandigarh, India), Basanta Hazarika (Guwahati, India),
Dharmesh Patel (Vadodara, India), Jayanthi Savio
(Bengaluru, India), Malini R Capoor (New Delhi, India),

© 2013 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 43 : 850–873

873

261 Moser M, Menz G, Blaser K, Crameri
R. Recombinant expression and antigenic properties of a 32-kilodalton
extracellular alkaline protease, representing a possible virulence factor
from Aspergillus fumigatus. Infect
Immun 1994; 62:936–42.
262 Banerjee B, Kurup VP, Greenberger
PA, Hoffman DR, Nair DS, Fink JN.
Purification of a major allergen, Asp f
2 binding to IgE in allergic bronchopulmonary aspergillosis, from culture
filtrate of Aspergillus fumigatus.
J Allergy Clin Immunol 1997;
99:821–7.
263 Hemmann S, Ismail C, Blaser K, Menz
G, Crameri R. Skin-test reactivity and
isotype-specific immune responses to
recombinant Asp f 3, a major allergen
of Aspergillus fumigatus. Clin Exp
Allergy 1998; 28:860–7.
264 Hemmann S, Menz G, Ismail C, Blaser
K, Crameri R. Skin test reactivity to 2
recombinant Aspergillus fumigatus
allergens in A fumigatus-sensitized
asthmatic subjects allows diagnostic
separation of allergic bronchopulmonary aspergillosis from fungal sensitization. J Allergy Clin Immunol 1999;
104:601–7.
265 Glaser AG, Kirsch AI, Zeller S, Menz
G, Rhyner C, Crameri R. Molecular
and immunological characterization
of Asp f 34, a novel major cell wall
allergen of Aspergillus fumigatus.
Allergy 2009; 64:1144–51.

Mandeep Garg (Chandigarh, India), MR Shivaprakash
(Chandigarh, India), Parthasarthi Bhattacharya (Kolkata,
India), Pradip Das (Tripura, India), Prasanta Maiti
(Kolkata, India), Purnima Barua (Jorhat, India), Rungmei
Marak (Lucknow, India), Tapashi Ghosh (Kolkata, India),
Taruna Madan (Mumbai, India), VR Pattabhiraman
(Coimbatore, India) and Vishal Chopra (Patiala, India).

