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Abstract: Allergic bronchopulmonary aspergillosis (ABPA) is a severe asthma endotype arising from dysregulated immune responses
to Aspergillus fumigatus in susceptible individuals. ABPA is characterized by exaggerated type 2 immune responses, markedly
elevated serum total IgE and A. fumigatus-specific IgE and IgG levels, peripheral blood eosinophilia, and imaging abnormalities,
including bronchiectasis and mucus impaction. Genetic predisposition involving HLA genotypes and immune-related polymorphisms
contributes to disease susceptibility. The 2024 International Society of Human and Animal Mycology guidelines provide standardized
criteria that integrate clinical, immunological, and radiological parameters to identify ABPA and distinguish it from overlapping
diagnoses. Management employs a dual approach: anti-inflammatory therapy with systemic corticosteroids targets dysregulated
immunity, while antifungal therapy with triazoles reduces airway fungal burden. The relapsing-remitting disease course necessitates
systematic monitoring using clinical assessment, total IgE levels, and serial imaging to detect relapses, distinguish them from asthma
exacerbations or infections, and optimize treatment intensity. Despite substantial progress in understanding the pathobiology of ABPA,
high-quality evidence for optimal management strategies remains limited. Future research should focus on precision medicine
approaches, novel biomarkers, and inhaled antifungal therapies to improve outcomes in this severe asthma phenotype. This review
provides clinicians with comprehensive information on the pathobiology, diagnosis, classification, and evidence-based management

strategies for ABPA, aiming to improve outcomes for patients with this severe asthma endotype.

Plain Language Summary: Allergic bronchopulmonary aspergillosis (ABPA) is a serious lung condition that develops in some
asthma patients when the common environmental mould Aspergillus fumigatus persists in the airways. The fungus is found every-
where in the environment, but most people tolerate exposure without problems. However, individuals with ABPA develop excessive
immune responses to the fungus, causing severe asthma symptoms and progressive damage to the airways (bronchiectasis). ABPA
affects approximately 11% of asthma patients worldwide and represents one of the most serious asthma phenotypes.

Unlike typical asthma, which responds well to inhaled steroids, ABPA often requires treatment with oral corticosteroids or
antifungal medications (or both) to control both the immune overreaction and the fungal burden in the lungs. Early diagnosis is
crucial in preventing irreversible lung damage. Diagnosis requires demonstrating sensitization to the fungus by blood tests showing
elevated total IgE levels and Aspergillus-specific antibodies, combined with elevated eosinophils and characteristic findings on lung
imaging, such as bronchiectasis.

Universal screening of all asthma patients for fungal sensitization enables early detection, timely treatment, and prevents disease
progression. Early treatment with oral corticosteroids or antifungal medications can prevent progressive lung damage and improve
long-term outcomes. Because ABPA tends to relapse, patients require regular monitoring with blood tests measuring IgE levels and
periodic lung imaging to detect relapses early and adjust treatment intensity accordingly. This comprehensive approach ensures better
disease control and quality of life for ABPA patients.
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Introduction

Asthma is a chronic inflammatory disease of the airways characterized by chest tightness, wheezing, breathlessness,
cough, and sputum production. The disease typically exhibits diurnal and seasonal variability, bronchial hyperrespon-
siveness, and reversible airflow limitation. A substantial proportion of asthma patients have an allergic phenotype, with
nearly 50-60% demonstrating atopy, defined as a genetic predisposition to mount IgE-mediated immune responses to
various allergens.' > The environment contains abundant respirable organic and inorganic particulate matter, some of
which can induce immune sensitization, especially in individuals with atopy. Common aeroallergens implicated in
allergic asthma include dust mites, animal dander, pollens, and fungal spores. Among these, fungal aeroallergens have
gained increasing attention due to their ubiquity and potential to induce persistent airway inflammation.

Aspergillus species, especially 4. fumigatus, are among the most prevalent fungal spores in ambient air, with
concentrations varying by geography and season.*” A study from rural India reported total ambient fungal spore
concentrations ranging from 82-2365 and 156-2022 per cubic meter over two consecutive years.* 4. fumigatus is the
most extensively studied fungal species implicated in allergic sensitization and allergic bronchopulmonary aspergillosis
(ABPA). Fungi other than Aspergillus species may cause a clinically similar condition, termed allergic bronchopulmon-
ary mycosis (ABPM). However, ABPA accounts for nearly 95% of cases, whereas ABPM due to other fungi, including
Alternaria, Penicillium, Cladosporium, and, less commonly, Bipolaris, Curvularia, Schizophyllum commune, Drechslera
hawaiiensis, or Candida species, is relatively uncommon. These fungi may cause sensitisation with or without progres-
sion to ABPM in susceptible hosts.®™®

In most individuals, exposure to environmental fungal spores does not result in clinically significant disease.
However, people with asthma, particularly those with atopy, airway epithelial dysfunction, impaired mucociliary
clearance, and defective innate immune responses, are more likely to develop fungal sensitization and ABPA/ABPM.
Thus, ABPA is a specific endotype of asthma and a potentially treatable trait warranting clinical attention. The objective
of the review is to summarize current evidence and evolving consensus on ABPA in patients with asthma. We examine
the relationship between asthma and ABPA, with particular emphasis on pathobiology, immunological mechanisms,
clinical assessment, diagnostic strategies, and therapeutic approaches.

Epidemiology and Spectrum of Fungal Allergy Syndromes in Asthma

The relationship between asthma and ABPA is complex (Table 1) and represents a continuum of fungal-associated airway
disorders. Despite the widespread environmental presence of Aspergillus species, only a minority of asthma patients
develop Aspergillus sensitization (AS). An even smaller proportion progresses to severe asthma with fungal sensitization
(SAFS), and only a subset ultimately develops ABPA/ABPM. Disease expression in ABPA is heterogeneous, and the

Table | Differences Between Asthma with and Without Allergic Bronchopulmonary Aspergillosis (ABPA)

Category Asthma without ABPA Asthma with ABPA

Epidemiology Common: global prevalence ~8-10% in adults and | ~11% of adult asthma patients*
5-15% in children (~37% of Aspergillus-sensitized asthma)

Immunology

Th2 involvement Present in about 50-70% of patients Dominated by exaggerated Th2-mediated inflammation

IgE pattern Variable total IgE; allergen-specific IgE to Markedly elevated total IgE (=500 IU/mL) with A. fumigatus-IgE
common aeroallergens in atopic asthma and IgG

Eosinophilia Variable; may be absent or mild Usually prominent (2500 cells/pL)

Immune mechanisms Predominantly type | hypersensitivity Type | (exaggerated), type Ill (IgG-mediated), and type IV

(Th2-mediated) hypersensitivity

Pathogenesis

Trigger mechanism Epithelial dysfunction and airway Persistent airway colonization by A. fumigatus in susceptible
hyperresponsiveness triggered by aeroallergens hosts
or non-specific stimuli

(Continued)

2 https: Journal of Inflammation Research 2026:19



Saxena et al

Table | (Continued).

Category

Asthma without ABPA

Asthma with ABPA

Inflammatory process

Structural changes

Clinical Features
Symptoms

Associated features
Disease course
Radiology

Typical findings

Overlap with severe asthma

Treatment
Primary therapy

Adjunctive agents
Biological agents
Systemic corticosteroids
Special considerations
Prognosis

Long-term outcome

Comeplications

Quality of life

Chronic inflammation — bronchoconstriction,

mucus hypersecretion, airway remodeling

Airway remodeling (often reversible with optimal
therapy)

Episodic wheeze, cough, chest tightness, dyspnea

Diurnal/seasonal variability

Variable severity; often manageable

Usually normal; hyperinflation in severe cases

Bronchiectasis, bronchial wall thickening, and
mucus plugging in 35-55% of severe asthma cases

Inhaled corticosteroids with inhaled
bronchodilators

Inhaled tiotropium or leukotriene receptor
antagonists for suboptimal control

Eligible severe asthma

Rarely required

Usually favorable
Persistent remodeling possible

Generally manageable

Dysregulated inflammation with protease-mediated epithelial
injury, eosinophil extracellular trap formation, and mucus
impaction

Mucus plugging, bronchocentric granulomatosis, progressive

bronchiectasis, fibrosis (often irreversible)

Poor asthma control despite therapy#; expectoration of thick,
brownish mucus plugs

Systemic symptoms during exacerbations (fever, malaise,
anorexia, weight loss)

Relapsing-remitting course with frequent exacerbations

Fleeting or fixed pulmonary infiltrates, bronchiectasis (often
central), mucus plugging, high-attenuation mucus

Oral corticosteroids or oral itraconazole
Inhaled amphotericin B

Treatment-dependent or refractory ABPA

Acute stages

Requires long-term antifungal (oral or nebulized) or targeted
biologics in treatment-dependent cases

Variable; relapses common
Progressive lung damage, bronchiectasis, fibrosis, and
respiratory failure

Often substantially impaired

Notes: *Pooled global prevalence; wide geographic variation. #ABPA may be present with well-controlled asthma.

factors underlying this heterogeneity remain incompletely understood. Among patients with ABPA, some develop
bronchiectasis (ABPA-B), whereas others lack radiological abnormalities and are classified as serological ABPA
(ABPA-S). Patients with asthma and AS are referred to as having 4. fumigatus-associated asthma (AFAA).” Although
AS and ABPA predominantly occur in asthmatics, they can develop in non-asthmatic individuals with other predisposing
airway disorders. '’

AS or ABPA-S are generally not associated with bronchiectasis and do not warrant ABPA-specific therapy beyond
optimal asthma management. In contrast, ABPA-B requires targeted treatment with oral glucocorticoids, antifungal
agents, or biological therapies.'' Some authors advocate an umbrella term, allergic fungal airway disease (AFAD), to
encompass all airway conditions (asthma, cystic fibrosis, bronchiectasis) associated with fungal sensitization, irrespective
of clinical phenotype.'*'* However, retaining condition-specific nomenclature better reflects underlying pathobiology,
facilitates treatment stratification, and enables focused research (Figure 1).

A pooled analysis of 86 worldwide studies involving over 25,000 asthma patients estimated a prevalence of
approximately 25% for AS and 11% for ABPA, with nearly 37% of Aspergillus-sensitized asthma patients meeting
diagnostic criteria for ABPA.'*'> Marked geographic variation in ABPA prevalence has been reported, reflecting
differences in environmental fungal burden, host genetics, study setting (community versus referral centers), and
diagnostic criteria. The prevalence of ABPA is generally lower in children. In a systematic review including 2,468
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Asthma

ABPA

Figure | This Venn diagram illustrates the relationship between bronchial asthma, Aspergillus sensitization (AS), and allergic bronchopulmonary aspergillosis (ABPA). Asthma
without demonstrable IgE sensitization to A. fumigatus constitutes the majority of cases (approximately 75%). AS alone refers to individuals with raised A. fumigatus-IgE but
without asthma or ABPA and may also be detected in the general population (6% of healthy adults), reflecting the environmental ubiquity of A. fumigatus spores. Sensitization
alone represents airway exposure and IgE production, but without the predisposing factors or immune dysregulation necessary for clinical disease. Approximately 25% of
asthma patients exhibit elevated A.fumigatus-IgE. These individuals are classified as having A. fumigatus-associated asthma (AFAA) when asthma remains well-controlled, or
severe asthma with fungal sensitization (SAFS) when asthma is poorly controlled. SAFS refers to severe asthma associated with sensitization to any fungal species (not
restricted to A. fumigatus), and no other evident cause of severe asthma. SAFS is characterized by exaggerated type 2 inflammation but lacks the additional immunological
dysregulation and tissue damage seen in ABPA. ABPA represents the most severe disease phenotype, occurring at the intersection of asthma, AS, and additional
immunopathological dysregulation. ABPA is characterized by markedly elevated total IgE, A. fumigatus-specific IgE and IgG, eosinophilia, and imaging abnormalities.
Approximately |1% of asthma patients develop ABPA, and nearly 37% of Aspergillus-sensitized asthma patients have ABPA. Uncommonly, ABPA can also occur without
a prior asthma diagnosis.

children with asthma across 16 studies, AS prevalence was 16.1%, while ABPA was identified in 9.9% of all asthmatic
children and 20.5% of those with AS.'® Notably, ABPA in this review was reported exclusively from studies conducted
in India. In contrast, a recent Turkish cohort study involving 2,599 children reported AS in 35.1% and ABPA in 2.7%,
underscoring significant regional heterogeneity.'’

Several challenges complicate the accurate estimation of ABPA prevalence in people with asthma.'® Most studies are
conducted in referral centers, which may overestimate population prevalence.'> Community-based studies are resource-
intensive, requiring systematic asthma diagnosis, measurement of A. fumigatus-IgE, and comprehensive evaluation of
sensitized individuals for ABPA.' The challenge is further compounded by the occurrence of ABPA in patients with
well-controlled asthma,?® making symptom-based screening unreliable for epidemiological studies.
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Pathobiology

The inflammatory cascade in allergic asthma is driven by type 2 helper T-cell (Th2)-mediated immune responses, with
contributions from both innate and adaptive immunity. Inhaled aeroallergens disrupt or activate the airway epithelium,
leading to the release of epithelial-derived alarmins, including thymic stromal lymphopoietin (TSLP), interleukin (IL)-33,
and IL-25. These alarmins activate group 2 innate lymphoid cells (ILC2), which rapidly produce IL-5, IL-9, and IL-13,
initiating early type 2 inflammation independent of antigen presentation.”' Sustained allergic sensitization, however,
depends on adaptive immune responses. Dendritic cells (DCs), activated directly by alarmins and allergens, process and
present antigens to naive CD4+ cells, promoting Th2 differentiation through IL-4, IL-5, and IL-13-mediated signaling.?*
IL-5 plays a central role in eosinophil differentiation, maturation, and survival, thereby driving eosinophilic inflammation
(Figure 2). IL-5 also contributes to mast cell and basophil maturation through direct and indirect interactions, facilitating
coordinated type 2 immune responses.*>** The recruitment of Th2 cells, monocytes, and eosinophils into the airway wall
culminates in bronchoconstriction, mucus hypersecretion, and airflow obstruction.”?' With chronic antigen exposure,
these processes result in airway remodeling, goblet cell hyperplasia, smooth muscle hypertrophy, and basement
membrane thickening.?*-*°

Fungal conidia vary widely in size (2—70 pm) and may deposit throughout the respiratory tract, from the nasal cavity to the
distal bronchioles.?’ In immunocompetent individuals, innate airway defenses, including mucociliary clearance, antimicrobial
peptides, and phagocytosis, effectively eliminate fungal spores.”® In susceptible hosts (cystic fibrosis, allergic asthma),
impaired innate defenses allow fungal spores to persist, germinate, and become biologically active in the airways.

A. fumigatus conidia (2-3 um in diameter), a thermotolerant species, are initially immunologically inert due to their
hydrophobic surface and the RodA protein layer.”” Upon germination, however, hyphal components, including p-glucans,
proteases, chitins, glycosidases, and nucleic acids, act as pathogen-associated molecular patterns (PAMPs). These are
recognized by pattern recognition receptors, including protease-activated receptors, toll-like receptors (TLRs), C-type
lectin receptors (CLRs), mannose-binding lectins (MBLs), receptor for advanced glycation end products (RAGE), and
dectins, which are expressed on epithelial cells and DCs.*

Additionally, A. fumigatus secretes a range of proteases and mycotoxins that disrupt epithelial barrier integrity and
amplify immune recognition. Gliotoxin is a major virulent factor that impairs ciliary function and, along with fumagillin
and helvolic acid, disrupts epithelial tight junctions. Ribotoxins, particularly restrictocin, induce epithelial cell death,
increase epithelial permeability, and promote alarmin release. These processes expose core fungal antigens, which serve
as the primary triggers of the IgE-mediated immune responses.®’ This leads to AS through Th2-driven class switching of
B lymphocytes.**** TLR-2 dependent pathways, often accompanied by upregulation of TLR-6, are preferentially
activated, while protective TLR-4 and TLR-9-mediated responses are relatively suppressed.’*® Persistent Aspergillus
colonization results in activation of both DC-mediated Th2 and Th17 lymphocyte responses.”° Fungal persistence is
facilitated by virulence factors such as aflatoxin B1, gliotoxin, and melanin that impair adherence, phagocytosis, and
macrophage function.*'**3* Regulatory T cells (Tregs) are also activated through TLR-2 signalling, exerting variable
modulatory effects on Th2 and Th17 responses.’>°

In susceptible individuals, dysregulated type 2 inflammation, driven by Th2 cells and ILC2, with contributions from
Th17 and neutrophils, leads to mucus plugging and tissue damage characteristic of ABPA/ABPM.***7 Eosinophils form
extracellular DNA traps that entangle fungal elements but fail to eradicate them. Eosinophilic extracellular trap cell death
(EETosis) plays a pivotal role in the formation of tenacious mucus plugs.*® Progressive inflammation and obstruction
lead to eosinophilic pneumonia, bronchocentric granulomatosis, bronchiolitis obliterans, and bronchiectasis.
Histopathological findings typically include dense eosinophilic infiltrates, Charcot-Leyden crystals (crystallized galec-
tin-10), and Curschmann’s spirals.”

Although severe asthma with or without ABPA shares overlapping inflammatory pathways,*® IgG-mediated inflam-
matory processes and progressive lung damage are less prominent in severe asthma without ABPA. Asthma is
predominantly mediated by type 1 (IgE-mediated) hypersensitivity reactions to aeroallergens. In contrast, ABPA and
ABPM are characterized by an exaggerated inflammatory response, involving additional type 3 (IgG-mediated immune
complex) and type 4 (T-cell-mediated) hypersensitivity mechanisms, resulting in amplified tissue injury.*’
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Figure 2 This schematic illustrates the innate and adaptive immune responses triggered by inhalation of fungal spores. Following airway deposition, fungal spores germinate and
release bioactive products that directly activate or damage the airway epithelium, leading to epithelial dysfunction. Injured epithelial cells release alarmins, namely TSLP (thymic
stromal lymphopoietin), interleukin (IL)-33, and IL-25, which activate group 2 innate lymphoid cells (ILC2). Activated ILC2 rapidly secrete type 2 cytokines (IL-5, IL-9, and IL-13),
generating early type 2 inflammation independent of dendritic cell (DC) involvement or prior antigen sensitization. IL-5 promotes eosinophil recruitment, activation, and survival
within the airways. Early consequences include bronchial hyperreactivity, goblet cell stimulation with mucus hypersecretion, and the formation of Charcot-Leyden crystals
secondary to eosinophil degradation. This pathway produces early inflammation independent of sensitization. Consequently, alarmins activate DCs, which process fungal antigens
and present them to naive T-helper (ThO) cells, promoting differentiation into Th2 cells. Th2 cells provide help to naive B cells through CD40-CD40L interactions and secretion of
IL-4 and IL-13, inducing isotype class switching to IgE. Differentiated plasma cells produce fungal-specific IgE, which binds to high-affinity IgE receptors (FceRI) on mast cells and
basophils. Upon re-exposure to fungal antigens, IgE cross-linking triggers degranulation of mast cells and basophils, while Th2 cytokines (IL-4, IL-5) further amplify eosinophilic
inflammation. These innate and adaptive immune responses perpetuate bronchial hyperreactivity, mucus production, and chronic type 2 inflammation. In susceptible individuals,
persistent fungal exposure and sustained immune activation culminate in chronic, sensitization-dependent disease characteristic of ABPA.
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Genetics of ABPA in Asthma

Asthma arises from complex interactions between genetic susceptibility and environmental exposures,® characterized by
polygenic inheritance and locus heterogeneity, whereby distinct genetic variants can result in similar clinical phenotypes.*'**
Key asthma-associated loci include the ORMI-like protein 3 and gasdermin protein (ORMDL3/GSDMB) region on
chromosome 17q12-q21, IL13-RADS50-IL4 locus on chromosome 5q31, and variants in TSLP, IL-33, and its receptor ST2
(ILIRL1), many of which confer ethnic-specific associations.** Additional polymorphisms involve genes encoding MHC-
class IT molecules (HLA-DQA1, HLA-DQBI1), TLR1, ZPBP2, GSDMA, and IL6R.*"*#~

Fungal sensitization and ABPA/ABPM demonstrate distinct genetic predispositions involving genes that regulate
innate and adaptive immunity, as well as mucociliary function and epithelial integrity.**>* A nonsense single-nucleotide
polymorphism (SNP, rs35699176) in zinc finger protein 77 (ZNF77) disrupts epithelial barrier function, promotes
extracellular matrix accumulation, and facilitates fungal colonization. Several SNPs distinguish SAFS from atopic
asthma without SAFS, particularly in genes related to pattern recognition (TLR3, TLRY, dectin-1), immune regulation
(IL-10, MBLs), chemotaxis (CCL2, CCL17), fibrinolysis (plasminogen), and adenosine signaling (A2A receptor).”’

ABPA-specific genetic associations include polymorphisms in surfactant protein A, which influence disease severity and
clinical expression.>® Polymorphisms in the IL-4 receptor alpha chain and early endosome antigen 1 (involved in phagocytosis)
genes predispose to exaggerated Aspergillus-specific humoral and cellular immune responses.’>>° Specific SNPs in IL13
(rs20541), ILAR (rs3024656), and TLR3 (rs1879026), as well as macrophage gene expression variants, have been associated
with ABPA development.”® HLA genotype remains a critical determinant, conferring susceptibility or protection against fungal
sensitization and ABPA, and influencing the skewing of immune responses toward type 2 inflammation.”’

Clinical Features
ABPA affects individuals across all age groups, with notable geographic variation in the age at presentation. Patients in
Japan and France tend to present at a higher mean age compared with those in India and China.>®*®® Within the asthma
population, approximately 17-18% have difficult-to-treat asthma, while only 3—4% fulfill criteria for severe asthma.®!
Both AS and ABPA are recognized asthma endotypes and are frequently associated with poor asthma control, severe
symptoms, and high medication requirements.®*¢

Although a minority of patients with ABPA may be minimally symptomatic, most exhibit poor asthma control.
A characteristic clinical feature is the expectoration of thick, tenacious mucoid sputum, often with a brown-black
discoloration, reported in approximately one-third of patients.**®> Other symptoms include hemoptysis, low-grade
fever, malaise, anorexia, and weight loss.” These manifestations overlap substantially with SAFS and chronic respiratory
infections (particularly tuberculosis), creating diagnostic challenges.

Wheeze remains the predominant auscultatory finding in both asthma and ABPA. Crackles are uncommon in asthma
alone (approximately 12%) but occur more frequently in the presence of ABPA or associated bronchiectasis.®® Patients
with advanced disease may demonstrate features of lung collapse, hypoxemia, and pulmonary hypertension.®’

Imaging
Characteristic Findings of ABPA
Imaging abnormalities in ABPA arise from eosinophilic pneumonia, mucus impaction, chronic airway inflammation, and
fibrosis. Chronic airway inflammation manifests as bronchial wall thickening (BWT) and bronchiectasis. Although
central bronchiectasis is considered a characteristic feature of ABPA, up to 40% of patients may also demonstrate
peripheral bronchiectasis.®® Eosinophilic pneumonia produces transient parenchyma abnormalities, including consolida-
tion, ground-glass opacities (GGO), centrilobular nodules with tree-in-bud appearance, and fleeting opacities. Mucus
impaction results in characteristic fleeting opacities and classic “toothpaste” or “finger-in-glove” shadows, representing
mucus-filled, dilated bronchi, and may cause segmental or lobar atelectasis.

High-resolution computed tomography (CT) of the chest is indispensable for the initial evaluation of ABPA, as it
delineates the extent of bronchiectasis and helps exclude alternate diagnoses. High-attenuation mucus (HAM), defined by
attenuation greater than that of paraspinal muscles or >70 Hounsfield units, is highly specific (100%) for ABPA
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diagnosis, independent of other imaging features, and is associated with poorer disease control and prognosis.®” For
follow-up, chest radiography is usually sufficient, with repeat HRCT reserved for clinical indications. Many radiological
opacities, such as mucus plugging, consolidations, GGOs, BWT, and nodules, may regress with effective treatment;
however, discordance between radiological, clinical, and immunological responses is frequently observed.”®

Advanced ABPA is characterized by extensive bronchiectasis, pleuroparenchymal fibrosis, cavitation, and architec-
tural distortion. A subset of patients may develop concomitant chronic pulmonary aspergillosis, necessitating careful
treatment adjustment.’'”’* Recently, inverted mucoid impaction signal (high T1 and low T2 signal intensity) on magnetic
resonance imaging (MRI) showed high sensitivity (94%), and specificity (100%) in cystic fibrosis-related ABPA.”*-"*
However, MRI provides limited incremental diagnostic value over CT in asthmatic ABPA.”

Imaging Overlap with Severe Asthma

Several imaging abnormalities observed in ABPA may also be present in severe asthma without ABPA, complicating
differential diagnosis.”®’® In a retrospective analysis of 108 patients with severe asthma (excluding ABPA), 55%
demonstrated at least one HRCT abnormality, including bronchiectasis (35%; cylindrical or varicose) and BWT
(33%), with lower frequencies of atelectasis, mosaic attenuation, emphysema, and tree-in-bud opacities.”® Although
other etiologies of bronchiectasis were not systematically excluded, these findings underscore the need to evaluate all
asthma patients with bronchiectasis or other unexplained CT abnormalities for ABPA.”” Comorbid conditions such as
chronic rhinosinusitis and gastroesophageal reflux disease may contribute to airway injury and bronchiectasis in asthma.
Consequently, imaging abnormalities suggestive of ABPA should prompt comprehensive clinical, immunological, and
radiological assessment to establish an accurate diagnosis and guide appropriate management.”®

Screening and Diagnosis of ABPA in Asthma

In the absence of a single gold-standard diagnostic test, the diagnosis of ABPA relies on a composite assessment
integrating predisposing conditions with clinical, immunological, and radiological findings. Optimal combinations of
diagnostic tests and thresholds have been derived using latent class analyses of large asthma cohorts.**** The
International Society for Human and Animal Mycoses (ISHAM) ABPA working group recently updated recommenda-
tions for diagnosing AS, ABPA, and ABPM in patients with asthma (Table 2 and Figure 3).% This revised diagnostic

framework improves diagnostic accuracy compared with earlier criteria.®'-¢%*

Initial Screening for AS

In tertiary care settings, all adult asthma patients, irrespective of disease severity, and all children with difficult-to-treat
asthma should be screened for ABPA by measuring serum 4. fumigatus-specific IgE (AfIgE).?>% AfIgE is quantified
using standardized fluorescent enzyme immunoassay (FEIA) platforms. A cut-off of 0.35 KUA/L provides excellent
sensitivity (99%) but modest specificity (72%), making it suitable for initial screening.®> An optimized cut-off of 0.7

Table 2 The 2024 Updated ISHAM Diagnostic Criteria for ABPA/ABPM

Components ABPA ABPM

Pre-requisite Asthma, cystic fibrosis, other predisposing conditions, or Same as ABPA
a compatible clinico-radiological presentation
Essential components
Fungus-specific IgE Aspergillus fumigatus (Af)-specific IgE 20.35 KUA/L Fungus-specific IgE > laboratory cut-off;
usually negative Af-IgE

Serum total IgE* 2500 1U/mL 2500 1U/mL

Other componentsf (any two)
Fungus-specific IgG¥ Af-IgG > validated population cut-off Fungus-specific IgG > validated

population cut-off

(Continued)
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Table 2 (Continued).

Components ABPA ABPM
Blood eosinophils Current or past count 2500 cells/pL Same
Imaging findings$ HRCT findings consistent with ABPA or fleeting opacities on chest | Same
radiograph
Microbiological confirmation - Implicated fungus isolated from 22 sputa
or | BAL sample

Notes: *Lower IgE values are acceptable if all other components are fulfilled. 1 Elevated IgE against rAsp fl, f2, and f4 favors ABPA and can be used as an “other” component.
Negative IgE against rAsp fl, f2, and f4 with compatible features suggests ABPM. tFor Af-IgG antibodies, enzyme immunoassays or lateral flow assays are preferred. Validated
population specific cut-off includes 227 mgA/L (India), 240 mgA/L (UK), 255 mgA/L (Spain), and 260 mgA/L (Japan). If not available, the manufacturer-recommended cut-off
may be used (240 mgA/L). §High-attenuation mucus is 100% specific and alone establishes ABPA.

Abbreviations: ABPA, Allergic bronchopulmonary aspergillosis; ABPM, Allergic bronchopulmonary mycosis; HRCT, high-resolution computed tomography; IgE, immu-
noglobulin E; 1gG, immunoglobulin G; rAsp, recombinant Aspergillus fumigatus antigens.

KUA/L significantly improves specificity while maintaining acceptable sensitivity, thereby providing superior overall
diagnostic accuracy in clinical practice.*® Skin-prick testing with crude Aspergillus antigen is a less preferable alter-
native, with reported sensitivity ranging from 88-94%. Measurement of mx-4 IgE, which assesses sensitization to four
Aspergillus species (4. fumigatus, A. flavus, A. niger, and A. terreus), has not demonstrated diagnostic superiority over
AfIgE alone.® In AflgE-negative patients with strong clinical or radiological suspicion, evaluation for sensitization to
other fungi should be considered, particularly when non-Aspergillus species are identified in respiratory samples.

\ f Compatible
Predisposing conditions Clinical/Radiological
j d ( \\ Presentation

AfIgE = 0.35 KUA/L

Serum total ISE
2500 IU/mL

No further evaluation
for ABPA*

Aspergillus
sensitization

<2 out of 3 positive

1. Blood eosinophil count = 500/uL
2. Elevated AfI1gG
3. Chest imaging suggestive of ABPA

At least 2 out of 3 positive

| HRCT Thorax

ABPA-S ABPA-B ( ABPA-MP ) ABPA-HAM

Figure 3 This diagnostic algorithm provides a systematic approach to evaluating patients with asthma for allergic bronchopulmonary aspergillosis (ABPA) using the 2024
International Society for Human and Animal Mycoses (ISHAM) working group criteria. Black boxes indicate disease categories, blue boxes denote actions or presentation,
and Orange boxes represent assessment or decision points. In patients with predisposing conditions (bronchial asthma, cystic fibrosis, bronchiectasis, or chronic obstructive
pulmonary disease) or a compatible clinical-radiological presentation, the initial step is to identify fungal sensitization (serum Aspergillus fumigatus [Af]-specific IgE 20.35 kUA/
L). If Af-IgE is below this threshold, ABPA is unlikely, and further evaluation is not required unless clinical suspicion for non-Aspergillus fungal disease remains high (*). In those
with AS, a serum total IgE value 2500 IU/mL indicates systemic immune activation (lower IgE levels may be acceptable if all other diagnostic components are fulfilled).
Patients meeting essential criteria (AfIgE plus total IgE) undergo assessment for three additional components: blood eosinophil count 2500 cells/uL, elevated AflgG, and
chest CT findings consistent with ABPA. ABPA diagnosis requires meeting ALL essential criteria PLUS any two of these three additional components. Radiological
classification based on chest CT includes: (1) ABPA-S (serological ABPA): immunological criteria fulfilled, but there is no bronchiectasis; (2) ABPA-B (ABPA with
bronchiectasis): bronchial dilation (bronchus-to-artery ratio >1); (3) ABPA-MP (ABPA with mucus plugging): mucus-impacted airways without high attenuation mucus; (4)
ABPA-HAM (ABPA with high-attenuation mucus): mucus plugs with radiographic density 270 Hounsfield units or exceeding paraspinal muscle density; (5) ABPA-CPF (ABPA
with chronic pleuroparenchymal fibrosis): irreversible architectural distortion, pleural involvement, and possible cavitation with or without mycetoma.
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Assessment of Type 2 Inflammation and Dysregulation

Asthma patients with documented fungal sensitization should undergo further evaluation for exaggerated type 2
inflammation by measuring serum total IgE levels. A total IgE level exceeding 500 IU/mL is considered positive
(sensitivity >97%, specificity 49.3%), although lower levels may be acceptable in the presence of other supportive
diagnostic features.

Patients who meet criteria for sensitization and elevated total IgE should be evaluated for additional immunological and
structural manifestations of disease, including type 1 hypersensitivity (blood eosinophils), type 3 hypersensitivity
(A. fumigatus-1gG [AflgG]), and radiological abnormalities. Blood eosinophil counts >500 cells/uL are considered positive,
though values may fluctuate with treatment or intercurrent infections; historical values therefore provide valuable diagnostic
context.”® Although sputum eosinophil counts more accurately reflect eosinophilic lung inflammation, their technical
complexity and limited availability necessitate reliance on peripheral blood eosinophils as a surrogate marker.

AflgG can be measured using automated enzyme immunoassays, lateral-flow assays, or traditional precipitation-
based methods, such as counter-immunoelectrophoresis. Automated immunoassays and lateral-flow methods are pre-
ferred owing to superior diagnostic performance.”’** Ideally, cut-offs should be validated for specific populations and
assay platforms; in their absence, manufacturer-recommended thresholds may be used.®

Diagnostic Criteria

The diagnosis of ABPA requires evidence of fungal sensitization (positive AfIgE) and immunological disease activity
(total IgE > 500 IU/mL), in addition to at least two of the following three features: elevated blood eosinophil count,
positive AflgG, or radiological abnormalities consistent with ABPA (Table 2). For ABPM, fungus-specific IgE and IgG
replace their Aspergillus counterparts, and microbiological confirmation of the implicated fungus (from two sputum or
one bronchoalveolar lavage sample) is included as an additional diagnostic component. It is important to acknowledge
that airway mycobiota comprise multiple fungi, and the organism isolated from the respiratory sample may not
necessarily be the primary driver of sensitization or disease activity.”> *® Nevertheless, fungal cultures remain valuable,
particularly for evaluating azole resistance in patients with suboptimal response to antifungal treatment.

Newer Tests

Recombinant A.fumigatus Antigens

Several A. fumigatus antigens (rAsp fl1-f34) have been identified, with recombinant forms of rAsp fl, f2, {3, f4, and 6
currently available for clinical use. Measurement of IgE against these recombinant antigens can aid in the diagnosis of
ABPA/ABPM. Among them, rAsp fl-specific IgE offers the best balance of sensitivity and specificity, while multiplex
testing with rAsp f1, 2, and f4 improves diagnostic accuracy compared to single-antigen testing.”” However, the utility
of these assays is increasingly constrained by the 2024 ISHAM guideline redefinition of ABPA to include disease caused
by all Aspergillus species. Consequently, A. fumigatus-specific recombinant antigens may fail to identify non-fumigatus
ABPA. This highlights the need for pan-Aspergillus antigen detection strategies rather than reliance on single species
antigens. Further assay standardization, population-specific validation, and refinement of multiplex approaches are

required before widespread clinical adoption.'?%!°!

Basophil Activation Test (BAT)

Basophils contribute to ABPA immunopathogenesis through allergen-specific IgE-mediated activation. Cross-linking of
basophil-bound IgE by fungal antigens induces upregulation of surface activation markers, such as CD63 and CD203c,
measured by flow cytometry.'>'*> However, in one study, BAT had limited diagnostic accuracy in distinguishing ABPA
complicating asthma from AFAA or A. fumigatus unsensitized asthma.'®* In contrast, BAT appears to perform better in
ABPA associated with cystic fibrosis patients, likely reflecting a higher airway fungal burden. Additionally, false-positive
results may occur in atopic individuals, a phenotype far more prevalent in asthma than cystic fibrosis, further limiting the

utility of BAT in asthmatic populations.'**'*®
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Fraction of Exhaled Nitric Oxide (FeNO)

Type 2 airway inflammation is associated with increased inducible nitric oxide synthase (iNOS) expression in the
bronchial epithelium, primarily driven by IL-4 and IL-13. FENO therefore serves as a noninvasive marker of type 2
airway inflammation and may help monitor disease activity and treatment response in ABPA.'%"'% FENO levels are
higher in patients with ABPA or ABPM compared to those with AS alone or non-sensitised asthma. Among patients with
ABPM, higher FeNO correlated with higher eosinophil counts and greater mucus-plug burden.'”” Elevated FeNO has
also been associated with increased risk of relapse and the need for prolonged systemic glucocorticoid therapy.'®

Although promising, the precise role of FeNO in diagnosis and longitudinal monitoring remains to be further validated.

Classification and Staging
Radiological Classification of ABPA

The 2024 ISHAM revision introduces a standardized radiological classification system for ABPA, with important
implications for disease severity assessment and prognosis. Based on chest CT findings, ABPA is classified into five
radiological categories (Figure 3). The presence of HAM or extensive bronchiectasis (=10 segments on CT) identifies
patients with higher disease activity, more severe clinical manifestations, and poorer outcomes. Chronic pleuroparench-
ymal fibrosis (CPF) represents irreversible structural lung changes and is associated with progressive functional
impairment, reduced quality of life, and an increased risk of complications such as pulmonary hypertension and recurrent
infections. In patients with ABPA-CPF, concomitant chronic pulmonary aspergillosis should be actively excluded, given

its therapeutic and prognostic implications.'®

ABPA Clinical Classification

The 2024 ISHAM revision simplifies the earlier seven-stage system into five clinically relevant disease states (Figure 4).%°
This streamlined staging system facilitates early identification of relapses, reliably distinguishes true ABPA exacerbations
from common mimics (such as asthma or infective bronchiectasis exacerbations), and guides initiation, escalation, or de-
escalation of therapy. Importantly, it helps standardize communication among clinicians, enabling meaningful comparisons
across clinical studies by relying on objective, reproducible criteria rather than subjective clinical judgment.

1. Acute ABPA: This category includes both newly diagnosed patients (first presentation fulfilling ABPA diagnostic
criteria) and disease exacerbations in previously diagnosed individuals. An exacerbation is defined by >2 weeks of
worsening respiratory symptoms and/or radiological deterioration, accompanied by a >50% increase in serum total
IgE from the patient’s last stable or remission value. This multiparameter definition minimizes misclassification
due to isolated symptom fluctuations or nonspecific radiological findings. Potential mimics must be carefully
excluded. Asthma exacerbations present with worsening symptoms without corresponding immunological (IgE
rise) or radiological changes, whereas bronchiectasis exacerbations are characterized by infective features (bacter-
ial/ viral), without IgE elevation or new ABPA-related radiological abnormalities.

2. Response: Treatment response is evaluated at eight weeks using integrated criteria defined by clinical (>50%
reduction in symptoms compared to baseline) improvement, along with either radiological (>50% clearance of
opacities) or immunological (=20% reduction in serum total IgE) improvement. Patients demonstrating optimal
response continue pharmacotherapy for a total duration of 4 months. Patients who fail to achieve an adequate
response require reassessment, with exclusion of alternative diagnoses, evaluation of medication adherence,
measurement of itraconazole trough levels, assessment of azole resistance, and evaluation for concurrent infections
or other complications. Treatment escalation or modification is guided by these findings.

3. Remission: Remission denotes sustained disease control sufficient to allow discontinuation of systemic corticos-
teroids for at least 6 months. Patients in remission demonstrate stable clinical status, immunological (total IgE
elevation <50% from nadir), and radiological stability. ABPA-specific therapy is discontinued, while standard
asthma therapy and periodic surveillance continue. Some patients maintain remission only with antifungal therapy
or targeted biologics.

Journal of Inflammation Research 2026:19 hetps: 11



Saxena et al

( Newly diagnosed ABPA )

Prednisolone/Itraconazole
for 4 months

Response
assessment
after 8 weeks

Improved symptoms (250%)
AND improved imaging (250%)
or IgE decline (220%)

Yes No

Complete treatment

ATy h

Look for alternate diagnosis,
triazole drug levels, drug
resistance, ensure compliance

Manage accordingly SYVitch to alternate
1 1 line of therapy or
consider combination
Stable for 6 months Exacerbation* ) therapy

l Recurrent
" Exacerbations
diagnosed ABPA l

Treatment Inadequate disease
dependent ABPA* control despite Advanced ABPA

therapy**

Figure 4 This clinical staging and management algorithm illustrates treatment strategies of allergic bronchopulmonary aspergillosis (ABPA) at each stage. Orange boxes
represent disease categories, green boxes denote therapeutic interventions, and blue boxes indicate assessment or decision points. Disease trajectories: Optimal
(remission): Newly diagnosed/exacerbation — treatment initiation — assessment at 8 weeks — response — completion of 4-month therapy — remission — discontinua-
tion of ABPA-specific therapy — periodic surveillance. *Exacerbation: Patients with ABPA exacerbation are treated similarly to those with newly diagnosed ABPA. Those
with frequent exacerbations (22 in 1-2 years) may be treated with a combination of oral corticosteroids (OCS) and itraconazole for 4 months. #Treatment-dependent
ABPA: Defined by the inability to discontinue ABPA-specific therapy without relapse and typically requires long-term treatment with prolonged antifungals (6—12 months of
itraconazole), biological agents, or nebulized amphotericin B. **Advanced ABPA: Management prioritizes symptom control, complication prevention (including infection risk
and pulmonary hypertension management), and quality-of-life optimization. Complicated (treatment-dependent): Initial response achieved, but relapse occurs on tapering —
prolonged monotherapy or combination therapy — remission or recurrent relapse cycles. Progressive: Treatment-dependent disease with inadequate control — progressive
lung damage — cor pulmonale and respiratory failure — advanced ABPA. Relapsing: Remission achieved — stability 26 months — relapse with symptoms, radiological
worsening, and IgE elevation — reinitiation of treatment. Monitoring frequency by stage: — Acute ABPA: every 8 weeks during treatment; Treatment-dependent ABPA:
every 8-12 weeks; Remission: every 4-6 months; Advanced ABPA: every 8—12 weeks with multidisciplinary care.

4. Treatment-dependent ABPA: Treatment-dependent ABPA is characterized by an inability to discontinue ABPA-
specific therapy without relapse. Patients in this category are defined as experiencing: (i) >2 consecutive exacer-
bations within 3 months after stopping ABPA-specific treatment; or (ii) clinical (recurrent symptoms, airflow
limitation deterioration), radiological (new or worsening infiltrates), or immunological (serum total IgE elevation)
worsening within 4 weeks of glucocorticoid tapering on two separate occasions.

5. Advanced ABPA: Advanced ABPA is characterized by irreversible end-organ damage defined by extensive
bronchiectasis (typically >10 CT segments) and pulmonary hypertension or chronic type 2 respiratory failure.
Notably, immunological activity may persist despite structural damage, and ABPA-specific therapy may still be
required to prevent further disease progression.

Management

The two central pathogenic processes in ABPA are persistent airway fungal colonization and an exaggerated type 2 immune

response. Accordingly, treatment principles include controlling immunological activity and reducing airway fungal burden.
All asthma patients, irrespective of ABPA, receive inhaled corticosteroids (ICS) combined with bronchodilators for

both symptom relief and disease control,''® with dosages individualized according to clinical response. Leukotriene

receptor antagonists or inhaled long-acting muscarinic antagonists may be added in patients with suboptimal control

despite moderate-dose ICS. After exclusion and management of comorbid conditions, many severe asthma patients

benefit from targeted biologics.'"'
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Anti-Inflammatory Therapy

Systemic corticosteroids remain a cornerstone of therapy for acute ABPA, including both newly diagnosed disease and
exacerbations. The 2024 ISHAM guidelines recommend medium-dose oral corticosteroids (OCS) for approximately four
months.*>!'"? A commonly used dosing protocol consists of oral prednisolone at 0.5 mg/kg/day, 0.25 mg/kg/day, and
0.125 mg/kg/day, each for four weeks, with subsequent tapering by 5 mg every two weeks until discontinuation (Table 3).
Biological agents targeting IL-5, IL-4, IL-13, IgE, or thymic stromal lymphopoietin (TSLP) suppress type-2 inflamma-
tion and reduce OCS dependence. However, despite growing real-world evidence, high-quality evidence remains limited,
with only one randomized trial published to date.''*''® Consequently, biologics are currently recommended primarily for
treatment-dependent ABPA.*3

Anti-Fungal Therapy

Oral triazoles, primarily itraconazole, constitute another first-line treatment option in ABPA (Table 3).%%1197130
Itraconazole is the most extensively studied azole and is typically given for four months at a dose of 200 mg twice
daily (or 130 mg twice daily for the supra-bioavailable [SUBA] preparation). Prolonged therapy may be required in
refractory disease or in patients with frequent relapses, although long-term use is limited by adverse effects, drug
interactions, and cost. Common adverse effects of itraconazole include headache and gastrointestinal symptoms, while
more serious side effects include hepatotoxicity, hypokalemia, peripheral edema, and cardiac dysfunction in susceptible
individuals. Voriconazole can additionally cause photosensitivity, QT interval prolongation, and neuro-psychiatric effects.
The monthly cost of therapy in India ranges from approximately %1,200 to 22,500 (about $15 to $30 USD). Therapeutic
drug monitoring (TDM) is recommended to ensure adequate bioavailability, particularly with conventional itraconazole
preparations, and remains advisable with SUBA preparations as well.'>'"'* Patients with suboptimal clinical response
warrant evaluation for azole resistance, and treatment should be modified accordingly.'> '

Inhaled amphotericin is reserved for patients with treatment-dependent ABPA, azole intolerance, or azole
resistance.”®3%13%7 141 Although two randomized trials of nebulized amphotericin B deoxycholate and liposomal
amphotericin B did not meet their primary endpoints, secondary endpoint analyses suggested potential benefits,
supporting further investigation with optimized dosing strategies.”™'°

Novel inhaled triazole formulations, including itraconazole, voriconazole, and opelconazole, are under development
and may expand therapeutic options for long-term management.'**'*> Inhaled itraconazole has demonstrated encoura-
ging results in Phase 1 and Phase 2 studies and is proceeding to Phase 3 evaluation.'** Inhaled voriconazole remains in

143

pre-clinical and phase 1 development, ™~ while a phase 3 study of inhaled opelconazole in invasive aspergillosis was

terminated early after interim analysis.

Management by Disease Stage (Figure 4)

Acute ABPA: For newly diagnosed disease or exacerbations, monotherapy with either OCS or triazoles is recommended
(Table 3). Triazoles demonstrate efficacy comparable to OCS in most patients and are preferred when minimizing OCS
exposure is clinically desirable (obesity, diabetes mellitus, osteoporosis, chronic bacterial colonization, and other
corticosteroid-related risk factors).'?®:'4¢ OCS are preferred in patients with poorly controlled asthma, underlying liver
disease, or in clinical situations where a rapid therapeutic response is required, or triazoles are contraindicated. In patients
with poor asthma control and significant symptoms, an alternative strategy is an initial 2-week combination of OCS,
followed by continuation of azole therapy for a total of 4 months.®® Patients with frequent exacerbations, especially those
with extensive bronchiectasis or peripheral blood eosinophil count >1000 cells/uL, may benefit from combination
therapy with OCS and itraconazole for 4 months.'*’

Treatment-dependent ABPA: These patients often require prolonged triazole therapy, biological agents, or inhaled
antifungal drugs after acute disease is controlled with oral prednisolone or itraconazole. Careful attention to minimizing
adverse effects associated with pharmacotherapy is essential.

Remission: ABPA-specific antifungal and anti-inflammatory therapies are typically discontinued during remission,
while standard asthma therapies continue. Patients achieving remission with antifungal or biologic agents require
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Table 3 Pharmacotherapy for Allergic Bronchopulmonary Aspergillosis (ABPA)

Antifungal azoles

Itraconazole

Voriconazole

Posaconazole
Isavuconazole

Combination therapy

Prednisolone + Itraconazole

Inhaled antifungals
Amphotericin

B deoxycholate (ABDC)
Liposomal amphotericin B

Pulse corticosteroid
Methylprednisolone

Biologics
Omalizumab (Anti-IgE)

Mepolizumab (Anti-IL-5)

Benralizumab (Anti-IL-5R)

Dupilumab (Anti-IL-4/IL-13)

(each 4 weeks) — taper to stop

by 4 months

200 mg BID or SUBA 65 mg BID

x 4 months

200 mg BID x 4 months

300 mg daily x 4 months

200 mg daily x 4 months

Standard dosing

Nebulized 10 mg BID, 6 days/
week x 24 months

Nebulized 25 mg twice weekly
X 24 months

15 mg/kg/day intravenous x 3 days
monthly x 24 months

375 mg SC every 2 weeks
100 mg SC monthly

30 mg SC: weeks 0, 4, 8, then
every 2 months

600 mg loading, then 300 mg SC
every 2 weeks

First-line acute ABPA; treatment-dependent
ABPA

Second-line for acute ABPA

Salvage therapy

Salvage therapy (experimental)

Frequent exacerbations (22/year); extensive
bronchiectasis (210 segments); eosinophilia
21000 cells/uL

Treatment-dependent ABPA

Treatment-dependent ABPA

Refractory/steroid-resistant ABPA; pediatric

use

Low-eosinophil ABPA (BEC <300 cells/uL)
with elevated total IgE

Eosinophilic treatment-dependent ABPA (BEC
2300 cells/pL)

Eosinophilic treatment-dependent ABPA (BEC
2300 cells/pL);

Allergic or eosinophilic treatment-dependent
ABPA; mucus-plug dominant

suppression; preferred in pregnancy

Preferred in children, diabetes, obesity, CF,

and glucocorticoid intolerance

Good lung penetration

Better tolerability

May reduce exacerbation frequency;
addresses inflammation and fungal burden

High airway concentrations; minimal
systemic absorption
Better tolerated than ABDC

Reduces cumulative corticosteroid dose

Reduces OCS dependence; decreases
exacerbations; established safety

Rapid eosinophil reduction; steroid-
sparing; established safety

Rapid complete eosinophil depletion; less
frequent dosing; reduces exacerbations
Broad efficacy across phenotypes;
improves barrier function; emerging role in

refractory disease

Agent Dosing Indication Key Advantages Limitations/Monitoring
Systemic corticosteroids
Prednisolone 0.5 — 0.25 — 0.125 mg/kg/day Acute ABPA Rapid control; effective immune Cumulative toxicity; metabolic,

bone, and infection risks

TDM required (target 0.5-2 mg/L);
drug interactions; monitor azole
resistance

More adverse effects than
itraconazole; visual disturbances;
TDM (target 1-2 mg/L)

Limited ABPA data; TDM required
(target 1-2 mg/L)

Off-label; minimal data

Not first-line; additive adverse

effects; limited RCT evidence

Local toxicity; time-intensive

Time-intensive

Compliance issues; limited evidence

Expensive

Expensive

Expensive; long-term effects of
complete depletion are unknown
Expensive; potential eosinophil

elevations in subset
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Tezepelumab (Anti-TSLP)

Background asthma therapy
ICS (moderate-high dose)
Long-acting P,-agonist
(LABA)

Long-acting muscarinic
antagonist/Leukotriene

receptor antagonist

210 mg SC every 4 weeks

Individualized per asthma severity
Standard asthma dosing

Standard asthma dosing

Refractory treatment-dependent ABPA with
high IgE or mixed phenotype

Mandatory in all ABPA
Mandatory in all ABPA

Symptomatic despite |CS-LABA

Upstream target; may benefit diverse
phenotypes

Baseline control

Synergistic with ICS

Bronchodilation

Limited ABPA data; expensive

No direct ABPA effect
No direct ABPA effect

No direct ABPA effect

Abbreviations: BEC, blood eosinophil count; CF, cystic fibrosis; ICS, inhaled corticosteroids; SC, subcutaneous; SUBA, supra bioavailable preparation; TDM, therapeutic drug monitoring; TSLP, thymic stromal lymphopoietin.
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periodic reassessment to determine ongoing therapy requirements. Structured monitoring every 4—6 months includes
clinical assessment, serum total IgE measurement, and spirometry, enabling early detection of disease deterioration.®

Advanced ABPA: In advanced disease, management priorities extend beyond immunological control to include
symptom management, complication prevention, and quality-of-life optimization. Bronchiectasis management parallels
approaches for non-ABPA bronchiectasis.”’ Long-term oxygen therapy (PaO, <55 mmHg or cor-pulmonale), vaccina-
tions (pneumococcus, annual influenza, and others), pulmonary rehabilitation, and airway clearance techniques are
guided by established recommendations for other chronic lung conditions.”® Although a recent trial failed to demonstrate
the benefit of nebulized hypertonic saline in reducing bronchiectasis exacerbations,'*” patients with ABPA-associated
bronchiectasis may still benefit, given the predominance of mucus plugging. Patients with chronic bacterial colonization
and frequent (>2 moderate/>1 severe) exacerbations should receive inhaled antibiotics or long-term macrolides, guided
by sputum culture results."**'>® Infection with non-tuberculous mycobacteria must be excluded before macrolide
initiation. Patients experiencing recurrent bronchiectasis exacerbations despite optimized ABPA therapy may benefit
from brensocatib,'®' though its role in ABPA-associated bronchiectasis requires dedicated randomized trials.

Disease Monitoring and Response Assessment

ABPA is characterized by a relapsing-remitting course, necessitating systematic monitoring to distinguish true disease
relapses from alternative causes of clinical deterioration. Core monitoring parameters include symptom assessment
(preferably quantified using validated objective tools), chest radiography, and serum total IgE measurement. Optimal
treatment response at 8 weeks is defined by >50% symptom improvement, accompanied by a >20% reduction in serum
IgE levels or >50% radiological resolution. Relapse or exacerbation is defined by sustained (=2 weeks) worsening of
symptoms or radiological worsening combined with a >50% rise in serum total IgE. Importantly, symptom worsening or
imaging may result from asthma exacerbations unrelated to fungal triggers, intercurrent infections, bronchiectasis

exacerbation, and other comorbidities,®>!'>?

all of which must be systematically excluded before escalating ABPA-
specific therapy (Figure 4).

Asthma patients without AS should be re-evaluated every 2—5 years, as sensitization may emerge over time due to
ongoing environmental exposure.'>® Patients with AS but without ABPA require closer monitoring, with serum IgE

reassessed every 6—12 weeks or whenever asthma control deteriorates without an alternative explanation.

Management of ABPA in the Pediatric Population

ABPA is less common in children than in adults, though both AS and ABPA in asthma are reported more frequently in
developing countries, especially India.'® Management is particularly challenging due to concerns regarding OCS toxicity,
especially effects on growth, bone density, and glucose metabolism.'>* Monthly intravenous methylprednisolone pulses
have been used in children with cystic fibrosis and ABPA to reduce cumulative toxicity'>> but robust pediatric data is
lacking.'**'>7 Triazole therapy is complicated by variable bioavailability and poor tolerance.'*®'>® Posaconazole may be
better tolerated and more likely to achieve therapeutic levels in children. A recent trial evaluating the optimal dosing
strategy for posaconazole in children with cystic fibrosis and Aspergillus infection was prematurely terminated due to
poor recruitment.'® Among biologics, omalizumab and mepolizumab are approved for children >6 years, while
benralizumab is approved for those aged >12 years. Current guidelines recommend treating children with ABPA
similarly to adults, acknowledging that most recommendations are extrapolated from adult and expert consensus.
Prospective validation in children is urgently needed.

Challenges and Future Directions

Current standards of care for ABPA, including universal screening for AS, systematic diagnosis using multiple
serological tests and HRCT, therapeutic drug monitoring for azole therapy, serial measurement of total serum IgE, and
the use of costly biologics for treatment-dependent disease, pose a significant challenge in resource-limited and austere
settings. This is particularly problematic in developing countries, where, paradoxically, ABPA is more prevalent, and
limits the feasibility of implementing the recommended diagnostic and therapeutic guidelines in clinical practice. Future
research should prioritize simplifying diagnostic algorithms and management strategies for ABPA. Validation of more
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affordable and accessible diagnostic tests and treatments is essential to improve the delivery of quality care and to enable
early diagnosis and treatment in high-burden settings.'®!*'%?

Despite decades of research, ABPA diagnosis relies on an integrated interpretation of multiple clinical, immunolo-
gical, and radiological parameters, with no single definitive gold-standard test. Future investigations should focus on
identifying novel biomarkers and imaging features to enhance diagnostic accuracy, enable reliable disease monitoring,
and guide treatment selection across the spectrum of AS, ABPA, and ABPM. Concurrently, precision therapies targeting
dysregulated inflammatory processes with biological agents, along with technological advances in inhaled antifungal

delivery systems, are expected to further improve clinical outcomes and patient quality of life.'**'%3

Conclusion

Patients with asthma and atopy exhibit heterogeneous responses to environmental fungal exposure, particularly to
thermophilic moulds such as Aspergillus species. The clinical spectrum of these interactions ranges from asymptomatic
fungal sensitization and poorly controlled asthma to ABPA with structural lung damage. Although asthma with and
without ABPA shares overlapping pathobiological mechanisms and clinical features, systematic differentiation remains
essential for accurate diagnosis, appropriate therapeutic targeting, and prognostication.

Universal screening of asthma patients for AS, followed by comprehensive evaluation of sensitized individuals for
ABPA, represents the cornerstone of early diagnosis and prevention of disease progression. Affected patients require
treatment with anti-inflammatory or antifungal therapy, and when indicated, biological agents or inhaled antifungal drugs
tailored to disease severity and phenotype. High-quality translational research and clinical trials remain essential to fully
elucidate ABPA pathobiology, clarify the natural course of ABPA within asthma populations, and establish evidence-
based management protocols. These efforts will facilitate precision-medicine approaches enabling individualized risk
stratification, optimized treatment selection, and improved prognostication for patients across the asthma-ABPA spec-
trum, ultimately improving outcomes and reducing the burden of long-term complications associated with ABPA.
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