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ABSTRACT 

Allergic bronchopulmonary aspergillosis (ABPA) is a common form of 
fungal-related asthma disease mainly caused by Aspergillus fumigatus. The 
increasing prevalence of asthma globally and the characteristic of Aspergillus 
are very easily dispersed in the air to inhale, leading to increased cases of 
ABPA in asthma patients. Inhalation of conidia Aspergillus spp. can trigger 
asthma exacerbations due to poor mucociliary clearance. However, the 
exact pathogenesis is still unclear. Clinical features commonly found in 
ABPA patients are productive cough with dark green or brown mucus or 
even hemoptysis. Several criteria for establishing the diagnosis of ABPA can 
be based on clinical features, laboratory examinations, and imaging, but 
none has become the gold standard. However, the primary laboratory test 
utilized for ABPA screening is the measurement of serum-specific IgE levels 
to A. fumigatus, owing to its high sensitivity. Despite the challenges in finding 
the most fitting universal consensus, most clinicians still follow the criteria 
proposed by Rosenberg et al. in 1977. The recommended ABPA treatment is 
prednisone and/or azole antifungal agents such as itraconazole. In addition, 
the potential of monoclonal antibodies in ABPA therapy is still under further 
research. Long-term diagnosis and treatment delays can lead to complications 
such as bronchiectasis and fibrosis. This review aimed to highlight ABPA in 
asthma patients, from etiopathogenesis to managing the disease.

ABSTRACT

Aspergilosis bronkopulmoner alergika (ABPA) adalah salah satu bentuk 
umum dari penyakit asma yang berkaitan dengan infeksi jamur, utamanya 
Aspergillus fumigatus. Prevalensi asma yang meningkat di seluruh dunia dan 
karakteristik Aspergillus yang sangat mudah tersebar di udara dan mudah 
terhirup menyebabkan peningkatan kasus ABPA pada pasien asma. Inhalasi 
konidia Aspergillus spp. dapat menyebabkan eksaserbasi asma akibat klirens 
mukosilier yang buruk, namun patogenesisnya pastinya masih belum jelas. 
Gambaran klinis yang umumnya ditemukan pada pasien ABPA dengan asma 
adalah batuk produktif dengan sekret hijau tua atau coklat hingga hemoptisis. 
Kriteria penegakan diagnosis ABPA dapat didasarkan pada gambaran klinis, 
pemeriksaan penunjang, dan gambaran radiologi, namun belum ada yang 
menjadi standar baku emas. Meskipun demikian, pemeriksaan laboratorium 
yang sering digunakan untuk skrining ABPA adalah kadar IgE spesifik A. 
fumigatus pada serum karena sensitivitasnya yang tinggi. Terlepas dari 
kesulitan dalam menentukan konsensus universal, kebanyakan klinisi masih 
mengikuti kriteria yang disusun oleh Rosenberg dkk. pada tahun 1977. Terapi 
ABPA yang direkomendasikan adalah prednison dan/atau agen antifungal azol 
seperti itrakonazol. Di samping itu, terapi ABPA dengan  antibodi monoklonal 
memliki potensi namun masih perlu  diteliti lebih lanjut. Diagnosis yang 
terlambat dan terapi yang tertunda dapat menyebabkan komplikasi seperti 
bronkiektasis dan fibrosis. Kajian pustaka ini membahas ABPA pada pasien 
asma, mulai dari etiopatogenesis hingga penatalaksanaannya.
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INTRODUCTION

Asthma is the most common disorder 
due to chronic airway inflammation. 
It was estimated that more than 300 
million people have asthma globally, and 
5 to 10% suffer from severe asthma.19 
Risk factors of asthma such as heredity 
and various environmental conditions 
trigger asthma; however, definite 
identification is still challenging.1012 
Asthmatic symptoms occur due to airway 
hyperresponsiveness that causes airway 
obstruction and phenotypically can be 
divided into two; allergic and intrinsic 
asthma. The most common asthma 
triggers are allergens such as house dust 
mites, pollen, and mold spores.13,14,15 
In terms of its etiopathogenesis, 
allergic asthma is characterized by a 
hypersensitive response involving the 
activation and increase of Th2 cells and 
allergen-specific IgE.1,2,16,17

Fungal-related allergic asthma has 
a broad spectrum depending on the host 
condition and the fungus that causes it. 
One of the spectra often encountered is 
allergic bronchopulmonary aspergillosis 
(ABPA), mainly caused by Aspergillus 
fumigatus.17,20 From 11-70% of asthmatic 
patients who are sensitized by fungi, 16-
38% are confirmed to be sensitized by A. 
fumigatus.15,18,19,21,26 ABPA is characterized 
by a progressive allergic lung disease 
resulting from a hypersensitive reaction 
to antigens from Aspergillus spp. In 
contrast, allergic bronchopulmonary 
mycosis (ABPM) is used when the antigen 
comes from other fungi.2,3,18,19,22 The first 
case of ABPA was reported in 1952; then, 
there has been an increasing number 
of cases everywhere over the years.2,27  
Globally, it is reported that more than 
4 million people are affected by ABPA, 
predominantly adults.22,28,29 Moreover, 
diagnosing and beginning therapy for 
asthma patients with ABPA is challenging 
because there is no universal consensus 

on the diagnostic criteria, and they are 
still being modified due to a lack of a 
standard. This review focused on ABPA in 
asthma patients, from etiopathogenesis 
to managing the disease.

METHODS

A comprehensive data-based 
literature search was conducted from 
PubMed, Web of Science, Scopus, and 
Google Scholar on topic-related articles 
using the keywords “asthma”, “allergic 
bronchopulmonary aspergillosis”, 
“etiology”, “pathogenesis”, “diagnosis”, 
and “treatment”. No time limits were 
applied. Articles of all types such as 
research, guidelines, systematic reviews 
and meta-analyses, and other narrative 
reviews are included. All authors are 
responsible for conducting a literature 
review and compiling the results into 
this review.

DISCUSSION

Etiopathogenesis

Characteristics of fungi

Aspergillus is a saprophytic fungus 
that is thermophilic and thermotolerant 
to grow at a temperature of 37 to 75oC. The 
conidia of Aspergillus wind-dispersed 
easily in the atmosphere so that they can 
be found in the environment outdoors; 
soil, plant, decaying vegetation, and 
indoor air.30 Aspergillus fumigatus is the 
most common cause of ABPA, but other 
Aspergillus fungi such as A. niger, A. 
flavus, A. nidulans, and A. terrus can also 
be the cause.15,20,23,30,33 Although not yet 
standardized, isolated fungal on cultures 
media such as sabouraud dextrose agar 
(SDA), potato dextrose agar (PDA), or malt 
extract agar (MEA) media can be carried 
out to identify species based on a variety 
of colors colony Aspergillus spp.28,30,34,39 
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This saprophytic fungus has a bilayer 
cell wall dominated by polysaccharides 
synthesized by transmembrane 
synthase, transglycosidase, and glycosyl 
hydrolase. The cell wall is also composed 
of proteins generally associated with 
polysaccharides, forming glycoproteins. 
The central core comprises an 
α-1.3-glucan polymer, β-1.3-glucan, 
galactomannan, galactosaminogalactan, 
and chitin. The outer cell wall consists 
of rodlet layers followed by melanin. 
Macroscopically, A. fumigatus exhibits 
a velvety, woolly, or powdery surface 
texture with colors ranging from blue-
green to gray, often with a narrow white 
border. (FIGURE 1A).40 Microscopic 
morphological structure of Aspergillus 
is constructed from hyaline septate 
hyphae and conidiophore consisting of 
conidia chains, phialides, metulae, and 
vesicles derived from foot cells (FIGURE 
1B). However, in A. fumigatus there is no 
metulae.30,33,41,42

Factors contributing to the failure of 
Aspergillus clearance in asthmatic 
patients

Aspergillus is an opportunistic 
pathogen and rarely causes disease 
if inhaled by an immunocompetent 
individual. Therefore, it is known that 
ABPA commonly occurs in patients 
with previous pulmonary disease 
as a predisposing factor, including a 
history of asthma or cystic fibrosis. In 
asthmatic patients, inhalation of conidia 
Aspergillus spp. can not be eliminated 
as well as in healthy people.2,17The 
defect in conidia elimination is caused 
by goblet cell hyperplasia, damage to 
the ciliary structure, and function that 
interferes with mucociliary clearance. 
These hyperplastic goblet cells secrete 
excessive mucus but fail to eliminate it 
due to damaged cilia.17,43 Besides host 
immune status and structural defect, 
genetic factors also increase the risk of 
developing conidia in the host, leading to 
asthma aspergillosis (TABLE 1).2,1719,23,44-49

FIGURE 1. Morphology of A. fumigatus. A. Colony in SDA media.40 B. 
Microscopical illustration. 
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TABLE 1. Host genetic factors related to the pathogenesis of aspergillosis 
asthma.2,17,49,18,19,23,44–48 

PRRs Cytokines

•	TLR-9 gene polymorphism
•	TLR-3 gene polymorphism

•	IL-10-1082GA promoter 
polymorphism

•	IL-4 alpha receptor polymorphism
•	IL-13 polymorphism
•	IL-15 polymorphism
•	TNF-⍺ polymorphism
•	TGF- β polymorphism

Others

•	EEA-1 gene mutations
•	CHIT-1 gene mutations
•	Mannose-binding lectin gene mutations
•	Surfactant protein A2 gene polymorphism
•	CARD9 gene polymorphism
•	ZNF77 gene polymorphism

•	HLA-DR2
•	HLA-DR5
•	HLA-DQ

CHIT: chitotriosidase; EEA: early endosome antigen; TLR: toll-like receptor; CARD: caspase 
recruitment domain-containing protein; IL: interleukin; TNF: tumor necrosis factor; TGF: 
transforming growth factor; HLA: human leukocyte antigen; PRRs: pattern recognition 
receptors.

Immune evasion mechanisms of 
Aspergillus

Asthmatic patients inhale the 
conidia of Aspergillus spp., leading to 
exacerbations. The conidia of Aspergillus 
are very small, around 3-5 µm, which 
allows them to reach the lower 
respiratory tract very easily. The cell 
wall of A. fumigatus, the most common 
cause of ABPA, plays an essential role in 
the activation host immune system.17,50,52 
However, the exact pathogenesis of 
asthma aspergillosis is still in debate.

The cell wall of the conidia and hyphae 
of A. fumigatus has different components. 
The conidia have a rodlet layer and 
melanin at the outer. Meanwhile, the 
hyphal cell wall has an extracellular 
polysaccharide galactosaminogalactan, 
a component essential for fungal 
adherence and virulence. These 
differences in components affect the 
activation mechanism of the host 
immune system.19,44,50,52

Conidia have a rodlet and melanin 
layer on the outside initially, which 
causes pathogen-associated molecular 
patterns (PAMPs) not to be recognized 
by pattern recognition receptors (PRRs) 
of host cells; thus, the activation of the 
immune system is inhibited. The rodlet 
layers outer have been shown to inhibit 

the activation of dendritic cells, alveolar 
macrophages, and T cells. Therefore, 
the rodlet layer is crucial for preventing 
the activation of the immune system. 
Later the rodlet layer will be degraded 
at the beginning of germination so that 
the PRRs of host cells will recognize the 
conidia: dectin-1, toll-like receptor (TLR)-
2, TLR-4, C-type lectin receptors (CTLs), 
complement receptor 3 (CR3). On the 
contrary, hyphae of A. fumigatus do not 
have an outer protective layer, so PRRs 
can directly recognize PAMPs to activate 
the host immune system.19,42,51,53,54

The inhaled conidia can be 
completely cleared by professional 
phagocytic cells (macrophages) and 
non-professional phagocytes (bronchial 
epithelial cells/ alveoli) in individuals 
without prior pulmonary impairment. 
However, professional phagocytic cell 
function is impaired in individuals with 
chronic lung diseases such as asthma; 
thus, conidia can colonize bronchial/
alveolar epithelial cells. Clearance 
of conidia begins with adhesion to 
phagocytic cells, which then enter to 
form vesicle sacs (phagosomes) and 
combine with lysosomal enzymes to 
form phagolysosomes; then, some will 
be lysed and eliminated. Meanwhile, 
the non-eliminated conidia will swell, 
germinate, and grow hyphae.19,31,54,56
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The PRRs function to recognize 
PAMPs in dendritic cells will induce the 
release of C-C motif chemokine ligand 
17 (CCL17), which will regulate the 
differentiation of T cells into Th2 cells 
and activate regulatory T cells, which 
will suppress Th1 cell and macrophage 
response.19,31,54,57 In addition, the protease 
enzyme (Alp-1/ Asp f13 (alkaline 
serine protease), which is secreted by 
hyphae at the beginning of its growth, 
can also induce epithelial cells to 
release pro-inflammatory cytokines: 
interleukin (IL)-33, IL-25, dan thymic 
stromal lymphopoietin (TSLP).19,42,44,58 
The secretion of these cytokines cause 
inflammation and ultimately cause 
damage to epithelial cells. On the 
contrary, these cytokines can also 

activate type 2 lymphoid cells (ILC2) and 
regulate the differentiation of T cells into 
Th2 cells, reducing the inflammatory 
response. Type helper 2 cells will then 
produce IL-4, IL-5, and IL-13. Activation 
of ILC2 will cause the release of type 2 
cytokines, such as IL-5, IL-13, IL-9, and 
amphiregulin, in large quantities. Later, 
cytokines produced by ILC2 and Th2 
cells will regulate the differentiation of 
B cells into plasma cells, produce IgE, 
and stimulate eosinophils. Moreover, 
the IgE will sensitize the mast cells and 
basophils, triggering hypersensitivity 
reaction type I. Furthermore, plasma 
cells will produce IgG-mediated immune 
complexes associated with types III 
hypersensitivity reactions (FIGURE 2).19,57

FIGURE 2. Asthma aspergillosis immunopathogenesis. Inhaled conidia in 
healthy individuals are mostly entirely cleared by phagocytic cells, 
but in asthmatic patients, conidia can persist and develop within 
bronchial/alveolar epithelial cells.
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In asthmatic patients, a series of 
host immune responses fail to eliminate 
the fungus and cause an acute and 
persistent inflammatory reaction. The 
inflammatory reaction causes molecular 
to tissue damage that will increase mucus 
production and chronic inflammation 
and trigger airway hyperresponsiveness. 
If this continues uninterrupted, it can 
lead to bronchiectasis and pulmonary 
fibrosis.19,44

Diagnosis

Clinical features

Although most ABPA patients 
are asymptomatic, it can trigger 
exacerbations and worsen asthma 
symptoms in asthmatic patients.18 
Productive cough with dark green or 
brownish mucus, or even hemoptysis, is 
commonly observed in asthma patients. 
Other common features are dyspnea, 
chest pain, wheezing, clubbing fingers, 
and coarse crackles.18,44,59 A more 
advanced ABPA may trigger a more severe 
manifestation, such as low-grade fever, 
headache, anorexia, and weight loss, that 
can hinder the patient’s daily activities.60 
These manifestations may lead to 
complications such as bronchiectasis 
and fibrosis in the longer term.18,44,60,61 
The conventional progression staging 
of ABPA disease may be divided from 
acute (stage 1), remission (stage 2), 
exacerbation (stage 3), corticosteroid-
dependent asthma (stage 4), to fibrosis 
(stage 5).62 Meanwhile, the International 
Society for Human and Animal Mycology 
proposed a new staging, which consists 
of asymptomatic (stage 0), acute (stage 
1), exacerbation (stage 2), remission 
(stage 4), treatment-dependent ABPA or 
glucocorticoid-dependent asthma (stage 
5), and complicated ABPA (stage 6).28

Laboratory investigations

There has been no agreed laboratory 
test as the gold standard of ABPA, so 
a combination of tests is needed to 

establish the diagnosis. The primary 
laboratory test used for screening is the 
serum-specific IgE level of A. fumigatus 
due to its high sensitivity.63 Aspergillus 
fumigatus IgE levels of more than 0.35 
kUA/l are supposed to be associated 
with the incidence of ABPA in asthmatic 
patients.44 The sensitivity of this method 
is up to 100%, and the specificity is 70% 
(TABLE 2).63 Contrary to the previous test, 
total serum IgE levels are preferred in 
post-treatment follow-up ABPA patients 
because they tend to decrease promptly 
as therapy progresses but must be done 
several times to determine the various 
baseline between individuals. Moreover, 
there is a minimum total IgE level of 1000 
IU/mL to prevent overdiagnosis due to its 
high sensitivity but very low specificity 
(TABLE 2).18,44,63

A positive Aspergillus skin test 
can help diagnose ABPA patients, but 
the sensitivity and specificity are not 
satisfactory63 (TABLE 2), so it needs to 
be supported by an increase in total 
serum IgE levels for diagnosis. If both of 
these tests lead to a diagnosis of ABPA, 
additional tests, such as the precipitin 
test for A. fumigatus, may be performed 
to rule out other diagnoses because of 
their high specificity.64 Unfortunately, 
this test has low sensitivity and variable 
cut-off, making it unreliable in the initial 
diagnosis (TABLE 2).63 In addition, there 
is a test of specific IgG levels against 
A. fumigatus with good sensitivity 
and specificity for the diagnosis of 
ABPA, but it is not recommended for 
monitoring therapy (TABLE 2).65 Various 
commercial IgG A. fumigatus assays 
may yield varying sensitivity results 
in the diagnosis of chronic pulmonary 
aspergillosis. However, this study utilized 
only one commercial test for ABPA.65,66 
Furthermore, an increased number of 
eosinophils in the peripheral blood is 
also one of the examination criteria 
for diagnosing ABPA. Nevertheless, the 
test is unreliable because it can lead to 
misdiagnosis due to very low sensitivity 
(TABLE 2).28,44,64



173

Lukito EF, et al., A challenge in diagnosis and treatment...

TABLE 2. Sensitivity and specificity of laboratory 
investigation in diagnosis ABPA.63,66

Methods Sensitivity 
(%)

Specificity 
(%)

Specific IgE against A. fumigatus 100 70

Total serum IgE level 92-97 24-40

Skin test against A. fumigatus 88-95 80-87

A. fumigatus precipitins 33-43 97-98

Specific IgG against A. fumigatus 75-90 97-99

Peripheral blood eosinophils 30-36 93

Other tests, such as sputum 
culture, can identify species other 
than A. fumigatus that cause ABPA and 
determine the antifungal susceptibility 
test. Pulmonary function tests can also 
determine the severity of ABPA and the 
patient’s progress in therapy. However, 
these two types of tests are rarely used by 
clinicians for both diagnosis and follow-
up therapy.18,44,64

Radiologic findings

The modality used in ABPA imaging 
is a CT scan with infiltrates on the upper 
lobes as the most common finding.18 In 
addition, the feature of bronchiectasis 
(especially central bronchiectasis with 
bronchus walls thickening), mucus-
filled bronchus, high-attenuating 
mucus (HAM), centrilobular nodules 
consolidation, tree-in-bud opacities, and 
mosaic attenuation may be found.19,44 
Subsequently, the imaging results 
are classified as transient or fixed. 
Nonetheless, ABPA patients often do 
not show any abnormalities in imaging 
results. On the contrary, another 
modality, MRI, is not recommended for 
diagnosis.18,19,44,63,64

Diagnostic criteria for ABPA

Asthma-related ABPA can be 
diagnosed through clinical features, 
laboratory examinations, and imaging. 
The first ABPA diagnostic criteria were 
made by Rosenberg et al.67 in 1977, 
consisting of seven major and three 
minor items. It is also the most widely 

used criterion in diagnosing ABPA. 
In 1988, Greenberger and Patterson 
suggested an additional item, elevated 
A. fumigatus-specific IgE and IgG levels 
in the serum.68 In 2002, Greenberger 
suggested minimal essential criteria that 
consisted of 5 items.69 Greenberger then 
simplified this criterion in 2013 into truly 
minimal diagnostic criteria consisting 
of four items.70 Eventually, in 2013, the 
International Society for Human and 
Animal Mycology (ISHAM) suggested 
diagnostic criteria for asthma or cystic 
fibrosis patients as a predisposing factor. 
The criteria consisted of two major and 
three minor items. Both major items 
and at least two minor items should be 
present.28 

Agarwal et al.71 proposed seven types 
of simplified criteria for comparison 
with the modified ISHAM-AWG criteria. 
Of the seven criteria, criteria 5, with the 
combination of IgE result (total and A. 
fumigatus-specific) and an increase in A. 
fumigatus-specific IgG or bronchiectasis, 
can be alternative criteria for diagnosing 
ABPA. In addition, criteria three based 
on a specific IgE examination can 
be another alternative, especially in 
places with limited resources, because 
it comprises only three components. 
Criteria 4 with based skin tests can also 
be used to confirm ABPA due to its high 
specificity in settings without access to A. 
fumigatus immunoassays.71

Asano et al.72 proposed ten new 
criteria that can be used for diagnosing 
ABPM and ABPA from the modified 
Rosenberg and ISHAM criteria. If the 
patient meets six or more of these 
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criteria, they can be diagnosed with 
ABPM. This study result shows more 
excellent sensitivity than the previous 
criteria with fairly good specificity. 
However, this criterion has limitations 
due to the variable cut-off values of 
some laboratory tests, and the patient 

sample includes only Japanese cases.72 
Therefore, these new criteria still require 
international multicenter investigation 
to be validated. All criteria for ABPA 
diagnostics that have been used and 
proposed are shown in TABLE 3. 

TABLE 3. ABPA Diagnostic Criteria.61,65,67-71

References •	 Major •	Minor

Rosenberg et al.61,65 •	 History of asthma
•	 Peripheral eosinophilia
•	 Positive skin hypersensitivity test against 

Aspergillus antigen
•	 Elevated total IgE level in serum
•	 Fixed or transient opacity in the lung
•	 Central bronchiectasis

•	Presence of A. fumigatus found 
in the sputum

•	History of brownish mucus
•	Arthus-type reactivity against 

Aspergillus antigen

ISHAM71  •	 Positive skin test against type 1 Aspergillus 
or increased IgE level against A. fumigatus

•	 Increased total IgE level (>1000 IU/ mL)

•	Presence of antibody or IgG 
serum against A. fumigatus 

•	Thorax imaging support the 
presence of ABPA

•	Total eosinophil count over 500 
cells/µL in patients who never 
used steroid therapy  

Minimal Essential 
Criteria67 

•	 History of asthma
•	 Positive skin test against A. fumigatus
•	 Total IgE level in serum higher than 1000 ng/mL
•	 Elevated A. fumigatus specific IgE or IgG level
•	 Central bronchiectasis without distal bronchiectasis

Truly Minimal Criteria68  •	 Same as Minimal Essential Criteria but without elevated A. fumigatus specific 
IgE or IgG level

Agarwal et al. 69 (from 
modified ISHAM-AWG)

Any of the criteria listed below:
•	 A. fumigatus specific IgE serum > 0.5 kUA/L, total IgE serum > 500 IU/mL and 

either A. fumigatus specific IgG serum > 27 mgA/L or bronchiectasis (criteria 1)
•	 A. fumigatus specific IgE serum > 0.5 kUA/L, total IgE serum > 500 IU/mL and 

either bronchiectasis or peripheral eosinophilia (>500 cells/mL) (criteria 2) 
•	 A. fumigatus specific IgE serum > 0.5 kUA/L, total IgE serum > 500 IU/mL and 

bronchiectasis (criteria 3)
•	 Positive skin test against type 1 Aspergillus, total IgE serum > 500 IU/mL, and 

bronchiectasis (criteria 4) 
•	 A. fumigatus specific IgE serum > 0.5 kUA/L, total IgE serum > 500 IU/mL and 

either A. fumigatus specific IgG serum > 27 mgA/L or bronchiectasis (criteria 5)
•	 A. fumigatus specific IgE serum > 0.5 kUA/L, total IgE serum > 500 IU/mL and 

either bronchiectasis or peripheral eosinophilia (> 500 cells/mL) (criteria 6)
•	 A. fumigatus specific IgE serum > 0.5 kUA/L, total IgE serum > 500 IU/mL and 

either A. fumigatus specific IgG serum > 27 mgA/L or peripheral eosinophilia (> 
500 cells/mL) (criteria 7)

Asano et al.70 •	 History of asthma or symptoms of asthma
•	 Peripheral eosinophilia (higher than 500 cells/mm3)
•	 Increased total IgE in serum (higher than 417 IU/mL)
•	 Positive skin hypersensitivity or specific IgE against filamentous fungi
•	 Presence of precipitins or specific IgG against filamentous fungi 
•	 Presence of filamentous fungal in sputum  or bronchial lavage fluid
•	 Fungal hyphae in bronchial mucus plug
•	 Central bronchiectasis 
•	 Mucus plug in central bronchi
•	 High attenuation mucus in bronchi
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In addition, there are comparison 
diagnosis criteria by Saxena et al.73 
between existing criteria such as 
Patterson and ISHAM with three other 
modified criteria but with the same 
patients from Agarwal et al.71respectively, 
on an MDT evaluation. Results: We 
analyzed data from 543 asthmatic 
subjects (58.8% women; mean age, 36.8 
years The results of this study showed 
that the sensitivity and specificity of the 
diagnostic criteria of ISHAM were slightly 
better than Patterson’s. Moreover, of 
the three modified ISHAM criteria, the 
best one is the presence of asthma, A. 
fumigatus specific IgE >0.35 KUA/L, total 
serum IgE level >500 IU/mL; and meets 
2 of the following: A. fumigatus specific  
IgG >27 mgA/L, bronchiectasis on chest 
CT, and eosinophil count >500 cells/mL.73

Despite the mentioned criteria above, 
there is still no standardized universal 
consensus. Rosenberg’s criteria have 
a high specificity yet low sensitivity. 
The one proposed by ISHAM has better 
sensitivity and is still quite specific but 
too complicated to use. In recent years, 
there have been new criteria proposed 
by Agarwal et al.71 with patients from 
a single tertiary care referral center in 
India and Asano et al.72 from two health 
institutes in Japan. Thus, the two newer 
criteria still require multicenter studies 
to be validated to be used in varied 
populations. 

In the ISHAM’s diagnosis criteria, 
the cut-off total serum IgE levels >1000 
IU/mL still has no clear reason. In 
addition, there is also no receiver-
operating characteristic/ ROC analysis 
regarding IgE levels with ABPA, SAFS, 
and Aspergillus-sensitized asthma. 
Aspergillus IgG may also not be specific 
for ABPA because high levels are also 
found in other forms of aspergillosis, 
such as chronic pulmonary aspergillosis/ 
CPA. Finally, a peripheral eosinophil 
count of >500 cells/µL is very common in 
many other diseases and the specificity of 

this criterion is questionable. Therefore, 
further research is needed to validate 
this diagnostic criterion.

The newly proposed simplified 
criteria by Asano et al.,72 state that the 
diagnostic accuracy of the newer criteria 
should be considered acceptable if the 
efficiency exceeds 95% and the false-
negative rate is less than 5%. Although 
several criteria qualify for acceptance, 
there are some criteria (criteria 3, 4, and 
7) that shows false-negative rate was >5%. 
The study is also a single-center study 
conducted at a tertiary care hospital, 
with large proportion of patients had 
bronchiectasis. It is also mentioned 
that the diagnostic performance of the 
criteria might be different in the milder 
asthmatics seen in the community or 
those with serological ABPA. Thus, the 
criteria still need prospective multicenter 
investigation for validation.

Treatment

Treatment of ABPA aims to treat 
inflammation in the lung, prevent asthma 
exacerbations, overcome acute symptoms 
of ABPA, and delay complications. 
Glucocorticoids, such as prednisone, and 
antifungals like itraconazole, are utilized 
in conservative therapy (TABLE 4).43,44 
The administration of oral glucocorticoid 
remains the first line of ABPA in all 
stages.18,19,44,69 The glucocorticoid that is 
widely used as an anti-inflammatory is 
prednisone or prednisolone. Clinicians 
must be careful if there is an indication 
of an increase in serum IgE ≥ 100% of the 
initial value because this indicates an 
exacerbation. Other routine evaluations 
are required for ABPA patients, such as 
CXR and eosinophil count, based on the 
patient’s ABPA stage at diagnosis.18,19,44,69 
In addition to reducing the patient’s 
symptoms, mucolytic drugs can be 
given.43 Other novel treatments, such 
as monoclonal antibodies, on the other 
hand, are still under further study.74
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TABLE 4. Recommendation therapy for ABPA

Stage Therapy recommendation Notes

Stage 1: Acute First line
Prednisone 0.5-0.75mg/kg/d for 6 wk; then 
TO 5-10 mg every 2 wk

Glucocorticoid therapy 
follows up:
•	 Evaluate total serum 

IgE after 6-8 wk of 
therapy (the expected 
result is a decrease 
more than 35%); CXR 
and eosinophil count 
evaluation every 3 
m.o.

•	 To decide the normal 
range of total serum 
IgE, evaluations can 
be done every 8 wk 
for a yr

•	 In discontinuing 
corticosteroid therapy, 
evaluate the remission 
status of the patient 
every 6-8 wk

•	 Antifungal 
administration:

•	 Susceptibility 
test (confirm that 
the patient is not 
resistant)

•	 Evaluate liver 
enzyme, triglyceride, 
potassium, drugs level 
in blood

Stage 2: Remission Second line
Itraconazole 200-400 mg p.o. 2x1 for 16 wk

Stage 3: Exacerbation Combination therapy
Prednisone 0.5-0.75mg/kg/d for 6 wk; then 
TO 5-10mg every 2 wk
and
Itraconazole 200-400mg PO 2x1; for 16 wk

Stage 4 Corticoste-
roid-dependent 
asthma

First line
Prednisone 10-40mg AD, for a few yr

Second line
Itraconazole 200-400mg PO 2x1; for 16 wk

Stage 5 : Fibrosis Prednisone 10-40mg AD •	 Must be combined 
with cor pulmonale 
and hypoxemia ther-
apy

•	 TO: tapper off; p.o.:per oral; CXR: chest X-ray; AD: on alternate days

Inhalation and intravenous routes 
are alternative routes of glucocorticoid 
administration in ABPA patients. For 
inhaled glucocorticoid, it is known to 
improve asthma symptoms and increase 
total serum IgE when used in combination 
with a long-acting beta agonist. 
However, the combination of inhaled 
glucocorticoids and itraconazole is 
associated with increased risk of adrenal 
insufficiency. Pulse steroid therapy or 
intravenous glucocorticoid used in ABPA 
is methylprednisolone (10-20mg/kg/d), 
given for three consecutive days every 
four weeks and reported in most cases 

that intravenous glucocorticoid therapy 
is showing improvement to ABPA 
symptoms with minimal side effects.19,75

Antifungal therapy in ABPA 
treatment has multiple roles as an 
alternative therapy (second line) and 
combination therapy. Itraconazole 
is widely used antifungal, with an 
orally recommended dosage of 200-
400 mg/d divided into two doses for 
16 wk. Nevertheless, it is necessary to 
periodically evaluate liver enzymes, 
triglycerides, blood potassium, and blood 
drug levels in patients receiving these 
antifungals until their administration is 
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discontinued. Administration of other 
azole alternatives with voriconazole, 
400-600 mg/d, divided into two doses 
for 16 wk, or posaconazole, in patients 
with treatment failure or intolerance 
of itraconazole shows clinical 
improvement. The side effects of 
itraconazole and posaconazole are better 
tolerated than voriconazole. However, 
these alternative newer azoles still need 
further evidence from randomized 
controlled trials to be considered the first-
line antifungal therapy for ABPA.18,19,44,76 
Although antifungal therapy is more 
effective and has fewer side effects than 
glucocorticoid therapy, a susceptibility 
test against various species of Aspergillus 
is still necessary. 

Despite the mentioned therapies, 
there is also a novel treatment: 
monoclonal antibodies such 
as omalizumab, mepolizumab, 
tezepelumab, and dupilumab.74 Some of 
these antibodies are known to have fewer 
side effects than conventional therapy 
and have been proven effective in 
reducing clinical manifestations and the 
number of exacerbations. Nonetheless, 
most of these monoclonal antibodies still 
require further studies.43,74

CONCLUSION

Despite aspergillosis and asthma 
having long been acknowledged, the 
diagnosis and treatment approaches are 
still a challenge for clinicians. Several 
ABPA overlapping diagnostic criteria 
without universal consensus are one of 
the causes. The laboratory test mainly 
used in screening is the serum-specific IgE 
level of A. fumigatus because of its high 
sensitivity. Hence, physicians should be 
vigilant in screening asthmatic patients 
for this infection to prevent long-term 
complications such as bronchiectasis 
and fibrosis.

ACKNOWLEDGEMENTS

We want to thank all parties involved 
in writing this review. The authors have 
no conflict of interest to declare.

REFERENCES

1.	 Boonpiyathad T, Sözener ZC, 
Satitsuksanoa P, Akdis CA. 
Immunologic mechanisms in 
asthma. Semin Immunol 2019; 
46:101333. 
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
smim.2019.101333

2.	 Singh M, Paul N, Singh S, Nayak GR. 
Asthma and fungus: role in allergic 
bronchopulmonary aspergillosis 
(abpa) and other conditions. Indian J 
Pediatr 2018; 85(10):899–904. 
https://doi.org/10.1007/s12098-018-2646-8

3.	 Rajagopal T V, Kant S, Verma SK, 
Kushwaha RAS, Kumar S, Garg 
R, et al. Aspergillus sensitization 
in bronchial asthma: A separate 
phenotype. Allergy Asthma Proc 
2020; 41(1):e26-e32. 
h t t p s : / / d o i . o r g / 1 0 . 2 5 0 0 /
aap.2020.41.190008

4.	 Loftus PA, Wise SK. Epidemiology 
and economic burden of asthma. Int 
Forum Allergy Rhinol 2015; 5:S7-10. 
https://doi.org/10.1002/alr.21547

5.	 Dharmage SC, Perret JL, Custovic A. 
Epidemiology of asthma in children 
and adults. Front Pediatr 2019; 7:246. 
h t t p s : / / d o i . o r g / 1 0 . 3 3 8 9 /
fped.2019.00246

6.	 Stern J, Pier J, Litonjua AA. Asthma 
epidemiology and risk factors. Semin 
Immunopathol 2020; 42(1):5-15. 
https://doi.org/10.1007/s00281-020-
00785-1

7.	 Enilari O, Sinha S. The global impact 
of asthma in adult populations. Ann 
Glob Health 2019; 85(1):2. 
https://doi.org/10.5334/aogh.2412 



178

InaJBCS, Volume 56, Number 2, 2024 April: 167-182

8.	 Mattiuzzi C, Lippi G. Worldwide 
asthma epidemiology: insights from 
the Global Health Data Exchange 
database. Int Forum Allergy Rhinol 
2020; 10(1):75-80.
https://doi.org/10.1002/alr.22464

9.	 Global Initiative for Asthma. Pocket 
guide for asthma management and 
prevention for adults and children 
older than 5 years: a pocket guide 
for health professionals; 2020. [cited 
2022 April 3].
https://ginasthma.org/wp-content/
uploads/2020/04/Main-pocket -
guide_2020_04_03-final-wms.pdf

10.	 Sio YY, Chew FT. Risk factors of 
asthma in the Asian population: 
a systematic review and meta-
analysis. J Physiol Anthropol 2021; 
40(1):22. 
https://doi.org/10.1186/s40101-021-
00273-x 

11.	 Zhang L, He L, Gong J, Liu C. Risk 
factors associated with irreversible 
airway obstruction in asthma: a 
systematic review and meta-analysis. 
Biomed Res Int 2016; 2016:9868704. 
https://doi.org/10.1155/2016/9868704

12.	 Clark VL, Gibson PG, Genn G, Hiles 
SA, Pavord ID, McDonald VM. 
Multidimensional assessment of 
severe asthma: A systematic review 
and meta-analysis. Respirology 2017; 
22(7):1262-75. 
https://doi.org/10.1111/resp.13134

13.	 Pakkasela J, Ilmarinen P, Honkamäki 
J, Tuomisto LE, Andersén H, Piirilä 
P, et al. Age specific incidence of 
allergic and non-allergic asthma. 
BMC Pulm Med 2020; 20(1):9.
https://doi.org/10.1186/s12890-019-1040-2

14.	 Agache I, Antolin-Amerigo D, de Blay 
F, Boccabella C, Caruso C, Chanez P, 
et al. EAACI position paper on the 
clinical use of the bronchial allergen 
challenge: Unmet needs and research 
priorities. Allergy Eur J Allergy Clin 
Immunol 2022; 77(6):1667-84.
https://doi.org/10.1111/all.15203

15.	 Masaki K, Fukunaga K, Matsusaka 

M, Kabata H, Tanosaki T, Mochimaru 
T, et al. Characteristics of severe 
asthma with fungal sensitization. 
Ann Allergy Asthma Immunol 2017; 
119(3):253-7.
https://doi.org/10.1016/j.anai.2017.07.008

16.	 Kuruvilla ME, Lee FEH, Lee GB. 
Understanding asthma phenotypes, 
endotypes, and mechanisms of 
disease. Clin Rev Allergy Immunol 
2019; 56(2):219-33.
https://doi.org/10.1007/s12016-018-8712-1

17.	 Namvar S, Labram B, Rowley J, 
Herrick S. Aspergillus fumigatus-
host interactions mediating airway 
wall remodelling in asthma. J Fungi 
2022; 8(2):159. 
https://doi.org/10.3390/jof8020159

18.	 Shah A, Panjabi C. Allergic 
aspergillosis of the respiratory tract. 
Eur Respir Rev 2014; 23(131):8-29. 
h t t p s : / / d o i .
org/10.1183/09059180.00007413

19.	 Tracy MC, Okorie CUA, Foley EA, Moss 
RB. Allergic bronchopulmonary 
aspergillosis. J Fungi (Basel) 2016; 
2(2):17. 
https://doi.org/10.3390/jof202001720

20.	 Fukutomi Y, Taniguchi M. 
Sensitization to fungal allergens: 
Resolved and unresolved issues. 
Allergol Int 2015; 64(4):321-31.
https://doi.org/10.1016/j.alit.2015.05.007

21.	 Rapeport WG, Ito K, Denning DW. 
The role of antifungals in the 
management of patients with severe 
asthma. Clin Transl Allergy 2020; 
10(1):46. 
https://doi.org/10.1186/s13601-020-
00353-8 

22.	 Bongomin F, Gago S, Oladele RO, 
Denning DW. Global and multi-
national prevalence of fungal 
diseases-estimate precision. J Fungi 
(Basel) 2017; 3(4):57. 
https://doi.org/10.3390/jof3040057

23.	 Denning DW, Pashley C, Hartl D, 
Wardlaw A, Godet C, Del Giacco S, 
et al. Fungal allergy in asthma-state 
of the art and research needs. Clin 



179

Lukito EF, et al., A challenge in diagnosis and treatment...

Transl Allergy 2014; 4:14.
https://doi.org/10.1186/2045-7022-4-14

24.	 Agbetile J, Fairs A, Desai D, Hargadon 
B, Bourne M, Mutalithas K, et al. 
Isolation of filamentous fungi from 
sputum in asthma is associated with 
reduced post bronchodilator FEV 1. 
Clin Exp Allergy 2012; 42(5):782-91. 
https: / /doi .org/10.1111/ j .1365-
2222.2012.03987.x

25.	 Fairs A, Agbetile J, Hargadon B, 
Bourne M, Monteiro WR, Brightling 
CE, et al. IgE sensitization to 
Aspergillus fumigatus is associated 
with reduced lung function in 
asthma. Am J Respir Crit Care Med 
2010; 182(11):1362-8. 
https://doi.org/10.1164/rccm.201001-
0087OC

26.	 Agarwal R, Aggarwal AN, 
Gupta D, Jindal SK. Aspergillus 
hypersensitivity and allergic 
bronchopulmonary aspergillosis 
in patients with bronchial asthma: 
Systematic review and meta-
analysis. Int J Tuberc Lung Dis 2009; 
13(8):936-44. 

27.	 Hinson KFW, Moon AJ, Plummer NS. 
Broncho-pulmonary aspergillosis. 
Thorax 1952; 7(4):317-33. 
https://doi.org/10.1136/thx.7.4.317

28.	 Agarwal R, Chakrabarti A, Shah 
A, Gupta D, Meis JF, Guleria R, et 
al. Allergic bronchopulmonary 
aspergillosis: Review of literature 
and proposal of new diagnostic 
and classification criteria. Clin Exp 
Allergy 2013; 43(8):850-73. 
https://doi.org/10.1111/cea.12141 

29.	 Farrant J, Brice H, Fowler S, Niven R. 
Fungal sensitization in severe asthma 
is associated with the identification 
of Aspergillus fumigatus in sputum. 
J Asthma 2016; 53(7):732-5. 
https://doi.org/10.3109/02770903.201
6.1154073 

30.	 Malcolm D, Richardson KB, Hope W. 
Aspergillus. 2th ed. China: Churchill 
Livingstone Elsevier, 2009. Chapter 
11: Clinical Mycology; p.271-96

31.	 Agarwal R, Bansal S, Chakrabarti A. 
Are allergic fungal rhinosinusitis 
and allergic bronchopulmonary 
aspergillosis lifelong conditions? 
Med Mycol 2017; 55(1):87-95. 
https://doi.org/10.1093/mmy/myw071

32.	 Fraczek MG, Chishimba L, Niven 
RM, Bromley M, Simpson A, Smyth 
L, et al. Corticosteroid treatment 
is associated with increased 
filamentous fungal burden in 
allergic fungal disease. J Allergy Clin 
Immunol 2018; 142(2):407-14.
https://doi.org/10.1016/j.jaci.2017.09.039

33.	 Tsang CC, Tang JYM, Lau SKP, Woo 
PCY. Taxonomy and evolution 
of Aspergillus, Penicillium, and 
Talaromyces in the omics era – Past, 
present and future. Comput Struct 
Biotechnol J 2018; 16:197-210. 
https://doi.org/10.1016/j.csbj.2018.05.003

34.	 Rozaliyani A, Sedono R, Sjam 
R, Tugiran M, Adawiyah R, 
Setianingrum F, et al. Molecular 
typing and antifungal susceptibility 
study of Aspergillus spp. in intensive 
care unit (ICU) patients in Indonesia. 
J Infect Dev Ctries 2021; 15(7):1014-20.
https://doi.org/10.3855/jidc.13135

35.	 Ashton GD, Dyer PS. Culturing and 
mating of Aspergillus fumigatus. Curr 
Protoc Microbiol 2019; 54(1):e87. 
https://doi.org/10.1002/cpmc.87

36.	 Zhang J, Snelders E, Zwaan BJ, 
Schoustra SE, Meis JF, Van Dijk K, 
et al. A novel environmental azole 
resistance mutation in Aspergillus 
fumigatus and a possible role of 
sexual reproduction in its emergence. 
mBio 2017; 8(3):e00791-17. 
https://doi.org/10.1128/mBio.00791-17

37.	 Viegas C, Dias M, Carolino E, Sabino 
R. Culture media and sampling 
collection method for Aspergillus 
spp. Assessment: Tackling the gap 
between recommendations and the 
scientific evidence. Atmosphere 
2021; 12(1):23. 
https://doi.org/10.3390/atmos12010023

38.	 O’Gorman CM, Fuller HT, Dyer PS. 



180

InaJBCS, Volume 56, Number 2, 2024 April: 167-182

Discovery of a sexual cycle in the 
opportunistic fungal pathogen 
Aspergillus fumigatus. Nature 2009; 
457(7228):471-4. 
https://doi.org/10.1038/nature07528

39.	 Matsuse H, Tsuchida T, Fukahori S, 
Kawano T, Nishino T, Fukushima C, et 
al. Dissociation between sensitizing 
and colonizing fungi in patients 
with allergic bronchopulmonary 
aspergillosis. Ann Allergy Asthma 
Immunol 2013; 111(3):190-3. 
https://doi.org/10.1016/j.anai.2013.06.022 

40.	 Surja S, Wijaya M, Padmasutra L, 
Yolanda H, Joprang F, Makimian R, 
et al. Atlas parasitologi kedokteran. 
1th ed. Jakarta: Universitas Katolik 
Indonesia Atma Jaya; 2019. 

41.	 Garcia-Rubio R, de Oliveira HC, Rivera 
J, Trevijano-Contador N. The fungal 
cell wall: Candida, Cryptococcus, and 
Aspergillus species. Front Microbiol 
2020; 10:2993. 
https://doi.org/10.3389/fmicb.2019.02993

42.	 Aimanianda V, Bayry J, Bozza S, 
Kniemeyer O, Perruccio K, Elluru 
SR, et al. Surface hydrophobin 
prevents immune recognition of 
airborne fungal spores. Nature 2009; 
460(7259):1117-21. 
https://doi.org/10.1038/nature08264

43.	 Lewington-Gower E, Chan L, 
Shah A. Review of current and 
future therapeutics in ABPA. 
Ther Adv Chronic Dis 2021; 
12:20406223211047003. 
https://doi.org/10.1177/20406223211047003

44.	 Agarwal R, Sehgal I, Dhooria S, Muthu 
V, Prasad K, Bal A, et al. Allergic 
bronchopulmonary aspergillosis. 
Clin Chest Med 2022; 43(1):99-125. 
https://doi.org/10.1016/j.ccm.2021.12.002 

45.	 Ok M, Einsele H, Loeffler J. Genetic 
susceptibility to Aspergillus 
fumigatus infections. Int J Med 
Microbiol 2011; 301(5):445-52. 
https://doi.org/10.1016/j.ijmm.2011.04.013

46.	 Agarwal R, Dhooria S, Singh Sehgal I, 
Aggarwal AN, Garg M, Saikia B, et al. 
A randomized trial of itraconazole vs 

prednisolone in acute-stage allergic 
bronchopulmonary aspergillosis 
complicating asthma. Chest 2018; 
153(3):656-64. 
h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j .
chest.2018.01.005 

47.	 Agarwal R, Khan A, Aggarwal 
AN, Gupta D. Link between CFTR 
mutations and ABPA: A systematic 
review and meta-analysis. Mycoses 
2012; 55(4):357-65. 
https: / /doi .org/10.1111/ j .1439-
0507.2011.02130.x

48.	 Overton NLD, Denning DW, Bowyer 
P, Simpson A. Genetic susceptibility 
to allergic bronchopulmonary 
aspergillosis in asthma: A genetic 
association study. Allergy Asthma 
Clin Immunol 2016; 12:47. 
https://doi.org/10.1186/s13223-016-
0152-y 

49.	 Gago S, Overton NLD, Ben-Ghazzi N, 
Novak-Frazer L, Read ND, Denning 
DW, et al. Lung colonization by 
Aspergillus fumigatus is controlled by 
ZNF77. Nat Commun 2018; 9(1):3835. 
https://doi.org/10.1038/s41467-018-
06148-7

50.	 Culibrk L, Croft CA, Toor A, Yang 
SJ, Singhera GK, Dorscheid DR, 
et al. Phagocytosis of Aspergillus 
fumigatus by human bronchial 
epithelial cells is mediated by the 
Arp2/3 complex and WIPF2. Front 
Cell Infect Microbiol 2019; 9:16.
https://doi.org/10.3389/fcimb.2019.00016

51.	 Croft CA, Culibrk L, Moore MM, 
Tebbutt SJ. Interactions of Aspergillus 
fumigatus conidia with airway 
epithelial cells: A critical review. 
Front Microbiol 2016; 7:472. 
https://doi.org/10.3389/fmicb.2016.00472

52.	 Knutsen AP, Slavin RG. Allergic 
bronchopulmonary aspergillosis in 
asthma and cystic fibrosis. Clin Dev 
Immunol 2011; 2011:843763. 
https://doi.org/10.1155/2011/843763

53.	 Van De Veerdonk FL, Gresnigt MS, 
Romani L, Netea MG, Latgé JP. 
Aspergillus fumigatus morphology 



181

Lukito EF, et al., A challenge in diagnosis and treatment...

and dynamic host interactions. Nat 
Rev Microbiol 2017; 15(11):661-74. 
https://doi.org/10.1038/nrmicro.2017.90

54.	 Wassano NS, Goldman GH, Damasio 
A. Aspergillus fumigatus. Trends 
Microbiol. 2020; 28(7):594-95. 
https://doi.org/10.1016/j.tim.2020.02.013

55.	 Bigot J, Guillot L, Guitard J, Ruffin M, 
Corvol H, Balloy V, et al. Bronchial 
epithelial cells on the front line 
to fight lung infection-causing 
Aspergillus fumigatus. Front Immuno 
2020; 11:1041. 
https://doi.org/fimmu.2020.01041 

56.	 Valsecchi I, Lai JI, Stephen-Victor 
E, Pillé A, Beaussart A, Lo V, et 
al. Assembly and disassembly of 
Aspergillus fumigatus conidial 
rodlets. Cell Surf 2019; 5:100023. 
https://doi.org/10.1016/j.tcsw.2019.100023

57.	 Moss RB. Treatment options in 
severe fungal asthma and allergic 
bronchopulmonary aspergillosis. 
Eur Respir J 2014; 43(5):1487-500. 
h t t p s : / / d o i .
org/10.1183/09031936.00139513

58.	 Redes JL, Basu T, Ram-Mohan S, 
Ghost CC, Chan EC, Sek AC, et al. 
Aspergillus fumigatus-secreted 
alkaline protease 1 mediates airways 
hyperresponsiveness in severe 
asthma. Immunohorizons 2019; 
3(8):368-377. 
h t t p s : / / d o i . o r g / 1 0 . 4 0 4 9 /
immunohorizons.1900046

59.	 Kosmidis C, Denning DW. The clinical 
spectrum of pulmonary aspergillosis. 
Thorax 2015; 70(3):270-7. 
h t t p s : / / d o i . o r g / 1 0 . 1 1 3 6 /
thoraxjnl-2014-206291

60.	 Agarwal R, Sehgal IS, Dhooria S, 
Aggarwal AN. Developments in the 
diagnosis and treatment of allergic 
bronchopulmonary aspergillosis. 
Expert Rev Respir Med 2016; 
10(12):1317-34. 
https://doi.org/10.1080/17476348.201
6.1249853

61.	 Mendelson EB, Fisher MR, Mintzer 
RA, Halwig JM, Greenberger PA. 

Roentgenographic and clinical 
staging of allergic bronchopulmonary 
aspergillosis. Chest 1985; 87(3):334-9. 
https://doi.org/10.1378/chest.87.3.334

62.	 Patterson R, Greenberger PA, 
Radin RC, Roberts M. Allergic 
bronchopulmonary aspergillosis: 
staging as an aid to management. 
Ann Intern Med 1982; 96(3):286-91. 
https://doi.org/10.7326/0003-4819-96-3-286 

63.	 Agarwal R, Maskey D, Aggarwal 
AN, Saikia B, Garg M, Gupta D, et al. 
Diagnostic performance of various 
tests and criteria employed in allergic 
bronchopulmonary aspergillosis: a 
latent class analysis. PLoS One 2013; 
8(4):e61105. 
https://doi.org/10.1371/journal.
pone.0061105

64.	 Patterson K, Strek ME. Allergic 
bronchopulmonary aspergillosis. 
Proc Am Thorac Soc 2010: 7(3):237-44. 
https://doi.org/10.1513/pats.200908-086AL 

65.	 Agarwal R, Dua D, Choudhary H, 
Aggarwal AN, Sehgal IS, Dhooria S, 
et al. Role of Aspergillus fumigatus-
specific IgG in diagnosis and 
monitoring treatment response 
in allergic bronchopulmonary 
aspergillosis. Mycoses 2017; 60(1):33-39. 
https://doi.org/10.1111/myc.12541

66.	 Page ID, Richardson MD, Denning 
DW. Comparison of six Aspergillus-
specific IgG assays for the diagnosis 
of chronic pulmonary aspergillosis 
(CPA). J Infect 2016; 72(2):240-9. 
https://doi.org/10.1016/j.jinf.2015.11.003

67.	 Rosenberg M, Patterson R, Mintzer 
R, Cooper BJ, Roberts M, Harris 
KE. Clinical and immunologic 
criteria for the diagnosis of allergic 
bronchopulmonary aspergillosis. 
Ann Intern Med 1977; 86(4):405-14. 
https://doi.org/10.7326/0003-4819-86-
4-405

68.	 Greenberger PA, Patterson R. Allergic 
bronchopulmonary aspergillosis 
and the evaluation of the patient 
with asthma. J Allergy Clin Immunol 
1988; 81(4):646-50. 



182

InaJBCS, Volume 56, Number 2, 2024 April: 167-182

h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / 0 0 9 1 -
6749(88)91034-2

69.	 Greenberger PA. Allergic 
bronchopulmonary aspergillosis. 
Clin Immunol 2002; 110(5):685-92. 
https://doi.org/10.1067/mai.2002.130179 

70.	 Greenberger PA. When to suspect and 
work up allergic bronchopulmonary 
aspergillosis. Ann Allergy Asthma 
Immunol 2013; 111(1):1-4. 
https://doi.org/10.1016/j.anai.2013.04.014

71.	 Agarwal R, Saxena P, Muthu 
V, Sehgal IS, Dhooria S, Prasad 
KT, et al. Evaluation of simpler 
criteria for diagnosing allergic 
bronchopulmonary aspergillosis 
complicating asthma. Front Cell 
Infect Microbiol 2022; 12:861866. 
https://doi.org/10.3389/fcimb.2022.861866

72.	 Asano K, Hebisawa A, Ishiguro T, 
Takayanagi N, Nakamura Y, Suzuki J, 
et al. New clinical diagnostic criteria 
for allergic bronchopulmonary 
aspergillosis/mycosis and its 
validation. J Allergy Clin Immunol 
2021; 147(4):1261-8.e5.
https://doi.org/10.1016/j.jaci.2020.08.029

73.	 Saxena P, Choudhary H, Muthu 
V, Sehgal IS, Dhooria S, Prasad 
KT, et al. Which are the optimal 
criteria for the diagnosis of allergic 

bronchopulmonary aspergillosis? A 
latent class analysis. J Allergy Clin 
Immunol Pract 2021; 9(1):328-35.e1. 
https://doi.org/10.1016/j.jaip.2020.08.043 

74.	 Eraso IC, Sangiovanni S, Morales 
EI, Fernández-Trujillo L. Use of 
monoclonal antibodies for allergic 
bronchopulmonary aspergillosis 
in patients with asthma and 
cystic fibrosis: literature review. 
Ther Adv Respir Dis 2020; 
14:1753466620961648. 
https://doi.org/10.1177/1753466620961648

75.	 Sunman B, Ademhan Tural D, 
Ozsezen B, Emiralioglu N, Yalcin E, 
Özçelik U. Current approach in the 
diagnosis and management of allergic 
bronchopulmonary aspergillosis in 
children with cystic fibrosis. Front 
Pediatr 2020; 8:582964. 
https://doi.org/10.3389/fped.2020.582964

76.	 Agarwal R, Aggarwal AN, Dhooria S, 
Sehgal IS, Garg M, Saikia B, et al. A 
randomised trial of glucocorticoids 
in acute-stage allergic 
bronchopulmonary aspergillosis 
complicating asthma. Eur Respir J 
2016; 47(2):490-8. 
https://doi.org/10.1183/13993003.01475-
2015


