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Allergic bronchopulmonary aspergillosis (ABPA) is an inflammatory disease caused by immunologic
reactions initiated against Aspergillus fumigatus colonizing the airways of patients with asthma and
cystic fibrosis. The common manifestations include treatment-resistant asthma, transient and fleeting
pulmonary opacities and bronchiectasis. It is believed that globally there are about five million cases of
ABPA, with India alone accounting for about 1.4 million cases. The occurrence of ABPA among asthmatic
patients in special clinics may be as high as 13 per cent. Thus, a high degree of suspicion for ABPA
should be entertained while treating a patient with bronchial asthma, particularly in specialized clinics.
Early diagnosis and appropriate treatment can delay (or even prevent) the onset of bronchiectasis, which
suggests that all patients of bronchial asthma should be screened for ABPA, especially in chest clinics.
The current review summarizes the recent advances in the pathogenesis, diagnosis and management of

ABPA.
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Introduction

Respiratory disorders caused by fungi can be
broadly classified as invasive, saprophytic or allergic'.
Allergic respiratory mycosis represents the most
severe expression of fungal allergy characterized by
difficult-to-treatasthma,recurrentpulmonaryopacities
and bronchiectasis’>. The most common fungus
causing allergic pulmonary mycosis is Aspergillus
fumigatus. Conventionally, allergic pulmonary
mycoses is labelled as allergic bronchopulmonary
aspergillosis (ABPA) when the causative agent is
A. fumigatus and allergic bronchopulmonary mycosis
(ABPM) when it is caused by fungi other than

A. fumigatus®. ABPA commonly complicates the
course of patients with asthma and cystic fibrosis
(CF). The CF Foundation* has provided guidance
for the diagnosis of ABPA complicating CF.
However, ABPA complicating asthma remains
under-recognized, and a large number of cases
(about 30%) are initially misdiagnosed as pulmonary
tuberculosis, especially in developing countries>®.
The diagnostic delay can be as long as 10 yr from
the occurrence of first symptoms’. The International
Society for Human and Animal Mycology (ISHAM)
has formed an ABPA Working Group to simplify the
recognition of this disorder. This Working Group
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has proposed recommendations for the diagnosis
and classification of ABPA complicating asthma?.
In the last two decades, considerable progress has
been made in the understanding of this enigmatic
disorder®. The current review provides a summary of
the advances made in the field of ABPA complicating
asthma.

Epidemiology of ABPA

Aspergillus sensitization (AS) is defined by the
presence of a type | reaction (immediate cutaneous
hyper-reactivity) to A. fumigatus antigen injected
intracutaneously or a raised immunoglobulin (Ig)
E against A. fumigatus®'°. In a recent study, the
recombinant Aspergillus antigens were found to
provide a more accurate diagnosis of AS compared
to crude antigens''. While patients with ABPA have
poor lung function secondary to the underlying
bronchiectasis, patients with AS without ABPA also
have impaired lung function compared to patients with
asthma without AS'>!3, Importantly, the prevalence
of ABPA in Aspergillus-sensitized asthma can be as
high as 40 per cent, highlighting the importance of
recognizing AS™.

The population prevalence of AS and ABPA in
patients with bronchial asthma remains obscure®.
In the National Health and Nutrition Examination
Survey conducted in the United States population,
the prevalence of AS was noted to be 6.4 per cent
using specific IgE against A. fumigatus'®. However,
the survey involved healthy individuals and not

patients with bronchial asthma. In a scoping review,
Denning et al'’ estimated the global burden of ABPA
complicating asthma to be at about five million
(worldwide asthma population, 193 million), assuming
the prevalence of ABPA of 2.5 per cent (estimated from
secondary care cohorts). In India, the best estimate
for the community prevalence of ABPA complicating
asthma is about five per cent'®. With this estimate,
the case-load of ABPA in India was estimated to be
about 1.4 million". In a systematic review, the pooled
prevalence of AS and ABPA complicating asthma
in chest clinics was estimated to be about 28 [95%
confidence interval (CI), 24-34%] and 13 per cent (95%
CI, 8-19%), respectively'®. The prevalence of ABPA is
higher in patients with severe acute asthma compared
to outpatient asthmatics. In a study of 57 patients with
severe acute asthma admitted to an intensive care unit,
the prevalence of ABPA was found to be 39 per cent
(compared to 21% in the outpatient asthma group)®.
The prevalence of ABPA complicating asthma reported
in the last decade is summarized in Table I*'*2. The
data suggest a high prevalence of AS and ABPA in
special clinics (Table I) and a higher prevalence in
India compared to other countries.

Pathogenesis of ABPA

Aspergillus is a ubiquitous mould, and its conidia
(2-3.5 um), being in the respirable range, can easily
enter the airways. While exposure to large numbers
of conidia of 4. fumigatus may cause ABPA**, not all
asthmatics develop the disorder despite dwelling in

Table I. Recent studies describing the prevalence of Aspergillus sensitization (AS) and allergic bronchopulmonary aspergillosis
(ABPA) in bronchial asthma

Author (yr) Type of study Country Prevalence of AS, n (%) Prevalence of ABPA, n (%)
Prasad et al (2008)*! Prospective India 74/244 (30.3) 18/244 (7.4)
Agarwal et al (2010)* Prospective India 87/242 (35.9) 54/242 (22.3)
Ghosh et al (2010)* Prospective India 54/215 (25.1) 15/215 (6.9)
Sarkar et al (2010)** Prospective India 40/126 (31.7) 10/126 (7.9)°
Ma et al (2011)% Prospective China 11/200 (5.5) 5/200 (2.5)
Agin and Namavary (2012)% Prospective Tehran 42/201 (20.9) -
Mathur and Mathur (2016)*’ Prospective India 27/300 (9) 8/296 (2.7)
Kozlova et al (2017)%* Prospective Russia 50/140 (36) 5/140 (3.6)
Nath et al (2017)* Prospective India 135/350 (35.1) 76/350 (21.7)
Kalaiyarasan et al (2018)* Prospective India 13/70 (18.6) 9/70 (12.9)
Bhankhur ef al (2019)?! Prospective India - 35/50 (70)
Savio et al (2019)** Prospective India 122/205 (59.6) -
“Includes fungi other than Aspergillus fumigatus
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the same environment*. The pathogenesis of ABPA
remains unclear. Two aspects are believed to be
important in its development, namely the persistence
of fungi in the airways (due to abnormal clearance)
and skewed hyper-immune T-helper 2 (Th2) response
(possibly due to the HLA-DR2/DRS bearing dendritic
cells). In ABPA, several defects in innate and adaptive
immunity have been identified that lead to persistence
of A. fumigatus and a distorted immune response
(Table II)*>*#, Vitamin D deficiency has been proposed
as a pathogenetic factor in ABPA complicating CF**%;
however, its role in ABPA complicating asthma is
uncertain*4,

The conidia of 4. fumigatus are immunologically
inactive due to the presence of a surface hydrophobin
RodA, which prevents immune recognition of the
fungi by the host*. In asthmatic patients genetically
predisposed to develop ABPA, defective clearance of
the conidia of A. fumigatus allows them to germinate
into hyphae. The germinating conidia shed their rodlet
layer. This exposes the fungal proteins including
B-d-glucan, galactomannan, and others. The phagocytes
recognize these fungal proteins through their pattern
recognition receptors and partially clear the fungi**.
The subsequent fungal growth causes exocytosis of
several proteins, which is followed by the release of
chemokines and cytokines and the activation of adaptive
immune responses by Th cells*. The usual reaction of
the human host is a Th1 CD4+ T-cell response, which
eliminates the fungi secondary to macrophage and
neutrophil-mediated phagocytosis®. On the contrary, the
immune response in ABPA is a predominant Th2 CD4+
T-cell response (Fig. 1), with the release of interleukin
(IL)-4, TL-5, TL-13, CCL17, IL-9 and others®'. The Th2
response does not eradicate the fungi’® but generates
an intense inflammatory reaction characterized by
mast cell degranulation and influx of large numbers
of eosinophils and neutrophils®. This causes the
characteristic immunological (total and A. fumigatus-
specific IgE and A. fumigatus-specific IgG synthesis)™*
and pathological (mucus plugging, eosinophilic
pneumonia and others) findings of ABPA. Persistent
inflammation leads to bronchiectasis and if uncurbed
pulmonary fibrosis and end-stage respiratory disease.

Pathology of ABPA

The diagnosis of ABPA is primarily immunological,
and lung biopsy is not required in the majority>. Thus,
limited information is available on the pathology
of ABPA%*. The usual pathological findings include
bronchiectasis, with the dilated bronchi containing

Table II. Genetic factors identified in the pathogenesis of
allergic bronchopulmonary aspergillosis complicating asthma

Defects in innate immunity

Surfactant protein A2 gene polymorphisms

Mannose-binding lectin gene polymorphisms

Toll-like receptor 9 gene polymorphisms

Toll-like receptor 3 gene polymorphisms

CARD?9 gene polymorphisms

EEAI mutations

ZNF77 polymorphism

Adaptive immunity

HLA associations

Interleukin 4 receptor alpha polymorphisms

Interleukin 13 polymorphisms

Interleukin 10 promoter polymorphisms

Interleukin 15 polymorphisms

Tumour necrosis factor-a polymorphisms

Transforming growth factor-f polymorphisms

Others

CFTR gene mutation

CHITI gene mutations

CHIT1I, chitotriosidase 1; CFTR, cystic fibrosis transmembrane
conductance regulator; EEAI, early endosome antigen 1;
CARDY, caspase recruitment domain-containing protein 9
Source: Refs 3, 35-41

thick mucus plugs®’ (Fig. 2, panel 1A). Histological
examination reveals the presence of mucin (Fig. 2,
panel 1A), Curschmann’s spirals, Charcot-Leyden
crystals and inflammatory cells (Fig. 2, panel 2). The
fungi are sparsely demonstrated in the bronchiectatic
cavities (Fig. 2, panels 3 and 4). The airways in
ABPA are infiltrated by inflammatory cells, mainly
the eosinophils but also the neutrophils®’. The lung
parenchyma contains a mixed chronic inflammatory
response, often with prominent eosinophilia
(Fig. 2, panel 5). In some patients with ABPA, fungi
can also be demonstrated in the lung parenchyma®,.
The other findings include bronchiolitis obliterans
with organizing pneumonia and bronchocentric
granulomatosis™® (Fig. 2, panel 6). Rarely, the course
of ABPA may be complicated by invasive or chronic
aspergillosis®'-%.

Clinical features

There is no age or gender preference for the
development of ABPA%. Most patients present with
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Fig. 1. Pathogenesis of allergic bronchopulmonary aspergillosis. Aspergillus conidia trapped in the airway mucus germinate into hyphae, in
genetically predisposed individuals. The hyphae provide the antigenic stimulus for the allergic response, resulting in fungal sensitization. In
susceptible individuals, an exaggerated T-helper 2 (Th2) immune response promotes further airway inflammation. This phase is characterized by
recruitment of mast cells, increased production of immunoglobulin E (total as well as specific IgE to the fungus) and IgG antibodies to the fungi.
The secreted chemokines and cytokines attract large number of eosinophils which attack the fungal hyphae, perpetuate further inflammation,
finally culminating in end-organ damage and clinical manifestations. The red arrows indicate the steps where genetic predisposition plays a

key role.

poorly controlled asthma. Occasionally, patients
may be asymptomatic, and ABPA is diagnosed
on systematic screening of asthmatic patients. In
one series of 155 patients with ABPA, almost 19
per cent had controlled asthma®. ABPA may also
uncommonly occur in patients who do not have
a history of bronchial asthma®. Other symptoms
include haemoptysis, low-grade fever, weight loss
and malaise. Expectoration of brownish mucus
plugs is a characteristic symptom but seen in only
31-69 per cent of the patients®$7%, Clubbing is rare
(16%), usually seen in those with long-standing
bronchiectasis. On auscultation, polyphonic wheeze
is the most common finding®, while coarse crackles
are uncommon (15%)%. Physical examination may
also reveal features of pulmonary hypertension and
respiratory failure®. During exacerbations of ABPA,
localized auscultatory findings can occur and need to
be differentiated from other pulmonary illnesses.

Diagnosis of ABPA

Immunological investigations

Aspergillus fumigatus-specific immunoglobulin E (IgE):

An eclevated level of serum A. fumigatus-specific

IgE (>0.35 kUA/l) is currently the most sensitive
investigation in the diagnosis of ABPA and is also
considered the preferred test for screening asthmatic
patients for ABPA. In a large prospective study, the
sensitivity and specificity of A. fumigatus IgE were
found to be 100 and 70 per cent, respectively, in the
diagnosis of ABPA™. Although serum A. fumigatus-
specific IgE is useful in diagnosis, this is not helpful
in the follow up of patients. In one study, the IgE
increased (instead of decreasing) in 52 per cent of the
patients after treatment, while it increased in only 39
per cent of the patients during an exacerbation’'.

Aspergillus skin test: An immediate cutaneous reaction
to A. fumigatus antigen (performed either using a
skin prick or by intradermal injection) is analogous
to the presence of raised IgE against 4. fumigatus.
The sensitivity of skin testing in the diagnosis of
ABPA ranges from 88 to 94 per cent’ and thus can
potentially miss 6-12 per cent of patients with ABPA.
Moreover, skin testing is fraught with other problems
including variable quality and lack of standardization
of the antigen, the competence of the technical
staff performing the test and the theoretical risk of
anaphylaxis'®. Hence, skin testing is currently not
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bronchopulmon:
bronchi and bronchioles and lumen filled with brownish mucous plugs (panel 1A). Photomicrograph showing dilated bronchial lumen filled
with allergic mucin (panel 1B; H and E, x40). Low-power photomicrograph of allergic mucin having variegated appearance, containing mucin
admixed with eosinophils, eosinophilic debris and other inflammatory cells arranged in a laminar pattern (panel 2; H and E, x100). High-power
photomicrograph of allergic mucin containing mucin admixed with eosinophils, Charcot laden crystals (thick arrow) and a few septate fungal
hyphae (thin arrow) (panel 3; H and E, x400). Photomicrographs of periodic acid-Schiff stain (panel 4A, x400) and Grocott’s stain (panel 4B,
x400) highlighting scattered fungal hyphae (arrows) within allergic mucin. Photomicrograph showing alveolar spaces filled with eosinophils
indicative of eosinophilic pneumonia (panel 5; H and E, X200). Photomicrograph of bronchocentric granulomatosis (panel 6) with occasional

multinucleate giant cell (black arrow).

the favoured test for screening asthmatic patients for
ABPA.

Serum total IgE levels: Measurement of the serum
total IgE is a useful test in the diagnosis and follow
up of patients with ABPA. A normal serum total IgE
nearly excludes active ABPA as the cause of patient’s
symptoms. Although the sensitivity of serum total IgE
(cut-off 500 IU/ml) in screening asthmatic patients for
ABPA is good (96%), the specificity is poor (24%)°.

Hence, it is not a good test for screening for ABPA.
However, it is a good test in the follow up of patients
because the serum total IgE levels start declining
after treatment®. In most patients, the IgE level does
not normalize following treatment. Hence, repeated
measurements are required to determine the new
baseline IgE value for every patient. An increase in
serum total IgE along with clinical and radiological
deterioration indicates an ABPA exacerbation’.
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Aspergillus fumigatus-specific 1gG: The precipitating
IgG antibodies against A. fumigatus were the earliest
immunological test used in the diagnosis of ABPA™.
Unfortunately, A. fumigatus-specific 1gG detected
using double gel diffusion technique has a sensitivity
of only 27 per cent in the diagnosis of ABPAS. The
various in-house assays showed variable sensitivity and
specificity while the commercial enzyme immunoassay
methods for measuring 4. fumigatus-specific IgG have
a sensitivity exceeding 90 per cent®’,

Peripheral blood eosinophil count: A total eosinophil
count >1000 cells/ul is considered as an important
criterion for the diagnosis of ABPA7*. However, in one
series, 60 per cent of the patients had an eosinophil
count of <1000 cells/ul while 25 per cent had a count
<500 cells/ul™. In our experience, an overreliance
on eosinophil count for the diagnosis of ABPA is a
significant cause for missed diagnosis of ABPA in
India'®. The accepted cut-off for peripheral blood
eosinophil count is 500 cells/ul’.

Role of recombinant Aspergillus antigens: The currently
used antigens for performing immunological assays in

ABPA are crude extracts from A. fumigatus’. These
antigens not only have variable diagnostic performance
but can also cross-react with other fungal antigens. The
World Health Organization (WHO) and International
Union of Immunological Societies (IUIS) Allergen
Nomenclature Sub-committee recognize 23 specific
antigens of A. fumigatus™. Of these, five recombinant
antigens (rAsp f1, 2, f3, f4 and f6) are commercially
available. According to the concept of molecular allergy-
based diagnostics, rAsp fl and rAsp f2 are considered
as the specific allergens of A. fumigatus as these have
minimal cross-reactivity with other fungal antigens’’.
In a systematic review, the pooled sensitivity (97%) for
diagnosing ABPA complicating asthma was best for IgE
against a combination of rAsp f1 or f3 while the pooled
specificity was the highest (99%) against a combination
of f4 or f6”°. However, majority of the studies were
from a few specialized centres of Europe and the United
States. The major caveat was that none of the studies
had specified any cut-off for the diagnosis of ABPA. Ina
recent study, the sensitivity and specificity of IgE against
either rAsp f1 (cut-off, 4.465 kUA/1) or f2 (cut-off, 1.300
kUA/) for diagnosing ABPA were 100 and 81 per cent,
respectively®.

Basophil activation test (BAT): The BAT is an in vitro
flow cytometry-based cellular assay that measures
the activation of basophils upon allergen stimulation.

The BAT identifies activated basophils with the aid of
surface markers including CD63, CD193 and CD203c.
Several studies suggest a promising role on the utility
of BAT in the diagnosis of ABPA complicating CF?!-83,
In our experience, there is a limited utility of BAT in
ABPA complicating asthma both in the diagnosis of
ABPA and differentiating ABPA from AS*. Moreover,
this test has two important limitations, namely the
requirement of flow cytometer and the fact that the test
should be performed within a few hours of collection
of the blood sample.

Radiological investigations

Chest radiograph: The chest radiographic findings
in ABPA may be broadly classified as transient or
fixed®. The characteristic fleeting opacities are
found during ABPA exacerbations, whereas fixed
abnormalities are encountered in the advanced
stages. The most common finding described is
consolidation. However, these descriptions are from
the pre-computed tomography (CT) era®. In a later
study, the areas of consolidation identified on the
chest radiograph were found to represent mucus-
filled bronchi on CT?¥. Other transient findings
include tramline shadows, finger-in-glove opacities
and toothpaste shadows®, all indicating mucus
impaction of the bronchiectatic cavities. In the
advanced stages, there can be fibrosis and collapse,
affecting several lobes, which may indicate the
development of chronic pulmonary aspergillosis®*.
The most common finding is that of a normal
chest radiograph®’, suggesting that it is not the
best investigation for delineating the radiological
abnormalities of ABPA. However, a chest radiograph
is useful in follow up as transient abnormalities
disappear after the institution of therapy for ABPA.

Computed tomography of the chest: Thin-section
(or high resolution) CT of the thorax is currently
the imaging modality of choice for ABPA®. The
most common finding on CT chest is bronchiectasis
(Fig. 3). While central bronchiectasis is believed
to be characteristic for the diagnosis of ABPA®,
bronchiectases can reach the periphery in almost
40 per cent of the cases®®’. The pathognomonic
radiological finding in ABPA is high-attenuation
mucus (HAM), which is visually denser than the
paraspinal skeletal muscle®***! (Fig. 3). The presence
of HAM indicates ABPA as the actiology of the
underlying bronchiectasis®>. Other CT findings
include the presence of non-hyper-attenuating mucoid
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Fig. 3. Computed tomography chest images in a patient with allergic bronchopulmonary aspergillosis. The mediastinal window (panel A)
shows the presence of high-attenuation mucus (arrow head), which is visually denser than para-spinal skeletal muscle. The lung window (panel
B) shows bronchiectasis (thin arrow). Other findings discernable include centrilobular nodules, tree-in-bud opacities and mosaic attenuation.

impaction, centrilobular nodules, tree-in-bud opacities
and mosaic attenuation. The uncommon radiologic
manifestations include perihilar opacities simulating
hilar lymphadenopathy®, miliary nodular opacities®™,
pleural effusions®, complete lung collapse®® and
pulmonary masses”’. It is pertinent to mention
that ABPA can present without any radiological
manifestations, which emphasizes the fact that the
diagnosis of ABPA is primarily immunological.

Magnetic resonance imaging of the chest: Magnetic
resonance imaging (MRI) has traditionally been

avoided for the evaluation of lung due to the low
proton density of lung and high propensity for an
artefact. However, recent technological advancements
have led to its use in respiratory pathologies including
ABPA, both in asthma®®** and CF'®. The counterpart of
HAM on MRI seems to be inverted mucus impaction,
which is characterized by a hyper-intense signal on
T1-weighted images and hypo-intense signal on
T2-weighted images'®. The role of MRI in ABPA is
still investigational, and it requires expertise. Hence,
MRI is not advisable as a routine practice.

Other investigations

Sputum cultures: Patients with ABPA are colonized not
only by the causative fungus but also by other fungi
and bacteria. Growth of 4. fumigatus in the sputum is
supportive but not diagnostic of ABPA as the fungi are
ubiquitous. Sputum cultures are however, essential as
these can provide a clue to the presence of fungi other
than 4. fumigatus (ABPM). Sputum cultures are also
valuable for performing drug-susceptibility testing
and real-time molecular testing for resistance, of the
isolates obtained, before treatment'’!.

Pulmonary function tests: These are essential
in classifying the severity of the lung disease.

Bronchoprovocation testing with Aspergillus antigens
has been used in the past; however, it can precipitate
acute bronchospasm!®?. The pulmonary function tests
usually reveal obstructive defect with a reduction in
diffusion capacity'®.

Galactomannan detection: Galactomannan is a
polysaccharide component of the Aspergillus cell wall.
Serum or bronchoalveolar lavage fluid galactomannan
is widely used in the diagnosis of invasive pulmonary
aspergillosis. However, the sensitivity and specificity of
serum galactomannan index (cut-off, 0.5) in ABPA are
25.7 and 82 per cent, respectively'®. Bronchoalveolar
lavage fluid galactomannan index was also found to
have poor sensitivity'®.

Thymus and activation-regulated chemokine (TARC):
Due to the profound Th2 immune response, the
overexpression of the thymus and activation-regulated
chemokine (TARC, CCL17) has been evaluated in
patients with ABPA. While some studies have found
higher levels of TARC in patients with ABPA!%!1%7,
others were not able to replicate these findings'®. There
is currently little utility of measuring TARC levels in
patients with ABPA.

Diagnostic criteria and algorithm

The Rosenberg-Patterson criteria (8 major,
3 minor) were the most widely used yardstick for
the diagnosis of ABPA in asthma’™. Not only there
was no agreement on the number of criteria that
should be present to make a diagnosis, but also the
cut-off value of various immunological tests was
not specified™. The ISHAM-ABPA working group
has proposed new criteria, which were published
in 2013°. After publication of these criteria, several
new pieces of evidence have emerged. For instance,
A. fumigatus-specific IgE and IgG are more sensitive
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Table III. International Society for Human and Animal
Mycology-Allergic Bronchopulmonary Aspergillosis
(ISHAM-ABPA) Working Group criteria used for the
diagnosis of ABPA

Predisposing conditions

Asthma, cystic fibrosis
Obligatory criteria (both should be present)

Immediate cutaneous hyper-reactivity to Aspergillus antigens
or Aspergillus fumigatus-1gE >0.35 kUA/I

Total IgE >1000 TU/ml

Other criteria (at least 2 out of 3)

Peripheral blood eosinophil count >500 cells/ul
Transient pulmonary infiltrates on chest radiograph
Presence of precipitins (IgG) against A. fumigatus

ISHAM-ABPA Working Group diagnostic criteria for ABPA
(suggested modifications)

Predisposing conditions

Asthma, cystic fibrosis

Obligatory criteria (both should be present)

A. fumigatus-1gE >0.35 kUA/I

Total IgE >1000 1U/ml

Other criteria (at least 2 out of 3)

Peripheral blood eosinophil count >500 cells/ul
Bronchiectasis on computed tomography of the chest
A. fumigatus-1gG >27 mgA/l

Source: Adapted with permission from Ref. 3
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Fig. 4. Algorithm followed in the diagnostic work-up of allergic
bronchopulmonary aspergillosis (ABPA).
Reproduced with permission from Ref. 3.

Table IV. International Society for Human and Animal
Mycology-Allergic Bronchopulmonary Aspergillosis
(ISHAM-ABPA) Working Group radiologic classification

Classification

Features

ABPA-S All the diagnostic features of ABPA (Table
1II) but no evidence of bronchiectasis on CT

ABPA-B All findings of ABPA including
bronchiectasis on CT of the chest

ABPA-HAM  All features of ABPA including HAM on
CT of the chest

ABPA-CPF ABPA with other radiologic features

such as pulmonary fibrosis, bleb, bullae,
pneumothorax, parenchymal scarring,
emphysematous change, multiple cyst,
fibrocavitary lesions, aspergilloma, pleural
thickening

CT, computed tomography; ABPA-S, serological ABPA,;
ABPA-B, ABPA with bronchiectasis; ABPA-HAM, ABPA
with high attenuation mucus; ABPA-CPF, ABPA with chronic
pleuropulmonary fibrosis

Source: Reproduced with permission from Ref. 3

than skin testing and serum A. fumigatus precipitins,
respectively®’®. Moreover, inclusion of bronchiectasis
may improve the sensitivity of the criteria (unpublished
data). It is believed that minor modifications may
improve the diagnostic performance of the criteria
(Table III). The addition of recombinant Aspergillus
antigens may further simplify the diagnostic algorithm
of ABPA.

While investigating a patient with asthma, we
first perform A. fumigatus-specific IgE (Fig. 4). If it is
>0.35 kUA/I, the serum total IgE levels are assayed.
If the serum total IgE is greater than 500 IU/ml, the
other tests are performed, including a thin-section CT
of the thorax, 4. fumigatus-specific IgG and peripheral
blood eosinophil count. Patients of ABPA without
bronchiectasis on CT chest are labelled as serological
ABPA (ABPA-S) while those with bronchiectasis and
HAM are classified as ABPA-B and ABPA-HAM,
respectively (Table IV). The asthmatic patients without
AS with 4. fumigatus-specific IgE are followed up
every 2-3 yr. In those with raised 4. fumigatus-specific
IgE and serum total IgE <500 [U/ml, serum total IgE is
repeated every year as 40 per cent of patients with AS
can potentially develop ABPA™.

Differential diagnosis

While the diagnosis of ABPA is usually
straightforward if suspected, occasionally, the
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Table V. Staging of allergic bronchopulmonary aspergillosis (ABPA) in patients with asthma

Stage Definition Features

0 Asymptomatic No previous diagnosis of ABPA
Controlled asthma (according to Indian guidelines)
Fulfilling the diagnostic criteria of ABPA (Table IV)

1 Acute No previous diagnosis of ABPA
Symptoms consistent with ABPA
Satisfying the diagnostic criteria of ABPA

la With mucoid impaction Mucoid impaction observed on thoracic imaging

1b Without mucoid impaction Absence of mucoid impaction on thoracic imaging

2 Response Clinical and/or radiological improvement and decline in serum total IgE by >25% of
baseline at 8§ wk

3 Exacerbation Clinical and/or radiological worsening and increase in serum total IgE by at least 50%
from the new baseline established during response/remission

4 Remission Sustained clinical and radiological improvement and serum total IgE levels persisting
at or below baseline (or increase by <50%) for >6 months off treatment

Sa Treatment-dependent Two or more exacerbations within six months of stopping therapy or clinical and/or

ABPA radiological worsening, along with increase in serum total IgE levels, on tapering oral

steroids/azoles

5b Glucocorticoid- Systemic glucocorticoids required for control of asthma while the ABPA activity is

dependent asthma controlled (as indicated by serum total IgE and thoracic imaging)

6 Advanced ABPA Extensive bronchiectasis due to ABPA on chest imaging along with either cor
pulmonale and/or chronic Type II respiratory failure

Source: Reproduced with permission from Ref. 3

disorder needs to be differentiated from the following
conditions: Aspergillus-sensitized bronchial asthma'®;
severe asthma with fungal sensitization, an entity
described by the presence of fungal sensitization
and severe asthma, where patients do not meet the
criteria for ABPA!®!"'; pulmonary tuberculosis
(in high tuberculosis prevalence areas)''?; eosinophilic
pneumonia (acute and chronic) and Churg-Strauss
syndrome!'!?; and tropical pulmonary eosinophilia''4,

Natural history and staging

The natural course of ABPA is characterized by
recurrent exacerbations®. Furthermore, spontaneous
improvement of symptoms and clearing of pulmonary
opacities are common. If the disease is not recognized
timely or treated appropriately, the inflammation can
result in irreversible pulmonary damage.

Staging of ABPA

The ISHAM working group defines ABPA into
seven stages (stages 0-6, Table V)°. Importantly, a
patient does not necessarily advance from one stage
to the other sequentially. Majority of the patients are
diagnosed when they present for the first time with

typical features of ABPA, including uncontrolled
asthma (acute stage, stage 1). Presence or absence
of mucoid impaction further defines this stage as la
or 1b, respectively. Patients may have controlled
asthma, and ABPA may be detected on routine
screening (asymptomatic stage, stage 0). Stages 2-5 are
designated in patients undergoing therapy. Response
to treatment (stage 2) is characterized by a decline in
the serum total IgE by at least 25 per cent, along with
clinical and radiological improvement. With treatment,
serum total IgE falls progressively, and the nadir is
now defined as a new baseline. Exacerbation is defined
by the presence of clinical and radiologic worsening
and an increase in the serum total IgE by at least
50 per cent from the new baseline (stage 3). Remission
(stage 4) is established by the presence of clinical,
immunological (<50% increase from new baseline)
and radiologic stability for at least six months, without
any ABPA-specific therapy. Patients who require
glucocorticoids for controlling ABPA or asthma are
classified as stage Sa (treatment-dependent ABPA) or
5b (glucocorticoid-dependent asthma), respectively.
Finally, patients with ABPA may develop advanced
disease with extensive bronchiectasis and evidence of
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Table VI. Treatment protocols for the management of allergic bronchopulmonary aspergillosis (ABPA)

Oral glucocorticoids

duration of at least 4 months

Oral azoles
Itraconazole: 200 mg twice a day for 24 wk
Follow up and monitoring

every 8 wk (to determine the new baseline IgE)

Important points

enzymes, in case of azoles

Monitor for drug-drug interactions

Source: Adapted with permission from Ref. 3

Prednisolone: 0.5 mg/kg for 4 wk, 0.25 mg/kg for 4 wk, 0.125 mg/kg for 4 wk, then tapered by 5 mg every wk to continue for a total

Indication: First-line treatment of ABPA, both in acute-stage and during exacerbation

Indication: Second exacerbation of ABPA; glucocorticoid-dependent ABPA; alternative to glucocorticoids as first-line treatment of
ABPA, especially in those with increased propensity for glucocorticoid-related side effects

Patients are followed up with history and physical examination, chest radiograph, spirometry and measurement of total IgE levels
A 25% decline in serum total IgE along with clinical and/or radiological improvement, indicates a satisfactory response to therapy
A clinical or radiological worsening along with a >50% increase in the new baseline IgE points to an ABPA exacerbation

Worsening of symptoms in the absence of radiological or immunological worsening (serum total IgE) suggests an asthma exacerbation

Monitor for adverse effects e.g., hypertension, hyperglycaemia, in case of glucocorticoids; nausea, vomiting, diarrhoea, elevated liver

Prophylaxis for osteoporosis (with glucocorticoid therapy): oral calcium and bisphosphonates

either pulmonary hypertension or respiratory failure
and are labelled as advanced ABPA (stage 6)°.

Treatment of ABPA

The treatment of ABPA comprises two tenets:
(i) the use of glucocorticoids as anti-inflammatory
agents to suppress the immune hyper-reactivity, and
(ii) the use of anti-fungal agents to reduce the fungal
burden in the airways!'>!"®, The goals of treatment
include the following: (i) reduction of pulmonary
inflammation, (if) control of asthma, (iii) treatment of
acute symptoms of ABPA, (iv) prevention of ABPA
exacerbations, and (v) halt the onset or progression to
bronchiectasis. It is important that any environmental
source responsible for continuous exposure to
A. fumigatus is eliminated.

Glucocorticoids

Oral _ glucocorticoids: Oral glucocorticoids are
currently the preferred treatment in the management of
ABPA (Table VI)*>*!"7. However, the dose and duration
of treatment were unclear. Our group has reported the
efficacy oftwo different glucocorticoid dosing protocols
in ABPA'"®. Ninety two patients with asthmatic ABPA
were randomized to receive either high-dose (0.75
mg/kg/day for 6 wk, 0.5 mg/kg/day for 6 wk, taper
by 5 mg every 6 wk; total duration: 8-10 months) or

low-dose (0.5 mg/kg/day for 2 wk, 0.5 mg/kg/day on
alternate days for 8 wk, taper by 5 mg every 2 wk; total
duration: 3-5 months) prednisolone. The numbers of
patients with exacerbation after one year (40.9 vs. 50%,
P=0.59) and glucocorticoid-dependent ABPA after
two years of treatment (11.4 vs. 14.6%, P=0.88) were
similar in the two groups. The occurrence of adverse
reactions was significantly higher in the high-dose
arm. Thus, low-dose glucocorticoids are as effective as
high-dose and are associated with lesser side effects.
However, in this study, the number of patients with a
response after six weeks was higher in the high-dose
group'®. To overcome this limitation, a slightly higher
glucocorticoid dose (prednisolone: 0.5 mg/kg for 4 wk,
0.25 mg/kg for 4 wk, 0.125 mg/kg for 4 wk, taper by 5
mg every week; total duration: 4 months) was tested.
With this regimen, in two subsequent randomized
trials, there was no response failure after six weeks of
treatment!!*!120,

Inhaled glucocorticoids (ICSs): Inhaled glucocorticoids

(ICSs) achieve suitable concentrations in the airways,
are associated with significantly fewer side effects and
are the first-line therapy of bronchial asthma. These
have also been used as anti-inflammatory agents in
ABPA. In a randomized trial involving 32 patients of
ABPA, there was no benefit of 400 pg/day of inhaled
beclomethasone over placebo'?!. In another study, 21
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patients with ABPA-S were managed with ICS and
long-acting beta-2 agonists (formoterol/budesonide,
24/1600 pg/day). Although there was a clinical
improvement in patients treated with ICS, none could
completely achieve asthma control. In addition, the IgE
levels increased significantly. Subsequent treatment
with oral glucocorticoids led to an improvement in the
control of asthma and a decline in IgE levels'?2. Thus,
ICS alone is useful only for the control of asthma in
patients of ABPA.

Intravenous pulse doses of glucocorticoids: Pulse
doses of glucocorticoids (intravenous infusion of
15 mg/kg of methylprednisolone for 3 consecutive
days) have been used in children with ABPA as an
alternative to daily glucocorticoid therapy'”. Pulse
glucocorticoid therapy may also be useful in refractory
ABPA exacerbation'*. This is especially seen in
those with long-term glucocorticoid use, which can
lead to downregulation of glucocorticoid receptors,
thereby leading to a steroid-resistance state. The
use of pulse doses of glucocorticoid may overcome
the steroid-resistance by its non-genomic effects,
independent of the glucocorticoid receptor.

Antifungal agents

Antifungal agents act by reducing the fungal
load, thereby minimizing the impetus for the ongoing
inflammatory activity'”. Antifungal agents were
not considered as a reasonable therapy in ABPA, till
the advent of itraconazole. The currently available
triazoles have fewer side effects and seem to be
an attractive option in the management of ABPA.
Several randomized trials have reported the use
of itraconazole in ABPA"!?¢127 In one study, 55
patients  with  glucocorticoid-dependent ABPA
(stage 5) were randomized to receive either oral
itraconazole (400 mg/day) or placebo for 16 wk.
Itraconazole was superior to placebo in the composite
response (diminution in glucocorticoid dose by
at least 50% and decline in serum total IgE by at
least 25%; and either increase in exercise capacity
by >25% or improvement in pulmonary function
by >25% or resolution of pulmonary opacities);
however, there was no difference when each outcome
was evaluated independently'?®. The other trial
randomized 29 stable ABPA patients (stages 2, 4
and 5) to receive itraconazole (400 mg/day orally) or
placebo. There was a decline in sputum inflammatory
markers, serum total IgE and the frequency of
exacerbations requiring glucocorticoids!'?’.

Another approach is to use itraconazole alone in
patients with the acute stage (stage 1) of ABPA, thereby
altogether avoiding the exposure of glucocorticoids.
In a recent study, 131 patients [prednisolone (n=63),
itraconazole (n=68)] of stage 1 ABPA were randomized
to receive either oral itraconazole (400 mg/day) or
prednisolone for four months'®. The proportion
of subjects showing response at six weeks were
significantly higher in those receiving prednisolone
versus itraconazole (100 vs. 88%, P=0.007). However,
the reduction in serum total IgE after six weeks and
three months, and the number of patients s with
exacerbations after one and two years of treatment
was similar in the two groups. Adverse reactions were
significantly more in the glucocorticoid arm. Though
prednisolone was more effective than itraconazole in
inducing a response in acute-stage ABPA, itraconazole
with fewer side effects was an acceptable alternative
agent in the treatment of acute-stage ABPA.

Newer azoles: Voriconazole is an alternative
antifungal agent to itraconazole. In a trial, 50 patients
were randomized to receive either prednisolone
or voriconazole'?’. The response to treatment after
six weeks and three months was similar in the two
groups. The numbers of patients with exacerbations
after one and two years were also similar in the two
groups. The decline in serum total IgE, the change
in lung function and quality of life score and the
time to first exacerbation were similar in the two
groups. In our experience, many patients are unable
to tolerate voriconazole due to photo-toxicity. Newer
azoles (posaconazole, isavuconazole) have also been
evaluated for their efficacy in ABPA'?*!?°. Because
of the higher cost of therapy, the newer azoles are
generally reserved in those with itraconazole failures.

Nebulized amphotericin B: Inhaled amphotericin
achieves high concentrations in the airways well above
the minimal inhibitory concentration of 4. fumigatus
(0.5 mg/l), with negligible serum concentrations'.
Thus, there is clinical efficacy with minimal side
effects’**'32. Chishimba et al'** evaluated the use
of nebulized amphotericin B in 10 ABPA patients
(failing azole therapy or experiencing side effects
with the azoles). Nebulized amphotericin B was
found to be effective in only two patients indicating
limited efficacy of nebulized amphotericin B in
the management of ABPA exacerbations. Another
approach is to first induce response/remission with
either glucocorticoids or oral azoles and then maintain
the response with nebulized amphotericin. This
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strategy was evaluated in 21 patients with recurrent
exacerbations (=2) of ABPA after inducing response
with prednisolone'**. Patients were randomized to
receive either nebulized amphotericin B (deoxycholate
preparation; 10 mg twice daily, thrice a week) plus
nebulized budesonide or nebulized budesonide alone.
The primary outcome (time to first exacerbation) was
similar; however, the number of patients experiencing
ABPA exacerbations was lower in the amphotericin
arm (8.3 vs. 66.7%, P=0.016). The conventional
preparation of amphotericin B has detergent properties
due to the deoxycholate component. The deoxycholate
depletes the pulmonary surfactant and can potentially
cause bronchospasm'*. The lipid formulations have
longer pulmonary retention and no effects on lung
surfactant. Hence, future trials should preferably use
lipid preparations.

Other therapies

Anti-IgE therapy: While omalizumab, a monoclonal
antibody is indicated in patients with severe allergic
asthma'?®, it has also been evaluated in ABPA'"Y7. The
aim of therapy with omalizumab is to decrease the
serum total IgE to <21 [U/ml, and the dose required to
achieve this is 0.016 mg/kg/IU (IgE/ml)'*®. An upper
limit of IgE of 1500 IU/ml and a maximum dose of
omalizumab 1200 mg monthly have been specified
by the manufacturer. In ABPA, the serum total IgE
is highly elevated and the dose required is very high.
In one study, a 600 mg daily dose of subcutaneous
omalizumab was used. The study was prematurely
terminated due to a significant dropout rate (clinical
trials.gov; NCTO00787917). In a crossover trial,
Voskamp et al'* randomized 13 patients of ABPA
to four-month treatment with omalizumab (375 mg
subcutaneous every 2 wk) or placebo, followed
by a three-month washout period. Omalizumab
not only reduced the number of exacerbations
during the treatment phase but also decreased the
exhaled nitric oxide levels and reduced the basophil
sensitivity to A. fumigatus and the basophil FceRI
and surface-bound IgE levels. Currently, omalizumab
remains a treatment option in patients with ABPA who
do not tolerate first-line treatments or are refractory to
other therapies'*.

Anti-Th2 therapies: ABPA is characterized by an
intense Th2 inflammation associated with excessive
production of Th2 cytokines IL-4 and IL-5, which
suggests a role for anti-IL-5 therapies''®. There are
reports on the efficacy of mepolizumab, a monoclonal

antibody against IL-5 (100 mg subcutaneous every
4 wk) and benralizumab, a monoclonal antibody
against IL-5Ra (30 mg subcutaneous every 4 wk for
the first three doses, then every 8 wk) in patients with
ABPA":142 More studies are required to define the
place of anti-Th2 therapies in ABPA.

Supportive therapies: Supportive therapies include
nebulized hypertonic saline (7%, 3-5 ml) to reduce
the sputum viscosity'®. The use of hypertonic saline
may occasionally cause bronchospasm. Thus, its
administration should be preceded by salbutamol
inhalation. Nebulized hypertonic saline is not
recommended in patients with FEV (forced expiratory
volume in one second) <1.I, and the first dose should
be given under supervision. Although one study
used bronchoscopy to clear mucus in all patients
with ABPA-B or ABPA-HAM'*“, we use therapeutic
bronchoscopy only in patients with airway collapse
(segmental or larger) that persists despite 3-4 wk of
oral glucocorticoids®.

Anti-inflammatory therapy with statins or
azithromycin has been evaluated in patients with
bronchiectasis, not specifically ABPA'*. The
European Respiratory Society (ERS) guidelines
advocate long-term antibiotic treatment for adults
with bronchiectasis who have three or more
exacerbations per year'®. The guidelines also suggest
the following in patients with bronchiectasis and three
or more infections per year: (i) long-term therapy
with an inhaled antibiotic for adults with chronic
P. aeruginosa infection, (ii) long-term treatment with
macrolides for chronic P. aeruginosa infection where
an inhaled antibiotic is not viable due to any reason,
(éii) additional long-term treatment with macrolides for
chronic P. aeruginosa infection in patients with a high
exacerbation frequency despite inhaled antibiotics,
(iv) long-term treatment with macrolides in patients
not infected with P. aeruginosa, (v) long-term oral
antibiotic (based on antibiotic susceptibility) therapy
in patients not infected with P. aeruginosa where
treatment with macrolides is not practical due to any
reason, and (vi) long-term treatment with an inhaled
antibiotic in patients not infected with P. aeruginosa
where oral antibiotic prophylaxis is not accomplishable
due to any reason. The improvement in exacerbations
is balanced against the risk of drug-related side effects
and of acquiring antibiotic resistance.

Pneumococcal and influenza vaccination 1is
recommended in all patients of ABPA-B and ABPA
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Acute-stage ABPA (stage 1)

A 4

Oral glucocorticoids (4 months)
Alternative: oral itraconazole (4 months)

A 4

Follow up: chest radiograph,
spirometry, serum total IgE

Off treatment for 6

Response (stage 2)

A 4

Remission (stage 4)

A

months

Exacerbation (stage 3)
First: glucocorticoids (4 months)
Second: glucocorticoids (4 months) plus itraconazole (6 months)

Treatment-dependent (stage 5)

l

Azoles, low-dose glucocorticoids, methylprednisolone pulses, nebulized
amphotericin, omalizumab, mepolizumab, benralizumab

Fig. 5. Suggested treatment approach for allergic bronchopulmonary aspergillosis (ABPA).

with poorly controlled asthma. A poor response to
23-valent polysaccharide pneumococcal vaccine in
ABPA patients was noted in a study'*. Thus, either a
combination of polysaccharide and 13-valent conjugate
vaccine or a delay of vaccination until the patient is
off glucocorticoids may result in a superior response.
Long-term oxygen therapy is required in patients with
advanced ABPA'Y". Lung transplantation remains the
only option for patients with advanced lung disease.
ABPA can recur in the donor lungs'*, and has been
successfully treated in the post-transplant setting with
nebulized amphotericin B'¥.

Practical approach to treatment

A suggested protocol for the management of
ABPA is shown in Figure 5. As most patients require
prolonged therapy, the treatment goals should be
met with minimal adverse reactions. One should
not start any specific medicine for ABPA in patients
without bronchiectasis (ABPA-S), provided the
asthma is well controlled'®". However, most patients
with bronchiectasis or fleeting pulmonary opacities,
even if asymptomatic, should be treated, because
the presence of bronchiectasis suggests end-organ
damage. Patients in stage 1 (acute stage) should be
managed with glucocorticoids (Table VI). High doses
of inhaled steroids should be as avoided as a single
agent in the management of ABPA. An alternative

option is to use oral itraconazole, especially in those
with an increased propensity for glucocorticoid-
related adverse effects. Newer azoles (voriconazole,
posaconazole or isavuconazole) can be used in
those who either do not respond or are intolerant or
experience adverse effects with itraconazole. There
is a risk of development of triazole resistance with
long-term therapy'®!, and resistance to one azole can
lead to cross-resistance to other azoles'’'. Whether a
combination of oral itraconazole and glucocorticoids
is superior to glucocorticoids alone in acute stage
ABPA (stage 1) remains unknown.

Patients should be monitored at least every eight
weeks with serum total IgE, chest radiograph, and
spirometry (Table VI). A good response to therapy is
indicated by a clinical, spirometric and radiological
improvement and a reduction in serum total IgE by
about 25 per cent (stage 2)**'%2, It may be relevant to
reaffirm that there is no role of 4. fumigatus-specific
IgE and IgG in monitoring treatment responses in
patients with ABPA®’!. The aim of therapy is not
normalization of IgE levels. About 40-50 per cent of
patients experience an exacerbation (stage 3)>2265:118-120,
which is characterized by clinical and radiological
deterioration along with 50 per cent increase in the
new baseline serum total IgE value. The first ABPA
exacerbation is treated with glucocorticoids. In
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patients with subsequent exacerbation, a combination
of glucocorticoids and itraconazole is recommended.
The dose and duration of treatment are similar to that
used in acute stages.

Patients with recurrent exacerbations or treatment-
dependent ABPA (stage 5) may be managed with
oral itraconazole, low-dose glucocorticoids, monthly
pulses of methylprednisolone, nebulized amphotericin
B, omalizumab or anti-Th2 therapies. Patients on long-
term therapy should be advised about the side effects
of treatments.

ABPA in special situations and related conditions
In children

The diagnosis and treatment protocol in children
are similar to adults!**. However, glucocorticoids
should be administered at the lowest possible dose
and the shortest possible duration, due to concerns
regarding growth retardation. A lower threshold
should be maintained for the use of antifungal azoles,
nebulized amphotericin, omalizumab or mepolizumab.
Where ABPA is glucocorticoid-dependent, monthly
doses of methylprednisolone should be considered.

During pregnancy

The treatment of choice in pregnancy is
glucocorticoids. While itraconazole has not been
associated with increased risk of major congenital
anomalies', the rates of miscarriage are higher
in the itraconazole-exposed group'3*!'%, Newer
azoles are contraindicated in pregnancy except in
a life-threatening situation without any alternative.
Nebulized amphotericin B can be safely used during
pregnancy'®. The use of omalizumab has been found to
be without any congenital abnormalities, prematurity
or low birth weight'*. The safety of mepolizumab in
pregnancy is not known.

ABPA complicating cystic fibrosis

ABPA is a dreaded complication of CF and is
associated with rapid loss of lung function, higher
rates of microbial colonization and poorer nutritional
status®'*. The critical element in pathogenesis is
the exposure of bronchial mucosa to high levels of
Aspergillus, secondary to abnormal mucus and cellular
abnormalities resulting from the CF transmembrane
conductance regulator mutations®. In a systematic
review, the prevalence of AS and ABPA in CF was
found to be 39 per cent (95% CI, 33-45%) and nine per
cent (95% CI, 7-11%), respectively'®. The recognition

of ABPA in CF is arduous as lung disease secondary to
CF per se shares several similarities with ABPA. For
instance, wheezing can occur secondary to intercurrent
infections in CF; transient pulmonary opacities,
bronchiectasis and mucus plugging are manifestations
of CF-related lung disease, even without ABPA. There
are also challenges in diagnosis. Several patients
demonstrate fluctuating immunological responses to A4.
fumigatus; others experience a spontaneous decline in
many immunologic parameters, including serum total
IgE and A. fumigatus-specific IgE values'®'. In this
regard, BAT in response to stimulation by Aspergillus
allergens is useful in differentiating CF-ABPA from
AS and Aspergillus colonization in CF8-831%  n
addition, sputum real-time Aspergillus polymerase
chain reaction and sputum galactomannan along
with traditional immunological tests (serum total
IgE, A. fumigatus-specific IgE and IgG) have been
used for enhanced recognition of ABPA in CF!%2, The
treatment of ABPA in CF is akin to ABPA in asthma.
However, the treatment issues are complicated by
the coexisting malabsorption, as oral medications,
especially itraconazole capsules, are poorly absorbed.
Furthermore, the use of glucocorticoids can either
induce or worsen CF-related diabetes.

ABPA sans bronchial asthma

Though ABPA most commonly occurs in those
with bronchial asthma, it can occasionally develop
without underlying asthma®. However, the majority
(97%) of patients with ABPA without asthma have
underlying bronchiectasis. Because of the absence
of asthma, patients with ABPA without asthma are
initially misdiagnosed as bronchogenic carcinoma'®?,
pulmonary tuberculosis® and others. Recently, we
have shown that ABPA sans asthma is a distinct subset
of ABPA, associated with a better lung function and

fewer occurrence of ABPA exacerbations®.
ABPA complicating other conditions

ABPA has been reported in other pulmonary
disorders including bronchiectasis'®*, post-tubercular
lung  disease!®>!%,  Kartagener’s  syndrome'®’,
Macleod’s syndrome'®®, chronic obstructive pulmonary
disease!'®*!"!, chronic granulomatous disease and hyper-
IgE syndrome'”. Larger observations are required to
establish a definite association and clinical significance.

168

Allergic bronchopulmonary mycosis

Several thermo-tolerant fungi other than
A. fumigatus have been shown to cause an ABPA-like
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syndrome!”*!'™, The frequency of ABPM is far less
when compared to ABPA. The diagnosis of ABPM
is similar to ABPA except that sensitization has to be
documented against that particular fungus!”.

Sinobronchial allergic mycosis

Patients with ABPA can have coexistent allergic
fungal rhinosinusitis (AFRS); this combination is
referred to as sinobronchial allergic mycosis. AFRS
is an entity characterized by mucoid impaction
of the para-nasal sinuses similar to ABPA!'76. The
pathogenesis of AFRS, analogous to ABPA, represents
a hyper-immune response to the presence of Aspergillus
in the sinuses!”’. The patient usually presents with
nasal stuffiness, rhinorrhoea, headache and epistaxis.
The sinusitis can often be radiologically demonstrated.
However, the reference standard for diagnosis is
functional endoscopic sinus surgery (FESS), which is
both diagnostic and therapeutic'’®.

The cornerstone of therapy is surgical debridement
using FESS. The inflammatory material is removed
from the sinuses, thereby providing aeration.
Patients also receive preoperative glucocorticoids
(prednisolone: 0.5 mg/kg/day) for two weeks to lessen
the inflammation. After surgery, glucocorticoids
(prednisolone: 0.5 mg/kg/day for 4 wk, then tapered)
are continued the next 2-5 months!”. Intranasal
steroids and nasal irrigation with saline are required
indefinitely. Short courses of oral glucocorticoids
are required in patients with worsening of symptoms
despite medical management. Although antifungal
azoles are widely used in AFRS, their role remains
unproven due to the absence of high-quality studies'®’.

Conclusions

A high-index of suspicion for ABPA should be
maintained in all patients with bronchial asthma in the
specialized clinics, irrespective of the level of control.
Host susceptibility is central to the pathogenesis
while host immunologic responses are the primary
determinants of the clinical, biological, pathological
and radiological features of this disorder. ABPA is often
misdiagnosed for a variety of pulmonary diseases.
However, the disorder needs to be diagnosed early
and treated appropriately to prevent the development
or progression of bronchiectasis. The diagnostic and
classification criteria proposed by the ISHAM would
go a long way in the early identification of this disorder.
The best investigation in the diagnosis of ABPA
is A. fumigatus-specific IgE and the most specific
finding is the presence of HAM on CT chest. The use

of A. fumigatus-specific IgG instead of the traditional
precipitins will further improve the sensitivity of the
diagnostic criteria. Glucocorticoids are the treatment of
choice; antifungal triazoles are the alternative therapy.
Finally, early diagnosis and appropriate treatment are
associated with appropriate outcomes.
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